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Part 1: Signed Statements and Certification

1.1. GRAS Notice Submission
Arla Foods Ingredients P/S submits this GRAS notification through its agent James T.

Heimbach, president of JHeimbach LLC, in accordance with the requirements of 21 CFR Part 170,
Subpart E.

1.2. Name and Address of Notifier

Arla Foods Ingredients P/S
Sonderhoj 10-12

8260 DK- Viby J
Denmark

Notifier Contact
Kal.ramanujam@arlafoods.com
+1 484 919 5759

Agent Contact
James T. Heimbach, Ph.D., F.A.C.N.

President

JHeimbach LLC

P.O. Box 66

Port Royal VA 22535
jh@jheimbach.com
+1 (804) 742-5543

1.3. Name of Notified Substance

The subject of this Generally Recognized as Safe (GRAS) notification is Lacprodan®
ALPHA-10 brand alpha-lactalbumin. Alpha-lactalbumin is often abbreviated a-LAC or ALA in this
document.

1.4. Intended Conditions of Use

The intended technical effect of the addition of Lacprodan® ALPHA-10 to infant formula is
to bring the level of whey protein, including ALA, in cow-milk-based infant formula up to a level
approximating that of the whey protein and ALA concentration in human milk, which a study of
ALA concentrations in 452 samples of mature milk from mothers from 9 countries determined to be
2.44+0.64 g/L, with higher levels in the United States (Jackson et al. 2004). The target ALA content
of formula to which Lacprodan® ALPHA-10 addition is intended is 2.5 g/L.

The protein level of food-grade Lacprodan® ALPHA-10 ranges from 81% to 87%, while the
minimum alpha-lactalbumin specification as a percentage of protein is 41% alpha-lactalbumin. Thus,
the minimum potential alpha-lactalbumin concentration in Lacprodan® ALPHA-10 is 41% of 81%,
or 33.21%.

Assuming that there is no other alpha-lactalbumin source in an infant formula, the amount of
Lacprodan® ALPHA-10 needed to provide 2.5 g alpha-lactalbumin/L formula is 2.5/.3321, or
7.5 g/L. For infant formulas, a typical target protein range of 100% to 110% is used to support label
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claims. Thus, the maximum intended addition level of Lacprodan® ALPHA-10 is 1.1x7.52 g, or
8.3 g/L.

The calculations above are for formulations that use Lacprodan® ALPHA-10 as the only
alpha-lactalbumin source. Typically, most infant formula manufacturers strive for whey dominant
infant formulas with whey:casein ratios ranging from 60:40 to 80:20. In formulas containing some
level of alpha-lactalbumin prior to addition of Lacprodan® ALPHA-10 (i.e., most infant formulas
containing added whey), the addition level of Lacprodan® ALPHA-10 needed to achieve a total
alpha-lactalbumin content level of 2.5 g/L throughout the product shelf-life will be less than 8.3 g/L.

1.5 Statutory Basis for GRAS Status

Arla Foods Ingredients’ GRAS determination for the intended use of Lacprodan® ALPHA-10
brand alpha-lactalbumin is based on scientific procedures in accordance with 21 CFR §170.30(b).

1.6. Premarket Exempt Status

The intended use of Lacprodan™ ALPHA-10 brand alpha-lactalbumin is not subject to the
premarket approval requirements of the Federal Food, Drug and Cosmetic Act based on Arla Foods
Ingredients’ determination that it is GRAS.

Lacprodan® ALPHA-10 is a concentrated whey protein and thus is grandfathered under the
definition provided in 21 CFR §184.1979c¢'. It and other sources of alpha-lactalbumin have found
increasing use in infant formulas globally as a source of high-quality protein derived from whey. It is
proposed for use in U.S. infant formula in accordance with current Good Manufacturing Practice
(cGMP) as indicated in §184.1(b)(1). Under 21 CFR 184.1979c, whey protein concentrate is
produced from whey using physical separation techniques that remove sufficient non-protein
constituents from whey so that the finished dry product contains not less than 25 per cent protein. In
GRAS Affirmation Petition (GRP) 1G0371, the American Dairy Products Institute (ADPI) cited the
final rule that affirmed the GRAS status of whey protein concentrate: “The agency does not intend to
limit the processing methods that may be used. Furthermore, the Agency has no objection to the use
of newly developed physical separation techniques, if there are no new toxicants introduced as a
result of these techniques, and if these techniques do not result in a concentration of natural toxicants
in whey products. FDA believes that such results can be avoided by the use of good manufacturing
practices and by the establishment of specifications for heavy metals” (September 4, 1981; 46 FR
44435 at 44437). This submission adequately describes the manufacturing process that introduces no
new toxicants as well as providing the ALPHA-10 specification including that for trace metals and
microbiology.

1.7. Data Availability

The data and information that serve as the basis for the conclusion that Lacprodan® ALPHA-
10 brand alpha-lactalbumin is GRAS for its intended use will be made available to the FDA upon
request. At FDA’s option, a complete copy of the information will be sent to FDA in either paper or
electronic format, or the information will be available for review at the home office of JHeimbach
LLC, located at 923 Water Street, Port Royal VA 22535, during normal business hours.

1. Inits reply to GRN 000037, FDA stated that, “Whey protein isolate is related to whey protein concentrate, which is
affirmed as GRAS (21 CFR §184.1979¢).
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1.8. Freedom of Information Act Statement

None of the information in the GRAS notice is exempt from disclosure under the Freedom of
Information Act, USC 552.

1.9. Certification

To the best of my knowledge, this GRAS notice is a complete, representative, and balanced
submission that includes unfavorable information, as well as favorable information, known to me
and pertinent to the evaluation of the safety and GRAS status of the intended use of Lacprodan®™
ALPHA-10 brand alpha-lactalbumin.

1.10 FSIS Statement
Not applicable.

1.11. Name, Position and Signature of Notifier

James T. Heimbach, Ph.D., F.A.C.N.
President

JHeimbach LLC

Agent to Arla Foods Ingredients P/S
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Part 2: Identity, Methods of Manufacture, Specifications, and Physical and
Technical Effect

2.1. Name of the GRAS Substance

The notified substance is alpha-lactalbumin, often denominated a-lactalbumin. In this
document it will often be referred to for convenience as ALA. Lacprodan® ALPHA-10 is a brand-
name product marketed by Arla Foods Ingredients.

2.2. Source, Description, Manufacture, and Specifications of the GRAS Substance
2.2.1. Source

The starting material for the production of Lacprodan® ALPHA-10 is sweet whey with a pH
of 5.9 — 6.6 that is created in the production of cheese and rennet caseins. The sweet whey used as
raw material for the production of Lacprodan® ALPHA-10 conforms to the European Union Food
Hygienic Guidelines and EU Regulation 853/2004, which allows for the use of only U.S.-approved
pesticides and veterinary drugs. The raw materials — bovine milk and whey — come from processing
plants that are all licensed by authorities that regulate dairy product facilities. All plants have
implemented Hazard Analysis and Critical Control Points (HACCP) and comply with cGMP, which
are regulated in the European Union under Regulation (EC) No 852/2004 on hygiene of foodstuffs
and consistent with U.S. cGMP for infant formula.

2.2.2. Description

Alpha-lactalbumin (a-lactalbumin or ALA) is present in the milk of all mammals. The ALA
of both human milk and bovine milk consists of a single polypeptide chain of 123 amino acids and
contains 4 disulfide bonds (Lonnerdal and Lien 2003). The amino acid sequence homology between
these species is 72% (Heine et al. 1991); the molecular weight of human-milk ALA is 14,070 dalton
(Da) and of bovine milk is 14,178 Da. ALA plays 2 essential roles in humans. First, it is present in
the milk producing cells of the mammary gland, where it plays a central role in lactose synthesis
(Brodbeck et al. 1967). Second, following its function as a component of the lactose synthase
enzyme complex, it is secreted into milk and in human milk becomes a protein of primary nutritional
importance for the infant (Lien 2003). In mature human milk (>1 month lactation), the concentration
of ALA is approximately 2.44+0.64 g/L (Jackson et al. 2004) and it is the predominant protein in the
whey fraction. In contrast, the proportion of ALA in bovine-milk protein is much lower with a
concentration of approximately 1.3 g/L (Heine et al. 1991).

Lacprodan® ALPHA-10 is a bovine derived whey protein concentrate (WPC) enriched in
bovine alpha-lactalbumin (>41% of protein) and with reduced beta-lactoglobulin content (<23%).
Bovine milk and commercial whey protein concentrates have higher beta-lactoglobulin than alpha-
lactalbumin; in cow’s milk the beta-lactoglobulin is about 2-3 times higher than alpha-lactalbumin.
In typical enrichment of alpha-lactalbumin at Arla Foods Ingredients, the Lacprodan® ALPHA-10
fraction has approximately 2-fold higher enrichment of alpha-lactalbumin, while the beta-
lactoglobulin is reduced to half of what is found in a typical whey protein concentrate. A typical
profile of alpha and beta levels as a percentage of protein in Lacprodan® ALPHA-10 starting
material and the typical Lacprodan® ALPHA-10 fraction are provided in Table 1.
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Table 1. Protein Fractions in WPC and Lacprodan® ALPHA-10.

Fractions Alpha % Beta %
{Mean+SD) {Mean=+SD)
Starting WPC material (n = 6) 18.77+0.98 51.75+1.47
Lacprodan® ALPHA-10 (n=3) 32.2+1.55 15.5+1.04

Source: Arla Foods Ingredients

The amino acid composition of human and bovine ALA is provided in Table 2. Both proteins

are relatively rich in tryptophan (4-5%) and cysteine (6%).

Table 2. Percentage of Amino Acids in Bovine and Human ALA
(Lonnerdal and Lien 2003).

Totals
Amino Acids

Percent Coverage

100.0

100.0

Bovine Human
Mole % a-lactalbumin o-lactalbumin
Essential
Arginine 1.1 1.1
Cysteine 5.8 5.8
Histidine 2.9 2.0
Isoleucine 6.4 9.7
Leucine 10.4 11.3
Lysine 10.9 10.9
Methionine 0.9 1.9
Phenylalanine 4.2 4.2
Threonine 5.0 5.0
Tryptophan 5.3 4.0
Tyrosine 4.6 4.6
Valine 4.2 14
Non-gssential

Alanine 1.5 2.5
Aspartic acid 10.6 9.8
Glutamic acid 6.4 7.4
Glycine 2.4 2.4
Proline 1.4 1.4
Serine 4.3 5.0
Asparagine 6.4 32
Glutamine 5.4 6.4

Human ALA is a globular protein with a flexible C terminus and a striking structural
resemblance to C-type lysozymes (Acharya et al. 1991). The protein consists of 2 primary domains
as illustrated in Figure 1 (Brew 2013).

Alpha-Lactalbumin GRAS
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Figure 1. The 3-Dimentional Structure of the Zn/Cu Complex of Human ALA (Brew 2013).

Human (Hiraoka et al. 1980) and bovine (Fitzgerald and Swaisgood 1989) ALA tightly bind
one calcium atom with a substantial change in tertiary structure: the protein moves from an open
flexible configuration to a tight, compact structure with the Stokes radius reduced from 50 A to 35 A
(Lonnerdal and Lien 2003). Binding of calcium to the high affinity site plays a role in the folding and
disulfide-bond formation of the protein (Rao and Brew 1989). ALA may also loosely bind a second
molecule of calcium (Chandra et al. 1998). The amount of calcium bound is minor in comparison to
the total calcium in human milk (0.1-0.15%) and is therefore not significant in meeting calcium
requirements of infants (Lonnerdal and Glazier 1985). Zinc is bound to a cleft in the ALA structure
and may play a role in ensuring that the protein retains its active form in the lactose synthase enzyme
complex (Ren et al. 1993).

UDP-D-galactose: D-glucose -1, 4-galactosyltransferase is the enzyme that catalyzes the
synthesis of the disaccharide lactose (Rao and Brew 1989). However, lactose synthesis is very
inefficient in the absence of ALA. ALA binds in a one-to-one molar ratio with the catalytic unit
(Klee and Klee 1972) and acts as a regulatory subunit of the enzyme complex lactose synthetase, The
Km for glucose is increased by 3 orders of magnitude (Khatra et al. 1974), and lactose is synthesized
in sufficient quantities to become the primary component of milk by weight. Lactose is synthesized
in the Golgi vesicles, where the sugar is osmotically active, drawing water into these vesicles and
eventually forming the secretory vesicles that contain most of the aqueous components of milk
(McManaman and Neville 2003).

The gene for ALA is located at 12q13.11 in cows (Gene ID 2017) and 12q13 in humans
(Davies et al. 1987). Gene deletion experiments demonstrate the importance of this gene and its
product to milk production (Stacey et al. 1995). A line of mice was established in which the ALA
gene was deleted (null allele). The gene deletion had no apparent adverse effects on female mice
other than during lactation; null-allele homozygous female mice could not rear their offspring
successfully. Milk yield was severely reduced and the milk was viscous and difficult to express.
When the human ALA gene was placed in null-allele mice, mice homozygous for the human alpha-
lactalbumin gene produced apparently normal milk and these dams reared offspring with weight gain
similar to wild-type mice pups. Human ALA appeared in the milk of the homozygous mice. These
results demonstrate the importance of ALA in mammary function and demonstrate that ALA from
different species is enzymatically similar in its activity. In addition, milk containing ALA from
different species is capable of nourishing young animals comparable to pups raised with milk from
wild type mothers.
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A single nucleotide polymorphism (SNP) in the human ALA gene has been reported by
Chowanadisai et al. ( 2005), who evaluated an ALA variant initially identified by HPLC. The
molecular weight of the variant was determined by mass spectrometry and the location of the SNP
was evaluated by DNA sequencing. The genetic polymorphism was identified as replacement of
guanine for adenine, which resulted in the substitution of valine for isoleucine at position 46. The
frequency of this SNP was higher in milk from Asian women than in milk from European, African,
North American, or South American women. There was no difference in lactose content of milk
from women with or without this SNP, suggesting the activity of lactose synthase was not affected.
Genetic variants of the ALA gene have also been observed in both French (Sanchez et al. 2016) and
Chinese cows (Zhou and Dong 2013), but genetic variants were not associated with milk yield (Zhou
and Dong 2013).

2.2.3. Manufacture

Lacprodan® ALPHA-10 is produced by whey fractionation utilizing well-accepted dairy
processing methodologies which separate the ALA protein from bovine whey fractions. The starting
material for Lacprodan® ALPHA-10 production is sweet whey with a pH of 5.9 — 6.6 conforming to
the European Union Food Hygienic Guidelines and EU Regulation 853/2004. Furthermore, the
purified water (reverse osmosis water), lactose, and sodium hydroxide used in the production of
Lacprodan® ALPHA-10 are are food grade materials approved for infant formula use.

The raw materials — bovine milk and whey — come from processing plants that are all
licensed by authorities that regulate dairy product facilities. All plants have implemented Hazard
Analysis and Critical Control Points (HACCP) and comply with cGMP, which are regulated in the
European Union under Regulation (EC) No 852/2004 on hygiene of foodstuffs and consistent with
U.S. cGMP for infant formula.

The production sites that manufacture Lacprodan® ALPHA-10 are certified under DS/EN
ISO 50001: 2011, ISO 22000: 2005 / TS 22002-1: 2009 and FSSC 22000, which all control: (1)
Implemented quality control systems, which include cGMP and HACCP; (2) Raw material analytical
control; (3) The physicochemical and microbial microbiological characteristics of the final product.
All processing equipment and supporting material that is installed with the machines in the processes
are suitable for food and pharmaceutical applications and in compliance with FDA rules and
regulations (CFR) Title 21. Arla Foods Ingredients has been certified for the development,
production, and sale of products based on whey protein and lactose by the Danish Authorities and by
the FDA. The only factory that currently produces Lacprodan® ALPHA-10 was audited and
approved by the FDA in August 2012.

When the raw skim milk is received at the cheese or casein production facility, it goes
through a pasteurization step (72°C for 15 seconds). This is a critical control point (CCP) at the dairy
facility that is lethal to all pathogens and ensures a significant reduction of contaminating
microorganisms. The milk is then processed to manufacture cheese and casein, a process that yields a
whey fraction (including the ALA protein).

After the whey has been drawn from the cheese process, it is kept for a short duration in
storage tanks before it is clarified and separated. The whey finally undergoes an additional
pasteurization (72°C for 15 seconds) and is kept cooled in storage tanks. The whey fraction is kept in
the tanks until it is transported to the manufacturing site that produces Lacprodan® ALPHA-10.

At the point of arrival at the production site that produces Lacprodan® ALPHA-10, analytical
controls are used to assess the temperature, pH, and nitrate-level of raw material before entry.
Additionally, the level of protein and fat is measured and selected microbial analyses are carried out
for analytical control of the raw material.
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The raw material is kept in storage tanks at 5°C until it undergoes the separation process that
yields 3 fractions. The first fraction is a high protein ALA concentrate. Second is a fraction in which
lactose accounts for the majority of the dry matter content; minor amounts of components like non-
protein nitrogen (NPN) and minerals are found in this fraction as well. The third fraction from the
same separation is a beta-lactoglobulin-enriched fraction. The lactose-enriched fraction and the 3-
LG-enriched fraction are transferred to large cold storage tanks for other applications.

The ALA fraction with high protein concentration is also transferred to a new set of storage
tanks where the product is again kept cold and food-grade lactose (VARIOLAC 992) can be added to
achieve the desired protein percentage of the total dry matter and food-grade HCI or NaOH can be
added to attain the target pH prior to protein drying.

The liquid fraction containing the concentrated ALA is sent to the spray drying tower to be
dried into the Lacprodan® ALPHA-10 powder. The dried powder passes through a sieve and a
rotating magnet before the powder is collected in silos and introduced into bags. These filled bags
pass through a metal detector before they are put on pallets.

Finally, Arla Foods Ingredients performs a finished product analysis based on a certificate of
analysis. The level of ALA in the total protein content of Lacprodan® ALPHA-10 is between 41 and
52%. The production process is summarized in Figure 2.

Figure 2. Process Flow Diagram of Lacprodan® ALPHA-10.

2.2.4. Specifications

Food-grade specifications for Lacprodan® ALPHA-10 are displayed in Table 3, along with
the results of analyses of 5 non-consecutive lots, showing that the process is in control and
consistently results in product meeting specifications.
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Table 3. Food-Grade Specifications and Analytical Results for Lacprodan® ALPHA-10.

Results Tested Lots
Analysis Method Specification 5 Lot E060251 | F530251 | H050250 | H240251 | J030250
Mean (2014) | (2016) | (2017) | (2017) | (2018)
ISO 8968-3/
Protein (%) OF 208 81.0-87.0 83.4 82.0 825 84.0 84.5 84.0
f}fg?p'fgtt;'r?)“m'” HPLC 241.0 48.1 445 47.0 50.1 515 476
Ash (%) NMKL 173 <50 35 36 36 34 35 35
Moisture (%) 1SO 6731 <55 45 51 45 40 46 45
Lactose (%) 'Slgf;?f/ <10.0 8.0 8.5 8.0 8.5 75 75
Fat (%) ISO 1736 <20 04 05 04 05 0.1 05
Minerals
Sodium (%) IcP 0.20-0.45 0.29 0.30 0.27 0.32 0.29 0.28
| 4
Chiloride (%) S|8F5283/ <0.20 0.11 <0.05 <0.01 0.12 0.10 0.12
5,23’5"“”“3 ICP 0.20-0.40 0.26 0.28 0.29 0.24 0.25 0.23
Calcium (%) IcP 0.40-0.60 0.50 0.49 0.50 0.52 0.52 0.48
Potassium (%) IcP 0.50-0.90 0.66 0.63 0.72 0.59 0.66 0.72
Heavy metals
. ICP-HRMS
'(“nzsel’li"c) ISO <0.5 <0.1 <0.1 <0.01 <0.01 <0.01 <0.001
9’9 17294m:2016
%‘g};&‘;m 1'7C2F;2"n?,2'§?6 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Load ICP-HRMS
ko) 1SO <0.05 <0.01 <0003 | <0003 | 0006 | <0.003 | 0.01
9’kg 17294m:2016
meélcfg?’ 1'702%4“/'rf_2'§?6 <0.05 <0.005 | <0.005 | <0.005 | <0005 | <0.005 | <0.005
Selenium ICP-MS ISO No speci-
(mglkg) 17294m:2016 | fication 0.35 0.39 0.31 0.32 0.37 0.34
Microbiological load
Igﬂﬁgﬁg) ISO 4833-1 | <10.000 2480 300 400 700 1000 10000
('\g?lﬂ‘/’ge“t 1SO 6611 <10 <10 <10 <10 <10 <10 <10
i?j;g‘)’s cereus | 150 7932 <50 <10 <10 <10 <10 10 <10
52;2’;’?;3;3’ ISO 21528-2 <10 <10 <10 <10 <10 <10 <10
ffiggé”‘(’éﬁfg)“s ISO6888-1 | Absent/lg | Absent/lg | Absent | Absent | Absent | Absent | Absent
sen sen sent sent sent sent sent
(SC?L’J'Z]‘;”Q”"” ISO 6579 | Absent/25 g | Absent/25g | Ab Ab Ab Ab Ab
Cronobacter
sakazakii ISO/TC 34/SC 9| Absent/10 g | Absent/10 g | Absent Absent Absent Absent Absent
(cfu/10 g)
Source: Arla Foods Ingredients
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2.3. Stability
2.3.1. Raw Material Stability

From the beginning of commercialization of Lacprodan® ALPHA-10 until recently, the
alpha-lactalbumin content was determined using a size-exclusion HPLC method (4/pha Lac analysis
TSK) using a Tosoh Biosciences trademarked TSKgel g3000PWXL column. The sample extraction
procedure followed the principles of non-reduced and non-denatured conditions for the quantitation
of alpha-lactalbumin content, with absorbance detected at UV 214 nm. Over the years, comparison
with other available techniques indicated that this method leads to over-estimation of the alpha-
lactalbumin content by about 10-15%.

Three modifications were made to the method to address this problem:

1. 2-mercaptoethanol (reducing agent to break disulfide bonds) was added to the sample
preparation.

2. Chromatography was done using a silica-based rather than polymer-based size
exclusion TSK column, TSKgel g3000SWXL instead of TSKgel g3000PWXL, that
minimizes co-elution of beta casein derived peptides along with alpha-lactalbumin.

3. The absorbance was detected at 280 nm (measuring mainly the aromatic amino acids)
versus 214 nm (measuring all amino acids). Beta casein peptides are mostly devoid of
aromatic amino acids and measurement at 280 nm further reduces overestimation of
the alpha-lactalbumin value.

The modifications implemented minimized interference from beta-casein derived peptides and
provided a more accurate value of alpha-lactalbumin content in the Lacprodan® ALPHA-10 raw
material. These modifications have been validated and the modified method is called Alpha lac
analysis TSK modified.

The stability study was performed using 4 samples manufactured during week 46 in 2015 and
weeks 1, 3, and 4 in 2016, all stored at room temperature. Since the time-zero analyses of alpha-
lactalbumin content were based on the old Alpha lac analysis TSK, analyses after 2+ years were
performed using the same method in order to measure any changes over time. However, because the
inaccuracy of this method was recognized, analyses of 2+ year-old material were also performed
using the modified method, Alpha lac analysis TSK modified.

The stability data (Table 4) show that the content of alpha-lactalbumin measured at day 0
changed little after 2+ years. The data indicate that there is no degradation of alpha-lactalbumin
during storage at room temperature for that period.

The third line of the table, showing the results of analyses using Alpha lac analysis TSK
modified, do not bear on the stability study. However, they show values about 11% lower than those
indicated by the original method and provide more accurate figures on the actual alpha-lactalbumin
content of Lacprodan® ALPHA-10.

Table 4. Stability of the Alpha-Lactalbumin Content of Lacprodan® ALPHA-10.

Analysis Alpha-Lactalbumin Content (%)
Lot G010250 | Lot G030250 | Lot G040250 | Lot F460251
Alpha lac TSK: Day 0 49.2 48.8 50.4 51.5
Alpha lac TSK: 2+ years 48.1 49.3 49.3 51.2
';‘ipg': fac TSK modified. 44.4 43.0 43.2 44.9
Source: Arla Foods Ingredients
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2.3.2. Stability in Infant Formula

Analysis of the level of alpha-lactalbumin in infant formula was conducted using the Alpha
lac analysis TSK modified method as described above. A typical infant formula with 60:40 whey
casein ratio was manufactured with skim milk powder, standard whey protein concentrate, and
Lacprodan® ALPHA-10 to provide 2.5g/100g alpha-lactalbumin content. The formula was
manufactured according to commercial specifications.

Two batches were manufactured and stored for 360 days, half of each batch at room
temperature (25°C, 60% relative humidity) and the other half of each batch at 40°C and 75% relative
stability to assess accelerated stability. Samples were analyzed at 0, 30, 60, 90, 180, 270, and 360
days, with the results shown in Table 5.

Table 5. Infant Formula Stability Trial Results.

Alpha-Lactalbumin Content (g/100 g)

(Zia";:) RoomsI::)rillgi)te; ature Accelerated Stability
Batch 1 Batch 2 Batch 1 Batch 2

0 2.505 2.47 2.505 247

30 2.515 247 2.515 2.45
60 2.485 2.405 2.455 2.395
90 2.495 2.465 2.48 2.425
180 2.385 2.32 2.34 2.285
270 2.375 2.325 2.385 2.295

360 2.385 2.31 2.385 2.33

Source: Arla Foods Ingredients

These findings are expressed in Table 6 as percentages of starting levels. The data
demonstrate that alpha-lactalbumin is stable in infant formula under both room-temperature and
accelerated-stability conditions, remaining over 360 days within 10% variability to time zero.

Table 6. Infant Formula Stability as Percent of Starting Level.

Alpha-Lactalbumin Content (% of Starting Level)

Time (days) RoomS'::gi\ﬁte; ature Accelerated Stability

Batch 1 Batch 2 Batch 1 Batch 2

0 100.00 100.00 100.00 100.00

30 100.40 100.00 100.40 99.19

60 99.20 97.37 98.00 96.96

90 99.60 99.80 99.00 98.18

180 95.21 93.93 93.41 92.51

270 94.81 94.13 95.21 92.91

360 95.21 93.52 95.21 94.33
Source: Arla Foods Ingredients
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2.4. Technical Effect

The intended technical effect of the addition of Lacprodan® ALPHA-10 to infant formula is
to bring the level of whey protein, including ALA, in cow-milk-based infant formula up to a level
approximating that of the whey protein and ALA concentration in human milk.

A meta-analysis by Lonnerdal et al. (2017) showed that human milk protein composition
changes dramatically during early lactation, with total protein decreasing from 20.6 g/L at days 0-5
of lactation to 15.7 g/L at days 16-30 and 11.0 g/L at days 90-360. The whey:casein ratio is
approximately 90:10 in colostrum and drops to 65:35 at 2 weeks of lactation (Lonnerdal et al. 2017).
By the end of the first month of lactation, the concentration of whey is nearly stable and the
whey:casein ratio approaches 60:40, although this ratio is somewhat variable (Lonnerdal et al. 2017,
Kunz and Lonnerdal 1992). Table 7 summarizes human milk whey to casein ratios during the first
year of lactation.

Table 7. Median Values of Whey:Casein Ratio and ALA Concentration
in Human Milk (Lonnerdal et al. 2017).

Time (Days) Whel{;fizsei“ ALA (g/L)
0-5 11:89 430
6-15 65:35 420
16-30 59:41 3.30
31-60 61:39 3.10
61-90 61:39 2.84
91-360 60:40 2.62

While ALA is only a minor fraction of the protein in bovine milk, 1.3 g/L, 3.7 % of total
protein (Heine et al. 1991), it is the dominant whey protein in human milk. A multinational study of
human milk ALA concentrations reported by Jackson et al. (2004) evaluated approximately 50
mature human milk samples (samples obtained 1-12 months after birth) from each of 9 countries
(Australia, Canada, Chile, China, Japan, Mexico, Philippines, UK, and USA). The mean+SD
concentration determined in 452 samples was 2.44+0.64 g/L (Figure 3). The concentration of ALA
was significantly lower in Mexico and significantly higher in the United States than all other
countries. There was no obvious explanation for these differences. The concentration of ALA and
duration of lactation were negatively correlated.

Alpha Lactalbumin Concentration by Country
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Figure 3. ALA Concentrations by Country, Mean+SD (Jackson et al. 2004).
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Numerous other studies (summarized in Lonnerdal et al. 2017) have evaluated ALA
concentrations in human milk. While ALA concentration is high in colostrum (mean of 4.30 g/L), it
slowly decreases during the first 30 days of lactation and remains at a relatively constant level of
approximately 2.6 g/L after 90 days. Unfortunately, this evaluation of data did not include the large
study of Jackson et al. (2004), but did include studies with limited numbers of samples or utilizing
older analytical methodologies. ALA as a percentage of total protein is 22.2% when calculated using
the Jackson data for ALA and the Lonnerdal data for total protein (at lactation duration from 90-360
days of lactation); it is 23.8% when utilizing the Lonnerdal data for ALA.

Fleddermann et al. (2014b) reviewed 13 prospective, randomized, double-blind, placebo-
controlled trials that examined the impact of the macronutrient composition of infant formula on the
growth and energetic efficiency (i.e., growth per 100 kcal of energy intake) of apparently healthy
term infants. In these studies, an increased whey:casein ratio, increased ALA content, or higher
tryptophan content increased energetic efficiency by about 10-13%. The authors suggested that these
findings may help in “explaining the differences in growth and metabolism between breastfed and
formula-fed infants.”

2.5 Regulatory Status of Alpha-Lactalbumin

A search of the website of the Food and Drug Administration did not reveal any similar
substances having been approved for use in infant formula. Under section 912 of the FDA
Amendments Act of 2007 amended Section 301(II) of the Federal Food, Drug, and Cosmetic Act,
there is a prohibition of the introduction of any food into interstate commerce to which has been
added an approved drug, licensed biological, or a drug or biological product for which substantial
clinical investigations have been instituted and for which the existence of such investigations has
been made public. Our search of the FDA website did not reveal any reference to alpha-lactalbumin
as a drug and no published clinical studies were located that would lead us to believe a substantial
clinical investigation has been conducted and made public that would indicate a contemplated drug
use of alpha-lactalbumin.

In the European Union alpha-lactalbumin has been on the market before 1997, when the
Novel Food regulation entered into force, and therefore alpha-lactalbumin does not need safety
approval for marketing in the member states of the EU.

In China, alpha-lactalbumin falls within the definition of GB standard 11674-2010 for whey
protein powder, and no approval is needed for marketing and sales in China.
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Part 3: Dietary Exposure

3.1. Intended Conditions of Use

As described in Section 2.4, the intended technical effect of the addition of Lacprodan®
ALPHA-10 to infant formula is to bring the level of whey protein, including ALA, in cow-milk-
based infant formula up to a level approximating that of the whey protein and ALA concentration in
human milk.

The total protein in cow’s milk ranges from approximately 3.1 to 3.7%, with an average of
about 3.5%, and has slight variability from this average number based on seasonality and species
(Vincent et al. 2016). In bovine milk, casein is the predominant protein class, accounting for about
80% of the total protein content. The whey fraction constitutes only about 20% of total protein and
ALA content is about 3% of the total protein content in bovine milk, or about 1.26 g/L. (Vincent et al.
2016).

Infant formulas based on cow’s milk came to market some 150 years ago, but only relatively
recently have analytical advancements in protein analysis showed a stark contrast between cow’s
milk (predominantly casein) and human milk (predominantly whey). In human milk, the ratio of
whey to casein varies from about 80:20 in early lactation to about 50:50 in late lactation (Lonnerdal
2003). It has long been accepted as a fundamental principle that human milk is the optimal food for
human infants, and infant formula “manufacturers attempt to alter their products to imitate human
milk in either composition or performance” (IOM 2004). One goal of many infant formula
companies is to manufacture products with protein composition as close to human milk as possible.

Demineralized whey dominant cow’s milk protein fractions became commercially available
in the 1950s, leading to the first whey dominant infant formula in the early 1960s. However, whey
dominant formulas (prior to addition of alpha-lactalbumin enriched, beta-lactoglobulin reduced
whey) contained about 1.3 g/L of alpha-lactalbumin protein in the formulations (Lien et al. 2004).
Alpha-lactalbumin enriched ingredients became commercially available in the late 1990s and the
first infant formula containing about 2.2 g/L of bovine alpha-lactalbumin was launched by Wyeth
Nutrition in Hong Kong in 2002 (Wyeth 2018).

Based on the figure of 2.44+0.64 g/L for the mean ALA concentration in human milk
(Jackson et al. 2004) and the range of 4.30 to 2.62 for median ALA content in human milk between
days 0 and >90 (Lonnerdal et al. 2017) cited in Section 2.2.6, the target ALA content of formula to
which Lacprodan® ALPHA-10 addition is intended is 2.5 g/L. This level not only matches average
human milk levels, but also permits the production of infant formula with lower total protein content
(compared to non-alpha-lactalbumin dominant formulas), better protein quality, and growth
characteristics similar to breast fed infants (Trabulsi et al. 2011).

The proportion of protein in food-grade Lacprodan® ALPHA-10 ranges from 81% to 87%,
while the minimum alpha-lactalbumin specification as a percentage of protein is 41% alpha-
lactalbumin. Thus, the minimum potential alpha-lactalbumin concentration is 41% of 81%, or
33.21%.

Assuming that there is no other alpha-lactalbumin source in an infant formula, the amount of
Lacprodan® ALPHA-10 needed to provide 2.5 g alpha-lactalbumin/L formula is 2.5/.3321, or
7.5 g/L. For infant formulas, a typical protein range of 100% to 110% is used to support label claims.
Thus, the maximum intended addition level of Lacprodan® ALPHA-101s 1.1x7.5 g, or 8.3 g/L.

The calculations above are for formulations that use Lacprodan® ALPHA-10 as the only
alpha-lactalbumin source. Typically, most infant formula manufacturers strive for whey dominant
infant formulas with whey:casein ratios ranging from 60:40 to 80:20. In formulas containing some
level of alpha-lactalbumin prior to addition of Lacprodan® ALPHA-10 (i.e., most infant formulas
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containing added whey), the addition level of Lacprodan® ALPHA-10 needed to achieve a total
alpha-lactalbumin content level of 2.5 g/L throughout the product shelf-life will be less than 8.3 g/L.

3.2. Estimated Daily Exposure

If Lacprodan® ALPHA-10 is added to infant formula at the maximum concentration of 8.3
g/L, an infant consuming 800 ml formula per day will receive 0.8x8.3 g = 6.6 g/day of Lacprodan®
ALPHA-10. At least 33.2% for the 6.6 g Lacprodan® ALPHA-10, or 2.2 g, is alpha-lactalbumin.

According to tables of daily energy intake by formula-fed infants provided by Fomon and
Bell (1993), the subpopulation of infants with the highest intake per kg body weight is boys aged 14—
27 days. The mean energy intake by this group is 121.1 kcal/kg bw/day and the 90th percentile is
141.3 kcal/kg bw/day. Among girls, the highest energy intake is found in the same age group, 14-27
days, and is nearly as high as boys: the mean and 90th energy intake percentiles are 117.8 and 138.9
kcal/kg bw/day. Most term infant formulas contain 67.6 kcal/100 ml when ready to consume.
Therefore, to obtain 141.3 kcal energy/kg bw, an infant boy must consume 209.0 ml formula/kg bw.
To reach her 90th percentile of energy consumption, 138.9 kcal/kg bw/day, an infant girl must
consume 205.5 ml formula’kg bw/day. The 90th percentile of formula intake for the 2 sexes
combined is about 207 ml/kg bw/day. If Lacprodan™ ALPHA-10 is added at the maximum addition
level of 8.3 g/l, the estimated daily intake (EDI—the 90™ percentile of intake) is 0.207x8.3 = 1.72 g
Lacprodan™ ALPHA-10/kg bw/day.
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Part 4: Self-limiting Levels of Use

There is no meaningful technological limitation to the concentration of Lacprodan® ALPHA-
10 alpha-lactalbumin in infant formula.
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Part 5: Experience Based on Common Use in Food

The conclusion that the intended use of Lacprodan® ALPHA-10 alpha-lactalbumin is GRAS
is based on scientific procedures rather than experience based on common use in food prior to 1958.
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Part 6: Narrative

6.1. Pharmacokinetics

Jakobsson et al. (1982) evaluated digestion of bovine casein, ALA, and beta-lactoglobulin in
vitro in duodenal juice from infants aged 3-19 months. The kinetics of digestion were evaluated
using the proteins in pure form. Thirty mg/ml of casein were hydrolyzed under the same conditions
in which 1 mg of either ALA or beta-lactoglobulin were hydrolyzed. When proteins were presented
in the matrix of either cow’s milk or infant formula, hydrolysis was slower. Pre-incubation with
gastric juice at a pH of 4-5, the pH of a typical infant stomach, did not influence the results, likely
because pepsin activity in this pH range is minimal.

Studies in adults demonstrated that consumption of ALA resulted in a rapid alteration in
circulating amino acids (for example, elevation of tryptophan), suggesting the rapid digestion of
ALA and subsequent absorption of amino acids over a period of approximately 1.5 hours (Markus et
al. 2002; Markus et al. 2000). Protein digestion was evaluated in adults with short bowel who
received oral ALA and beta-lactoglobulin (Mahe et al. 1991). Both proteins were found in the
intestinal effluent after 30 minutes, but not at longer time points. Lonnerdal and Lien (2003)
suggested that active gastric digestion occurring in adults (but perhaps not as actively in infants)
increases the digestion of these whey proteins prior to their movement from the stomach to the small
intestine. This suggestion is supported by assessment of the activity of pepsin-mediated digestion of
infant formula at various pHs. ALA and beta-lactoglobulin were hydrolyzed at a pH of 1.5-2.5, but
were resistant to proteolysis above a pH of 3.0.

The digestibility of ALA has been studied in several animal models. One hour after
administration of 42 mg ALA to mature rats, only 3.9 mg of ALA remained in the stomach (as
determined by an immunological technique) and only trace amounts were found in the small intestine
(Fushiki et al. 1986).

Pantako and Amiot (2001) compared the digestion of isolated bovine ALA and whey protein
concentrate (WPC) in the rat gastrointestinal tract. Diets containing ALA emptied faster from the
stomach than WPC. Trichloroacetic acid precipitable protein levels were lower in both the stomach
and small intestine with ALA than WPC. For both diets, the small intestinal contents were
characterized by high levels of amino acids and small peptides. These results demonstrate that ALA
is at least as digestible (and perhaps more digestible) as WPC. Pantako and Amiot (2001) also
evaluated calcium, phosphorus, and amino acid absorption in rats consuming either ALA or WPC.
The concentrations of calcium and phosphorus in the GI tract were similar between groups, while the
amount of insoluble minerals was higher in the ALA group. The concentrations of amino acids in the
portal vein were not different between rats receiving ALA and WPC while higher levels of amino
acids were found in the GI tract of the WPC group.

Wada et al. (2017) evaluated human milk and infant formula digestion in a suckling rat pup
model. The main sources of peptides were a-lactalbumin and -casein in human milk, and -
lactoglobulin and B-casein in infant formula. Both human milk and infant formula ALA were rapidly
digested in this model.

Studies in preterm and 6-week old infant rhesus monkeys demonstrated the relatively slow
digestion of ALA and beta-lactoglobulin following formula feeding (Lindberg et al. 1997). In 6-
week-old monkeys, as much as 30-50% of these proteins were detected in duodenal aspirates 60
minutes after ingestion of the proteins, and measurable amounts of ALA were found in serum of the
monkeys. At 7 months of age, no measurable amounts of the proteins could be detected in duodenal
contents 15 minutes after formula consumption and no ALA was found in the serum.
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Evaluation in human term infants demonstrates that they can digest formulas rich in ALA.
Heine et al. (1996) reported elevated plasma tryptophan levels when infants were fed ALA-enriched
formula compared to a control formula. This finding strongly suggests that the tryptophan-rich ALA
formula was digested and resulting amino acids were absorbed. Numerous clinical studies have been
published comparing control formulas to formulas enriched with ALA. Growth rates and protein
status were similar between formula groups in all studies reporting these parameters (Trabulsi et al.
2011; Sandstrom et al. 2008; Roze et al. 2012; Lien et al. 2004; Davis et al. 2008). These studies
demonstrate that ALA-enriched formulas have high protein quality and are well utilized. No
increased incidence of protein allergy due to appearance of intact ALA in the circulation has been
reported.

6.2. Animal Studies
6.2.1. Rodent Studies

ALA is a rich source of the amino acid tryptophan (TRP), the precursor of serotonin, a
neurotransmitter that plays an important role as a mediator of sleep (Zeisel 1986). Diets with
elevated ALA concentrations result in an increased TRP/large neutral amino acids (LNAA) ratio and
increased transport of TRP to the central nervous system. Minet-Ringuet et al. (2004) evaluated the
effect of ALA on restoration of sleep after food deprivation. Three diets varying in protein content
were utilized in this study: 140 g/kg whole milk protein (designated as P14), 300 g/kg whole milk
protein (P30-WMP), and 300 g/kg whole milk protein enriched with >40% ALA (P30-LAC).

After surgery to implant electrodes to obtain electroencephalogram recordings, 18 male
Wistar rats (age and starting bodyweight were not reported), housed individually, were given the P14
diet for 10 days, then fasted for 4 days, and finally given a 6-day re-feeding period with animals
divided into 3 groups (n = 6 rats/group) receiving P14, P30-WMP, or P30-LAC. Sleep parameters
were measured during all 3 phases.

Animals lost weight during food restriction and gained weight during refeeding. During
refeeding, weight gain in the P30-WMP and P30-LAC groups was nearly identical and significantly
more rapid than in the P14 group. During the refeeding period, animals in the P30-LAC group
rapidly returned to the basal sleep pattern (reduced wakefulness and increased slow wave sleep
compared to fasting). Animals in both of the milk groups were much slower to return to normal sleep
patterns. No adverse effects of any of the diets were reported, and the authors concluded that, “the
results of the present study are in line with the efficacy of TRP enrichment or the use of a-
lactalbumin in infant milk to improve sleep, but extend these ideas by showing that this efficacy of
a-lactalbumin on sleep can also be observed in adult subjects.”

Two studies have been reported that evaluated the effect of ALA on gastrointestinal (GI)
mucosal defense in rats. Matsumoto et al. (2001) gave twelve 11-week-old male Wistar rats
weighing 210-250 g gavage doses of 200 mg ALA /kg bw and sacrificed 3 rats each at 0, 15, 30, or
60 minutes afterwards; 3 control rats were given saline and sacrificed at 30 minutes. Six similar male
Wistar rats were given ALA (n = 3) or control (n = 3); after 30 minutes, gastric mucosal injury was
induced by intragastric ethanol-HCI and the rats were sacrificed an hour later. Stomachs of all rats
were examined and scored for degree of necrotic injury.

The rats receiving ALA exhibited significantly less gastric injury than the controls. No
adverse effects attributable to ALA administration were reported, and the authors speculated that,
“The high concentration of a-LA in human milk may lead to the suggestion that this protein fulfils a
biological role in the gastrointestinal protection of newborn infants.”
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Ushida et al. (2003) evaluated ALA in forty-eight 11-week-old male Wistar rats weighing
220-260 g. After 24 hours without feed, they received gavage of 5 ml/kg bw providing 0, 200, 500,
or 1000 mg/kg bw a-lactalbumin (12 rats/dose); 30 minutes later the rats were sacrificed and the
stomachs excised for measurement of prostaglandin (PG) E2, gastric mucin, fluid volume, and pH.
ALA administration dose-dependently elevated levels of PGE2, gastric fluid volume, adherent
mucin, and luminal pH, and delayed gastric emptying. No adverse effects of the treatment were
reported, and the authors concluded that “a-LA enhances both PG-dependent and PG-independent
gastric defense mechanisms in naive rats.”

6.2.2. Rhesus Monkey Studies

Two studies in infant rhesus monkeys have employed ALA produced by Arla Foods
Ingredients. The ALA employed was a product in development and not the current commercial
products, Lacprodan® ALPHA-10 or Lacprodan® ALPHA 20.

Kelleher et al. ( 2003) reported the growth and nutritional status in infant rhesus monkeys fed
a control formula, or formulas supplemented with either ALA produced by Arla Foods Ingredients or
a glycomacropeptide (n = 5 monkeys/group) from birth to 4 months of age. A breast-fed comparison
group was also included. All formulas had the same protein concentration. The concentrations of
glycomacropeptide and ALA in the study formulas were not reported. However, tryptophan
concentration was increased in the ALA formula (23.0 mg/100 ml) when compared to the control
formula (19.9 mg/100 ml); this is an indication of ALA enrichment in the ALA study formula.
Weight gain was similar in all formula groups and significantly higher than in the breast-fed group.
The study report did not provide length or head circumference data. While formula intake was
similar between the control and ALA group, the glycomacropeptide group had significantly higher
formula consumption than either of the other formula groups.

Hemoglobin concentrations were not different among groups, while hematocrit was lower in
the ALA- and breast-fed groups than the control group at 3 months of age. No hematocrit differences
between the ALA group and the control group were found at birth or months 1, 2 or 4. Mineral
absorption was determined by the use of radiotracers; plasma copper and zinc concentrations did not
differ among the formula groups; absorption of calcium and iron did not differ among groups, while
zinc absorption was significantly greater in the ALA and glycomacropeptide groups than the breast-
fed group. Plasma amino acids were determined monthly. With few exceptions, amino acid
concentrations did not differ between the ALA formula and the breast-fed groups. Plasma threonine,
1soleucine, valine, and methionine concentrations in the breast-fed and ALA-fed animals were
significantly lower than the other groups, but most of these differences occurred only at the one-
month time point. Plasma insulin and blood urea nitrogen (BUN) concentrations were not different
between the control and ALA-enriched formula groups. This study demonstrated that an ALA-
enriched formula can support normal growth and the ALA formula group had only a few biologically
insignificant differences compared to the control and breast-fed groups in hemoglobin, hematocrit,
mineral status, amino acid concentrations, insulin and BUN. The authors concluded that, “o-
lactalbumin-supplemented formula has no adverse effects on nutritional status in infant monkeys . . .
and a-lactalbumin supplementation promotes a plasma amino acid pattern similar to that of breastfed
infant monkeys.”

In a second primate study using ALA produced by Arla Foods Ingredients (Bruck et al.
2003), 20 infant rhesus monkeys were fed formulas from birth to 4.5 months of age and a breast-fed
group was included (n = 5 monkeys/group). These formulas were similar to the ones that Kelleher et
al. (2003) fed in the above study, as shown in Table 8.
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Table 8. Protein Composition of Test Formulas (Bruck et al. 2003).

Protein Composition Control o-LA GMP-

(%) Formula Supplemented | Supplemented
a-lactalbumin 13 25 20
B-lactoglobulin 36 25 15
Glycomacropeptide 10 10 25
Other 41 40 40

Infants were exclusively breast-fed or bottle-fed ad libitum, with no solid food given
throughout the study. Monkeys were single-caged for 1 month, then caged in pairs. Blood was drawn
monthly and rectal swabs were collected weekly throughout the study and pooled to allow
calculation of an average cell count per month. At 4.5 months of age the animals were orally
administered an infectious dose of E. coli 0127 (EPEC). Swabs were taken at 7 and 14 days post
infection. Bacterial populations were assessed through fluorescent in-situ hybridization (FISH).

After EPEC administration no diarrhea was reported in either the breast-fed or ALA-enriched
formula-fed monkeys. In contrast, the group that received control formula had acute diarrhea and
animals in the GMP-enriched formula had diarrhea intermediate between the control group and the
ALA group (Figure 4). Monkeys receiving the ALA-enriched and control formulas had no
significant changes in bacterial levels before and after EPEC administration, while the breast-fed
animals had significant increases in E. coli, bifidobacteria, and Bacteroides as well as lower
Clostridia post-EPEC. At numerous time points, white blood cell populations varied among groups
with breast-fed and ALA groups being similar to each other and significantly different from the other
2 groups.

Ceath

Severs
Diarrhea

Y —

IntermIttent £
Diarrhea

4 L — s i

Diarrhea Index

Mild |

Diarrhea 2 N
1 ]
a

- =1 ) [

i

Healthy

FF GMP AL BF
Diet

Figure 4. Diarrhea Scores Following EPEC Administration (Bruck et al. 2003).

The authors concluded:

“. .. infant monkeys fed formula supplemented with a-lactalbumin had a
gastrointestinal microflora population that was more similar to that of breastfed infant
monkeys than to that of infants fed control or GMP-supplemented formula.
Additionally, breast-fed infants and infants fed a-lactalbumin-supplemented formula
had a similar and higher number of circulating lymphocytes compared to infants fed
other formula. Our results indicate that the combination of these factors may have
contributed to the ability of these infants to resist EPEC-induced diarrhea and suggest
that the supplementation of infant formula with a-lactalbumin may help formula-fed
infants attain similar health benefits now only afforded to infants that are breast-fed”
(Bruck et al. 2003).
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6.3. Human Studies
6.3.1. Studies in Adults

A number of acute studies in adult humans have evaluated the effects of ALA consumption
on central nervous system (CNS) function. These studies predominantly assessed single-dose
administration of ALA. The neurotransmitter serotonin (involved in stress reduction and cognitive
performance) is synthesized from tryptophan and an increased ratio of tryptophan to other large
neutral amino acids (TRP:LNAA) in the circulation may lead to higher CNS tryptophan (and
serotonin) levels. Since ALA contains a higher level of tryptophan than other bovine milk proteins,
test meals containing ALA compared to an appropriate protein control should lead to higher blood
levels of tryptophan, higher TRP:LNAA ratios, and increased production of CNS serotonin.

Markus et al. (2000) provided breakfast and lunch enriched in either ALA or sodium
caseinate to 29 stress-prone subjects and 29 relatively stress-resistant subjects (based on responses to
a test measuring neuroticism) in a prospective, randomized, double-blind, placebo-controlled
crossover study. Subjects included 19 men and 39 women aged 17-34 years; mean age was
20.7+3.14 years. The ALA-enriched diet provided 20 g ALA-enriched whey protein. After the
second meal, the TRP:LNAA ratio was 48% higher following ALA consumption than following
casein consumption. In stress-prone subjects the ALA diet resulted in higher prolactin and lower
cortisol concentrations and reduced depressed feelings under stress. These results suggest that
providing a diet with an elevated TRP:LNAA ratio improves coping ability under stress, most likely
through increases in CNS serotonin levels. No adverse effects were reported.

Utilizing a similar design (23 stress-prone subjects and 29 relatively stress-resistant subjects
aged 17-33 years participating in a prospective, randomized, double-blind, placebo-controlled,
crossover study) memory function was assessed comparing ALA and casein meals (Markus et al.
2002). The plasma TRP:LNAA ratio followed a similar pattern to the previous study and memory
function was improved in the stress-prone individuals who received the ALA meals. The authors
concluded that increased brain serotonin levels may lead to improved cognitive function in stress-
prone individuals. No adverse events associated with treatment were reported.

Following the initial studies by Marcus et al. (2000 and 2002), additional research evaluated
acute administration of ALA on mood following a stress test (an unsolvable mental arithmetic task
with loud noise) in both recovered depressed subjects (n = 23) and controls (n = 20) in a prospective,
randomized, double-blind, placebo-controlled crossover trial (Merens et al. 2005). No significant
differences following ALA and casein consumption occurred in mood or plasma levels of the stress
related hormone cortisol. The authors attributed this lack of effect to the ALA and casein diets
having been consumed on only one day; no adverse effects were reported from the acute
intervention.

In a prospective, randomized, double-blind, placebo-controlled study evaluating 28
apparently healthy women receiving a single 40-g dose of either ALA or casein, emotional
processing and cortisol levels were not different between groups (Scrutton et al. 2007). The authors
suggested that the modest increase in tryptophan availability resulting from the single dose of ALA
may have been insufficient to produce significant effects. No adverse effects were reported.

Memory function has also been assessed in several studies. In one prospective, randomized,
double-blind, placebo-controlled crossover trial (Schmitt et al. 2005), 20 premenstrual women were
given ALA or placebo to assess the effect on short- and long-term memory function. Administration
of ALA improved long-term memory for abstract figures but not for words, an effect attributed to
amelioration of serotonergic hypofunction.
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ALA also improved abstract visual memory but impaired motor performance in a simple test
given to 23 recovered depressed patients and 20 healthy controls in a prospective, randomized,
double-blind, placebo-controlled crossover study (Booij et al. 2006). However, ALA had no adverse
effect on the performance of more difficult versions of the motor performance test, suggesting that
ALA may impair cognitive and physical performance when tasks are easy and monotonous, perhaps
due to the sleep-inducing properties of ALA (likely due to increased brain serotonin).

This suggestion was supported by a prospective, randomized, double-blind, placebo-
controlled study (Markus et al. 2005) which provided ALA (at a concentration of 4.8 g
tryptophan/100 g protein) or a low tryptophan protein (n = 14/condition) in the evening and resulted
in higher bed-time TRP:LNAA ratio in the ALA group. The following morning ALA administration
decreased sleepiness and improved attention processes with no reported adverse effects.

The effect of ALA on satiety was determined in a prospective, randomized, single-blind
crossover study in which 24 apparently healthy adults aged 19-37 years received 10%-protein
breakfasts containing ALA, gelatin, or gelatin+tryptophan (Nieuwenhuizen et al. 2009). Suppression
of hunger at lunchtime was stronger after the ALA breakfast than the other meals. Plasma tryptophan
was higher after the ALA meal than either the gelatin or gelatin+tryptophan meals. Hormones related
to satiety, GLP-1 and ghrelin, were not related to the type of breakfast consumed. The authors
concluded that the study did not identify the mechanism of action of ALA satiety-related activity. No
adverse effects were reported.

In a second prospective, randomized, single-blind crossover satiety study with 24 apparently
healthy subjects aged 2542 years, Veldhorst et al. (2009) evaluated energy intake at lunch following
a breakfast 3 hours earlier containing one of a variety of proteins: ALA, gelatin, casein, soy, whey,
whey-GMP, or gelatin+tryptophan. The ALA, gelatin and gelatin+tryptophan breakfasts resulted in
reduced energy intake at lunch compared to experimental conditions in which the subjects consumed
breakfasts containing the other proteins. No adverse effects were reported, but further study is
warranted to fully evaluate the satiety-related effects of ALA. It should be noted that feeding infant
formula enriched in ALA does not reduce formula intake (see Section 6.3.2.).

6.3.2. Studies in Infants
6.3.2.1. Studies in Infants Using Alpha-Lactalbumin Produced by Arla Foods Ingredients

Five publications have reported outcomes of prospective, randomized, double-blind clinical
studies employing Lacprodan® ALPHA-10 or ALPHA 20, summarized in Table 14. Different
aspects of the data from one prospective, randomized, double-blind, placebo-controlled intervention
trial were reported in 3 publications—Bruck et al. (2006), Sandstrom et al. (2008), and Andersson et
al. (2009). Each of these reports is discussed in detail in this section as well as results of other studies
utilizing alpha-lactalbumin preparations manufactured by Arla Foods Ingredients.

In a prospective, randomized, double-blind, placebo-controlled clinical intervention, Bruck et
al. (2006) evaluated the effect of feeding a formula enriched in ALA and GMP on fecal microbiota in
healthy term infants aged 6+2 weeks with mean birth weight 3512.3+559.8 g. The protein
concentration was 13.1 g/L in all formulas. The formulas evaluated in the study, and their ALA and
GMP content as percent of protein, were:

1. Standard whey-dominant formula (11% ALA, 14% GMP),
2. ALA-enriched formula (25% ALA, 15% GMP), and
3. GMP-reduced formula (25% ALA, 10% GMP).

Infants received study formulas exclusively from 6 weeks of age to 4 months, at which time
weaning foods could be introduced. Infants continued to receive study formulas until 6 months of
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age. Fecal samples were collected at the start of the study (baseline) as well as at 2 and 6 months of
age and analyzed for predominant population of gut microbiota using FISH. In this first report, data
from 17 infants receiving standard formula, 21 receiving ALA-enriched formula, and 16 receiving
GMP-reduced formula were reported, along with 31 breast-fed infants.

This publication did not present anthropometrics at birth or study entry and no growth data
were provided; this information appeared in a later report, Sandstrom et al. (2008; see below).
Bifidobacteria were the predominant bacterial population in all infants and no significant changes in
bifidobacteria or lactobacilli levels were observed in any group throughout the study. (Note that all
infants were breast-fed before study initiation, which might have established a Bifidobacterium-
dominant microbiota.) Bifidobacteria levels were similar in all groups by 6 months of age. The ALA
group had significantly lower bacteroides counts at 4 months than either the breast-fed or control
groups. Between 4 and 6 months, all formula-fed infants had an increase in Clostridium. The breast-
fed group had higher Clostridia counts than any of the formula-fed groups at 4 months.

The results of this study suggest some advantages of formulas enriched in ALA and GMP;
large variations in bacterial populations may mask other beneficial effects of these materials on
infant microbiota. The authors reported that there were no differences in gastrointestinal or other
symptoms of disease among the groups, and that parents did not express any concern regards the
formulas and were generally satisfied.

Sandstrom et al. (2008) reported other measures from the same prospective, randomized,
double-blind, placebo-controlled intervention as was reported by Bruck et al. (2006), above. The
number of infants for which these data were reported were n = 20 for ALA-enriched formula, n =21
for each of the other formulas, and n = 34 for the breast-fed reference group. Anthropometrics were
measured periodically and blood drawn at enrollment as well as 4 and 6 months of age. An
experienced research nurse visited each infant enrolled in the study at months 2, 3, 4, 5 and 6.
Structured interviews were conducted to collect information on morbidity during the entire study as
well as information on general well-being and sleeping time. Questionnaires concerning formula
intake, bowel habits, and stool consistency on the 3 days prior to the study were also completed.

Table 9 presents baseline characteristics of the infants. Gestational age at birth was similar
for all groups (approximately 39 weeks) and all groups had normal weight as well as length at birth.
A significantly greater proportion of girls were recruited to the ALA-enriched group than to the other
groups; sex was used as a covariate in the analysis of those parameters which vary by sex (such as
weight and length).

Table 9. Baseline Characteristics of Participating Infants (Sandstrom et al. 2008).

Table 10 presents the infant disposition; there were no significant differences among groups
in dropout rates or the reasons for discontinuation. Sandstrom et al. (2008) reported that “no serious
adverse events were recorded for any of the groups.”
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Table 10.

Infant Disposition (Sandstrom et al. 2008).

Study Group
Disposition ALA- GMP-
Standard Enriched Reduced Breast-fed

Total enrolled 21 20 21 34
Developed allergy to

. . 2 2 1
cow milk protein
Families chose to

) ) L 2 1 3

discontinue participation
Discontinuation due to
. ! 5
inadequate milk supply

Table 11 provides data related to formula intake, growth characteristics and infection
incidence. Formula intake, length, head circumference, and knee-heel length were not significantly
different among groups. Although weight gain was not significantly different among any of the
formula groups, it was significantly greater in the standard formula group than the breast-fed group.
Fever and episodes of airway infections were not significantly different among the groups.

Table 11. Formula Intake, Growth and Infection Incidence from Enrollment
to Six Months of Age (Sandstrom et al. 2008).

Bowel habits and stool consistency were similar among groups. Sleep patterns and daytime
sleep did not differ among the formula groups. There were no differences among the formula groups
in red blood cell counts, hemoglobin, hematocrit, mean corpuscular volume, platelets, serum iron or
serum ferritin at entry, 4 months, or 6 months. Total iron binding capacity was significantly lower in
the ALA-enriched group than in the standard formula or GMP-reduced groups at 6 months, but the
ALA-enriched group was not different from the breast-fed comparison group at any time point. Total
iron binding capacity of all groups was within normal ranges (Samour and King 2005). Plasma
insulin, leptin, and blood urea nitrogen were measured at 4 and 6 months. The groups did not differ
in insulin or leptin at either time point; blood urea nitrogen was higher at both time points in all
formula groups than in the breast-fed group, an expected result due to the higher protein
concentrations in formula compared to breast-fed infants.

Weight, length and head circumference data were reported as Z-scores (Figure 5). At
enrollment, the weight-for-age z-score (WAZ) was significantly higher in the breast-fed group than
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the ALA-enriched formula group (p<0.05). From enrollment to 6 months of age, WAZ decreased in
the breast-fed group, increased in the control formula group, and marginally increased in the
experimental formula groups (Figure 5). Although WAZ was similar among the breast-fed group and
the experimental groups at 6 months, when adjusted for entry weight, the WAZ of the breast-fed
group was significantly lower than any of the formula groups. The only difference in length-for-age
z-score (LAZ) occurred at 6 months: the control formula group was significantly longer than the
GMP-reduced group. A rapid increase in head circumference-for-age z-score occurred in the control
group from 3 to 6 months of age and was significantly greater than the breast-fed or GMP-reduced
formula groups at 6 months. However, due to the small sample size, the study did not have sufficient
statistical power to determine equivalence of growth between the groups randomized to intervention
and control formulas, based on the generally accepted goal of detecting a 0.5-SD difference in
growth measures (Scientific Committee on Food 2003).
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(Sandstrom et al. 2008).

: Bars represent means+1 SD.
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Plasma concentration of the essential amino acids threonine, isoleucine, valine, methionine,
isoleucine, lysine, and phenylalanine were higher in the formula-fed groups than in breast-fed infants
at 6 months of age.

This study did not suggest any adverse effects of the tested infant formula enriched in ALA
(with either high or lower GMP) when fed to term infants from 6 weeks to 6 months of age, although
growth equivalence could not be demonstrated due to lack of statistical power. Adverse events and
infections were not different among formula groups. Plasma essential amino acids and blood urea
nitrogen in the ALA-enriched formula groups were greater than in the breast-fed group,
demonstrating satisfactory amino acid and total protein intake in these formula groups. Growth was
similar (not significantly different) among the control and ALA-enriched formula groups. Although
total iron binding capacity was significantly lower in the ALA-enriched formula group than the
control formula group at 6 months, it was within normal limits for infants. Red blood cell counts,
hemoglobin, hematocrit, mean corpuscular volume, platelets, serum iron, and serum ferritin were not
different between the ALA-enriched and control formula groups, demonstrating that the ALA-
enriched group had normal iron status. The authors concluded that all formulas “were well tolerated
and caused no adverse effects.”

A third publication (Andersson et al. 2009) addressed other aspects of the same prospective,
randomized, double-blind, placebo-controlled intervention as discussed above (Bruck et al. 2006;
Sandstrom et al. 2008). As reported above, blood was drawn at enrollment and at 4 and 6 months of
age; peripheral blood mononuclear cells were isolated by density gradient centrifugation. White
blood cell counts and frequencies of lymphocytes and immune cells of the myeloid lineage were
determined for all groups. As expected, frequencies of white blood cells were not significantly
different between breast-fed and any of the formula-fed groups at study entry (most infants were
breast-fed prior to the study). From entry to 4 months there was a small but statistically significant
decline in WBC counts in the ALA-enriched and GMP-reduced groups compared to the breast-fed
group and also a decline in the ALA-enriched group compared to control (Figure 6A). However, at 6
months all groups were equivalent. The functional significance of the brief, modest decrease in WBC
counts (Figure 6A) is not obvious, especially since no difference in disease incidence was reported
(Sandstrom et al. 2008).

Mean lymphocyte counts were equivalent among the groups and did not change over time
(data not shown). Monocytes initially decreased in all groups (Figure 6B). Compared to the breast-
fed group, the ALA-enriched group had statistically significantly lower mean neutrophil counts at
both 4 and 6 months (Figure 6C), although these differences were not clinically significant. This
same trend was noted when the breast-fed group was compared to the other formula groups, but the
differences did not reach statistical significance. All formula groups had lower eosinophil
granulocytes at 4 months compared to the breast-fed group, and these remained statistically
significantly lower at 6 months in both the control group and the ALA-enriched group (Figure 6D),
but the difference was not clinically significant.

Alpha-Lactalbumin GRAS 32 JHEIMBACH LLC



@ BF Group, — CON Group, A a-LAC Group, ¥ RCGMP Group

Figure 6. WBC, Monocyte, Neutrophil Granulocyte, and Eosinophil
Granulocyte Counts in Whole Blood of Infants (Andersson et al. 2009)".

At 4 and 6 months, the proportion of T-cells (CD3+) in the formula-fed groups increased
significantly with age and were higher than in breast-fed infants at both time points. In contrast, NK-
cell proportions decreased in all formula groups and were significantly lower than in breast-fed
infants at both 4 and 6 months. No significant differences in B-cells were found. A more detailed
analysis of T-cells (naive T-cells, memory/activated T-cells, and activated T-cells) revealed
additional differences between infants receiving formula and breast-fed infants although no
significant differences were found among the formula groups. The authors concluded that, since no
significant differences were found among the 3 formula groups, the modulation of ALA and GMP
concentrations in formula had no, or only minor, effects on the distribution of immune cells in
peripheral blood during the first 6 months of life.

Dupont et al. (2010) evaluated a formula enriched in ALA with added probiotics compared to
a control formula in a prospective, randomized, double-blind, placebo-controlled, multi-center study.
The experimental formula (EF) contained 2.9 g/LL ALA and both Lactobacillus rhamnosus and
Bifidobacterium infantis. The EF formula had a protein concentration of 14 g/L while the control
formula (CF) had a protein concentration of 15 g/L. In addition, the EF had reduced lactose content
and no glucose-syrup, but contained malto-dextrin and corn starch. The energy level was lower in the
EF (680 kcal/L) than control formula (720) kcal/L). The compositions of the 2 formulas are shown in
Table 12.

! Cell counts were done by flow cytometry. Bars represent means £1SD, and statistically significant differences between
the BF group and a FF group are indicated: *, p < 0.05; ** p <0.01; and *** p <0.001.
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“feeding related” GI events were constipation (5 infants), vomiting (4 infants), colitis (one infant),
regurgitation (3 infants), and flatulence (one infant).

Figure 7. Distribution of Overall and “Feeding-Related” GI Side Effects (Dupont et al. 2010)".

This study did not demonstrate abnormal growth in infants with colic fed a formula enriched
in ALA and with a slightly lower protein concentration than the CF, although the sample size was
not large enough to demonstrate equivalent growth. The study did not demonstrate a reduction in
colic in the infants receiving the EF; however, gastrointestinal events were less frequent in the EF
group. This effect may be due to ALA (as demonstrated in the studies by Lien et al. (2004) and
Davis et al. (2008) discussed in the next section, and/or by the introduction of probiotics, a result
previously reported by Savino et al. (2006). The authors’ primary conclusion was that “an a-
lactalbumin-enriched and probiotic-supplemented formula proved to be adequate for infants with
colic in terms of growth and of reduction in GI side effects.”

In a prospective, randomized, double-blind, placebo-controlled study, Szymlek-Gay et al.
(2012) determined the effect of ALA- and GMP-enriched formula on iron absorption in term infants.
The formulas employed in this study were the same formulas as evaluated by Sandstrom et al.
(2008), referred to here as Standard formula, a-LAC (high ALA and GMP), and a-LAC/RGMP
(high ALA and reduced GMP). The formulas each contained 4 mg iron/L provided as FeSO,. The 31
infants in this study were a subsample of the infants in the Sandstrom study, enrolled at age 4-8
weeks. The study was conducted at 5.5 months of age. Prior to the study, breast feeding mothers
expressed breast milk and one day prior to the study **Fe was added to either the HM sample or to an
equivalent sample of each of the formulas. Following refrigeration overnight, infants received the
radioactive feedings. Iron absorption was calculated as iron incorporation into erythrocytes 14-28
days after isotope administration. Table 13 provides data concerning iron absorption in the 4 groups
of infants.

" Tolerance population: 29% of infants presented at least one GI side effect and 72.2 presented at least one “feeding-
related” GI side effect. > In the EF-fed group, “feeding-related” GI side effects were vomiting (one infant) and colitis
(one infant). > In the CF-fed group, “feeding-related” GI side effects were constipation (5 infants), vomiting (4 infants),
colitis (one infant), regurgitation (3 infants), and flatulence (one infant).
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Iron status was determined at baseline (approximately one month of age), 4, and 6 months.
Mean iron status indices were similar among all groups at all time points. No infants were iron
deficient at baseline. At 4 months, depleted iron stores were found in one infant in the control group
and one infant in the a-LAC/RGMP group. At 6 months, 2 infants in the standard formula group, one
in the a-LAC/RGMP group, and 2 in the breast-fed group had depleted iron stores. At 6 months, the
chance of developing iron deficiency was not different among any of the groups.

Iron absorption was inversely correlated with serum ferritin concentrations and was not
significantly different among groups. The authors concluded that “a-lactalbumin and casein-
glycomacropeptide do not affect iron absorption from infant formula in infants.”

Table 13. Fractional Iron Absorption from an Isotopically
Labeled Test Meal (Szymlek-Gay et al. 2012).
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Table 14. Studies in Infants Using Alpha-Lactalbumin Produced by Arla Foods Ingredients.

Study Design,

Description of

Infants received
study formulas
exclusively from
6 weeks of age
to 4 months,
when weaning
foods could be
introduced. and
the Infants
continued to
receive study
formulas until 6
months of age.

This report
included data
from 17 infants
receiving
standard
formula, 21
receiving ALA-
enriched
formula, and 16
receiving GMP-
reduced
formula, along
with 31 breast-
fed infants.

formula (25%
ALA, 15% GMP)

3. GMP-reduced
formula (25%

ALA, 10% GMP).

Reference Dur_atlo_n & Subjects Test Articles Results
Objective

Bruck et al. Prospective, Healthy term 1. standard Bifidobacteria were the predominant bacterial population in all

(2006) randomized, infants aged whey-dominant infants and no significant changes in bifidobacteria or lactobacilli
double-blind, 6+2 weeks with | formula (11% levels were observed in any group throughout the study.
placebo- mean birth ALA, 14% GMP)
controlled weight = The ALA group had significantly lower bacteroides counts at 4
clinical 3512.3+559.8 g | 2. ALA-enriched | months than either the breast-fed or control groups. Between 4 and
intervention. 6 months, all formula-fed infants had an increase in clostridia. The

breast-fed group had higher clostridia counts than any of the
formula-fed groups at 4 months.

The authors reported that there were no differences in
gastrointestinal or other symptoms of disease among the groups,
and that parents did not express any concern regarding the formulas
and were generally satisfied.
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Table 14. Studies in Infants Using Alpha-Lactalbumin Produced by Arla Foods Ingredients.

Study Design,

Description of

Bruck et al.
(2006)

formula, and 21
receiving GMP-
reduced
formula, along
with 34 breast-
fed infants.

Reference Dur_atlo_n & Subjects Test Articles Results
Objective
Sandstrom et | The same This report The same Formula intake, weight, length, head circumference, knee-heel
al. (2008) prospective, included data formulas as were | length, febrile and infection episodes, sleep patterns, bowel habits,
randomized, from 21 infants reported by and stool consistency were not significantly different among formula
double-blind, receiving Bruck et al. groups, nor were red blood cell counts, hemoglobin, hematocrit,
placebo- standard (2006) mean corpuscular volume, platelets, serum iron, serum ferritin,
controlled formula, 20 insulin, leptin, or blood urea nitrogen at entry, 4 months, or 6
intervention as receiving ALA- months. Total iron binding capacity was significantly lower in the
was reported by | enriched ALA-enriched group than in the standard formula or GMP-reduced
Bruck et al. formula, and 21 groups at 6 months, but the ALA-enriched group was not different
(2006) receiving GMP- from the breast-fed comparison group at any time point. Total iron
reduced binding capacity of all groups was within normal ranges (Samour
formula, along and King 2005). Plasma concentration of the essential amino acids
with 34 breast- threonine, isoleucine, valine, methionine, isoleucine, lysine, and
fed infants. phenylalanine were higher in the formula-fed groups than in breast-
fed infants at 6 months of age.
There were no significant differences between groups in dropout
rates or the reasons for discontinuation. “No serious adverse events
were recorded for any of the groups.” This study did not reveal any
adverse effects of the tested infant formula enriched in ALA (with
either high or lower GMP) when fed to term infants from 6 weeks to
6 months of age. Adverse events and infections were not different
among formula groups. The authors concluded that all formulas
“were well tolerated and caused no adverse effects.”
Andersson et | The same This report The same From entry to 4 months there was a statistically significant decline in
al. (2009) prospective, included data formulas as were | white blood cells in the ALA-enriched and GMP-reduced groups
randomized, from 21 infants reported by compared to the breast-fed group. However, at 6 months all groups
double-blind, receiving Bruck et al. were equivalent.
placebo- standard (2006)
controlled formula, 20 Frequencies of lymphocytes were equivalent among the groups and
intervention as receiving ALA- did not change over time. Monocytes initially decreased in all
was reported by | enriched

groups. Compared to the breast-fed group, the ALA-enriched group
had significantly lower frequencies of neutrophil granulocytes at both
4 and 6 months. All formula groups had lower eosinophil
granulocytes at 4 months compared to the breast-fed group, and
these remained significantly lower at 6 months in both the control
group and the ALA-enriched group.
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Table 14. Studies in Infants Using Alpha-Lactalbumin Produced by Arla Foods Ingredients.

Reference

Study Design,
Duration &
Objective

Subjects

Description of
Test Articles

Results

At 4 and 6 months, the proportion of T-cells (CD3+) in the formula-
fed groups increased significantly with age and were higher than in
breast-fed infants at both time points. In contrast, NK-cell
proportions decreased in all formula groups and were significantly
lower than in breast-fed infants at both 4 and 6 months. No
significant differences in B-cells were found. A more detailed
analysis of T-cells (naive T-cells, memory/activated T-cells, and
activated T-cells) revealed additional differences between infants
receiving formula and breast-fed infants although no significant
differences were found among the formula groups. The authors
concluded that, since no significant differences were found among
the 3 formula groups, the modulation of ALA and GMP
concentrations in formula had no, or only minor, effects on the
distribution of immune cells in peripheral blood during the first 6
months of life.

Dupont et al.
(2010)

Prospective,
randomized,
double-blind,
placebo-
controlled, multi-
center study for
30 days to
assess influence
of experimental
formula with
ALA and pro-
biotics on colic

66 apparently
healthy term
infants (33 per
formula) aged 3
weeks to 3
months enrolled
between the
ages of 3 weeks
and 3 months.
Enrollment
criteria included
= 3 weeks of
crying periods
of 2 3 hours
duration/day, =
3 days/week;
symptoms
defined as colic.

Experimental
formula (EF)
contained 14 g/L
total protein and
2.9 g/L ALA and
the probiotics L.
rhamnosus and
B. infantis.
Control formula
(CF)had a
protein
concentration of
15g/L. The
energy level was
lower in the EF
(680 kcal/L) than
control formula
(720 kcal/L)

Infants completing the study included 30 in the EF group and 32 in
the (CF) group. Numbers of drop-outs and the causes for drop-outs
were similar between the groups.

Weight and length gain during the study were not significantly
different and were similar to WHO reference growth charts.

The number of infants with a reduction in daily crying duration of
more than 25% between enrollment and day 15 did not differ
between formula groups. However, irritability and agitation without
crying decreased significantly more with EF (decrease of 53.2
minutes/day) compared to CF (21.1 minutes). Crying duration
decreased significantly in both groups and parents’ satisfaction
related to improvement of Gl symptoms increased significantly in
both groups during the course of the study, with no significant
difference between groups.

Side effects, defined as any event temporally associated with the
consumption of the study formula (also termed Study Events), were
classified by the investigators as “any causality” or “feeding related.”
“Any causality” effects did not differ significantly between groups,
while “feeding related” study events were significantly lower in the
EF group. In the EF-fed group, “feeding-related” Gl events were
vomiting (one infant) and colitis (one infant). In the CF-fed group,
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Table 14. Studies in Infants Using Alpha-Lactalbumin Produced by Arla Foods Ingredients.

Study Design,

Description of

formula on iron
absorption at 5.5
months

formula, along
with 9 breast-
fed infants.

Reference Dur_atlo_n & Subjects Test Articles Results
Objective
“feeding related” Gl events were constipation (5 infants), vomiting (4
infants), colitis (one infant), regurgitation (3 infants), and flatulence
(one infant).
This study did not demonstrate abnormal growth in infants with colic
fed formula enriched in ALA and with a slightly lower protein
concentration than the CF, although the small sample size did not
permit demonstration of equivalent growth. The study did not
demonstrate a reduction in colic in the infants receiving the EF;
however, gastrointestinal events were less frequent in the EF group.
The authors’ primary conclusion was that “an a-lactalbumin-enriched
and probiotic-supplemented formula proved to be adequate for
infants with colic in terms of growth and of reduction in Gl side
effects.”
Szymlek-Gay | The same This report The same Mean iron status indices were similar among all groups at all time
et al. (2012) prospective, included data formulas as were | points. No infants were iron deficient at baseline. At 4 months,

randomized, from 11 infants reported by depleted iron stores were found in one infant in the control group

double-blind, receiving Bruck et al. and one infant in the a-LAC/RGMP group. At 6 months, 2 infants in

placebo- standard (2006), each the standard formula group, one in the a-LAC/RGMP group, and 2 in

controlled formula, 10 containing 4 mg | the breast-fed group had depleted iron stores. At 6 months, the

intervention as receiving ALA- iron/L provided incidence of iron deficiency was not different among any of the

was reported by | enriched as FeSOa. groups.

Bruck et al. formula, and 10

(2006) to receiving ALA- Iron absorption was inversely correlated with serum ferritin

determine enriched GMP- concentrations and was not significantly different among groups.

influence of reduced The authors concluded that “a-lactalbumin and casein-

glycomacropeptide do not affect iron absorption from infant formula
in infants.”
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6.3.2.2. Studies in Infants Using Alpha-Lactalbumin Other Than Arla Foods Ingredients Products

This section deals with clinical evaluation of ALA-enriched formulas employing sources
other than Arla Foods Ingredients products; studies are summarized in Table 26. A typical whey
dominant formula contains 1.2-1.3 g/ ALA. Formulas intended to more closely mimic human
milk contain 2.3-2.5 g/L ALA, approximately double the amount found in traditional formula. A
number of high quality studies have evaluated the safety and efficacy of formulas enriched in ALA.
Most studies were conducted with formula containing ALA isolated via standard dairy technology;
an exception is the study by Heine et al. (1996) discussed below. As opposed to the Arla Foods
Ingredients studies discussed in Section 6.3.2.1, these studies evaluated formula with a single
modification: a revision in the protein system in which ALA concentration is increased (with a
concomitant decrease in total protein and beta lactoglobulin). Arla Foods Ingredients studies
typically involved manipulation of both ALA and GMP or addition of both ALA and probiotics.

Heine et al. (1996) studied the effect of ALA enrichment of infant formulas on serum
tryptophan levels of infants receiving the formulas in a prospective, randomized, double-blind,
cross-over study carried out with 20 heathy term infants under 3 months of age. Three formulas
with various amounts of added ALA were tested, providing different concentrations of tryptophan'.
This was an initial metabolic study and not intended to be a safety study. The formulas were:
control formula (whey: casein 60:40, protein concentration 18 g/L, tryptophan content 1.66 g/16 g
nitrogen), a tryptophan intermediate formula (TRP-Int, whey:casein 59:41, protein concentration
13.4 g/L, tryptophan content 1.88 g/16 g nitrogen) and a high tryptophan formula (TRP Plus,
whey:casein 75:25, protein concentration 13.4 g/L, tryptophan content 2.21 g/16 g nitrogen). All
infants were fed the CF for at least 2 weeks, then were randomized so that half of the infants
received each of the experimental formulas (10 infants per group). In a cross-over design, after 2
weeks the formulas of each of the groups were switched to the alternate experimental formula.
Blood was drawn prior to the introduction of the experimental formulas and at 2 and 4 weeks of
experimental formula feeding. A breast-fed comparison group was also included. Infants in the
TRP Plus group had plasma tryptophan concentrations similar to the breast-fed infants, while those
fed formulas with lower tryptophan did not. These results demonstrated that formula tryptophan is
bioavailable and plasma levels depend on the amount of ALA provided. No anthropometric data
were provided concerning infants at study entry or following consumption of formula. The authors
concluded that, “The supplementation of ALA resulting in a higher TRP supply to low-protein
diets is a further step towards the production of infant formulas more closely adapted to human
breast milk.”

A series of prospective, randomized, double-blind, placebo-controlled clinical studies from
Wyeth Nutrition (Lien et al. 2004, Davis et al. 2008, Trabulsi et al. 2011, Wernimont et al. 2015,
and Hays et al. 2016), conducted to pharmaceutical safety standards with all adverse events
rigorously collected, evaluated formulas enriched with ALA and containing modestly lower protein
levels than traditional formulas.

Lien et al. (2004) evaluated a control formula (CF) with 15.1 g/L total protein and an
experimental formula (EF) containing 14.4 g protein/L. The ALA content of the EF was 2.2 g/L,
similar to human milk, while the CF had an ALA content of 1.2 g/L. Figure 8 illustrates the
substantial increase in ALA content of the EF compared to the CF and the concomitant decrease in
beta-lactoglobulin. The formula concentrations of all other nutrients were similar, with one
exception: the calcium content of the EF was 420 mg/L and the CF was 460 mg/L.

" Heine et al. (1996) reported the tryptophan contents of the formulas, but not the amounts of ALA added to achieve
them.
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Figure 8. Protein Comparison of Human Milk, Bovine Milk and Study Formulas.
From Rudolf and Kunz (1997) and Jackson et al. (2004).

Table 15 provides the amino acid content of human milk (derived from a literature average)
compared to the study formulas. Importantly, proportions of both cysteine and tryptophan in the EF
were similar to human milk and higher than the proportions found in the CF.

Table 15. Reference Values for the Amino Acid Content of Human Milk
and Study Formulas (Lien et al. 2004).

Percent of amino acids

Amino acid HM* Experimental Control
Essential
Arginine 4.0 3.6 3.7
Cystine 1.8 1.9 1.5
Histidine 2.6 2.5 2.5
[soleucine 53 5.7 5.8
Leucine 10.0 9.9 9.4
Lysine 6.8 7.5 7.5
Methionine 1.6 2.2 2.4
Phenylalanine 4.2 4.5 4.1
Threonine 4.7 54 54
Tryptophan 1.8 1.8 1.5
Tyrosine 4.5 4.1 3.6
Valine 5.7 6.0 5.8
Nonessential
Alanine 3.9 3.5 4.2
Aspartic 93 9.0 9.0
Glutamic 17.8 17.2 18.6
Glycine 2.4 2.1 2.0
Proline 8.8 7.8 7.8
Serine 4.8 54 5.1
Total 100.0 100.0 100.0

* Literature average.
HM = human milk.

A total of 193 healthy term infants <14 days of age were recruited. Anthropometrics were
measured at 4, 8, and 12 weeks of age. Adverse events were evaluated as a primary safety measure;
these events were defined as any pathology or unintended change in anatomic, metabolic, or
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physiologic functioning while consuming a study formula. Unintended changes included physical
signs, reported symptoms, or laboratory data. These events were recorded during scheduled visits at
weeks 4, 8 and 12, and by telephone contacts at weeks 2, 6 and 10. Secondary safety end points
were protein status measurements (serum albumin, creatinine and blood urea nitrogen), and the
acceptability and tolerance of study formula. Serum mineral concentrations (calcium, phosphorus,
and magnesium) were determined as markers of metabolic safety.

Table 16 provides data relevant to the infants at birth. Both groups were in the normal range
of gestational age as well as birth weight, length, and head circumference. Figure 9 outlines patient
disposition and both this figure and Table 16 provide information concerning the ability of infants
to successfully complete the trial on their assigned formula. Completion rates were higher in the EF
group (73.5%) than in the CF group (65.2%) and discontinuations due to adverse events were lower
in the EF group (15.3%) than the CF group (21.1 %). More infants fed CF than EF discontinued
due to spitting up (8 vs 4), irritability (7 vs 3) and flatulence (7 vs 4), while more infants receiving
the EF than CF discontinued due to constipation (6 vs 3). In spite of these discontinuance profiles,
there were no statistically significant differences in adverse event profiles of the infants who
discontinued the study and infants who remained in the study until its completion. Most of the
adverse events were mild and resolved without treatment. Less than 50% of either group had
adverse events that were reported to be related to formula consumption (42.9% in the EF group,
46.3% in the CF group). The most common formula-related events were flatulence (EF: 18.4%,

CF: 20.0%) and constipation (EF: 22.4%, CF: 15.8%). Three infants in the EF group had one
serious adverse event each while 2 infants in the CF group had a total of 4 serious adverse events.
None of the serious adverse events was reported to be due to the formula consumed.

Table 16. Enrollment Demographics and Disposition (Lien et al. 2004).
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Figure 9. Trial Profile of Infants Who Completed and
Who Discontinued the Study (Lien et al. 2004).

Although weight was marginally but statistically significantly higher in the EF group at
baseline, no other significant differences were found between groups in weight, length and head
circumference at any time point during the trial (Table 17). Z-score data (weight-for age, length-
for-age, and weight-for-length) did not differ significantly between groups. These data reflect
growth dynamics that are similar between the study groups and demonstrate that the ALA-enriched
formula supported normal growth. Biochemical parameters are presented in Table 18. Although
serum albumin concentrations did not differ between groups, both blood urea nitrogen and
creatinine were lower at 12 weeks in the EF group than in controls; although these differences were
statistically significant, they were of no clinical significance. Due to its long half-life of
approximately 2 weeks (Bessler 2005), serum albumin is a useful marker of protein status in this 12
week trial. The serum albumin data demonstrated that the ALA-enriched formula protein system
supported normal protein status (providing adequate amounts of all essential amino acids), while
markers of total protein intake and disposal of unnecessary nitrogen (reflected by blood urea
nitrogen and creatinine concentrations) were lower in the EF group than in the CF group. Serum
calcium, phosphorus, and magnesium concentrations did not differ between groups, demonstrating
adequate absorption and metabolism of these secondary safety markers.

Table 17. Mean Weight, Length and Head Circumference:
Comparison of EF and CF (Lien et al. 2004).
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Table 18. Biochemical Measures at Baseline and Week 12 in
Infants Receiving EF and CF (Lien et al. 2004).

The acceptability and tolerance of the formulas was assessed every second week during the
study period. As demonstrated in Figure 10, after the first 2 weeks of the study, the EF formula had
higher ratings than the CF group. At week 8 this difference reached a statistically significant
difference (post hoc analysis).

In conclusion, this study demonstrated the safety of an ALA enriched formula; the formula
supported comparable growth to a standard, commercial formula. Protein status, using serum
albumin as a marker, was comparable between formula groups. The ALA-enriched formula had
improved tolerance compared to standard formula.

103
P=0.05 {post hoc analysis}
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Figure 10. Formula Acceptability and Tolerance (Lien et al. 2004).
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Davis et al. (2008) reported the results of a prospective, randomized, double-blind, placebo-
controlled, multicenter study comparing plasma amino acids and GI tolerance in infants receiving
formulas similar to those of Lien et al. (2004), including identical amino acid profiles. A breast-fed
group was also included in this study. The study was designed to evaluate the effect of lowering the
formula protein content on growth, serum biochemical parameters, and plasma amino acids. The
total protein was 15 g/L (1.3 g/L ALA) in the standard formula (labelled SF in this study while it
was labelled Control Formula in the previous study) and 14 g/L (2.2 g/L ALA) in the EF formula.
A total of 128 healthy term infants <14 days of age were recruited to the study and were
exclusively fed infant formula (CF and EF groups—n = 64/group) or human milk (HM group—n =
88).

This study was designed to evaluate both efficacy and safety. The primary efficacy end
point was post-prandial plasma essential amino acid levels at week 8. Blood was drawn between
1.5 and 2.5 hours after the infant’s last feeding. Secondary efficacy parameters involved markers of
protein status (serum albumin, blood urea nitrogen, creatinine, and complete blood count with
differential).

Primary safety parameters were growth and study events associated with the feeding
modality. A study event was defined as any unintended change in pathology or in anatomic,
metabolic, or physiologic functions temporally associated with consumption of formula or HM
(guidelines of the International Conference on Harmonization and Good Clinical Practice). Study
events were categorized as “any causality” (all study events regardless of causality) or “feeding-
related.” Feeding-related events were defined as those that, in the opinion of the study physician,
were definitely, probably, or possibly related to study feeding. These events were recorded during
scheduled visits at weeks 4 and 8, and by telephone contacts at weeks 2, 6, and 10. Growth
parameters were determined at baseline and weeks 4 and 8; they included weight, length, weight-
for-length ratio, and head circumference.

The enrollment information and discontinuations are reported in Table 19. Although
differences in age at enrollment and gestational age occurred, these minor differences among
groups would not be expected to influence the results of this study. Anthropometrics at birth were
not significantly different among groups, and the groups were within normal ranges.
Discontinuations due to study events (which included, but were not limited to, adverse events)
differed among groups. In the SF group, 21.9% of infants discontinued due to study events, while
only 10.9% of the infants in the EF group discontinued for this reason and none of the breast-fed
infants left the study due to study events. These data suggest improved tolerance to the EF, and are
considered in further detail below.
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Table 19. Demographic Characteristics and Disposition of
Enrolled Infants by Feeding Group (Davis et al. 2008).

There were no significant differences among the groups in growth velocity from baseline to
the end of the study (Table 20). Weight gain (g/day), length gain (cm/week), and head
circumference gain (cm/week) were similar among the groups. These data demonstrate that a
formula with modestly lower protein levels provides all essential amino acids required for normal
growth while providing lower total protein intake, closer to human milk. This topic was more
thoroughly explored in the third Wyeth study (Trabulsi et al. 2011), discussed below.

Table 20. Growth Velocity and Formula Intake by Feeding Group (Davis et al. 2008).

Serum concentrations of albumin and creatinine were similar among groups at baseline and
week 8. Serum BUN at baseline and week 8 were within normal ranges for all study groups,
although the human milk-fed infants had higher BUN at baseline than the formula groups and
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lower BUN at week 8. These data are not surprising, since human colostrum contains higher
protein levels than the formulas used in this study and HM protein levels decrease dramatically
during the first few weeks of lactation to levels lower than the study formulas. No significant
differences in hematocrit or hemoglobin concentrations were found among groups at any time
point.

Table 21 presents post-prandial plasma essential amino acid concentrations at week 8. All
amino acid concentrations were within normal ranges for healthy infants of similar age (Lepage et
al. 1997), although 4 of these amino acids were significantly higher in the EF group than the SF
group: cystine, lysine, tryptophan and tyrosine. These data demonstrated that feeding a lower
protein ALA-enriched formula (with an amino acid profile closer to human milk) results in plasma
essential amino acid concentrations at least as great as a standard formula.

Table 21. Post-Prandial Plasma Essential Amino Acids at Week 8 (Davis et al. 2008).

The most common adverse events were constipation, gastroesophageal reflux, regurgitation,
abdominal pain, vomiting, diarrhea, and eructation. Figure 11 illustrates the incidence of GI study
events, either “any causality” or “feeding-related.” Although the incidence of “any causality” GI
events was higher in the SF group than the EF or the HM-fed group, the differences were not
statistically significant. However, when “feeding-related” events were considered, the SF group
had a significantly higher rate of events than the HM group. For both “any causality” and “feeding-
related” events, the EF and HM groups were similar. Figure 12 shows the incidence of study
withdrawals due to GI study events. Significant differences were found for withdrawals due to “any
causality” and “feeding-related” GI study events (SF>HM).

The authors observed that:

“The unique finding in the present study was that the cumulative GI event profile of EF
was similar to that of the HM profile after study day 18. Additionally, the timing of GI
study events suggests that the SF was not as well tolerated when compared to HM. GI
effects usually present soon after the introduction of a new feeding, and to our knowledge,
a detailed time course of study events has never before been reported. Of potential clinical
importance is that the incidence of constipation and regurgitation in the EF group was

Alpha-Lactalbumin GRAS 48 JHEIMBACH LLC



similar to HM-fed infants, and lower than that of the SF group. The improved GI profile
observed in the present study may be attributed to a formula matrix that is closer to HM.
This outcome complements the findings of the a-lactalbumin growth and safety study
where Lien et al. (2004) found improved tolerance in infants fed with a-lactalbumin
enriched formula, as demonstrated by superior acceptability and tolerance (% satisfactory)
ratings in EF versus SF after week 2, and a significantly higher rating at week 8 (EF: 97%
and SF: 89%)” (Davis et al. 2008).

Figure 11. Incidence of GI Study Events Among All Feeding Groups (Davis et al. 2008)".

Figure 12. Incidence of Study Withdrawals Due to GI Events (Davis et al. 2008)”.

"The incidence of GI study events of any causality was not significantly different across feeding groups (ANOVA, p
<0.092). "The incidence of feeding-related GI study events was significantly different across feeding groups
(ANOVA, p <0.025). The incidence of feeding-related GI study events was significantly higher in the SF versus HM
group (Fisher’s exact test, p < 0.015).

? *The incidence of study withdrawals due to GI study events of any causality was significantly different across groups
(ANOVA, p < 0.001). *The incidence of study withdrawals due to feeding-related GI study events was significantly
different across groups (ANOVA, p < 0.001). The incidence of study withdrawals due to feeding-related study events
was significantly higher in the SF versus HM group (Fisher’s exact test, p < 0.001).
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The authors concluded: “This study of a lower protein infant formula with increased a-
lactalbumin concentration represents a major improvement in the infant formula protein matrix to
more closely match the protein composition and GI tolerance profile of HM.”

The first 2 Wyeth studies (Lien et al. 2004 and Davis et al. 2008) compared the feeding of
an ALA-enriched formula with a standard formula, involving a substantially higher ALA
concentration but only a marginally lower protein concentration. However, human milk contains
substantially less protein than standard formula (10-12 vs. 14-15 g/L), and data from Koletzko et al.
(2009) indicate that feeding formulas with lower protein leads to a weight gain pattern closer to
breast-fed infants than infants fed higher protein formulas, a difference that may have long term
effects on obesity. The next study by Wyeth (Trabulsi et al. 2011) was designed to address this
hypothesis.

Trabulsi et al. (2011) reported a large prospective, randomized, double-blind, placebo-
controlled growth study (comparing an ALA-enriched formula similar to that evaluated in previous
studies, termed standard formula, SF, to a lower protein ALA-enriched formula, termed
experimental formula, EF. The protein concentrations were 14.1 g/L and 12.8 g/L, respectively.
Both formulas employed an ALA-enriched whey isolate and small amounts of added L-tyrosine
and L-tryptophan. The total ALA contents in these formulas were similar to human milk levels at
2.2 and 2.3 g/L, respectively. The formulas contained essential amino acid and ALA concentrations
similar to human milk (Table 22). A breast-fed group was also included.

Table 22. Composition of Study Formulas (Trabulsi et al. 2011).

A total of 224 healthy term formula-fed infants aged 5-14 days with weight, length, and
head circumference >5th and <95th percentile for age were recruited. Table 23 provides
demographics of the subjects at birth, and the data demonstrated that the group means fell within
the normal range of World Health Organization anthropometrics for healthy term infants (WHO
2006). Infants received study formulas for 120 days. Each group contained 112 infants at baseline.
Anthropometrics were measured at baseline and on Days 30, 60, 90, and 120. Two hours post
prandial blood samples were collected at baseline as well as on Days 60 and 120.
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Table 23. Subject Demographics (Trabulsi et al. 2011).

Adverse events (termed “study events”) were defined in a manner identical to that of Davis
et al. (2008). Symptoms related to the digestive system and GI tolerance were of particular interest
and included hard stools, constipation, difficulty having a bowel movement, acute diarrhea, chronic
diarrhea, spitting up, regurgitation, vomiting, gastroesophageal reflux disease, colic and crying/
neonatal abnormal crying. Investigators were provided with standard definitions of these symptoms
to ensure consistency.

A high proportion of the infants enrolled in the study completed the protocol (96%).
Discontinuations due to study events were low and were not significantly different among the
groups (high protein formula: 2.7%, low protein formula: 2.7%, HM-fed group: 0%). Feeding-
related study events were relatively uncommon and not significantly different among groups (high
protein formula: 11.6%, low protein formula: 6.3%, HM-fed group: 4.5%).

Mean weight and length gain over the 120 day study did not differ between formula groups.
The higher protein group gained significantly more weight than the HM group, while the lower
protein group gained significantly greater length (Table 24). These differences were also reflected
in Z-score analysis (data not shown). Both weight-for-age and length-for-age Z-scores increased
throughout the study. In addition, both formula groups had significantly greater head circumference
z-scores than the HM group at Day 120 of the study.

Table 24. Growth Velocity by Feeding Group (Trabulsi et al. 2011).
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Mean serum albumin, total protein, BUN, and creatinine concentrations were within normal
ranges for all groups at baseline, Day 60, and Day 120 (Table 25). The only significant differences
occurred in the BUN. SF was higher than the breast-fed group at Day 60 and both formula groups
were higher than the breast-fed group at Day 120. These data suggest that the lower protein formula
yielded an improvement in the requirement to dispose of excess protein compared to the standard
formula, but further protein lowering is required to match breast-fed infants. Serum insulin and
glucose levels were not significantly different among groups at Day 60. The essential amino acid
concentrations did not differ between the 2 formula groups, although some of the amino acids were
higher in the formula groups than the breast-fed group (data not shown). The mean concentrations
of all amino acids for all groups were within normal ranges.

Table 25. Serum Biochemistries (Trabulsi et al. 2011).

In this study, feeding a lower protein formula (lower than standard commercial formula)
resulted in normal growth, serum markers of protein status, and plasma amino acids compared to
both a standard formula and a breast-fed group. Weight gain in infants receiving the low protein
formula was between the standard formula group and breast-fed infants while weight-for-age and
weight-for-length Z-scores were similar to infants in the breast-fed group. The incidence of adverse
events was relatively low and not significantly different among groups.

The authors concluded that, “a-Lactalbumin-enriched formula containing12.8 g/l protein
was safe and supported age-appropriate growth; weight gain with EF was intermediate between SF
and HM groups and resulted in growth similar to HM-fed infants.”

In a prospective, randomized, double-blind, placebo-controlled, multicenter trial,
Wernimont et al. (2015) evaluated an ALA-enriched formula (2.2 g ALA/L) with or without added
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oligofructose (OF) in healthy term infants. Formulas were fed for 8 weeks and a HM reference
group was included. Infants completing the study were: 28 in the control formula (CF) group
without OF, 25 in the experimental formula (EF) group with OF, and 31 in the HM group. The total
proportions of infants who discontinued the study were similar among the study groups, and the
total incidence of adverse events (AEs) was also similar among groups. However, some differences
were noted concerning withdrawals due to feeding related GI AEs, including 4 infants in the CF
group, 12 infants in the EF group, and one infant in the HM group. None of the events which led to
withdrawals was considered serious.

The infants in the EF group had higher bifidobacteria levels and softer stools than the CF
group at study completion. The results of this study demonstrate that infants receiving an ALA-
enriched formula have excellent formula tolerance. These results contribute to the body of data that
demonstrate the safety of formulas enriched in ALA.

A final Wyeth study (Hays et al. 2016) was a prospective observational cohort study
evaluating the health-related quality of life in Chinese infants receiving an ALA-enriched formula
with increased sn-2 palmitate and OF (formula group), a group receiving a mix of the study
formula and HM (mix group), and an exclusively HM-fed group for 42 days. Formula assignment
(formula alone or mix) was chosen by parents rather than by randomization. This was a relatively
large study with the following numbers completing the study: formula, n = 140; mix, n = 151; HM,
n = 136. Formula tolerance was excellent with only 10 infants discontinued in the formula group,
11 in the mix group, and 11 in the HM group. Health-related quality of life was assessed using a
validated questionnaire, and was high for all groups. Several parameters had significant differences
with the formula group being marginally lower in categories such as temperament and mood,
general health perception, and parent-focused concerns than the other groups. The safety of the
formula is reflected in the authors’ conclusion that “[health-related quality of life] was high in this
population of healthy infants, with only a few small differences in [health-related quality of life]
concept scores observed between breastfed, formula-fed and mixed-fed infants.”

The same group carried out a similar prospective observational cohort study 2 years later
using the same 3 feeding conditions (Mao et al. 2018). Healthy term infants aged 35-49 days were
assigned to a feeding group based on parental decision prior to enrollment—n = 150 exclusively
formula fed, n = 163 mix, and n = 147 breastfed. Infants remained on their assigned feed for 48
days. The incidence of either hard or watery stools was low, and did not differ among groups, and
all groups had similar rates of growth. The majority of infants (81.5%) who participated in the
study did not manifest any AEs. The percentages of subjects with any AEs in the breastfed,
formula-fed, and mixed-fed groups throughout the entire study period (~48 days) plus a 4-week
poststudy followup after the last clinical visit were 22%, 16%, and 18%, respectively. A total of 4
serious AEs (resulting in hospitalization) was reported: one report of bronchopneumonia in each
group and one report of pneumonia in the breastfed group. Only one AE led to study
discontinuation (in the formula-fed group; due to umbilical hernia). None of the serious AEs was
considered related to infants’ feeding. The authors concluded that the ALA-enriched formula “was
well tolerated based on both parent questionnaire and physician-reported GI study events.”

An ALA-enriched and symbiotic-supplemented (both prebiotics and probiotics added)
formula was evaluated for safety, tolerance and prevention of atopic dermatitis in a 6-months
prospective, randomized, double-blind, placebo-controlled, multicenter study (Roze et al. 2012).
The control formula contained 15 g protein/L; the ALA content was not reported. The experimental
formula (ALA+syn) contained 14 g protein/L and 3 g ALA/L as well as FOS and GOS (prebiotics)
and Lactobacillus rhamnosus and Bifidobacterium longum (probiotics). Ninety-seven healthy term
neonates were enrolled and randomized to receive experimental formula (n = 48) or control
formula (n =49). The primary outcome was weight at 6 months. This parameter and all other
anthropometrics and z-scores were not significantly different between groups. At one month,
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infants receiving the ALA-syn formula exhibited less crying or agitation than infants in the control
group, and at 6 months the incidence of atopic dermatitis was lower in the ALA-syn group than
controls. Nine infants withdrew from the experimental group and 4 from the control group. The
authors concluded:

“In the double-blind, multicentre, randomised trial reported here, the experimental a-
lactalbumin-enriched and symbiotic- supplemented infant formula ensured the same
growth as a standard formula in terms of weight and height gain. This finding confirms
the nutritional adequacy of the protein profile of the experimental formula(15). In
addition, in this unselected population, the a-lactalbumin-enriched and symbiotic-
supplemented formula was better tolerated at 1 month of age, and had a protective
effect against the occurrence of mild atopic dermatitis at 6 months of age” (Roze et al.
2012).

Raiha et al. (2002) reported a prospective, randomized, double-blind, placebo-controlled
multicenter trial comparing growth of 85 healthy term infants receiving either standard formula
(SF) with 2.2 g protein/100 kcal (n = 29) or one of 2 test formulas with 1.8 g protein/100 kcal (TF1
based on 70% acid whey [n = 27] and TF2 based on 70% modified sweet whey enriched in ALA
and reduced in GMP [n = 29]) from birth to age 4 months. (ALA and GMP levels were not
reported.) A breast-fed reference group (n = 28) was included. Anthropometrics (weight and
length) were obtained at birth and at 30, 60, 90, and 120 days while blood was taken for
biochemical assessment at 30, 60, and 120 days.

The primary outcome of the study, growth from 30 to 120 days, showed no differences
between the 3 formula-fed groups for length and weight gains. Furthermore, the formula-fed groups
did not differ significantly with the breast-fed group for weight and length gains. No adverse events
were reported. The authors suggested that simple protein reduction in infant formulas risks
disturbing amino acid profiles—especially reduction in tryptophan, but that use of a protein
fraction high in ALA (and thus in tryptophan) “might be a safer means of providing this amino acid
in sufficient quantity without leading to an imbalance in plasma amino acid profiles of the infant.”
The authors further stated, “We conclude that an improved whey predominant formula with a
protein/energy ratio of 1.8 g/100 kcal provides adequate intakes of protein from birth to 4 months
without signs of compensatory increased food and energy intakes and that such formulas can be
considered safe.”

The effects of an infant formula’s protein source, macronutrient composition, and content of
long-chain polyunsaturated fatty acids (LC-PUFA) on growth were evaluated in a prospective,
randomized, double-blind, placebo-controlled trial (BeMIM Study; Fleddermann et al. 2014a).
Growth of infants fed one of 2 formulas provided by HiPP GmbH from the first month of life to
Day 120 was compared. Both formulas had 60:40 whey:casein ratios and provided 67 kcal/100 mL,
but the intervention formula (IF) had 1.89 g protein/100 kcal vs. 2.2 g protein/100 kcal in the
control formula (CF), a higher content of ALA than the CF, and 14.2 mg LC-PUFA/100 mL vs.
none in the CF. The IF was also supplemented with free L-phenylalanine and L-tryptophan,
resulting in an IF content of 73 vs. 63 mg Phe/100 mL and 25 vs. 24 mg Trp/100 mL in the CF. A
total of 213 apparently healthy term infants aged <29 days were enrolled, 107 assigned to receive
the IF and 106 the CF; a reference group of 185 breastfed infants was also enrolled.
Anthropometric measures (weight, length, and head circumference) were taken at enrollment and at
30, 60, 90, and 120 days of life. Parents completed questionnaires on formula consumption and
acceptance, consistency and color of stool, and occurrence of colic, flatulence, regurgitation, and
vomiting.

Forty formula-fed infants were withdrawn from the study—34 by parental refusal, 4 due to
illness or medical treatment, and 2 through loss of contact—while 93 of the 185 breastfed infants
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were lost—76 by parental refusal, 3 due to illness or medication, and 14 through loss of contact.
Weight gain (g/day) did not differ significantly between the 2 formula-fed groups—a mean of
30.2+6.3 g/day in the IF group and 28.3+6.5 g/day in the CF group; mean daily weight gain in the
breastfed reference group was significantly less (26.7+6.4 g/day) than in the IF group. Daily gain in
length was significantly greater among IF infants (0.11+0.02 cm/day) than either CF or breastfed

infants (both 0.10+0.02 cm/day). Mean daily gains in head circumference were similar in all groups
of infants.

Formula consumption and energy intake were similar in the IF and CF groups at 30 and 60
days of age, but significantly higher in the CF group at 90 and 120 days. Protein intake was
significantly higher in CF infants than IF infants at all time points; data for energy and protein
intakes are shown in Figure 13.
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Figure 13. Mean (£SD) daily energy and protein intake at 30, 60, 90 and 120 days of age in
intervention and control group of the intention-to-treat population. **p<0.01, ***p<0.001.
Significantly different between groups (Fleddermann et al. 2014a).

There were no significant differences between the IF and CF groups for albumin, urea, or
creatinine. Compared with the breastfed group, urea and creatinine were significantly higher and
glucose was significantly lower in both formula groups. All analyzed amino-acid and fatty-acid
concentrations were within the normal ranges for healthy infants, although Phe, Tyr, and Trp were
significantly higher in IF infants while Ala, Asn, Asp, His, Ile, Leu, Met, Orn, Pro, Thr, and Val
were significantly higher in CF infants. With regard to adverse events, the authors reported:

“Both formulae were well-accepted and no differences were reported for acceptance as
well as consistency and color of stool, colic, flatulence, regurgitation and vomiting. The
total number of adverse events (adverse event plus serious adverse event) was 21 in 88 IF
infants, 41 in 92 CF infants and 45 in 185 BF infants. Thus, a significantly higher rate of
adverse events was observed in CF infants compared to IF (p<0.003) and BF infants
(p<0.001), while IF and BF infants did not differ. The types of adverse events were
similarly distributed between formula groups (49% respiratory tract infections, 24% skin
infection/eczema, 10% gastrointestinal problems, 4% urinary tract infections, and 13%
others). The number of serious adverse events was 12 in the formula groups (IF=9,
CF=3) and 4 in the reference group, with one serious adverse event in each formula group
considered potentially associated with the study formula (IF: vomiting, blood in stool,
reflux and CF: vomiting, blood in stool)” Fleddermann et al. (2014a).

The authors reported that, “All infants accepted IF well and for all parameters studied no
negative effects were found,” and that, “This randomized, controlled, double-blind intervention
study demonstrated that the growth of infants fed a modified infant formula with reduced protein
with ALA and LC-PUFA is similar and within normal ranges for formula fed infants.” They
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concluded that, “an ALA-containing infant formula with a protein/energy ratio of 1.89 g/100 kcal
and improved LC-PUFA status provides an adequate intake during the first months of life [and] can
be considered safe. This modified infant formula is appropriate for term infants as evidenced by
growth velocities, acceptance and tolerance.”

Fleddermann et al. (2018) were able to enroll 187 children from the BeMIM study for a 4-
year follow-up at which anthropometric and body-fat measures were taken and blood was sampled
for analysis of plasma metabolites. The children included 65 from the IF group, 59 from the CF
group, and 63 from the breastfed group. There were no significant differences in weight, standing
height, head circumference, or percent body-fat among the groups at 4 years of age, nor did the
groups differ significantly in the incidence of serious illnesses.

Associations between plasma metabolites measured during infancy and anthropometric
measures at 4 years were examined. Three acyl-carnitine esters (C8:1, C12:0, and C14:0) were
significantly higher in IF infants compared to CF infants, while infants in the CF group had
significantly higher levels of acyl-carnitine C3:0. No association was found between the infant
metabolome or short-term infant growth and growth to age 4 years. The authors concluded that:

“In contrast to previous evidence indicating that early protein intake and weight gain
have an impact on later obesity risk, results of the current study do not indicate long-term
effects of early diet and growth on anthropometry at 4 years of age. The 4-year follow-up
of the BeMIM study showed that the administration of a new formula with a lower
protein content, a higher content of alpha-lactalbumin enriched whey and containing LC-
PUFA does not produce measurable growth differences in children compared with
children receiving a standard protein content formula during the first 4 months of life”
(Fleddermann et al. 2018).
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Table 26. Studies in Infants of Alpha-Lactalbumin Other Than Arla Foods Ingredients Products.

Study Design,

Description of

cross-over study
of the effect of
ALA enrichment
of infant
formulas on
serum
tryptophan
levels of infants;
2 weeks for
each formula

g/L, tryptophan
1.66 g/16 g N);
Tryptophan
intermediate
formula
(whey:casein
59:41, protein
13.4 g/L,
tryptophan 1.88
g/16 gN); High
tryptophan
formula
(whey:casein
75:25, protein
13.4 g/L,
tryptophan 2.21
g/16 g N). ALA
levels were not
reported.

Reference Dur_atlop & Subjects Test Articles Results
Objective
Heine et al. Prospective, 20 heathy term Control formula Blood was drawn prior to the introduction of the experimental
(1996) randomized, infants under 3 (whey: casein formulas and at 2 and 4 weeks of experimental formula feeding.
double-blind, months of age 60:40, protein 18 | Infants in the TRP Plus group had plasma tryptophan concentrations

similar to the breast-fed infants, while those fed formulas with lower
tryptophan did not. These results demonstrated that formula
tryptophan is bioavailable and plasma levels depend on the amount
of ALA provided. No anthropometric data were provided concerning
infants at study entry or following consumption of either formula. The
authors concluded that, “The supplementation of ALA resulting in a
higher TRP supply to low-protein diets is a further step towards the
production of infant formulas more closely adapted to human breast
milk.”
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Table 26. Studies in Infants of Alpha-Lactalbumin Other Than Arla Foods Ingredients Products.

Study Design,

Description of

safety of formula
with added ALA
over 12 weeks

2.2 gALA/L

Reference Dur_atlo_n & Subjects Test Articles Results
Objective

Lien et al. Prospective, 193 healthy Control formula Adverse events, evaluated as a primary safety measure, were

(2004) randomized, term infants <14 | with 15.1 g recorded during scheduled visits at weeks 4, 8 and 12, and by
double-blind, days of age protein and 1.2 g | telephone contacts at weeks 2, 6 and 10. Secondary safety end
placebo- ALA/L and points were protein status and the acceptability and tolerance of
controlled study Experimental study formula. Completion rates were 73.5% in the EF group and
to assess formula with 14.4 | 65.2% in the CF group; discontinuations due to adverse events were
growth and g protein and lower in the EF group (15.3%) than the CF group (21.1 %). More

infants fed CF than EF discontinued due to spitting up (8 vs 4),
irritability (7 vs 3) and flatulence (7 vs 4), while more infants
receiving the EF than CF discontinued due to constipation (6 vs 3).
Most of the adverse events were mild and resolved without
treatment. Less than 50% of either group had adverse events that
were reported to be related to formula consumption (42.9% in the EF
group, 46.3% in the CF group). The most common formula-related
events were flatulence (EF: 18.4%, CF: 20.0%) and constipation
(EF: 22.4%, CF: 15.8%). Each of 3 infants in the EF group had one
serious adverse event while 2 infants in the CF group had a total of
4 serious adverse events. None of the serious adverse events was
reported to be due to the formula consumed.

No significant differences were found between groups in weight,
length, and head circumference during the trial, showing that the
ALA-enriched formula supported normal growth. Serum albumin
concentrations did not differ between groups, evidence that the ALA-
enriched formula supported normal protein status. Blood urea
nitrogen and creatinine, markers of total protein intake and disposal
of unnecessary nitrogen, were lower at 12 weeks in the EF group
than in controls. Serum calcium, phosphorus, and magnesium
concentrations did not differ between groups, demonstrating
adequate absorption and metabolism of these secondary safety
markers.

The acceptability and tolerance of the formulas was assessed every
second week during the study period; the EF had higher ratings than
the CF. This study demonstrates the safety of an ALA enriched
formula; the formula supported comparable growth to a standard,
commercial formula. Protein status was comparable between
formula groups. The ALA-enriched formula had improved tolerance
compared to standard formula.
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Table 26. Studies in Infants of Alpha-Lactalbumin Other Than Arla Foods Ingredients Products.

Study Design,

Description of

study comparing
plasma amino
acids and Gl
tolerance in
infants receiving
formulas
differing in total
protein and ALA
content over 8
weeks

term infants in
the human milk
reference group

g protein and
2.2 gALA/L

Reference Dur_atlo_n & Subjects Test Articles Results
Objective

Davis et al. Prospective, 128 healthy Standard The primary efficacy end point was post-prandial plasma essential

(2008) randomized, term infants <14 | formula with 15.1 | amino acid levels at week 8. Secondary efficacy parameters were
double-blind, days of age (64 | g protein and 1.2 | markers of protein status. Primary safety parameters were study
placebo- to consume g ALA/L and events associated with the feeding modality and growth. Study
controlled, each formula) Experimental events were categorized as “any causality” (all study events
multicenter and 88 healthy formula with 14.4 | regardless of causality) or “feeding-related.” Events were recorded

during scheduled visits at weeks 4 and 8, and by telephone contacts
at weeks 2, 6, and 10. Growth parameters were determined at
baseline and weeks 4 and 8.

In the SF group, 21.9% of infants discontinued due to study events,
vs. only 10.9% of the infants in the EF group. There were no
significant differences among the groups in growth velocity .Serum
albumin and creatinine were similar among groups at baseline and
week 8. No differences in hematocrit or hemoglobin were reported.
At week 8, all amino acids were within normal ranges in all groups.
The most common adverse events were constipation, gastro-
esophageal reflux, regurgitation, abdominal pain, vomiting, diarrhea,
and eructation. For both “any causality” or “feeding-related” events,
the SF group was higher than the EF or HM group, which did not
differ from each other.

The authors observed that: “The unique finding in the present study
was that the cumulative Gl event profile of EF was similar to that of
the HM profile after study day 18. Gl effects usually present soon
after the introduction of a new feeding, and to our knowledge, a
detailed time course of study events has never before been
reported. Of potential clinical importance is that the incidence of
constipation and regurgitation in the EF group was similar to HM-fed
infants, and lower than that of the SF group. The improved Gl profile
observed in the present study may be attributed to a formula matrix
that is closer to HM.

The authors concluded: “This study of a lower protein infant formula
with increased a-lactalbumin concentration represents a major
improvement in the infant formula protein matrix to more closely
match the protein composition and Gl tolerance profile of HM.”
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Table 26. Studies in Infants of Alpha-Lactalbumin Other Than Arla Foods Ingredients Products.

Study Design,

Description of

protein levels
over 120 days

each formula, +
HM group

Reference Dur_atlo_n & Subjects Test Articles Results
Objective

Trabulsi et al. | Prospective, 224 healthy Standard Anthropometrics were measured at baseline and on Days 30, 60,

(2011) randomized, term formula- formula with 14.1 | 90, and 120. 2 hours post prandial blood samples were collected at
double-blind, fed infants aged | g protein/L and base line as well as on Days 60 and 120. Symptoms related to the
placebo- 5-14 days with experimental digestive system and Gl tolerance were of particular interest and
controlled weight, length, formula with 12.8 | included hard stools, constipation, difficulty having a bowel
growth study and head g protein/L, both | movement, acute diarrhea, chronic diarrhea, spitting up,
comparing ALA- | circumference ALA-enriched regurgitation, vomiting, gastroesophageal reflux disease, colic and
enriched >5th and <95th | with added L- crying/neonatal abnormal crying.
formulas with percentile for tyrosine and L- A high proportion of the infants enrolled in the study completed the
different total age, n=112for | tryptophan protocol (96%). Discontinuations due to study events were low and

were not significantly different among the groups (high protein
formula: 2.7%, low protein formula: 2.7%, HM-fed group: 0%).
Feeding-related study events were uncommon and not significantly
different among groups (high protein formula: 11.6%, low protein
formula: 6.3%, HM-fed group: 4.5%).

Mean weight and length gain over the 120 day study did not differ
between formula groups. Mean serum albumin, total protein, BUN,
and creatinine concentrations were within normal ranges for all
groups at baseline, Day 60, and Day 120. Serum insulin and
glucose levels were not significantly different among groups at Day
60. The essential amino acid concentrations did not differ between
the 2 formula groups, although some of the amino acids were higher
in the formula groups than the breast-fed group

Feeding a lower protein formula resulted in normal growth, serum
markers of protein status, and plasma amino acids compared to both
a standard formula and a breast-fed group. Weight gain in infants
receiving the low protein formula was between the standard formula
group and breast-fed infants while weight-for-age and weight-for-
length Z-scores were similar to infants in the breast-fed group.
Adverse events were relatively low and not significantly different
among groups.

The authors concluded that, “a-Lactalbumin-enriched formula
containing12.8 g/l protein was safe and supported age-appropriate
growth; weight gain with EF was intermediate between SF and HM
groups and resulted in growth similar to HM-fed infants.”
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Table 26. Studies in Infants of Alpha-Lactalbumin Other Than Arla Foods Ingredients Products.

Study Design, Description of
Reference Duration & Subjects T phi Results
L est Articles
Objective

Wernimont et | Prospective, Healthy term ALA-enriched The total proportions of infants who discontinued the study were

al. (2015) randomized, infants: 28 in formula (2.2 g similar among the study groups, and the total incidence of AEs was
double-blind, the control ALA/L) with or also similar among groups. However, some differences were noted
placebo- formula (CF) without added concerning withdraws due to feeding related Gl AEs, which included
controlled, group without OF 4 infants in the CF group, 12 infants in the EF group, and one infant
multicenter trial OF, 25 in the in the HM group. None of the events which led to withdraws was
testing effect of experimental considered serious.
oligofructose fed | formula (EF) The infants in the EF group had higher bifidobacteria levels and
for 8 weeks in group with OF, softer stools than the CF group at study completion. The results of
ALA-enriched and 31 in the this study demonstrate that infants receiving an ALA-enriched
formula HM group formula have excellent formula tolerance.

Hays et al. Prospective Healthy term ALA-enriched Formula tolerance was excellent with only 10 infants discontinued in

(2016) observational infants: formula, | formula with the formula group, 11 in the mix group, and 11 in the HM group.
cohort study n = 140; increased sn-2 Health-related quality of life was assessed using a validated
evaluating the mix, n=151; palmitate and questionnaire, and was high for all groups. Several parameters had
quality of life in HM, n = 136 OF (formula significant differences with the formula group being marginally lower
infants receiving group), a group in categories such as temperament and mood, general health
an ALA-enriched receiving a mix perception, and parent-focused concerns than the other groups. The
formula with of the study safety of the formula is reflected in the authors’ conclusion that
increased sn-2 formula and HM | “[health-related quality of life] was high in this population of healthy
palmitate and (mix group), and | infants, with only a few small differences in [health-related quality of
OF for 42 days an exclusively life] concept scores observed between breastfed, formula-fed and

HM-fed group mixed-fed infants.”

Mao et al. Prospective Healthy term ALA-enriched The incidence of either hard or watery stools was low, and did not

(2018) observational infants: formula, | formula with differ between groups, and all groups had similar rates of growth.
cohort study n = 150; increased sn-2 The majority of infants (81.5%) who participated in the study did not
evaluating the mix, n = 163; palmitate and manifest any AEs. The percentages of subjects with any AEs in the
quality of life in HM, n = 147 OF (formula breastfed, formula-fed, and mixed-fed groups throughout the entire
infants receiving group), a group study period (~48 days) plus a 4-week poststudy followup after the
an ALA-enriched receiving a mix last clinical visit were 22%, 16%, and 18%, respectively The authors
formula with of the study concluded that the ALA-enriched formula “was well tolerated based
increased sn-2 formula and HM on both parent questionnaire and physician-reported Gl study
palmitate and (mix group), and | events.”
OF for 48 days an exclusively

HM-fed group
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Table 26. Studies in Infants of Alpha-Lactalbumin Other Than Arla Foods Ingredients Products.
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Study Design, Description of
Reference Duration & Subjects T phi Results
L est Articles
Objective
Roze et al. Prospective, 97 healthy term | Control formula The primary outcome was weight at 6 months. This parameter and
(2012) randomized, neonates; contained 15 g all other anthropometrics and z-scores were not significantly
double-blind, experimental protein/L and the | different between groups. At one month, infants receiving the ALA-
placebo- formula (n=48), | experimental syn formula exhibited less crying or agitation than infants in the
controlled, control formula formula had 14 g | control group, and at 6 months the incidence of atopic dermatitis
multicenter (n=49) protein/L and 3 g | was lower in the ALA-syn group than controls. 9 infants withdrew
study of an ALA- ALA/L as well as | from the experimental group and 4 from the control group.
gnncheq :_and FOS & GQS and The authors concluded: “In the double-blind, multicentre,
ymbiotic Lactobacillus . . . .
supplemented rhamnosus and ranfjomlsed trial reported here, the expgrlmental a-lactalbumin-
formula for Bifidobacterium enriched and symbiotic- supplemented infant formula ensured the
safety, tolerance longum same gr.ow.th as a standard formule.l.in terms of weight and height
and efficacy gain. This finding cpnflrms the nutritional E}c.iequ.acy pf the protein
over 6 months profile of the experimental formula. In addition, in this unselected
population, the a-lactalbumin-enriched and symbiotic- supplemented
formula was better tolerated at 1 month of age, and had a protective
effect against the occurrence of mild atopic dermatitis at 6 months of
age.”
Raiha et al. Prospective, 85 healthy term | SF with 2.2 g Anthropometrics (weight and length) were obtained at birth and at
(2002) randomized, neonates; a protein/100 kcal; | 30, 60, 90, and 120 days while blood was taken for biochemical
double-blind, breast-fed TF1 with1.8 g assessment at 30, 60, and 120 days.
placebo- reference group | protein/100 kcal | The primary outcome of the study, growth from 30 to 120 days,
controlled (n=28)was & 70% acid whey; | showed no differences between the 3 formula-fed groups for length
multicenter trial | included. TF2 with 1.8 g and weight gains. Furthermore, the formula-fed groups did not differ
comparing protein/100 kcal significantly with the breast-fed group for weight and length gains.
growth of infants & 70% modified | No adverse events were reported.
;sfnimlgg with Z\gﬁsrt] :éhienyAL A The authors stated, “We conclude that an improved whey
different total and reduced in predominant formula with a protein/energy ratio of 1.8 g/100 kcal
protein and ALA GMP. (ALA and provides adequate intakes of protein from birth to 4 months without
for 4 months GMP levels were signs of compensatory incr_eased food ?nd energy intakes and that
not reported.) such formulas can be considered safe.
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Table 26. Studies in Infants of Alpha-Lactalbumin Other Than Arla Foods Ingredients Products.

Study Design,

Description of

Fleddermann
et al. (2018)

the effects of
protein source,
macronutrient
composition,
and content of
LC-PUFA on
growth of
healthy term
infants

4-year follow-up

and 106 in the
CF group; and a
reference group
of 185 breastfed
infants

187 children
from the BeMIM
study, 65 from
the IF group, 59
from the CF
group, and 63
from the
breastfed group

kcal/100 mL, but
the IF had 1.89 g
protein/100 kcal
vs. 2.2 g protein/
100 kcal in the
CF, a higher
content of ALA
than the CF, and
14.2 mg LC-
PUFA/100 mL
vs. none in the
CF. The IF was
supplemented
with Phe and Trp

Reference Dur_atlo_n & Subjects Test Articles Results
Objective
Fleddermann | Prospective, 213 apparently Both formulas Weight gain (g/day) did not differ significantly between the 2 formula-
et al. (2014a) | randomized, healthy term had 60:40 fed groups; mean daily weight gain in the breastfed reference group
double-blind, infants aged whey:casein was significantly less than in the IF group. Daily gain in length was
placebo- <29 days, 107 ratios and significantly greater among IF infants than either CF or breastfed
controlled trial of | in the IF group provided 67 infants. Mean gains in head circumference were similar in all groups.

Formula consumption and energy intake were similar in the IF and
CF groups at 30 and 60 days of age, but higher in the CF group at
90 and 120 days. Protein intake was higher in CF infants than IF
infants at all time points. All analyzed amino-acid and fatty-acid
concentrations were within the normal ranges for healthy infants.

The authors reported that both formulae were well-accepted and no
differences were reported for acceptance as well as consistency and
color of stool, colic, flatulence, regurgitation and vomiting. A signif-
icantly higher rate of adverse events was observed in CF infants
compared to IF and BF infants, while IF and BF infants did not differ.
One serious adverse event was reported in each formula group
considered potentially associated with the study formula (IF:
vomiting, blood in stool, reflux and CF: vomiting, blood in stool). All
infants accepted IF well and for all parameters studied no negative
effects were found. “This randomized, controlled, double-blind
intervention study demon-strated that the growth of infants fed a
modified infant formula with reduced protein with ALA and LC-PUFA
is similar and within normal ranges for formula fed infants.”

There were no significant differences in weight, standing height,
head circumference, or percent body-fat among the groups at 4
years of age, nor did the groups differ significantly in the incidence
of serious illnesses. No association was found between the infant
metabolome or short-term infant growth and growth to age 4 years.
The authors concluded that, “Results of the current study do not
indicate long-term effects of early diet and growth on anthropometry
at 4 years of age. The 4-year follow-up of the BeMIM study showed
that the administration of a new formula with a lower protein content,
a higher content of alpha-lactalbumin enriched whey and containing
LC-PUFA does not produce measurable growth differences in
children compared with children receiving a standard protein content
formula during the first 4 months of life.”
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6.8. Safety Assessment and GRAS Determination

This section presents an assessment that demonstrates that the intended use of Lacprodan®
ALPHA-10 alpha-lactalbumin is safe and is GRAS based on scientific procedures.

This safety assessment and GRAS determination entail two steps. In the first step, the safety
of the intended use of alpha-lactalbumin is demonstrated. Safety is established by demonstrating a
reasonable certainty that the exposure of consumers to alpha-lactalbumin under its intended
conditions of use is not harmful. In the second step, the intended use of Lacprodan® ALPHA-10
alpha-lactalbumin is determined to be GRAS by demonstrating that the safety of this product under
its intended conditions of use is generally recognized among qualified scientific experts and is
based on publicly available and accepted information.

The regulatory framework for establishing whether the intended use of a substance (or
organism) is GRAS, in accordance with Section 201(s) of the Federal Food Drug and Cosmetic
Act, is set forth under 21 CFR §170.30. This regulation states that general recognition of safety
may be based on the view of experts qualified by scientific training and experience to evaluate the
safety of substances directly or indirectly added to food. A GRAS determination may be made
either: 1) through scientific procedures under §170.30(b); or 2) through experience based on
common use in food, in the case of a substance used in food prior to January 1, 1958, under
§170.30(c). This GRAS determination employs scientific procedures established under §170.30(b).

A scientific procedures GRAS determination requires the same quantity and quality of
scientific evidence as is needed to obtain approval of the substance as a food additive. In addition
to requiring scientific evidence of safety, a GRAS determination also requires that this scientific
evidence of safety be generally known and accepted among qualified scientific experts. This
“common knowledge” element of a GRAS determination consists of two components:

1. Data and information relied upon to establish the scientific element of safety must
be generally available; and

2. There must be a basis to conclude that there is a consensus among qualified experts
about the safety of the substance for its intended use.

The criteria outlined above for a scientific-procedures GRAS determination are applied
below in an analysis of whether the intended use of alpha-lactalbumin is safe and is GRAS.

6.8.1. Evidence of Safety

If there is no other alpha-lactalbumin source in an infant formula, the amount of
Lacprodan® ALPHA-10 needed to provide the target level of 2.5 g alpha-lactalbumin/L formula is
2.5/.3321, or 7.5 g/L. For infant formulas, a typical protein range of 100% to 110% is used to
support label claims. Thus, the maximum intended addition level of Lacprodan® ALPHA-10 is
1.1x7.5 g, or 8.3 g/L.

The calculations above are for formulations that use Lacprodan® ALPHA-10 as the only
alpha-lactalbumin source. Typically, most infant formula manufacturers strive for whey dominant
infant formulas with whey:casein ratios ranging from 60:40 to 80:20. In formulas containing some
level of alpha-lactalbumin prior to addition of Lacprodan® ALPHA-10 (i.e., most infant formulas
containing added whey), the addition level of Lacprodan® ALPHA-10 needed to achieve a total
alpha-lactalbumin content level of 2.5 g/L throughout the product shelf-life will be less than 8.3
g/L.

Bovine alpha-lactalbumin as part of cow’s milk has been consumed by humans for
thousands of years at varying doses without any serious safety concerns. Infants who consume
casein dominant milk based formulations have been exposed to around 1.2g/L of bovine alpha-
lactalbumin for the past 100 years.

Alpha-Lactalbumin GRAS 64 JHEIMBACH LLC



Demineralized whey fractions have been employed as components of infant formulas since
the early 1960s. Whey concentrates require a major fractionation of cow’s milk with removal of the
casein fraction (80-82 percent of total cow’s milk protein). Such formulas have an extensive history
of safe use, and whey-dominant formulas with about 1.3g/L of bovine alpha-lactalbumin are
currently the most common type of infant formulas in use today in the United States.

Lacprodan® ALPHA-10 alpha-lactalbumin is a whey fraction produced by standard dairy
technology that has been commercialized since the 1990s. This fraction meets the compositional
requirements of CFR 21.184.1979c¢ (whey protein concentrate), but has a modified protein profile
with an enrichment of alpha-lactalbumin and a reduction of beta-lactoglobulin (a protein not
produced by the human mammary gland). Infant formulas containing up to 2.5g/L of bovine
lactalbumin using Lacprodan®™ ALPHA-10 as one of the protein ingredients have been clinically
evaluated (Sanstrom et al. 2008, Dupont et al. 2010) and are being consumed by infants worldwide
in Europe, Asia, Australia, and South America.

The safety of infant formulas enriched in alpha-lactalbumin has been demonstrated in
numerous clinical studies (see Section 6.3.2). Two major studies (Lien et al. 2004 and Trabulsi et
al. 2011, both discussed in detail in Section 6.3.2.2) powered specifically to evaluate growth of
infants consuming alpha-lactalbumin enriched formulas over 3 months (Lien et al. 2004) or 4
months (Trabulsi et al. 2011) are available in the published literature.

6.8.2. Conclusion of the Expert Panel

The intended use of Lacprodan® ALPHA-10 alpha-lactalbumin has been determined to be
safe through scientific procedures set forth under 21 CFR §170.30(b). This safety was shown by
reviewing the extensive published reports of studies of infants consuming alpha-lactalbumin
enriched formulas, and concluding that the expected exposure to alpha-lactalbumin is without
significant risk of harm. Finally, because this safety assessment satisfies the common knowledge
requirement of a GRAS determination, this intended use can be considered GRAS.

Determination of the safety and GRAS status of the intended use of alpha-lactalbumin has
been made through the deliberations of an Expert Panel consisting of Ronald E. Kleinman, M.D.,
Berthold V. Koletzko, M.D., Ph.D., and John A. Thomas, Ph.D., who reviewed a monograph
prepared by Eric L. Lien, Ph.D., and James T. Heimbach, Ph.D., as well as other information
available to them. These individuals are qualified by scientific training and experience to evaluate
the safety of food ingredients intended for consumption by infants. They independently critically
reviewed and evaluated the publicly available information and the potential human exposure to
alpha-lactalbumin anticipated to result from its intended use, and individually and collectively
determined that no evidence exists in the available information on Lacprodan® ALPHA-10 alpha-
lactalbumin that demonstrates, or suggests reasonable grounds to suspect, a hazard to consumers
under the intended conditions of use of Lacprodan® ALPHA-10 alpha-lactalbumin.

It is the Expert Panel’s opinion that other qualified scientists reviewing the same publicly
available data would reach the same conclusion regarding the safety of the substance under its
intended conditions of use. Therefore, the intended use of Lacprodan® ALPHA-10 alpha-
lactalbumin is GRAS by scientific procedures.

6.9. Statement Regarding Information Inconsistent with GRAS

I have reviewed the available data and information and am not aware of any data or
information that are, or may appear to be, inconsistent with our conclusion of GRAS status of the
intended use of Lacprodan® ALPHA-10 alpha-lactalbumin.
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6.10. Statement of the Expert Panel

We, the undersigned members of the Expert Panel, are qualified by scientific education and
experience to evaluate the safety of substances intended for addition to foods, including infant
formulas. We have individually and collectively critically evaluated the publicly available
information on Lacprodan® ALLPHA-10 alpha-lactalbumin summarized in a monograph, Generally
Recognized As Safe (GRAS) Determination for the Intended Use of Lacprodan® ALPHA-10 Alpha-
Lactalbumin (July 2018), prepared by Eric L. Lien, Ph.D., and James T. Heimbach, Ph.D., and
other material deemed appropriate or necessary.

We have individually and collectively determined that no evidence exists in the available
information on Lacprodan® ALPHA-10 alpha-lactalbumin that demonstrates, or suggests
reasonable grounds to suspect, a hazard to infants under the intended conditions of use of
Lacprodan® ALPHA-10 alpha-lactalbumin.

We unanimously conclude that the intended addition of Lacprodan® ALPHA-10 alpha-
lactalbumin, produced consistent with current good manufacturing practice (cGMP) and meeting
the food-grade specifications presented in the monograph, to cow-milk-based infant formula at a
level not exceeding 8.3 g/L is safe and is GRAS by scientific procedures.

It is our opinion that other qualified and competent scientists reviewing the same publicly
available information would reach the same conclusions.

Ronald E. Kleinman, M.D.

Professor of Pediatrics Date
Harvard Medical School

Boston, Massachysetts )

Signature: Date:

Berthold V. Koletzko, Dr med, Dr med habil (M.D., Ph.D.)
Professor of Pediatrics

University of Munich
Munich, Germany

A\
>
%

Signature: Date:

John A. Thomas, Ph.D.

Adjunct Professor

Indiana University School of Medicine
Indianapolis, Indiana

Signature: Date:
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Dear Dr. Morissette—

I’'m sorry that we failed to make the intended use fully clear. The intended use is in non-exempt
formula targeted to full-term infants.

Regards,
Jim H.

James T. Heimbach, Ph.D., F.A.C.N.
JHeimbach LLC

923 Water Street, Box 66

Port Royal VA 22535

USA

jh@jheimbach.com

Tel (+1) 804-742-5543

Cell (+1) 202-320-3063

From: Morissette, Rachel [mailto:Rachel.Morissette@fda.hhs.gov]
Sent: Wednesday, September 26, 2018 1:50 PM

To: jh@jheimbach.com

Subject: clarification requested on GRAS notice for alpha-lactalbumin

Dear Dr. Heimbach,

My name is Dr. Rachel Morissette and | am the Consumer Safety Officer assigned to your recent GRAS
notice submission for alpha-lactalbumin. Before | can issue your filing letter, | need to clarify the intended
use of your ingredient. You specified in the notice that alpha-lactalbumin is intended for cow’s-milk-based
infant formulas, but can you also please clarify the type of infant formula and the intended infant
population for this ingredient (e.g. non-exempt infant formula for term infants, exempt infant formula for
pre-term infants, etc.).

Thank you for your attention to this matter.
Best regards,

Rachel Morissette, Ph.D.

Consumer Safety Officer

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov

U.S. FOOD & DRUG

ADMINISTRATION
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From: Jim Heimbach

To: Morissette, Rachel; jheimbach@va.metrocast.com
Cc: Kal Ramanujam; ericlien@comcast.net
Subject: RE: clarification requested on GRAS notice for alpha-lactalbumin
Date: Thursday, December 20, 2018 2:03:53 PM
Attachments: image007.png
image024.png

Response to Questions on GRN 809.pdf

Dear Rachel—

As we agreed last week, | am providing the attached response to FDA’s questions. It provides
complete answers to only a couple of “easy” questions and promises complete responses to the
more difficult ones by mid-January. As you recognized, our ability to provide full responses in a
timely manner is challenged by the Christmas holidays, but we trust that mid-January will be
acceptable.

You will note in the attached letter that there are two issues regarding which we suggest the
possibility of a face to face meeting with FDA. The first is with respect to minor proteins, for which
FDA’s question raises issues of analytical capability for which discussion might be helpful. The second
is with regard to production methods, which are highly confidential and for which we are reluctant
to provide written descriptions that might potentially be FOIA-able. On the other hand, we are
perfectly willing to meet with FDA and walk through the production methods orally.

Best wishes for a Merry Christmas!
Jim

James T. Heimbach, Ph.D., F.A.C.N.
JHeimbach LLC

923 Water Street, Box 66

Port Royal VA 22535

USA

jh@jheimbach.com

Tel (+1) 804-742-5543

Cell (+1) 202-320-3063

From: Morissette, Rachel [mailto:Rachel.Morissette@fda.hhs.gov]

Sent: Tuesday, December 11, 2018 9:23 AM

To: Jim Heimbach; jheimbach@va.metrocast.com

Subject: RE: clarification requested on GRAS notice for alpha-lactalbumin

Hi Jim,
| think go ahead and send what you can within the 10 business days. Do you have an idea when the rest
of the responses would be ready? | wouldn’t want to go too much past the second week of January.

Merry Christmas and Happy New Year to you as well.

Best,
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Rachel

Rachel Morissette, Ph.D.

Acting Supervisory Consumer Safety Officer

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov

U.S. FOOD & DRUG

ADMINISTRATION
gg-BR

From: Jim Heimbach <jh@jheimbach.com>

Sent: Tuesday, December 11, 2018 9:02 AM

To: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>; jheimbach@va.metrocast.com
Subject: RE: clarification requested on GRAS notice for alpha-lactalbumin

Rachel—

Based on my first response from my contacts at Arla, in which they pointed out that some of their
key people are on extended holiday right now (the joys of being in Europe where 6-8 weeks of
vacation is usual), we may need to request an extension. With that supposition, would you prefer
that we address what we can within 10 day and send you those responses, with the others to follow
in January, or should we hold off on everything until we can submit a single complete response?

Regards, and best wishes for a Merry Christmas!
Jim

James T. Heimbach, Ph.D., F.A.C.N.
JHeimbach LLC

923 Water Street, Box 66

Port Royal VA 22535

USA

jh@jheimbach.com

Tel (+1) 804-742-5543

Cell (+1) 202-320-3063

From: Morissette, Rachel [mailto:Rachel.Morissette@fda.hhs.gov]
Sent: Tuesday, December 11, 2018 8:51 AM

To: Jim Heimbach; jheimbach@va.metrocast.com

Subject: RE: clarification requested on GRAS notice for alpha-lactalbumin

Ok, thanks for letting me know. | understand the holidays may affect this. If there’s an issue, let me know
and we can work something out with extending the deadline for a short period.

Best,
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Rachel

Rachel Morissette, Ph.D.

Acting Supervisory Consumer Safety Officer

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov

U.S. FOOD & DRUG

ADMINISTRATION
gg-BR

From: Jim Heimbach <jh@jheimbach.com>

Sent: Monday, December 10, 2018 4:52 PM

To: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>; jheimbach@va.metrocast.com
Subject: RE: clarification requested on GRAS notice for alpha-lactalbumin

Rachel—

Received! With regard to the 10-day response time, | think that will be feasible, but | need to touch
base with the other members of my team regarding their availability. I'll confirm ASAP.

Merry Christmas!
Jim

James T. Heimbach, Ph.D., F.A.C.N.
JHeimbach LLC

923 Water Street, Box 66

Port Royal VA 22535

USA

jh@jheimbach.com

Tel (+1) 804-742-5543

Cell (+1) 202-320-3063

From: Morissette, Rachel [mailto:Rachel.Morissette@fda.hhs.gov]
Sent: Monday, December 10, 2018 3:51 PM

To: Jim Heimbach; jheimbach@va.metrocast.com

Subject: RE: clarification requested on GRAS notice for alpha-lactalbumin

Dear Dr. Heimbach,
Please see attached our questions for GRN 000809. Please confirm receipt of this email.

Best regards,
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Rachel

Rachel Morissette, Ph.D.

Acting Supervisory Consumer Safety Officer

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov

p2Y U.S. FOOD & DRUG
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December 20, 2018

Rachel Morissette, Ph.D.

Consumer Safety Officer

FDA Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

Division of Biotechnology and GRAS Notice Review

Dear Rachel:

I am writing in response to your correspondence of December 10, in which you shared
with us a number of questions developed by the FDA review team regarding GRAS
Notice GRN 809.

Arla Foods Ingredients (the notifier) has formed study teams to address the questions. It
will take some time to prepare responses to all of your questions regarding processing
and composition, and, unfortunately, we are just entering upon the Christmas holiday
season. Nevertheless, Arla anticipates having detailed responses ready to share with you
by mid-January.

In what follows, I will address your questions individually.

General Comments
Q3. Please provide the date through which an updated literature search was conducted.

My last download of a research paper was on July 10, 2018, and so this constitutes the
closing date of the literature search.

Chemistry

Qla. What portion of the total protein in infant formula will be provided by the
fractionated WPC (41% ALA) ingredient? Please provide an estimated range for the
replacement level (for standard whey or casein) based on use levels of total protein and
the casein:whey ratio in infant formula.

Arla will calculate the contribution from a regular whey formula and from Alpha whey
formula (including the contribution from all protein sources in a typical infant formula),
to get 2.5g/ L Alpha and also meet essential amino acid requirements. The results of these
calculations will be provided to FDA by mid-January.

Q1b. On page 17 of the notice, Arla states that the intended technical effect is “to bring
the level of whey protein, including ALA, in cow-milk-based infant formula up to a level
approximating that of the whey protein and ALA concentration in human milk.” Is the
use limited to primarily whey-based formulas (where it would replace whey) or is it
intended as a partial replacement for casein in milk-based infant formulas? When

923 Water Street, P.O. Box 66, Port Royal Virginia 22535, USA
tel. (+1) 804-742-5548 fax (+1) 202-478-0986 jh@jheimbach.com


mailto:jh@jheimbach.com

Rachel Morissette, Ph.D. page 2
December 20, 2018

responding to this question, please use current protein levels used in infant formulas.
Although mentioned on page 19 of the notice, we did not evaluate reduced protein levels
during our review.

The intended use of Lacprodan Alpha-10 is in whey-dominant formulas. A complete
response to FDA’s question will be forthcoming in January.

Q2a. A comparison of the protein composition of fractionated WPC (41% ALA) to that of
standard whey is missing in the notice. We note that the general identity and levels of
individual whey proteins, including [-lactoglobulin, o-lactalbumin, immunoglobulins
(IgG, IgA, IgM), serum albumin, lactoferrin, glycomacropeptide, and other proteins (e.g.,
lactoperoxidase, insulin-like growth factor-1, and transforming growth factor-p2 (TGF-
p2)) are characterized in the literature.l Please characterize the composition of the
fractionated WPC (41% ALA) ingredient relative to the WPC starting material. Please
provide this information in a table or provide a citation to a reference providing this
information.

We will provide a response to this query in January. We have data on the major proteins
in both the starting material and the Alpha fraction, but some minor proteins have not
been analyzed and it is not clear that validated methods exist to quantitatively assay the
minor proteins. As a result, some of the requested data are not currently available and it
will be necessary to identify an appropriate contract laboratory to sponsor such analyses.
Inferences regarding possibly altered levels of minor proteins can be made based on
precise analyses of changes in the levels of major proteins, and we will plan to provide to
FDA the results of such inferences. Arla would very much like to meet face to face with
FDA reviewers at a time of your convenience to discuss exactly what analyses are
needed.

Q2b. Arla provides a comparison of the amino acid composition of bovine ALA and
human ALA; however, ALA is only a portion of the fractionated WPC (41% ALA)
ingredient. Please provide a comparison of the amino acid composition of Arla’s
fractionated WPC (41% ALA) ingredient with that of standard whey protein that is used
as an ingredient in infant formula. We note that the latter is available in several
published reviews.

We will provide this information in January

Q2c. Please discuss if certain components of whey other than ALA and p-lactoglobulin
are concentrated in the WPC (41% ALA) ingredient in terms of amounts provided per
liter or per 100 kcal of infant formula in the estimates of exposure provided to support
the GRAS conclusion.

We will provide data in January regarding anticipated exposure to all identified
components of whey to the extent possible, based on protein profiling information on the
Lacprodan Alpha-10 ingredient..
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Q3a. Please provide a general description of the processes used in the method of
manufacture. While we expect that the process includes membrane filtration and ion
exchange separation processes, a general description (or reference to a publication
describing the method) was not provided in the notice. Please provide this description, as
well as any food contact materials (e.g., filtration membranes, ion exchange resins) used
in the method of manufacture. Please provide a statement that the materials used are safe
and suitable for their intended use and are either used in accordance with a cited
regulation or effective food contact notification.

The process to enrich Lacprodan Alpha-10 whey is proprietary. FDA’s question requests
a “general description,” which we will be happy to provide. We do, however, wish to
avoid too high a degree of specificity, which would imperil some extremely confidential
information. For example, we can state that any filtration membranes and ion exchange
resins are approved food-grade products, but we would prefer not to identify the
manufacturer or the precise characterization.

In response to Question 2a, we suggested the possibility of our coming to FDA to discuss
analytical needs; similarly, we would be happy to meet with FDA and provide detailed
information regarding processing methods and materials orally so as not to produce a
potentially FOI-able record.

Q3 b. What other whey proteins are concentrated in Fraction I with ALA? Other than [-
lactoglobulin, what other whey proteins are removed by the method of manufacture?
Please address removal of these components in the process description.

This question will be addressed in January along with the response to Question 2a.

Q4a. The arsenic specification of <0.5 mg/kg is higher than batch analyses provided in
the no-tice (0.01-0.1 mg/kg) and higher than limits we have seen for similar ingredients.
Please consider reducing this specification.

We will reduce the arsenic specification at least to <0.2 mg/kg, or lower if feasible. Our
January response will include a final specification.

Q4b. Is there a specification limit for p-lactoglobulin?

There is currently no such specification. Arla used to have a specification for p-
lactoglobulin, but discontinued specifying limits for a variety of reasons. We will provide
our reasoning in our detailed response in January.

Q5a. Please briefly address the estimated contribution of fractionated WPC (41% ALA)
to total protein in term infant formula based on the range of intended uses indicated in
response to Question la.
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05b. If fractionated WPC (41% ALA) is used in infant formulas that contain additional
whey, Arla notes that the level of use of fractionated WPC (41% ALA) will be reduced to
achieve a set maximum level of ALA. However, exposure to other whey proteins are not
addressed. Please address the estimated total intake of other whey proteins from use of
whey (background intake), as well as the intended use of fractionated WPC (41% ALA).
Other proteins include those that are concentrated with ALA in the fractionated WPC
(41% ALA) ingredient. For minor proteins or unknown proteins, it may be possible to
group them together as NMT x% of total ingredient.

The response to these questions will require the data that Arla will generate in response to
Q2a, and will be available in January.

Toxicology

Q1. On page 33 of the notice, Arla discusses the publication by Andersson, et al. (2009)
that observed changes in the CD3+ and NK cell populations in the formula-fed groups,
including the ALA group. However, the publication also states that it is not clear whether
the statistical differences in the studied parameters between the formula-fed (FF) groups
and the breast-fed (BF) group are of clinical significance. Additionally, the authors did
not find any differences between FF and BF infants with respect to fever episodes,
number of days with fever, and episodes of airway infections. A discussion of this study
conclusion from Andersson, et al. was not included in the notice to emphasize the safety
of fractionated WPC (41% ALA). Please consider including this discussion in your safety
narrative.

While the clinical findings from the RCT were not addressed in the GRAS notice in
conjunction with the discussion of Andersson et al. (2009), they were reported earlier in
the discussion of Sandstrom et al. (2008) on pages 29-32 of the GRAS notice.

The reason is that the findings of a single randomized controlled trial were reported in
three separate publications—Bruck et al. (2006), Sandstrom et al. (2008), and Andersson
et al. (2009), each publication dealing with one aspect of the findings. Andersson et al.
(2009) focused on ALA’s effect on immune cell composition and adaptive immunity,
while Bruck et al. (2006) focused on the effect on fecal microbiota and Sandstrom et al.
(2008) discussed effects on infant growth, nutrition, and morbidity. The brief mention of
clinical aspects in Andersson et al. (2009) simply cited Sandstrom et al. (2008) rather
than provide extensive discussion. For this reason, our GRAS notice discussed all of the
clinical findings in the context of the Sandstrom et al. (2008) publication.

We believe that this response satisfies FDA’s concern with full reporting of the findings
of the RCT, but please let us know if this response is not satisfactory.

Regards, and best wishes for a Merry Christmas,

James T..Heimbach, Ph.D., F.A.C.N.



From: Jim Heimbach

To: Morissette, Rachel
Cc: Kal Ramanujam
Subject: Response to FDA Questions on GRN 809
Date: Friday, February 01, 2019 3:34:37 PM
Attachments: Morissette 20190201 .pdf

Appendix.xlsx

Kamau et al 2010.pdf

Dear Rachel—
As promised. Not by a whole lot, perhaps, but by close of business this week.
Best wishes for a shut-down-free weekend.

Regards,
Jim

James T. Heimbach, Ph.D., F.A.C.N.
JHeimbach LLC

923 Water Street, Box 66

Port Royal VA 22535

USA

jh@jheimbach.com

Tel (+1) 804-742-5543

Cell (+1) 202-320-3063



Chemistry Q1.a and Q1.b



										
Infant formula (regular WPC-80 added as only whey ingredient)

		Ratio in infant formula				% protein contributed by whey ingredient (100% whey protein) to formula 		% protein contributed by milk ingredient (20% whey protein, 80% casein) to formula 		Amount regular WPC-80 added
								Amount of ALA in infant formula from whey and milk ingredients (~18% alpha lactalbumin in whey protein)


										at 14 g pro/L 
(2.1 g pro/100 kcal)
				at 15 g pro/L 
(2.2 g pro/100 kcal)
				at 14 g pro/L 
(2.1 g pro/100 kcal)
												at 15 g pro/L 
(2.2 g pro/100 kcal)

																		ALA contribution from WPC-80				ALA contribution from milk
				Total ALA
				ALA contribution from WPC-80
				contribution from milk
				Total ALA


		whey 		casein						Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g

		70		30		62		38		10.85		8.68		11.63		9.30		1.44		1.15		0.0638		0.0511		1.50		1.20		1.54		1.24		0.0684		0.0547		1.61		1.29

		60		40		50		50		8.75		7.00		9.38		7.50		1.16		0.93		0.0840		0.0672		1.25		1.00		1.25		1.00		0.0900		0.0720		1.34		1.07

		50		50		38		62		6.65		5.32		7.13		5.70		0.883		0.71		0.104		0.083		0.987		0.790		0.946		0.757		0.1116		0.0893		1.06		0.846

		40		60		25		75		4.38		3.50		4.69		3.75		0.581		0.46		0.126		0.1008		0.707		0.566		0.623		0.498		0.135		0.108		0.76		0.606







										
Infant formula (regular WPC-80 + fractionated WPC (41% ALA) WPC added as whey ingredients to reach 2.6 g ALA/L

		Ratio in infant formula				% protein contributed by whey ingredient (100% whey protein) to formula 		% protein contributed by milk ingredient (20% whey protein, 80% casein) to formula 		Amount regular WPC-80 added
								Amount of fractionated (41% ALA) WPC
								Amount of ALA in infant formula from whey and milk ingredients (~18% alpha lactalbumin in whey protein)


										at 14 g pro/L 
 (2.1 g pro/100 kcal)				at 15 g pro/L 
(2.2 g pro/100 kcal)				at 14 g pro/L 
(2.1 g pro/100 kcal)				at 15 g pro/L 
(2.1 g pro/100 kcal)				at 14 g pro/L 
(2.1 g pro/100 kcal)																at 15 g pro/L 
(2.2 g pro/100 kcal)

		whey 		casein																						ALA contribution from WPC-80
				ALA contribution from fractionated (41% ALA) 
WPC
				ALA contribution from milk
				Total ALA				ALA contribution from WPC-80
				ALA contribution from fractionated (41% ALA) 
WPC
				ALA contribution from milk
				Total  ALA				% of regular WPC-80 that is replaced by Fractionated (41% ALA) WPC for Formula @ 14% protein:		% of regular WPC-80 that is replaced by Fractionated (41% ALA) WPC for Formula @ 15% protein:

										Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g		Per RL		Per 100g

		70		30		62		38		5.16		4.13		6.47		5.18		5.62		4.50		5.09		4.072		0.685		0.548		1.87		1.49		0.0638		0.0511		2.62		2.09		0.859		0.687		1.69		1.35		0.0684		0.0547		2.62		2.09		52		44

		60		40		50		50		1.75		1.4		2.81		2.25		6.91		5.528		6.48		5.184		0.232		0.186		2.29		1.84		0.0840		0.0672		2.61		2.09		0.373		0.299		2.15		1.72		0.0900		0.0720		2.62		2.09		80		70

		50		50		38		62		0		0		0		0		6.57		5.256		7.04		5.632		0		0		2.18		1.75		0.104		0.0833		2.29		1.83		0		0		2.34		1.87		0.112		0.089		2.45		1.96		100		100

		40		60		25		75		0		0		0		0		4.32		3.456		4.63		3.704		0		0		1.43		1.15		0.126		0.101		1.56		1.25		0		0		1.54		1.23		0.135		0.108		1.67		1.34		100		100

																		see regular WPC-80 substitutions in rows AC and AD to the right
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February 1, 2019

Rachel Morissette, Ph.D.

Acting Supervisory Consumer Safety Officer
Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

U.S. Food and Drug Administration

Dear Rachel:

This is a little bit later in the day than I had been hoping for, but I am fulfilling my
promise of having our response to the FDA questions on GRN 809 back to you today.
We hope that our answers to the questions are satisfactory, but we will be happy to
provide any additional information needed.

In addition to our responses in this letter, I am including a spreadsheet that contains
details of the calculations behind the tables and a copy of a published article by Kamau et
al. (2010) that provides a general description of the production process used by Arla,
although it differs in some details.

Sincgrely,. / /

James T. Heimbach, Ph.D., F.A.C.N.
President

923 Water Street, P.O. Box 66, Port Royal Virginia 22535, USA
tel. (+1) 804-742-5548 cell (+1) 202-320-3063 jh@jheimbach.com
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Responses to FDA Questions:

Chemistry:

Q1la. What portion of the total protein in infant formula will be provided by the fractionated WPC
(41% ALA) ingredient? Please provide an estimated range for the replacement level (for
standard whey or casein) based on use levels of total protein and the casein:whey ratio in infant
formula.

As stated in the GRAS petition, as a business to business customer, we have no control over how
a formula manufacturer will design its formulas. As shown below, the proportion of total protein
that may be provided by fractionated WPC (41% ALA) will be between 25 and 42.8%, depending
upon the formula, manufacturer’s choices of the total protein (14 or 15 g/L) and the whey:casein
ratio (from 40:60 to 80:20).

We used the following values in our calculations:
Skim Milk Powder (SMP):

Protein @ 35%
ALA @ 1.2% of protein

WPC80:
Protein @ 80%
ALA @ 16.6% of protein (13.28% of ingredient),

Fractionated (41% ALA) WPC/Alpha-10:
Protein @ 81%
ALA @ 41% of protein

The table below summarizes the percentage of total protein that would be replaced by the
fractional WPC (41% ALA) in formulas with varying whey:casein ratios and providing either 14
or 15 g total protein/L.

Replacement Percentage: Total Protein by Fractionated WPC (41% ALA):

% Total Protein Replaced with
Whey:Casein Fractionated WPC (41% ALA)
Ratio For formula @14g For formula @15g
protein protein
40:60 25% 25%
50:50 38% 38%
60:40 40% 35%
70:30 32.5% 27.5%
80:20 42.8% 40.5%

In addition, we calculated the total whey (WPC 80 or equivalent intact proteins) that would be
replaced from a typical whey dominant formula to accommodate fractionated WPC (41% ALA);
the values are presented in the following table.
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Replacement Percentage: Total Whey (WPC 80) Protein by Fractionated WPC (41% ALA)

% Regular WPC80 Replaced with

Whey:Casein Fractionated WPC (41% ALA)

Ratio For formula @14g | For formula @15g

protein protein

40:60 100% 100%

50:50 100% 100%

60:40 80% 70%

70:30 52% 44%

80:20 100% 100%

The derivation of these values is presented in detail in the spreadsheet. The first part of this
spreadsheet involves the use of regular WPC80 as the only whey ingredient. The second section
of the table includes addition of fractionated WPC (41% ALA). Due to the confidential nature of
the formulation, we have not provided the calculations for developmental formula (80:20
whey:casein), but used the same principles that we applied to other whey:casein ratios discussed
in the table to arrive at the numbers.

To reach average human milk levels of ALA using various combinations of whey and casein, the
replacement level of total whey or casein protein by fractionated WPC (41% ALA) needs to be in
the range of 27.5% to 42.8%. Such addition would provide ALA levels in formulas that would
reach 2.5 g/RL for declared content or approximately 7.5 g/L of fractionated WPC (41% ALA)
covering our intended use levels. To account for analytical and manufacturing variabilities, we
requested a 10% overage level of 8.3 g/L and the overage amount is not reflected in the above
calculations. The 100% replacement of regular whey with fractionated whey (41% ALA) is still
limited in reaching human milk average levels of 2.5 g/L (see spreadsheet) for whey:casein ratios
40:60 and 50:50, either at 14g total protein or at 15g total protein formulas. Using fractionated
WPC (41% ALA) to bring alpha lactalbumin levels closer to human milk average of 2.5g/L is
best suited for whey dominant formulas only.
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Q1b. On page 17 of the notice, Arla states that the intended technical effect is “to bring
the level of whey protein, including ALA, in cow-milk-based infant formula up to a level
approximating that of the whey protein and ALA concentration in human milk.” Is the use
limited to primarily whey-based formulas (where it would replace whey) or is it intended
as a partial replacement for casein in milk-based infant formulas? When responding to
this question, please use current protein levels used in infant formulas. Although
mentioned on page 19 of the notice, we did not evaluate reduced protein levels during
our review.

Our ingredient addition is intended for use in whey dominant formulas where the whey % in the
whey:casein ratio is at least 50%. Fractionated WPC (41% ALA) is not intended to be added to
formulas that contain only milk (20:80 whey:casein) or formulas with 40:60 whey:casein ratios.
Its use is limited to formulas that would normally have some WPC that could be replaced, either
partially or totally. Approximation of average human milk levels of 2.5 g/RL can only be
achieved by addition of fractionated WPC (41% ALA) to formulas with 50:50 or greater
whey:casein ratios. The table in the spreadsheet contains these calculations.
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Q2a. A comparison of the protein composition of fractionated WPC (41% ALA) to that of
standard whey is missing in the notice. We note that the general identity and levels of
individual whey proteins, including B-lactoglobulin, a-lactalbumin, immunoglobulins (IgG,
IgA, IgM), serum albumin, lactoferrin, glycomacropeptide, and other proteins (e.g.,
lactoperoxidase, insulin-like growth factor-1, and transforming growth factor-82 (TGF-2))
are characterized in the literature’. Please characterize the composition of the
fractionated WPC (41% ALA) ingredient relative to the WPC starting material. Please
provide this information in a table or provide a citation to a reference providing this
information.

To respond to this question, Arla conducted systematic analysis of 5 lots of each of the
following materials:

o starting material (whey protein concentrate, comparable to other WPC),

o fractionated WPC (41% ALA), and

e ALA-reduced retentate fraction.

Analyses were conducted in-house and by a third-party laboratory for ALA, -
lactoglobulin, casein glycomacropeptide (CGMP), proteose peptones (PP8 and PP5),
immunoglobulin G-1 (IgG-1), bovine serum albumin (BSA), and lactoferrin (LF). Our
findings compare well with the published literature regarding the protein profile of a
variety of whey products?.

For the fractionated whey (41% ALA), we also used annotation in mass spec (in-house
data) to detect peptides corresponding to major whey proteins including BSA, LF, and
IgG-1.

Using both HPLC and mass spec, we were able to detect only four major proteins in our
assays of WPC (41% ALA). The tables below show the average content of the major
whey proteins and casein peptides in the three materials.

The major proteins--ALA, B-lactoglobulin and CGMP and the B-casein derived peptides
PP8 slow and PP5 (measured by HPLC/UV)--account for essentially all the proteins in
WPC (41% ALA) and the batch variation is very small for ALA, B-lactoglobulin, and
CGMP, while the B-casein derived peptides PP8 and PP5 are found to be more variable.
The high-molecular-weight proteins IgG-1, BSA, and LF were analyzed in fractionated
WPC (41% ALA) by state-of-the-art Parallel Reaction Monitoring Mass Spectroscopy
with a functional LOQ of 10 nM; none of the proteins was found in a detectible or
quantifiable concentration. We have not assayed the minor components in our fractions
(lactoperoxidase, TGF-b or IGF-1) as we achieve mass balance with other protein
components. We do not have facilities to accurately quantitate these protein components

' Vincent D., Elkins A., Condina, MR., Ezernieks V., and Rochfort S (2016). Quantitation and
identification of intact major milk proteins by high throughput LC-ESI-Q-TOF MS Analyses. PLOS
ONE, October 17, 2016:1-21.

2 Elgar DF, Norris CS, Ayers JS, Pritchard M, Otter DE, and Palmano KP (2000). Simultaneous
separation and quantitation of the major bovine whey proteins including proteose peptone and
caseinomacropeptide by reversed-phase high-performance liquid chromatography on
polystyrene-divinylbenzene. J Chromatogr A 878:183-186.
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in our fractions and were also unable to find a suitable contract laboratory that would run
validated assay targeted specifically for bovine proteins.

As can be seen from the composition of the starting material and the ALA-reduced
retentate, most of the proteins other than ALA are present in the retentate at levels
comparable to the starting material.

Composition of Starting Material, WPC (41% ALA), and ALA-Reduced Retentate

Material g/100 g Protein (Meanzs.d.)

ALA P-lacto- CGMP | PPS/PP5 IgG-1 BSA LF

globulin

Starting 17.8+0.1 47.1£0.3 19.4+0.6 2.1£0.2 3.0£0.1 N.A. 0.1£0.02
Material
(WPC)
WPC (41% 48.3+0.7 19.2+0.7 28.4+0.4 4.940.9 <0.1 nM <0.1 .M N.D.
ALA)
Reduced 8.6:0.7 53.6+1.1 16.0+£0.4 2.5+0.4 5.8+0.6 2.5+0.3 0.7+0.1
Retentate
Fraction

(n=5 individual batches); N.A. = not analyzed; N.D. = not detected
The functional LOQ for IgG, BSA, and LF in WPC (41% ALA) was 10 nM.



Rachel Morissette page 7
February 1, 2019

Q2b. Arla provides a comparison of the amino acid composition of bovine ALA and
human ALA; however, ALA is only a portion of the fractionated WPC (41% ALA)
ingredient. Please provide a comparison of the amino acid composition of Arla’s
fractionated WPC (41% ALA) ingredient with that of standard whey protein that is used
as an ingredient in infant formula. We note that the latter is available in several published
reviews.

Comparison of Typical Whey Protein Concentrate (WPC 80)
and Fractionated WPC (41% ALA)

g amino acid/100 g protein
Amino acid Fractionated
WPC 80 WPC (41%

ALA)
Alanine 5.5 3.8
Arginine 2.7 1.6
Aspartic Acid (Asparagine) 11.3 141
Cysteine (Cystine) 2.4 3.2
Glutamic acid (Glutamine) 18.4 17.4
Glycine 2.0 21
Histidine* 1.9 21
Isoleucine 6.6 71
Leucine 11.4 9.9
Lysine 9.9 10.1
Methionine 23 1.7
Phenylalanine 3.5 34
Proline 6.6 5.8
Serine 5.7 5.6
Threonine 7.5 7.9
Tryptophan 1.9 27
Tyrosine 3.2 3.2
Valine 6.6 5.7
Total 109.4 107.4

*Essential amino acids in bold font

These are typical values based on multiple lots of production in our facility and are sent
as part of specifications to infant formula customers.
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Q2c. Please discuss if certain components of whey other than ALA and B-lactoglobulin
are concentrated in the WPC (41% ALA) ingredient in terms of amounts provided per
liter or per 100 kcal of infant formula in the estimates of exposure provided to support the
GRAS conclusion.

The only major protein source in WPC (41% ALA) apart from ALA and B-lactoglobulin is
casein glycomacropeptide (CGMP). CGMP is derived from k-casein and cleaved during
cheese pro-duction and migrates into the whey fraction during whey processing.

In regular whey there is about 20% CGMP, whereas in fractionated WPC (41% ALA) the
amount of CGMP is about 28%, which will have a maximal exposure of 1.9 g/RL or 285
mg/100 Kcal.

In comparison, the consumption of CGMP from a whey-dominant formula (2.2 g
protein/100 Kcal at a total protein content of 15 g/RL) is approximately 224 mg/100 Kcal.

Thus, on an average, CGMP exposure is about 25% greater at the maximal WPC (41%
ALA) concentration of 8.3 g/RL specified in the petition. As can be seen in response to
Q1a, for whey dominant formulas only a portion of standard WPC 80 is replaced by
fractionated WPC (41% ALA). Therefore, in most formulas, the increase in CGMP intake
would be less than the maximum projected level. Sandstrom et al. (2008)® studied the
fraction with high (15% protein as CGMP, 294 mg/100 Kcal) and low CGMP (10%
protein as CGMP, 196 mg/100 Kcal) content and found them both to be safe.

® Sandstrom O., Lonnerdal B, Graverholt G, and Hernell O. 2008. Effects of alpha-lactalbumin-
enriched formula containing different concentrations of glycomacropeptide on infant nutrition. Am
J Clin Nutr 87:921-928.
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Q3a. Please provide a general description of the processes used in the method of
manufacture. While we expect that the process includes membrane filtration and ion
exchange separation processes, a general description (or reference to a publication
describing the method) was not provided in the notice. Please provide this description,
as well as any food contact materials (e.q., filtration membranes, ion exchange resins)
used in the method of manufacture. Please provide a statement that the materials used
are safe and suitable for their intended use and are either used in accordance with a
cited regulation or effective food contact notification.

The process to enrich Lacprodan® Alpha-10 whey is proprietary. FDA’s question
requests a “general description,” which we are happy to provide. We do, however, wish
to avoid too high a degree of specificity, which would imperil some extremely confidential
information.

The purification method used by Arla is based on the principle of the difference in the
molecular weights of proteins. The enclosed published article by Kamau et al. (2010)*
provides a general description of the two-stage membrane process for obtaining
concentrates enriched in ALA, al-though none of the listed set-points in Kamau et al.
(2010) for pH, salt concentration, or temperature are identical to those used in Arla’s
method for ALA purification. Arla has developed proprietary and highly confidential
techniques for optimization with proper choice of buffer conditions, ultrafiltration
membranes, and filtration velocity to maximize the overall selectivity of the membrane
process.

In answer to Q3b, the membrane serves as a thin barrier between miscible fluids that
allows for preferential transport of feed components when a driving force such as a
pressure differential is applied.

All Arla production takes place under current Good Manufacturing Practice (cGMP).
Production is compliant with EU Regulations No. 1935/2004, 2023/2006, and 10/2011
and amendments on food-contact materials, and all food-contact materials are compliant
with FDA regulations. All materials are food-grade, safe and suitable for their intended
use, and used in accordance with FDA regulations.

* Kamau SM, Cheison SC, Chen W, Liu X-M, and Lu R-R (2010). Alpha-lactalbumin: its
production technologies and bioactive peptides. Comp Rev Food Sci Food Safety 9:197-212.
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Q3b. What other whey proteins are concentrated in Fraction 1 with ALA? Other than (3-
lactoglobulin, what other whey proteins are removed by the method of manufacture?
Please address removal of these components in the process description.

The first part of this question was addressed in the response to Q2a. Whey proteins
concentrated include ALA, CGMP, and PP8/PP5, while 3-lactoglobulin is partially
removed. The membrane filtration process that results in the partial removal of 3-
lactoglobulin is described in response to Q3a.
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Q4a. The arsenic specification of <0.5 mg/kg is higher than batch analyses provided in
the no-tice (0.01-0.1 mg/kg) and higher than limits we have seen for similar ingredients.

Please consider reducing this specification.

We will reduce the arsenic specification at least to <0.2 mg/kg. It is likely that infant-
formula manufacturers would also note with disapproval the higher specification for
arsenic, so we thank FDA for drawing our attention to it.
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Q4b. Is there a specification limit for 3-lactoglobulin?

B-lactoglobulin is the major whey protein in bovine milk, but is not present in human milk.
There are several reasons why B-lactoglobulin is not included in our specifications. Of
most importance is that the p-lactoglobulin content of whey-dominant formula is provided
primarily by skim milk powder and regular WPC, and so quantifying the B-lactoglobulin in
fractionated WPC (41% ALA) does not provide useful information to the infant formula
manufacturer.
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Qba. Please briefly address the estimated contribution of fractionated WPC (41% ALA)
to total protein in term infant formula based on the range of intended uses indicated in
response to Question 1a.

It is possible that we are not properly understanding the question, but we believe that our
response to Q1a encompassed this information; i.e., the protein contribution of WPC
(41% ALA) to infant formula would range from 25% in formula with a 40:40 whey:casein
ratio to 42.8% in formula with 14g protein/RL and an 80:20 whey:casein ratio. However,
we also noted in response to Q1b that WPC (41% ALA) is not intended for addition to
formulas with whey:casein ratios less than 50:50, and so the protein contribution of WPC
(41% ALA) from its intended use would not fall below 35%.
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Qb5b. If fractionated WPC (41% ALA) is used in infant formulas that contain additional
whey, Arla notes that the level of use of fractionated WPC (41% ALA) will be reduced to
achieve a set maximum level of ALA. However, exposure to other whey proteins are not
addressed. Please address the estimated total intake of other whey proteins from use of
whey (background intake), as well as the intended use of fractionated WPC (41% ALA).
Other proteins include those that are concentrated with ALA in the fractionated WPC
(41% ALA) ingredient. For minor proteins or unknown proteins, it may be possible to
group them together as NMT x% of total ingredient.

In response to Q2c and Q3b, we have addressed the typical composition of fractionated
WPC (41% ALA). We are able to measure only CGMP and protease peptone PP8
(slow)/ PP5.
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Toxicology

Q1. On page 33 of the notice, Arla discusses the publication by Andersson, et al. (2009)
that observed changes in the CD3+ and NK cell populations in the formula-fed groups,
including the ALA group. However, the publication also states that it is not clear whether
the statistical differences in the studied parameters between the formula-fed (FF) groups
and the breast-fed (BF) group are of clinical significance. Additionally, the authors did
not find any differences between FF and BF infants with respect to fever episodes,
number of days with fever, and episodes of airway infections. A discussion of this study
conclusion from Andersson, et al. was not included in the notice to emphasize the safety
of fractionated WPC (41% ALA). Please consider including this discussion in your safety
narrative.

We appreciate FDA’s suggestion.

While the clinical findings from the RCT were not addressed in the GRAS notice in
conjunction with the discussion of Andersson et al. (2009), they were reported earlier in
the discussion of Sandstrom et al. (2008) on pages 29-32 of the GRAS notice.

The reason is that Bruck et al. (2006), Sandstrom et al. (2008), and Andersson et al.
(2009) all reported the findings of a single randomized controlled trial. Each publication
addressed one aspect of the findings: Andersson et al. (2009) focused on ALA'’s effect
on immune cell composition and adaptive immunity, while Bruck et al. (2006) focused on
the effect on fecal microbiota and Sandstrom et al. (2008) discussed effects on infant
growth, nutrition, and morbidity. The brief mention of clinical aspects in Andersson et al.
(2009) simply cited Sandstrom et al. (2008) rather than provide extensive discussion.
For this reason, our GRAS notice discussed all of the clinical findings in the context of
the Sandstrom et al. (2008) publication.



Ratio in infant

% protein
contributed by
whey ingredient

% protein contributed by
milk ingredient (20%

Amount regular

formula (100% whey whey protein, 80%
protein) to casein) to formula
formula
at 14 g pro/L
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Infant formula (regular W

Amount of ALA i

at 15 g pro/L at 14 g pro/L
(2.2 g pro/100 kcal) (2.1 g pro/100 kcal)

ALA contribution from WPC-80 ALA contribution from milk

Per RL Per 100g Per RL Per 100g Per RL Per 100g
11.63 9.30 1.44 1.15 0.0638 0.0511
9.38 7.50 1.16 0.93 0.0840 0.0672
7.13 5.70 0.883 0.71 0.104 0.083
4.69 3.75 0.581 0.46 0.126 0.1008

Amount of fractionated (41% ALA) WPC

at 15 g pro/L at 14 g pro/L at 15 g pro/L
(2.2 g pro/100 kcal) (2.1 g pro/100 kcal) (2.1 g pro/100 kcal)

Per RL Per 100g Per 100g Per RL Per 100g



see regular WPC-80 substitutions in rows AC and AD to the right




infant formula from whey and milk ingredients (~*18% alpha lactalbumin in whey protein)

Total ALA

Per 100g
1.20
1.00

0.790
0.566

ALA contribution from WPC-80

Per RL Per 100g
1.54 1.24
1.25 1.00

0.946 0.757

0.623 0.498

at 15 g pro/L
(2.2 g pro/100 kcal)

contribution from milk

Per RL Per 100g
0.0684 0.0547
0.0900 0.0720
0.1116 0.0893
0.135 0.108

Infant formula (regular WPC-80 + fractionated WPC (41% ALA) WPC added as whe

ALA contribution from WPC-80

Per 100g

Amount of

at 14 g pro/L
(2.1 g pro/100 kcal)

ALA contribution from
fractionated (41% ALA)
WPC

Per RL Per 100g

ALA contribution from milk

Per RL Per 100g






Total ALA

Per 100g
1.29
1.07

0.846
0.606

ey ingredients to reach 2.6 g ALA/L

ALA in infant formula from whey and milk ingredients (~18% alpha lactalbumin in whey prote

Total ALA ALA contribution from WPC-80 ALA contribution
(41%
w

Per 100g Per RL Per 100g






at 15 g pro/L
(2.2 g pro/100 kcal)

rom fractionated ALA contribution from milk Total ALA

Per 100g Per 100g Per 100g






% of regular WPC-80 that is % of regular WPC-80 that is
replaced by Fractionated (41% replaced by Fractionated (41%
ALA) WPC for Formula @ 14% ALA) WPC for Formula @ 15%

protein: protein:







Sixteen pages have been removed in accordance with copyright laws. The removed reference is:

Kamau, S., Cheison, S., Chen, W., Liu, X., Lu, R. 2010. "Alpha-Lactalbumin: Its Production
Technologies and Bioactive Peptides." Comprehensive Reviews in Food Science and Food
Safety.
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| got a message that this email did not go out. Sorry if this is redundant.

From: Jim Heimbach [mailto:jh@jheimbach.com]
Sent: Friday, March 8, 2019 3:02 PM

To: 'Morissette, Rachel'

Cc: Jim'

Subject: RE: clarification requested for GRN 000809

Rachel—
Here is our response to your chemist’s questions.

Regards,
Jim

James T. Heimbach, Ph.D., F.A.C.N.
JHeimbach LLC

923 Water Street, Box 66

Port Royal VA 22535

USA

jh@jheimbach.com

Tel (+1) 804-742-5543

Cell (+1) 202-320-3063

From: Morissette, Rachel [mailto:Rachel.Morissette@fda.hhs.gov]
Sent: Monday, March 4, 2019 9:15 AM

To: Jim Heimbach

Cc: Jim

Subject: clarification requested for GRN 000809

Dear Jim,

Our chemist has some clarification questions on your responses to our questions for GRN 000809, which I've included
below. Please provide your responses within 5 business days. Please let me know if you have questions.

Best regards,

CRachel

Rachel Morissette, Ph.D.
Consumer Safety Officer

Center for Food Safety and Applied Nutrition

Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov
U.S. FOOD & DRUG

ADMINISTRATION

dono- B

Please clarify the following:
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1. On page 6 of your amendment (excerpted below), you provide means + SD for the main protein

components of the starting material (WPC), fractionated WPC (41% ALA), and reduced retentate fraction.
However, the apparent sums of these values (highlighted) do not equal 100 for the starting material or
retentate. Please discuss the significance of any differences in the sum of major proteins.

Composition of Starting Material, WPC (41% ALA), and ALA-Reduced Retentate

Material lg/100 g Protein (Meanzs.d.) Apparent sum
(based on
means)

ALA |I;-Iacto- CGMP PP8/PP5 |IgG-1 BSA LF Combined means
lobulin ALA, B-
Lactoglobulin,
CGMP,PP8/PP5,
IgG-1, BSA, LF

Starting 17.8£0.1 }47.1£0.3 |19.4+0.6 |2.1+0.2 3.0£0.1 N.A. 0.1+0.02 [87.5g/100 g

Material protein

(WPC)

WPC (41% [48.3+0.7 |19.2+0.7 [28.4+0.4 [4.9+0.9 <0.1nM [<0.1nM [N.D. 100.8 g/100 g

ALA) protein

Reduced 8.6x0.7 53.6£1.1 |16.0£0.4 [2.5£0.4 5.810.6 2.5£0.3 0.7+0.1 89.7 g/100 g

Retentate protein

Fraction

(n=5 individual batches); N.A. = not analyzed; N.D. = not detected

Is the reduced retentate fraction the same as the “third fraction” noted in the text on page 13 of the
original notice in the description of the method of manufacture?
In your description of the method of manufacture on page 12 of GRN 000809, you state that “raw milk is
received at the cheese or casein production facility” and subsequently pasteurized. However, the CGMP
composition of the fractionated WPC (41% ALA) appears to reflect only whey produced as a byproduct of
cheesemaking. Please confirm that only whey from cheesemaking will be used as a starting material.
Alternatively, if microfiltered whey from casein production is used as a starting material, the composition
of the resulting product should also be characterized in the notice.
In the absence of data regarding levels of growth factors such as IGF-1 or TGF-RB in fractionated WPC (41%
ALA), please comment on whether these components would be concentrated in the final ingredient based
on the molecular weight cutoff of the ultrafiltration membrane used in your method of manufacture or
the use of pasteurized milk for whey production from cheesemaking.

(We note that effects of pasteurization and membrane processing on levels of TGF-B1 and IGF-1 in

ultrafiltered whey have been discussed in the published literature (Ollikainen et al., 2012; Akbache et al.,
2009)).

5.

Aside from the proteins mentioned in question 4, please comment on whether the method of
manufacture of fractionated WPC (41% ALA) results in the concentration of other minor proteins (e.g.,
osteopontin) in whey above that of the WPC starting material.

You have referred to the use of ultrafiltration and the review by Kamau et al. (2010) to support the
method of manufacture. Without giving confidential details, please clarify if precipitation/aggregation,
enzyme treatment, or chromatography (ion exchange or gel filtration) are used in addition to
ultrafiltration.




References:
Ollikainen et al. 2012. Int. Dairy J. 26:141-6.
Akbache et al. 2009. J. Membrane Sci. 326:435040.



JHeimbach LLC

March 8, 2019

Rachel Morissette, Ph.D.

Consumer Safety Officer

FDA Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

Division of Biotechnology and GRAS Notice Review

Dear Dr. Morissette:

I am writing in response to your correspondence of March 4, in which you shared with us
a number of additional questions developed by the FDA review team regarding GRAS
Notice GRN 809.

1. On page 6 of your amendment (excerpted below), you provide means + SD for the
main protein components of the starting material (WPC), fractionated WPC (41% ALA),
and reduced retentate fraction. However, the apparent sums of these values (highlighted)
do not equal 100 for the starting material or retentate. Please discuss the significance of
any differences in the sum of major proteins.

Answer:

We were focusing on quantification of proteins which are found in the GRAS-notified
substance, fractionated WPC (41% ALA), and included concentrations in the starting
material (WPC) and the reduced retentate fraction for completeness. Besides the more
abundant proteins in WPC (a-lactalbumin, B-lactoglobulin, cGMP, BSA, IgG-1, and
lactoferrin), we have identified by high resolution mass spectrometry 249 different
proteins.

These 249 proteins are found in small amounts but contribute to the failure of the sum of
the major proteins to reach 100%. Furthermore we expect the raw material and the
reduced retentate to contain small amounts of non-protein nitrogen, mainly consisting of
minor peptides, urea, nucleotides, metabolites of nucleotides, creatine, creatinine and free
amino acids (Wolfschoon-Pombo & Klostermeyer, 1981). All in all we expect that these
two pools of proteins and protein equivalents account for the missing 10% of the proteins
in the starting material and the reduced retentate.

Reference:
Wolfschoon-Pombo A and Klostermeyer H. 1981. Die NPN Fraktion des Kuh Milch — 1.
Menge und Zusammensetzung. Milschwissenschaft 36: 598-600.

2. Is the reduced retentate fraction the same as the “third fraction” noted in the text
on page 13 of the original notice in the description of the method of manufacture?

Answer:
Yes. Sorry for the confusion.

923 Water Street, P.O. Box 66, Port Royal Virginia 22535, USA
tel. (+1) 804-742-5548 cell (+1) 202-320-3063 jh@jheimbach.com
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3. In your description of the method of manufacture on page 12 of GRN 000809, you
state that ‘“raw milk is received at the cheese or casein production facility” and
subsequently pasteurized. However, the CGMP composition of the fractionated WPC
(41% ALA) appears to reflect only whey produced as a byproduct of cheesemaking.
Please confirm that only whey from cheesemaking will be used as a starting material.
Alternatively, if microfiltered whey from casein production is used as a starting material,
the composition of the resulting product should also be characterized in the notice.

Answer:

Whey obtained as a byproduct of cheesemaking is the only raw material for the
production of Lacprodan Alpha-10, the notified GRAS substance. The mention of casein
production facility was an error due to the use of whey from this source for another Arla
product. Again, we apologize for the confusion.

4. In the absence of data regarding levels of growth factors such as IGF-1 or TGF-f8
in fractionated WPC (41% ALA), please comment on whether these components would be
concentrated in the final ingredient based on the molecular weight cutoff of the
ultrafiltration membrane used in your method of manufacture or the use of pasteurized
milk for whey production from cheesemaking.

(We note that effects of pasteurization and membrane processing on levels of TGF-f1
and IGF-1 in ultrafiltered whey have been discussed in the published literature
(Ollikainen et al., 2012; Akbache et al., 2009)).

Answer:
Thank you for the forwarded literature.

The manufacture of Lacprodan Alpha-10 utilizes an even tighter separation material than
that employed by Ollikainen et al. (2012), which means that most TGF-B from the
starting material (WPC) should be in the reduced retentate fraction rather than in the
notified GRAS fraction, fractionated WPC (41% ALA).

Based on the smaller molecular weight of IGF-1 (7.5 kg/mol) and the measurements of
IGF-1 after ultrafiltration in Akbache et al. (2009), IGF-1 would most likely pass through
to the WPC (41% ALA fraction).

5. Aside from the proteins mentioned in question 4, please comment on whether the
method of manufacture of fractionated WPC (41% ALA) results in the concentration of
other minor proteins (e.g., osteopontin) in whey above that of the WPC starting material.

Answer:

The concentration of minor proteins in the WPC (41% ALA) fraction is influenced by
factors such as net charge and molecular size of the proteins. Thus, it is not possible to
comment meaningfully on the likely concentration of them in fractionated WPC (41%
ALA).



Rachel Morissette, Ph.D. page 3
March 8, 2019

Specifically for osteopontin, a western blot analysis (shown) was performed showing that
almost none of the full-length or truncated osteopontin from the raw material remains in
Lacprodan Alpha-10 (fractionated WPC (41% ALA)).

6. You have referred to the use of ultrafiltration and the review by Kamau et al.
(2010) to support the method of manufacture. Without giving confidential details, please
clarify if precipitation/aggregation, enzyme treatment, or chromatography (ion exchange
or gel filtration) are used in addition to ultrafiltration.

Answer:
No, the manufacture of fractionated WPC (41% ALA) does not employ
precipitation/aggregation, enzyme treatment, or chromatography (ion exchange or gel
filtration).

Sincerely,

James T..Heimbach, Ph.D., F.A.C.N.



From: Jim Heimbach

To: Morissette, Rachel

Subject: FW: alternate reference

Date: Wednesday, April 03, 2019 3:39:21 PM
Attachments: DePeters 1992, NPN composition bovine milk.pdf
Rachel--

Please find attached a reference in English instead of German. The authors in this paper
reference their finding to the original German language reference provided.
Hope this will suffice.

Regards
Jim

James T. Heimbach, Ph.D., F.A.C.N.
JHeimbach LLC

923 Water Street, Box 66

Port Royal VA 22535

USA

jh@jheimbach.com

Tel (+1) 804-742-5543

Cell (+1) 202-320-3063


mailto:jh@jheimbach.com

Eighteen pages have been removed in accordance with copyright laws. The removed reference
Is:

DePeters, E., Ferguson, J. 1992. "Nonprotein Nitrogen and Protein Distribution in the Milk of
Cows." Journal of Dairy Science. Vol. 75, No. 11.



	GRAS Notice 809 for Fractionated whey protein concentrate containing 41% alpha-lactalbumin
	Table of Contents  
	Part  1: Signed Statements and Certification  
	Part  2: Identity, Methods of Manufacture, Specifications, and Physical  and Technical Effect  
	2.1. Name of the GRAS Substance  
	2.2. Source, Description, Manufacture, and Specifications  of the GRAS Substance  2.2.1. Source  
	2.3. Stability  
	2.4. Technical Effect  
	2.5  Regulatory Status  of Alpha-Lactalbumin   

	Part  3: Dietary Exposure  
	3.1. Intended Conditions of Use  
	3.2. Estimated Daily Exposure  

	Part  4: Self-limiting  Levels  of Use  
	Part  5: Experience Based on Common Use  in Food  
	Part  6: Narrative  
	6.1. Pharmacokinetics  
	6.2. Animal Studies  
	6.3. Human Studies  
	6.8. Safety Assessment and GRAS Determination  
	6.9. Statement Regarding Information Inconsistent with GRAS  
	6.10. Statement of the Expert Panel 

	Part 7: List of Supporting Data  and Information  

	2018-09-27 Amendment Email.pdf
	2018-12-20 Amendment Email.pdf
	2019-02-01 Amendment Email2.pdf
	Appendix.pdf
	Chemistry Q1.a and Q1.b


	 Responses to FDA  Questions:  
	2019-03-08 Amendment Email.pdf
	2019-04-03 Amendment Email.pdf


Nonprotein Nitrogen and Protein Distribution in the Milk of Cows

ABSTRACT

The NPN content of milk represents
only 5 to 6% of the total N in milk.
However, the significance of this milk N
fraction to energy and N metabolism in
the dairy cow has not been well charac-
terized. The single largest contributor to
the NPN fraction of milk NPN is urea.
Urea equilibrates in body water, and
blood urea is the primary source of milk
urea. The urea in milk can be derived
from at least two sources: the end
product of digestion and amino acid
catabolism. Blood urea N was positively
associated with intakes of ruminally
degradable and undegradable protein and
negatively associated with intake of net
energy. Consequently, it might be possi-
ble to develop a system to evaluate the
dietary protein and energy status of the
lactating dairy cow employing milk urea
in conjunction with milk true protein.
(Key words: milk nitrogen, nonprotein
nitrogen, milk urea)

Abbreviation key: BUN = blood urea N, EE
= ether extract, DIP = ruminally degradable
protein, MUN = milk urea N, P:E = protein to
energy ratio, TP = true protein, TPY = true
protein yield, UIP = ruminally undegradable
protein.

INTRODUCTION

Interest in the protein content of milk is
increasing in the US. This is probably related
to the increasing proportion of the milk
produced for the fluid market but actually uti-
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lized for manufactured products. In addition,
human health concerns about animal fats result
in development of milk pricing systems that
place less economic emphasis on milk fat. As
milk pricing schemes that place more eco-
nomic emphasis on milk protein evolve, ques-
tions arise about current methods used to esti-
mate the protein content—or more accurately
N content—of milk and about factors that con-
trol milk N content and yield.

A brief review of factors influencing the
total N fractions of milk is presented as an
introduction. For more complete discussions of
N components of milk the reader is referred to
the literature (25, 59, 88, 90, 91). The focus of
this paper is the NPN fraction of milk. The
NPN fraction of milk N is gaining attention
because of its impact on testing procedures.
Other papers in this symposium discuss the
implications of testing procedures that are
based on either total protein (CP) or true pro-
tein content of milk. In addition, this paper
addresses potential relationships between the
diet of the cow and the NPN content of the
milk.

TOTAL MILK N

Some confusion exists as to what is meant
by milk protein as a consequence of the vari-
ous methods used for N determinations. Typi-
cally, the CP content (percentage) of milk is
measured as total Kjeldahl percentage of N
times 6.38 (2). The Kjeldahl procedure ac-
curately measures the total N content of milk.
However, to convert total N percentage to
protein, one assumes incorrectly (50), that all
proteins in milk contain 15.7% N. Some (50)
have proposed that a conversion factor of 6.34
be used. Although this might be an improve-
ment, any change in the relative proportions of
proteins in milk will alter the appropriate fac-
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tor. The N-containing portions of milk can be
divided into three broad fractions, including
casein, whey protein, and NPN (84). Of the
total milk N across a limited number of breeds,
approximately 78.5% was associated with the
casein fraction, 16.5% with the whey protein
fraction, and 5.0% with the NPN fraction (84),
which is similar to later observations (17). The
composition of each fraction varies. For exam-
ple, the casein fraction is composed of proteins
from four gene products, including o-, Og-,
B-, and K-caseins. Because the grams of pro-
tein per gram of N are not constant for each of
the fractions, and the relative proportions of
each of the three fractions (casein, whey pro-
tein, and NPN) can vary, a single correction
factor cannot be obtained that is entirely cor-
rect for converting Kjeldah! percentage of N to
protein.

True protein (TP) comprises proteins syn-
thesized within the mammary gland (for exam-
ple, the casein proteins) and proteins derived
preformed from the blood (for example, bovine
serum albumin). True protein is measured by
Kjeldahl analysis either directly on a TCA
precipitate or indirectly as total Kjeldahl per-
centage of N minus the Kjeldahl percentage of
NPN; both techniques employ a conversion
factor of 6.38 (2). The Kjeldahl procedure is
tedious, but accurate. The direct method re-
quires less time than the indirect method.
However, because total N, TP, and NPN are
computed with the conversion factor of 6.38,
the same limitations apply. True protein con-
tent might also be estimated by either dye
binding or infrared procedures because neither
method measures the NPN fraction of milk N.
Saources of error do exist with these techniques.
For example, casein proteins have a lower dye
binding capacity than whey proteins, and the
dye binding procedure assumes that the
proportion of casein and whey proteins in milk
does not vary. This latter assumption is incor-
rect because nutrition and stage of lactation
can affect the casein number (proportion of
total N in the casein fraction) of milk.

In general, many research reports do not
distinguish between CP or TP when referring
to the protein content of milk. Therefore, cau-
tion must be exercised when reading the litera-
ture. Crude protein is the better measure of
total N in milk because it accounts for the
NPN fraction, approximately 5% of the total
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TABLE 1. Casein content of milk by region within
California.!

Casein content?

Area Herds Mean SD  Min Max
(n) (%)

Northwest Coast 55 3.13 27 260 3.64
North Bay and

North San

Joaquin 141 271 25 210 3.30
South San

Joaquin 129 2.61 21 223 3.31
Southern

California 115 2.51 21 1.77 3.04

1Adapted from Bruhn (11).

2Casein content as determined by Kjeldahl determina-
tion. Min = Minimum and Max = maximum values,

milk N. True protein does not account for the
NEN fraction. This could be an advantage in
animal breeding programs and in evaluation of
the manufacturing properties and nutritional
qualities of the milk. Deciding the better meas-
ure for expression of milk protein is likely to
result in much debate and is addressed in
subsequent papers in this symposium.

FACTORS AFFECTING MILK N

Recently, Barbano (4) reported that regional
differences in the composition of milk fat,
protein, and SNF exist within the US. Bruhn
(11) previously reported that, within Califor-
nia, regional differences existed in the protein
content of milk. From northern to southern
California, the content of total protein and
casein decreased, and casein number of cow’s
milk decreased. Casein content of bulk tank
samples decreased from 3.13% for the north-
west coast region to a low of 2.51% for the
southern region (Table 1). Of special interest is
the range in casein content within each region.
Factors that could contribute to these differ-
ences are discussed, although more informa-
tion was provided in an earlier report (25).

Breed

Distinctive breed differences exist in the N
composition of milk. Milk from Holstein cows
has the lowest content of CP, TP, and casein,
and milk from the Jersey breed is highest (17).

Journal of Dairy Science Vol. 75, No. 11, 1992
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Also, within each breed considerable variation
exists in the protein content of milk that is
similar to the variation that exists for milk fat
content. Genetic variation allows for selection
pressure in breeding programs to increase the
protein content (CP, TP, or casein) of milk.
Cerbulis and Farrell (17) observed less varia-
tion in casein number of milk from the Jersey
breed than from other breeds.

The NPN content of milk is less variable
among breeds, but range within a given breed
is considerable. The NPN fraction accounts for
only 4.9% of the total N in milk across all
breeds (17). However, the NPN distribution in
total N ranged from 2.8 to 10.6% (17), which
is quite variable and deserving of further
research.

Environmental Temperature

In general, high environmental temperatures
reduce the total protein content of milk (33).
Across four dairy breeds in California (12}, the
protein concentration of milk was higher dur-
ing winter than during summer, which is in
agreement with results summarized by Linn
(59). Changes in milk NPN content with en-
vironmental temperature are uncertain but ap-
pear to be similar in pattern to protein content
(68). Verdi et al. (93) reported that NPN ex-
pressed as a percentage of total Kjeldahl N was
highest in summer and lowest in winter.

Disease

Milk from mastitic glands is lower in casein
content and higher in noncasein protein con-
tent than milk from healthy glands (33, 84).
The change in TP content is often small be-
cause of the redistribution of milk N from
casein to whey protein fraction as measured by
classical Rowland fractionation followed by
Kjeldahl N analysis. It is unclear whether this
redistribution of milk N is due to a decrease in
casein synthesis with a corresponding increase
in whey protein synthesis or is due to in-
creased casein proteolysis. The whey protein
fraction determined by the isoelectric precipita-
tion of casein at pH 4.6 followed by Kjeldahl
N analysis can include casein breakdown
products. Therefore, changes in N distribution
of mastitic milk (84) could be related to plas-
min activity in the mastitic gland (49) and to
the methodology employed in measurement of
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the various milk N fractions. Verdi et al. (93)
reported that casein as a percentage of TP was
lower in high SCC milk (673,000 cells/ml)
than in low SCC milk (176,000). The proteo-
lytic activity in the high SCC milk was also
greater than that observed in the low SCC
milk, which resulted in an increased break-
down of intact casein and a corresponding
increase in casein proteolytic products as deter-
mined by electrophoresis (93). Electrophoretic
analysis indicated that the proteolysis products
were likely produced by plasmin.

The relationship between mastitis and NPN
is unclear. A small but significant relationship
between SCC and NPN was reported (68). In
contrast, Verdi et al. (93) observed no relation-
ship between SCC and NPN content measured
as a percentage of total N; they determined
that NPN was a relatively insensitive indicator
of casein proteolysis.

Stage of Lactation

Contents of total N, casein, and NPN
decrease rapidly following calving to a low at
about 5 to 10 wk of lactation, followed by a
gradual increase through the end of lactation
(68, 78). The NPN as a percentage of total
Kjeldahl N followed a similar trend with ad-
vancing stage of lactation (68).

Parity

As parity number increases, casein content
of milk declines. Total CP may not change
because of a rise in the noncasein proteins
(78). As discussed previously for mastitis ef-
fects, it is unclear whether changes because of
parity are a result of milk protein synthesis or
of the methodology used in their measurement.
Generally, contents of total protein and casein
are highest for an individual cow in her first
lactation (96). The NPN content changes with
age of the cow (68), but differences are small.

Nutrition

Alteration of dietary constituents affects
milk N. Milk protein increased .015% units/
Mcal of increased net energy intake when the
energy was derived from grain or roughage
(31). Energy intake and milk protein percen-
tage were positively correlated (r = .42).
Sporndly (86) also observed positive correla-
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Figure 1. Variation within experiment in the protein
content of milk in response to variation in estimated
energy intake for diets excluding supplemental fat. Devia-
tions (DEV) from the mean of milk protein content for
each experiment were regressed linearly on the DEV from
the mean estimated net energy intake of cows per day for
each experiment. Data from references (32, 37, 38, 57, 60,
61, 70, 94, 97).

tions between the amount and concentration of
metabolizable energy and either milk protein
content (r = .42 and .31, respectively) or pro-
tein yield (r = .89 and .65, respectively). Rela-
tionships were similar when we analyzed data
from previously reported studies in a fashion
similar to the techniques of Emery (31) by
which deviations from the mean of milk pro-
tein content and yield for each treatment group
for each individual experiment were linearly
regressed on the deviations from the mean
energy or fat intake of each group for each
study used (Figures 1, 2, 3, and 4). As NEp

Y = 00026 + (DI9HX

Milk Protein {DEV x kg/d)

Net Energy Intake (DEV x Mcai/d

Figure 2. Variation within experiment in the yield of
milk protein in response to variation in estimated energy
intake for diets excluding supplemental fat. Deviations
(DEV) from the mean milk protein yield for each experi-
ment were regressed linearly on the DEV from the mean
estimated net energy intake of cows per day for each
experiment. Data from references (32, 37, 38, 57, 60, 61,
70, 94, 97).
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Figure 3. Variation within experiment in the protein
content of milk in response to variation in estimated fat
intake. Deviations (DEV) from the mean milk protein
content for each experiment were regressed linearly on the
DEV from the mean estimated fat intake of cows per day
for each experiment. Data from references (3, 5, 21, 27,
28, 29, 39, 62, 64, 65, 85, 87).

intake increased, protein content increased (r =
.76), and protein yield increased (r = .92). For
each 1-Mcal increase in NEp intake, protein
percentage increased .023 percentage units
(Figure 1), and protein yield increased .02 kg
(Figure 2). Factors contributing to the effect of
NE_, intake through grain and roughage feed-
ing on milk N are not completely elucidated
(25), but they surely involve ruminal and post-
ruminal effects.

Dietary fat, either as fats or oils, poses a
unique problem. In a number of studies (26,
27, 28, 29, 30), milk N content has been
decreased by dietary fat. Milk N depression
has occurred with either ruminally protected or
ruminally unprotected fat (65), suggesting that
ruminal and postruminal factors are involved.
Milk protein percentage declined from .1 to .3
percentage units with added dietary fat (31).
Subsequently, Sporndly (86) reported that pro-
tein content was negatively correlated (r =
—.24), but protein yield was positively cor-
related (r = .31), with ether extract (EE) con-
centration of the diet. Removal of the effect of
energy intake improved the correlation (r =
-.32) between EE concentration and milk pro-
tein content, suggestive of a distinct effect of
dietary fat on milk protein.

Intake of NE; when dietary fat contributed
to dietary energy was not related to protein
content {r = .05) but was comelated to milk
protein yield (r = .71). Protein content was
negatively correlated with EE intake (r = —.49)
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and calculated fat intake (r = ~.69) (Figure 3),
but the correlations between protein yield and
EE intake (r = -.01) and fat intake (r = —.07)
(Figure 4) were low.

The question of a dilution effect often arises
when relating the response of milk protein
content to dietary fat. This results because,
when fats are consumed, milk yield generally
increases if cows are in negative energy
balance. The increase in milk volume is pro-
posed as a cause of the reduction in protein
content. This issue was addressed by DePeters
and Cant (25). However, for dilution to ac-
count for 100% of the change in milk protein
content, protein yield must remain unchanged.
Because yields of milk N components (casein,
whey protein, and NPN) increase at differing
proportions when cows consume dietary fat
instead of the basal diet (25) and because
amino acids that are supplied postruminally
(13, 19) to cows fed diets containing fat in-
crease milk protein content, dilution alone is
likely not the sole answer. The biochemical
and physiological mechanisms involved need
elucidation. Effects are most probably related
to ruminal and postruminal effects, and blood
flow to the mammary gland was recently sug-
gested (25) to be a causative factor.

It is fairly well accepted that dietary protein
has little influence on milk protein unless
dietary protein is severely restricted (91). This
is supported by the observations of Gordon
(36) that milk protein did not increase when

. )' ¥ = 000005 - (-.011X
T
3 08 .
2 ., +
x + + .
- < +
2 03 ++ 4+ +
5 + + * 4+ +
e i b
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Figure 4. Variation within experiment in the protein
yield of milk in response to variation in estimated fat
intake. Deviations (DEV) from the mean milk protein
yield for each experiment were regressed linearly on the
DEV from the mean estimated fat intake of cows per day
for each experiment. Data from references (3, S, 21, 27,
28, 29, 39, 62, 64, 65, 86, 87).
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Figure 5. Protein content (protein = % Kjeldahl N x
6.38) of milk in response to dietary CP content. Data are
adapted from Gordon (36) for diets containing concen-
trates with 12 (¢), 18 (A), and 24% (®) CP.

dietary CP concentration exceeded approxi-
mately 17% (Figure 5), although it is difficult
to estimate at what dietary CP concentration
requirements were exceeded.

Emery (31) reported that the protein content
of milk increased .02% for each 1% increase in
dietary CP (r = .59) when CP was not derived
from urea. In contrast, Sporndly (86) observed
no relationship between the protein content of
milk and the protein concentration of the diet
(r = .06). Intake of CP was correlated with
milk protein content (r = .25) and protein yield
(r = .69). When the effect of energy was
removed, the correlation was negative (r =
—.17) between protein intake and the protein
content of milk. The effects of dietary protein
and energy intake are difficult to separate be-
cause dietary protein can influence feed intake
and diet digestibility.

Recent studies suggested that dietary pro-
tein intake might influence milk protein. Inclu-
sion of fish meal, a low ruminally degradable
protein (DIP), in the diet of lactating cows
increased total milk N (8, 26) and casein con-
tents (26). Infusion of casein postruminally
(15, 23) and feeding of protected amino acids
(13, 19) to cows have frequently increased the
protein content of milk. Although casein infu-
sion and protected amino acids alter the
balance of amino acids available for absorp-
tion, they also increase the amount of total
NAN flowing to the duodenum. Total NAN
flow to the duodenum and its amino acid
composition often are not changed by altering
the ruminally undegraded protein (UIP) to DIP
ratio of the diet. This may be a more important
regulator of amino acid supply for milk protein
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yield because abomasal casein infusion and
protected amino acids in the diet increase the
flow of total NAN. Likewise, altering ruminal
available energy might not alter total NAN
flow to the duodenum even though the ratio of
dietary to microbial N is different. Increased
organic matter fermented in the rumen in-
creases microbial N flow to the duodenum
without necessarily affecting either the effi-
ciency of microbial protein synthesis in the
rumen or total N flow to the duodenum (77).
An important limitation to increasing milk pro-
tein synthesis by the mammary gland as well
as milk yield might be the inability to increase
significantly the quantity of NAN (or amino
acid) flow to the duodenum.

MILK NPN

The NPN fraction of cow’s milk is probably
the least understood fraction of N contributing
to the total N content. As little as 25% to as
much as 37% of the NPN fraction is estimated
to be still unidentified (56, 99). The NPN
concentration of milk is reported to be approx-
imately 25 to 30 mg/100 ml of milk (48).
Thus, NPN will constitute only 5 to 6% of the
total N in cow’s milk (48, 56), which is rela-
tively minor compared with the casein and
whey fractions of milk N. However, its impor-
tance to the cow, humans, and the manufactur-
ing properties of milk is unclear.

Jenness and Patton (47) reported a “notable
resemblance” between the compounds found in
the NPN fraction of milk and those found in
the urine of cows, suggesting that most of the
NPN compounds are end products of N
metabolism within the cow. Consequently,
compounds contributing to the NPN fraction
are thought to be largely derived from the
blood (47, 56). However, there are amino acids
and peptides in the NPN fraction that could be
either derived from the blood or result from
the degradation of milk proteins. Clearly, more
research is needed to describe the constituents
of milk NPN and to elucidate their biological
importance. A list of the constituents that con-
stitute the NPN fraction is given in Table 2.

A major component of milk NPN is urea N,
accounting for 35% (56) to 48% (99) of the
urea N. Kaufmann (51) reported that urea may
constitute from 20 to 75% of the NPN fraction.
The contribution of urea N to the NPN fraction
can be quite variable and will vary with cow
(81), breed (17, 99), stage of lactation and
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TABLE 2. Composition of the NPN fraction of cow’s
milk.!

Item Component
(mg/100 g of milk)
NPN 29.64
Urea N 14.21
Ammonia N .88
Creatine N 2.55
Creatinine N 1.21
Uric acid N .78
a-Amino N 4.43
Orotic acid N 1.46
Peptide N 320
Hippuric acid N 44
Unknown A48

1Adapted from Wolfschoon-Pombo and Klostermeyer
(99).

season (99), and diet (81). However, Kauf-
mann (51) reported that changes in milk urea
N that have been attributed to breed differ-
ences, stage of lactation, and season are likely
related to dietary changes. Regardless, the data
available indicate that wide variation exists in
milk urea N concentration. In addition, the
majority of research available on the consti-
tuents of milk NPN refer to the urea N frac-
tion, and, for this reason, the present paper is
directed toward evaluating nutritional factors
affecting milk urea N.

Source of Milk Urea N

As mentioned earlier, blood is the major
source of NPN in cow’s milk. Milk urea N
(MUN) is probably derived primarily from
blood urea N (BUN) because urea equilibrates
with the body water. This equilibration ac-
counts for the high correlation between MUN
and BUN (63, 72, 73, 92). Other sources for
MUN exist, for example, arginine catabolism
in the gland (1), but they are likely to be of
less importance. The N in BUN can be derived
from at least two sources, digestion of
nitrogenous compounds within the gastrointes-
tinal tract or amino acid catabolism in the
liver. These two sources are briefly addressed
in relation to diet.

Digestion

Ammonia resulting from ruminal digestion
of nitrogenous compounds can be a major
contributor to BUN. Bodeker et al. (6) pro-
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TABLE 3. Yield performance of dairy cows in response to intraruminal infusion of urea.!

Amount of urea infused

Ttem 0 gd 170 gid 300 g/d 500 g/d 660 g/d
Rumen NHj,2 mg/L 159 244 322 376 511
Plasma NH3,2 mg/L 1.65 1.60 1.46 1.63 337
Plasma urea,2 mg/L 251 390 473 564 647
Milk,2 kg/d 23.1 233 23.0 21.5 18.3
CP3 % 3.07 324 338 352 3.50
CP.2 g/d 709 756 778 756 640
TP % 2.87 3.05 3.18 321 3.20
TP2 g/d 663 710 732 691 585
NPN2 % N 024 032 034 04 045
Calculated NPN,5 % 031 030 032 049 047
NPNS % total N 499 6.30 6.42 197 8.20

IAdapted from Choung et al. (18).
2Reported data.
3Percentage = (CP yield/milk yield) x 100%.

4True protein (TP) percentage = (TP yield/milk yield) x 100%.
5Calculated NPN percentage = [(CP percentage — TP percentage)/6.38].
SNPN = [Reported NPN percentage/(calculated CP/6.38)] x 100%.

posed that ammonia is removed from ruminal
fluid by three routes: 1) flow of liquid from the
rumen, 2) absorption across the rumen wall,
and 3) incorporation into microbial protein.
The first two routes could substantially con-
tribute to BUN. In the systemic circulation,

ammonia (NH, and NH}) at moderate concen-

trations can be toxic to mammalian cells (95).
Toxicity is prevented by the capacity of the
liver to detoxify ammnonia through its conver-
sion to urea (89). Continuous intraruminal in-
fusion of urea increased concentrations of ru-
minal NH3 and plasma urea in lactating cows
(18). Plasma NH; concentration remained
fairly stable until infusion rates exceeded 500
g of urea daily, at which time the capacity of
the liver to detoxify NH3 was probably ex-
ceeded, and plasma NH;3 concentrations in-
creased (Table 3). The NPN content of milk
increased with increasing amounts of urea in-
fused, as did the proportion of total milk N
associated with the NPN fraction. In this study,
TP content and yield increased with infusion
of 170 and 330 g of urea. This did not occur in
a second study with lower yielding cows, sug-
gesting that a portion of the urea infused into
the rumen was being incorporated into
microbial protein. Rohr (77) observed no effect
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on microbial N flow to the duodenum when 20
to 26% of the total dietary protein was
replaced by urea. The diets used by Choung et
al. (18) appear to have supplied adequate pro-
tein intake even without the addition of urea.
The addition of urea increased the CP equiva-
lent of diets to as high as 30.5%. These data
suggest that the effects of urea in the rumen
need further study.

Research on the relationship between diet
and MUN has increased in recent years (72,
76, 81). There are proposals that MUN be used
as an indicator of nutritional status of the cow
(54). Refsdal et al. (76) suggested using MUN
in bulk tank milk as an index of the adequacy
of protein to energy ratio of the diet at the herd
level.

In early work, Lewis (58) reported that the
concentration of BUN was positively cor-
related with ruminal ammonia concentrations.
He also reported that BUN was directly af-
fected by ruminal ammonia production and not
total dietary N intake. He demonstrated this by
altering ruminal ammonia through the protein
supplement fed, casein, or zein. Addition of
ruminally available energy, e.g. starch, to
casein diets resulted in a decline in both rumi-
nal ammonia and in BUN, illustrating the im-
portance of protein to energy ratio (P:E) in the
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diet and ruminal N utilization. In support of
these early findings, protein intake (44, 81)
and P:E of the diet (51, 73, 76) have been
demonstrated to be effectors of urea concentra-
tion in blood and milk.

Many researchers (53) have reported a
strong relationship between MUN and BUN.
Others have observed a close relationship be-
tween BUN and MUN and dietary P:E. In-
creasing dietary content of CP (11.6, 14.5, and
17.6%) in isoenergetic diets yielded a linear
increase in the urea content of milk (8.7, 17.7,
and 29.4 mg/100 ml, respectively). When P:E
was held constant, MUN content changed little
(73). A reanalysis of their data based on mean
data for each period illustrates that the rela-
tionship between urea concentration in milk
and P:E intake (r = .96) is greater than milk
urea to each component individually (r = .56
and r = -.56) for protein and energy intakes,
respectively, supporting the importance of P:E
of the diet to milk urea content.

Increasing protein intake resulted in in-
creases in ruminal ammonia, BUN, and MUN
(81). Milk urea concentration was correlated (r
= .74) with dietary DIP (measured as protein
balance in the rumen) content and, to a lesser
degree (r = .30), with UIP (measured as
amount of amino acids absorbed from the in-
testine). Increasing energy intake reduced ru-
minal ammonia N and MUN. Urea concentra-
tion in milk was related to the concentration of
ruminal ammonia N (r = .75), which was
somewhat lower than the relationship observed
between MUN and BUN (r = .88).

Even though the relationship between rumi-
nal ammonia and blood urea is accepted,
reports (9, 58, 74) suggest that some variance
exists. Supplementation of diets based on al-
falfa silage with protein sources varying in
ruminal degradability did not affect ruminal
fluid ammonia concentration, but MUN and
BUN were affected (9). The relationship be-
tween DIP and BUN was not close. This lack
of relationship also appeared in the early work
of Lewis (58), in which ruminal fluid ammonia
concentration was reduced by the substitution
of casein by zein, but BUN was not altered.
Piatkowski and Voight (74) infused 50 g of
urea !N into the rumens of cows fed diets
containing either 9.6 or 14.3% CP. On the high
protein diet, less 15N was incorporated into the
TCA-precipitable N at the duodenum at 72 h,
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and more appeared in the urine at 96 h, than
with the low protein diet. For the higher pro-
tein diet also, less 15N appeared in the TCA-
precipitable N fraction of milk, which might
reflect a lower incorporation of urea !5N into
microbial protein because of a greater dilution
of [15N]ammonia by dietary N, but the propor-
tion of 15N that appeared in the TCA-soluble
fraction of milk N did not change. These
results further suggest that N within the NPN
portion of milk is derived from N pools in
addition to the rumen.

Roseler (82) and Roseler et al. (83) fed
diets that altered the supply of DIP and UIP
and CP to investigate the effect of varying
dietary protein on milk N fractions (Table 4).
Fish meal and blood meal were used to alter
DIP and UIP. Diets A and E were low and
excessive in dietary CP, respectively, but diets
B, C, and D were similar in CP concentration.
Varying DIP and UIP influenced milk yield
and yield of N constituents in milk but did not
influence CP or TP contents of milk. Yields of
TP (TPY) and CP were influenced by diet.
Highest TPY was achieved with diet E. Blood
urea N was altered by both DIP and UIP.

Also, NPN content of milk increased when
cows consumed diets containing added fat
(29). Although dietary fat has been associated
with a depression in ruminal fiber digestion,
few data are available to indicate that ruminal
N metabolism is adversely affected (25) such
that reduced utilization of ruminal ammonia
contributes to BUN and, subsequently, MUN.
Studies evaluating the effects of dietary fat on
N metabolism in the rumen of dairy cows,
particularly those pertaining to microbial N
production and feed protein degradation, are
limited. Total NAN flow from the abomasum
of lactating dairy cows remained unchanged
when fat replaced carbohydrate (66). However,
microbial N flow tended to increase with sup-
plemental fat, and feed N flow to the duode-
num decreased. Zinn (100) observed an in-
creased efficiency of microbial protein
synthesis with fat inclusion in the diet. Conse-
quently, fat does not appear to affect ruminal
N metabolism adversely.

Ruminal pH has also been linked to ammo-
nia absorption. Infusion of ammonium chloride
intraruminally elevated ruminal ammonia con-
centration above concentrations in the control
(uninfused) group (52). Overall mean concen-
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TABLE 4. A summary of two Latin square trials investigating the effects of varying ruminally degradable (DIP) and
undegradable protein (UIP) on milk yield and composition.!

Diets
Item2 A B C D E SEM
CP, % of DM 124 14.8 159 16.5 18.8
DIP, % of CP 62.5 61.2 69.7 545 66.7
Percentage of
requirement3
DIP, % of CP 90 112 140 104 150
UIP, % of CP 87 112 100 150 112
Milk yield
and composition
Milk, kg 20.90 22,7ab 21.62 22.1a 24.0b .85
CP, % 339 331 3.28 3.37 343 .05
TP, % 3.21 3.09 3.06 3.13 319 .03
Fat, % 3.83 364 3.87 3.86 3.70 18
NPN, % 1812 212 223k .233% .242¢
NUNPN, % 152 150 146 147 141
BUN, mg/dl 7.3% 12.5x 14.7y 16.3y 19.22 52
MUN, mg/d} 4.7% 9.9x 12.3y 13.8y 16.42 47
Yield in milk,
N, gid
Total CP, N 110.4 117.0% 109.9% 115.9x 129.0v 31
Total TP, N 104.4x 109.2x 102.3x 107.7x 119.6¥ 2.8
NPN 6.0¢ 7.7 7.6y 8.2y 9.4z 2
NUNPN 48 5.1 4.7 49 5.0 2
Nonurea, % NPN 80.0 66.1 61.8 59.8 532
Urea, % NPN 20.0 339 38.2 40.2 46.8
NUNPN, % TP 4.6 47 46 45 42

a.bcMeans within a row with different superscripts differ (P < .10).

xyZMeans within a row with different superscripts differ (P < .05).

!Adapted from Roseler (82) and Roseler et al. (83). Diets fed to 10 lactating Holstein cows.

2TP = True protein in milk, BUN = blood urea N, MUN = milk urea N, NUNPN = nonurea NPN on an N basis.
3Requirement calculated based on milk yield and body weight based on NRC (67).

trations of blood ammonia and BUN tended to
be lower with ammonium chloride infusion,
leading to the proposal that the lower ruminal
pH reduced ammonia absorption across the
rumen wall. Whether the small difference in
pH observed by Kertz et al. (52) could account
for differences in ammonia absorption across
the rumen wall is unclear; Choung et al. (18)
found that a pH range of 5.9 to 6.4 did not
affect blood NH3 concentration when urea was
infused into the rumen (18). An additional
factor that could complicate the interpretation
of the work of Kertz et al. (52) is the impact of
ammonium chloride on the acid-base balance
of the cows. In nonruminants, ammonium
chloride causes metabolic acidosis, but its ef-
fect on ruminants is not well described (7).
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What relationship this might have to the obser-
vations of Kertz et al. (52) is uncertain.

It is also interesting to note that absorption
of VFA could be linked to NHj3 absorption
from the rumen via the secretion of HCOj3 ions
into the rumen (6). Dietary fat either reduced
the total concentration of ruminal VFA in vivo
(5) and in vitro (45) or resulted in no change
(46). Similarly, ruminal NHj3 concentration
was increased in one study (46) but decreased
in another (55) in response to dietary fat. Am-
monia utilization in the rumen in response to
dietary fat deserves further study.

Thus, information is sufficient to suggest
that sources of N in addition to ruminal ammo-
nia are contributing to milk NPN, specifically
MUN. Amino acid catabolism is a significant
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contributor to the BUN pool, reported to ac-
count for approximately one-third of urea N
production in lactating cows (10).

Amino Acid Catabolism

Amino acid catabolism is an important con-
tributor to BUN (10), and, therefore, protein
catabolism could explain differences observed
for diets of varying UIP and DIP intakes be-
cause excesses or imbalances of absorbed
amino acids could result in their catabolism.

Veen and Bakker (92) concluded from their
work “that the urea concentration in blood was
determined more by protein catabolism than by
ammonia production in the rumen” (p. 60)
when diets containing slowly and rapidly DIP
were fed. In their study, BUN was higher
when a diet containing more slowly DIP was
fed than with a diet containing rapidly DIP.
Total plasma concentrations of alanine, serine,
glycine, aspartic acid, and glutamic acid were
lower for cows receiving the slowly DIP. Be-
cause these amino acids can be used for glu-
cose synthesis, Veen and Bakker (92) theo-
rized that, as a consequence of lower blood
insulin, utilization of those amino acids in
gluconeogenesis would cause the increased
BUN observed for the slowly DIP diet. These
researchers observed a slightly lower plasma
insulin concentration in one study with slowly
DIP.

Whitelaw et al. (98) observed that BUN
increased in response to abomasal infusion of
casein only when N retention was positive.
Based on changes in plasma amino acid con-
centrations, those researchers proposed that
amino acid catabolism and urea formation
were increased. Cant (unpublished data) ob-
served that casein infusion into the abomasum
increased TP yield and decreased BUN con-
centration compared with casein infusion into
the rumen. Casein infusion into the abomasum
improved N retention, a response proposed to
be a consequence of providing an appropriate
amino acid balance for protein synthesis (22).

Catabolism of amino acids in the dairy cow
and its contribution to MUN requires further
study. Oddy et al. (69) observed that oxidation
of leucine varied with stage of lactation; it was
higher in late than in early lactation in the
mammary glands of goats. However, those
authors (69) proposed that the oxidation of
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TABLE 5. Response of urea and protein content of milk to
nutritional status of the cow.l

Urea Protein
Status content  content
Restriction of energy ™ s
Excess energy { T
Restriction of protein N ~
Excess protein T ~
Restriction of energy and protein  ~ A
Excess energy and protein ™ T
Restriction of energy, excess
protein ™ W
Restriction of protein, excess
energy i) T

lAdapted from Kirchgessner et al. (54) with T =
increase, | = decrease, and ~ = insignificant variation.

amino acids was likely to be of minor impor-
tance. Small changes in amino acid catabolism
as a result of imbalances or excesses might be
reflected in changes in BUN and MUN con-
centrations.

Therefore, with the knowledge that MUN
can be derived from the digestive tract as well
as amino acid catabolism, a system may be
developed to use milk N as a monitoring tool
for nutrition. Kirchgessner et al. (54) summa-
rized their research describing responses of
milk urea and milk protein contents to either
energy or protein malnutrition in lactating
dairy cows (Table 5). In their work, milk
protein was determined predominately by in-
frared procedures and, therefore, is more
closely representative of the TP than the CP
content of milk. However, this report did not
evaluate the effects of DIP and UIP that have
an impact on milk N. The following section
addresses the impacts of DIP and UIP on milk
urea and TP.

APPLICATION

Because protein is an expensive feed sup-
plement and because inefficiency of protein
feeding contributes to environmental contami-
nation and may have a negative impact on
health and reproduction (14, 34, 40, 79),
monitoring MUN or NPN in bulk milk has
been suggested as a method for assessing effi-
ciency of protein feeding in dairy herds (16,
51, 75, 76, 79, 80). In order to use bulk MUN
or NPN to monitor protein feeding, the ranges
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for normal MUN and NPN values with varying
milk yield and feeding systems need to be
identified. Furthermore, factors that influence
milk NPN and urea need to be defined quan-
titatively. Urea and NPN in milk need to be
evaluated in relation to TPY in milk. In addi-
tion to problems associated with defining nor-
mal milk NPN and urea, bulk MUN represents
an amalgamation of the herd and may not
reflect inefficiencies within feeding groups.
Only gross problems associated with excessive
or deficient feeding of protein across a large
percentage of the herd may be apparent in
changes in bulk milk; excesses and deficien-
cies within groups may cancel one another,
and bulk milk urea concentration may appear
to be normal.

Bulk MUN concentration may be too crude
and too insensitive to assess protein feeding in
herds. However, evaluation of urea or NPN
and TP in samples from individual cows may
be beneficial to evaluate feeding programs on
farms. Individual cow sampling would allow
control of days in milk, feeding group, and age
in evaluating TP and NPN in milk to assess
protein feeding efficiency within a dairy herd.
This does not eliminate the problems of iden-
tifying ranges of normal for TP and milk urea
and NPN across varying yields of milk and
quantifying factors influencing milk NPN and
MUN. Reported ranges of BUN for dairy cattle
are quite wide, 6.0 to 27 mg/dl (24) with a
mean of 13.4 mg/dl (20).

To use milk NPN or MUN as a measure of
efficiency of protein feeding, factors that in-
fluence milk N need to be more clearly
described, particularly dietary factors. Milk
urea correlates very closely with blood or
plasma urea (16, 44, 79). Milk urea constitutes
a major component of milk NPN. Thus, factors
that influence BUN influence milk NPN. Ru-
minal ammonia (80), CP intake (44, 71, 72),
energy intake (51, 71, 72), and ruminal degrad-
ability of protein sources (41, 42) influence
BUN. The influence of dietary inputs on milk
nonurea NPN has not been described.

To utilize milk components to evaluate
feeding programs in dairy herds, relationships
between diet and milk TP, MUN, and nonurea
NPN need description. Confidence limits
around normal values for these variables need
to be developed for “efficient” diets, and other
factors influencing variation from normal in
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addition to diet need to be characterized. A
reliable predictive system could be incorpo-
rated into the DHI record system.

Roseler (82) and Roseler et al. (83) exa-
mined the influence of DIP and UIP protein on
milk yield and composition using a Greco-
Latin square experimental design (Table 4).
Five dietary treatments were fed to 10 cows,
rotating treatment every 3 wk. The first 2 wk
served as an adaptation period; data were col-
lected during wk 3 for analysis of treatment
effects. Diets were formulated using a basal
total mixed ration (85% of DMI consisting of
47% corn silage, 18% legume haylage, 18%
cracked corn, and 2% vitamin-mineral mix) to
which one of five different protein supple-
ments was added (15% of DMI, diet A, 17.2%
CP; diet B, 37.8% CP; diet C, 43.9% CP; diet
D, 46.9% CP; and diet E, 59.3% CP). Protein
supplements had  distinct compositions
achieved by varying the proportions of cracked
corn, soybean meal, fish meal, and blood meal.
In vivo ruminal degradability of grain mixes,
calculated as the loss of protein from dacron
bags suspended in the rumens of cannulated
cows, was as follows: diet A, 28%; diet B,
38%; diet C, 62%; diet D, 28%; and diet E,
62%, respectively. Diets were designed to pro-
vide the following protein fractions (DIP/IUP,
as a percentage of requirement): diet A, 80/80;
diet B, 100/100; diet C, 120/80; diet D, 100/
120; and diet E, 120/120. During the 3rd wk of
each period, milk samples were collected on
the last 3 d of the week from a.m.-p.m. milk-
ings and composited by day for analysis of
total protein, TP, and urea. Serum was also
collected for urea analysis on these days. Mean
feed intake and milk yield during the 3rd wk
were examined for treatment influences on
yield.

Roseler (82) and Roseler et al. (83) ob-
served that intake of DIP and UIP influenced
serum urea N and MUN. True protein yield in
milk was influenced by UIP and total protein
intake. The NPN in milk was influenced by
milk; nonurea NPN yield did not change with
diet and was 4.2 to 4.7% of TP N (Table 4).
Changes in NPN were largely due to changes
in milk urea, which was highly correlated with
serum urea. To investigate the association be-
tween dietary inputs and milk yield and com-
position, these data were combined with data
from an earlier study performed using the
same diets.
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TABLE 6. Regression equations developed from three Latin
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square trials investigating the effects of varying ruminally

degradable (DIPIN) and ruminally undegradable protein (UIPIN) intake on milk yield and composition.!

Equation r2
1. Prediction of MUN? from BUN3 (SEM in parentheses) units mg/dl
MUN = .0206(.4251) + .838(.026) x BUN 788
2. Prediction of true protein yield (TPY) in milk 859
TPY = -.0594(.0621) + .0237(.0016) x milk (kg) .835
+.0770(.0382) x UIPIN (kg) 017
+.0043(.0022) x NEI4 (Mcal) .008
3. Prediction of BUN, mg/dl
BUN = 4.932(2.497) + 9.105(1.253) x DIPIN (kg)
+6.064(1.601) x UIPIN (kg)
-.469(.102) x NEI (Mcal) .556
4, Prediction of NPN yield (NPNY), kg
NPNY = -.0111(.0031) + .00124(.0001) x BUN (mg/dl}
+.0018(.0001) x milk (kg) .861
s. Prediction of nonurea NPN (NUNPN), kg
NUNPN = .0083(.000540) + .000166(.000019) x milk (kg)
+.00040(.00026) x UIPDIF® (kg) 553

IData from Roseler et al. (83) and Ferguson et al. (1989, unpublished data) utilizing 16 lactating Holstein cows.

2MUN = Milk urea N, mg/dl.
3BUN = Blood urea N, mg/dl.
4NEI = Intake of net energy, Mcal.

SUIPDIF = UIPIN - UIP requirement for milk and maintenance.

In addition to Roseler’s study (82), Fergu-
son et al. (1989, unpublished data) investigated
the influence of similar diets on milk yield and
composition in six Holstein cows in a Latin
square experiment. Because of the imbalanced
design, no data on dietary effects on yield or
milk protein N fractions are presented. How-
ever, data on DIP and UIP protein intake,
BUN, milk TP, MUN, and milk nonurea NPN
were included with Roseler’s data (82, 83) to
investigate relationships between diet and milk
N fractions. Data from these cows were com-
bined with Roseler’s data (82) because of
similarities in dietary ingredients, BUN, and
MUN in both studies. This resulted in 80
dietary periods that were used to examine the
relationships between intake of DIP, UIP, and
CP on serum urea N, MUN, and N fractions in
milk using multiple linear regression. Regres-
sion equations were developed to describe the
effects of diet on milk N components. Regres-
sion analysis suggests relative associations be-
tween dietary factors and milk composition
(Table 6). These data should be interpreted
cautiously because they are from specific diets.
However, they are useful to examine the mag-

nitude and strength of associations between
dietary factors and milk N fractions. Magni-
tude of association between dietary inputs and
milk protein N may differ with different feed
sources.

Milk urea N is highly correlated with BUN
(r = .888). Because urea equilibrates in free
water, the difference in MUN and BUN may
reflect differences in free water in plasma and
milk. True protein yield in milk was in-
fluenced largely by milk yield, but intake of
UIP and megacalories of net energy also had
positive effects on TPY. Because protein con-
tent of milk does not vary over a wide range,
milk yield establishes an expected range of
TPY (t? = .83). Intake of UIP, which in-
fluences protein available for metabolism to
the cow and total energy intake, modifies TPY
within a range established by milk yield. An
increase of UIP of 12.9 g would increase TPY
by 1 g An increase in 1 Mcal of net energy
intake would increase TPY by 4.3 g. The
increases in TPY correspond closely to
Emery’s (31) calculations of .015 units of CP
in milk/Mcal of net energy and .02 units per
each percentage of increase in CP in the ration.
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Blood urea N is influenced positively by
DIP and UIP and negatively by energy intake
(Table 6). Protein catabolism, whether in the
rumen or in ruminant tissues, results in eleva-
tions in BUN. The coefficient associated with
DIP intake is 1.5 times greater than that for
UIP intake. Thus, increasing DIP intake may
increase BUN at a faster rate than UIP does.
However, the 95% confidence limit for in-
crease in BUN per kilogram of UIP intake is
6.65 to 11.56 mg/dl and for increase in BUN
per kilogram of DIP is 2.94 to 9.20 mg/dl.
There is a wide range in change in BUN per
kilogram of change in UIP and DIP. Addition-
ally, these confidence limits overlap. There-
fore, there may not be a real difference be-
tween rise in BUN in association with
increasing DIP and UIP intakes. The influence
of total protein intake and ruminal degradabil-
ity of protein sources has been described previ-
ously (41, 42, 51). The regression coefficient
for total megacalories of net energy intake was
negative, which indicates that BUN decreases
with increases in net energy intake; this has
been reported by other authors (51, 71, 73).
Reduction in BUN with increasing energy in-
take may be due to enhanced capture of N in
the rumen or may be due to postruminal spar-
ing of protein catabolism (43). Hoover and
Miller (43) have described effects of nonstruc-
tural carbohydrates and DIP content of the diet
on BUN. Increased nonstructural carbohy-
drates content of the diet reduced BUN in spite
of increases in DIP.

The 12 of the overall model predicting BUN
is only .556; thus, much of the variation in
BUN is still not described by intakes of DIP,
UIP, and energy. Ratios of nonstructural car-
bohydrates to DIP improve the 12, but, for ease
of developing the concepts in this paper, the
simpler model was chosen.

Nonprotein N yield in milk was a function
of milk yield and BUN (Table 6, r2 = .861).
Milk yield largely predicts nonurea NPN yield,
whereas BUN predicts urea NPN in milk.
Nonurea NPN is constant across varying diets
(Table 4) and does not seem to be greatly
influenced by protein intake. Increasing UIP
intake increases nonurea NPN slightly, .4 g/ kg
of intake of UIP (Table 6). Nonurea NPN
appears to vary within a narrow range as a per-
centage of TPY (4.2 to 4.7%) and increases .16
g/kg of milk increase (Tables 4 and 6, respec-
tively).
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From the relationships in Table 6, a scheme
of dietary effects on milk N may be developed.
For a cow yielding 27.2 kg of milk, NRC (67)
requirements are as follows: megacalorie =
29.6 Mcal of net energy, CP = 2.79 kg, DIP
intake = 1.77 kg, and UIP intake = 1.02 kg.
The regression equations in Table 6 predict a
BUN of 13.4 mg/dl (12.5 to 14.4, 95% confi-
dence limit); a MUN of 11.3 mg/dl (95%
confidence limit 9.9 to 12.8 mg/dl; a milk
NPN yield of .055 kg (.0535 to .0566, 95%
confidence limit); a TPY of .789 kg (.762 to
.817 kg, 95% confidence limit), and a milk CP
content of 3.10 (2.99 to 3.21, 95% confidence
limit). If intake of DIP is increased .23 kg,
BUN and MUN increase, CP percentage in
milk increases, but TPY does not change (Ta-
ble 7). The effects of changing intakes of DIP
and UIP, given constant milk yield and energy
intake, are presented in Table 7. Increases in
DIP intake increase milk NPN and MUN but
do not increase TPY. Increases in UIP intake
increase TPY, MUN, and NPN and CP per-
centage (Table 7). The perception from Table
7 is that changes in MUN relative to TPY
allow evaluation of the supply of DIP, UIP,
and energy. Excesses of DIP of 1.12 times re-
quirement will significantly increase MUN,
whereas UIP intakes of 1.35 times the require-
ment are required to elevate MUN above the
confidence range of baseline. If DIP is overfed
1.12 times requirement, and UIP is fed at .78
times the requirement, MUN will not be sig-
nificantly elevated, but TPY will be decreased
by .018 kg. Increases in DIP intake and
decreases in UIP intake may elevate MUN and
reduce TPY. If protein yields are low for a
given milk yield, and MUN is normal or
elevated, DIP may be too high in the ration
and UIP too low. If TPY is normal, and MUN
is elevated, then UIP may be oversupplied in
the diet. Knowledge of TPY in milk and MUN
seems to have the potential to allow evaluation
of dietary supply for groups of cows in dairy
herds.

Evaluation of N supply to lactating dairy
cows would have economic value to the
producer and environmental value to the con-
sumer. Oversupply of DIP has been associated
with reduced fertility in dairy cows in some
studies (14, 34, 35). Evaluation of MUN rela-
tive to TPY would allow assessment of effi-
ciency of protein feeding and whether protein
in the diets had negative consequences for
fertility. Additionally, excess MUN has no
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TABLE 7. Dietary factors influencing milk N yield and composition for a cow producing 27.2 kg/d of milk.

Milk component

Item TPY! NPNY? Cp3 BUN4 MUNS NUNPNS6

kg) (%) (mg/d) (®
Baseline? 789 055 3.10 134 113 53
95% CL8 .762-817 .0535-.0566 2.99-3.21 12.5-144 99-12.8 5.0-55
Increase in DIPIN® of .23
kg/d per cow .789 .0576 311 15.5 13.0 53
95% CL .762-817 .0562-.0589  3.00-3.21 145-164 11.4-14.6 5.0-5.5
Increase in DIPIN of .23
kg/d per cow; decrease
in UIPIN10 of .23 kg/cow/d i\ 0558 3.04 14.1 11.8 5.2
95% CL J37-806 .0544-0573  291-3.17 127-155 10.0-138 49-55
Increase in UIPIN of .23 kg/d
per cow .807 0568 317 148 12.4 54
95% CL .776-.837 .0554-.0582  3.05-3.29 13.8-159 10.9-14.2 5.2-5.6

ITPY = True protein yield.

2NPNY = NPN yield.

3CP (6.38 x N percentage of milk).
4BUN = Blood urea N.

SMUN = Milk urea N.

SNUNPN = Nonurea NPN.

7Baseline = a lactating cow yielding 27.2 kg of milk and consuming 2.79 kg of CP, 1.77 kg of DIPIN, 1.02 kg of

UIPIN, and 29.6 Mcal of net energy.
8CL = Confidence limit.
DIPIN = Ruminally degradable protein.
10UIPIN = Ruminally undegradable protein.

economic value to the producer or processor,
particularly if milk is being utilized for cheese
production. Excess MUN represents CP in the
diet that is not utilized for yield. Furthermore,
excess N eventually contributes through urine
and fecal output to environmental contamina-
tion. More efficient protein feeding, with the
ability to monitor herds for dietary supply,
would benefit the consumer through better N
utilization on dairy farms.

CONCLUSIONS

Diet can affect MUN in at least two ways.
First, because a significant portion of the
dietary N compounds consumed by ruminants
can be metabolized to ammonia by the ruminal
microorganisms (51), any dietary perturbation
that reduces the incorporation of ammonia into
microbial protein will potentially increase am-
monia N loss from the rumen. Once in the
systemic circulation, ammonia is converted to
urea in the liver as a means of detoxification of

ammonia (95). The capacity of the liver to
extract ammonia from the portal circulation
has been investigated but needs further study
(89). Second, any dietary condition that in-
creases catabolism of amino acids and nucleic
acids can increase BUN and MUN. Imbalances
of dietary protein, either excess or deficiency,
will affect milk urea (54). Meeting the protein
requirement for high milk yield might increase
MUN when the increased milk yield is at the
expense of tissue fat and protein catabolism.
Also, high milk yield requires diets of higher
CP content, which affect ammonia production
in the rumen and, ultimately, blood and milk
urea content (51). In addition, dietary fat has
increased MUN. Dietary fat may affect urea
production in the liver as a result of increased
rates of gluconeogenesis. More information on
dietary effects on MUN in relation to
metabolism in the dairy cow is needed.

It was proposed that MUN and TP could be
used to evaluate the nutritional program of
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lactating dairy cows. Blood urea N was posi-
tively associated with intakes of DIP and UIP
and negatively associated with intakes of net
energy. The MUN and NPN were highly cor-
related with BUN. Milk TPY was influenced
positively by milk volume, net energy, and
UIP intake. Therefore, MUN relative to TPY
in milk may offer potential as a means to
evaluate the efficiency of feeding programs in
dairy herds. For example, excess MUN with a
deficit of TPY may indicate a problem with
oversupply of DIP and undersupply of UIP.
Monitoring of protein feeding through milk
components may benefit producers and con-
sumers through improved efficiency of N utili-
zation by the lactating dairy cow.
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March 8, 2019

Rachel Morissette, Ph.D.

Consumer Safety Officer

FDA Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

Division of Biotechnology and GRAS Notice Review

Dear Dr. Morissette:

| am writing in response to your correspondence of March 4, in which you shared with us
a number of additional questions developed by the FDA review team regarding GRAS
Notice GRN 809.

1. On page 6 of your amendment (excerpted below), you provide means £ SD for the
main protein components of the starting material (WPC), fractionated WPC (41% ALA),

and reduced retentate fraction. However, the apparent sums of these values (highlighted)
do not equal 100 for the starting material or retentate. Please discuss the significance of

any differences in the sum of major proteins.

Answer:

We were focusing on quantification of proteins which are found in the GRAS-notified
substance, fractionated WPC (41% ALA), and included concentrations in the starting
material (WPC) and the reduced retentate fraction for completeness. Besides the more
abundant proteins in WPC (a-lactalbumin, B-lactoglobulin, cGMP, BSA, IgG-1, and
lactoferrin), we have identified by high resolution mass spectrometry 249 different
proteins.

These 249 proteins are found in small amounts but contribute to the failure of the sum of
the major proteins to reach 100%. Furthermore we expect the raw material and the
reduced retentate to contain small amounts of non-protein nitrogen, mainly consisting of
minor peptides, urea, nucleotides, metabolites of nucleotides, creatine, creatinine and free
amino acids (Wolfschoon-Pombo & Klostermeyer, 1981). All in all we expect that these
two pools of proteins and protein equivalents account for the missing 10% of the proteins
in the starting material and the reduced retentate.

Reference:
Wolfschoon-Pombo A and Klostermeyer H. 1981. Die NPN Fraktion des Kuh Milch — 1.
Menge und Zusammensetzung. Milschwissenschaft 36: 598-600.

2. Is the reduced retentate fraction the same as the “third fraction” noted in the text
on page 13 of the original notice in the description of the method of manufacture?

Answer:
Yes. Sorry for the confusion.

923 Water Street, P.O. Box 66, Port Royal Virginia 22535, USA
tel. (+1) 804-742-5548 cell (+1) 202-320-3063 jh@jheimbach.com
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3. In your description of the method of manufacture on page 12 of GRN 000809, you
state that ‘“‘raw milk is received at the cheese or casein production facility” and
subsequently pasteurized. However, the CGMP composition of the fractionated WPC
(41% ALA) appears to reflect only whey produced as a byproduct of cheesemaking.
Please confirm that only whey from cheesemaking will be used as a starting material.
Alternatively, if microfiltered whey from casein production is used as a starting material,
the composition of the resulting product should also be characterized in the notice.

Answer:

Whey obtained as a byproduct of cheesemaking is the only raw material for the
production of Lacprodan Alpha-10, the notified GRAS substance. The mention of casein
production facility was an error due to the use of whey from this source for another Arla
product. Again, we apologize for the confusion.

4. In the absence of data regarding levels of growth factors such as IGF-1 or TGF-5
in fractionated WPC (41% ALA), please comment on whether these components would be
concentrated in the final ingredient based on the molecular weight cutoff of the
ultrafiltration membrane used in your method of manufacture or the use of pasteurized
milk for whey production from cheesemaking.

(We note that effects of pasteurization and membrane processing on levels of TGF-f1
and IGF-1 in ultrafiltered whey have been discussed in the published literature
(Ollikainen et al., 2012; Akbache et al., 2009)).

Answer:
Thank you for the forwarded literature.

The manufacture of Lacprodan Alpha-10 utilizes an even tighter separation material than
that employed by Ollikainen et al. (2012), which means that most TGF- from the
starting material (WPC) should be in the reduced retentate fraction rather than in the
notified GRAS fraction, fractionated WPC (41% ALA).

Based on the smaller molecular weight of IGF-1 (7.5 kg/mol) and the measurements of
IGF-1 after ultrafiltration in Akbache et al. (2009), IGF-1 would most likely pass through
to the WPC (41% ALA fraction).

5. Aside from the proteins mentioned in question 4, please comment on whether the
method of manufacture of fractionated WPC (41% ALA) results in the concentration of
other minor proteins (e.g., osteopontin) in whey above that of the WPC starting material.

Answer:

The concentration of minor proteins in the WPC (41% ALA) fraction is influenced by
factors such as net charge and molecular size of the proteins. Thus, it is not possible to
comment meaningfully on the likely concentration of them in fractionated WPC (41%
ALA).





Rachel Morissette, Ph.D. page 3
March 8, 2019

Specifically for osteopontin, a western blot analysis (shown) was performed showing that
almost none of the full-length or truncated osteopontin from the raw material remains in
Lacprodan Alpha-10 (fractionated WPC (41% ALA)).

Lacprodan Lacprodan
OPN-10 Marker Alpha-10

Full lenght
bOPN

Truncted :
bOPN

6. You have referred to the use of ultrafiltration and the review by Kamau et al.
(2010) to support the method of manufacture. Without giving confidential details, please
clarify if precipitation/aggregation, enzyme treatment, or chromatography (ion exchange
or gel filtration) are used in addition to ultrafiltration.

Answer:
No, the manufacture of fractionated WPC (41% ALA) does not employ
precipitation/aggregation, enzyme treatment, or chromatography (ion exchange or gel

filtration).
%’Q—Z /

Jamesd “Heimbach, Ph.D., F.A.C.N.

Sincerely,
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ABSTRACT: Alpha-lactalbumin («-La), a globular protein found in all mammalian milk, has been used as an in-
gredient in infant formulas. The protein can be isolated from milk using chromatography/gel filtration, membrane
separation, enzyme hydrolysis, and precipitation/aggregation technologies. «-La is appreciated as a source of pep-
tides with antitumor and apoptosis, antiulcerative, immune modulating, antimicrobial, antiviral, antihypertensive,
opioid, mineral binding, and antioxidative bioactivities, which may be utilized in the production of functional foods.
Nanotubes formed by the protein could find applications in foods and pharmaceuticals, and understanding its amy-
loid fibrils is important in drawing strategies for controlling amyloidal diseases. Bioactive peptides in «-La are re-
leased during the fermentation or ripening of dairy products by starter and nonstarter microorganisms and during
digestion by gastric enzymes. Bioactive peptides are also produced by deliberate hydrolysis of a-La using animal,
microbial, or plant proteases. The occurrence, structure, and production technologies of a-La and its bioactive pep-

tides are reviewed.

Introduction: Occurrence and Structural Properties
of a-La

Alpha-lactalbumin (a-La) is one of the globular proteins found
in bovine and human milk. Bovine «-La is quantitatively the
2nd most important protein in whey; it makes up approximately
20% to 25% of the whey proteins, while human «-La is the
dominant whey protein and has a 74% conserved amino acid
sequence homology with bovine «-La. Bovine «-La occurs as an
acidic, single-chain Ca** binding protein made up of 123 amino
acids including essential and branched-chain amino acids. It has
NH,-terminal glutamic acid and COOH-terminal leucine, has
no free thiols and has 4 disulfide bonds. «-La is relatively small
with a molecular mass corresponding to 14070 Da in human
milk and 14178 Da in bovine milk and its content in bovine
whey is approximately 1.2 g/L. The protein is relatively high
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in essential amino acids, namely, tryptophan, lysine, and cys-
teine, which amounts to 4% to 5%, 11%, and 6% moles of to-
tal amino acids in a-La, respectively (Appel and others 1994),
compared to other milk proteins. However, these amino acids
can react with oxidizing lipids in Maillard reactions leading to
their losses. Its isoelectric point is 4.2 to 4.6 and it is highly
soluble in water and chloride salt solutions, a property that has
been exploited in its selective preparation (Tolkach and others
2005). In addition, a-La is relatively heat-stable when bound to
calcium compared with other whey proteins and may be gly-
cosylated with mannose (Man), galactose (Gal), fucose (Fuc),
glucose (Glc), and lactose (Lac) (Barman 1970). In bovine a-
La, approximately 10% is lactosylated, whereas the human milk
protein is unmodified (Lonnerdal and Lien 2003). Lactosylated
a-La may prevent infection by inhibiting binding of pathogens
to the intestinal epithelial cell luminal surface due to the ab-
sence of lactosamine, which is required for their adherence. It
has also been reported to bind to E. coli heat-labile enterotoxin
at either asparagine amino acid position at 45 or 74 (Barman
1970).

a-La plays a fundamental physiological role during milk lac-
tose synthesis. a-La forms the regulatory subunit of lactose syn-
thase complex (EC 2.4.1.22). When «-La binds to galactosyl
transferase (GT), it promotes the conversion of galactose into
N-acetylglucosamine and results in the efficient synthesis of lac-
tose from uridine diphosphate (UDP) galactose and glucose (Xue
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Figure 1 —Human «-La. The a-helical domain contains the
4 o-helices and 2 disulfide bonds (f6-120) and (f28-111).
The p-sheet domain contains 2 short g-strands and sev-
eral loop structures and disulfide bond (f61-77). A single
calcium ion (black ball) binds to the calcium-binding loop,
comprised of residues f78-89. An inter-domain disulfide
bond exists at (f73-91), with the cysteines in the «-helical
domain replaced by alanines (Wu and others 1996).

and others 2001).

Galactosyl — transferase
a-la
metal ions

UDP — D — galactose + D — glucose D

— lactose + UDP

a-La contains 2 major domains: the a-domain, which contributes
4 a-helices, and the B-domain, which contains a 8-sheet and loop
regions (Figure 1) (Wu and others 1996). A noteworthy feature of
a-La structure is the acidic conformational transition occurring
between pH 3 to 4, which is accounted for, in part, by a com-
petition between calcium ions and protons for the carboxyl side
chains comprising the calcium binding site (Permyakov and oth-
ers 1985). The folding of a-La in acid pH is considered as a
prototype of the molten globule (MG) state. MG state is defined
as a collapsed state of the whole polypeptide retaining a substan-
tial amount of secondary structure, but lacking the fixed packed
interactions of the native protein. The MG of «-La attains an even
more flexible conformational state during the early phases of the
aggregation process at acidic pH, as deduced from the enhance-
ment of its susceptibility to proteolysis by pepsin (Laureto and
others 2005).

Bovine a-La MGs have been produced through hydrolysis with
porcine pepsin (EC 4.3.3.1) and proteinase K from Tritirachium
album (EC 3.4.21.64) at temperatures of 20 to 22 °C and pH of
2 and 8.3, respectively, under depleted protein-bound calcium
ions (De-Laureto and others 2002). The a-La MG state can also be
generated upon exposing the protein to thermal stress or mild de-
naturants, removal of bound calcium by use of calcium chelators
as well as reduction of disulfide bonds (Chowdrury and Raleigh
2005). Human a-La forms one of the most stable molten globules,
while bovine a-La forms a less stable molten globule. The human
a-La is a 2-domain Ca*"-binding protein that partially unfolds
at low pH to form a molten globule (Ramboarina and Redfield
2008).

An interesting property of a-La is its ability to interact with
hydrophobic substances such as hydrophobic peptides, model
lipid membranes, hydrophobic chromatographic supports, and
fatty acids (Barbana and others 2006). These properties are vital
in purification processes (Conrado and others 2005; Tolkach and

Kulozik 2005) and as an important ingredient in certain foods
where it imparts functional properties.

Purified «-La is most readily used in infant formula manufactur-
ing, as it has the most structurally similar protein profile compared
to breast milk (Marshall 2004; Kuhlman and others 2005). The ad-
dition of bovine a-La to infant formula has been proposed to mod-
ify the plasma amino acid pattern of the recipient infant and lead
to growth patterns more similar to those of breastfed infants com-
pared with standard formula-fed infants (Sandstrom and others
2008). The functionality of a-La is probably owed to being a rich
source of tryptophan, which has been suggested to be involved
in satiety via brain serotonin. Serotonin is synthesized from tryp-
tophan and is an important regulator of appetite, macronutrient
preference, and mood (Beulens and others 2004). In a study on
whether consumption of a diet enriched with «-La may increase
the plasma tryptophan to large neutral amino acids ratio (Trp:
LNAA ratio), and reduce depressive mood and cortisol concen-
trations in stress-vulnerable subjects under acute stress, returned
positive results (Markus and others 2000) signifying the diet in-
duced increase in tryptophan availability for serotonin synthesis.
A separate double-blind, placebo-controlled study on evening
consumption of the tryptophan-rich «-La diet has shown an in-
crease of plasma tryptophan availability for uptake into the brain
and sustained alertness early in the morning after an overnight
sleep (Markus and others 2005), most likely because of improved
sleep. Experimental data with rats has also shown that ingestion
of diets enriched in a-La as a source of proteins should have ben-
eficial effects in coping with stress and in anxiety at short term
(Orosco and others 2004). A suitable source of «-La is a com-
mercial product, Alpha-lactalbumin, containing 90% «-La on a
protein basis that has lately been produced by Davisco Foods Intl.
Inc. The product has 4.8 g tryptophan per 100 g of protein. Be-
sides the numerous benefits of intact a-La, it can also be used to
produce bioactive peptides with functional significance (Otte and
others 2007b), that include peptides having improved Trp: LNAA
ratios.

To determine the quantity of «a-La present in food, a suit-
able technique has been developed. The technique involves
an automated, label-free biosensor-based immunoassay for a-La
in bovine milk utilizing surface plasmon resonance (SPR) de-
tection (Indyk 2009). The label-free, real-time, and automated
immunoassay is rapid, sensitive, precise, and accurate, and it
provides analytical information comparable with that from al-
ternative methods available. a-La content is estimated from the
specific interaction with an antibody immobilized on the sensor
surface in a direct-binding assay format. The direct biosensor im-
munoassay has been utilized in the quantification of «-La in milk,
colostrum, WPC, and infant formula.

The emergence of technologies enabling preparation of «-La in
large quantities and its continued significance in infant formula-
tions and the bioactive peptides industry justifies a review of the
protein in the current form. Currently, in spite of the great strides
made in the manufacture and hydrolysis of pure «-La, there is
no comprehensive review on the knowledge base available. This
review addresses the processing methods available to produce
kilogram amounts, as well as peptides identified so far derived
from it that are bioactive.

Isolation of a-La

a-Lactalbumin’s primary source is whey, a by-product of
cheese making where it is found with other components: -
lactoglobulins (B-Lg), lactose, minerals (mainly calcium, phos-
phorus, magnesium, and zinc), vitamins, and traces of milk
fat. There are numerous technologies described to obtain pure
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Figure 2- A summary of the available
methods for the isolation and
manufacture of «-La from milk.
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a-La fractions from whey protein concentrate (WPC), whey
protein isolate (WPI), whey hydrolysates (WH), liquid whey, or
even milk (Figure 2). The choice of production technology to use
is determined by the quantity of a-La present in the raw mate-
rial and the required purity levels, as well as production scale;
and in most cases a combination of techniques is necessary. An-
other critical consideration is the subsequent processes to be
undertaken. Chromatographic methods, for instance, are efficient
in obtaining «-La samples that are pure and with which laboratory
analysis and/or further isolations are conducted. However, for
products processing, there is a need to produce large quantities
of a-La, which inevitably has accompanying by products that re-
quire further attention. Precipitation/aggregation when combined
with membrane separation can handle production involving large
volumes of w-La and B-Lg as a by-product. Choosing to precipi-
tate a-La in this process is advantageous in that the proteins a-La
and g-Lg retain their properties. If the resulting 8-Lg is to be used
for the production of hydrolysates, then combining the hydrolysis
process and the membrane separation would be the best provided
the enzyme fully hydrolyzes the -Lg and does not hydrolyze «-
La. It should be noted that to obtain a desired purity and yield
one must optimize production conditions for each method used.
A method for the production of a-La that has more than 85%
protein purity and is 99% lactose and salt free has been patented
(Heine and others 1992). The resulting «-La is soluble and almost
tasteless.
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Chromatography and Gel Filtration

Chromatographic techniques have been used for partitioning
protein mixtures depending on their affinity to either mobile or
stationary phases. Gel filtration (a form of chromatography), sep-
arates proteins based on size as they pass through a gel medium
in a packed column. Proteins separated by gel filtration do not
bind to the medium and therefore a buffer does not directly af-
fect resolution or their biological activity. Chromatography using
a gel filtration column has been used to isolate a-La from other
milk proteins (Manji and others 1985) and is often combined
with other separation principles such as differences in acidity,
basicity, charge, hydrophobic interaction, metal chelating, and
adsorption affinities. Preparation steps are necessary to extract
protein fractions from other milk constituents and may involve
several steps and methods depending on the nature of the raw
material. In most cases whey proteins are first separated from
casein fractions before being subjected to chromatographic iso-
lations. Ahmed and others (1998) described a chromatographic
method where at least 5 different proteins including «-La were
separated.

The differences in physicochemical properties of «-La from
other proteins are utilized in designing fractionation techniques
or combinations that result in a highly pure product. Neyestani
and others (2003) separated «-La from bovine serum albumin
using Sephadex G-50 gel filtration. The 2 proteins «-La and
bovine serum albumin had co-eluted together in anion-exchange
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chromatography previously used to separate f-Lg. The method
was reproducible and showed high purity and well-preserved
antigenicity of a-La.

a-La has also been isolated from rennet whey using 2 ion-
exchange chromatographic steps. The 1st step employed a strong
cationic exchanger, sulfopropyl-Toyopearl SPP-TP column, fol-
lowed by elution of lactoferrin and lactoperoxidase. The 2nd
chromatography step used a strong anion exchanger, quater-
nary aminoethyl-Toyopearl QAE-TP, and a-La was separated at
a NaCl concentration lower than 0.13 M at pH 8.5, while g-
lactoglobulins were separated at higher NaCl concentration and
a pH of 6.8 (Ye and others 2000).

A fast protein liquid chromatography system was similarly used
to fractionate the protein from sweet and acid wheys that were
previously adjusted to pH 6.7 (Manji and others 1985), although
electrophoresis of the a-La showed some contamination (pos-
sibly by immunoglobulins). Results reported by the researchers
were qualitative only, but reproducibility of peak areas indicated
that quantitative analysis should be possible (Manji and others
1985).

Expanded-bed chromatography based on Ca**-dependent hy-
drophobic interactions is another technique that has been used in
the purification of a-La from cow and goat milk samples (Noppe
and others 1999). A procedure for the concentration of a-La
from cow milk whey using a high-density, hydrophobic resin
(Streamline® Phenyl) and an expanded-bed column was even-
tually developed. The procedure was fast and efficient for the
purification of a-La achieving a purity of 79% after 1 cycle of the
adsorption/elution protocol (Conrado and others 2005). The fun-
damental aspect of this approach relies on the binding capacity
of a-La to Ca** ions. a-La without Ca?* has hydrophobic charac-
teristics and undergoes a significant conformational change with
Ca?* and other metal ions making it more hydrophilic. Using
Tris-EDTA buffer in the adsorption step the Ca?* ions are re-
moved, making the protein more hydrophobic and increasing its
binding to hydrophobic adsorbents. The elution step using Ca**
ions permits recovery of «-La because of the reversible change to
hydrophilic character. Expanded-bed chromatography offers the
advantage of reducing the number of steps in this application.

Separation and quantification of «-La along other proteins
without the need to isolate whey protein from caseins has been
demonstrated as possible by chromatographic techniques (Bordin
and others 2001). The method used involves ion-pair reversed-
phase high-performance liquid chromatography (HPLC) with
photodiode array detection and a C4 column. Identification of
the protein was by calculation of the peak area ratio (area at 214
nm/area at 280 nm, Aj14/A250) generated by the aromatic amino
acids phenylalanine, tyrosine, and tryptophan. The proportion of
total aromatic amino acid content allows a rather good distinc-
tion from other proteins (Bordin and others 2001). Defatting of
sample is, however, a necessary treatment to avoid saturation of
the column and can be achieved through centrifugation at 7500
x g for 10 min at 4 °C (Noppe and others 1999).

Chromatographic methods are usually expensive and therefore
restricted to laboratory scale for the production of pure isolates.
No chromatographic techniques provide 100% yield of active
material, and overall yield depends on the number of steps in
the purification protocol. By optimizing each step and combin-
ing several techniques, one may improve the purity and deliver
enough quantity of a-La without compromising its biological
quality.

Membrane Separation

Membrane separation techniques are attractive for «-La isola-
tion because of their relatively easy scale-up and low processing

costs in comparison to chromatographic techniques. Bottomley
(1991) described a 2-stage membrane process for obtaining con-
centrates enriched in a-La. The separation principle is differences
in molecular weight of proteins and a likely challenge is lack of
adequate selectivity for the separation of 8-Lg and «-La due to
the very similar molecular weight of these 2 proteins (Cheang and
Zydney 2003; Muller and others 2003). Efficient membrane sep-
aration should give low content of contaminants (bovine serum
albumin, immunoglobulins) in «-La and an enhanced «-La/g-
Lg ratio. Ultrafiltration (UF) membranes have been used for the
separation and concentration of a-La from WPC with both an
enhanced purity of 0.35 from initial 0.25 and a satisfactory yield
of 90% recovery in the permeate (Muller and others 1999). The
membranes used had 3 channels, were 1.20 m long, 3.6 mm of
inner hydraulic diameter, and had a filtering area of 0.045 m?.
The support was a-alumina with a filtering layer of zirconium
oxide and had a molecular weight cut-off of 300000 Da corre-
sponding to a mean pore diameter of about 28.4 nm (Poiseuille’s
law). The pH and ionic strength of WPC were adjusted to 7 and
0.2 M NaCl, before separation. UF was performed at 50 °C, at
tangential flow velocity of 7 m/s and a transmembrane pressure
of T bar. The ceramic membranes used were preferred owing
to their better resistance against cleaning and disinfection com-
pared to polymer UF membranes. The purity and yield of «-La
were directly related to the initial purity of the feed and transmis-
sion ratio TR (transmission of a-La/transmission of -Lg) of the
membranes.

To increase purity, a preliminary concentration step of a-La or
removal of impurities (bovine serum albumin, immunoglobulins)
is necessary. This can be achieved through the use of successive
UF stages, where the 1st filtration is a concentration step. A di-
afiltration (DF) process can further increase purification of a-La
in the permeate. DF has recently been described as part of an
important method for separating mixtures employing membrane
cascades (Lightfoot 2006) that have been proposed in separat-
ing a-La from protein mixtures. The membranes are combined to
carry out DF and UF operations in such a manner as to approach
and /or achieve an ideal cascade. The permeate is further sepa-
rated by UF to separate the solvent. The properties of solvent used
(which is usually water) may be manipulated to determine which
proteins dissolve; at low ionic strength the solubility of B-Lg is
limited. Alternatively, precipitation methods to remove impurities
may be combined with UF.

UF performance depends on the operation mode adopted.
These modes include concentration and DF or a combina-
tion thereof and can be continuous or discontinuous. With the
concentration modes (continuous concentration CC, discontinu-
ous concentration DC) a-La permeate concentration (purity) in-
creases with time, being faster with CC operation mode compared
to DC, which can be attributed to concomitant faster resultant
feed concentration. The a-La purity of the permeate ranged from
0.40 to 0.45 with both modes from the initial purity of 0.25. On
the other hand, the yield of w-La recovered was higher for the
CC mode, at 45% against 30% for the DC. In continuous diafil-
tration CD, a-La permeate concentration (purity) decreased with
time from 0.58 to 0.42 due to a decreased «-La concentration
in the retentate from 27.6 down to 15.4 g/L, but it gives better
yield. Purity and yield are antagonistic whatever the operation
mode: an increase in yield during filtration is accompanied by a
decrease in purity in the permeate. The most appropriate single
mode for recovery of a-La in the permeate is CC (better yield
than DC and better purity than CD). However, Continuous con-
centration of up to 11-15 volume reduction ratios is required to
obtain a fraction with both an enhanced purity of approximately
0.90 and a satisfactory yield of a-La in the permeate (Muller and
others 1999).
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There have been attempts to increase the purity and yield of
a-La by increasing TR of the protein by change of membranes,
transmembrane pressure, and protein concentration, but without
significant improvement as TR remained low (TR < 0.2) (Muller
and others 2003). Fortunately, modification of physicochemical
conditions of membranes can improve their selectivity and hence
TR. Proper choice of buffer conditions, ultrafiltration membrane,
and filtration velocity can maximize the overall selectivity of
the membrane process (Cheang and Zydney 2003). Positively
charged membranes, obtained by chemical modification of inor-
ganic membranes with polyethyleneimine coating, appears to be
an efficient route for improving membrane selectivity owing to
the strong interactions between the positive charges and g-Lg. At
low ionic strength (I < 0.02 mol/L), the transmission of B-Lg was
reduced to about 1%, while that of «-La was close to 10% (Lucas
and others 1998), thus allowing effective fractionation.

The main drawback of membrane separation is decline in TR
during UF processes as a consequence of fouling, concentra-
tion polarization, protein adsorption, and protein-protein inter-
actions. This could be reduced through high cross-flow velocity to
remove foulants from membrane surfaces or back-pulsing, which
is an in-place method for cleaning the membrane by forcing per-
meate back through the membrane to the feed side. This dislodges
deposited foulants when the transmembrane pressure is reversed
and the foulants are then carried out of the membrane module
by the tangential flow of retentate. Occurrence of irreversible,
noncleanable fouling decreases membrane performance and de-
termines membrane lifetime.

Enzyme Hydrolysis

Enzymatic hydrolysis combined with membrane filtration can
be used for isolation and purification of milk proteins. Caseins are
highly digestible by proteases compared to whey protein (Guo
and others 1995) and may be selectively digested by proteases
converting them to low-molecular-weight fractions that can be
sieved out through membrane filters. However, other convenient
methods to fractionate casein from whey proteins, such as pre-
cipitation at their iso-electric point, as it happens during cheese
making, have been used as alternatives. Selective digestion of
either a-La or B-Lg has been attempted in their isolation from
whey. a-La and B-Lg are fairly resistant to digestion due to their
globular structure and have different susceptibility to digestion
by either trypsin or pepsin. Native B-Lg that was heat-treated at
90 to 100 °C for 5 to 10 min underwent changes in structure or
conformation that rendered it accessible to porcine pepsin (EC
3.4.23.1) and enhanced the extent of proteolysis by trypsin
(EC 3.4.21.4) (Guo and others 1995). Conversely, a-La was slowly
hydrolyzed by trypsin but rapidly by pepsin in either pure form or
in whole whey. Their hydrolysates had molecular weights from
about 8 kDa to less than 500 Da with the majority being 3 to 4
kDa (Pintado and Malcata 2000).

Recently isolation of a-La from sweet whey was achieved
through a novel approach involving membrane filtrations and
a tryptic treatment (Figure 3) (Konrad and Kleinschmidt 2008).
The concentration and fractionation of whey proteins was done
by UF of sweet whey using membranes with 100 and 150 kDa
molecular mass and cut-off limits, respectively, at a temperature
of 45 °C, pressure of 2 bars, and pH of 6.7 followed by tryptic
hydrolysis of the permeate. The hydrolysis conditions were tem-
perature 42 °C, pH 7.7, and E/S ratio of 5 mAU/g. At degree of
hydrolysis (DH) of 10%, all the g-Lg was digested, while a-La
was not affected and serum albumin remained in the hydrolysate
as the only impurity. Further hydrolysis led to partial digestion of
a-La. The hydrolysis was stopped by changing the pH to 6.0 and
heating at 65 °C for 10 min. A 2nd UF and DF of the hydrolysate

using a 10 kDa membrane recovered native a-La with a high
purity of about 93% on the basis of total protein. The method
produced nearly no waste products and can be easily scaled up.

The correct termination of the tryptic hydrolysis is critical as
trypsin attacks a-La immediately after completion of 8-Lg diges-
tion, while incomplete digestion of B-Lg leaves it as an impurity
in a-La. The a-La may also suffer impurities from hydrolysates of
B-Lg thus affecting its properties.

Precipitation and Aggregation

This isolation method is based on precipitation of either 8-Lg
or a-La aggregates under variation of different environmental or
process parameters. The precipitation is carried out by heat pro-
cess, addition of ferric chloride, or by use of the limited solubility
of B-Lg at low ionic strength, pH 4.65, and high protein con-
centration (Tolkach and others 2005), which may be achieved by
concentration using UF. The selective precipitation of a-La is the
basis for the production of fractions enriched in «-La and B-Lg
(Bramaud and others 1997). The «-La is precipitated by acidifica-
tion of whey or WPC using organic acids, citric and lactic acids
at 50 °C, pH of 4, and with control of calcium concentration at
an organic acid/Ca** molar ratio higher than 9. However, there
are no conditions under which a-La is the only protein that pre-
cipitates and subsequent purification procedures are necessary.

Centrifugation is recommended for the separation of precip-
itated and soluble fractions, as it is more efficient than mi-
crofiltration (Eugenia Lucena and others 2007). The 2 forms
(apo- and native) of a-La are then recovered after solubilization
of the precipitate. The apo- is a-La with a calcium-free solvent,
whereas the native form has calcium solvent. When a solution
of calcium chloride is used, solubilization is a fractionation step
(increase of 23% in a-La purity), as the immunoglobulins re-
main insoluble (Bramaud and others 1997). Tolkach and others
(2005) have also optimized thermal pretreatment conditions for
the separation of native a-La from WPC by means of selective
denaturation of B-Lg. The identified optimal initial composition
showed 5 to 20 g/L protein content, 0.5 g/L lactose content,
0.55 g/L calcium content, and pH 7.5. The major advantage of
this method is that the extracted «-La has a high degree of purity,
keeps its native structure, and consequently, its properties.

The reversible precipitation of a-La remains more promising
provided proper conditions (initial protein concentration, precip-
itation pH, length of precipitation time, and number of precipitate
washings) are maintained.

Production and Purification of a-La Bioactive Peptides

Bioactive peptides encrypted in intact «-La molecules can be
generated by the starter and nonstarter bacteria used in the man-
ufacture of fermented or ripened dairy products as well as by
digestive and commercial enzymes (Table 1). In addition, mi-
croorganisms together with the microflora extracted from ripened
dairy products have been reported to fully hydrolyse a-La to
produce bioactive peptides (Hammea and others 2009). Pep-
tide fractions with bioactive properties have also been obtained
through chemical modification of the protein (Oevermann and
others 2003; Svanborg and others 2003). Commercial enzymes
capable of hydrolyzing a-La to produce bioactive peptides are
obtained from plants (Barros and others 2003; Barros and Mal-
cata 2006), micro-organisms (Ipsen and Otte 2007), and gastric
juices (Almaas and others 2008).

These proteolytic enzyme extracts vary in specificity and thus
give peptides of different characteristics and bioactivities at-
tributed to size, amino acid sequence, and occurrence of specific
amino acids at either C-terminal or N-terminal. Low-molecular-
weight and hydrophobic amino acids have been associated with
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. Figure 3 — Purification of native «-La
Milk Cheese - -
»> from sweet whey using a combined
selective trypsinolysis of
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Defatted sweet whey separation (Konrad and Kleinschmidt
(pH 6.75) 2008).
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(150 kDa; VRR 5-20) discarded
A
Trypsin hydrolysis
(DH=9-10%)
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Deionized water >
N
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inactivation/preservation)
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Spray-drying

Pure
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high bioactivities (Herndndez-Ledesma and others 2005; Lopez-
Fandifno and others 2006; Pihlanto 2006). Most of the enzymes
reported to release bioactive peptides from «-La are serine en-
dopeptides that are common digestive enzymes.

Bioactive peptides may be liberated from the protein by gas-
tric and microbial enzymes during their transit through both small
and large intestines and they can display bioactivity at the luminal
side of intestinal tract or, after absorption, in peripheral organs.
The bioavailability of these peptides is predominantly determined
by their resistance to further degradation by digestive enzymes
and rate of intestinal absorption. Short peptides (di- and tripep-
tides) might be transported across the intestinal barrier and could
have a physiological effect. Some oligo-peptides may also survive
degradation under special conditions, like naturally permeable
or leaky intestinal tract allowing their passage into the peripheral
organs or the blood stream intact. However, the peptides still
have to contend with possible blood peptidases’ hydrolysis. Pep-
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tides reaching blood should be available in significant amounts
to offset these losses implying a high initial dosage is necessary.
Peptides containing hydroxyl proline are reported to be generally
resistant to degradation by mammalian digestive enzymes with
only few peptidases being able to hydrolyse them (Vermeirssen
and others 2004), but no such peptides from «-La have been
reported. Additional research on ways to generate modified pep-
tides with enhanced enzymatic stability without compromising
their permeation through the intestinal wall is required. One such
strategy is a prodrug approach such as multiple N-methylations
(Biron and others 2008). Other modes of peptide modification
to enhance bioavailability, but with varying disadvantages, have
been reviewed by Hayes and others (2007). In addition, an in-
vention encompassing compositions for increased bioavailabity
of bioactive peptides through mucosal delivery (Roser and others
2003), and that could be applicable to a-La peptides, has been
documented. Alternatively a lipid-based carrier system seems to
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Table 1 —Bioactive peptides derived through enzymatic hydrolysis of «-La.

Bioactivity Peptide sequence Enzyme Source References
Immune-modulating Gly-Leu-Phe Trypsin Animal Jaziri and others (1992)
Chymotrypsin
Antimicrobial Glu-Gin-Leu-Thr-Lys Typsin Animal Pellegrini and others (1999)
Gly-Tyr-Gly-Gly-Val-Ser-Leu-Pro-Glu-Trp-Val- Trypsin Animal Pellegrini and others (1999)
Cys-Thr-Thr-Phe?
Ala-Leu-Cys-Ser-Glu-Lys? Chymotrypsin Animal
Cys-Lys-Asn-Asp-GiIn-Asp-Pro-His?
lle-Ser-Cys-Asp-Lys-Phe?
Antiviral b3-HP- ¢-La (modified) Trypsin, Chymotrypsin,  Animal Oevermann and others (2003)
Pepsin
Opioid Tyr-Gly-Leu-Phe Pepsin Animal Antila and others (1991)
Mineral binding Not identified Trypsin Animal
Alcalase Microbial  Kim and others (2007)
Flavorzyme Microbial
Papain Plant
Antioxidative Not identified Corolase PP Animal Hernandez-Ledesma and
others (2005)
Antiulcerative/growth lle-Trp-Cys-Lys-Asn-Asp-Gin-Asp-Pro-His-Ser-  Endopeptidase lysine ¢ Microbial Kanda and others (2007)

stimulating Ser-Asn-lle-Cys-Asn-lle-Ser-Cys-Asp-Lys-
Phe-Leu-Asn-Asn-Asp-Leu-Thr-Asn-Asn-lle-

Met-Cys-Val-Lys

2|ndicates peptides with disulfide cross-linkages.
b3-HP: 3-hydroxyphthalic anhydride.

be promising (Martins and others 2007) especially for the «-La
peptides.

The breakdown of a-La during gastric digestion is slowed in
the presence of phosphatidylcholine, PC, (a surfactant that is
abundant in milk and is also actively secreted by the stomach)
and accompanied by small alterations in the profile of resulting
peptides, with little effect being observed during subsequent duo-
denal digestion (Moreno and others 2005). «-La may therefore
reach the large intestine with a chance of undergoing microbial
enzyme hydrolysis (Mdller and others 2008) to release bioac-
tive peptides, which could be beneficial in that part of the gut.
The protection of the protein from trypsin digestion by PC allows
possible posttranslational modification, with fatty acids, prenyl
chains, or glycosylphosphatidylinositol (GPI), which may be an-
chored in the lipid bilayer.

A complex of «a-La, together with oleic acid, is reported to
exert an apoptosis effect (Kamijima and others 2008). In addition,
the extended lifetime of the «-La observed due to interactions
with PC vesicles may be of physiological significance and has
the potential to alter the amounts of intact or large fragments of
proteins able to reach the target sites further down the gastro-
intestinal tract (GIT) where they mediate bioactivities as intact
proteins.

Hydrolysis of «-La is difficult to perform, due to its com-
pact globular structure or acid-induced conformational change
(N'Negue and others 2006) that make it relatively resistant to
digestive proteases (such as pepsin and trypsin) (Almaas and oth-
ers 2008). This accounts for its tendency to cause allergies upon
ingestion (Schmidt and others 1995). To increase susceptibility
of -La to proteolysis, its structure has been modified by various
conditions (N’Negue and others 2006): esterification for tryptic
hydrolysis, lowering the pH to 2.0 when pepsin is used, and
binding of zinc ions to a-La to increase the protein susceptibil-
ity to enzyme digestion. Denaturation of «-La through heating
is not considered since the protein is very heat-stable and any
treatment below 100 °C allows the protein to refold during the
cooling stage prior to enzyme hydrolysis.

Production of peptides with specific properties entails hy-
drolyzing the protein or its precursor, followed by termination
of the protein hydrolysis after their release (Figure 4). The DH,
which can be determined by calculation from pH-stat and os-
mometer methods, or by the concentration of the free «-NH; us-
ing 2, 4, 6-trinitrobenzene 1-sulfonic acid (TNBS), may be used as
a controlling index during hydrolysis. Separation of hydrolysates
from the undigested protein is done through centrifugation or
membrane filters. Peptide hydrolysates have been demineral-
ized/desalted using either nanofiltration membranes, gel perme-
ation chromatography with desalting Sephadex gels, as well as
using macroporous adsorption resins (Pouliot and others 1999;
Pihlanto-Leppald 2001; Cheison and others 2007).

Fractionation of different peptide fragments from «-La has been
successfully carried out by running peptide fractions through gel
permeation columns such as a Nucleosil 120-10 Ci5 column
previously equilibrated with 0.1% trifluoroacetic acid (TFA) in
10% acetonitrile (v/v) (Pellegrini and others 1999) and Super-
ose 12 column HR 10/30 (Konrad and Kleinschmidt 2008), UF
(Mullally and others 1997), or by size-exclusion chromatogra-
phy on a Sephadex G-15 column (Tsai and others 2008) or
Sephadex G-200 column (Bayram and others 2008). Further
purifications, by reversed-phase high-performance liquid chro-
matography (RP-HPLC), using a Synergic 4u Hydro-RP 80A Cys
column (Tsai and others 2008), and reversed-phase fast protein
liquid chromatography (RP-FPLC) (Pellegrini and others 1999)
have been demonstrated. The resulting protein profiles were an-
alyzed by SDS-PAGE, (using 20% acrylamide gels) (Almaas and
others 2008), while sequence analysis was performed by Edman
degradation equipped with a phenylthiohydantoin (PTH)-amino
acid analyzer.

Immune-Modulating Effects

Immunomodulatory peptides can theoretically be released
from milk proteins during the digestion process in the gut and can
thus affect downstream immunological responses and cellular

Vol. 9, 2010—COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY 203





CRFSFS: Comprehensive Reviews in Food Science and Food Safety

Milk, Liquid whey,
Whey concentrates

o-Lactalbumin

A,

Hydrolysis

Enzymes: Pepsin, Trypsin, Chymotrypsin,
Elastase, Proteinase K, Thermolysin, Corolase,
BLP, PTN 3.0S, Endopeptidase lysine ¢

pH: Acidic to alkaline or vice versa [e.g., 1.5
to 7.8 (Bayram and others 2008)], Heating: 80
°C/20 min (Mullally and others 1997)

A,

Enzyme inactivation

! Centrifugation: 10000xg/30 min, (Hernandez-
Ledesma and others 2005), Sephadex G-200
(Bayram, and others 2008), Membranes 10
kDa (Pouliotand others 1999)

A

Separation of
hydrolysates

A 4

Membranes negatively charged, Desalting
Sephadex™ gels (G-10, G-25, and G-50),
Macroporous adsorption Resins (Pihlanto-
Leppild 2001;Cheison and others 2007)

Demineralization /
desalting

¥

Membrane 1-5 kDa (Pouliot and others 1999),
Size-exclusion chromatography using
Sephadex G-200 (Bayram and others 2008)

Fractionation of
peptide fractions

y
Purification

Y

’ Bioactivity testing "———‘

Figure 4 — A summary of the methods used for the produc-
tion and purification of bioactive peptides from «-La.

RP —HPLC, RP —FPLC (Pellegrini and others
1999; Hernandez-Ledesma and others 2005;
Almaas and others 2008)

Specific methods for each bioactivity

SDS- PAGE, PTH-amino acid analyzer
(Almaas and others 2008)

functions. However, the amount of bioactive peptides generated
during digestion in adults is probably too low to induce signifi-
cant effects on the immune system, especially when a therapeu-
tic effect is expected. Most studies on the immune-modulating
effects of whey proteins, enzymatic hydrolysates, and peptides
have targeted the specific immune system by evaluating lympho-
cyte activation and proliferation, cytokine secretion, and antibody
production. Very few studies have addressed the impact of these
components on the innate immune system (Gauthier and others
2006).

An in vivo study with rats has shown that e-La, in both the
native and hydrolyzed state, enhanced antibody response to sys-
tematic antigen stimulation (Bounous and Kongshavn 1982). The
hydrolyzed a-La had a direct effect on B-lymphocyte function, as
well as suppressing T-cell-dependent and independent responses.
Identified peptides with immune-modulating effects include the
tripeptide Gly-Leu-Phe (GLF) f51-53 from tryptic hydrolysis of
human or bovine «-La (Table 1). This peptide stimulated phago-
cytosis of macrophages through specific receptors as well as a
respiratory burst of neutrophils (Jaziri and others 1992; Migliore-
Samou and others 1992). The natural as well as the synthetic

peptide Gly-Leu-Phe was reported to protect mice against Kleb-
siella pneumoniae infection at a dose of 1 mg/kg when adminis-
tered subcutaneously and to a lesser but still significant degree
intravenously (Berthou and others 1987). It was also noted to
prevent alopecia induced by an anticancer agent etoposide in a
neonatal rat model after intraperitoneal injection at a dose of 100
mg/kg for 4 d or oral administration at a dose of 300 mg/kg for
6 d (Tsuruki and Yoshikawa 2005). Two more synthetic peptides
Tyr-Gly and Tyr-Gly-Gly, corresponding to the sequences f50-
51 and f18-20, respectively, of a-La enhanced both the in vitro
proliferation and protein synthesis of concanavalin A-stimulated
human peripheral blood lymphocytes (Kayser and Meisel 1996).
Maximum stimulation was attained at 10~* mol/L Tyr-Gly and
1078 mol/L Tyr-Gly-Gly. It is quite conceivable that these short
peptides, which may be generated in the newborn during diges-
tion and that are able to stimulate phagocytic cells, are impli-
cated in the defense of the immature neonate organism against
infection.

Antimicrobial Activity

Peptides and hydrolysates of «-La with antimicrobial proper-
ties have been reported (Table 1). a-La yielded bactericidal pep-
tides against Gram-positive bacteria after digestion with trypsin
and chymotrypsin, but not with pepsin (Pellegrini and others
1999). The a-La tryptic peptides were identified as pentapep-
tide sequence f(1-5) and 2 peptides linked by a disulfide bridge
corresponding to the amino acids f(17-31)-disulfide-linked-to
f(109-114). Digestion with chymotrypsin yielded 1 bactericidal
peptide composed of 2 polypeptides linked by a disulfide bridge
corresponding to the amino acids f(61-68)-disulfide-linked-to
f(75-80) of a-La (Pellegrini and others 1999). Disulfide linkage
between the « [corresponding to peptide f(61-68)] and B [cor-
responding to peptide f(75-80)] component was necessary for
bactericidal activity as no antimicrobial activity was observed
with mixtures of individual peptides. The overall structure of the
peptides may therefore be of critical importance for their action
on bacterial membranes. The peptides lacked fungicidal activity
against Candida albicans, while the bacterium Bacillus subtilis
was most susceptible.

In a separate study both pepsin (EC 3.4.23.1) and trypsin (EC
3.4.21.4) were indicated to release peptides from «-La, which
inhibited the growth of E. coli J]M103 upon incubation with
peptides-enriched basal medium, at 37 °C. The peptide concen-
tration was 25 mg/mL, whereas unhydrolyzed «-La did not in-
hibit growth at a concentration of 100 mg/mL (Pihlanto-Leppdla
and others 1999). Lack of antimicrobial activity in peptic hy-
drolysates during the former study may have been caused by
low assay dosage (5.5 x 1078 mol- 1T x 10"®mol) implying a
dose-dependent effect, low sensitivity of method employed, or
microbe specificity. In contrast, a-La hydrolysates obtained with
alcalase (EC 3.4.21.62), did not have antimicrobial activity and
promoted the bioluminescent activity of £. coli JM103 compared
with the same quantity of unhydrolyzed protein (0.1 g/mL). The
DH of these hydrolysates was 30.4% compared to pepsin 12.6%
and trypsin 11.6%.

Both pepsin and trypsin hydrolysates showed inhibition of bi-
oluminescent activity of 31.8% and 38%, respectively, at a con-
centration of 0.05 g/mL. This implies that pepsin and trypsin
have higher specificity in releasing peptides from «-La pos-
sessing antimicrobial activity. Accordingly, the DH contributed
to the antimicrobial activity of the protein, but a higher DH
did not necessarily correspond to a higher antimicrobial activ-
ity. Hydrophobic properties, together with an excess of positive
charges near neutral pH, which have been postulated to be im-
portant for bactericidal activity, were found to be not crucial for
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bactericidal activity of peptides under the test conditions (Pelle-
grini and others 1999).

The combination of peptide fractions containing «-La and gly-
comacropeptide (GMP) with the same concentration of 0.25 to
0.05 mg/mL showed a synergistic effect in inhibiting the asso-
ciation of enteropathogenic Escherichia coli EPEC, Salmonella
Typhimurium, and Shigella flexneri with intestinal cells and may
thus prevent infection (Briick and others 2006). GMP inhibited
association of the EPEC and Salmonella with CaCo-2 cells by an
effective mechanism based on its sialic acid substructure, which
would survive the digestion, but the mechanism by which «-La
exerted its activity remains unclear. It is possible that the whey
product disturbs the cellular metabolism by increasing cell per-
meability, owing to the peptide having a charge property opposite
to that of the cell membrane components. This would cause the
bacteria to consume more adenosine-5'-triphosphate (ATP) to
maintain normal membrane integrity and functions. ATP affects
the protein synthesis mechanism of the bacterial cell, resulting in
a lower amount of luciferase enzyme (EC 1.13.12.7) and, thus,
lower bioluminescence emission in bacteria incubated with the
whey peptides (Pihlanto-Leppald and others 1999).

Recently, the in vitro digestion of goat whey proteins using hu-
man gastric and duodenal juice resulted in antibacterial peptide
profiles different from that obtained using commercial enzymes
(Almaas and others 2008). «-La was partially degraded by hu-
man enzymes, while treatment with commercial enzymes fully
degraded the protein. a-La hydrolysates obtained with both hu-
man gastric juice and human duodenal juice strongly inhibited
Listeria monocytogenes at 0.3% to 0.6% of protein concentra-
tion in the bacterial culture media (Almaas and others 2008).
Undigested goat whey and hydrolysates digested with human
gastric juice demonstrated no significant effect in inhibiting L.
monocytogenes. This indicates that antibacterial caprine whey
hydrolysates are mainly obtained in the duodenum during diges-
tion. In the duodenum, tryptic digestion occurs under alkaline
conditions, while in the stomach digestion is by pepsin under
acidic conditions. Listeriosis, a bacterial infection occurring pri-
marily in newborn infants, elderly patients, and patients who
are immune-compromised may be controlled by these peptides.
More work is required to identify the involved peptides and their
mode of action.

The overall feature of helicity, charge distribution and am-
phiphilic properties have been associated with antimicrobial pep-
tides (Pihlanto-Leppald and others 1999). It is generally assumed
that these amphiphilic peptides disturb the cytoplasmic mem-
brane of micro-organisms. Many antimicrobial peptides have hy-
drophobic properties together with an excess of positive charges
near neutral pH of the bactericidal assay (Pellegrini and others
1992; Kagan and others 1994), converse to antimicrobial pep-
tides derived from «-La that are negatively charged. This may
explain why they were only weakly active against Gram-negative
bacteria whose outer membranes contain a negatively charged
lipopolysaccharide as a major component. The overall structure
of the peptides may also be of critical importance in their action
on bacterial cell membranes. Disulfide bonds between cysteines
in different polypeptide chains are crucial in ordering structure of
peptides possessing bactericidal activities (Pellegrini and others
1999).

It can be postulated that generation of bactericidal peptide
fractions by physiological endopeptidases of the mammalian
gastro-intestinal tract after ingestion of «-La containing diet
could occur, given that such peptides have been produced with
human enzymes. These fractions are without doubt more im-
portant as antimicrobial agents compared to the intact o-La.
Identification of these peptides and concentrations of peptides re-
quired to impart antimicrobial activity under physiological colon

conditions should be investigated before their efficacy is fully
claimed.

Antiviral Activity

Peptides with antiviral activity have been derived from «-La
(Table 1). Several peptide fragments with antiherpetic activity
were obtained by proteolytic digestion of a-La using trypsin (EC
3.4.21.4), chymotrypsin (EC 3.4.21.1), and pepsin (EC 3.4.23.1)
(Oevermann and others 2003). Digestion of «-La was done for
6 h at E/S 10%, temperature 37 °C, and pH 7.8 for trypsin and
chymotrypsin and pH 2 for pepsin. Peptides were fractionated
by RP-HPLC using a Nucleosil 120-10C;5 column that was pre-
viously equilibrated with 0.1% trifluoroacetic acid in 10% ace-
tonitrile. Chemical modification of the peptide fragments with a
lysine residual by 3-hydroxyphthalic anhydride (3-HP) generated
peptides with antiviral activity in vitro; however, they were almost
always combined with a cytotoxic effect on the Vero cells. The 3-
HP- «-La showed antiviral activity against human herpes simplex
virus type 1 (HSV-1), but it did not inhibit bovine para-influenza
virus type 3 and porcine respiratory corona virus (Oevermann
and others 2003). The peptide was earlier reported to possess
a high inhibition of human immunodeficiency virus 1 (HIV-1)
replication (ICso = 0.1uM), same as nucleoside analog AZT, and
showed minimal cytotoxicity (CCso = 50M) (Berkhout and oth-
ers 1997). The absence of antiviral activity with the native a-La
leads to the hypothesis that the introduction of hydrophobic and
negatively charged residues in the polypeptide chain is a useful
procedure to confer antiviral activity to a protein. Negative charge
and hydrophobic interaction between antiviral compounds and
virus envelope proteins have been suggested as a possible active
principle for their antiviral activity (Neurath and others 1995).

A new antiherpetic composition comprised of a virion prepara-
tion containing HSV-1 also contains the amino acids lysine and
valine as well as a combination consisting of at least 2 amino
acids selected from phenylalanine, leucine, threonine, histidine,
arginine, or methionine (Musaeva 2005). Short peptides contain-
ing these amino acids can be released from «-La through en-
zymatic hydrolysis. Short peptides with antiviral activity are of
particular interest because of reduced antigenicity, which conse-
quently limits possible hypersensitivity. Therapy with these pep-
tide fragments could be a promising alternative to many antiviral
drugs that are known to have numerous unpleasant side effects.

Antihypertensive Activity

Angiotensin I-converting enzyme, ACE (peptidyldipeptide hy-
drolase, EC 3.4.15.1) has been classically associated with
the renin angiotensin system regulating peripheral blood pres-
sure. The enzyme can increase blood pressure by convert-
ing angiotensin-l (a decapeptide) to the potent vasoconstrictor
angiotensin-Il (an octapeptide). ACE is a multifunctional enzyme
that also catalyzes the degradation of bradykinin (a vasodilating
nonapeptide) and enkephalins (pentapeptides). Therefore, inhi-
bition of ACE reduces the activity of angiotensin-Il but increases
bradykinin and enkephalin levels, and thus can result in the low-
ering of blood pressure (Koike and others 1980).

Most known ACE inhibitory peptides have masses below
3000 Da (Lopez-Fandifio and others 2006) and usually contain
2-12 amino acids, although active peptides with up to 27 amino
acids have been identified (Saito and others 2000). Structure ac-
tivity correlations between different peptide inhibitors of ACE in-
dicate that binding to ACE is strongly influenced by the C-terminal
tri-peptide sequence of the substrate. Although the precise sub-
strate specificity is not fully understood, ACE prefers substrates
or competitive inhibitors containing hydrophobic (aromatic or
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branched side chain) amino acid residues, for example, Pro, Phe
Try, Val, Leu, and Ile at each of the 3 C-terminal positions (Lopez-
Fandifio and others 2006). Moreover, the presence of the positive
charge of lysine (with an e-amino group) and arginine (guanidine
group) as the C-terminal residue may contribute to the inhibitory
potency of peptides released by trypsin owing to the enzyme’s
specificity in cleaving the 2 amino acids.

Quantitative structure—activity relationships (QSAR) for ACE-
inhibitory peptides derived from milk proteins were established
by Pripp and others (2004). For peptides up to 6 amino acids,
a relationship was found between the ACE inhibitory activity
and some of the peptide characteristics (hydrophobicity and a
positively charged amino acid at the C-terminal position). No re-
lationship was found between the N-terminal structure and the
ACE inhibitory activity. ACE inhibition studies with dipeptides
of varying structures show that C-terminal tryptophan, tyrosine,
phenylalanine, or proline residues were most effective in enhanc-
ing substrate binding (Haque and Chand 2008).

Peptides with ACE inhibitory activity have been obtained
through hydrolysis of «-La (Table 2) with various enzymes,
namely, trypsin (EC 3.4.21.4), chymotrypsin (EC 3.4.21.1), pepsin
(EC 3.4.23.1), elastase (EC 3.4.21.36), PTN 3.0S, corolase, ther-
molysin (EC 3.4.24.27), proteinase K (EC 3.4.21.14), and BLP (EC
3.4.21.19) (Mullally and others 1997; Otte and others 2007a).
Hydrolysis of a-La by pepsin and trypsin or their combination
showed high ACE inhibition (ICs) values of more than 84% (Mul-
lally and others 1997). Thermolysin is particularly good in releas-
ing potent ACE inhibitory peptides on hydrolysing «-La (Otte and
others 2007b) as the enzyme preferentially cleaves the aromatic
or hydrophobic lle, Leu, Phe, Tyr, Val, which are implicated in
ACE inhibition. Such peptides having ACE inhibition were iso-
lated and they include Val-Ser-Leu-Pro-Glu-Trp f(21-26), Gly-
Val-Ser-Leu-Pro-Glu-Trp f(20-26), Leu-Lys-Gly-Tyr-Gly-Gly_Val-
Ser-Leu-Pro-Glu-Trp f(15-26), and Tyr-Gly-Gly_Val-Ser-Leu-Pro-
Glu-Trp f(18-26) of a-La . The highest ACE inhibition was found
with f(21-26) and f(15-26). All the peptides had the same C-
terminal tryptophan and their molecular masses were around
1000 Da.

Other fragments of «-La, namely, lle-Val-Glu-Asn-Asn-GlIn-Ser-
Thr-Asp-Tyr-Gly f(41-51), Phe-His-Thr-Ser-Gly-Tyr-Asp-Thr-Glu-
Ala f(31-40), Leu-Asp-GIn-Trp f(115-118), and Leu-Asn-Asn-Asp
f(101-104) were also released during hydrolysis of a-La with ther-
molysin, but their ACE inhibition was not assayed. The peptides
were observed to have hydrophobic amino acid residues at the
C-terminal and a molecular mass of less than 3000, hence likely
to show ACE activity (Schlothauer and others 2003). «-La pep-
tides with ACE inhibitory activity also include the decapeptide
Val-Gly-lle-Asn-Tyr-Trp-Leu-Ala-His-Lys f(99-108), pentapeptide
Trp-Leu-Ala-His-Lys f(104-108), and the tripeptide Tyr-Gly-Leu
(f50-52), obtained with trypsin alone, and with an enzyme
combination containing pepsin, trypsin, and chymotrypsin
(Pihlanto-Leppéla and others 2000), the tetrapeptide a-lactorphin
Tyr-Gly-Leu-Phe f(50-53), and the dipeptides Tyr-Gly, f(18-19),
Tyr-Gly f(50-51), and Leu-Phe f(52-53) (Mullally and others
1996).

a-Lactorphin, which also possesses opioid activity, dose-
dependently lowered blood pressure (BP) without affecting the
heart rate in Wistar Kyoto (WKY) and spontaneously hypertensive
rats (SHR) after a single subcutaneous administration (Nurminen
and others 2000; ljas and others 2004). The lowest dose that
reduced BP was 10 ug/kg, and the maximal reductions in sys-
tolic and diastolic BP (23 £ 4 and 17 £ 4 mm Hg, respectively)
were observed at a 100 pg/kg dose in SHR (Nurminen and others
2000). The mechanism of the BP-lowering effect of a-lactorphin
seems to be due to an interaction with opioid receptors, since
the response was antagonized by pretreatment with naloxone (a

drug used to counter the effects of an opioid overdose, for ex-
ample, heroin or morphine overdose). However, ljds and others
(2004) found that it elicits no effect typical of active opioids in
behavioral tests in mice after intraperitoneal administration.

The lack of central effects of a-lactorphin could be due to
the rapid degradation of the peptide in the blood. Further inves-
tigations on the antihypertensive effect of «a-lactorphin, and its
possible use in humans are necessary.

Fermentation of whey proteins produces ACE inhibitory pep-
tides from a-La as well (Table 2). Fermentation of goat whey by the
microflora obtained from ripened Comté, cheese and identified
as a co-culture of Candida parapsilosis and Lactobacillus para-
casei, produced the ACE inhibitory peptide Trp-Leu-Ala-His-Lys
f(104-108) of a-La (Didelot and others 2006). Likewise, the mi-
croflora extracted from Bamalou des Pyrenées cheese consisting
of the yeast Kluyveromyces marxianus and the bacterium Lacto-
bacillus rhamnosus was equally potent and fully hydrolyzed «-La
to produce ACE inhibitory peptides (Hammea and others 2009).

The already large number of existing a-La peptides with ACE
inhibition makes them suitable candidates for hypertension con-
trol trials, although, the well known ACE inhibiting tripeptides,
Val-Pro-Pro (VPP) and Ile-Pro-Pro (IPP) (Pripp 2008) and that have
been isolated from milk proteins are absent among «-La possible
peptides. The use of ACE inhibitory peptides compared to the rec-
ommended dose of ACE inhibitory pharmaceuticals, for example,
25 to 150 mg/d in the case of Captopril, is relatively low (Takano
2002). This alternative would offer an opportunity to avoid sev-
eral side effects such as hypotension, increased potassium level,
and reduced renal function, cough, skin rashes, and fetal abnor-
malities that have been associated with synthetic inorganic drugs.
However, in studies on pharmaceuticals it is recognized that in
vitro ACE inhibition does not obviously correlate with in vivo
antihypertensive activity (Lee and others 2007) due to possible
degradation of the peptides by intestinal or plasma peptidases
before they can exert an effect on blood pressure. More research
on delivery vehicles for ACE inhibitory peptides that would min-
imize loss of activity is now needed.

Opioid Activity

Opioid peptides are short sequences of amino acids that mimic
the effect of opiates in the brain and are known to play an im-
portant role in motivation, emotion, attachment behavior, the
response to stress and pain, and the control of food intake. Pep-
tides with opiate-like effects have been released from «-La during
proteolysis by gastric and pancreatic enzymes in vitro. Proteol-
ysis of a-La with pepsin produced a tetrapeptide, a-lactorphin
Tyr-Gly-Leu-Phe, f(50-53) (Antila and others 1991). Lactorphins,
like casomorphins, have pharmacological characteristics similar
to morphine. They can act as analgesics. They stimulate excre-
tion of some hormones, especially insulin and somatostatin, pro-
long gastrointestinal resorption of nutrients, modulate transport
of amino acids in the intestine, and they also act as antidiarrhea
agents (Meisel 2005).

a-Lactorphin is an atypical opioid peptide with tyrosine con-
served at the N-terminal and the aromatic amino acid pheny-
lalanine at the C-terminal, which is an important structural motif
for binding to opioid receptors (Pihlanto-Leppdld 2001). The neg-
ative potential, localized in the vicinity of the phenolic hydroxyl
group of tyrosine, seems to be essential for opioid activity. -
Lactorphin has been demonstrated to exert a weak, but consis-
tent, opioid activity in the guinea pig ileum and, in connection
with receptor-binding, and to displace H-naloxone from its bind-
ing sites at micromolar concentrations (Pihlanto-Leppéld 2001).
Since peptide absorption in the gut has not been reported to date,
itis generally accepted that physiological influences are restricted
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Table 2-— Antihypertensive peptides released from «-La.

Peptide sequence IC5o° Enzyme/culture Source References
Tyr-Gly-Leu 409 Trypsin Animal Pihlanto-Leppéala and others (2000)
Val-Gly-lle-Asn-Tyr-Trp-Leu-Ala-His-Lys 327
Trp-Leu-Ala-His-Lys 77
Tyr-Gly-Leu-Phe 733 Pepsin Animal Mullally and others (1997)
(23,17)¢
Leu-Lys-Gly-Tyr-Gly-Gly-Val-Ser-Leu- 83 Pepsin Animal Mullaly and others (1997); Otte and
Pro-Glu-Trp others (2007a)

Tyr-Gly-Gly-Val-Ser-Leu-Pro-Glu-Trp 16 Trypsin, Animal
Gly-Val-Ser-Leu-Pro-Glu-Trp 30 Chymotrypsin, Animal
Val-Ser-Leu-Pro-Glu-Trp 57 Elastase, Animal

PTN 3.0S Animal

Corolase, Animal

Thermolysin, Microbial

Proteinase K, Microbial

aBLP Microbial
Trp-Leu-Ala-His-Lys 564 C. parapsilosis/ L. paracasei Cheese Didelot and others (2006)
Not identified K.marxianus/ L. rhamnosus Cheese Hammea and others (2009)

8BLP = Bacillus licheniformis protease.
PConcentration (M) needed to inhibit ACE to 50% of its original activity.

CMaximal reductions in systolic and diastolic BP (mm Hg, respectively) observed at a 100 ng/kg dose in SHR (Nurminen and others 2000).
9The highest %ACE inhibitory activity resulted from whey fermented by a co-culture of C. parapsilosis and L. paracasei.

to the gastrointestinal tract, where peptides may modulate gas-
trointestinal function, intestinal transit, amino-acid uptake, and
water balance. It is hoped that future research on the use of a-La
opioid peptides will lead to a range of therapeutic opportunities.

Mineral Binding

Mineral binding peptides from whey proteins are few and much
less specific, compared to casein-originating peptides that have a
high content of negative charges that efficiently bind the divalent
cations Fe, Mg, Mn, Cu, and Se with the formation of soluble com-
plexes. However, a-La peptides obtained by in vitro or in vivo hy-
drolysis act as mineral trappers through specific and nonspecific
binding sites (Vegarud and others 2000). They may then function
as carriers or chelators of various minerals and thus enhance or
inhibit bioavailability. In addition, these peptides may be able to
bind minerals (Baumy and Brule 1988) and have shown a higher
affinity for Fe** than the native proteins (Svenning and Vegarud
1998). WPC hydrolysates derived with alcalase (EC 3.4.21.62),
trypsin (EC 3.4.21.4), papain (EC 3.4.22.2), and flavorzyme (EC
3.4.11.1) show iron solubility (Kim and others 2007). Peptides
obtained with alcalase were short, less than 3000 Da, and had
the highest ability to bind iron (0.2 mg/kg) and gave high iron
solubility of 95%. Short peptides were, as a result of a high DH,
responsible for alcalase’s broader specificities in cleaving various
peptide bonds. The exact mechanism of iron binding to the pep-
tides has not been established; however, their amino acid analysis
showed higher concentrations of Ala, Lys, and Phe compared to
others with less binding ability (Kim and others 2007).

Since whey proteins are not phosphorylated, the minerals seem
to bind through different binding sites (Vegarud and others 2000)
other than phosphoseryl and carboxyl as in caseins. The binding
sites for divalent cations consist of a group of ionic amino acids,
Glu, Asp, Lys, Arg, and His, whose dissociation depends on their
chemical surroundings. An acidic motif in the peptide backbone
and a preceding long N-terminal sequence with the ability to
assume a loop-like conformation are instrumental in binding di-
and trivalent minerals (Ferraretto and others 2003). The acidic
motif is present in calcium- rich casein phosphopeptides (CPP)
and consists of 3 phosphoserines and 2 glutamic acids, Ser(P)-
Ser(P)-Ser(P)-Glu-Glu. The other properties involved in the bonds

of cations seem to be ionic radius and electronegativity. This may
explain the higher affinity for iron, which has high electroneg-
ativity. The strong affinity to bind calcium may be attributed to
calcium’s large ionic radius.

Isolation methods of mineral-binding peptides include selec-
tive solubilization and precipitation by use of different solvents,
chelating complexes (Ca/ Ba), pH values, and ionic strengths
(Vegarud and others 2000). Peptides of different molecular sizes
and ionic and hydrophobic characteristics are obtained by dial-
ysis or filtration techniques and by the selective chromatogra-
phy using ionic, affinity, hydrophobic interactions, and chelating
column techniques. Advancing research in the production of
a-La mineral-binding peptides will go a long way in solving
the world’s population mineral deficiency problems particularly
among women, children, and the aged.

Antioxidative Activity

Peptides generated from the digestion of milk proteins are re-
ported to have antioxidant activities. Such peptides are composed
of 5 to 11 amino acids including the hydrophobic amino acids
Pro, His, Tyr, or Trp in the sequence (Pihlanto 2006).The amino
acid sequences of peptides obtained depend on the protease
ability to cleave specific peptide bonds at certain sites within
the protein. The antioxidant activities of tryptophan and tyrosine
may be explained by the special capability of phenolic and in-
dolic groups to serve as hydrogen donors. The phenoxyl and
indolyl radicals are much more stable and have longer lifetimes
than the simple peroxyl radical, so any reverse reaction or the
propagation of the radical-mediated peroxidizing chain reaction
is inhibited (Pihlanto 2006).

Peptides portraying antioxidant activity are generally small in
size, with molecular weights of less than 3000 Da. This could be
attributed to accessibility to the oxidant-antioxidant test systems
being greater for small peptides and amino acids than for large
peptides and proteins, because large peptides are poorly soluble
in assay solvents like methanol used in the diphenylpicrylhy-
drazyl (DPPH) radical scavenging test. Short peptides exhibiting
antioxidant activity have been isolated and characterized from
casein (Suetsuna and others 2000) and protein sources such as
soy protein. For long peptides, conformation can lead to either
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synergistic or antagonistic effects in comparison to the antiox-
idant activity of the amino acids on their own (Hernandez-
Ledesma and others 2005). A peptide would probably have
increased antioxidative properties when fragments containing
aromatic amino acids are added, resulting in additive effects.
In contrast, adding other fragments may only negatively affect
the peptide’s properties, such as solubility, and hence lead to a
lower antioxidative activity. This phenomenon needs to be fur-
ther explored with the aim of unveiling a mechanism for possible
enhancement of antioxidant activity for the long peptides.

Investigations on the antioxidant activity of hydrolysates from
bovine whey proteins by commercial proteases have revealed
that Corolase PP, a complex mixture of enzymes that acts syner-
gistically on whey proteins, was the most appropriate enzyme
in obtaining antioxidant hydrolysates from «-La (Herndandez-
Ledesma and others 2005). The hydrolysates fractionated by
a 3000 Da membrane had an oxygen radical absorbance ca-
pacity fluorescein (ORAC-FL) value of 2.315 umol of Trolox
equivalent/ug of protein. Other enzymes, pepsin (EC 3.4.23.1),
trypsin (EC 3.4.21.4), chymotrypsin (EC 3.4.21.1), and ther-
molysin (EC 3.4.24.27) released hydrolysates with lower ORAC-
FL value corresponding to 0.970, 0.942, 1.755, and 1.365 pumol
of Trolox equivalent per microgram of protein, respectively. Dif-
ferences in the radical scavenging activity among hydrolysates
were attributed to differences in the size and amino acid se-
quence of the peptides released by the proteases.

Recently, a peptide fraction associated with a-La and having an
IC50 inhibition value of 143 £ 10 superoxide radical scavenging
activity was separated through size-exclusion chromatography
using a Sephadex G-200 column after peptic hydrolysis of whey
filtrate. The enzymatic reaction was carried out at pH 1.5, E/S
1: 100 (w/w), and at temperature of 37 °C for 30 min (Bayram
and others 2008). More research is required to identify the an-
tioxidative peptides released from «-La and their physiological
expediency in the GIT.

Antiulcerative Properties

Ulcers may be defined as mucosal erosions of an area of the
GIT that is usually acidic and thus extremely painful. Although the
majority of ulcers are associated with bacterial infection, stress
and other agents such as chemicals are also possible causes.
Ethanol-induced ulcers lead to production of the free radicals,
superoxide anion (O, 7), and hydroxyl (OH) radicals, which also
propagate lipid peroxidation of gastric and hepatic tissues. Thus,
a-La peptides with antioxidant activity (Table 1) would be effec-
tive in treatment of ethanol-induced ulcers by scavenging super-
oxide and hydroxyl radicals. Omeprazole, a drug used in ulcer
treatment, similarly blocks the generation of “OH and associ-
ated lipid peroxidation and protein oxidation (Biswas and others
2003).

Ulcers may also be effectively countered by the concomitant
growth of cells in an ulcerated area and, hence, growth stimu-
lation by peptides produced from «-La may perhaps play a role
as an antiulcerative factor. A novel growth-stimulating peptide
prepared from human «-La has already been determined (Kanda
and others 2007) and could be important in the recovery from
ulcers. This peptide, named HMLAL6, was produced by prote-
olysis of human a-La by endopeptidase lysine C (EC 3.4.21.50).
The sequence of HMLALG6 corresponds to f59-93 and has 2 lysine
residues except C-terminal lysine. It comprises 3 peptides joined
by 2 disulfide bonds of 2 cystines. To identify the sequence, HM-
LAL6 was reduced and alkylated to cleave the disulfide bonds,
fractionated by HPLC, and the sequences of individual peptides
were determined using Edman degradations, equipped with pro-
tein sequencer, and subsequent identification by RP-HPLC.

Proteolysis of human and bovine a-La with any proteases (such
as plasmin or trypsin) may yield fragments that might be growth-
stimulating. Intake of milk to calm ulcers by victims may be
somewhat related to the ability of a-La to protect against fur-
ther gastric mucosal injury and its peptides could lead to ulcer
recuperation.

Antitumor and Apoptosis Effects

Based on various cytochemical studies, there is increasing ev-
idence for the possible involvement of milk-derived peptides as
specific signals that can trigger the viability of cancer cells by
inducing apoptosis (Lopez-Expdsito and Recio 2008). A vast ma-
jority of tumor promoters are potent inhibitors of apoptosis, and
therefore apoptosis-inducing peptides can be classified as proba-
ble human anticarcinogens. Effects on both cell viability and im-
mune cell function may be a mechanism through which bioactive
peptides exert protective effects in cancer development (Meisel
2005). To date most peptides with antitumor and apoptosis prop-
erties are derived from casein and lactoferrin using enzymatic
digestion. Their net positive charge and hydrophobicity, as well
as ability to adopt an amphipathic conformation, are critical for
antitumor activity (Yang and others 2004).

a-La and its derivatives from human milk have been reported
to induce apoptosis-like cell death in tumor cells (Svanborg and
others 2003). This effect was attributed to an a-La-oleic acid com-
plex, human alpha-lactalbumin made lethal to tumor cells (HAM-
LET), which was identified in human breast milk. An equivalent
complex from bovine a-La, BAMLET, possesses the same prop-
erties. The complexes kill human epidermoid larynx carcinoma
cells (Knyazeva and others 2008), lung tumor cells line A549
(Zhang and others 2009), and other tumor cells, selectively spar-
ing mature epithelial cells and hence can be assumed to control
cancer processes. A medication containing HAMLET, for use in
the treatment of papillomas, such as cuteneous papillomas, has
also been invented (Svanborg 2007).

HAMLET/BAMLET can be obtained by eluting monomeric
Ca?*-depleted a-La from milk whey through an oleic acid-
preconditioned column (Yang and others 2006; Knyazeva and
others 2008) or can be produced from bovine «-La using oleic
acid in a batch process with heat treatment (Kamijima and oth-
ers 2008). At a pH range of 4 to 4.5, apo-bovine «-La is prone
to oligomerization, which may be involved in the formation of
the apoptosis-inducing complex. In addition, oleic acid was re-
ported to promote the formation of dimers at neutral pH, which
provides a possibility that the multimeric form of «-La is directly
induced by oleic acid (Svensson and others 2000). Other un-
saturated fatty acids, such as linoleic acid, can form aggregates
of apo- a-La under physiological conditions that is partially un-
folded with exposed hydrophobic clusters and having apoptotic
effects.

Saturated fatty acid (such as stearic acid) complexes had no
toxicity to tumor cells (Knyazeva and others 2008) indicating
structures of fatty acids have significant effects on the functions
of the aggregates of apo- «-La (Zhang and others 2009). It was
reported that unsaturated fatty acids induce cytotoxic aggregate
formation of amyotrophic lateral sclerosis-linked superoxide dis-
mutase 1 (SOD1) mutants (Kim and others 2005). The fatty acid
binding characteristics are closely correlated with the oligomer-
ization propensity of SOD1 proteins, which indicates that fatty
acid binding may change SOD1 conformation in a way that fa-
vors the formation of aggregates (Kim and others 2005). Addi-
tionally, both bovine and human «-La without modification by
oleic acid can exhibit electrostatic interactions with charged dis-
ordered polypeptides resembling histones. «-La can therefore be
used as a basis for the design of antitumor agents, acting through
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disorganization of chromatin structure due to electrostatic inter-
action between «-La and histone proteins (Permyakov and others
2004).

The conditions existing in the gastro-intestinal tract (GIT) could
provide an environment fulfilling the requirements necessary for
the conversion of a-La into the active apoptotic form. The low
pH of the stomach is known to cause partial unfolding of «-La
and lipids are hydrolyzed there by acid lipases releasing oleic
acid. Indeed, it was speculated that HAMLET-like molecules can
promote lowering the incidence of cancer in breast-fed children
by purging of tumor cells from the gut of the neonate (Svens-
son and others 2000). However, the ability of HAMLET to kill
immature and undifferentiated cells may be a limitation in the
development of the naive intestinal cells of a growing infant
and further research should be done to ascertain efficacy in its
selectivity.

Nanotubes and Assembly of Amyloid Fibrils

Recently a-La was discovered to self-assemble into long, uni-
form tubular strands, about 20 nm in diameter (Figure 5), upon
limited proteolysis by a protease from Bacillus licheniformis (BLP,
EC 3.4.21.19) (Otte and others 2005; Graveland-Bikker and De
Kruif 2006; Ipsen and Otte 2007). The hydrolysis nanoproducts
had a molar mass ranging from 10 to 14 kDa (Graveland-Bikker
and De Kruif 2006). Tubular assembly depends on the concentra-
tion of protein as this determines how far the hydrolysis proceeds.
Tubular structures were obtained at a minimum «-La concentra-
tion of 20 g/L and at 50 °C, pH 7.5, and 2 mol Ca**/a-La, while
at lower concentration fibrillar and/or random aggregates were
obtained (Otte and others 2005).

The nanotubes were stable under extreme conditions, such
as in an autoclave (121 °C, 1.2 atm), and could withstand pas-
teurisation (72 °C, 40 s) (Graveland-Bikker and De Kruif 2006)
while degradation occurs at 200 °C. They displayed remarkable
chemical stability in most common organic solvents, includ-
ing dimethylformamide (DMF) and dimethyl sulfoxide (DMSO)

(Scanlon and Aggeli 2008). Peptide nanotubes exhibit good me-
chanical and thermal stabilities in water. The remarkable stability
of peptide nanotubes can be attributed to the highly coopera-
tive nature of the noncovalent interactions throughout the crystal
lattice (Hartgerink and others 1996). The stability of a-La nan-
otubes makes it possible to use in industrial manufacturing pro-
cesses utilizing extreme conditions, such as in spray-drying and
freeze-drying, and they can be used in the production of mul-
tilayer emulsions to improve the stability of emulsions against
environmental stresses.

«-La nanotubes could find possible applications in food and
pharmaceuticals. They can be used as viscosifying agents, be-
cause of their stiffness and linear structures that are effective
properties for increasing the viscosity of a product. They form
strong gels at low weight fractions, hence can be used as gelling
agents in food systems. Because of their cavity, the a-La nan-
otubes could well serve as vehicles for drugs or nutraceuticals,
chemicals, and genes through nanoencapsulation for target or
limited delivery (Raviv and others 2005; Sozer and Kokini 2009).
In addition, @-La nanotubes can be used to encapsulate other
molecules, such as vitamins, prebiotics, probiotics, and enzymes,
thus offering protection or a masking effect for the encapsulated
compounds. Due to the reduction of particle size in nanotubes,
a-La is expected to assume changes in properties, such as solu-
bility, prolonged residence time in the GIT, and efficient absorp-
tion through cells, hence increased nutritional value of nanotube
peptides.

«-La also forms amyloid fibrils if induced to adopt the molten
globule (MG) state at low pH (Laureto and others 2005). At a
low pH of 2, exposure of the hydrophobic interior of a-La may
be responsible for promoting the aggregation phenomenon. Dur-
ing the initial stages of aggregation, a-La exists in a more ex-
panded and flexible conformational state and can easily undergo
proteolysis by pepsin, which is a critical prefibrillogenic event.
Formation of amyloidal fibrils is accompanied by a conforma-
tional change in the secondary structure of the protein towards
higher g-sheet content and strong binding of thioflavin (a cationic
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benzothiazole dye that shows enhanced fluorescence upon bind-
ing to amyloid fibrils). Fibrillogenesis of the amyloid B-protein
(AB) is a seminal pathogenetic event in Alzheimer’s disease
(Walsh and others 1997), Parkinson’s disease, the prion diseases,
and other neurological disorders. Beta-amyloid, a common pro-
tein in the brain, can make cell membranes leak choline, an es-
sential ingredient in acetylcholine, which is known to help store
and retrieve memories. Inhibiting fibrillogenesis is thus one ap-
proach toward disease therapy. a-La is yet to be associated with
any specific disease, however, knowledge and understanding of
a-La amyloid fibrils would be an important step in drawing up
strategies for controlling amyloidal diseases.

Conclusions

a-La of high purity can be produced in significant amounts that
allow its use as an important nutrient and ingredient of functional
foods. The choice of technology to use in the production of a-La
is guided by the expected purity levels, amounts needed, and
subsequent processing. There is no single method that produces
100% pure a-La, so a combination of technologies is inevitable.
Chromatography and gel filtration are appropriate technologies in
the purification of «-La obtained with other technologies and are
suitable for the production of high purity samples. The reversible
precipitation of a-La remains a primary step in the production
process and can be combined with membrane filtration for bulk
a-La production. Membrane separations that are convenient to
use have been combined with enzyme hydrolysis to produce a-
La of high purity and are also applicable in the separation of
bioactive peptides.

Several bioactive peptides from a-La have been reported with
promising usage as nutraceuticals. Bioactivities depend on pep-
tide structure resulting from hydrolysis conditions of «-La, which
can also be influenced by the composition of the food matrix
in which the «-La is present. Currently most of the bioactive
peptides released from «a-La and identified are those with antihy-
pertensive properties and that were obtained through hydrolysis
of pure a-La or of whey proteins with commercial enzymes. The
a-La isolate or its bioactive peptides may as well be produced
in the gastro-intestinal tract of consumers of dairy products, thus
offering them constant health benefits.

As of now, the number of bioactive peptides derived from -
La is relatively low compared to its counterpart g-lactoglobulin
or the more abundant casein proteins. This can be attributed to
the moderate resistance of «-La to degradation in the presence
of other milk proteins as observed with most studies that have
utilized WPC or unprocessed whey. Research on hydrolysis of
the now-available pure a-La under diverse hydrolysis conditions
is likely to yield more bioactive peptides.
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Dear Rachel:

This is a little bit later in the day than | had been hoping for, but I am fulfilling my
promise of having our response to the FDA questions on GRN 809 back to you today.
We hope that our answers to the questions are satisfactory, but we will be happy to
provide any additional information needed.

In addition to our responses in this letter, | am including a spreadsheet that contains
details of the calculations behind the tables and a copy of a published article by Kamau et
al. (2010) that provides a general description of the production process used by Arla,
although it differs in some details.

/A

ames T. Heimbach, Ph.D., F.A.C.N.
President

923 Water Street, P.O. Box 66, Port Royal Virginia 22535, USA
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Responses to FDA Questions:

Chemistry:

Q1la. What portion of the total protein in infant formula will be provided by the fractionated WPC
(41% ALA) ingredient? Please provide an estimated range for the replacement level (for
standard whey or casein) based on use levels of total protein and the casein:whey ratio in infant
formula.

As stated in the GRAS petition, as a business to business customer, we have no control over how
a formula manufacturer will design its formulas. As shown below, the proportion of total protein
that may be provided by fractionated WPC (41% ALA) will be between 25 and 42.8%, depending
upon the formula, manufacturer’s choices of the total protein (14 or 15 g/L) and the whey:casein
ratio (from 40:60 to 80:20).

We used the following values in our calculations:
Skim Milk Powder (SMP):

Protein @ 35%
ALA @ 1.2% of protein

WPCB8O0:
Protein @ 80%
ALA @ 16.6% of protein (13.28% of ingredient),

Fractionated (41% ALA) WPC/Alpha-10:
Protein @ 81%
ALA @ 41% of protein

The table below summarizes the percentage of total protein that would be replaced by the
fractional WPC (41% ALA) in formulas with varying whey:casein ratios and providing either 14
or 15 g total protein/L.

Replacement Percentage: Total Protein by Fractionated WPC (41% ALA):

% Total Protein Replaced with
Whey:Casein Fractionated WPC (41% ALA)
Ratio For formul_a @149 For formul_a @159

protein protein

40:60 25% 25%

50:50 38% 38%

60:40 40% 35%
70:30 32.5% 27.5%
80:20 42.8% 40.5%

In addition, we calculated the total whey (WPC 80 or equivalent intact proteins) that would be
replaced from a typical whey dominant formula to accommodate fractionated WPC (41% ALA);
the values are presented in the following table.
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Replacement Percentage: Total Whey (WPC 80) Protein by Fractionated WPC (41% ALA)

% Regular WPC80 Replaced with

Whey:Casein Fractionated WPC (41% ALA)

Ratio For formula  @14g For formula @15g

protein protein

40:60 100% 100%

50:50 100% 100%

60:40 80% 70%

70:30 52% 44%

80:20 100% 100%

The derivation of these values is presented in detail in the spreadsheet. The first part of this
spreadsheet involves the use of regular WPCB80 as the only whey ingredient. The second section
of the table includes addition of fractionated WPC (41% ALA). Due to the confidential nature of
the formulation, we have not provided the calculations for developmental formula (80:20
whey:casein), but used the same principles that we applied to other whey:casein ratios discussed
in the table to arrive at the numbers.

To reach average human milk levels of ALA using various combinations of whey and casein, the
replacement level of total whey or casein protein by fractionated WPC (41% ALA) needs to be in
the range of 27.5% to 42.8%. Such addition would provide ALA levels in formulas that would
reach 2.5 g/RL for declared content or approximately 7.5 g/L of fractionated WPC (41% ALA)
covering our intended use levels. To account for analytical and manufacturing variabilities, we
requested a 10% overage level of 8.3 g/L and the overage amount is not reflected in the above
calculations. The 100% replacement of regular whey with fractionated whey (41% ALA) is still
limited in reaching human milk average levels of 2.5 g/L (see spreadsheet) for whey:casein ratios
40:60 and 50:50, either at 149 total protein or at 15g total protein formulas. Using fractionated
WPC (41% ALA) to bring alpha lactalbumin levels closer to human milk average of 2.5g/L is
best suited for whey dominant formulas only.
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Q1b. On page 17 of the notice, Arla states that the intended technical effect is “to bring
the level of whey protein, including ALA, in cow-milk-based infant formula up to a level
approximating that of the whey protein and ALA concentration in human milk.” Is the use
limited to primarily whey-based formulas (where it would replace whey) or is it intended
as a partial replacement for casein in milk-based infant formulas? When responding to
this question, please use current protein levels used in infant formulas. Although
mentioned on page 19 of the notice, we did not evaluate reduced protein levels during
our review.

Our ingredient addition is intended for use in whey dominant formulas where the whey % in the
whey:casein ratio is at least 50%. Fractionated WPC (41% ALA) is not intended to be added to
formulas that contain only milk (20:80 whey:casein) or formulas with 40:60 whey:casein ratios.
Its use is limited to formulas that would normally have some WPC that could be replaced, either
partially or totally. Approximation of average human milk levels of 2.5 g/RL can only be
achieved by addition of fractionated WPC (41% ALA) to formulas with 50:50 or greater
whey:casein ratios. The table in the spreadsheet contains these calculations.
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Q2a. A comparison of the protein composition of fractionated WPC (41% ALA) to that of
standard whey is missing in the notice. We note that the general identity and levels of
individual whey proteins, including B-lactoglobulin, a-lactalbumin, immunoglobulins (1gG,
IgA, IgM), serum albumin, lactoferrin, glycomacropeptide, and other proteins (e.qg.,
lactoperoxidase, insulin-like growth factor-1, and transforming growth factor-82 (TGF-£2))
are characterized in the literature’. Please characterize the composition of the
fractionated WPC (41% ALA) ingredient relative to the WPC starting material. Please
provide this information in a table or provide a citation to a reference providing this
information.

To respond to this question, Arla conducted systematic analysis of 5 lots of each of the
following materials:

e starting material (whey protein concentrate, comparable to other WPC),

e fractionated WPC (41% ALA), and

e ALA-reduced retentate fraction.

Analyses were conducted in-house and by a third-party laboratory for ALA, B-
lactoglobulin, casein glycomacropeptide (CGMP), proteose peptones (PP8 and PP5),
immunoglobulin G-1 (IgG-1), bovine serum albumin (BSA), and lactoferrin (LF). Our
findings compare well with the published literature regarding the protein profile of a
variety of whey products®.

For the fractionated whey (41% ALA), we also used annotation in mass spec (in-house
data) to detect peptides corresponding to major whey proteins including BSA, LF, and
lgG-1.

Using both HPLC and mass spec, we were able to detect only four major proteins in our
assays of WPC (41% ALA). The tables below show the average content of the major
whey proteins and casein peptides in the three materials.

The major proteins--ALA, B-lactoglobulin and CGMP and the 3-casein derived peptides
PP8 slow and PP5 (measured by HPLC/UV)--account for essentially all the proteins in
WPC (41% ALA) and the batch variation is very small for ALA, B-lactoglobulin, and
CGMP, while the B-casein derived peptides PP8 and PP5 are found to be more variable.
The high-molecular-weight proteins IgG-1, BSA, and LF were analyzed in fractionated
WPC (41% ALA) by state-of-the-art Parallel Reaction Monitoring Mass Spectroscopy
with a functional LOQ of 10 nM; none of the proteins was found in a detectible or
guantifiable concentration. We have not assayed the minor components in our fractions
(lactoperoxidase, TGF-b or IGF-1) as we achieve mass balance with other protein
components. We do not have facilities to accurately quantitate these protein components

! Vincent D., Elkins A., Condina, MR., Ezernieks V., and Rochfort S (2016). Quantitation and
identification of intact major milk proteins by high throughput LC-ESI-Q-TOF MS Analyses. PLOS
ONE, October 17, 2016:1-21.

% Elgar DF, Norris CS, Ayers JS, Pritchard M, Otter DE, and Palmano KP (2000). Simultaneous
separation and quantitation of the major bovine whey proteins including proteose peptone and
caseinomacropeptide by reversed-phase high-performance liquid chromatography on
polystyrene-divinylbenzene. J Chromatogr A 878:183-186.
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in our fractions and were also unable to find a suitable contract laboratory that would run
validated assay targeted specifically for bovine proteins.

As can be seen from the composition of the starting material and the ALA-reduced
retentate, most of the proteins other than ALA are present in the retentate at levels
comparable to the starting material.

Composition of Starting Material, WPC (41% ALA), and ALA-Reduced Retentate

Material 9/100 g Protein (Meants.d.)

ALA P-lacto- | b | ppg/pps 19G-1 BSA LF

globulin

Starting 17.8+0.1 47.1+0.3 19.4+0.6 2.1+0.2 3.0£0.1 N.A. 0.1+0.02
Material
(WPC)
WPC (41% 48.3+0.7 19.2+0.7 28.410.4 4.91£0.9 <0.1nM <0.1nM N.D.
ALA)
Reduced 8.6+0.7 53.6+1.1 16.0+0.4 2.5+0.4 5.8+0.6 2.5+0.3 0.7£0.1
Retentate
Fraction

(n=5 individual batches); N.A. = not analyzed; N.D. = not detected

The functional LOQ for IgG, BSA, and LF in WPC (41% ALA) was 10 nM.
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Q2b. Arla provides a comparison of the amino acid composition of bovine ALA and
human ALA; however, ALA is only a portion of the fractionated WPC (41% ALA)
ingredient. Please provide a comparison of the amino acid composition of Arla’s
fractionated WPC (41% ALA) ingredient with that of standard whey protein that is used
as an ingredient in infant formula. We note that the latter is available in several published
reviews.

Comparison of Typical Whey Protein Concentrate (WPC 80)
and Fractionated WPC (41% ALA)

g amino acid/100 g protein
Amino acid Fractionated
WPC 80 WPC (41%

ALA)
Alanine 5.5 3.8
Arginine 2.7 1.6
Aspartic Acid (Asparagine) 11.3 14.1
Cysteine (Cystine) 2.4 3.2
Glutamic acid (Glutamine) 18.4 17.4
Glycine 2.0 21
Histidine* 1.9 21
Isoleucine 6.6 7.1
Leucine 11.4 9.9
Lysine 9.9 10.1
Methionine 2.3 1.7
Phenylalanine 3.5 34
Proline 6.6 5.8
Serine 5.7 5.6
Threonine 7.5 7.9
Tryptophan 1.9 2.7
Tyrosine 3.2 3.2
Valine 6.6 5.7
Total 109.4 107.4

*Essential amino acids in bold font

These are typical values based on multiple lots of production in our facility and are sent
as part of specifications to infant formula customers.
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Q2c. Please discuss if certain components of whey other than ALA and B-lactoglobulin
are concentrated in the WPC (41% ALA) ingredient in terms of amounts provided per
liter or per 100 kcal of infant formula in the estimates of exposure provided to support the
GRAS conclusion.

The only major protein source in WPC (41% ALA) apart from ALA and (3-lactoglobulin is
casein glycomacropeptide (CGMP). CGMP is derived from k-casein and cleaved during
cheese pro-duction and migrates into the whey fraction during whey processing.

In regular whey there is about 20% CGMP, whereas in fractionated WPC (41% ALA) the
amount of CGMP is about 28%, which will have a maximal exposure of 1.9 g/RL or 285
mg/100 Kcal.

In comparison, the consumption of CGMP from a whey-dominant formula (2.2 g
protein/100 Kcal at a total protein content of 15 g/RL) is approximately 224 mg/100 Kcal.

Thus, on an average, CGMP exposure is about 25% greater at the maximal WPC (41%
ALA) concentration of 8.3 g/RL specified in the petition. As can be seen in response to
Q1a, for whey dominant formulas only a portion of standard WPC 80 is replaced by
fractionated WPC (41% ALA). Therefore, in most formulas, the increase in CGMP intake
would be less than the maximum projected level. Sandstrom et al. (2008)? studied the
fraction with high (15% protein as CGMP, 294 mg/100 Kcal) and low CGMP (10%
protein as CGMP, 196 mg/100 Kcal) content and found them both to be safe.

% Sandstrom O., Lonnerdal B, Graverholt G, and Hernell O. 2008. Effects of alpha-lactalbumin-
enriched formula containing different concentrations of glycomacropeptide on infant nutrition. Am
J Clin Nutr 87:921-928.
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Q3a. Please provide a general description of the processes used in the method of
manufacture. While we expect that the process includes membrane filtration and ion
exchange separation processes, a general description (or reference to a publication
describing the method) was not provided in the notice. Please provide this description,
as well as any food contact materials (e.qg., filtration membranes, ion exchange resins)
used in the method of manufacture. Please provide a statement that the materials used
are safe and suitable for their intended use and are either used in accordance with a
cited regulation or effective food contact notification.

The process to enrich Lacprodan® Alpha-10 whey is proprietary. FDA’s question
requests a “general description,” which we are happy to provide. We do, however, wish
to avoid too high a degree of specificity, which would imperil some extremely confidential
information.

The purification method used by Arla is based on the principle of the difference in the
molecular weights of proteins. The enclosed published article by Kamau et al. (2010)*
provides a general description of the two-stage membrane process for obtaining
concentrates enriched in ALA, al-though none of the listed set-points in Kamau et al.
(2010) for pH, salt concentration, or temperature are identical to those used in Arla’s
method for ALA purification. Arla has developed proprietary and highly confidential
techniques for optimization with proper choice of buffer conditions, ultrafiltration
membranes, and filtration velocity to maximize the overall selectivity of the membrane
process.

In answer to Q3b, the membrane serves as a thin barrier between miscible fluids that
allows for preferential transport of feed components when a driving force such as a
pressure differential is applied.

All Arla production takes place under current Good Manufacturing Practice (cGMP).
Production is compliant with EU Regulations No. 1935/2004, 2023/2006, and 10/2011
and amendments on food-contact materials, and all food-contact materials are compliant
with FDA regulations. All materials are food-grade, safe and suitable for their intended
use, and used in accordance with FDA regulations.

* Kamau SM, Cheison SC, Chen W, Liu X-M, and Lu R-R (2010). Alpha-lactalbumin: its
production technologies and bioactive peptides. Comp Rev Food Sci Food Safety 9:197-212.
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Q3b. What other whey proteins are concentrated in Fraction 1 with ALA? Other than 3-
lactoglobulin, what other whey proteins are removed by the method of manufacture?
Please address removal of these components in the process description.

The first part of this question was addressed in the response to Q2a. Whey proteins
concentrated include ALA, CGMP, and PP8/PP5, while 3-lactoglobulin is partially
removed. The membrane filtration process that results in the partial removal of 3-
lactoglobulin is described in response to Q3a.
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Q4a. The arsenic specification of <0.5 mg/kg is higher than batch analyses provided in
the no-tice (0.01-0.1 mg/kg) and higher than limits we have seen for similar ingredients.
Please consider reducing this specification.

We will reduce the arsenic specification at least to <0.2 mg/kg. It is likely that infant-
formula manufacturers would also note with disapproval the higher specification for
arsenic, so we thank FDA for drawing our attention to it.
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Q4b. Is there a specification limit for B-lactoglobulin?

B-lactoglobulin is the major whey protein in bovine milk, but is not present in human milk.
There are several reasons why B-lactoglobulin is not included in our specifications. Of
most importance is that the p-lactoglobulin content of whey-dominant formula is provided
primarily by skim milk powder and regular WPC, and so quantifying the p-lactoglobulin in
fractionated WPC (41% ALA) does not provide useful information to the infant formula
manufacturer.
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Qb5a. Please briefly address the estimated contribution of fractionated WPC (41% ALA)
to total protein in term infant formula based on the range of intended uses indicated in
response to Question la.

It is possible that we are not properly understanding the question, but we believe that our
response to Qla encompassed this information; i.e., the protein contribution of WPC
(41% ALA) to infant formula would range from 25% in formula with a 40:40 whey:casein
ratio to 42.8% in formula with 14g protein/RL and an 80:20 whey:casein ratio. However,
we also noted in response to Q1b that WPC (41% ALA) is not intended for addition to
formulas with whey:casein ratios less than 50:50, and so the protein contribution of WPC
(41% ALA) from its intended use would not fall below 35%.
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Q5b. If fractionated WPC (41% ALA) is used in infant formulas that contain additional
whey, Arla notes that the level of use of fractionated WPC (41% ALA) will be reduced to
achieve a set maximum level of ALA. However, exposure to other whey proteins are not
addressed. Please address the estimated total intake of other whey proteins from use of
whey (background intake), as well as the intended use of fractionated WPC (41% ALA).
Other proteins include those that are concentrated with ALA in the fractionated WPC
(41% ALA) ingredient. For minor proteins or unknown proteins, it may be possible to
group them together as NMT x% of total ingredient.

In response to Q2c¢ and Q3b, we have addressed the typical composition of fractionated
WPC (41% ALA). We are able to measure only CGMP and protease peptone PP8
(slow)/ PP5.
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Toxicology

Q1. On page 33 of the notice, Arla discusses the publication by Andersson, et al. (2009)
that observed changes in the CD3+ and NK cell populations in the formula-fed groups,
including the ALA group. However, the publication also states that it is not clear whether
the statistical differences in the studied parameters between the formula-fed (FF) groups
and the breast-fed (BF) group are of clinical significance. Additionally, the authors did
not find any differences between FF and BF infants with respect to fever episodes,
number of days with fever, and episodes of airway infections. A discussion of this study
conclusion from Andersson, et al. was not included in the notice to emphasize the safety
of fractionated WPC (41% ALA). Please consider including this discussion in your safety
narrative.

We appreciate FDA’s suggestion.

While the clinical findings from the RCT were not addressed in the GRAS notice in
conjunction with the discussion of Andersson et al. (2009), they were reported earlier in
the discussion of Sandstrom et al. (2008) on pages 29-32 of the GRAS notice.

The reason is that Bruck et al. (2006), Sandstrom et al. (2008), and Andersson et al.
(2009) all reported the findings of a single randomized controlled trial. Each publication
addressed one aspect of the findings: Andersson et al. (2009) focused on ALA’s effect
on immune cell composition and adaptive immunity, while Bruck et al. (2006) focused on
the effect on fecal microbiota and Sandstrom et al. (2008) discussed effects on infant
growth, nutrition, and morbidity. The brief mention of clinical aspects in Andersson et al.
(2009) simply cited Sandstrom et al. (2008) rather than provide extensive discussion.
For this reason, our GRAS notice discussed all of the clinical findings in the context of
the Sandstrom et al. (2008) publication.






JHeimbach LLC

December 20, 2018

Rachel Morissette, Ph.D.

Consumer Safety Officer

FDA Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

Division of Biotechnology and GRAS Notice Review

Dear Rachel:

| am writing in response to your correspondence of December 10, in which you shared
with us a number of questions developed by the FDA review team regarding GRAS
Notice GRN 809.

Arla Foods Ingredients (the notifier) has formed study teams to address the questions. It
will take some time to prepare responses to all of your questions regarding processing
and composition, and, unfortunately, we are just entering upon the Christmas holiday
season. Nevertheless, Arla anticipates having detailed responses ready to share with you
by mid-January.

In what follows, | will address your questions individually.

General Comments
Q3. Please provide the date through which an updated literature search was conducted.

My last download of a research paper was on July 10, 2018, and so this constitutes the
closing date of the literature search.

Chemistry

Q1la. What portion of the total protein in infant formula will be provided by the
fractionated WPC (41% ALA) ingredient? Please provide an estimated range for the
replacement level (for standard whey or casein) based on use levels of total protein and
the casein:whey ratio in infant formula.

Arla will calculate the contribution from a regular whey formula and from Alpha whey
formula (including the contribution from all protein sources in a typical infant formula),
to get 2.5g/ L Alpha and also meet essential amino acid requirements. The results of these
calculations will be provided to FDA by mid-January.

Q1b. On page 17 of the notice, Arla states that the intended technical effect is “to bring
the level of whey protein, including ALA, in cow-milk-based infant formula up to a level
approximating that of the whey protein and ALA concentration in human milk.” Is the
use limited to primarily whey-based formulas (where it would replace whey) or is it
intended as a partial replacement for casein in milk-based infant formulas? When

923 Water Street, P.O. Box 66, Port Royal Virginia 22535, USA
tel. (+1) 804-742-5548 fax (+1) 202-478-0986 jh@jheimbach.com
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responding to this question, please use current protein levels used in infant formulas.
Although mentioned on page 19 of the notice, we did not evaluate reduced protein levels
during our review.

The intended use of Lacprodan Alpha-10 is in whey-dominant formulas. A complete
response to FDA’s question will be forthcoming in January.

Q2a. A comparison of the protein composition of fractionated WPC (41% ALA) to that of
standard whey is missing in the notice. We note that the general identity and levels of
individual whey proteins, including [-lactoglobulin, a-lactalbumin, immunoglobulins
(1gG, IgA, IgM), serum albumin, lactoferrin, glycomacropeptide, and other proteins (e.g.,
lactoperoxidase, insulin-like growth factor-1, and transforming growth factor-52 (TGF-
[S2)) are characterized in the literature.1 Please characterize the composition of the
fractionated WPC (41% ALA) ingredient relative to the WPC starting material. Please
provide this information in a table or provide a citation to a reference providing this
information.

We will provide a response to this query in January. We have data on the major proteins
in both the starting material and the Alpha fraction, but some minor proteins have not
been analyzed and it is not clear that validated methods exist to quantitatively assay the
minor proteins. As a result, some of the requested data are not currently available and it
will be necessary to identify an appropriate contract laboratory to sponsor such analyses.
Inferences regarding possibly altered levels of minor proteins can be made based on
precise analyses of changes in the levels of major proteins, and we will plan to provide to
FDA the results of such inferences. Arla would very much like to meet face to face with
FDA reviewers at a time of your convenience to discuss exactly what analyses are
needed.

Q2b. Arla provides a comparison of the amino acid composition of bovine ALA and
human ALA; however, ALA is only a portion of the fractionated WPC (41% ALA)
ingredient. Please provide a comparison of the amino acid composition of Arla’s
fractionated WPC (41% ALA) ingredient with that of standard whey protein that is used
as an ingredient in infant formula. We note that the latter is available in several
published reviews.

We will provide this information in January

Q2c. Please discuss if certain components of whey other than ALA and p-lactoglobulin
are concentrated in the WPC (41% ALA) ingredient in terms of amounts provided per

liter or per 100 kcal of infant formula in the estimates of exposure provided to support
the GRAS conclusion.

We will provide data in January regarding anticipated exposure to all identified
components of whey to the extent possible, based on protein profiling information on the
Lacprodan Alpha-10 ingredient..
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Q3a. Please provide a general description of the processes used in the method of
manufacture. While we expect that the process includes membrane filtration and ion
exchange separation processes, a general description (or reference to a publication
describing the method) was not provided in the notice. Please provide this description, as
well as any food contact materials (e.g., filtration membranes, ion exchange resins) used
in the method of manufacture. Please provide a statement that the materials used are safe
and suitable for their intended use and are either used in accordance with a cited
regulation or effective food contact notification.

The process to enrich Lacprodan Alpha-10 whey is proprietary. FDA’s question requests
a “general description,” which we will be happy to provide. We do, however, wish to
avoid too high a degree of specificity, which would imperil some extremely confidential
information. For example, we can state that any filtration membranes and ion exchange
resins are approved food-grade products, but we would prefer not to identify the
manufacturer or the precise characterization.

In response to Question 2a, we suggested the possibility of our coming to FDA to discuss
analytical needs; similarly, we would be happy to meet with FDA and provide detailed
information regarding processing methods and materials orally so as not to produce a
potentially FOI-able record.

Q3 b. What other whey proteins are concentrated in Fraction I with ALA? Other than f-
lactoglobulin, what other whey proteins are removed by the method of manufacture?
Please address removal of these components in the process description.

This question will be addressed in January along with the response to Question 2a.

Q4a. The arsenic specification of <0.5 mg/kg is higher than batch analyses provided in
the no-tice (0.01-0.1 mg/kg) and higher than limits we have seen for similar ingredients.
Please consider reducing this specification.

We will reduce the arsenic specification at least to <0.2 mg/kg, or lower if feasible. Our
January response will include a final specification.

Q4b. Is there a specification limit for p-lactoglobulin?

There is currently no such specification. Arla used to have a specification for -
lactoglobulin, but discontinued specifying limits for a variety of reasons. We will provide
our reasoning in our detailed response in January.

Qb5a. Please briefly address the estimated contribution of fractionated WPC (41% ALA)
to total protein in term infant formula based on the range of intended uses indicated in
response to Question la.
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Q5b. If fractionated WPC (41% ALA) is used in infant formulas that contain additional
whey, Arla notes that the level of use of fractionated WPC (41% ALA) will be reduced to
achieve a set maximum level of ALA. However, exposure to other whey proteins are not
addressed. Please address the estimated total intake of other whey proteins from use of
whey (background intake), as well as the intended use of fractionated WPC (41% ALA).
Other proteins include those that are concentrated with ALA in the fractionated WPC
(41% ALA) ingredient. For minor proteins or unknown proteins, it may be possible to
group them together as NMT x% of total ingredient.

The response to these questions will require the data that Arla will generate in response to
Q2a, and will be available in January.

Toxicology

Q1. On page 33 of the notice, Arla discusses the publication by Andersson, et al. (2009)
that observed changes in the CD3+ and NK cell populations in the formula-fed groups,
including the ALA group. However, the publication also states that it is not clear whether
the statistical differences in the studied parameters between the formula-fed (FF) groups
and the breast-fed (BF) group are of clinical significance. Additionally, the authors did
not find any differences between FF and BF infants with respect to fever episodes,
number of days with fever, and episodes of airway infections. A discussion of this study
conclusion from Andersson, et al. was not included in the notice to emphasize the safety
of fractionated WPC (41% ALA). Please consider including this discussion in your safety
narrative.

While the clinical findings from the RCT were not addressed in the GRAS notice in
conjunction with the discussion of Andersson et al. (2009), they were reported earlier in
the discussion of Sandstrom et al. (2008) on pages 29-32 of the GRAS notice.

The reason is that the findings of a single randomized controlled trial were reported in
three separate publications—Bruck et al. (2006), Sandstrom et al. (2008), and Andersson
et al. (2009), each publication dealing with one aspect of the findings. Andersson et al.
(2009) focused on ALA’s effect on immune cell composition and adaptive immunity,
while Bruck et al. (2006) focused on the effect on fecal microbiota and Sandstrom et al.
(2008) discussed effects on infant growth, nutrition, and morbidity. The brief mention of
clinical aspects in Andersson et al. (2009) simply cited Sandstrom et al. (2008) rather
than provide extensive discussion. For this reason, our GRAS notice discussed all of the
clinical findings in the context of the Sandstrom et al. (2008) publication.

We believe that this response satisfies FDA’s concern with full reporting of the findings
of the RCT, but please let us know if this response is not satisfactory.

Regards, and best wishes for a Merry Christmas,
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