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I. Saponification Number

As provided in AGRN 000-006, the saponification number for the Notifier’s polyethylene
glycol (400) dioleate defoamer component exceeds the specification provided in 21 C.F.R.
§ 573.800. For the reasons set forth herein, that saponification specification applies only to
polyethylene glycol (400) monooleate, and not to polyethylene glycol (400) dioleate. As
discussed below, the presence of an additional oleate ester in the dioleate increases the overall
molecular weight of the substance compared to the monooleate. The saponification number, in
turn, is related to molecular weight and to the number of bonds that can be saponified. Thus, it is
technically impossible for polyethylene glycol (400) dioleate to meet the saponification number
range (80-88) provided in the regulation. However, as discussed below, the larger saponification
number (105-115) is consistent with what would be expected for the dioleate. The larger
saponification number also has no bearing with respect to the safety of the substance.

The reason the saponification number for the dioleate version of the substance, the
“Mulsifan DO 400,” exceeds the range in the regulation is because the specification set forth in
Section 573.800 necessarily only applies to the monoester. We note, for example, that the
average molecular weight range provided in Section 573.800 is 640-680, which corresponds to
the polyoxyethylene glycol 400 monooleate, which is an oleic acid/polyoxyethylene glycol 400
ester. More specifically, the molecular weight of the oleate carbonyl portion of the monooleate
is approximately 265 Daltons1 and the molecular weight of the polyoxyethylene portion is, by
definition, 400 Daltons, resulting in a total molecular weight of 666 Daltons2 (variations in the
degree of ethoxylation result in the 640-680 molecular weight range provided in the regulation).
It is chemically impossible for the dioleate version of the substance to have a molecular weight
within the range specified in the regulation as the presence of the second oleate ester would bring
the total molecular weight of the polyoxyethylene glycol (400) dioleate to approximately 946
Daltons as shown in the structure below (where the (O-CH2-CH2) repeat unit has a molecular
weight of 400 Daltons):

Saponification is the alkaline hydrolysis of an alkyl fatty acid ester to a carboxylate salt
and an alcohol. A saponification number is the number of milligrams of potassium hydroxide
required to saponify one gram of a given alkyl fatty ester by completely hydrolyzing the ester

1 The oleic carbonyl portion of the molecule (which is esterified with polyoxethylene
glycol and has a molecular structure of CH3-(CH2)7-CH=CH-(CH2)7-C=O). The molecular
weight of the oleic carbonyl functionality is 18 x 12 (carbon) + 33 x 1 (hydrogen) + 1 x 16
(oxygen) = 265 Daltons.
2 When the oleic carbonyl functionality is esterified with a ethoxylate polyethylene glycol
with a molecular weight of 400, and terminated with a hydrogen atom, the total molecular
weight is 265 + 400+ 1 = 666 Daltons.



4

groups present in the fatty acid ester. Saponification values can be used to determine the
molecular weight of the ester containing the alkyl fatty moiety based on the following equation:
(where the molecular weight of potassium hydroxide is 56.1 g/mol):

MW (g/mol) = [(56.1 g-KOH/mol)  SN (mg-KOH/g-fatty ester)] x (1000 mg/g) x (# of ester linkages)

Inserting an average molecular weight of 670 into this formula for the polyethylene glycol (400)
monoleate (which contains one ester linkage) results in a saponification number (SN) of 84,
precisely within the range provided in Section 573.800. Similarly, if we use the theoretical
molecular weight of 946 for the polyethylene glycol (400) dioleate (which contains two ester
linkages) we calculate a SN of approximately 119, which is close to the range provided by the
supplier (keeping in mind that the molecular weight will vary slightly depending on carbon
length impurities that may be present in the oleic acid and as well as the degree of ethoxylation).

We believe that the saponification number range set forth in Section 573.800 is intended
to apply only to polyoxyethylene glycol (400) monooleate. Because of the additional oleate
moiety, it would be physically impossible for polyoxyethylene glycol (400) dioleate to meet the
saponification range identified in the regulation. Therefore, the range of 105-115 provided in
AGRN 000-006 appropriately identifies that the Mulsifan DO 400 product meets the
saponification range expected for a polyoxyethylene glycol (400) diooleate.

Furthermore, we note that the higher saponification number for the dioleate does not in
any way indicate a safety concern when compared to the monooleate. We note that the
saponification number is also used to determine the purity level of a fatty alkyl ester compound.
This is because the presence of different alkyl carbon chain lengths and non-saponifiable matter
in a substance will cause the measured saponification number to vary from the theoretical value.
The closer a measured saponification number is to the theoretical value determined for that
compound, the more pure the compound. As the range of the saponification number provided by
our supplier for polyethylene glycol (400) dioleate (105-115) is very close to the calculated
saponification number (119), we can conclude that there is no purity or safety concerns
associated with the Notifier’s polyethylene glycol (400) dioleate.

The higher saponification number also reflects the presence of two (2) ester linkages in
the polyoxyethylene glycol (400) dioleate that need to be saponified (or hydrolyzed) into its
alcohol and carboxylic acid components compared to the one (1) ester linkage in the
polyoxyethylene glycol (400) monooleate. Both products give rise to oleic acid (carboxylic acid)
and polyoxyethylene glycol 400 (alcohol). As the polyoxyethylene glycol (400) dioleate
contains a higher percentage by weight of oleic acid, it will release a higher percent by weight of
oleic acid compared to polyoxyethylene glycol (400) monooleate. As fatty acids, including oleic
acid, and polyoxyethylene glycol 400 are considered GRAS for direct addition to food (see 21
C.F.R. §§ 172.860 and 172.820, respectively), and oleic acid is a common metabolism product of
many food oils, the higher saponification number only identifies that the structure of the oleic
acid/polyoxyethylene glycol 400 ester is a dioleate, and has no bearing on safety.
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II. Polyethylene Glycol (400) Dioleate Defoaming Mechanism

Polyoxyethylene glycol (400) dioleate is used as a component of a defoamer that is added
to condensed distillers solubles (CDS) prior to processing in a mechanical centrifuge that
separates corn oil from the aqueous CDS. A defoamer is a chemical additive that functions to
reduce and inhibit the formation of foam in industrial process liquids. This action eliminates
problems that occur with the presence of surface foam or entrapped air that can lead to reduced
efficiency in industrial processes such as pumping. separation, and centrifugation.

Foam is frequently produced in hydrophilic-hydrophobic mixtures, and is expected to be
formed during the separation of hydrophobic corn oil from aqueous concentrated stillage or CDS
in the production of distillers grains at ethanol production plants. Generally a defoamer is
insoluble in the foaming medium and has surface active properties such that it has an affinity to
the air-liquid surface where it destabilizes foam lamellas (foam film) causing the rupture of air
bubbles and breakdown of surface foam.

The properties of a defoamer which facilitate the rupture of the foam film include (1)
insolubility in the foam medium, (2) facile dispersibility in the foam medium, (3) chemical
inertness, and (4) a lower surface tension than the foam medium. Insolubility is important
because if a defoamer was soluble in a foam film, its surfactant properties would lead to
reinforced foam formation. Easy dispersibility allows the defoamer to be dispersed in the
medium quickly with agitation. Chemical inertness is important to ensure that a defoamer will
not react with any components in the medium.

Polyoxyethylene glycol (400) dioleate with its hydrophobic and hydrophilic moieties in
its structure is easily dispersed in the CDS medium from which it is transferred to the air-liquid
surface. Once it reaches the air-liquid surface it enters the foam interface forming micelles with
its hydrophobic moieties that disrupt the foam film structure, thereby inhibiting foaming.

III. Inclusion of Turkey, Egg Laying Hens and Goat to List of Target Animal Species

AGRN 000-006 provides that, although the animal species tested were predominantly
rats, the toxicology data is equally applicable to the following food-producing target animal
species: beef cattle, dairy cattle, poultry (broiler chickens), sheep and swine. For the reasons set
forth herein, turkeys, egg laying hens and goats should be included in the list of food-
producing target animals subject to this notification. The calculations below demonstrate that the
maximum dietary intake of polyoxyethylene glycol (400) dioleate for each of the new target
animal species is below the conservative Acceptable Daily Intake (ADI) of 25 mg/kg-bw/day.

First, we calculate the amount of distillers grains consumed on a dry basis for each
animal. Next, using the maximum residual level of 45 mg/kg of polyoxyethylene glycol (400)
dioleate in the distillers grains on a dry basis, we calculate the maximum amount of
polyoxyethylene glycol (400) dioleate consumed (i.e., the maximum dietary intake) for each
target animal species. This value is then compared to the very conservative ADI for
polyoxyethylene glycol (400) dioleate for the target animal species.
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a. Amount of Distillers Grains Consumed by Target Animal Species

An egg laying hen has an average body weight of 4.2 lb (1.9 kg) and consumes 52 g of
dry feed per day for a food consumption of 52 g/1.9kg = 27 g/kg bw/day3. Assuming that egg
laying hens consume no more than 15% by weight dry distillers grains in feed4, the maximum
daily consumption of distillers grains for egg laying hens is 27 g/kg bw/day x 15% = 4.1 g/kg
bw/day.

A female turkey is reported to have an average body weight of 8.1 kg and consumes
2.23 kg of dry feed per week (2.23 kg/wk x 1000 g/kg  7 days/wk = 320 g/day) or 320 g/day for
a daily feed intake of 320 g/day  8.1 kg bw = 39.5 g/kg bw/day.5 Additionally, a male turkey is
reported to have an average body weight of 12.8 kg and consumes 3.6 kg of dry feed per week or
514 g of feed per day (3.6 kg x 1,000 g/kg  7 days/wk = 514 g) for a daily intake of
514 g/12.8 kg bw = 40 g/kg bw/day. Assuming that female turkeys consume no more than 15%
by weight of dry distillers grains6, and male turkeys consume no more than 20% by weight dry
distillers grains7, the maximum daily amount of distillers grains consumed is 6 g/kg bw/day8 for
female turkeys and 8 g/kg bw/day for male turkeys.9

The maximum daily dry feed intake for goats is 4% of their body weight or 40 g/kg
bw/day (0.04 kg/kg bw/day x 1000 g/kg = 40 g/kg bw/day).10 Assuming a goat consumes no

3 “Revisions of Feedstuffs in Table 1 of OPPTS Test Guideline 860.100 and Guidance on
Constructing Maximum Reasonably Balanced Diets (MRBD),” United States Environmental
Protection Agency, Jan. 30, 2008. page 5, available at:
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPPT-2009-0155-0003.

4 Using Distillers Grains in the U.S. and International Livestock and Poultry Industries, see
http://www.card.iastate.edu/books/distillers_grains/pdfs/distillers_grains_book.pdf.

5 J.D. Furman. Nutrient Requirements of Chickens and Turkeys. 8th ed. 1984. National
Academy Press. Washington, D.C., see http://www.afn.org/~poultry/flkman9.htm.

6 B.A. Babcock, D.J. Hayes, J.D. Lawrence. Using Distillers Grains in the U.S. and
International Livestock and Poultry Industries. The Midwest Agribusiness Trade Research and
Information Center. 2008. p.128, available at
http://www.card.iastate.edu/books/distillers_grains/pdfs/distillers_grains_book.pd.
7 See “Value-added Feed Source for Beef, Diary Beef, Dairy, Poultry, Swine, Sheep,”
National Corn Growers Association (NCGA), September 9, 2008, available at
http://www.ethanol.org/pdf/contentmgmt/NCGA_Distillers_Grain_908-1.pdf.

8 40 g/kg bw/day x 15% = 6 g/kg bw/day.
9 40 g/kg bw/day x 20% = 8 g/kg bw/day.
10 M. Rashid, “Goats and their Nutrition,” Manitoba Goat Association, see
http://www.gov.mb.ca/agriculture/livestock/goat/pdf/bta01s08.pdf.
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The use of polyoxyethylene glycol (400) dioleate in this manner as a component of the
Notifier’s defoamer product has been determined to be exempt from the premarket approval
requirements of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § 301 et. seq.).




