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OFFICE OF FOOD ADDITIVE SAFETY 

RE: GRAS Notification for Edible Pongamia Oil (EPO) 

Dear Dr. Carlson: 

We respectively submit the attached GRAS Notification on behalf of our client, Terviva, 
Inc., for the addition of edible pongamia oil (EPO) to foods as a substitute for existing fats and 
oils, consistent with the uses provided in 21 CFR§ 170.3(n)(l 2) "fats and oils, including margarine, 
dressings for salads, breads, crackers, butter, salad oils, shortenings and cooking oils" with the 
exception of infant formula, meat-containing products, or those foods with a standard of identity. 
EPO is exempt from the premarket approval requirement of the Federal Food, Drug, and Cosmetic 
Act because Terviva, Inc. has determined that the intended use is Generally Recognized As Safe 
(GRAS) based on scientific procedures in accordance with 21 CFR§ 170.30(b) and in conformance 
with the guidance issued by the Food and Drug Administration (FDA) under 21CFR§170.36, 81 
Fed. Reg. 54960 (Aug. 17, 2016). More detailed information regarding product identification, the 
manufacturing process, intended use levels, and safety of the ingredient is provided in the attached 
GRAS Notification. 

A CD is enclosed containing Form 3667 and the notification of GRAS that contains the 
signatures of the members of the GRAS panel. 

The information that is the basis for this GRAS Notification is available for FDA review 
and copying at reasonable times at Burdock Group, 859 Outer Road, Orlando, FL, 32814, or will 
be sent to FDA upon request. If you have any questions regarding this notification, please feel free 
to contact me at 407-802-1400 or rmatulka@burdockgroup.com. 
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Sincerely, 

Ray A. Matulka, Ph.D. 
Director of Toxicology 
Executive Vice President 
Burdock Group 



BURDOCK GROUP 
CON S U L TANTS 

NOTICE TO US FOOD AND DRUG ADMINISTRATION OF 
THE CONCLUSION THAT THE INTENDED USE OF EDIBLE 

PONGAMIA OIL (EPO) AS A FOOD INGREDIENT IS 
GENERALLY RECOGNIZED AS SAFE (GRAS) 

Submitted by the Notifier: 
Terviva, Inc. 

980 Atlantic Ave. #105 

Alameda, CA 9450 I 

Prepared by the Agent of the Notifier: 
Burdock Group 

859 Outer Road 

Orlando, FL 32814 

June 14, 2023 

859 Outer Ro1uJ, Orlando, FL 32814 • I' ll -107.1102 .1-100 • F\. 407.81)2.1-105 • \11rn.burdockgroup.co111 

fusing science & compliance 



NOTICE TO US FOOD AND DRUG ADMfNISTRATION OF THE CONCLUSlON 
THAT THE INTENDED USE OF EDIBLE PONGAMIA OIL (EPO) AS A FOOD 

INGREDIENT IS GENERALLY RECOGNIZED AS SAFE (GRAS) 

TABLE OF CONTENTS 

Part 1: Signed Statements and Certification ..... ............................... ... ............................................ 4 
1.1 Basis ofConclusion...................... ........................... .... .. ................................................... 4 
l.2 Name and Address of the Notifier and Agent of the Notifier ..... ................ ............... ...... 4 
I.3 Na1ne of the Substance .... ................................................................................................. 4 
1.4 lntended Conditions of Use............................ .. ............................................................... . 4 
1.5 Statutory Basis for GRAS conclusion .. ............ .............. ... ............ ................ .................. . 5 
1.6 Not Subject to Premarket Approval ............................................................................... .. 5 
1. 7 Data and Infonnation Availability Statement ............. ................ ................ ........ ....... ...... 5 
J.8 Exemption from Disclosure under the Freedom of Information Act ................... ............ 5 
1.9 Certification........................................ .................................... .......................................... 6 

Part 2: 1dentity, Method of Manufacture, Specifications, and Physical or Technical Effect.. ........ 7 
2. 1 Identity ................. ......... ............................................................................................. ...... 7 
2.2 Botanical identification .................................................................................................... 8 
2.3 Description and specifications ... ..... ............................................................................... .. 9 
2.4 Manufacturing Process ............................................ ................ ....................................... 13 
2.5 Stability .. .............................................. ... ..................... .................................................. 16 

Pa1i 3: Dietary Exposure ................................................................................................ ............... 17 
3. I Estimated Daily intake .. ....................... ............................ ........ ................................. ..... 17 
3.2 History of use of Pongamia oil. .... ........................................ ..................... .............. ....... 19 
3.3 Summary ofEPO Exposures.......................................................................................... 20 

Part 4: Self-limiting Levels of Use ............................................................................................... 2 1 

Part 5: Experience Based on Common Use in Food Prior to I 958 ..................... .......................... 22 

Part 6: Narrative ................ ................ ................................ ........................................... ................. 23 
6.1. Absorption, distribution, metabolism, and elimination (ADME) ................ .................. 23 
6.2 Acute studies .... .. ..... ......... ..... ............................ ................ ................... ..................... ..... 23 
6.3 Subacute and subchronic studies ...................................... .............................................. 25 
6.4 Other studies ...................................... ................................................ ............................. 34 
6.5 Genotoxicity....... ............ ............ .................................. .................................................. 35 
6.6 In vitro studies ................................................................ .......................... ...................... 40 
6.7 Allergenicity potential .................................................................................................... 41 
6. 7. I Background ........................... ................................. ....... .............................................. 41 

6.7.2 Studies of potential allergenic risk ....................... ....................................................... 42 
June 14, 2023 Page 2 of84 

22.TERV006,01 f using science and compliance www.burdockgroup.com 



6.7.3 Summary and conclusions .................................................................................. ........ 43 
6.8 Observations in humans ................................................................................................. 43 
6.9 Regulatory status ........ ...................... ..................................... ........... ... ................. .......... 44 
6. l0Safety evaluation su1ni11ary ................ ............................................................................ 45 
6.11 GRAS Panel statement ................ ................................................................................... 47 

Part 7: Supporting Data and lnformation ...................................................................................... 49 
7.1 References ...................................................................................................................... 50 
7.2 Appendices ...... .......... .................................. .................... ....................... ........... ... ......... . 57 
7.2.1. Appendix I. EPO Specification lot analysis ................................................................ 57 
7.2.2. Appendix II. Manufacturing process ....................... ............. .............................. ......... 59 
7.2.3. Appendix III. Consumption analysis ofEPO in selected foods at maximum intended 
use level ............ ..... ......................... ......... ............................................................ .............. 65 

7.2.4. Appendix TV. Safety Assessment Report (Baumert, 2022) ......................................... 78 

[Remainder of this page is blank.] 

June 14, 2023 Page 3 of 84 

22.TERV00G.01 fusing science and complia1we www.burdockgroup.com 



Part 1: Signed Statements and Certification 

1.1 Basis of Conclusion 

Terviva, Inc. (hereinafter referred to as Terviva), on the advice ofa Panel of qualified experts, has 
concluded that Edible Pongamia Oil (EPO) is Generally Recognized As Safe (GRAS) in 
accordance with 21 CFR Part 170, Subpart E, and, therefore, exempt from the premarket approval 
requirements of the Federal Food, Drug, and Cosmetic Act, under the conditions of hs intended 

use as described below. The basis for this finding and supporting infonnation is provided below. 

1.2 Name and Address ofthe Notifier and Agent of the Notifier 

Notifier 

James D. Astwood, Ph.D. 
Chief Technology Officer 
Terviva, Inc. 
980 Atlantic Ave. # 105 
Alameda, CA 94501 

Agent of the Notifier 

Ray A. Matulka, Ph.D. 

Burdock Group 
859 Outer Road 
Orlando, FL 32814 

Additional Agent Representative 

Sharon Mayl 
DLA Piper Law 
33 Arch Street #26 
Boston, MA 02110 

1.3 Name of the Substance 

The name of the substance of this GRAS conclusion is Edible Pongamia Oil (EPO). EPO 
(MW: 892. 7 g/mol; CASN 247588-54- 1) which is produced from the oilseeds of the tree whose 
genus and species is Millettia pinna/a, a legwne, also known as Pongamia pinnata {L.) Pierre. 

EPO will be referred to as Ponova™ Oil in commerce to distinguish this oil from otherwise non
food pongamia oils. 

1.4 Intended Conditions of Use 

EPO is a nutritive, plant-sourced macro ingredient oil, intended to be used as a substitute 
for existing fats and oils, consistent with the uses provided in 21CFR§l70.3(n)(l2) "Fats and oils, 

including margarine, dressings for salads, breads, crackers, butter. salad oils, shortenings and 
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cooking oilsl' with the exception of infant formula, meat-containing products, or those foods with 

a standard of identity. Tcrviva does not intend to adu PO to , ny meal und or poultr produca that 
come Lmder U D jurisdiction TI1erefore, 2 1 PR * 17 .270 doe, not apply. 

The proposed u e is substituti e for existing fats and oils rather than additive in use. EPO 

is to be added to foods identified herein (Table 9), such that the 90th percentile con umption from 
all categories may b up to and including 7,703.32 mg/day, approximately equivalent to 127.33 

mg/kg bw/day. 

1.5 Statutory Basis for GRAS conclu ion 

Thi GRAS conclusion i ba ed on scientific procedures in accordance with _ J .FR 

§ l 70.30(a) and (b). 

1.6 Not Subject to Premarket Approval 

EPO i not subject to the premarket approval requirements of the Federal Food Drug, and 

Cosmetic Act based on the conclu ion that the notified substanc is GRAS under the condition of 

its intended use. 

1.7 Data and Information Availability Statem nt 

The data and information that serve as tbe basis for this GRAS conclusion will be 
available for review and copying dunng customary bu iness hours at the office of Burdock 
Group, 859 Outer Road Orlando. FL 3 814, or will be sent to FDA upon re.quest. 

1.8 Exemption from Disclosure under the Freedom of Information Act 

one of the data and infonnation in Part 2 through 7 of this GRA notice are considered 
ex.empt from di clo me w1der the Freedom of lnfi ,mation Act (FOLA). They do not contain any 

privileged or confidential information such as trade ecrets and/or commercial or financial 
infonnation and can be made publicly available. 

[Remainder of thi page 1 blank.] 

1 Not intended for u' e in meat-contatniug product , 
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1.9 Certification 

The undersigned authors of this document- a notice of the GRAS conclusion for the use 
of Edible Pongamia Oil (EPO)-hereby certify that, to the best of their knowledge, this GRAS 
notice is based on a complete, representative, and balanced submission that includes both favorable 

and unfavorable infonnation, that are pertinent to the evaluation of the safety and GRAS status of 
EPO under the condition of its intended use. 

Ray A. Matulka, Ph.D. - Agent to the Notifier 
Fellow, American College ofNutrition 
Director ofToxicology, 
Executive Vice President, Burdock Group 
859 Outer Road 
Orlando, FL 32814 

 ::sµ.,v-..L ' l-/ , ';1~?.3, 
Date 
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Part 2: Identity Method of Manufactw·e, Specification , and Phy ical or Tech.nical Effect 

2.1 Identity 

Edible Pongamia Oil (EPO) 1 (MW: 892. 7 g/mol; CAS 247588-54-1) is manufactured 
from the beans of the Pongamia tree, Millettia pinnata (L.) Panigrahi. The tree pr duce the beans 
in pods· the beans may contain oil at a concentration of approximately 30 - 40% of the weight of 

air-dried beans. The beans are pres ed to separate oil from solids, and the oil is subsequently 

solvent extracted to remove bitter tasting and potentially toxic compound , collectively known a · 
furanoflavonoids including karanjin, pongamol , and multiple pongapinnols (Yadav el al., 2004; 

Al Muqan-abun el al., 2013 ). 

The resulting process d oil is clear/ lightly yellow with a neutral od r and buttery taste. 
The compositional analysis of Edible Pongamia Oil product demonstrates the oil is comp1ised 
substantially of triglycerides (>95%) ofwhich, greater than 50% are mono-un aturated fatty acids 

principally oleic acid (Omega-9). Other fatty acid include linoleic (Omega-6 polyunsaturated 
fatty acid) stearic (saturated fatty acid), and palmitic fatty acids ( aturated fatty acid) (Burdock, 

2022). 171c different fatty acid clas e are provided in Table I. 

Table 1. Fatty acid cla ses of EPO* 
Relative abundaoc 

Clas 
(% of total FA) 

fotal Identified Fatty Acid 

Total Monoun aturated Fatty Acid · 

To'tal Polyunsaturated Fatty Acid 

Total Saturated Fa tly Acids 

Total Trans Fatty Acid. 

Total Omega 3 Fatty Acid 

Total Omega 5 Fatty Acid 

Total Omega 6 Fatty Acids 

Total Omega 7 Fatty cids 

Total Omega 9 Fatty Acid 

9 .90 

S2.09 

l 8.44 

21.93 

0.24 

J.99 

<0,05 

16.37 

0.65 

Sl.L 
' Dat.t represents one proces ing batch (TV _OlL_002 ). 
F A=Fatty acid 

2 While the common and u ual name for Edible Pongamia Oil (EPO) i, outside the cope ofthi document. it i 
anticipated that Edible Pongamia Oil will be referred to a Ponova rM Oil in commerce to di tinguish thi oil from 

otherwi e non-food pongamia oil . 
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2.2 BotanicaJ identification 

EPO i obtained frotn the bean 3 (i.e., eed ) of the Pongamia tree. The Pongamia tree 

belong to the family Fabaceae (Leguminosae), the tbfrd largest family of flowering plants with 
over 730 genera and greater than 19,400 species. The Pongamia tree (aJ o known as, Millettia 

pinnala (L.) Pan.igrahi· Pongamia pinnata (L) Pierre) (Table 2) i co mopolitan in di tribution 
and mostly propagated through it beans, but vegetatively as well. Although thee ·act origin of the 

tree is not known, it i thought to be native to the area encompa sed by pre ent day India, 

Ind ne ia, Malaysia and Myanmar where it evolved to its present form of growing and 
propagating in tropical climates throughout the world (Yadav et al., 2011; Usharani et al., 2019). 
Pongamia is nitrogen-ii ing (it is a legume and a member of the pea family) and enriche the soil 
in which it has been planted and its complex root system lends itself to erosion control; it provides 

shade, fragrant flowers and has favorable growth characte1istic (e.g .. tolerance t temperature 

extremes 01igh and low), drought, waterlogging, saltwater ex.posute, and insects) (Usharani et al .. 

2019). Sometime during the late Holocene period up to modernity va1ious parts of Pongamia were 
found to be useful to humans as a traditional medicine (e.g.. as an antioxidant, antimicrobial 
antiprotozoal anti chistosornal, anti-inflammatory, anticonvulsant, antidiabetic and spermicidal· 

Al Muqarrabun et al. , 2013). Other uses are di cu ed below (Sections 3.2). The bark can be u ed 
to make twine and yields a black gum historically used to treat wounds caused by poisonous fi h 

(Bhalerao and Sharma 2014). The oil from the beans is used a a fuel for lamps oap making and 
as a lubricant ( Usharani et al. . 2019). More recently the bean oil has been used for biodiesel 

production (Halder et al., 2014; Morgan et al., 2019). The beans have a high lipid content (30 -
40%), nearly half of which i oleic acid ( adav et, al., 2011 ). Once the oil is extracted from the 
bean the pres cake (i.e., eed meal) remains, hich is dch in protein (28 - 34%). The pre cake 

has been evaluated ti ruse in animal feed for ruminants (Raj el al., 2016) and poultry (Husna et 
al., 2017) (although it is not approved as uch in the US). As a result of many of th se useful 
applications, Pongamia ha e b en transplant d to parts ofAu tralia, ew Zealand, Afiica, and the 

United State (Yadav et al. , 2011). 

Due to its cosmopolitan growth, its nomenclature i varied and may include local names. It has 

been cla sified into several genera including, but not limited to, yti. us, Dalbergia Derris, 

Millettia Pongamia and Robinia (Table 2). The basis of this di tinction as one genus or another 
may stern from the pre ence of one or more di tingui hing characteristics su has being the only 

member of the species that has pinnate haped leaves, and one f the few nitrogen-fixing tree to 

produce beans with substantial oil content.4 

[Remainder of this page is blank.] 

1 The Pongamia tree is of the legume family a1,d so lt;choicu!ly the ·eed. are tenned "beans•·. 
4 https:// iatropha.pro/pong_amia-pmru1ta1• sile last visited December 19 2◊--
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Table 2. Mil/etria pinnau, bean oil (s.o.) synonyms: CASN 247588-54-1 

C_v1is1.1s pin11a111s s.o. Honge oil Millellia pinnaur s.o. 
Pong am ill pinntllll ( L.) c 

oil 
Dulbergin arhorea $.O. Karanja oil Oils, pongamia glabra Ptmgamia pi1111att1 s.o. 

Derr is indic(1 ( Larn.) 
Beun.b s.o 

Karum s.o.~ 

Panigrahi pu11gam1• 
Puruderris <!llipticu-J\dema 

Tubaroot 
Pu11gomia pinna/a (L.) 

Pierre' 

GalPd11pa indica s.o. 
Galedupa pinna/a s.o. 

Karumtree s.o 
Millet seed 

Pongam s,o. 
Pongamia glabm Vent oil 
Pongamia glabra s.0. 

Pongamia x11roc111pu s.o. 
Poonga s.o. 

Gafed1,po p1111gum s.o. 

Honga~ oil 

Mil/eflia nov<>-
guine,msis s.o 
Mille1tia eJnntlla 

Pongmnia mitis s.o. 

Pongamia oil 

PtCl"<)Clll'pU~/7m11., !i.O 

Robinia mill\ s.o. 

'Cht:mlDp/m· favored name; bUSDA ,)'nonyms; 'l'laine used 11, ~.:ielltifk literature 

The USDA Plants Database ( USDA, 2020a) describes the taxonomy of Mt'llettia puma/a 
as follows (Table 3): 

Tabll' 3. Milletlia pin11uta (L.): Taxonomic hierarchy (USDA Plants Database, 2020a)* 
Rnuk Scit:ntitic Numl' and Common Nnme Scientific ame and Common Nnmt-
Kingdom Plantae - Plants 
Subkiogdom Tracheobionta - Vascular plants 
Supcrdivh;ion Spem1atophy1a - Seed plants 

Division Magnoliophya - Flowering plan~ 

Class Magnoliopsida - Dicotyledons 
Subcla8s Rosidae 
Order Fabale· 
Family Fnbaceac/Lcguminosae - Pea family 
Genus i\,/1l/et1ia Wight & Am. oiltrce Ptm1derris (Miq.) R. Geesink paraderri!! 
Species Mllle11io plnni,u1 (L.) Panigrahi pongaml' Poraderris el/1p1ica (Wall.) Adema tubarool 

oiltree 
'https:/1plant:1.usda.govlcorc/profilc?sytnh~'1-•MIPl9 

EPO <.:an be used as a dietary source of oleic and linoleic fatty acids in the diet. Linoleic 
add, an omega-6 fatty acid, is an essential fatty acid. Oleic add has been repot1ed to have health 
benefits and nutritional value (Teres el al.. 2008). 

2.3 Description and specifications 

EPO (MW: 892. 7 g/mol; C ASN 247588-54- 1) is an edible oil produced from the seeds of 
the tree Miilettia pinnara. The oil appears as clear/slightly yellow with neutral odor. The oil is 
mainly (>95%) comptised of triglycerides. of which greater than 50% are mono-unsaturated fatty 
acids. principally oleic aci<l (> 50%). as a percentage of the total fatty acid content. Other fatty 
acids include linoleic (> 15%). stearic (>7%). and palmitic (> 8%) fatty acids, on a total fatty acid 
basis. The identifying properties of Edible Pongamia Oil are provided in Table 4. A comparison 
of the fatty at:iJ contenl of EPO to other commonly consumed vegetable oils is provided in Table 
5. 



Table 4. Compositional analysis of EPO* 

Componen t (unit of measure) Value 

Free Fatty Acids (FF A)(% g/1 OOg) 0.13 

Peroxide Value (meq O2/kg) 4.55 

p-Ani idine Value (AnV) 4.7 
Neutral Oil (%) 99 .91 

Iodine value (calculated from FA profile) 84 .6 

fnsoluble impuritie (%) <0.01 

OSI {Oxidative tability Index : hours) 9.6 

Phosphorus (oil pecific ) (ppm) 22.5 

Chlorophyll (ppm) <0.1 

Re idual olvents (%) <0.05 

Moisture (%) 0.03 

Lovibond Color - AO S cale 0.5R, 18.0Y 

Smoke point (°F) 347 

Glycerol % < I 

Monoglyceride % < I 

Diglycerides % 1.0 

Triglycerides% 95.9 
•oata represent. the average of2 samples from two processing batches: 

TV_OIL_0028 and TV_01L_0030; AOC = American Oil Chemists S ciety; FA 
= fatty acid; FFA = free fatty acid; meq = mi Iii-equivalents; ppm = part. per 

mi lJ ion 

[Remainder of this page is blank.] 

June 14, 2023 Page 10 of 84 

22.TERV006.01 fu . iri!1 science wul c,m,11liu11cc www.burdockgroup.com 



Table S. Fatty acid compo ition (Percent total fatty acid ) of EPO compared to other commonly consumed vegetable oils 
Fatty 
acid 

Common name EPO (g) 
(N = Slot ) 

Olive Oil (g}# Canola Oil (g)* Soybean Oil (g)** 

14:0 Myri tic acid 0.03 ND ND ND 

16:0 Palmitic Acid 935 11.3 4.30 10.5 

16:Jc9 Palmitoleic Acid 0.05 1.26 o._1 ND 
17:0 Margaric Acid (Heptadecanoic) ND 0.02 ND 0. 3 

17: lc9 Heptadecenoic Acid ND 0.13 ND D 

18:0 tearic Acid 8.35 1.95 __09 4.44 

I 8: lc9 01 icAcid 52.89 71.3 61.7 22.6 

18:2n6 Linoleic Acid 17.02 9.76 19.0 51 

18:3n3 a /p/,a;-Linolenic Acid 2.60 0.76 9.14 6.79 

20:0 Arachidic Acid 1.76 ND 0.65 0.36 

20:lcll Gondoi Acid 1.03 0.31 1.32 0.23 

22:0 Bebenic Acid 4.29 ND 0.33 0.37 

22:lcl3 Erucic Acid 0.05 D ND ND 
24:0 Lignoceric Acid 1.48 ND ND ND 
Total Fatty Acids Identified (% Total Fatty Acids) 98 .90 96.8 98 .74 96.32 

11 ht!J> :// fdc.nol.usua.gov/fdc-app.htrnl #l food-dctai ls/l l 03861 /nutm:nts; ,iti: !:1st , isi1cd Dl·cvmhcr llJ, 2021. 
• https: // fJc.nal.usua.guvlf,h:-app.html#/food-det:iil ' 172336/nutricms: ,1t1: 1~1~1 vi, 1t1.·J D1.·cc111hcr I lJ. 2021 
** hup · ://fd .nal.u da.govlfclc-app.html#/fo d-clctails/l 714 l l /nu1rienrs: ,i1c Ju~r i~itcd Dctcmhcr I1/. 2022. 

D = 11ulyzcd, hut 11 ot t.ll:tectcu; R = ot rcportcu 
I,,1al !'ally Ai:id. pt'r Ccrtilicalc ol' An:ily,-i • may <lif'fcr lrom .additive amounts in 1nhk i11 r ;1 rcnthc,,i,. 

[Remainder of thi page is blank.] 
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Specifications for EPO from the average of 5 different batches are provided in Table 6. 
Analysis of each of these five lots of EPO are provided in GRAS dossier (Burdock, 2022) and is 

in Appendix I. Total sterol content is approximately lO00 ppm, with the major sterol being bet(I• 

sitosterol (-70%), campesterol (- 7%). stigmasterol (- 13%) and de/ta-5-avenaslerol (~9%).5 

Table 6. Specifications of EPO 
Batch Analysis Results ( = S) 

Anal sis Method S ecification Ran e Avcrn e 
Colo r Sensory • Visual Clear. ligh t/golden yellow NIA Complies 
Odor Sensory • Smell Pleasant: faint nuttiness NIA Complies 
Moisture (max.) AOCS Ca 2b-38 <0.25% g. 100g m/rn 0.01 • (1.07 0.04% 
Oxid, stability index AOCS Cd l2b-92 > I hrs l.07 - 4.96 1.11 
Unsaponifiable 

AOCS Ca 6a-40 <2.0% g)HIOg 0.25 - 0.38 (J.31 
matter 
Peroxide value AOCS Cd R-53 <20.0 meqO.v'kg 1.5 - 3.8 2.R 
p-Anisidine value AOCS Cd 18-90 <20 AnV 5. 7 - 12.9 7.9 
Trig lycerides AOAC 966.06 >95% 94.l - 97.1 9/i.2 
Total Fatty :icids AOAC 996.06 mod. >90%, g/1 00g 90. l -93. 1 92. 1 
Oleic acid ( 18: I) AOAC 996.06 mod. >50.0 g/ l00g J7A 52. l - 53.2 52.9 
Lino leic acid 

AOAC 996.06 mod. > 15.0 g•I00g FA 16.5 - 18.0 17.0 
(1 8:2n-6) 

Palm1tic acid (16:0) AOAC 996.06 mod >8.0 gt l 00g l·A 9.l-9.<> 9.4 

Stearic acid ( 18:0) AOAC 996.06 mod >7.0 gl l00g FA 7.9-8.h 8.4 

Behen1c acid (22·0) AOAC 9%.06 mod >3.U g/l00g FA 3.4 • 5 0 4 .3 

Erucic acid 
AOAC 9%.06 mod. < L0g/l 00g f A <0.1 ~0. l 

(22: lcl3) 
Free Fatty adds OCS Ca Sa-40 <.. } 0% g/ l00g <0. I - 0 . .2 0. 1 
ficrobial~ 

J'o tal colifonns AOAC991. 14 < 10 cfu/g <10 < 10 

E.tcht•1·1c/11a coli AOAC 991.14 < 10 cfu/g < 10 ,c;. JQ 

Salmonella spp. AOAC-RI 12150 1 Negative cfui25g Negative Ncgatwe 

Mold BAM Chap. 18 < \0 cfulg < 10 < 10 

Yeast BAM Chap. 18 I() cfu/g < 10 < 10 
lleavy metals ICP-MS 

Lead (Pb) AOAC Ca 17-0 I < 10 pplll <(l.01 <0,0 10 
Cadmium (Cd) AOAC Ca 17-01 <0. 1 ppm <0,0 1 <0.0IO 

M en..-ury (Hg) AOAC Ca 17-0 1 < I ppm <0.01 ·.0.0 10 
t\rsenic (As) AOAC C'a 17-0 1 <U.3 ppm <001 0.010 

Furanoflavonoid 

KanmJm TV-S f M_00l.01 < 150 ppm 15 - 135 75.4 

Pongamol TV-STM 001.01 <150 ppm ()3 • 156 110.4 

5 Terv1va internal data, 2021 
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Tab le 6. ecification ofEPO 
Batch Analysis Results (N = 5) 

Anal sis 
lycotoxins 

Method S ecification Rane Avera e 

Afla1oxin 
Bl , B2,G l ,G2 0 C 999.07 0.5 - 15" ~lg/kg <4 <4 

Furnoru in (total) J AOA 92(-).496 2000 - 4000 µg/kg 0 <30 

Ochratoxm A AOAC999.07 I - 5 µg/kg < I.O <1.0 

T-2/HT-2 Toxin 
Food Add Cont 
20 13:30(3), 41 

- LO µg/kg < l /10 < l/10 

Zeara lenone 
Food dd ont 
2013 :30(3),541 

7 - 200 ~1gtkg <5.0 <5.0 

/\OAC = As ociation f Official Analyti al C llabora1i n; AOC =Ame,ican Oil Chemists Society; BAM : Bacteriological 
Analytical Manual: FA = Fatty acid·; cfu = colony fonniug uni ; ICP-M. = Inductively .:oupled Pia ·ma- Mas 
Spectrometry: max = maximum; 1neq = milliequivalents· mod= modified; /A = ot Applicable; ND= t Detected; 
TV-STM =Terviva-Standard e t Meth d. *Measured at I10°C: I hr= approximately I month; o d Add Cont= Fo d 

dJitives & Contami11ants. 

2.4 Manufacturing Process 

Edible Pongamia Oil (>99.5% pure) is manufactured from the oilseeds of the leguminous 

tree species Pongamia pi111ww ( L.) Pien-e. al o nown a A!illeuio pimtaw. The bean are pre d 
to separate oil from solids (presscake) . M. pinna1a beans are procured from Florida, Hawaii, and 
India, shipped packaged in food grade approved ealed Eurotainer with a nitrogen blanket. The 
bean are analyzed for pe ticides, mycotoxins, heavy metals microbials, foreign material , and 

moisture before pressing. The resulting crude oil is allowed to ettle, then filtered with 
diatomaceou earth and degummed with a food grade citric acid elution removing phospholipid 
and other water-soluble substances such as protein . The re ulting oil i then dewaxed by chilling 
(~ 16°C) and then refined with pure, food-grade ethanol at < 80°C to remove bitter ta ting 

compounds, free fatty acids and unsaponifiable ubstances (Figure I). Greater than 99% of the 

ethanol used in the manufacturing proce s is recycled back into the proce . with the remainder 
e aporated from the product. The bitter compounds are removed in the process· they are comprised 

mainly of furanofla onoids, the most abw1dant ofwhicb are karanjin and pongamol (Thahrr el al.. 

2021 ). The resulting edible oil is clear/slightly yellow with a light nutty odor and agreeable, 

neutral taste, containing < 0.0 I% of total volatiles and < 0.05% ethanol. The manufacturing 
process to produce BPO i similar to conventional vegetable oil production in that the 
manufactw-ing process -include seed preparation and cm hing degumming, 

dewaxing/winterization, and olvent removal. The EPO proce utiliz fi od-grade ethanol which 

extracts the unsaponifiables protein sterol free fatty acid and other foreign substances from 
the pongamia oil. The end result of either process is i elation and purification the final oil product 

(Appendix II). 

The final oil product i packaged in food grade bulk tainless steel containers ealed with 

a nitrogen blanket and stored at air-conditioned room temperature <25 °C), Potential consumer 
product would be packaged in gla , PET or HOPE opaque food grade b ttle that are afe and 
uitabl for their intended u e (Piscopo and Poiana, 20 l 2). Karanjin and pongamol were quantified 

Jlml? 14, 2023 Page 13 of84 
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in the edible oil (to analyze and evaluate if the stated limit of<150 ppm ofeach had been met) by 
high pressure liquid chromatography using purified karanjin and pongamol as reference standards. 

[Remainder of this page is blank.] 
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Pongamia 
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Figure 1. EPO production scheme 
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The beans and the re ulting oil have been analyzed for pe ticide residues. The result 
indicate that EPO does not contain residual pesticides at levels of toxicological or regulatory 
concern (pe ticide concentrations are <10 ppb overall) . Future testing will be perfonned on the M. 
pinnata beans from e ery lot (curr ntly e tablished at 50 metric ton /lot) ; from each lot, testing 

will be completed on two c mposite sample prepared from approximately 100 p1imary samples 
collected from 100 different bag (-200 g collected from each bag) at the tim of procmement. 
Terviva tests one batch of the fi ni hed product for re idual pe ticides once a year. 

TI1e manufacturing process for conventionally produced r fined, bleached, deodorized 
(RBD) oils can form unintentional contaminants by ch mical reactions during proce sing with 

elevated temperatures or extreme pH condition . Some proces ed foods and vegetable oils have 
been found to contain 2- and 3-monochloropropane-1,2-diols (2-MCPD and 3-MCPD, 
respectively) through the use ofchlorinated ingredients (e.g., hydrochloric acid) in the presence of 
acylglycerols during deodorization at high temperature (>200 °C), although a direct correlation 
with temperature has not been found (JECFA, 2017). Palm oil has been reported to contain the 

highest concentration of 3-MCPD ester , compared to other edible oils. The EPO manufacturing 
process does not utiJize chlorinated chemicals and so the production of these types of chemical 
are note pected to be pre ent in the fina1 product. Gly idyl esters may also be produced in the 

manufacture of RBD oils when the vegetable oil is heated to > 200°C, the main d1iver in the 
production ofg)ycidyl esters in oils (JECF A 2017). TheEPO manufactu1ing process d es not heat 

the oil to > 200°C and therefore glycidyl ester would not be expected to be present in the final 
refined EPO. Polycyclic aromatic hydrocarbon (PAH) are formed during the incomplete 

combu tion of carbon-containing organic matter and may end up in RBD oil.0 High-temperature 
cooking, especially during open-flame cooking and smoking/drying, will form PAHs in meat and 

other foods (Sampaia et al., 2021 ). A the manufacture of EPO doe not include the use of 
temperatures above 100°C and doe not include open-flame processes, it is highly unlikely that 

P AHs would be formed during the production ofEPO. A detailed di cussion of the manufactwing 
proces utilized to produce EPO is provided in Appendix [I. 

2.5 Stability 

Current data demonstrate that with the addition of food grade antioxidants EPO i stable 

for at least six month . Food grade antioxidant pre ervative (e.g. , mixed tocopherol and/or green 
tea extract are added by Terviva to EPO to maintain stability of the oil. Ongoing evaluation will 
determine the length of tim EPO containing antioxidant i tabl under the stated conditions. 

Additional stabiljty analysis (Table 7) showed that EPO containing the antioxidant : (I) green tea 

extract (at a total of5,000 ppm); or (2) mixed tocopherols + green tea extract (at a total 5.000 ppm) 

i ·table for ix month . 

~http ': /lwww.cdc.gov1biomunil ring PAils factSheeLlnmlff . ~. lex t= Related''lo20Page ·.small'lto20particle. %20i11"1u~ 
0tht::%2Ua1r.; ite la. t vi ·ited July 21, 2022 . 
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Table 7. Stability of EPO with antioxidants* nt 20°C over a period or 24 weeks 

Lot 
OSI ( I l0°C; hours) 

(>1 hr)" 
Peroxide value (meq/kg) 

(<20t 
p-Anisidine value 

(<20)" 

Neal 
0 weeks ~.6 5 l) 8.0 
8 weeks 1.2 21.0 9.S 
16 weeks 0.05 ;i9.0 11.7 
24 weeks 0.05 147.0 22.0 

Green tea exu·ac1* 
0 weeks 18 8 5.0 8.3 
8weeh 18. I 5.4 6.6 
16 weeks 17.2 7 I 6.2 
24 weeks 15.8 7.9 7.6 

Mixed locopherols -
Green tea extract"'* 
0 weeks I 9 7 5.2 6 l 
8 weeks 18.8 6.4 7.6 
16 weeks 18.0 9,1 7.7 
24weeks 17.3 13.0 8.0 
~spec1!il:ation limit: OSI: O~idatilc S1ahility Index 
"'Total anl1oxidnn1 (green tea extract) concentr.11io11 al 5g/kg (5,000 ppm) ad<l.lld tu the oil. 
• Total an1inidJw1t (mixet.l 10coph.::rol~ - green tea e.>:trac1) concentrativn at 5 g/kg (5,000 ppm) added \0 the oil. The 
tot.ii mixed tocopherolo; added is a minimum of l.O g/kg oil (.1000 pprn) mi>.oo tocoph..:rol,; (minimum l. l gik.g 11011-

(I/J,llu IOcnphcrol nm.I 3 g.il.g (3,000 ppm) green rea extract 

Approximate inherent tocopherol content i provided in Table 8. which adds to the ability 
to maintain the stability of the oil. 

Table 8. Tocopherols in EPO* 

Tocopherol Abundance (ppm) 

lllpha- Tocopherol (ppm) <S5.2 
he/a~Tocopherol (ppm) <55.2 
,te/ta-Tocopherol (ppm) <55.2 
gamma-Tocopherol (ppm) ,,-55,2 

Total 1 ocopberols (ppm) <55.2 
'DatJ r~prc~ent,; one prm:essing batch (TV_ OIL_ 03141 

Part 3: Dietary Exposure 

3. J Estimated Daily Intake 

The intake profile (amount and frequem:y ) by individuals in USDA's What We Eat in 
America (WWEIA) Continuing Survey of Food Intakes by Individuals 2017-2018 (USDA, 2021 ) 
was used to calculate Lhe estimated daily intake (EDl) of EPO for individuals consuming the food 
groups selected for the addition of EPO per this GRAS evaluation. The food groups as defined by 
the WWElA database are provided in Table 9. 

Jur,e 14, 2023 
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Table 9. Food groups selected for EPO addition* 

Food Category Maximum intended use level (ppm) 

Dairy drinks and ub titute 21,000 
Cheese (included imitation & spread ) 58,000 

Meat (imitations) 34,000 
Poultry (imitation ) 32 000 
Seafood (imitations) 30.000 
Eggs (imitation products) 30,000 
Plant-ba ed protein food : nuts and seeds: processed soy products 55,000 
Bread and bread products, rolls and tortillas· cooked cereals 27 000 
Crackers, snack/meal bar / we t bakery pr duct 30,000 
Chip , popcorn, pretzels 351,000 
Cooked vegetables 50,000 

weetened beverages; nutritional and moothie-Lype beverages 25.000 

Protein and nutritional powders 85.000 

Fats and oils 100.000 
Condiments and sauces 222.000 
•n1e food categories correspond to those li ted in the WWEIA 2017-20 I ' databa e 
http ' ://www.J.rs. u <la.go IAR erfi les/80400530/pdf/ I 71 /Key%20Po1nts%20U ing'1/o20W WEIA" n20 

2017-20 I 8.p<lf; site la ' t vi iteu Dt:e I lJ, 2022, 
ppm=parts per million 

The mean and 90th percentile EDis were calculated for EPO intake following addition o 

the EPO to the selected food group . The mean and 90th percentile EDI were not calculated for 
cun-ent EPO intake from natural ources a no information regarding current intake of oil from the 

Pongamia (M. pinnata) tree wa found following a thorough search of the published literature. The 
addition ofEPO to the selected food at the levels pecified in Appendix llI would provide a mean 
and 90th percentile EPO intake of 3,228.45 and 7,703 .32 mg/day, re pectively, as indicated in 
Table I0. This mean and 90th percentile daily intake on a body weight basis is e timated at 55.19 

and 127.32 mg/kg bw7/day of EPO, respectively. 

The USDA has also estimated total per capita intake of oils for the 2017-2018 data cycle, 
reporting consumption of oil at 29.12 ± 0.707 g/day for males and female two years of age and 

older 8 approximately equivalent to 485 mg/kg bw/day for a 60 kg person. Using thi value as the 
mean for cun-ent consumption, the 90th percentile cun-ent EDI ofoil is estimated by assuming two 

times greater consumption than the reported mean cun-ent EDl.9 TI1u the estimat d 90th percentile 
cun-ent EDI of oil intake for people two years and older is approximately 58.24 g/day (970.67 

mg/kg bw/day), based on the USDA database. The overall oil intake in the U.S. indicates that 

7 b - bodyweight 
~ https://www.ars.usda.gov/ AR U, erf· ih!s/80400530/pdf/FPED able · 1-4 FPED 1718.pdf; ite last visited 

December 20, 2022 , 
9 Imps.I/ vw .Lcla.gov/reirnlatory-info11na1io1 search-fda-guidance-documents/guidan e-indu ·try-e timating-d1etarv
int::tke- ubstances-
food#:~:te t= xamination%20oi%20fi od%20freguen y1!to20and.approx imately%204°~20times%20the%20mean. • 

ite la t vi ited December 20. 2022 . 
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replacement of oil in the selected categories would result in only a fraction of the total amount of 

oil intake being replaced by EPO. In addition. the above calculation · reflect 100% market 

replacement of the oil content in the stated foods in Table IO by EPO which cannot be obtained 

by urrent agricultural production of EPO, a there ar not enough M. pinna ta trees worldwide to 

produce enough oil for 100% market replacem nt. Therefore, the estimated consumption is a gross 

overestimation of potential EPO intake. 

All food categorie de ignated by Terviva hav been utiliz d in th calculations 

appropriate. The high-oleic EPO will be added only to foods for which a standard of identity does 

not exist and, would be a substitute for other edible oils used in the production of stated food 

products; therefore, oil intake will not be increased . 

Table 10. Predicted intake of EPO foUowing supplementation of selected food at the indicated le els and 
total intake for individuals consuming selected supplemented foods 

Per User (mg/day) 

PO intake fro m: Mean 901h Percentile 

Possible maximum consumption with EPO a an added ingredient to food 3,228.45 7,703.32 

EPO does contain flavonoids. Based on the cone ntrations identified from EPO analysis, 
the major flavonoids in EPO (< l50 ppm) include karanjin and pongamol each. A urning an 

approximate 300 ppm tlavonoi<l content in the oil and 90Lh percentile intake of the oil at 7.703 

g/day would result in an estimated flavonoid intake of 2.3 l mg/day. Kent et al. (2018) reported 

that total dietary fla onoid intake in older adult (N =79, mean age of 70.1 years) was estimated at 

678.69 mg/day. Other a es ment place flavonoid intake (depending on analy i of aglycone or 

glycoside content) in different countries ranging from approximately 200 - 696 mg/day (Escobar

Cevoli et al., 2017). Therefore the conswnption ofthe flavonoids contained in EPO is insignificant 

in comparison to overall flavonoid intake from other sources in the human diet. 

3.2 History of use of Pongamia oil 

Pongamia oil ha historically been con idered an inedible oil becaus of th 

furanoflavonoid content (e.g., karanjin , pongamol) which impart a bitter taste and disagr eable 

odor (Fu et al .. 202 l ). Heretofore the methods for extraction of the furanoflavonoids had been 

inefficient and laborious, were not standardized and not altogether suitable for producing a 

comm rcially viable consumable oil. As a re ult crude Pon0 amia oil ha been used for commercial 

purposes including a. a water-paint binder, a mechanical lubricant and a fuel for oking and 

lamp in rural India ( Meher et al., 2004). Pongamia oil has been evaluated for biofuel. As noted 

earlier, no commercial produ tion for human con umption was identified in the public literature 

(Fu el al. 2021 ). 

Pongamia oil in used as a raw material in the production of co metics, including hair 

products, and soap in rural area ; a a component in the leather tanning pro es and as a lamp and 
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cooking fuel oil but the dark color and off-odor limit its commercial use (Meher et al., 2004; 
Halder et al., 2014; Good Scents Company, 2021). 10 In southern India, a mixture of the oil with 
the leaf of Eupatorium odorata is applied topically to wounds {Arote and Yeole 2010; Al 
Muqarrabun et al., 2013) One vendor indicated that Karanja capsules (M: pinnata) 11 should be 
taken orally ( 4 70 mg/capsule, 2 - 4 times/day)· 12 although for mo t products, vendors stipulated 
external use only, while others did not supply directions for use_l3 Claims for relieving various 
maladies via external application are prominent. 

3.3 Summary of EPO Exposures 

The food groups selected for the addition of EPO per this GRAS evaluation, as defined by 
the WWEIA database (USDA, 2021), are provided in Table 9. In summary, exposure estimate to 
the EPO based on their intended use may be up to and including 7,703.32 mg/day, approximately 
equivalent to 127.33 mg/kg bw/day (90th percentile). 

[Remainder of this page is blank.] 

10 http ://hort.purdue.eduh1ewcrop/duke energy/Pongamia pi.nnata.html; ite last visited February 14, 2022 . 
11 Vendor tate the capsule contain" ... 100 % pure ingredients specially fonnulated and include green leaves, 
flowers, eed~, root & bark . 
12 http ://www.amazon.com/DR-W AKDE %C2%AE-Ayurvedic-Supplement-multiple:' dp/6040338555; site la ·t 

visited Apr 26, 2020. 
13 http ·: //www.amazon.com/Premium-Karanja-Organic-Unrefined-
Undiluted/d /B00Y128NO8/ref=sr I 3? ~clid=C'wKCAiA9t BhAIEiwA6tdCrNOuhf9U5HrsTCoTI 

0grOypjkOOHA4xg36iF-
HFwb l 8BoCx6AOA vD BwE&hvadid= l 9U5 l 61353 4&hvde - c&h locpby=901 l784&lwnet - g&hvgm - b&hvr 
and= I082800659853504097&h targid=kwd-

488002879432&hydadcr=29 l 35 l 0 l 64395&keywords=karaoja+seed+oil&gid= 16457390 l 6&sr= -3 ; site la t 

visited February 24 2022 . 
June 14, 2023 Page 20 of 84 

22.TERV006.01 fusing sc.ience and ompliance www.burdockgroup.com 



Part 4: Self-limiting Levels of Use 

The use ofEPO in foods is considered to be self-limiting for technological reasons, such as product 
texture and/or flavor profile, either of which could affect consumer acceptance. 

[Remainder oftbis page is blank.] 
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Part 5: Experience Based on Common Use in Food Prior to 1958 

The statutory basis for the conclusion ofthe GRAS status ofEPO in this document is not based on 
common use in food before 1958. The GRAS assessment is based on scientific procedures. 

[Remainder of this page is blank.] 
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Part 6: Narrative 

6.1. Absorption, distribution, metabolism, and elintinatioo (ADME) 

The major fatty acids of the triacylglycerols (TAG) in EPO ( on a fatty acid percentage of 
total) include, but are not limited to, oleic acid (approximately 50%), linoleic acid (approximately 
l 7%), palmitic acid (approximately 8%), stearic acid (approximately 8%), and behenic acid 

(approximately 4%). making up at least 90% of the total fatty acid content. Other fatty acids in 
EPO are approximately 2% or less. 

The TAG that comprises EPO are expected to be digested, absorbed, and metabolized and 
the metabolites excreted in a manner identical to other commonly consumed TAG from plant and 
animal sources. Oleic acid is found in many different edible oils, induding olive, sunflower, and 
canola oils. Linoleic acid is found in many vegetable oils, nuts, and seeds, while palmitic acid is 
common in butter, cheese, and milk. Stearic acid is cmmnonly found in animal fats, including 

small amounts in milk. Stearic acid may not be completely absorbed, with estimates at 68 - 98% 
absorbed (Jones 1999; Baer 2003).et al. , et al., 

Fatty acids are released from triacylglycerol molecules in the small intestine, largely 
producing free fatty acids (FF A) and monoacyl glycerols. The monoacyl glycerols and free fatty 

acids are absorbed by enterocytes, then re-assembled as TAG in the endoplasmic reticulum by 
acyltransferases; monoacylglycerols are esterified with FFAs by monoacylglycerol 
acyltransferases to form diacylglycerols, which are converted to triacylglycerols by diacylglycerol 
acyltransferases. ·'packaged" into chylomicrons and transpo1ted to adipocytes and stored in 

cytosolic lipid droplets (Hussain, 2014). When needed, the triacylglycerols are released from the 
cellular lipid stores by diacylglycerol lipase and monoacylglycerol lipase that work together to 
provide complete hydrolysis of the triacylglycerol molecule to release the fatty acids (Tardelli, 
2020). Once in the peripheral tissues and absorbed into the cells. fatty acids are degraded by P· 
oxidation in the cellular mitochondria, resulting in successive release of two-carbon acetyl 

coenzyme A (acetyl-CoA) molecules. The citric acid cycle uses the acetyl-CoA molecules to 
produce reducing equivalents. The redu~ing equivalents produce adenosine triphosphate (ATP) 
for energy via the electron transport chain (Gotoh e t al., 2008). This indicates that the triglycerides 
and fatty acids that make up EPO would be absorbed, distributed, metabolized, and excreted in a 
manner identical to other commonly consumed TAG from plant and animal sources. 

6.2 Acute studies 

A non-GLP limit test of the acute oral toxicity of EPO was conducted in female Sprague
Dawley rats ( N = 5). The EPO was administered by gavage (Marone e t al. , 2022). The study was

conducted according to EPA guidelines and consisted of dosing a single, fasted rat with 5,000 
mg/kg by gavage. The dosed rat was observed for 48 hours and when no abnonnalities were noted, 
an additional fow· animals were dosed in a similar manner. According to the auU1ors "[A]cute 
administration of Debittered Pongamia Oil fol lowed by observation for 14 days and euthanization 
[sic] with thoracotomy[sic] resulted[sic] in the animals tolerating the exposure well with no toxic 
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igns or abnormalities observed in any of the tested animals."14 111e authors concluded "[T]he acute 
oral LDso15 of Debittered Pongamia Oil was deemed greater than 5,000 mg/kg in Sprague-Dawley 
female rat . " 

Gandhi and Che1ian (2000) evaluated the acute to icity ofraw karanja oil (not extracted). 
and the same oil e tracted with aqueous methanol. This extraction process was not the ame 
manufacturing process as for EPO. Oral doses of raw karanja oil' 6 at lO and 20 ml/kg bw 
(appro imately equivalent to 10,000 and 20,000 mg/kg bw) to rats (Haftkine-Wistar, N = 
2/se dose) re ulted in 100% mortality within 12 - 48 hour following do ing· the same doses of 
the extracted oil elicited no adverse effect. The authors stated that "the fatty acid composition of 
the raw and extracted karanja oils sh wed no difference" (Gandhi and Cherian, 2000). A material 
data safety heet (Neem Pro Inc., 2015) reported an oral LDso of >4,000 mg/kg in the rat, and a 
dermal LCso 17 in the rat at >2,000 mg/kg. o additional infonnation was provided in the 
pubhcation. 

An acute oral to icity tudy of a crude bean e tract (via Soxhlet apparatus) of M. 11i111lata 

was conducted in five female Wistar rats at a single do e of2,00Q mg/kg/bw, then obseryed for 14 
day . ad er e effect were rep rted. All animals gained weight through ut the tudy. Lipid 
peroxidation wa ignificantly (P < 0.05) increa ed in the: liver, brain, kidney. bea1i, and pleen flf 
the '/. pinna/a xtract-treated animals compared to control.. Glutathj ne le el in the pleen and 
o idiz d gJutathione levels in the Ii ver ere signifo . .:antly increased in treated over l'.Ontrol ttn imaL 
but not in the lung, brain, kiJney r heati (Aneela et al .. _o l l ). Bo e et al. (2013 analyzed th 
eflect of tbe hex.an extract of M_puma/a beans in an adjuvant-induced a1th ri1ic rat model. which 
in ·luded the evaluation of some afety-relatcd parameter . Mal Wi tar rat were admini ·ter!.!d a 
ingl g:.wage do e of the seed extract in graded dos IO 30 g/kg) to det nnine the minimwu 

lethal do e (MLD). After dektmining the MLD of 28,000 mg/kg bw hexane seed extract, 
additional Wi tar rats ( = i. group) were treated wi ha ingle do e (by gavage) with th extract 
at 300 or 500 mg/kg bw/day, which the author · lated were 1/S0'h and l/75'h of the MLD <lose and 
ob crved fi r 14 day . At the end of U1e 14-day ob rvation periud, there w re n) tatisti ally 
ignificant (P < 0.05) changes in urinary 1.:reatinine values, or erum A T. AL or LOH 

concentration., relat1 c to the c ntrol group ( Bo c et of.. 20 I..,) . 

ln strcpt zotocin-induced diabetic rat . ingle ml do:e • (lf pongmnol (50 mg/kg) and 
karanjin ( 100 mg/kg) lowered the bl d vluc1.)Se by l ~-~% (P < 0.05) anJ 11.7°10 tp "" 0.05) at 50 
mg/kg <lose and 22.0% (P < 0.01) and 20.7% tP < U.01) at lO0 mg/kg tlo c, re ·pcctivcl nt1er 6 
hour · post admini ·tration. The result h1 we<l that pongnmol and kuranjin isolated from the fruit 
of M. pi11nata po e se ignifa;ant antihyperglyl'.etnil: activity in streptozoto in-rn<luce<l diabeti • 
rat.· (Tamra! ar et al., 200 ). 

1-1 " Debittered Pongamia Oil" i synonymous with EPO. 
13 LD50 ::- (Lhe) lethal Dose a! which 50% of the animals die when a ubsiance is administered internally. 
16 KaranJin , pongamol or other navonoid contents not aoaJyzcd. 
17 LC5n=(tbe) LeLlial concentration at which SO% of the animal die when a substance is applied topically 
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The acute study of EPO did not induce toxicity in female Wistar rats at 5.000 mg/kg (i.e.. 

LD ~o > 5.000 mg/kg in rats). A 1nethannlic extract of pongamia oil of I 0,000 and 20,000 mg/kg 
did not elicit signs of toxi city. Crude pongami::t oil was lethal at I 0,000 mg/kg and 20.000 mg/kg 
bw. Thest! acute oral toxicity studies show that crude oil from the pongamia plant is different from 
Terviva's EPO in crucial safety-related parameters and therefore studies conduct~d with raw, 
unrefined pongamia oil have little relevance to the- safety of EPO. 

6.3 Subacute and subchronic studies 

A 14-day range-finding palatability and general toxicity study was conducted on EPO, 
conducted consistent with current good laboratory practice (GLP) standards, meeting the 
requirements of FDA GLP (21 CFR Part 58), which is compatible with OECD GLP p1inciples 
(Marone et al., 2022). The 14-day study utilized individually housed male and female Sprague 
Dawley rats (CRL SD CD® IGS; 5/sex/group) that were fed a standard rodent chow diet (Group 
1 ), an isocaloric diet that was utilized as a control (Group 2) that contained cocoa butter, high oleic 
sunflower and soybean oils, or the basal diet that had decreasing levels of the above fatty acid 

SOLu·ces to which was added 50,000 ppm (Group 3), l 00,000 ppm (Group 4 ), and 150,000 ppm 
(Group 5) EPO. The diets were formulated weekly, Test substance stability and homogeneity in 
the diet were conducted. The rats were fed the stated diets with target doses of 4,167, 8,333 and 
12,500 mg/kg bw/day for Groups 3 - 5, respectively. The rats were evaluated daily for clinical 
signs, gross toxicity, and behavioral changes, and at least weekly for body weight and food 
consumption. Just prior to scheduled necropsy, blood was obtained to evaluate clinical chemistry, 
hematology, and coagulation parameters. Gross necropsies were completed, absolute and relative 
organ weights obtained, and gross and histological evaluation of liver tissues were conducted, as 
the liver was believed to be a sensitive organ for potential toxicity, as the liver is the primary source 

for general metabolism and therefore a likely indicator organ for toxicity of an ingredient with 
unknown toxicity (Chandni and Ashwani, 2017a). 

No test-substance-related mortalities were reported during the 14-day study, and any 

clinical observations were incidental and of no toxicological significance (i. e., slight alopecia and 
some fur/skin oily coat soiling). No changes were reported in body weight, body weight gain, food 

consumption or food efficiency were attributable to EPO administration (Marone et al. , 2022). The 
authors stated, "there were no adverse test substance-related changes attributed to the dietary 
administration ofEPO for I4-days". No absolute or relative organ weight changes or macroscopic 
or microscopic liver changes were attributable to EPO (Marone et al., 2022). The mean daily doses 

were 4,328.0, 8,036.5 and 12,023.0 mg/kg/day for males and 4,560.1 , 9,694.3. and 11,898.5 
mg/kg/day for females for Groups 3 - 5. respectively. The rats tolerated 15% (150,000 ppm) of 
EPO, the highest dose tested. 

Beans from the M. pinnata tree were eollected. d1ied_ powdered. and subject to a petroleum 
ether extraction process ( Manda I et al., 1984). The resulting oil (termed karanja oil) was refined. 
and the authors stated that ··toxic navonoids including karanjin and pongamol were removect·· 
( Manda! et al., l 984 ). Male Wis1ar rats (N = 12/group) were individually housed and fed a stock 
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standard diet that contained either l 0% peanut oil (control group). I 0% karanja oil . or I0°/o 

aka hmoni 1~ oil for tw lve Wl.!ek . At the end of the twelve week . the rats were euthanize<l, blood 
and 1i er . ample obtained. and total lipids, pho ·pholipid •. free fott acid. chol t rol. and 
triglycerid \ er <letennined. fhe livt:f, kidney, h art, spleen pancreas. intestine (larg and 
mall). and reproductive rgan ·) were subjected t histopathology. 

There wa. a decreased growth rate in the rat con uming the pongamia oil (Table 11 ). 
Serum nnd liver total lipid level of the rats fed karanja oil were ignificantly greater than the 
control gn up, and the liver triglycerid content wa ·igni ticantly in rca. din the karanja oil group 
(P < 0 I). Liver weight was als increas cl in the pongamia oil group compar d to the c ntrol 
grL up. but the authors did n t tare ifth1 wa .1 igntfi ant fleet. Mild tom derate fatty infiltration 
wa rep rt d in the liver of the rat con urning 10% karanja ii. The author concluded that ··The 
pre ent tudy therefore indicate thnt the refined karanja oil i not suitable as a dietary s urce of 
fat unle · a uitable meth di found for its complete deto ification • ( am.Jal et al.. 19 4). 

Table 1 l. Growth rate, serum and liYer lipid content of rats fed peanut or Pongamia oil 
(Mandal el al., 1984) 
Parameters Studied Peanut Oil Pongamia (karanja) Oil 

Growth Rate 
Gain in body weight (average, g) at Day 84 126.4 ± 10.2" 4.2 ± 11.4* 
Feed Efficiency Ratio 22.5 ± 2.1 18.1 ± l. 
Fat digestibility{%) 94 91 

Liver weight(% of body weight) 3.5 ± 2.1 4.1 ±2.2 
erum 

Total lipids (mg/100 ml) 278.3 :r 8.5 312.2 ± 7.4* 
Total pbospholipid (mg/100 ml) 84.3 :i: 3.9 80. 1 ± 4.3 
Tota! holesterol (mg/100 ml) 68 .2 ± 4. 1 70.4 3.8 
Triglycerides (mg/100 ml) 20.3 ± 2.l 25.2 ± 2.6 
Free fatty acid (mmol/L) 0.32 ± 0.04 0.34 ± 0.05 

Liver 
Total lipid (mg/100 ml) 132.1 4.2 288.7 ± 5.8° 
Total pho pbolipid mg/ 100m1) 78.2 ± 3.4 75.1 ± 3.8 
Total cholesterol (mg/ 100 ml) 6.2 ± 0.4 6.8 :r0.6 
Triglyceride (mg/100 ml) 24.1 ± 1.6 48.4 ± 2.1 ** 
Free Fatty acids (mmol/L) 3.4 ± 0.7 3.8 0.5 

In a follow-up study, Mandal et al. (1985) conducted a 30-day t xicity study in whi ·h adult 
male albino rats (in-house laboratory strain) were fed an extracted pongamia oil at 15% in the diet, 
and pla ma and liver lipid and plasma and depot fat fatty acid compo ition were evaluated. The 
pongarnia oil used was e tracted from the ground pongamia bean by Soxhlet solvent (petroleum 

1~ A imilar eed-bearing tree, Acacia auricul[/ormls. 
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ether) refined by removal of 'the toxic materials', color odor and bittemes and then 
hydrogenated. The male albino rat {N = 12/group) were provided either the pongamia oil, com 
oil, coconut oil or a mixtur of fatty acids 19 (control group): law-ic acid (2.4g/kg diet). myri ·tic 
acid (2.1 g/kg diet), palmitic acid ( 15.5 g/kg diet), stearic acid (2.4 g/kg diet), oleic acid ( 12.4 g/kg 

diet), linoleic acid (20.2 g/kg diet) and arachidonic acid (2.5 g/kg diet). Body weights and food 
intake were recorded daily. At tudy conclu ion the rats were euthanized and blood liver and fat 
depots (defined by the authors as a site in the body in which large quantitie of fat are tored, as in 

adipose tissue) fat analysis were conducted. Blood was analyzed for serum lipids, phospbolipids, 
and fatty acids, blood hemogl bin, glucose, and urea. Samples of liver were analyzed for total 

lipid, pho pholipid, cholesterol and fatty acid content. 

There wa no difference between the control and pongamia oil groups for food intake, body 
weight gain, blood hemoglobin glucose or urea level . Compared to the control group the group 

that consumed the refined pongamia oil had increased plasma concentrations of total lipid, 
cholesterol, and free fatty acids. The pla ma level of oleic acid was increased in the pongamia oil

fed group, compared to the control group. The fatty acid content of the fat depot of U1e pongamia 
oil-fed group showed an increase in oleic acid, compared to the control group. The authors did not 
indicate that the e plasma or fat depot change were adver e in nature concluding that '[l]n light 
of the present results it appears therefore that [refined pongamiaoil] causes no growth retardation, 

health hazard or toxic effects on the bioch mi cal parameter· of rats. TI1us [refined pongamia oi)1 
could be incorporated in foods as a fat ingredient" (Mandal et al., 1985). 

Baki el ol. (2007) reported a l 4-day toxicologi study of pongamol-ba ed be n e, tract 

i,olatcd frnm 1. pim1atu and administered lo Long an · male rat · at u J e of 300 ~tg/day (i.p.)211 

for 14 days. There er n change · 111 body weight, hematology dinical pathology paramet rs 

and no hi topathologi change in liver, kidney, hea11 r lLmg of th xperimenta1 gr up compared 

with • ntrol (Baki et al., 2007). indicnting that lo levels ofthi component did not induce toxicity, 
even whi.;n administered i.p. in thi tudy. 

Vismaya et al. (2011) reported a 14-day oral toxicity study in male Wi tar albino rat ( = 
six/group) fed karanjin (95% pur ) at 10 and 20 mg/kg bw/day as part of a study t determine 
karanjin's effects on stomach ulcer f01mation. Oral administration (no additional infonnation 
provided) of karanjin for l 4 days at 20 mg/kg bw/day did not change pla ma protein levels, 
alkaline phosphata e or ALT le el compared to the ontrol group. AST levels were significantly 

(P < 0.05) decreased in the karanjin 1=,,roup, compared to the control group. Stated value were 

within the authors referenc range, to which the authors stated that the results were ' .. .indicating 
no adver e effect on major organs aL the ingested concentrations" (Vismaya er al., 2011 ). During 

the ame study. karanjin did not alter gastric mucin or H+K+-ATPase level . Admini h·ation of 
karanjin for 14 days (20 mg/kg bw/day) prior to ethanol-induced ulcer formation resulted in the 

limiting of than 1-induced de rea e in ga tric mucin content and inhibited ethanol-induced 

iq The manu cripL onJy cates that a mixture of fatty acid wa provided, not a specilic oil (MandaJ el al 1985 ), 
2o i.p.=lntraperitoneal 
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increases in gasttic H+K+-ATPase I vel compared to ethanol treatment alone. There wa no 

adverse effect of karanjin on fo d and water intak . body weight gain. &'TO ~ organ trudure r 
lini al parameter •11 measured ( Vi ·muya et al., 2011 ). indicating thnt low le els f thi component 

did not in<luc toxicity in this study, wh n administered orally to rat . 

A l 3-week toxicity study, which included a 28-day recovery period, was conducted in male 

and female Sprague Dawley (CRL SD CD IGS) rats (N = 10/sex/group, 7 - 8 weeks of age at 
stait) analyzing the potential toxicity of EPO (Marone et al., 2022). The tudy was conducted 
consi t nt with OECD guidelines22 and adhered to FDA GLP tandard to evaluate the potential 

toxicity of EPO when administered a a dietary admixture for at least 90 days (Marone et al., 
2022). Isocaloric dietary concentration of the ba al control2:i diet (Group I) and increasing 

concentrations of25 000 ppm (Group 2), 50,000 ppm (Group 3), l 00,000 ppm (Group 4) EPO and 
a comparator contt·ol24 (Group 6) , which provided ratios of fatty acids from commonly consumed 
fats (cocoa butter high oleic sunflower oil, and soybean oil) at levels comparable to the high-dose 
(100 000 ppm) EPO dose group. Additional control and high-dose animals (N= 10/sex/group, 7 -

8 weeks of age at start) that were a pa1t of the 90-day main te t were fed control diet for another 
28 days (recovery pha e). 

All animal (main study and recovery animals) were ob erved at lea t once daily for gross 
toxicity, behavioral changes and other adver e effect as per FDA Redbook guideline .15 A 
functional observational battery (FOB) was conducted on Day 89 (males) and Day 90 (females) to 

evaluate potential adver e effect on excitability. autonomic function gait, reactivity, sensitivity, 
and other clinical parameters (Mattsson et al., 1996). Grip strength, foot splay, and motor activity 
parameters were also analyzed. Individual body weight were recorded prior to tudy statt, on Day 
0, and then weekly thereafter until the end of the main study (Day 91) or the end of the recovery 

phase (Day 119). Individual food conswnption wa mea ured weekly, and food efficiency 

calculated. 

At the end of each te t phase (main test and reco very) all surviving animals were fasted 
ovemight, b load samp 1 es obtained for clinical ch mi stry, hemato I ogy, and coagulation parameters, 

then euthanized and necropsied. Samples for thyroid hom1one parameters were not collected from 
the recovery animal since treatment-related effects were not identified in the dosing phase 

animal . Urine wa collected lltil izing metabolism cage p1ior to obtaining blood ample., and 

1 1 Clini al parameter as defined within the Contract Laboratory· . tandard Operating Procedure (P l, 20 18) and 
Mattsson et al_ 1996). 
22 Jmp ://www.occ<l-i1ibrary .org/do server/978926-W70707-
en.pdf7expire = I64 l 85 I 256&id id&accname guest&checksum= 

site last visited January I 0, 2022. 
Diet for Group I wa the tandard 2016 Certified Envigo Teklad I ba1 Rodent Diet® (Marone et al., 022). 

24 The Comparator Control (also refen-ed to as Reference Control) provided fatty acid ratio' imilar to those found in 

EPO. 
is htlps:, /www.fdn. !!.OV/ regulatory-i.ufomiation/search-fda-guid:ince-documents/redbook-2000-i· c I 0-aeurotoxic1ly

studiesrtvcJai ; ' ile la t vi ired Augu t 18, 2022. 
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vaginal smears for e trus staging were obtained on the day of terminal sacrifice. All animal were 
weighed immediately p1ior to necrop y which included examinations of the external body urface, 

orifices, mu culoskeletal ystem and the cranial, thoracic, abdominal and pelvic avities and 
a sociated organ and tis ues. Select organs were weighed and fixed in appropriate buffer.26 

Ti sues from all animals in both control and high <l se groups (Group I and 5. re ·pectively) from 
the main study were prepared for histopathological evaluation which was by a board-certified 

v terinary pathologi t. Spermatogenes1 and inter titial testicular cell tructure27 of all Group l 
and 5 main study male rat wa conducted as suggested by the optional parameter in the OE D 
408 guideline protocol. 

o tatisti aJly significant differences in daily food con umptton or food efficiency 
between the control and EPO group were reported (Marone et al 2022 . The mean daily intakes 
(main test) of EPO fed as a dietary admixture were O 1,285.9, 2 667.7, 3 784. t and 5,162.7 mg/kg 

bw/day for maJes and 0, l,564 3) 159, 4,480.9 and 6,468.6 mg/kg bw/day for female over th 
course of the study (Days 0-91) fi r Groups 1- 5 respectively (Marone et al, 2022). One Group 5 

female rat (in the recovery group) was acrificed on Day 45 for tumor devel pment that was 
discovered on study Day 9 and wa not related to test substance administration). There were no 
tati ticalty ign.ifica.nt, treatment-related do e-dependent adver e effect on survivability, body 

weights, body weight gain food consumption, functional observation battery and motor activity. 

opbthalmological findings, ab olute r relative organ weights or gro s and histopathological 
findings (Marone, et al, 2022). Slight-to-moderate alopecia, superficial eschar and slight 

desquarnation were reported, pruticularly in Groups I and 5, but were not le t sub ta.nee- peciftc 
and the author attributed it to "food jar gathering/scraping again t the kin (Marone et al.. 2022). 

There were no stati tically significant, treatment-related, do e-dependent adverse effect 
on hemat logy (Marone er al., 2022), clinical chemi try (Table 12 and Table 13), coagulation, 

urinalysis (data not shown), or thyroid hormone (Table 14) findings a so iated with admini tration 
of EPO. Some reported effect included a1anine aminotransferase (ALT) de reased in Group : 
males (P < 0.001 ), and aspartate aminotransfera e (AST) in decreased in Groups 2 (P < 0.05), 3 

(P < 0.01 ), 5 (P < 0.0t) and 6 (P < 0.05) males~ increased (P < 0.05) alkaline phosphatase (ALKP) 
in Gr up 5 females· decreased globulin (GLOB) (P < 0.05) in Group 5 males. Urine glucose 
(GLUC) was decreased (P < 0.05) in Groups 2 - 6 females, a response to two notable indi idual 
animals in th basal control group witll ignificantly large dis repant level . 

1~Adrenal. ( ombined), brain, epididymide (combined, mat s), heart, kidney . liver, ovarie ' wi1h oviduct 
(combined, female , pleen teste (combined, males). thymu , and uceru . The Lhyroid/parathyroid. pituitary gland, 
and the prostate and ·eminal ve icles with coagulating gland (combined, males on ly) were weighed at least 24 hours 
after pre ervati n in 10% neutral buffered formalin. The epididymide ·, te tes, yes, and op tic nerve from all animals 
were preserved in modified David on'· fixative, and then transferred to etbancil. 
27 Parameter included a qualitative evaluation of Leydig oclJ and other parameter f testicular damage, and an 
approximation of tage frequency. compari ons of rubular diameter of elected ·tage between the group and cell 
count of round pennatids, leptotene and pa hytene spem1at0cytes, and Sertoli cells. 
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Table 12. Clinical chemistry results (mean ± D) from male rats ( = 9-10/group) administered EPO for 13 week 
(Marone et al., 2022) 

Group 1 2 3 4 S 6 
Dietary Level 0 25,000 50,000 75,000 100,000 0 m 

Animals In 
9* 10 10 10Grou 

ALT (U/L) 7 l.0 x 58.6 3 l.2 ± I 1.6 37.6 ± 43.5 31.2 ± 1~.4 20 .7 4. 1*** 46.1 ± 46.2 

ALB (g/dL) 4.08 ± 0.22 4.08 ± 0.26 4.11 ± 0.19 4.09 ± 0.29 3.98 ± 0.27 4. 18 ± 0.29 

ALKP (U/L 73 .6 ± l 1.0 73.4 ± 14.7 71.9 ± 15.7 80.0 ± 12.0 78.9 ± 17.4 72.2 ± 8.5 

AST(U/L 149.7 ± 67 .6 95 .3 ± 24_3* 95.2± 42 .3** 103 .3 ± 19.0 84.6 ± 10.7*+- 100.3 ± 39.3* 

CALC (mg/dL) 11.74 ± 0.49 I1.61± 0.67 l 1.61 ± 0.37 1 l.2 1:: 0.78 11 .24 - 0.52 11 .66 ± 0.72 

CL(mmol/L) 101 .70±0.89 100.93 ± 1.18 101.37 ± Ln2 101.67 ± U I I01.02 ± 2.91 101.t7 ± 2.26 

CHOL (mg/dL) 62 .7 ± 18,3 60.3 ± 15.4 55 .3 ± 16.l 67.7 ± 22. l 56.8 :r 13.9 70.2 ± 12.4 

CREA (mg/dL) 0.249 ± 0.030 0.263 ± 0.060 0.146 ± 0.040 0.250 ± 0.047 0.264 ± 0.028 0.263 ± 0.043 

228 .778 ± 255.600 ± 199.200 ± 268 .100 ± 212.300 ± 278.900
CK (U/L) 

l 73 .139 124.254 93.963 123 .606 80.869 197.078 
GLOB (g/dL) 2.38 ± 0.16 2.30 ± 0.24 2.16 ± 0.24 2.16 ± 0.28 2 .06 ± 0.25* 2 .28 ± 0.17 
GLUC (mg/dL) 194.3 :!: 33 .2 195.9 ± 34.2 185.2 ± 2 .0 188.4 ± 30.5 189.S ± 48 ,0 203.0 :r 40.0 

HDL (mmol/L) 1.000 ::: 0.308 1.070 ± 0.298 0.980 - 0.270 1.230 ± 0.395 1.030 ± 0.283 1.180 ± 0.210 

!PH (mg/dL) 8.92 ± 1.20 9.39 1.1 5 9.73 ± 1.43 8.88 ~ 1.50 9.26 ,i: 1.06 8.8 ± 1.17 

LDL (mmol/L) 0.356 ± 0.J 0 l 0.3 10 ± 0.099 0.250 t 0.097 0.320 ± 0. 155 0.240 ± 0.070 0.330 ± 0.116 

K (m.mol/L) 7.009 1.428 7.884 ± 1.556 7.63 1 ± 1.070 6.899 ± 1. 11 3 6.853 ± 1.332 7.446 ± 1. 160 

NA (mmol/L) 143.33 ::: 2.00 142. 10 - 2.33 142.70 ± 1.89 142.60 ± 2.80 142.30 ± 3.30 142.70 ± 2.54 

SDH (U/L) 29.96 ± 26.78 l 7.68 ± 7.32 17.55 !: 14 .52 17.52 ± I 1.14 11 .79 :t:3 .95 21.31 ± 16.95 

BILI (mg/dl) 0.092 ± 0.050 0.073 - 0.014 0.069 ± 0,013 0.068 - 0.029 0.063 ± 0.0 18 0.054 ± 0.022 

TP (g/dL) 6.46 - 0.29 6,38 ± 0.42 6.27 ± 0.24 6.25 ± 0.46 6.04 ± 0.38 6.46 ± 0.3 7 

TRIG (mg/dL) 62,6 ± 28 , l 56.7 ± 19.8 63.1 ± 48.3 0,5 ± 16.9 72.2 ± 24.2 , 2.9 - 2 • . 6 

BUN(mg/dL) 14.6 ± 1.4 14.2 =2.4 14.0 :t: 1.2 14.9 ± 2.8 13.9 ± 2.3 13.9 ± 2.0 
ALB, al bumin; ALKP. alkaline phosphatase: ALT, alanine amin tnm. feraqe: AST, erum aspart:ite aminotransferase; Bl LI, cotal 
bilirubin: BU , urea nitrogen; CALC, calcium; HOL, total cholester I: L, chloride: CREA. blo d creatinin~ GLOB, globulin · 
GL C, fa ting glu ose; IJDL. high density lil)Opr tein;; IPHS, inorgunic phosphorus. K. p tas ium; LDL, low density lipoprotein ; 

, ~odium; D, standard deviation; SDH. ·orbitol del1 ydrogenasc; TP. total ·erum protein : TRIG. triglycerides;* = P < 0.05; ** = P 
< 0,0 I ; "'** = P < 0.00 I 

[Remainder of th i pag is blank.] 
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Table 13. CLioical chemistr result (mean± SD) from female rats '= IO/group) administered EPO for 13 
weeks (Marone et al., 2022) 

Group 

ALT (V/L) 

1 

0 

17.8 ± 4.7 

2 

25,000 

,-,3 ::: 2.9 

3 

50,000 

21.2 :t 12.3 

4 

75,000 

l5 .7 ± 3.3 

5 

100 000 

17.5 :::: 4.2 

6 

0 

23 ,8 ± 23 .1 

ALB (g/dL) 5,38 - 0.38 5.40 ± 0.30 5.33 ± 0.5 l 5.29 ± 0.72 5. 16 ± 0.51 5.45 i 0,55 

ALKP (U/L) 31.5 ± 5.0 31.3 ± 7.6 37.7 ± 7.J 39.0 :::: 10.6 43 .8 ± 12.7"' 30.8 ± 7.4 

AST (VIL) 70.8 ± 19.9 67.9 ± l3.5 8- .1 ± 32.7 77.0 ± 10.2 76.7 :!: 12.7 97 .8 ± 80.8 

CALC 
(mg/dL) 

11.8 l ± 0.50 l l.66 ±. 0,56 11.32 ± 0.41 11 .50 ± 0.98 1 l.56 ± 0.93 11. 9 ± l.87 

CL (mmol/L) 100.49 ::1: 1.95 101.49 ± 2. L 101. 9 :x 1.44 100.75 ± 1.92 101.66 ± 2. 17 101.37 ± 2. 23 

CHOL 
(mg/dL) 

64.5 ± 18.0 62.4 18.2 57.6 8.4 73.2 ± 13.0 71.9 ± 16.2 65 .6 - 18.0 

CREA 
(mg/dL) 

0.-9 I ± 0.049 0.294 ± 0.046 0.295 ± 0.052 0.28 l I 0.087 0.299 ± 0.044 0.287 ± 0.056 

CK(U/L) 
134,_00 :1: 

70.438 
263.900 ± 
437.158 

177.000 ± 
93.791 

2 3.600 ± 
174.973 

188. 100 ± 
174.973 

203.500 ± 
120.335 

GLOB (g/dL) 1.45 z 0.39 1.50 ± 0.22 1.49 ± 0.31 1.52 ± 0.41 1.63 ± 0.32 1.49 ± 0.30 
GLUC 
{mg/dL) 

194.6 ± 40.4 185.5 ± 27.6 168.2 ± 7.2 I 84.0 ± 38 ..9 186.3 ± 58.5 185.7 ± 45 .6 

HDL 
(mmol/L) 

1.475 ± 0.388 1.435 0.373 1.348 ± 0.206 1.682 ± 0.303 l .648 ± 0.315 I ,5_9 ± 0.407 

IPHS (rng/dL) 8.44 ± 1.09 7 .95 1.22 7.68 ± 0.82 8.59 ± I.J 7 7.99 ± l.65 8.2 I 1. 0.99 
LDL 
(mmol/ L) 

0. 136 :!: 0.046 0. I33 - 0.037 0. 117 ::1: 0.026 0. 14 :::: 0.059 0.162 ± 0.065 0.124 ± 0.065 

K (rnmol/L) 7.250 ± 2.117 6.666 ± 1.297 6.294 1.134 6.397 ± 0. 38 6.684 l.964 6.798 ± 1.402 

A (mmol/L) 140. lO ::: 2.64 141.10 :t 2. 13 141.00 ::: 2.11 141 .60 3.60 141.10 ± 2.23 141.50 :::: 2.27 

SDH (U/L) L 2.96 ± 6.26 .93 ± .2.14 13.22 ± 8.63 10.44 ± 3.28 12.00 ± 5.60 l3.4 7 14.82 

BILI (mg/dL) 0.067 ± 0.036 0.079 ± 0.03 l 0.059 - 0.0_} o.on ± o.o_ 1 0.061 =0.022 0.010 ± 0.029 

TP (g/dL) 6.83 ± 0.43 6.90 .± 0.44 6.82 ± 0.44 6.81 ± 0.44 6.79 :!c 0.52 6.94 :::: 0.66 

TRIG 
(mg/dL) 

58 .6 ± 24.9 53.2 ± 14.6 54.0 ± 21.0 44.0 ± 14,_ 52.4 ± 25 .2 61.2 ± l 9 9 

BUN (mg/dL) 15.0 ± 1.6 15.6 ± 2.1 16 3 ± __ ] 14 .6 3.0 16.4 ± 3.0 15.7 2.4 

ALB, albumin ; ALKP, alkaline phosphatase; ALT, alanine aminotransferase; AST, erum asparrate aminotransfera e; BILI , total 

bilirubin; B . urea nitrogt:n; CALC, calcium~ CHOL total cholesterol : CL, chloride: CREA. blood creatinine; GLOB, globulin; 

GL C. fasting g)uco -e; HDL, high density lipoprotein; : IPHS, inorganic phosphorus; K, potassium; LDL, low density 

lipoprotein; NA, odium: SDH, orbitol dehydrogenase: TP, tota l erum protein: TRJG, triglyceride : * = P < 0,05: "'*: P < 

O.Ql : *** = p .- 0.001 

TI1yroid stimulating hormone (TSH) was significantly increa ed (P< 0.00 I) in males and 
females of Groups 3 - 6. Thyroxine (T4) was significantly decrea ed in males (Group 3 and 4, P 

< 0.001; and 6, P < 0.01) and females (Groups 3 and 6 P < 0.05· Group 4, P < 0.001); and 
ttiiodothyronine (T3) wa significantly increa ed in male (Groups 2, P < 0.001; and 4 P < 0. 0 I), 

decrea ed in males (Group 5 and 6, P < 0.001 ); and decrea ed in female (Group 5 and 6, P < 
0.001) compared with ba al diet control (Table 14). 
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Table 14. Thyroid parameters (mean± SD) of animals consuming EPO for 13 weeks (Marone et al., 2022) 
Group 1 2 3 4 s 6 
Dietary 
Level (ppm) 

0 25,000 50,000 75,000 100,000 0 

Males 
TSH (ng/mL) 3.1459 :!: 3.2088 ± 3.7614 ± 3.7264 :t 4.1364 ~ 3.8281 ± 

0.0972 0.0704 0.1695*** 0.2394*** 0.3510*** 0. 1582*** 
T4 (ng/mL} 40.1268 ± 41.7971 ± 34.8165 : 35.2786 ± 37.8873 ± 36.0073 ::: 

3.0014 3.9557 1.8474*** :..7729*"'* l.4493 2.3337** 
T3 (ng/mL) 1.5080 ± :..4990 ± l.7785 ± 2.1859** ± 0.8681 ± 0.9688 ± 

0.4776 0.5439*** 0.3522 0.5514 0.0376*** 0.0621 *** 
Females 
TSH (ng/m.L) 3.2550 :t 3.1560 ± 3.6400 : 3.8175 .±: 3.7807 ± 3.98 18 ± 

0.1846 0.0669 0.1274*0 0.2494*** 0.1961*** 0.3 I 31 *"'* 
T4 (ng/mL) 37.2025 ± 34.6738 :1: 33.5537 ± 3 l.5715 = 34.7726 ±. 32.9335 .i: 

3.4360 2.5840 2.6854* 2.2678"** 2.9215 4.4448* 
T3 (ng/ml) 2.3345 ± 2.3702 ± 2.6418± 2.2147 ± 1,0359 ± 1.0333 ± 

0.7510 0.7899 1.0045 0.4403 0.1101 *** 0.0973*** 
ppm= parts per million; SD = Standard deviation; T3 = tri iodothyronine; T4 = thyroxine; TSH = thyroid-stimulating 
hom1one. 

•9 animals/group T3 males: 9 animals/group T3 females; ** = P < 0.0I: **" = P < 0.0OJ 

Non-dose dependent findings include the following: There were statistically significant 
decreases in the mean absolute heart weight in the Group 4 females (P < 0.05) and kidney weights 
iu Groups 3 and 4 (P < 0.05) females. Spleen-to-body weight ratio was reduced (P < 0.05) in 
comparator control males, and kidney-to-brain weight ratio was increased (P < 0.05) in females of 
Group 5. All organ weight values were within known historical control values and without 

histologic correlate (Marone et al, 2022). There were no changes in. thyroid-parathyroid absolute 
or relative weights for males and females in any test group during the treatment period (data not 
shown). 

After the 28-day recovery period, there were no body weight, body weight gain, food 
consumption and food efficiency or clinical observation changes in Group 5 compared with basal 
diet control group (Marone et al, 2022). Organ weight changes after 28-day recovery included 

significantly (P < 0.001) increased the absolute pituitary gland organ weight, and absolute thyroid
parathyroid weights (P < 0.05); and pituitary- (P < 0.001 ), uterus- (P < 0.05), and thyroid
parathyroid- (P < 0.01, P < 0.05) to-body weight and body-to-brain weight ratios, respectively, in 
females ofrecovery Group 5. Kidney-to-body weight ratio was significantly increased in males (P 
< 0.0 I) and females (P < 0.05) ofrecovery Group 5. However, the authors stated 

Without any adverse toxicologicaJ findings in the main study animals, no fu1ther 
assessment of blood or urine samples collected from the recovery animals for potential 
further analysis was conducted. Except for that of the Group 5 decedent female and those 

organs having necropsy findings mentioned previously, no other histological evaJuation 

was indicated or performed for any of the other procured organs of the recovery animals 
(Marone et al., 2022). 
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The authors stated that although there were significant increases in TSH levels in the EPO 
treatment groups and the comparator control group, T3 increases in Groups 2 and 4 and a decrease 

in Group 5 of the EPO male groups and decreased T3 in the female Group 5, as well as significant 
(P < 0.05) decreases in T4 levels in the male and female Groups 3 and 4 and the control Group I , 

these changes were uncon-elated with any disturbances in body weight or clinical 
appearance/behavior, microscopic findings, or thyroid-parathyroid organ weights. In addition, the 

authors refe1Ted to publications indicating that plant polyphenols, alkaloids, and other plant-based 
substances can interfere with thyroid function (action and metabolism); an increase in thyroid 
hormonogenesis will cause a decreased production of T3 and T4 honnones, subsequently 
increasing TSH levels (Moudgal et al., 1958; Gaitan, 1990). 

The comparator control diet utilized in the Marone et al. (2022) study contained a blend of 
oils to provide a similar fatty acid composition to the diet containing EPO. Consumption by the 
rats of this comparator control diet resulted in similar thyroid honnone changes as seen from 
consumption of the EPO-containing diet. These results indicate that a specific fatty acid 
formulation such as an increase in satw·ated fatty acids (without an overall change in fat content), 
may result in changes in thyroid honnone levels that are statisticaJly significant but not considered 

biologically significant. There are numerous publications that document high fat diet consumption 
by rodents results in thyroid gland and thyroid hormone changes. Araujo et al. (2010) reported that 

a mixed high-fat lard/soybean oil diet consumed by rats for eight weeks resulted in.elevated serum 
TSH with normal serum T3 and T4 levels, while Han et al. (2012) reported time-dependent 
decreases in serum total triiodothyronine (TT3) and total thyroxine (TT4) in BALB/c mice that 
conswned a high fat diet for three- and six-month durations. Lard-based diets ( containing 15% fat) 
fed to male Sprague Dawley rats for 24 weeks resulted in significantly increased triglyceride 

levels, increased serum TSH levels and decreased serum T4 and free thyroxine levels (Shao et al .. 
2014). El-Sayed and Ibrahim (2020) reported that administration of high-fat diets for 12 weeks 

that induce obesity in female albino rats (25% lard in the diet) resulted in a significant (P<0.05) 
increase in TSH and corresponding decreases in serum T3 aod T4, similar to the results seen by 

the administration ofEPO for 12 weeks. These studies and the Marone et al. (2022) study provided 
high fatty acid intake levels that would be considered excessive when compared to the much lower 
expected average daily human intake of the EPO ingredient at approximately 450 mg/kg bw/day, 
based on 27 g oil consumed by a 60 kg person (USDA, 2020b). It is highly unlikely that the much 

lower intake by humans could induce thyroid hormone changes that would be considered 
biologically or toxicologically adverse. 

Marone et al. (2022) referred to a recent review (Di Dalmazi and Giuliani, 2021) that 
concluded that thyroid effects of phytochemical constituents (e.g., flavanones such as naringenin, 
tlavonols such as rutin, and tlavones such as apigenin), depending on the plant and quantity of 
component. can modulate thyroid honnone concentrations, but do not appear to be adverse except 

in conditions of iodine deficiency or excessive intake. The authors concluded that 
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[n the present toxicologic review of a novel edible pongamia oil food ingredient, purified 
from a validated analytic method, the GLP, OECD-compliant 90-day dietary study 
e tablished a NOAEL of 100 000 ppm, the highe t dose te ted. Thi intake, equaling 
e ·posur s of 5 162.7 and 6.468.6 pongamia oil mg/kg bw/day for male and female rats 
respectively (Marone et al.. 2022). 

Sasmal et al. (1997) administered pwified .Nl. pinna ta oil to Wistarrats (N = I 0/sex/group) 

at 4 ml/kg bw/day (appr ximately equivalent to 4 000 mg/kg bw/day) for 22 weeks. Parameters 

e aluated at study termination included blood levels of cholesterol, bilirubin, alkaline phosphatase 

glutamate oxaloacetate tran amina e, glutamate pyruvate h·ansamina e, total proteins, glucose, 

free fatty acids urea, uric acid, and creatinine. Food and water intake, gain in body weight, and 

hematological parameters were al o compared. Re ult hawed no ignificant difference between 

M. pinnata oil compared to groundnut oil. It was concluded by the authors that the pmified M 

pinnala oil used had no hepatotoxic or nephrotoxic effect. 

In summary, the subchronic toxicity studies conducted in rat that evaluated the potential 

toxicity of oil from the beans ofM. pin.nata show that adherence to a critical and standardized oil 

refining process results in a refined oil (EPO) that does not induce toxicity under the conditions of 

a standardized internationally accepted protocol. 

6.4 Other studies 

Histuri al reports on the t xidty of M. pi1111ata are limited, with result · oft.en dependent 

upon the ,·arinble i olation and purification technique. of the bean and oil e tracts. While early 

tudie r porting behavioral change in mice and rats ( abli el al., l989) and body i.::ight change 

in broiler chicken ( atanam et al .. 19 9) ·ist. m re re ent report. validating the bioa ailabtlity 

of the te t product using standardized oil isolation technique (Sheja-.: I cl al., 2014) anu it 

detoxification of furanotlavonoid fraction ~ (Gandhi and Cherian. 2000) indicate pongamia' 

p tcntial as an edible vegetable oil with no de111oirtrab1e t xicity to rat ( ingh et al. 2011 ). 

Broiler chick· fed a crude M. pinnaw oil at 1 % and 2% in the diet had body weight gains 

lower than those fed the control diet; feed efficiency wa signi fi antly different between l % and 

2% ii. The liver and pancreas of the chicks receiving the J% oil were significantly heavier, 

whereas the hemoglobin and packed celJ volume values were lower than those of the basal diet 

group (Natanam et al. 19 9). indicating that refinement process of the M. pinnata-sourced oil 

contributes to the afety of such oil. 

Further srudie te ·ting the immunomodu latory erted of I-' aranja M. p;mwta~t< bean <.:hurna 

{powder)2 ' in aqueou soluti n ·1dministered by gavage to harle Foster albino rats '" ( ::: 6/ te t 

1~ tated a P,111gw11w pimwfu Pierre in the manuscrip t. 
19 It i as urned that this powd r wa, made from the whole M. plnnma bean, and Lherefore contained substantial 
quantiLiec of Lhe oil. 
~0 The manu cript cites both ·wiss albin mice and Charles Foster albino rats utilized in the tudy. but only result. 
from admini tration to rats was pn.wided l.11 the publication (Chandni and A hwani, 20l7a:2017b). 
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1group) ~ at 40() and 800 mg/kg b 1v, re pectively for 10 day repo1icd significant ell m ·diat d 

imm uni ty at 800 mg/kg wi thout signifi cance to spleen and thym u antibody form ation or organ 

weight (Chandni and A hwani, 20 17b). A econd tudy by the am i.; au thor. cval uati ng karanja 

h~an chuma. (p wder) M. pinna/a in Charle Fo ter albino rat at 1, 00 mg/kg bw d::tily for 20 
days reported no tu · ic effect to the heart, liver, sp leen, kidney, testes. or jejunum. but a ignificant 

(P < 0.02) de rea e in body weight in the karnnja bean churna-treated group. Th re wa a 

significant (P < 0.00 1) decrea e in absolute liver weight (no effect on liver-to-body weight 

parnmeler) anti an incrca c rn the heart-to -bot! weight parameter (P < 0.0 I). All h matol ogical 

parameters were non-signifi ant ex ept increa ed (P < 0.00 I) hemoglobin percentage in 

comparison lo the control group. MiL.'ro copic analy is of the Ii er sho ~cl moJ erale fat1y 

degenerative change · and increased proporti ms f white pulp r ported in the sp leen. i ro c pie 

analyses f the jej unum. heart, kidney, testis, and uterus did not fi nd any histopathological change 

igni ficantly different from the control group. The auth rs concluded that " it is proved that the te t 

drug i afe for human u e at this Jose but hould be admini'tereJ cautinu ly in impai red liver 

functions" tChandni and Ashwani, 20 17a). 

Hyperglycemic, hyperlipidemic, and hyperin ulinemi db/db mice treated with pongamol 

(50 and 100 mg/kg/day) and karanjin (50 and 100 mg/kg/day) (assumed by gavage a an orally 

administered suspension' ' was tated by the authors) for ten consecutive day ignificantly lowered 

the blood glucose level in treptozotocin-induced diabetic rats in a dose-dependent fashion . 

Treatment of type 2 db/db mice with either pongamol or karanjin ( I 00 mg/kg bw/day) for ten days 

decreased (in a time-dependent fashion) the blood gluco e profile, with a lowering activity of 

35.7% (P < 0.01) and 30.6% (P < 0.01) respectively (Tamrakar et al., 2008). The results showed 

that pongamol and karanjin isolated from the fruit of M. pinnata possesses ignificant 

antihyperglycemic activity in type 2 diabetic db/db mice and protein tyrosine phosphatase- tp may 

be the possible target for their activity. 

6.5 Genotoxicity 

The ability of EPO to induce mutagenic activity was evaluated in a bacterial reverse 

mutation assay conducted con i tent with OECD guidelines31 at up to 5 000 µg/plate (Marone et 
al. , 2022), The assay utilized Salmo11ella typhimurium tester strains T A98, TA100 TA 1535, and 

TA 1537, and Escherichia coli tester strain WP2uvrA' the EPO wa evaluated in a plate 

incorporation te t and sub equent confinnatory pre-incubation test, both with/without (±) 

metabolic activation (rat liver S9 micro omal fraction) conducted in DMSO at oil levels of 1.58 

5.0, 15.8, SO, 158, 500, 1580 and 5,000 µg/plate (pr cipitation was r ported at 5,000 µg/plate 

EPO). 

31 The manu cripl state that "the animal ' for thi ' triaJ were rats of ei tl1er ex and blood that wa used wa heep • 
blood." No other infonna1ion was provided concerning ho\ many animals/ e • group, ere u ed (Chandni and 

hwani, 20 17a; 2017b). 
12 OE D guidelit1e No. 471 '·Bacterial Revere Mutation Test". http · . / wW\ .oecd-ihbrary.org/environment/Lest-no
-1 71 -ba teria.1-reverse-mulalion- test 97 9264071247-en: ite last visited May 10, 2022. 
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The results of this a ay showed that EPO did not cause gene mutation activity in the tester 
strains by either base pair changes or frarneshjfts in either the plate incorporation (Table 15) or 
pre-incubation (Table 16) te ts. There were no concentration-related or sub tantial test sub tance
related increa es in the number of revertant colonies reported in any of the te ter trains and 

revertant colony counts were within the expected colony train range. The po ihve conb.-ol 
sub tance for the different trains and conditions (sodium azide ICR 191 acridine daunomycin, 
metl1yl methanesulfonate, and 2-aminoanthracene) substantially increa ed the mutation factor, 

confirming as ay functionality. The authors concluded that "Debittered Pongamia Oil did not elicit 
bacterial mutagenicity in the bacterial reverse mutation as ay" (Marone et al., 2022).33 

[Remainder of this page i blank.] 

l3 '1Debittered Pongamia Oil" was the tcnn u ed in the tudy for "Edible Pongao1ia Oir ' produced by Tcrviva. 
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Table 15. Plate-incorporation bacterial test (Experiment I) of EPO mutagenicity potential (Marone er ,,1. , 2022) 

Te t 
ub tance 

Do eLevel 
(µg/_plate) 

S9 
mi TA98 

Mut. 
P'actor 

TA 100

Revertant Colony Counts (mean)" 
MuL TA Mut. TA 
·actor 1535 Facwr 1537 

Mut. 
Facmr 

WP2 
uvrA 

Mut.
Factor 

1.58 24 0.89 100 J.01 L 1.50 11 0.92 32 0.91 
5 21 0.78 91 U.9_ 9 1.13 14 1.17 33 0.94 

15.8 27 1.00 89 0.90 8 1.00 13 1.08 37 1.06 
Pongarnia O1I 50 _5 0.93 94 0.95 l3 1.63 7 0.58 35 1.00 

158 27 1.00 90 0.91 12 1.50 10 0.8 38 1.09 
500 13 0.85 98 0.99 11 1.38 16 1.33 37 1.06 
1580 27 1.00 92 0.93 IO LS 10 0.83 36 1.03 
5000 26* 0.96 91* 0.9_ 12* 1.50 10* 0.83 2 * 0.71 

Daunomycin 6 1049 38.85 
1-AA 10 

aN3 1.5 669 6.76 620 77 .50 
MMS 2.5 -99 17.11 
ICR 191 789 65.75 
DM 0 IA 27 1.00 99 1.00 8 l.00 12 1.00 35 1.00 

1.58 23 0.92 100 1. 14 JO 1.00 I I 0.92 4_ 1.00 
27 1.08 106 1.20 0.90 LO 0.83 45 1.07 

15.8 ?'_.., 0.92 92 l.05 9 0.90 9 0.75 40 0.95 
Pongamia Oil 50 25 1.00 94 l.07 9 0.90 11 0.92 45 1.07 

158 _3 0.92 104 Lt8 11 J.10 13 1.08 42 1.00 
500 25 l.00 95 1.08 8 0.80 15 1.25 42 1.00 
1580 25 1.00 11 2 l.27 0.80 15 l.25 37 0.88 
5000 22* 0.88 105* J. 19 ()* 0.90 14* l.17 43* 1.02 

Daunomycin 6 
2-A.N 10 _911 116.44 2050 lJ.30 _26 22.60 240 20.00 l20 ,.,86 

aN3 1.5 
MM 2.5 
ICR 191 l 
oMso« IA 25 1.00 88 1.00 lO 1.00 12 J.00 42 1.00 
"Mean of triplicate (3) plat : *Precipitate obscured assessment of biickgruund lawn: 2-AA=2-:.uninoulllhracene:. OMS - dimethvl sulfo ·ide: J R 191 
acridine: MMS=methyl methane ulfonittc, nN3=' o<lium a1.idc 
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Table 16. Pre-incubation bacterial test (Expl'rimcnt 11) of •PO mutagenicity potential (Marone et al., 2022) 

Te t ubstance 
Dose Level 
(µg/plate) 

S9 
mi TA 98 

Mut. 
Factor 

TA 100 

Reverta
Mut. 

Factor 

nt Colou~ Count 
TA 
1535 

Mut. 
Factor 

{meant 
T 
1537 

Mut. 
Factor 

WP2 
U\lrA 

Mui 
Factor 

1.58 21 ().89 88 0.93 11 1.22 9 0.69 39 1.00 
5 22 0.78 86 0.91 10 1.1 I 8 0.62 43 1.10 

15.8 22 1.00 94 0.99 10 1.11 7 0.54 36 0,9_ 
Pongamia ii 50 0.93 84 0.88 8 o , () 6 0.46 32 0. 2 

158 7 l.00 91 0.96 11 1.22 6 0.46 33 0.85 
500 25 0.85 91 0.96 9 LOO 9 0.69 32 0.82 
1S80 21 1. 00 91 0.96 7 0.78 7 0.54 33 0.85 
S000 20* 0.96 90* 0.95 10* 1.11 13* l.00 34* 0.87 

Daunom cm () 1088 41.8S 
- -AA 10 
NaN3 1.5 731 7.69 740 /LL 
MM 2.5 532 13 .64 
ICR 191 I 3640 280.00 
D if 0 NIA 26 1.00 () 1.00 9 1.00 13 LOO 39 1.00 

1.58 22 0.92 R4 0.82 8 0.80 8 0. 0 4_ 0.88 
24 1.08 93 0.91 8 0.80 6 0.60 46 0.96 

15.8 12 0.92 94 0.92 10 1.00 7 0.70 38 0.79 
Pongamia Oil 50 21 1.00 85 0. 3 9 0.90 7 0.70 40 0. 3 

158 21 0.92 90 0.88 7 0.70 8 0.80 41 0.85 
500 25 1.00 95 0.93 8 0.80 7 0.70 38 0.79 
1580 _4 1.00 104 1.02 7 0.70 12 1.20 33 0.69 
5000 2 1* 0.88 94* 0.92 IO* 1.00 16* 1. 0 33* 0.69 

Daw10my in 6 
2-AA 10 2269 94.54 1904 18 ,67 238 23 .80 265 26.50 10 2.25 
NaN l.5 
MM ' 2.5 
I R 191 I 
OM. O NIA 24 1.00 l02 1.00 10 1.00 LO 1.00 4 1.00 
"Mean of u·iplicule ( ) plates: *Precipitate obscured as essment of backgrountl la.wn; 2-AA=2-wninoanrhra en~ DM - dime1hyl suJfo.xitle; ICR 191 =1CR 191 
acridinc: MMS=methyl methane sulfomite: a 3= odium wde 
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A mammalian bone marrow chromosome aberration test wa al o conducted to evaluate 

the potential of EPO to induc genotoxicity consistent with OECD guideline study #475.34 EPO 
was dissolved in corn oil and admini tered via gavage to male Crl:Wl(Han) rats (N = 5/group) at 
2,000 mg/kg bw, selected as the Maximum Tolerated Dose (MTD). TI1e animal were euthanized 
and necropsied at 24- and 48- hour po t-dosing, at which time the femur bones were removed 
and the bone matTOW cell i olated. The cell were evaluated at metaphase for structural 

chromosome abeITations and the mitotic index determined for each animal to assess potential 
toxicity. Cyclophosphamide (40 mg/kg bw/day, i.p.) wa administered to a eparate group of 

animal as the positive control. Toxicity was assessed by comparing the relative mitotic index of 
the control and test groups. The results of the study showed that the mean number of chromosomal 

aberrations for the control and EPO-treated group at 2,000 mg/kg bw/day were within the historical 
control data range and no biologically relevant increase in chromosomal aberrations occurred after 
EPO treatment (Table 17). Treatment with the positive control re ulted in the expected ignificant 
increase in chromosomal aberrations, confirming the sensitivity of the study. The authors 

concluded that EPO was "non-mutagenic with respect to clastogenicity in this Mammalian Bone 
MaITow Chromo ome Abe1Tation Test" (Marone et al. 2022). 

Table 17. ResuJts of a Mammalian Bone Marrow Chromosome berration Test in Crl: Wl(Han 
Male Rats (Marone et al., 2022) 

Test ub tance 
Dose Level 
(mg/kg bw) 

Prep
(hr) 

Stati tic
Mitotic Index in mean % 

value 
berrant CeUs/1000

( va lue) 

EPO 2000 

Total 
10.18 

(p = 0.3016) 

% ± D 
0.01 ± 0.04 
(p "" 0.3968) 

Corn OiJ ontrol () 14
8.5 0.01 ±0.04 

Cyclophosphamide 40 
1.44 78 

(p = 0.0079)* 
55.7±12.J 

(p = 0.0079)* 

EPO 2000 
48 

10.28 
5 

(p = 0.5238) 

0.5 ± l.2 
(p = 0.4_R6) 

Com Oil Control 0 8.64 2 0.2 ± 1.6 

Mean of 5 mate rat gr up. ingle apptical1on; bw range; 2.57 0 - 295.0 g. body weight (bw) me.rn [g] ± S.D.: 273.7 ± 
9.1. bw variation[%]::± 6.9. The bw vaiiarion of the animal did not exceed ± 20% of the mean bw of each ex , a 
recommended in OECD guideline 4T; 0 = tandard deviation. 
*Indicates stati tlcall ignifi • nt increase at P < 0.05. 

14 hllp, .//WW\ .oecd-iltbrarv.org/doc erver/9789264264 7 6-
cn.pdf?exptres= l 641505259&id=td&accnnme e:ue t&checksum=A29 9E4[7 l [65 41 BJAC28393948 AB I: ite 

last vi ited January 6, 2022. 
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o other studies were identified in the literature survey for the potential genotoxicity of a 
crude or rcfin d pongamia oil. 

6.6 lu vitro tudie 

In 1•itro studies have been published on the beneficial effects of M. pinnata components 

(Al Muqan-abun et al .. 2013). However. very few in vitro tudie were identified that evaluated 
the to icity ofpongamia oil, or some of the components. Gaodhi and Cherian (2000) evaJuated the 
toxicity of raw pongamia oil.35 the ame oil that was subject to an aqueou methanol-extract 

process and the aqueous methanol extract~ utilizing a red cell hemolysis test (rabbit cell ) and 
estimating the subsequent lactate dehydrogenase (LDH) le els. Emul ions (5%) of the raw 
pongamia oil the extracted pongamia oil , and ground nut oil (control) were evaluated. The raw 
and extracted pongamia oils were added to saline at 5, 10, 50, I 00, and 200 mg oil/tube. The 

ground nut oil was similarly added at I 00 and 200 mg/tube. Washed rabbit r d blood cells were 

added to each tube and maintained at 15°C overnight. then analyzed for hemolysis and lactate 
dehydrogenase (LDH) release. The ground nut oil and the extracted pongamia oil did not induce 

hemoly is, but the raw pongamia oil indu ed concentration dependent hemolysis starting at l 0 
mg/tube. The authors rep01ted that the raw oil and the methanolic extract released sub tantial LDH 
correlating with hemolytic activity. The extracted oil did not induce LDH relea e. The authors 
concluded that " in the present tudies, it is shown that the non-lipid constituents, which include 
furanoflavone compounds, can haemolyse the red cell and the to icity may be due to the direct 
action on the cells." The author stated, ''rabbit red cell haemolysi te t thus can be u ed as a 

predicti e test for evaluating the method of detoxification' (Gandhi and Cherian 2000), 

Isolated karanjin was applied to cultured human cervical cancer cell (HeLa) and mou c 
fibtoblast cell (L929) to determine Lhe potential for cytotoxicity by karanjin on mammalian cells 
(Raghav el al.. 20 I 9 . The mammalian cells were eeded into 96-well culture plate (0.5x 105 

cells/ml), then treated with karanjin (0-200 mM) after 24 hours . Sulforhodamine B (SRB) was 
utilized to evaluate inhibition of cell proliferation. The author stated that '[T]reatment with 20, 

40, 60 80. 100 and 180 µM karanjin inhibited the HeLa cell proliferation by 7.4, 3, 17. 23 , 27 and 
48%, re pecti ely ' (Raghav et al. 2019). KaranJin at 200 µM inhibited HeLa cell proliferation by 

55%, and a half-maximal inhibitory concentration ([Cso) after 24 hour was reported to be 186 
µM. Karanjin concentrations of I 0, 20, 50 l 00, 150 and 200 µM inhibited the proliferation of 

L929 cells by 27, 3 L 43 53. 61, and 70%, respectively. The I so value was calculated at 86 µM . 

Th e tudie how that while crude pongamia oil an induce toxicity when appli d to 

mammalian cells in vitro, refined (extracted) pongamia oil did not induce a to icological respon e. 
Karanjin, one of the M. pinnata bean con tituent (karanjin) that i minimized during EPO 

production, was fow1d to inhibit eel I pro literation when administered to mammalian cells in vitro. 

while the refined (extracted) pongamia oil did not inhibit cellular proliferation when evaluated 

under the tudy condition . 

is lated a Karanja oil in the publicati on. 
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6.7 Allergenicity potential 

6.7.1 Background 

Food which cau ' allergie are categorized on the ba is of prevalence. potency am] 

severity as either major allergenic sources or minor sources (FAO and WHO, 2022). aJor 
allergens are the most prevalent potent and se ere and receive specialized attention in food afety 
regulation . Becau e avoidance of offending allergens remain the most effective approach to 
protect allergic patients from unwanted reaction many jurisdictions, including the United States, 
have introduced labeling regulations for the major food allergen when used a ingredients in 

fini hed foods.J6 The major allergenic foods in the U.S. include milk, fish crustacea, eggs, tree 

1mts, wheat, oy, peanut and esame, yet over 170 other food have b en documented to cause 
allergic reactions (Hefle el ed., 1996; Boyce et al. , 2010), 

In all cases, the allergenic substances within major allergenic foods are proteins (Sathe et 

al., 2016). Highly proces ed vegetable oils from major allergenic sources such as soybeans and 
peanuts have been exempt from source labeling regulation because the e oil contain no or very 
low levels of protein as a result of processing.34 This concept has been corroborated by clinical 
studies (Crevel et al., 2000) and indeed, guidanc on labeling ha considered the impact of 
processing in the context of clinical factors such as: (I) the level of a protein unlikely to cau e a 

reaction, (-) the type of protein unlikely to ause a reaction and (3) the type and degree of 
processing conditi ns in the manufacturing of the final food (FAQ and WHO, 2022). 

A major allergens are of the highest clinical and public health importance - especially 
peanut and hrimp for adults and cow s milk for children (Taylor, 2022), the thresholds at which 

allergic individual react to the e allergens have been extensively evaluated over the la t decade. 
The do e distribution of adverse effect level for the major allergenic food ha been determined 
and is refened to as the "ED" or "eliciting dose" (Houben et al., 2020: Remington et al., 2020). 
For example, the EDsn for a food allergen refers to "the eliciting dose predicted to provoke a 

reaction in 50% of the allergic population' (FAQ and WHO, 2022). 

EPO is produced from M. pinnata, a member of the Fabaceae (legume) family, which 
in ludes many edible legume such as soybeans, peas, beans, chickpeas, lentils, and peanuts (Smit 

et al., 2021 ). Within the edible legume clade, M. pinnata is more closely related phylogen tically 

to peas and beans and more distantly related to peanuts, having diverged from peanut via a 
common ancestor approximately 59 million year ago (Wang et al. 2017· Koenen et al., 2020), 

With the above facts in mind Terviva has evaluated whether protein residues remain in 

EPO after proce ing and if o. at what level (Burdock, 2022). Further, on the ba i of the ob. erved 

protein le el in EPO, a afety as e ment utilizing calculated serving doses of re idual protein in 
oil versus the known threshold eliciting dose (ED ) of a hypothetical wor t-ca reference 

lfi hllpi.-: ', '!lw. f da.govtfood/food,al lernem:1.tl uLen-free-gu1dance-docuruents-re!!ula1ory-infonnation food-allergen
Jabeling-aml-co11sumer-protec11on-at:1-2004-fakpa ; site la t visited December 13, 2022 
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allergen (peanuts) was conducted. FAQ/WHO Expert Con ultation of Ri k A sessment of Food 
Allergen recommend the health-based guidance vaJue for peanut at 2 mg of total peanut protein 

(EDos) (Baumert, 2022· Burdock 2022).37 Despite that a very conservative ED01 (0.2 mg ofpeanut 
protein) wa elected a the benchmark threshold, a level at which the most sensitive 1 % ofpeanut
allergic individuals would react, albeit with very minor symptoms (Remington et al. , 2020). 

6.7.2 Studies of potential allergenic risk 

In the first study Terviva evaluated the protein content of EPO manufactured (Burdock 

2022 . The total protein extraction and quantitation was performed on two non-consecutive lots of 
EPO according to the publi hed method of Rigby el cil. (2011) which had been developed for 
vegetable oils . The total extracted protein wa quantified using the 3-(4-carboxybenzoyl) 
quinolone-2-carboxyaldehyde (CBQCA) a ay kit3 u ing bovine emm albumin a an external 

protein standard. The suggested lower limit of detection was l 00 ng according to standard as ay 
variability (Burdock, 2022). 

Rigby et al. (20 I 1) had measured total protein concentration of different oybean oil 
products, including crude degummed soybean oil (300 - 20,330 ng/g), neutralized soybean oil (64 
- 1700 ng/g), neutralized bleached soybean oil (26 - 320 ng/g) and neutrahzed bleached 

deodorized oybean oil (82 - 698 ng/g total protein). Terviva reported total protein from tvv'o lots 
ofEPO ranging from 1470.3 - 1965 .2 ng/g (average at 17 l 7.8 ng/g) similar in magnjtude to results 
on neutrali zed soybean oil reported by Rigby el al. (2011 ). 

In the second study, the risk potential for allergenic reactions to residual pongamia protein 
in EPO was evaluated by Dr. Joseph Baumert (Appendix IV). Because no previ use aluations or 
history of allergenicity to Pongamia and EPO have been reported, the safety assessment h1dy wa 

based on a worst-case scenario in which any protein found in EPO oil was considered to be 
equivalent to, and a allergenic as, peanut protein. As uch, EPO wa evaluated in an acute dieta1y 
intake a se sment using: (1) population dietary intake data from the 2003-2020 HA ES 
consumption data,3<> (2) th maximum intended u e level of EPO in food product a indicated in 

thi document, and (3) the calculat d absolute level ofpongamia protein in those foods (Baumert 
2022; Burdock 2022; Appendix N) . The use of peanut allergen data to define a hypothetical ED 

(Eliciting Do age) for Pongamia was considered by Dr. Baumert to be a conservative approach 
that "overestimates the tme risk a sociated with the EPO and its application in fini hed food 

products a con umed" (Baume1i, 2022: Burdock, 2022). 

Based on a p pulation dose dishibution model for peanut allergenicity, an international 

scie □ tific panel (VITAL Scientific Expert Panel Australia and w Zealand Taylor et al., 2019) 

37 The summary of Part 2 of the f AO/WHO expert consultation can be reviewed at the following website: 
https:l/cdo.\\'UO.mt/media/ducstdef'ault-suu rce/food- afety/ jemra/2nd-allergen- ummary-n:p0r1-
20au!!20_ l.pdi'?sl'vn,o=9 l5a84 I 7 &; ite last visited Dec L4, 2022 . 
JK lnvitrogen, Thermo-Fi her Cat. #16 305, (Waltham, MA) 
JQ http ·: /wwwn.cdc.!!ov hanes/sean.:h d 1apage.a1,px'!Componen1= D1etary:site last vi::iited December 13, 

20 2. 
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recommended a r ference dose of 0.2 mg total peanut protein, which is the estimated dose that the 

most sensitive l % of peanut protein-sensitive people (ED01 ). Even thi . threshold is considered 

conservati e a allergic reaction between the thre hold of ED01 and EDos are mild (FAO and 

WHO, 2022). Conswnption quantities of EPO containing products for adults teens and children 

were calculated ba ed on the intended EPO use categories described in Table 9 (Patt 3), from 

which the highest levels from calculation of Pongamia protein levels in EPO-containing food 

products, popcorn, chips and pretzels, were identified a the food products with the highest 

e timated exp sure when consumed during a single eating occa ion. Ba ed on the asse ment a 

stated above, Dr. Baurne1i concluded: 

When considering the totality of the conservative estimate for the calculated concentration 
of total Pongamia protein that may be present in fi.ni hed food products which would 
contain PO and threshold data from peanut-allergic individuals (u ed a a conservative 
surrogate to represent the allergen.icily of Pongamia protein) that w,derpin the afety 
a se sment the risk of an allergic react ion occwnng, assuming Pongamia protein would 
elicit an IgE-mediated allergic re pon e, would be very low and would not pose a 
rea onable likelihood of an ad er ere pon e in indi iduals with lg -mediated food in my 
expert opinion. 

ln addition Dr. Baumert (Baumert :w22· Appendix IV) a essed that For all of the food 

products evaluated the quantity of food that would need to be con urned during a single eating 

occasion to reacl1 the EDo I reference dose of 200 µg of protein from the allergenic ource wa a 
minimum of 3.4 time higher than the 90th percentile consumption quantity.' Indeed, most of the 

product stated in Table 9 would require the consumption ofmore than 1 kg of that food in a single 

o ca ion to reach the peanut-equivalent ED01. Importantly. to reach th EDos of2 mg f protein. a 

threshold that is widely considered appropriate for allergen labeling pw-po es (FAQ and WHO, 

2022 , 10 times that amount would be r quired (i.e ., providing a margin of afety of 34 time ). 

Therefore. when EPO i con urned according to the intended u e d cribed in th.is document 

(including at the 90th percentile), the consumer i afe to the degree of a reasonable certainty of 

no harm from an allergic resp nse. 

6.7.3 Summary and conclusion 

The manufacturing proce s, the very low protein ontent of EPO, and the ignifi ant 

margin of safety relati e to a con ervatively a signed allergen ED01 when modeling on the ba is 

of equivalent allergenic potency to peanuts. in total confirm that there i minimal likelihood of 

allergic reaction when consuming EPO in tht: intended food categorie of use. 

6.8 Observations in humans 

o clinical trial with raw pongamia or with EPO were identified. Ancheril et al. (2015) 

reported a clinical study lo determine the efficacy of oil from M. pinnata bean (n taternent on 

oil refinement)40 on the s~ mptom of psoria i . This open-label tudy utilized maJe and female 

m uthors slated the te t . ub tance as·' eed oil f Pongwnia pim1nu1" (Ancheril e1 al., 2015). 
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ubjects (N =30) that had been diagnosed with psoriasis who applied the M. pin/lata oil topically 
to the skin areas that had psoriatic appearance e.g., erythema, scaling thickening of the skin) for 

14 days, along with oral pills taken internally with consumption of a tincture of twelve di fter nt 
herbs. o adverse events were reported, and the combined regimen of topical M. pinnata oil -and 

consumpti n of twelve different herb wa effective in reducing the main ymptom f p oriasis. 
111is study is of! imited value in the assessment of the safety of ingested EPO. 

6. Regulatory status 

Oil from the Pongamia tree bean ha. not btained regulatory compliance for use in food 

in tl1e United State . 

FDA has several database that include a variety of foods, food ingredients food contact 
substances, etc. with which FDA ha. had past experience. TI1e e database · are Ii 'ted in Table 18. 
There were no "hits" in response to "Pongamia", ·'Millettia" or ·'pinnata"; therefore. pongamia 

product are not known to meet regulatory compliance for use in the United State in food 
products, n r was any publicly available information identified that indicated that FDA has 
previously provided regulatory compliance for an oi1 from M. pinnata bean . 

Table 18. Food and Feed Ingredient Regulatory Database earch 

Last search for 
Dataset llOlC Last Updated MiUettia, pongarnia, 

innata or karan •a 
Consultation on Food from New Plant Varietie Mar 3, 2020 July, 2022 
Food Additive and Color Additive Petition Under Re iew or Held Dec 2, 2021 July , 2022 
in Abeyance 
GRAS Notices March I , 2022 July, 2022 
lndirect Addi lives u. ed in Food Contact Substances Feb 3, 2022 July, 2022 
lnventory of E!lective Food Contact Substance (FCS) Notification Jan J 1, 2022 July, 20_2 
lnveotory of Euvironmental Impact Decisions for Food Contact Jan JI, 20_2 July. 2022 
Substance Notifications 
New Protein Consultation (Early Food afety Evaluation) Mar 2 , 2018 July, 202? 

COG ( elect Committee on GRA Sub lance ) July 31, 2020 July, 2022 
ubmi ion on Po ' L-Consumer Recycled (PCR) Pia tic for Food Dec 12 ,2021 July, 202-

Contact Article 
Substance Added to Food tfonnerly EAFU ) feb 18, 2022 July, 2022 
Threshold of Regulation (TOR) xemptions ov 3. _Q2 l July, 2022 
American Herbal Products Association' A•· July 2022 
As ocialion of American feed Control Officials {AAFCO)"' 2021 July, 2022 
•secause the FDA' s Office of Dietary Supplements has been slow to upda1e its database, the merican Herbal Product' 
Association track uhmi • ion of DI s in it ' pr prietwy databo,.:. 

A = Dale of las1 upJate not available 
"'AAF O i a private l'rganizntion n )I associated with FD but is in 1rumcntal in approval of animal feed ingredien ts at th 

rate level. 
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There is no record in the- Am rican Herbal Products A s ciation (AHPA) databa e41 

indicating pongamia oil wa ever ubmitted to FDA as a ew Dietary (ngredient otification 

( earched March 4, 2022). The As ociation of American Feed Control Officials (AAFCO) is a 
private organization that has the most complete list of substance approved for addition to animal 
feed in its Qfficial Publication. The is no record of approval of M. pi11nata (or a P. glabra) oil or 
seed meal for animal feed u e tated in the 2021 AAFCO Official Publication . 

The European Food Safety Authority (EFSA) cites in the European Compendium of 
Botanicals everal references to component within the M. pinnala seed to include: pongamol, 

karanjio, phytates, and erucic acid. 42 In addition, the European Chemical Agency (ECHA) 
indicates that "kara1tjin ii" i undergoing a re-registration process in the EU as part of the 

Registration, Evaluation Authorization and Resb·iction of Chemicals {REACH) program.43 No 
additional inf01mation wa provided. The Food afety and Standards Authority of India (FSSAf, 
2021) made reference to a method to dete1mine the presence of ponga1ma oil [referenced a 
Karanja (Pongamia glabra) oil] , while pre iou ly publi hing draft regulation stating that the oil 

from karanja may be consumed at l-2 ml/da a an article of food for adults (FSSAI, 2020). 

6.10 Safety evaJuation summary 

Edible Pongamia Oil (EPO) is a clear vegetable-ha ed oil with a mildly nutty ta te that i 
obtained from the beans of the Pongamia tree a member of the Legumino ae family , The 
genu / pecie name has recently been recla sified in some publications from Pongamia pinnata 

(L) Pien-e] to Mitlettia pinnata (L) Panigrahi. There are many common names, including Karanja 

and Pongamia. Th Pongamia tree i a nitrogen-fixing plant that produces bean with a lipid 
content ranging from 30 - 40%, and at least half i oleic acid. The oil from the b an ha been u ed 
as a heating oil and for soap production. The furanoflavonoid content of the crude oil causes a 
bitter ta te and may result in adverse biological e ents {e.g. , cell apoptosis, decreased blood 

glucose) that without costly or reliable extraction proce ing, previously unavailable makes the 
oil unfit for con umption. Terviva ha developed an efficient extraction and refinement proce s to 
produ e EPO that contain limited furanoflavonoids, karanjin and pongamol. Th tlavonoid 
content in the EPO oil i significantly less than total flavonoid intake from other dietary our es 

in an average diet. 

The major fatty acid in EPO include (a a percentage of the total fatty acid content) 
approximate I el of oleic acjd at 50%, linoleic acid at 17%, steaiic acid at 8%, palmitic acid at 

9%, behenic acid at 4% and alpha-linolenic and ara hidic acids at 2% each. Other fatty acid are 

included at appr ximately 1% or less. Similar fatty acid compositions are readily found in 
commonly consumed vegetable oils {olive Canola and soybean oil have oleic acid content at 
approximately 71 .3% 61. 7%, and 22.6%, re pecti ely, linoleic acid content at approximately 

9.76%, 19 0%, and 51 %, r sp ctively, and palmitic acid content at 1 l.3%, 4. % and 10.5%, 

41 Databa e earched in 202 1. 
42 bttps://combodb.e\:omole.cum/rcport/106-?butan,c page=20; ite last vi ited Febrnary 2. 2022. 
~3 https://eclla .eurupa.eLL'sub tance-infonnatwn/-h,ubsrnncein.fo/ I 00. 118.034 · ite la t visited February 2 . 2022. 
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respectively). The manufacturing process removes the majority of furanoflavonoids, as shown by 

the marker substances karanjin and pongamol. EPO is stable at ambient temperature for at least 
six months. Longer term stability is currently being evaluated. 

TI1e EPO ingredient was evaluated for potential toxicity in a 14-day range-finding dietary 
toxicity study and in a 13-week dietary toxicity study in Sprague Dawley male and female rats, 
conducted consistent with OECD guidelines. In the 14-day range-finding study. EPO was provided 

as a dietary admixture at levels of 0, 5%, LO¾ and 15%. There were no changes in body weight 
or body weight gain, food consumption or food efficiency in male and female rats attributable to 
the dietary administration of EPO. The authors of the study stated that there were no adverse test 
substance-related changes attributed to EPO in the 14-day study, concluding that rats are expected 
to tolerate dietary concentrations of up to 150,000 ppm, which was the highest level fed, and 

equivalent to 12,023 mg/kg bw/day for males and 11,899 mg/kg bw/day for females. 

In a 30-day study in male albino rats (in-house laboratory strain) utilizing a refined 
pongamia oil (specifications not stated), consumption of the oil did not result in adverse effects at 

l 5% in the diet when plasma and Ii ver lipids and plasma and depot fat fatty acid composition were 
evaluated~ and that extracted pongamia oil causes no growth retardation, health hazards or toxic 
effects on the biochemical parameters ofrats (Manda!, 1985). The NOAEL for this study was 15% 

in the diet, the highest level fed, approximately equivalent to 12,150 mg/kg bw/day. 

ln a 13-week toxicity OECD-compliant toxicity study with 28-day recove1y petiod, male 

and female Sprague Dawley rats were randomly allocated into groups and provided 50,000 ppm, 
75,000 ppm, and 100,000 ppm EPO in the diet. There were no changes of toxicological 
significance in body weight, body weight gain, food consumption, food efficiency, FOB/MA, 
organ weight, clinical-pathology or histopathological parameters, duiing either the dosing or 

recovery phases. No adverse effects were attributed to the consumption of EPO jn either study. 
The NOAEL for this study was the highest level fed, I 00,000 ppm equivalent to 5,162.7 mg/kg 
bw/day for male rats and 6,468.6 mg/kg bw/day for the female rats. 

A bacterial reverse mutation assay in S. typhimurium and E. coli strains in the presence and 
absence of metabol ic activation and consistent with OECD guidelines showed that EPO was not 
mutagenic at concentrations up to 5,000 µg/plate, the highest concentration tested, and at which 

point it precipitated. An in vivo chromosomal aben-ation assay conducted in Sprague Dawley rats 
according to OECD guidelines did not show formation of chromosomal aberrations in the bone 

marrow of the rats when administered EPO by gavage at up to 2,000 mg/kg bw/day, the hjghest 
dose tested. 

The fatty acids and triglyceride found in EPO are commonly found in vegetable oils that 
have previously been concluded sate for general consumption in the U.S. food supply as general

purpose food oils. The NOAEL for EPO in rats is at 5.162.7 mg/kg/day. 

The estimated daily intake of EPO is based on the 90u1 percentile consumption level of the 
EPO from foods supplemented with the oil, and is approximately 7,703.32 mg/day, or 127.33 
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mg/kg bw/day. This theoretical intake represents a conservative estimate because it is highly 

unlikely that an individual would consume the EPO from all stated conventional foods at the 90th 

percentile level and all selected food products would contain EPO. The protein content of EPO 
was reported at an average of 171 7 .8 ng/g. 

The risk ofallergic reactions to EPO was considered to be insignificant based on a safety 
assessment in which actual arnow,ts ofprotein in EPO relative to the known amounts required to 

elicit reactions (the ED01) in a highly sensitive reference allergic populations was calculated. 
Specifically, the margin of safety for peanut allergic conswners for a 90th percentile acute serving 
of EPO was 3.4 times when modeling an EDu1. and 34 times when modeling an EDos. 

6.11 GRAS Panel statement 

At the request of Terviva, lnc. (Terviva), a Panel of Expe1is (the "GRAS Panel'') of 

independent scientists, qualified by their scientific training and relevant national and international 
experience in the safety evaluation of food ingredients, conducted a critical and comprehensive 
assessment ofdata and information pertinent to the safety of Edible Pongamia Oil (EPO) produced 
from the Jv[ pinnata plant when used as a vegetable oil, as described in the GRAS dossier 
(Burdock, 2022), to evaluate the EPO status as Generally Recognized As Safe (GRAS) based on 
scientific procedures. The GRAS Panel consisted ofthe below-signed scientific experts: Professor 
Emeritus Joseph F. Borzelleca (Virginia Commonwealth University School of Medicine); 
Professor Emeritus Michael W. Pariza and Professor Emeritus Stephen L. Taylor (University of 

Nebraska). 

The GRAS Panel critically evaluated a comprehensive package of publicly available 
scientific data and information compiled from a search ofthe scienti fie literature through July 2022 
by the Burdock Group and from Terviva documents, and summarized by the Burdock Group in a 
dossier entitled "Dossier in support of the ..generally recognized as safe (GRAS) status of edible 

pongamia oil (EPO) as a food ingredient according to the conditions ofuse cited herein" (Burdock, 
2022) that included an evaluation of the available scientific data and fnforrnation (favorable and 
unfavorable) relevant to the safety ofintended use ofEPO manufactured from the Milleflia pinna fa 

(L). plant. The dossier included information on the characterization, identity and purity of the EPO 
ingredient, manufacturing information, ingredient specifications, analytical data, stability 

info1mation, conditions ofuse, consumption information and safety data. Terviva assures Burdock 
Group that all relevant, unpublished information in its possession related to the safety of EPO has 
been supplied to Burdock Group and has been summarized in this dossier. This dossier and 
supporting documentation were made available to the GRAS Panel. The GRAS Panel also 
independently evaluated other materials deemed appropriate and necessary and unanimously 

concluded EPO GRAS under the stated intended conditions of use. The following page contains 
the conclusion statement and signatures ofthe GRAS Expert Panel. 
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Part 7: Supporting Data and Information 

A comprehensive search44 of the cientific literature was conducted through July, 2022 for 
atety and toxicity information on Millettia pinnata (L.)-de1ived oil and related ubstances and 

was de cribed in Part 6 of this GRAS notice. 

[Remainder of this page is blank.] 

~4 Relevant literature cited in Lhe electronic database earcb wa • reviewed. Literature not cited in the ·earch or 

literature published ub equent to the search. may not have been included in the review. 
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7.2 Appendices 
7.2.t. Appendix l. EPO Specification lot analysis 

Parameter Method Specification Range rVOi10188 TVOil0312 TVOi10349 TVOi10370 T VOil0393 Average 

Color Sensory• Visual Cltar. light/golden yellow Complies Complies Complies Complies Comph~ Complic,. 

Odor Sensory• Smdl Pleasant: faint nurlincs:, Complies Complil!S Complies Complies Complies Cnrnplics 

Moisture(ma,.) AOCS Ca 2b-38 <O 25% g/ l()()g m/m 0.02 ().07 0.02 0.03 0.04 0.(14 

Oxid. stability index 1\ 0CS Cd llb-92 > I hrs 2.1 1.07 2.82 4.% :!.24 1.:n 
lJnsapPnifiablc mailer AOCS Ca oa-40 <2.0% gll OOg 0.25 0.33 0.29 tl.31! o.:N OJI 
Peroxide v11lu1:: AOCS Cd X-53 <20.0 111eq01/k¥ I.S 3.1 3.8 3.1 2.4 2.8 
p-A11isidin;: vulu.: AOCS Cd I t!-90 <20 AnV ~ 6.9 7.8 12.lJ 5.7 7,lJ 

Trigfyccndes AOAC%6.06 >1)5% 96 .:! 97,2 97.2 94. 1 %.2 %.1 
fntal Fatty acid~ AOAC 996.0<, mod .,.'-10% g/ 10(.)g t)2 I 93.1 93, 1 VO. I 92.0 92. 1 

Olc,c ucid 118: I ) AOAC 9%.06 mod >50.0 g/lOOg FA 52. 1 53.0 53.0 ,J.~ 53.1 52.1) 
Linoleic atid ( IS:2rHi) •\OAC 9%.06 mod. > ISOg/ lOOg f A I 6 7 16..5 16.5 18.(l 17 5 17,0 

Pulmilic Jcid ( 16'. 0) AOAC 996.06 11111J, >8,0 g/lOOg FA \/. fl 9. 1 9. 1 9 \) 9.1 CJ..J 
S1ct1nc- acid ( I X:O) AOAC 996.06 mod. .-7.0 g/100g FA 8<1 8.6 8.6 7 I) lU 8.J 

lkhcnic ac,J (22:0) AOAC 996.06 mud >3.0 i t lOOi,1 FA 5.0 4.5 45 3.•I ..i.o 4.3 

E.nicic 11cid (.!..! I 1. I \ l AOAC IJIJ6.06 mod, 1,0 g/lUOg FA Ill <0.1 II, I ll l 0 l <-0 I 

Free F1111y :icitl~ AOCS Ca Sa-40 I 0°o g/l OOg 01 <0. 1 01 0.2 0.2 () I 

Microhlals 
roraJ colifom1s 1\0AC-991.14 < 10 cfu/g ..-:: 10 ~,o < 10 < 10 < 10 < 10 

£. coll AOAC'lJ91. 14 < IU cfu/g < Ill < IU < 10 < 10 -c Io < Ill 

Sa/mo11e/lu ·'P/1• AOAC'-RI 121501 Ncgnrivc cfu/25g Neg. Neg. Neg. Neg. Neg. Neg 

Mnltl BAM Chop. II:! < 10 cfu/g ND ND <10 < 10 < 10 < 1U 

Yeast BAM C"hup. IR < l O cfu/g 0 ND < 10 < I 0 10 < 10 

Heavy metals IC P-MS 

Lcat.l (Ph) AO/\C Ca 17-01 < 10 ppm <0.010 0.010 ~0.010 ~o 010 <-0.0 I I) <h.01() 

Cadmium (Cd) AOAC Cu 17-01 0 I ppm <CU)IO <0.010 <().()10 --0.0 I 0 <0.010 <0.01(1 

Mercury (Hg) AOAC"Ca 17-01 <- I pprn <0.0111 <(J.010 <:0.010 <0.010 <0.010 ""0.01() 

An.cnie (A~) /\OAC Ca 17-01 <.3 rpm <O 01 O <-0.0IO c:0.010 <O.lllO ,.n.01 o <O.tll(l 

Furanonavonoids 

Koranjin I V-STM_OOl.0 1 < 150 !)pm 115 1-!4 78 ND tW 75.4 

Pongamol ·,v-s rM oou,1 -.. 150 ppm 9;1 126 126 156 I (l I 121).<l 

M yrotoxins 
A llatoxin B 1.B2,G 1,G2 AOAC IJQ9.07 0.5-15" µg/kg -I 4 <.4 <4 <.4 ..;4 

Fumon,~in {t\11:11) J AOAC' 92(2),496 2000-400(1 11g/kg 30 c;JO <-"3(1 11) <3(1 30 

Ochratoxi11 A AOAC 999,07 1-5 µgtkg 10 <1.0 < l.0 10 < 1.(1 1.0 
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T-2/HT-2 Toxin Food Add Cont 30(3).541 5-10 µg/kg < 1/10 < 1/10 < l / 10 <1/ 10 <1 /I() < t I() 

Zcaralcnone Food Add Com 30(3),541 75-200 µg/kg <5.0 <5.0 <S.0 <5.0 <5.0 <5.0 

ND = not detected: All data derived from Terviva Ccnificatc of Analys~ for th<! given lot.; •M~sured at 110 vc. I hr= approx I mon1h 
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7.2.2. Appendix II. Manufacturing process 

Title: Description o{ lbe Pontrunia Edibl, Oil (EPO) ~lanu(ac:turint Procm 

A. Introduction 

JllilfOJa.pi1vlt11ll (Pongamia) is a uee spe<1e1 beJon~ to the~ f!.auly. Fabaaae wtuc:b 1s n.att\~ to 
eastern and tropical Asia,Australia. andthe Pacuic Islands Itu oftenrtferndto by 1usynonym, Po11gam1a 
pmnaJ.a. Commoonames abo mclude lnd'um beech and fpQ3(1l!Jf od tl'ti.

The pongamia bean IS a ncb source oftllld-oleicoil c:ontammgas mUGh as 30•~to -lO-~of!he fresh weighl 
ofthebean 

Tenwa s patmted Edible Pon!amtn Otl (EPO) , - , , rr 'I' , proceu 1s 

ou·, md1.ooy-standard physical extract refinin! process andsol\'ente.:o:racllon refiw.nHroc:tsS- Adefining 
cb.anc:tenroc ofdus prOCI!$$ u the rmio\·aloffuranoilavono1ds (pnnc1pallyhnnJm andpc,~amol), \\iuch 
ba\·e unplea.,mt SWlOf). annbute$ 

a bybnd betwwi the edlbl, 

l.m'IDU-propnewy EPO manufactunngprocess IS descnbedbelow. The resul~ refinedEPO basUD!(!Ut 

properties, mcludmg nchneu of olelc fatty ac.ul (ClS I) and behellic fatty acid (C11:0) content., \\iuch 
confer demable nutnllonal and functional properties rde\'2Jll to the rood mdustry The Pon!l= bean i.3 
not only nch mOil cut abo COQtaJ.ns a Sl~cant amOOllt ofother useful compounds c,.g carbohydrates 
md proteuu) wluch can also be re.fin.ed into plant-dem-ed edible protein and flour !Ilgl'ediena 

The follomn~ 1s a descnpnon ofthe step-by.step~~ spanrung the preparation of Ponganua beans to 
the fuushed. re.fined EPO mth a new to tJluminatm~ the tbem1c.,l con.rtltueots thzt !le removed at e2ch 
step and compnslll.!! the rerulllng c:-ompoutlon of tach intennedlate fraction. 

B. Iso:u·(a Ediblt Pongamia Oil (EPO) .\fanubcrurine Proms 

1. Bun Prtparttion - Bun Pod ~ing and Sbtlling: 
Hat\'ested Pongamia pods arc dned to remo\'e e."<cess mouture dunng \,il.ich the ~Us bttowe bnttle 
m prepamioo for shelhne.. Shells ruav be remo,..ed manually or meclwucalh The shtlled beam are 
then mecllamc.,Jly clwied to remo,~ foreign matter such as s1lda, rocks or other foreign debrn 
Po~amia beans t\"p1cally cont4m awroxuuatel\' 300• ct.I, 10°• mouture 200• prOlem, 3S0 

• 

caroohydrates, and~.ash by \\~l!ht Tm,· tr P 1 Pit ..JII ' 1 0 1 hi~ 

.sr~o Summan P911ramla :lwiis (DWhtznett-relmtdfc,~lgnmorruart rp,t<Mdct tlul ttm 

: . Crushin2: 
Shelled and deaned Pongamia beans ue then crushed man expeller prm Cruslun,g ts a mecharuczl 
procm dunn2 \\ilich the beans arc fed tnto a rotallnZ ~ew press that utracts two products: aude cu 
and pres$ cake The crude otl i.s then fed tbrou~ eJthtr a centnfugc ora aunplecloth filter that remo\'tS 
rtSld.ua.1 sollds, such u bean parnculate. Crude Po~anua oil a composed cf maier hp1ds 10cludin1: 
tnacylglycerol (90°.), diacylglycuol (1-~ .), and mono.lcy~ywol (l-2°'.), < 5°• free fatty acids, l 
,•. of funnofla\-cno1d.s, and othu unpwities that 1,,U be remO\-ed II! sub$t<!ue.nt processUij! !te-ps 
I ... • • L. PQl p,., 11V' ? ~ I \ :'ll 

S1eo Summan •Bean -alpa,:rteviate ,ias himsub:1a1111alh rsmo\'edfrom crud.; o/Jar 1/usJtfrl<' 

Ttn'l\"1, lAc. (~:U). R.tztlltt ~mcl~ be=> ptu al:t =<k oil md tlAllN oil - Pocp::iu PIOUS•i::t ~WW 
~ ,•3Jth1 ·hrm~ ~Dm-e l>toduc miProc.t,1,q 
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J. Crude Oil Pre-trutruent Proct$$: 
11us n the fint ~finement ~tep of"(~~Ponganua crude otl resulting from the pnor auslung S1ep 

a. Settline/D«antinit: 
Physical sol.id liquid sepasatlon proce3s ts an Uldustry-rtandard process tMt allows nou-hp1d 
compounds, 1Ucb as starches, protWl, cell debris and ttdunet1t that settles to the bottom ofthe 
processmg ,·eml to be physically remo,'td by dee-anting the liquid 011 upper pottloo. 

b. Pte-ftltntion with DiatomacN>us Earth (DE): 
To further mno\·e oon-llp1d c-0mpoun& \,a solidllqwd separatlon. dlatoroaceo\13 earth{DE) 
filter aid uapplied to the 011. DE ts a him-surface area. siliceous filter aid that caneasllradsorb 
impuntie3, such as e."<cess mo1~ture, volatile matter and tll$0)uble unpumies in the t1il while 
wcreasin~ the £lo\\ rate throu2h the filter p~ 

StepSr.m11nt1!') . Jnsoiubie nnpurl!lts le ~--starch cell tklms protem>are sub:tmltiaii\ re1t>0\ edd11Tt71f 
this srqg~ 

T.1ble 1: Compo.sitioo of crude oil produced by settlinwdet anrine and DE 1.ttaontnt 

~ 
TAG 
(' ~) 

!'FA 
l '1) 

Ptocf!n 
(,,1 

l.'~b~ 
m.l"JA!r t ) 

Ir.5olub\e 
m!plr.lle 

(" ,) 

MOUllln!& 
\"ol.a:ik! 

( o.,. , 

~ 
~UIO\dl 

,omn, 
Pl!.o$-pb:r->-.u 
~ 

ClmfiNa. 
oil 

S9 ,. - so 1Oil 0.6c 003 !la W.000 :o 
~ 

SoluhSbdet 
}:D }:D SD 

. 
0~ ;o ~ ~ A ~: o IOSO 

.,. t ..FF.A,. ~ft ~ · =1!.. .A<: -- ~'1.:fyuro.:s, t~~~c:lll!r z:t 10::~~IJ. mro.!t, fq'l(lo~ :::.i b)aoa,ta:i. "SD= ox 
~ ,:A=!Ill.~ 

4. Crude Oil D~1min~: 
Acid degummmg is 2 process wherebypre.treated crude ou is mixed \,1th a water and food-grad.e c1tnc 
ac.id solution. This process remo\'U b,·dratab~e e:um.s, such as pho$phol,,p1d.,, and other SUXl1lar water. 
soluble compounds rucb a.s proteins After tha !Ill."UD.g step, che soluuoo 1s centn,.~ed to separate the 
aqueous fractJ.oo from the de~ed crude Poneamia oil 

Step Summa,') Polar lipidJ, "Mo·a1e1- fJhdacid-.soluble protein. compqwuis on remo1d 01 this stgge 

Table 1: Composition of crude oil uter de,mmi,n~ 

Fl.KUOll 
FFA 
('9) 

\,;~'Nt 
m.ztta t••) 

~!oun:rt&: 
\·ol..anles 

("~1 

Pio:vn 

C-•> 

lruolubl.e 
m:_."Ulltle 

('♦) 

~ 
fu\'llOoU.s 

(llam\ 

Plloipl:«.:as 
(Wm) 

Toul 
Oumi 

Oe_r.mmied 
0-,Jdlotl -~ 1.01 0.1~ O.OOOIS .:0 OJ 20,000 ~o SD 

~.::>=acr.-c!elfCIZ~ 
h0W;c«aaS~~b)·eit ~o!~,:!I, )'.)11 

S. Crudt Oil Dtwuing: 
After degwnnung, the crude oil 1s dulled to a set temperature (-t6'C), someOJ:lles with slow a,!ltaoon, 
to promote the cri;stalhzation of waxt! l.lld lo~-chain saturates This chilled otl is then mixed with 
food-grade DE and fed mto a filt'el press As in the pre\1ou.s step, the lugh surface area DE \.\ill ea.ruy 
adsorb impurities m the ou whtle mczusm,2 the flow rate throu.~ the filter press. The filteied oil has 
rtciimd level ofwa."<e~and satu!ated fam• aClds such as steanc acid {ClS'.0) beheruc acid (C:?2:0) and 
heI1ocenc add (Cl4 ·0) • 
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s~p Summary Jfax-es and,elated !011g-chamsaturatil (IN ,emowdat tilts stove 

Table 3: Composition of crude oil after dewuiog 

F:r.i«1 
F'FA 
('t) 

l'IU.lpQ:11.!iablt 
:\!:int: (•o) 

Moat.ire 
& 

\·olmlei 

<-•> 

~ 
tlr,Ol:Olds 

(pp])} 

P?mpbcccos 
~m) 

\\"ue, 

(na)i 
To.:~oh 

(wlD) 
~oil 
(9pm) 

Cvote:olds 
(y,m) 

~"\l:ll!!IM 
dfflW!d 
Cl"af>?oll 

6SI I 01 01: ~.000 20 S6 S•U 1910 16" 

6.. liquid-liquid &traction: 

2. Extraction: 
Dtgumrued and dewued aude otl is thenexposed to a hqwd-hql.lld e:~tractlon process. In tlus proces.s, 
crude oil is mixed \\1th food-erade ethanol at ele,·ated temperatures (<SO'C) to extract the 
furanofla,·onouis that are responsible ror unpleasant sensor\· attnb~ ofcrude Pon(amia oil ~ 
this ethanol extracnon process. other compo\.llld$ are removed from the oil such as fie~ fatty a.cidl and 
unsaponifiable (1.e . tocopbero.b, sterols. caroten◊tds) coopounds The resulting otl has a lighter color, 
milder fla,'Or, and no dete<:table bttterne!S Total funmofla\'ono1ds, vrinc1pallv kar.mim andl)On2amol, 
are reduced to< 250 ppm 

b. De~b.l.Qriz)ltion: 
Follon~ hquid-liquid e.'<tract1on. the refined Pong,anua otl c~nwns reS1dua1 ethanol Etlwlol u 
remo,·ed u.sm~ \'acuum tiltratlon tolower the bo~po111t and modest bMt(<60'C) to M$UU complete 
e\'aJ)Oranon. The l'e$ultme edible oil contams < 0.01~. of total ,-olattles and< 0.05°. ethanol 

Sr~p Summt:11') Ft11QJio(lmo11otds. frttfam acid:.. /0<,()pherols stDOls. cwotenmd:; ~ rel7IO\edat 1Jus 
proceSJ step 

Table.&: Composition ofttfintd oil after liquid: liquid utnctiou 

F~ FrA 
(" t) 

t:n,.ipoc16.lbl, 
~ {"t) 

~lomurt& 
i:olmles 

(',) 

\·otmat 
~~> 

~ 
fla\oooids 

(ppm) 

Tocoph~ob 
~ 

S1.t1ob 
(ppm) 

C'~O'.e:oicb 
~ ) 

fWi.ntd 
Ou <009 01· O.Ol <001 ~I~ ~~= u;o 0" 

• F'tnisbed Refined Oil Fila-ation - Cluninf/polishin2 step: 
A final filtrallon step .,,,th DE u wcorporated to msure tiiat mc1dental parades that may ha\"! beeJJ 
unroduced dunn11: processm,2. mcludm~ relllalWJl,E trac-e amounts of mmor compounds, such as 
moisture, unsaporufiable matter and otherm.U\or unpunti!M ue remo, -ed. 

8, Antioxidant Addition: 
DE filtration and hquid-bqwd e."ttracnon remove >W. ofthe natI\·e tocopberols (natural antio:odan1s) 
from the oi1 Therefore, the addition of antioxidants 1s wtended as a protecn,·e meas~ to a$Sure 
stability o,·er nme food.grade mixed tocopberols (11, ~. y) and green tea extract are added to !he refined 
Edible Pooganua Otl to unpro,-e the 0X1dat1\'e stability and shelf life Thu a aclue1:ed by reduc:mg cbe 
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formanon of pr0-0iudants, such as pero:ode.3 (fiee radicals), aldehydes <beta-oxidant) and free (atty 
actch IT n tr ~r P- n I tn 0.. • , , 

C. Comm, ntan·on Potential Proct:Ss Contaminants 

Unintentional contaminant! of refined, bleached, and deodonzed (RBD) olh c.an be formed by 
unwanted chemical reaC'tlons d~proc~in,!?. ~ally under extreme conditions such as ele\-ated 
temperatures or e.w eme p~ and or through theu use m food process~ (1.e., cookm,g). For example, in 
palm oils these llllWanted contaminants can ~lude 2-mo.nochloroprop,ane-1)-<liol (!.~1CPD), 3-
monocllloropropane-1.2-dlol (3-MCPD) and its related fat-soluble forms 0-1ICPD esters), glyc1dyl 
esters (GE), and polycyclic aromanc hydro.:arbom (PAH.s) r 'HO v,,.,. 1 

• 2- 411d J • .\JCPD esters: Found w ~me proc~d foods and \ ermable otls (n:iamh; palm otl1, :!
and 3-MCP~ are formed by the reaction between a source ofchlorine (e,g , chlon.nated water or 
salt) and a hp1d sour~e such as a ,·egetable oil tmder ele•.-ated temperatures. Tht.se rne.n are food 
procC3SlDg coutaminants. 2- and 3-MCPD aJld its est.en are formed uruntent:Jooally m these ftX'ds 
~ otl refirun~ pr~x:ess~ The Lrulilufacrunn,g processdescnbed abo\-e does not U."dude chlorme 
or c.hlonnated cheuucals (e.g. hydrochlonc acid) and wo'Jld thecefore not be ~ted to mtrodu:e 
such compolttlds dunng the manufacrunng proc~s ,EiSA WL'S) 

• GlycidJl Ester (GE): Gtrc1dy) erten are formed from a group of sub.stances that are naturally 
present mall \'~etable oils (di~l\'cendes ormono,gh·cendes}when the-,·ate heated to temperatures 
greater than 200"C (during the deodorization stages of tradttis'nal R.BD re.firung procm). 
Deodoruation and concomitant high temperatur~ (> :!()()CC) are not part of the Pongami.a oil 
manufactunn2 process. As such, elyodyl esten would not be e>.--pected to be present in the final 
refined edil>le ~zmia oil product. ('.1=1 20~<' 

• Polycyclic Aromatic Hydrocarbons (PAHs): Polycyclic aromatic hydrocarbons (PAHs) are a 
~oup of CJ\'er lOO duferent chemicals thatare formed durine. the tncompletecombustionofcarl,on. 
conta.l.Wlig orgamc mattet, such as roal.. petroleum-based oll and gas, food, and other organic 
substanc~s. PAlli ue usuallr found as a1ll1Xture containu:igtwo or more ofthese compounds, such 
as sool Accordine to the Center~ of Disease Control (CDC), P AH.s e.enerated from the$e scurce3 
can bind and form small particles m the au. High.temperature cooking, panu:ularly open-flame 
j!ri,llm$! andsmo~ will fonn PAHs m meat and mother foods where b~OC\.'•un Therefore, 
the pmeru:e or formation ofP.-\Hs as de.mibed by the CDC would not be expected to be produced 
as pan ofthis process EFSI\ 2wS COC. .,0 J1 

D. Conclusion 

The manufacturing process for Edible Pongami.a Oil (EPO) produces a substantially refined oil comprising 
greater lhan 95° o tnacylglycerol from "nich numerous impunties and undesirable substan(es b.a,·e been 
remo\'ed. The pro..--ess descnbed 1s 1urular tn effect to more traditional approaches,such as standard !Ddu.suy 
re.fining, bleaclung, md de-odt'nzmg (RBD) processwg. A defirung cbaracterntlc of thl.s proc~ u the 
reino\·al offaraJJojla.-o,rolds prmc;paiiy Kara11Jin and pongamoJ. which are associated \\itb 1mpleasant 
senst't:' attributes including bitter talte. The processing methods descrfbed berem for the manufacturin,g of 
EPO produce an oil which ti substano.ally eqw,-alent to the punty and safety of refined oils produ~d by 
tradn.ioual refining, bleachmg. and deodonzmg. 

Table 5 below lu~umtlanties bet\\'ttll the EPO refining process and standard R.BD oil procemng 
(l k ~•D lQQ O• 1 t 'J1 2G P.~:-\~r 1 "(f'l I Table 6 represents a stmltnary ofthe 
Tenwaprocess 
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Table 5: Comparison or tht Edible Poogamia Oil (EPO) refming procm ,-s. industry·-standard 
soybon oil refined. blt3chtd, and d,odoriud (RBD) proe,.ss. 

P!oc.e.s~Sl'P 
f.dl'ole Pol),,~ Oil ~IX~ 

(Col:upound. r=.o\~d) 
Soyt>t.a:i oil RBD pr~ 

(~rema\'e!Q 

B.tmPr~<m Sbflli. lun'ffl-rtb:ed Ccceigzi 
!llJ!!B 

Shdu,ba."ttst•:eb!ed !m-eip 
lJWW 

SteCr0.um:: Belll:mal Bt1.:lmul 

~~; 
PolJI llpids. n-itu- ct tad• 

!olub!e~~em .md ca:rzpculllh 
Pow lipt41, ".,~~- or Jed. 

wlublepro'.tW ai,~ 

~eutnlw:nac ~A Ftet fa1:y sods. ~uock 

Blfxlwl: ~A Cmd.nlo:l ~ .f'l~ 

Drn~\\~mwwnon \\·=, u:uri:ed fmy ~ 
iobd p.iniclu 

\\·-- U:-Jl'lted fatty K:MU. 
lOhit~ 

Lsqu:d•Lsqwd Ex-z.>.."!IOC 
Flznllo~oc01dl.. frtt ~ -
~ tcK~ols, r.tJob 

aro:e::.o:di, proce=• 
SA 

De-1@·~ \"oblll6• ~A 

DeodorwlJClll ~A 
f:'tt ~• lC:m 1.0C.oplle:Ols 
steob, w~ldi.OXJdmoi: 

troducu. ,-ol.mles 
"Ttn'l\.,.JX..~ 
~ A=~~Nt 

Table 6: Data Summary· or Edible Pongamia Oil (E.PO) ProctSSing Sttps (i.o step seqn,nce) 

Pt~Sltp Fncno:i TAG 
(Oo) 

FFA 
("t) 

Prottm 
f•) 

tin-
~ble 
mmer l"i) 

Imoluble 
m,p.lllllet 

(~) 

hlO®lff &: 
\"ol.m1e? 

,~ . ) 

~~ 
fh\"ClllOlds 

l"""'' 

~OllPtf--
truucem 

Ch.rififd 
Cnldeoil 

S9 ~ 7.S0 l 06 0.6: 0.03 NA 20,000 

Crade Oil 

~ 
OeJl=A'd 
Cn:de oil 

~ A '"..~S 0.OOOI S 1 01 <:0.01 0.11 20,000 

Crudt Oil 
De\,~ 

De~ 
dmaud 
Cn.xltoll 

~A 6.Sl 0 00015 l 01 <001 0.1~ ::.0,000 

Lsquld. liquid 
re.fi:iiq R.tfimdOil ~5.0 <{) 09 o.ocms c-1- <001 0 04 c~ 

Pt«t:11 c~~c.::iir:dbftbtmit.odorFl.,.-ty ,:~. :01 CimStdau.itocl lfCX&~~-C::,Q;tt;~t>.'IC 
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7.2.3. Appendix Ill. Consumption analysis of EPO in selected foods at maximum intended 
use level 

Table 1. Consum tion anal •sis of EPO in selected foods at maximum intended use level 
FOO0CODE DESCRIPTIO Amount m 

l lJ00 t00 
11320000 
I 1320100 
11321000 
I IJ2 1100 
11350000 
l lJ50010 
11350020 
J1350030 
11360000 
11370000 
11511030 

l 1512120 

11513310 
11513375 
11513385 

L15IJ395 

I 1513750 
l 1513805 
115131!55 
11514150 

11514360 

11519115 
144 10500 
14420300 
14502000 
21003000 
21 102110 
21102120 
21102130 
22000200 
12000210 
22000220 
2210 1200 
22101210 
221012:!0 
2no 1200 
22201110 
22201220 
22210310 
22210450 
24127100 
2412720.'.! 
24127210 

24127220 

24137300 

Non-dairy milk, NF5 
Soy milk 
Soy milk. light 
Soy milk. chocolate 
Soy milk. light. chocolate 
Almond milk, sweetened 
Almond milk, sweetened. chocolate 
Almond milk. un~weetcned 
Almond milk. unsweetened, chocolate 
Rice milk 
Coconut milk 
Hot chocolate / Cocoa, ready Lo drink, made with non-dairy milk 
Hot chocolate / Cocoa. ready Lo drink, made with non-dairy milk and 
whipped cream 
Chocolate milk. made from dry mix with non-dairy milk 
Chocolate milk, made from reduced sugar mix with non-dairy 111ilk 
Chocolate milk. made from dry mix with non-dairy milk (Ncsquik) 
Chocolate milk. made from no sugar added dry mix with non-dairy milk 
(Nesquik) 
Chocolate mjlk.. made from syrup with non-dairy milk 
Chocolate milk, made from light syrup with non-dairy milk 
Chocolate mjlk. made from sugar free syrup with non-dairy m,IJ.. 
Hot chocolate / Coroa, made wiU1 dry mix and non-dairy milk 
Hot chocolate / Cocoa. made with t10 llugar added dry mix 1111d non-do1ry 
milk 
Strawberry milk, non-dairy 
Cheese. proce:1iied cheese food 
Cheese spread, pres~urized can 
lmiiation cheese 
Beef, NS as to cut, fried, NS to fat eaten 
Beefsteak, fried, NS a~ to fat eaten 
8..-:ef ;teak, fried, lean and fa( eaten 
Beefsteak, l'ried, lean only eaten 
Pork. NS a~ to cut, fned. NS n to fat eaten 
Pork. NS as Lo cui, fiied. lean and fat eaten 
Pork, NS as to cut, fried, lean only eaten 
Pork chop, Cried, NS as to l'at eaten 
Pork chop, fried, lean and fat eaten 
Pork chop, fried, lean only eaten 
Pork steak or cutlet. fried, NS as 10 fat eaten 
Pork steak or cutle4 fried, lean and fat ealet1 

Pork steak or cutlet, fried, lean only eaten 
Pork. tenderloin, breaded. Fried 
Pork, tenderloin, battered, fried 
Chicken breast, fried. coated_ ·kin I coating eat~1. from raw 
Chicken breast. fried. coated. prepared skinless. coating eaten. from niw 
Chicken breast. fried. coated. skin / coating eaten. from pre-cooked 
Chicken breast. fned. co.11cd. ~km I coating eaten. from fast food 1 

restaurant 
Chicken leg. drum~tu.:k und thigh, fried. couted. -:km I coating eaten 

11700 
14700 
7700 
15)()0 
6400 
9300 
9500 
960() 
l00110 
970() 
20R00 
9800 

20000 
12700 
13400 
12700 

13400 
10400 
11700 
13100 
1570() 

13500 
I1300 
57650 
53075 
80000 
30000 
30()00 
30000 
30000 
30000 
30000 
30000 
30000 
3CJOOO 
300()0 
JOOUO 
30000 
30000 
30000 
30000 
30000 
30000 
30000 

30000 
30000 
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Table t. Consum lion analysis of EPO in selected foods a t maximum intended use teYcl 
FOO0COD£ DESCRIPTTO Amount ( m 

24147300 Chicken drumstick, fried. coated. skin I coaling eaten. from ra~ 30000 

24147302 
Chicken drumsuck, fried. coated. prepared ski11less, coating eaten, from 
raw 3001)0 

24147310 Chicken drumstick.. fried, coated. skin / coating euten. from pre-cookeJ 300(1() 

24 147320 
Chicken drumsti.;k. frit:d, coated . .;kin I coaling eaten. from fast food 
restaurant 300()() 

14157300 Chicken thigb. fried, coated, skin I coaling eaten. from raw 30000 
241 57302 Chicken tbigh. rrieJ. coated. prepared skinless. coating eaten, fmm nt\1/ 300()0 
241573 10 Chicken thigh. fried. coated .. ~kin I coating eaten from pre-cooked 30000 
24157320 Chicken thigh. fried. coated. ~kin I coating eaten, from fast food 30000 
24157330 Chil'ken thigh. fried. coated. ~kin I coaling eaten. from restaurant 30000 
24167200 Chjcken wing. fried. coated. from raw 30000 
24167210 Chicken wing. fried. coated. from pre-cooked 3000() 
24167220 Chicken wing. fried, coated, from fast food 30000 
24167230 Chicken wing. fried. coated. from restallfant 30000 
24201060 Turkey. light meat. breaded. baked or fried, skjn not eaten 30000 
24201070 Turkey. light meat. breaded. baked or fried. skin eaten 30000 
24201360 Turkey, light or dark meat. fried, coated, skin not eatetl 30000 
24201370 Turkey, light or dark meat. fried. coated. skin eaten 30000 
26100120 F'ish, NS as to type. baked or broiled, made with oil 30000 
26100130 Fish. NS as to type. coated. baked or broiled, made witli t'tl 30000 
26100140 Fish, NS as to type. coated. fried. made with oil 30000 
26107120 Catfish, baked or broiled, made with oil 30000 
26107130 Catfish. coated. baked or broiled. made with 011 30000 
26107 140 Ca1fish, coated, fried. made with 01I 30000 
2610912() Cod. baked or broikd. made with 011 30000 
26109130 Cod, coated, baked or brn1lcd, mnde w,th ml 30000 
2610914() Cod, coated, fried, made with oil 30000 
26118020 Halibut. baked or broiled. made with otl 30000 
26118030 Halibut. coated, baked or broiled, madt' with oLI 30000 
26118040 Halibut. coated, fned. rnade witJt oil 30000 
26137120 Salmon. baked or broiled. made with oil 30000 
26137130 Salmon. co1,1ted, baked or broiled. made with 0 11 30000 
26137 140 Salmon. coatt:d. fried. made with 0 1I 30000 
2615112() Trout, baked or broiled. made with oil 30000 
26151 130 Trout, coaled, baked or broiled, made with oil 30()()() 
26151 140 Trout. coated, fried, made with oil 30000 
26158010 Tilap1a. bal-;ed or broiled. made with oil 30000 
26158020 Tilapia. coated, baked or broiled, mndc wilh oil 30000 
'20158030 Tilapia. coated. fried. made with oil 30000 
2fi319120 Shrimp, baked or brl)iled, made wuh oll 30000 
.263 19140 Shrimp, coated, frit:d, made wtth oil .300011 
263 19 145 Shrimp, coated, tried. from fast food f rcsrnurant 30000 
26319160 Shrimp, coated, baked or broiled, made with oil 30000 
3 1105005 Egg. whole. fried. NS as to fat 30000 
3 I 105030 egg. whole. fried with oil 30000 
31 105090 Egg, whole, fned., from fast food / rest.aurant 30000 
32103020 Egg salad. made wi1h mayonnaise-type salad dressing 25660 
32103025 Egg salad, made with ligh1 mayonnaise-type salad dressmg 26000 
32130010 Egg omelet or !ICrnmhled egg, made with oil 30000 
32130080 Egg omele1 or scramble<l l!gg. from fast food I restaurant 30000 
32130110 Egg omelet or scrambled egg. with cheese. made with 0 11 JOOUO 
3300 1010 Egg sub,;llfute. omelet, scrambled, or fried , fat added 30000 
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T able l. Co1\su111ption analysis of E PO io selected foods at maximum intended use level 
FOODCODE DESCR IPTION Amount (ppm) 

3340 I 000 Egg substitute, omelet. ~crambled., or fried, witJ1 cheese 30000 
334011 OU Egg substitute, omelet, scrambled, or fried, with meal 30000 
33401200 Egg :;ubst1tutc. omelet. ·cramblcd, or fried, with ,egetable:. 30000 
33401400 Egg substitute. omelet, crambhld. or fried. with cheese and vegetable, 3000() 
334(11500 Egg substitute. omelet, scrambled, or fncd, w11b meat and vegetables 3(!000 

33401600 
Egg substitute, omelet, scrambled. or fried. with chee e. meat, and 
vegetables 30000 

2230012() Ham, fried, NS as to fat eaten 30000 
22300130 Ham, fned, lean and fat eaten 30000 
12300140 Ham. fried, lean only eaten 30000 
22300150 Ham, breaded or floured, fried, NS as to fat eat~t\ 30000 
22300 160 Ham, breaded or floured, fried, lean and fat eaten 30000 
22300 170 Ham, breaded or floured, fried, lean only eaten 30000 
42200500 Almond buuer 27750 
42200510 Almond butter, lower sodium 27750 
42200600 Almond pasre 13~70 
42201000 Cashew butte1 26515 
42202000 Peanut butler ::!5550 
42202010 Peanut butter. lowersodium 256SO 
42202100 Peanut butter. low~r sodium and lower sugar 26560 
42202.DO Peanut butter. lower sugar 27445 
42202150 Peanut butter. reduced fa1 17000 
42202200 Peanut butter. vitamin and mmeral fortified 25405 
42203000 Peanul burrer andjel.ly 12780 
41203100 Peanut butter and chocolate spread l7175 
41420380 Yogun, soy 1800 
-11480020 Frozen dessert. non-dairy 22350 
41810200 Bacon strip. meatlcs<; 73800 
41810400 Breakfast link, panic, or slice. mcattes: 45400 
41810600 Cbicken, meatless, NFS 318~5 
41810610 Chicken. mealless, breaded, fned 31925 
41811400 Frankfurter or hot dog, meatless 34325 
41811600 Luncheon slice, meatles:s-beef, chicken , alami or rurkey 27775 
41811800 Meatball, meatles 22500 
4181 1890 Vegetarian burger or patty. meatless. no bun 15750 
41812000 Sandwich spread, n,eat s;ubstitute type ::!2500 
41812600 Vegerarian. fillet 30000 
41901020 oyburger. meatless, with cheese on bun 16500 
42203200 Soy nut butter 27750 
59003000 Meat sub tituce, cereal- and vegelable pro1em-based. frie<l 30000 
56205002 Rice. white, cooked, made with oil 31200 
56205012 Rice, brown. cooked. fat added. made with t>JI 32700 
51000100 Bread, NS as to ma1or Oour 3590 
S10001 10 Bread. NS as to major Oour. ton!ltl!d 3940 

51000180 
Bread. made from home recipe 1.)r purchased at a bokcry. NS J~ to maJur 
nour 3410 

51000190 Bread, made from home recipe or purcha~ed at a bakery. toasted. NS a!
to major tlour 3750 

51 123010 13read. high protem 2200 
51123020 Bread. high protein. tOllbted 2420 
51117010 Bread. potato 3130 
51127020 13re.'ld. potato. ll)astcd 3440 
SI 134000 Bread . .sweet potato 2840 
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Table l. Consumption analysis ofEPO in selected foods a t maxjmum intended use level 
FOODCODE DESCRIPTION Amouul ( m) 

51134010 Bread, sweet potato, tolbsted 3120 
51135000 Bread. vegetable 3230 
51 I 350 IO Bread. vegetable, toastetl 3550 
51140 I 00 Bread. dough, fncd 3590 
51300050 Bread, whole gram while 2150 
.51300060 Bread, whole grain wbtte. toasted 23(l0 
51300110 Bread, whole wheal 3550 
5 1300120 Bread. whole wheal. toa.,ted 3900 
51300140 Bread. whole wheal. made from home recipe or purchased at bakery 4070 

51300150 
Bread, whole wheal made from home recipe or purchased at bakery. 
toasted 4-tHO 

S1300175 Bread, chappatti or roti, wheat 9200 
513010\0 Bread, wheat or cracked wbeat 4530 
51301020 Bread. wheat or cracked wheat, toasted 4Q80 

5130 I 041) 
Bread. wheat or cracked wheat, made from home recipe or purchased at 
bakery JMO 

51301050 

5130)510 
51301520 

Bread, wbeal or cracked wheat. made from home recipe or purcha:,,ed at 
bakery, toasted 
Bread, wheal or cracked wheat, reduced calone and.or high fiber 
Bread, whe;;il or cracked wheat, reduced calorie and/or high fiber, toasted 

401)0
2s,o 
2800 

51301600 Bread, pita, whole wheat 171(1 

51301610 Bread. pita, whole wheat. toasted lRIIU 
51301620 Bread, pita. wheat or cracked wheat 1710 
Sl30J6JO Bread, pita, wheat or cracked wheaL t0ai;ted 1880 
514010 10 
51401010 
51601010 

Bread, rye 
Bread. rye, toasted 
Bread, ruultigrain, tOaS"tt:d 

3300 
J()10 
4oso 

51601020 Bread, multigrain 4230 
516020 10 Bread, multigrain, reduced caloric and/or high tiber 2550 
51602020 Bread, multigrain. reduced calorie and/or high fiber. 10asted 2800 
51801010 Bn::ad, barley 4530 
51801020 Brt!ad, barley, toasted 4980 
51804010 Bread, soy 3440 
51804020 Bread, soy. toasted 3780 
51805010 Bread, sunflower meal ll:W0 
51805020 Bread. sunflower meal. toasted 9010 
51806010 Bread, rice 5240 
51806020 Bread. rice, toasted 5760 
51808000 Bread. gluten free 5240 
S18080JO Bread. gluten free, toa~ted 5760 
51000200 
51000300 

Roll. NS as co major nour 
Roll, hard. NS as to maJor !lour 

3910 
4300 

51000400 Roll, bran, NS as co type ofbr.111 6000 
51150000 
51153000 

Roll, wh1tc. soft 
Roll. while. hard 

J()lO 
4JOO 

51154010 Roll. white. hot dog bun 3910 
51154100 Roll. white. h,unburg,er bun 3910 
51183Q90 8readst1ck.s. NFS 12850 
51184200 Breadst1cks . .,oft. NI'S 1~850 
51184210 Oreadsticks. soft. frllm fast food restaurnnt 12850 
51184220 Bread~ucks. sofl. from frozen 9160 
51.320010 Roll, whcJt or cracked wheat 6300 
51320060 Roll , wheat or cracked wheat, hot dog bun ~<,I() 
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Table l. Consumption analvsis or EPO in selected foods at maximum intended use level 
POODCODE OESCRJPTIO Amoun t ( m) 

51320070 Roll, wheat or cracked wheat. hamburger bun 3610 
51320500 Roll, whole wheat 6300 
51320550 Roll, whole whe-dt, hot dog oun 4380 
S 13'.!0S60 Roll, whole wheat. hamburger bun 4380 
S 1320700 Roll, whole grain white 3490 
51320710 Roll. whole gTain white. hot dog bun 3490 
51320720 Roll. whole grain white. hamburger bun 3490 
51620000 Roll. multigrain 6000 
51620020 Rc,11. multigrain. hot dog bun 6000 
51620030 Roll. multigrain. hamburger bun 6000 
51808100 Roll, gluten free 2650 
51 JS0010 Bagel 132() 
51186010 Muffin. English 1690 
51300 I 00 Bagel. whole grain white 1530 
51301700 Bagel, wheat 1530 
51301750 Bagel. whole whea1 1530 
51301900 Bngel, wheat bran 1530 
51302500 Muffin, English. wheat bran 2000 
51303010 Muffin, English, wheat or cracl,..ed wht:nt 2000 
51303030 Muffin, English. whole wbeat 2000 
S 1303100 Muffin, English. wholt grain white 2000 
5 1630000 Bagel. multigrain 1530 
51630200 M111Tm, English, multtgram 2000 
S2215000 Tortilla. NFS 5420 
52215100 Tortilla, com 2850 
52215200 Tortilla, flour 7990 
52215260 Tortilla, whole wheat 9760 
52101000 Biscuit, NF 18920 
5210 I 040 Crumpet 1690 
52 l 02040 Biscuit, from refrigerated dough 11220 
52103000 Biscuit, from fast food I restaurant 18920 
521040 IO Biscuit, home recipe 154'10 
52104040 Biscuit, wheal 18190 
52105100 Scone 17R40 
5220 I 000 Cornbread, prepared from mix 9580 
52202060 Cornbread, made from home recipe 9600 
52206010 Cornbread mulftn, lilick, round R400 
52206060 Combread muffin. stick, round, made from home recipe 10280 
52301000 Muffin. NFS l6070 
52303500 Muffin, wheat 17780 
5'.!304000 Muffin. whole grain 17780 
523040 I() Muffin, wheat bran 5820 
52304 I 00 Muffin, oatmeal 1~6()0 
52304150 Muffin, oat bran 7400 
52306010 Muffin, plain 15◊50 
55100005 Pancakes, NFS 11920 
5 S 1000 l 0 Pancakes, plain. from frozen 6830 
55 100030 Pancakes, whole grain, from frozen 6750 
55100040 Pancakes, gluren free. from frozen 4550 
55100050 Pancakes. plain. from fast food / restaurun1 15330 
55100065 Pancakt::s. whole grain, from fast food / r<:iltJUn.tnl 15330 
S510 I000 Pancakes. plain I 1920 
55105200 Pancakes. whole gr-,1111 12130 
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Table l. Consumption nnalvsis of EPO in selected foods at maximum i11te11ded use Jevcl 
F'OODCODE DESCRJPTIO.' 

55 I 06000 4550 
55200010 Waffle, NFS 9490 
55200020 Waffle. plain. from frozen 9490 
55200060 Warne. whole grain. from frozen 8390 
55200090 Waffle. gluten free. from frozen 8840 
55200 I 00 Waffle. plain. from fas1 food / restaurant 26 190 
55200130 Wame, whole grain. from fast food / re&taurant 26770 
5520 l000 Waffle, plain 18640 
55205000 Waffle. whok gram 190~0 
55:!UR000 Waflle, gluten free 8840 
55300020 French toast, plain. from frozen 3710 
55300030 Frencb loast. whole grain. from frozen 3890 
55300040 French toast, gluten free. from frozen •W>o 
55300050 French toast. plain. from fast food I restaurant 14090 
55300055 French toast. whole grain, from fast food / restaurant 14310 
5530 I000 French toast, plain 11150 
55301015 French toast whole grain 11 350 
55301025 French toast. glu1en free 11980 
55301030 French roast slicks. NFS Yl20 
55301031 Frencb 1oast sticks. plain, from frozen 9120 
5:5301040 French toast sticks. plain. from fast food restaurant 20870 
5530 I050 French toast slicks, plain 17740 
5530 I055 French toast sticks, whole grain I 1350 
55400010 Crepe. NFS 10930 
5540 l000 Crepe. plam 10930 
55702100 Dosa (Indian). plain 4050 
57100 I 00 Cereal. ready-to-eat, NFS 20000 
57124200 Cereal. chocolate flavored, frosted. puffed com ~0000 
572067 I5 Cereal ( General Mills Fiber Oue Raisin Bran CluSte~) 20000 
57216000 Cereal. frosted rict: 20000 
57227000 Cereal. granola 20000 
57301511 Cereal (Kashi GOLEAN CninchJ 20000 
57308190 Cereal. muesli 20000 
57309 I00 Cereal (Nature Valley Granola) 20000 
57329000 Cereal. raisin bran 20(100 
57348000 Cereal. frosted com 0ake!'- 20000 
S74 I6010 Cereal. puffed wheat. -.weetened 20000 
57000100 Cereal. oat. NFS 20000 
57134000 Cereal, com flakes 20000 
57137000 Cereal, com puffs 20000 
57151000 Cereal. crispy rice 20000 
57206700 Cereal (General Mills fiber One) 20000 
57207000 Cereal. bran flakes 20000 
57208000 Cereal (Kellogg's All-Bran Compl~tc Wheut Flakes) 20000 
57228000 Granola, homemade 20000 
57301500 Cereal (Kash1 7 Whole Grain Pults) 20000 
57301505 Cereal (Kashi Autumn Wheat) 20000 
57301510 Cereal (Kashi GOLEAN) 20000 
57337000 Cereal. nee: 11.ikes 20000 
57340000 Cereal. puffed rice 20000 
5740 I lOO Cereal. toasted 001 20000 
57416000 Cereal, pulled wheat, plain .2000() 
Sfi202900 Oatmeal. from fa~l food, plain 1«)000 

Pancakes, gluten free 
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Table 1. Coosum tion anal •sis of El'O in selected foods at m:l.l.imum intended use level 
FOOOCODE DESCRIPTION Amount (ppm) 

56203075 Oatmeal. regular or tJuick. made with non-dairy milk. NS as to fat 15000 
56203076 Oatmeal. regular or quick. made with non-dairy milk. no added far IOOOO 
56203077 O<1ttneal. regular or quick. made witl1 non-dairy milk. fat added 15000 
56203105 Oatmeal. instant, plain. made with non-dairy milk. NS as to fat 10000 
56203106 Oatmeal. instant, plain, made w11h non-dairy milk. no added fot 10000 
56203107 Oatmeal, instant. plain. made with non-dairy milk. fot added 15000 
5620 I 065 Grits. regular or quick. made wilh non-dairy milk. NS as to fat 10000 
5620 I066 Grits, regular or quick. made with non-dairy milk, no adt.kd far 10000 
5620 I 067 Grits. regular or quick. made with non-dairy milk. fot adued 15000 
56201350 Grits. instant. made with non-dairy milk. NS as to fat 10000 
S6201355 Grits. instant. made with non-dairy milk. no added fat 10000 
56.201360 Grits. instant. made with non-dairy milk. fat added 15000 
56205090 Rice. cream of. cooked. fat added 5000 
56205092 Rice. cream of. cooked. NS as to fat S000 
56207025 Cream of wheal. regular or quick. made with non-dairy milk. NS as to fol 15000 

56207026 
Cream of wheat. regular or quick. made with non-dairy milk. no added 
fat 10000 

56207027 Cream of wheat. regular or quick. made With non-dairy milk. fat added 15000 
56207101 Cream of wheat. instant. made with non-dairy milk. NS as to fol 15000 
56207102 Cream of wheat. instant. made with non-dairy milk. no added fat 10000 
56207103 Cream of wheat instant. made with non-dairy milk. fat added 15000 
71~00400 Potato chips. baked. plam 30000 
71200410 Potato chips. baked. flavored 30000 
41310900 Bean chips 30000 
414 10015 Soy cbips 30000 
543 18000 Chips. rice 30000 
54401075 fortilla ch1ps. plom 50000 
54401085 for11 1la chips. flavored 50000 
S4401095 Tortilla chips. popped 50000 
54420210 Multigrain chips (Sun Chip:,) 50000 
54440020 Cracker chips 50000 
71220000 Vegetable chips 50000 
719054 10 Plantain chips 50000 
734 tu2 I0 Sweet potato chips 50000 
54403045 Popcom, popped moil. uobunerea 50000 
54403046 Popcom. popped in oil. with added buuer or marganne 75000 
54403056 Popcom, microwave. butter flavored 10000 
54403057 Popcorn. microwave. butter flavored. lighl 10000 
54403085 Popcorn. ready-to-eat packaged, butter flavored 10001) 
S4403086 Popcorn. ready-to-eat packaged. butter t1avored. light 10000 
54408000 Pretzels. NFS 7325 
54408015 Prctzell:-. hurd, Nr • 7325 
54408016 Pretzels. hard. pl::un, :.alted 7325 
54408035 Pretzels, hard, tlavored 9700 
54408070 Pretzels. hard. mulligrain 7400 
S4408UISI Pretzels. hard. plain. gluten free 16675 
54408082 Prer-zels. hard, l11wored, gluten free I8()50 
54408190 Prer7.els. hard. coated, NFS 44100 
54408260 Preuels. hard. coated. gluten free 38925 
54408400 PrnUels, son. NFS 4000 
5440R405 Pretiel , son. r't!ady-10-eat. NrS 4000 
54408450 Pretzels. ofL from frozen. NFS 4000 
54408455 Pretzels, ·oft. from frozen. sailed 3060 
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T able 1. Consum tion anal sii. of EPO in selected foods at maximum intended use level 
FOODCODE DESCRIPTION Amount (ppm) 

54408456 Pretzels. soft. from frozen. unsalted 3100 
54408480 
54408485 

Pretzels, soft. mult1grain 
Pretl:elS. soft. glu1en free 

3 130 
i740 

51 184000 Breadsticks. bard, NFS 10000 
51 184100 Breadsticks, llard, reduced sodium 10000 
51 185000 Croutons 10000 
51306000 Breadslicks, hard. whole wheat 10000 
51808050 Breadsticks. hard gluten free 10000 
5400 I 000 Cracker . NFS 20000 
54102050 Crackers, oatmeal 20000 
54 103000 Crackers, breakfast biscw1 50000 
54200 I 00 Crackers, butter. reduced odium 20000 
5420 IO IO Crackers. matzo. reduced odium 20000 
54204020 
54204030 

Crackers, wheat. reduced sodium 
Crackers, woven wheat. reduced sodiu111 

10000 
:wooo 

S4301010 Crackers. butter. plain 20000 
S430 I 030 Crackers. butter ( Ritz) 20000 
S43050 IO Crackers, crispbread 20000 
54305010 Cracker-;, Oatbread 20000 
54307000 Crackers, matzo 20000 
54308000 Craclu:rs, milk 20000 
543 18500 Rice cake 10000 
54319000 Crackers. rice 20000 
543 19005 Crackers. rice and nuts 20000 
543 I9020 Popcorn cake 20000 
54326000 Crackers, mult1grnin 20000 
54328000 Crnckcn., ·andw1ch 20000 
54337010 Crackers, woven wheat 20000 
5433 7020 Cracker·. woven wheat. plain (Triscu1t) 20000 
54337030 Crackers. WO\'en wl1eat, flavored (Triscuit) 20000 
5433 7060 Crackers, woven wheat, reduced fal 20000 
54338000 Crackers, wheat 20000 
543380 IO Crackers, whea1. plain ( Wheat Thins) 20000 
54338020 Crackers , wheat, 0avored (Wheat TI1in1,) 20000 
54338100 Cracker.;, wheat. reduced f.11 20000 
54339000 Crackers. com 20000 
54340 I 00 Crackers. gluten free. plain 20000 
54340 I IO Crackers. gluten free, flavored 20000 
54202020 Crackers. saltille, reduced sodium 20000 
-4313000 Cracke~. oy.,ter 20000 
54325000 Crackers. saltine 20000 
543250 IO Crackers. saltml'. reduced ta c 10000 
54325060 Crackers. saltine. mulligrain 20000 
53710400 
S3710500 
53710502 

Cereal or granola bar (General Mills ribl!r One CheW) Bar) 
Cereal or granala bar ( Kellogg's Nulri-Grain Cereal Barf 
Cereal or granola bur (Kellogg's Nutri-Grnin Yogurt Bar) 

50000 
500()0 
50000 

537 10504 Cereal or granola bur (Kellogg'!- Nulri-Grnin Fn.iil an<l Nul Ran S0000 
53 7 J0600 Milk 'a Cereal b11r 50000 
S3710700 Ceri::al or granola bar (Kellogg':- Spcci11I K bar) S0000 
5371 OR 10 
53710900 

Cereal or granola bar (K IND Frui t and Nut Bar) 
Cere3l or gmnola bar (Gt:nt:ral Mills Nature Valky Chewy 1 nu! Mix) 

50000 
500UO 

53710902 
Cereal or granola bar. w11h yogun i:oalmg (Gem:ral Mills Nature Valley 
Chewy Granola Bar) 50000 
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Table 1. Cunsumption analysis of EPO in selected foods at maximum intended use level 
FOODCODE DESCIUPTIO A 11101u1t m 

53710904 Cereal or granola bar {General Mills Nature Valley Sweet and Salty 
Granola 13ar) 50000 

5371090() Cereal or grannla bar lGeneral M1U::1 Narure Valley Crunchy Granola 
Bar) 500()0 

53711000 Cereal or granola bar (Quaker Chewy Granola Bar) 50000 
53711002 Cereal orgranola bar (Quaker Chewy 90 Calorie Granola Ban 50000 
53711004 Cereal or granola bar (Quaker Chewy 25% less Sugar Granola Bar) 50000 
5371 1006 Cereal or granola bar (Quaker Chewy Dipps Granola Bar) 50000 
53711100 Cereal orgranola bar (Quaker Granola Bites) 500011 
537 1200() Snack bar. oatmeal 50000 
53712100 Cereal or Granola bar, 1 FS 5000() 
53712200 Cereal or granola bar. lowfaL NFS 50000 
53713000 Cereal or granola bar. reduced sugar. NFS S0000 
53713010 Cereal or granola bar, fruit and nu1 50000 
53713100 Cereal or granola bar. peanuts, oats. sugar. wheat germ 50000 
j37l4200 Cereal or granola bar. cl1ocolate coated. NFS 50000 
53714210 Cereal or granola bar. with coconut, chocolate coated S0000 
537 1422() Cereal or granola bar with outs, chocolaie coated 50000 
53714130 Cereal or granola bar. oats. ouis. coated with non-chocolate coating 50000 
53714250 Cereal or granola bar. coated with non-chocolate coating 50000 

53714300 
Cereal or granola bar. h1gb fiber, coated with non-chocolate yogurt 
coating 50000 

53714400 Cereal or granola bar, with nee cereal 50000 
5371-4500 Breakfast bar. NFS 50000 
53714510 Breakfast bar. date. with yogurt coating 50000 
53714520 Breakfast bar. cereal cru~t with frui1 fill ing. lowfat 50000 
53710800 Cereal or granola bar (Kashi Chewy} 50000 
53710801 Cereal or granola bu (Kashi Crunchy) 5000() 
53720 100 Nutrition bar (Balance Original Bar) 50000 
53120:wo Nutrition bar (Clif Bar) 50000 
53720210 Nutrition bar (Clif Kids Orgamc Zbar) 50000 
53720300 Nulfition bar (PowerBar) 50000 
53720400 Nutri tion bar (Slim Fast Original Meal Bar) S0000 
53720500 Nulf1tion bar (Snickers Marathon Protein Bar) 50000 
53720600 Nutnrion bar (South Beach Living Meal Bar) S0000 
S3720610 Nutrition bar (South Beach Living, Iligh Protcw Bar) 50000 
S3720700 Nutrition bar (Tiger's Milk) 50000 
53720800 Nutri11on bar (Zone Perfecr Classic Cruncb) 50000 
53729000 Nutrition bar or meal replacement bar. NFS 50000 
53100070 Cake batter. raw, not chocolalc 500()0 
53100100 Cake or cupcake, NS as to type 50000 
53101100 Cake. angel food. without icmg or fillu\g 3000 
53108200 Snack cake, chocolate. with icing or filhng 50000 
53109200 Snack cake, not chocolate. witb 1cmg or filling 50000 
5311531() Cake or cupcake. nut. without 1cmg or fillmg 50000 
53 115320 Cake or cupcake. nut. with tcing or fillu1g 50000 
53 l I 5410 Cake or cupcake, outmeal 50000 
53115450 Cake or cupcake. peanut butter 50000 
53116000 Cake. pound, wuhoul 10mg or filling S0000 
531 16020 Cake. pound,\\ ith icing or filling 50000 
53 l 16270 Cake. pound, dmcolatc 50000 
53116390 Cake. pound. reduced lat, cholesterl1I free 2000 
53 11 8100 Cake. f.pongc , withouc icmg or filling 50000 
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Table l. Consumption analysis of EPO in selected foods at maximum intended use level 
FOODCOOE DESCRJPTIO Amount (ppm) 

53118200 Cake. sponge. with icing or filling 50000 
531 18300 Cake, sponge. chocola1e 50000 
5311208(1 Cake, shortcake. biscu11 type. with fru1T 10000 
531230S(l Cake. shortcake. sponge type. w 111J th111 10000 
5339 1000 Pie shell "0000 
53391 J00 Pie shell. graham cracker 50000 
5339 11 50 Pie shell. chocolate wafer 50000 
53391200 Vanilla wafer desserl base 50000 
534 10 I 00 Cobbler. apple 10000 
534 15100 Crisp. apple. apple <lessen 10000 
53440000 Strudel. apple 10000 
53450000 Turnover or dumpling. apple 50000 
53200 I00 Cookie, batter or dough. raw S0000 
53201000 Cookie. NFS 50000 
53203500 Cookie. biscotti 50000 
53204000 Cookie. brownie, NS as to icing 50000 
53204010 Cookie, brownie. without icing 50000 
53204840 Cookie, brownie. reduced fat. NS as to icing 50000 
S3205260 Cookie, bar. wilh chocolate 50000 
S3206000 Cookie. chocolate cl1ip 50000 
53234000 Cookie. peanut butter 50000 
53240000 Cookie, ru1imal 5000() 
53261000 Cookie, gluten free 50000 
54 l 020 IO Graham crackers 50000 
54102015 Graham crackers (Teddy Grahams) 50000 
51 166000 Croissant 50000 
51167000 Brioche 50000 
53520000 Doughnut. NFS 100000 
53520 I00 Doughnut. cake type, plam 100000 
535205 lO Beig11et 100000 
91703040 Caramel candy. chocolate covered 30000 
91760 I 00 1 offee. chocolate covered 30000 
91703010 Caramel, chocolate-llavored roll 3000() 
91703020 Caramel. flavor other than chocolate 30000 
91703080 Caramel. all flavors. sugar free 30000 
91760000 Toffee. plain 30000 
63403030 Fruit :;alad. including citrus fnuts, wilh nondauy whipped topping 8040 
7 31022 17 Carrots, fresh. cooked with 011 30000 
73102224 Carrots, frozen. cooked with oil 300()0 
73102227 Carrots, canned. cooked wilh oil 30000 
73103021 Carrots, canned. reduced sodium. cooked with oil 30000 
73402021 Sweet potato. baked. peel eaten. made with oil 30000 
73403021 Sweet polatl'>. baked. peel not eaten. made\\ ith 01I 30\100 
73405021 Sweet pot.all), boiled, made with oil 30000 
72201223 f31•occoli. fresh. cooked with oil 300(10 
72201226 Broccoli. frozen. cooked wtth oil 30000 
72125217 Spinach. trcsh. cooked with l)il 30000 
721 '.25224 Spinach. fro1.cn, cooked with 11il 30000 
72125227 Spinach. canned, cooked with oil 30000 
72107227 Collard:.. fresh, cooked \\'ith oil 30000 
7'.2 I07230 Collards. frozen, cooked with lltl 30000 
T!. I07233 Collards. csnncd. cooked with CHI 30000 
75205044 Green beans, fresh. cookt:<l with t)il 30000 
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Table 1. Cousumprion analysis of EPO in selected foods at maximum intended use level 
FOODCODE DESCRJPTIO Amount (ppm) 

7520504 7 Green beans. frozen, cooked wi1h oil 30000 
75205050 Green bean.s. canned. cooked wilh oil 30000 
7520513 1 G-reeo beans. canned, reduced sodium, cooked with oil 30000 
75211031 Cabbage. green, cooked with oil 30000 
75216134 Com. fresh, cooked wilh oil 30000 
752 16137 Com. frozen. cooked with oil 30000 
752 16141 Com. canned, cooked with oil 300()0 
752 16321 Corn. canned. reduced sodium. cooked \\ ilh 01I 30000 
7 1900200 Plamain. cooked with oil 30000 
75224043 Green peas. fresh, cooked\\ ith oil 30000 
75224046 Green peas, frot:en. cooked with oil 30000 
75224049 Green peas, canned. cooked with oil 30000 
75224131 Green peas. canned. reduced sodium. cooked with oil 3001)() 
75202027 A:-lparagu!t. fresh, cooked with l)il 30000 
75202031 Asparagus. frozen. cooked with oil 30000 
75202034 Asparagus. canned. cooked ,·vith oil 30()00 
75214027 Cauliflower. fresh. cooked with oil 30()()0 
75214030 CauliOower. frozen, cooked with oil 300()1) 
75219033 Mushrooms, fresh. cooked with oil 30000 
75233027 Summer squash. yellow or green. fresh. cooked with l'lil 30000 
75233030 Summer squash, yellow or green, Cruzen. cooked with oil 30000 
75233033 Summer squash. yello\.\ or green. canned. cooked with oil 30000 
75311027 Clao:;sic mixed vegetables, frozen. cooked with oil 30\)()0 
753 11 030 Clasi:ic mixed vegetable~. canned, cooked witJ1 oil 30000 
72202030 Fried broccoli 30000 
742050 IO Fried green tomatoes 30000 
75205200 rried green bean!\ 300110 
75409020 rned cauliflower 30000 
7 541 I 020 Com fritter 30000 
754 120 IO Fned eggplant 30000 
75414030 Fried mushrooms 30000 
754 14500 Fried okra 30000 
754 15022 Fried onion rin~ 300ll0 
75418010 Fried summer &quash. yellow or green 30000 
75511300 Pickles. fried 3000() 
I 467000ll Mozzarella cheese. tomato, and ba:;il. with oil and vinegar dressing 50000 

74500000 
Tomato and cucumber ~alad made with tomato, cucumber, oil, and 
vinegar 50000 

71103030 Po1a10. boiled. from fresh. peel not eaten, made w,th oil 30000 
7 110) 135 Potato. boiled. from fre~h. peel eaten. made w,th oil 30000 
711 04070 Potato, roasted, from fresh. peel eaten. madt:: with oil 30000 
7 11 04130 Potato, roasted. from fresh. peel not eaten, made with oil 30000 
71401015 Potato. French fries. from fresh, baked 30000 
71401020 Potato. French fnes. from fro1en, bak.eJ 30000 
7 1404000 Potato. hash brown. NFS 6000() 
71601020 Potato salad with egg. made with mayonnaise-type salad dressing 20000 
71601030 Potato salad with egg, made wilh creaJTiy dressing 20000 
71603020 Potato salad. made wil.h mayonnaise-type salad dressing 20000 
71603030 Potato salad_ made with creamy dressing 20000 
95 101000 Nutritional drmk or shake, ready-lo-drink (Boost) 4225 
95101010 Nutritional Jr mk or shake. rea<ly-to-<lri.nk (Boost Plm;) J3450 
95102000 Nutritional drm.k or ·hake, ready-to-drink (Carnallon lnstont Bn:akfa,;t) 4800 
95103000 Nutrition.al drink 0r shake. ready-to-dnnk (Eusurc) b325 
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T abk t. Consump tion analysis o r EP O in selected foods at mnxim um intended use level 
FOODCODE OESCRIPTIO Amount ( rn 

95 1030 IO Nutritional drink or shake. ready-to-drink (Ensure Plus) 11300 
95 104000 Nutritional drink or shake. ready-to-drink. sugar free (Glucerna) 7700 
9.5105000 Nutritional drink or shake. ready-to-dnnk tKellogg's Special K Protein) 40tJU 
95106000 Nu1ri110nal drink or shake. ready-10-drink (Muscle Milk) 5425 
95106010 Nutritional drink or s hake. ready-to-drink. light (Muscle Milk) 2875 
95110000 Nutrirional drink or shake. ready-to-drink (Slim Fast) 4825 
()S 110010 Nutritional drink or shake. ready-to-drink. sugar free (Slim Fast) 4825 
95110020 Nutritional drink or shake, high protein. ready-to-drink (Slim Fa~t) 8450 
95120000 Nutritional drink or shake. ready-to-drink. NFS 6325 
Q5 J200 IO Nutntional drink or sbake, high protein, ready-to-dnnk. NFS 8450 
95120020 Nutritional drink or shake, high protei11s lighl ready-to-drink. NrS 13450 
95120050 Nurnllonal drink or shake. liquid. soy-based 13450 
64134025 Fruit smoothie. with whole fruit, non-dairy 9500 
7R IO 11 I5 Fruit and vegetable smootl1ie. non-dairy 4500 
7R IO I L I8 fruil and vegetable smoothie, non-dairy. added protei11 5300 
92 10 1903 Coffee. Lane. witl1 non-dairy milk 10300 
92101906 Coffee. Latte. with non-dairy milk, flavored 10100 
921 0 191J Coffee. Latte, decaffeumed, with non-dairy milk 10300 
92 IO 19 19 Coffee, Latte. decaffeinated, with non-dairy milk. flavored 10100 
921 U I 923 Frozen coffee drink, with non-dairy milk 6200 
92101928 Frozen coffee dnnk. with non-dairy milk and whipped cream 20000 
921 0l ()33 Frozen coffee drink, decaffeinated. wilh non-dairy milk 7400 

92 101938 
Frozen coffee drink. decaffeinated. with non-dajry milk and whipped 
cream 20000 

92101%0 Coffee, Cafe Mocha. with non-dauy milk 9400 
92101975 Coffee, Cafe Mocha, decaffeinated. with non-dairy mill. 9400 
92 102020 Frozen mocha coffee drink. with non-dairy milk 5XOO 
92 102050 Frozen mocha coffee drink. with non-dairy milk and whipped cream 20000 
92102080 Frozen mocba coffee drink. decaffeinated. with non-dairy milk sxoo 
92 102 110 

Frozen mocha coffee drink. decaffeinatt:<l, with non-dairy milk and 
whipped cream 24 lllO 

92 102502 Coffee, Leed Lane. with non-dauy milk 6500 
91 102505 Coffee. Iced Lane, with non-dairy milk. flavored 6400 
92102512 Coffee, Iced latte, decaffeinated, with non-dairy milk 6500 
92102515 Coffee, Teed latte. decaffcinaied. wtlh non-dairy milk, flavored 6400 
CJ2L02602 Coffee, lced Cafe Mocha. with oon-da1ry milk 5900 
92102612 CoITee, Iced Cafe Mocha. decaffeinated. with non-dairy milk 5900 
92 16 1002 Coffee. Cappuccino. with non-dairy mill.. 6400 
92161002 Coffee. Cappuccino. decaffeinated, wilh non-dairy milk 6400 
81104490 Butter-oil blend, NFS 391500 
81 104500 Butter-oil blend, sltck 405550 
811045]0 Butter-oil blend, tub 391500 
81104550 But1er-oil blend, light 275500 
81103035 Margarine-oil blend. NFS 299050 
81103040 Margarine-oil blend, stick 403550 
8110308() Margarine-oil blend. tub 299050 
81103090 Butter replacement. hquid 299050 
81104010 Margarine•otl bhmd, tub. ltghl 189550 
81104020 Margarine•oil blend, i;tick. light 189550 
81200100 Oil or table fat. Nf·S 873400 
81203000 Shonening. NS ai. lo vegernbk 0r anunal Q9970 
12140000 Cream, whipped 67880 
12220200 Whipped topping 50620 



Table 1. Consum tion am1I ·sis of EPO in selected foods at maximum intended use level 
FOODCODE DESCRIPTIO • Amount ( m) 

12210280 Whipped topping. sugar free 26200 
12320 I 00 Sour cream. imitation 39040 
14301010 Cream cheese. regular. plam 68880 
14420200 Cheese spread, cream cl1eesc. regular 57200 
12:::! 10520 Coffee creamer. soy. liquid 99700 
83108000 Vegan mayonnaise 96000 
82108500 Sunf1ower oil 1000000 
83 100100 Salad dressing, NrS. for salads 222700 
83112000 Avocado dressing 216650 
83200 I00 Salad dressing. light. NI·S 70000 
11440070 Vegetable dip, yogurt ba~ed 40075 
12350230 Ranch dip. regular 114600 
12350235 Ranch dip. light 38125 
12350250 Vegetable dip. regular 114450 
12350255 Vt>getsble dip. light 37975 
95201000 Nutritional powder mix (C.aniation Instant Breakfast) 7000 
95201010 Nutritional powder mix. sugar free (Carnation Instant Breakfast) 25500 
95201200 Nutritional powder mix (EAS 'v\lhey Protei11 Powder) 25650 
95201300 Nutritional powder mix (EAS Soy Protein Powder) 17850 
95201500 Nutritional powder mix. high protein (Herbalife) 535S0 
95201600 Nutritional powder mix (lsopure} 5800 
95202000 Nurritiona1 powder mix (Muscle Milk} 85700 
9S2020 I (J Nutritional powder mix. light lMuscle Milk) 60000 
9S2 10000 Nutritional powder mix (Slim Fast) 66700 
952 10010 Nutritional powder mix, sugar free (Slim Fast) 667()0 
952 10020 Nutritional powder mix, high protein (Slim Fa~l) 67.300 
95220000 Nuuitional powder mix. NFS 7000 
95220010 Nutritional powder mii-. high protem. Nl·S 53550 
95230000 Nutritional powder mix. whey balled, NFS 7800 
952300IO Nutritional powder mix. protein. soy based, NI'S 27800 
95230020 Nutritional powder mix. protein, light. NFS 60000 
95230030 Nutritional powder mjx, protein. NFS 7800 
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7.2.4 Appendix IV. Safety Assessment Report (Baumert, 2022) 

Safety Assessment Report 

Prepared on behalf of the Burdock Group Consultants and l erviva 

Afle.rgenicity S-afety Assessment of t he Potential Exposure to 
Resi dual Pongamia Protein ,,n Edible Pong-amia Oil (E.PO) 

Prepared By: 
Joseph l. Baumert, Ph.D. 

8aumert Consulti ng Group, U C. 

October 5, 2022 

Edible Pongamfa Oil (EPO) is derived from the beans of the Pongami a (M,fferrlo pinnoto} tree 
which belongs to the diverse Fabaceae (leiumel fam,lr,-. Clinteal orou-reactiv1ty has been 
documented to occur between certain species of legumu in the fabaceae fanuty, a lthough this 
chnica, cross-reactivity i s relatively rare Wnhin the l eg·ume fami ly, peanut is the most prominent 
a Jergente food due to ,ts relatively h igh prevalei,ce of allergenicity m industru hzed countries and 
the reponed severi ty of allergic reactions that can occur when upos~d to peanut protern. 
Pong-amia 011hu not been tradi tionally used for human consumption and t'herefor.e_ no clinical 
evaluati ons or history or the potential aller,gemcit•( or cross-reacfrlity are a11ailab' e. EPO 
undergoes a refining process whi ch does not include b ' eadung and deodonnng steps that woul d 
be consi dered key steps in the process to derive highly r efined oil$ which me-et the source 
a lergen labeling exemption set forth by Congr es.s 1n the Food Alter,en l abe mg and Cons.umer 
Protecti on Act of 2004 ( FA.LCPA) Prote in is remo•red to a degr.ee through the 01I refining procen 
outlined 1n Figure 1 of the dossier; however, some residua Pongarni a bean proteins r.emam in 
refined EPO product Terviva tested two l ots of EPO using the methO<I or R\gb•t et al. (20U} .and 
found total protein l evels of 1470 and 1965 ng protein/gram of EPO { 1.47 and 1:96S ppm, µg/gl 

The focus of this safety .assessment was to evaluate the potential allergenic u .posure risk 
associated wnh the residual protein found 1n the EPO. Since no,epotU of altergenicny to EPO or 
the prot"eins found within the Pongami a bean are availabl e, and thus no expo.stJre/thres1io d data 
e,dst, peanut thresho'd data and reported population reference doses were used as conservatwe 
sunogates for the exposur-e assessment of the residual Pongam1a protein found m the EPO. As 
mentioned, peanut is considered the most potent allergenic food source w ,t})m the 1egume family 
and therefore serves as tt>e worst-case legume source for this safety assessment No data are 
a~i able which suggest that Pongamia protein i s a' lergenic for equ1va ent in al ergenictty 10 

pe,1nut} It 1s important to note that the approach used in this asseslrrent series as the worse
case scenario and 011erMt1mate the true nsk associated with the EBO and its appltcat,on i n 

f tn1sh ed food prO<lucts as consumed. 

?age 1or 7 
- ... ,~!'Orrr..1t,O,. '°"<• ,~o o,mion;cP'OY!C0G rtf"'C~llt tllt ~., ruc51r~'\( • : lM u .-cot , ..~... .,. • ., " • • p rc:tJlt:&t •~ or bJ-..rt 
COll!.:ltcan5Gro.,p UC ~,It ' "°"# flO! O< con,ic~c4 tc;• t ~ Ill« on •rrr loaf. :tote, rece-11 Of • te-,,aL.or.& ~<oll'l!:on « 
rtAtJle Ille tl'JC'O~f-St yo~ tog,nl;l<Utc l)p ic♦l>IC tC6"JlelO<Y •ot fl<Y ...~o• ~\jt[i ,{c,d U1ornty t:> C-<ff'\ t,f\t ,ef4r,-,Jt<Oft 
:,r-t..:Ct"ttC: .., u,n ca-e::,o,,c;encc 

June 14, 2023 Page 78 of 84 

20.TERV002.03 fusin g science and com p lian ce www.burdockgroup.com 



Exposure Dose Analysis: 

l gE-mediated food allergi es involve an acute ,mmune response upon the exposure of the 
offending protein(s) from the allergenic source which can manifest into allergic signs and 
symptoms within minutes to hours after exposure Given the acute nature of lgE-mediated food 
a lergies, this exposure usessment evaluated consumption patterns on an 1nd1vidual eating 
occasion basis for the U.S. populati on using data from the 2003-2020 National Hea th and 
Nutrit ion Examination Surveys (NHANES) Representative food products w 1th1n the food groups 
1dent1fied in Table 10 of the dossier were ana Y?ed to derive the U.S . .population consumpt ion 
en,mates, including the gram quantities of consumption per eating occasion associated with the 
average. 75th percentil e fp75) and 90'h percenti le (p90) of the U.S population. Consumption data 
for chi ldren, teens and adul ts were combined to derive the populati on e st imates for each food 
product. Thes.e consumption quantities were then used to c.ilculate the exposure dose of resi dual 
Pongamia protein based upon the maximum mtended use 'evel of EPO in the various food 
products ( see Table 10 of the dossier) and the maximum concentration of Pongamia prote in that 
was detected in the EPO u.s1ng the method o1 R,gby et a ( 2011) The final concentration of 
Pongamia protein in each fini shed food product and the ca .culated exposure dose(µ: Pongamia 
protein} are pro•11ded in Table 1 of this report 

Clinical Th reshold/Reference Dose Analysis: 

The Food Allergy Research and Resource Program (FARRP) and TNO (Ze,st, the N-ether ands) 
have reviewed the published chn ical l iterature and Uflpu b ,shed c.li nical records containing tow
dose dose food challenge data of a 1ergi c chi dren afld adults to obt,11n individual NOAEL and 
LOAEL values as described by Remington et a (2020). Thi s clinical data was t1sed these data to 
generate population threshold di stributi on curies for various priority allergen ic sources where 
data exist. For the rpurposes of this sarew assessment, the peanut threshold di strib1rtion wh1ch 
was derived from 1306 peanut-allergic individuals (children and adu ts) was uti 'i 2ed as a surrogate 
at ergenic soun:e as mentioned previously 8ase-d upon the populati on dose distnbution model , 
the VITAL Scientific Et pert Panel recommended a reference dose of 0.2 mg total pean\lt protein 
based upon the estimated dose that the most sensitive 196 (ED01) of the peanut-a 1erg1c 
population may rean to t1pon consumption . This reference dose 1s currently used in the Allergen 
Bur·eau of Ausuaha and New Zealand's VITAL., 3.0 calculator Recently, the Ad hoc Joint 
FAO/ WHO Expert Consultation of Ru k Assessment of Food A ergens al so revie,ved availab1e 
clinical thresho'd data for priority allergenIC food sources as well as the severity of response 
a.ssoc1ated v1th ex,posure doses associated wi th the EOo\ {0 2 mg of peanut protein ) and EO45 (2 
mg of peanut protein) estimates Based upon the c•;n icaf data available for priontv a,lergens, the 
Committee noted that all ob1ective reactions that occurred between the £0o1 and EDo, doses were 
mild or moderate and the likelihood of severe anaphy ax,s was considered t·Obe ..-ery 'o,v The 
Committee recommended that reference doses based upon the EO~i wou!d meet the safety 
obj ective of minimizing the probabil ity of any clinica1'11• rele•1,mt ob1ect ive allerg1C rupons~ 
occurring at the defined reference doses for pri onty allergeni c foods. Th'! recommended health• 
based i:ui dance value for peanut was set at 2 mg of total P-eanut protein The recommendat ions 
of the Committee are currently under cons1derat1on bv the Codeic Committee on Food Labeling 
(CCFLJ The stimmar; documents of Part 2 of the fAO/WHO eicpert consultation can be reviewed 
at the fo ll owing websi te: 
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• https //cdn who.mt/media/docs/defau t - source/food-safety/ emra/2nd-allergen
sumnury-r1eport-20aug2021.pdPsfwsn:91Sa8417 8 

• https://www.fao org/l/cb9312en/cb9312en.pcH 

For the purposes of this safety ilssessment, the EOo1 reference dose of O2 mg of total peilnut 

protein was conservauve•y used as t ile benchmark dose for comparJson to the cal culated 
e,cposure dose of residua Pongamia protein for each finished food product that would conuin 
EPO 

Conclusions of the Sofety Asse.ssment of the Potential Allergenic Risk to u,nsumers Exposed to 
Residual Ponqamia Protein in Food Products Contoininq EPO: 

This safety assessment ,s predicated upon the use of several conservative assumptions as 
noted above. When consi dering the totalit-,' of the conservative estimates for the ntculated 
co,,centration of total Pongamia protein thilt m ay be present in finished food products which 
would contain EPO and threshold data from peanut-allergic individuals (used as a conservative 
surrogate t o repr-esent the a ergenic1ty of Pongam,a protein) that underpin the safety 
assessment, the ri sk of an allergic reaction occurring. assuming Pongamia prot ein would e ,c,t an 
lgE-mediated allergic response, wou d be very low and would not pose a reasonable like ihood of 
an ad•,erse response in individua' s with fgE-med1ated food in my expert opinion. 

For a,I of the food products evaluated, the quant it y of food tt>at would need to be consumed 
during a single eat ing occ.mon to reach t he E001 reference dose of 200 µ: of protein from the 
a lergen1c source w as a m inimum of 3.4 times higher than the 901

" percentile consumption 
~uantity In t hi s instance, p r et1e1s served as the, food product with the highest est1mated 
e)(posure dose due to the combinati on of the highest 1nctus1on of €PO of the selee1ed food 
products and the quantity of pretze' s consumed during a single eat1n: occasion in the populati on. 
For the ma,ontv of the food products, ow:r 1 kg of the food would need to be consumed during a 
single eating occasion to reach the E0;>1 reference dos-e ~hich would be unlikely to occ\lr based 
upon the consumption data available from the NHANES database "Therefore, the amount of 
r esidual Pongam1a protein present in the EPO that would be used in vu ious food product 
apphcations would not pose an allergeri ic nsk in my ex~rt opinion. 
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Table 1. Exposure Dose Assessment of Pongamia Protein in Food Products that Would Contain Edible Pongamia Oil (continued). 
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Table 1. Exposure Dose Assessment of Pongamia Protein in Food Products that Would Contain Edible Pongamia Oil (continued). 
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Table l. Exposure Dose Assessment of Pongamia Protein in Food Products that Would Contain Edible Pongamia Oil (tontinuedJ. 
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