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AJINOMOTO CORPORATE SERVICES LLC 
1120 Connecticut Avenue, N.W., Suite 1010, Washington, D.C. 20036-3953, USA. 

Tel: (202) 457-0284 Fax: (202) 457-01 07 

May 7,2010 

Document Receiving 
U.S. Food and Drug Administration 
5 100 Paint Branch Parkway 
College Park, MD 20740 

Attention: 
Dr. Robert L. Martin, Deputy Director 
Division of Biotechnology and GRAS Notice Review 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 
Mail code: HFS-255 
Building: CPK 2 Room 2045 

RE: GRAS Exemption Claim Notification - Polyglutamic Acid 

Dear Dr. Martin: 

Attached please find three copies of a revised GRAS Exemption Claim Notification for 
the food ingredient Polyglutamic Acid that has been determined to be Generally 
Recognized As Safe by scientific procedures. The attached copies of the GRAS 
Exemption Claim Notification for Polyglutamic Acid have been edited to address 
suggested revisions discussed in our telephone conversation of last month, including that 
of a more detailed report of the deliberations of the independent Expert Panel who opined 
that PGA is GRAS for the intended conditions of use. This communication is a letter of 
transmittal for that submission. 

If there are questions or a need for additional information, please do not hesitate to 
contact me [phone (202) 457-0285, email bursevb@aiiusa.com]. 

Personal regards, 

Robert G. Burs@.D. 
President, Ajinomoto Corporate Services, LLC 
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GRAS EXMPTION CLAIM FOR POLYGLUTAMIC ACIDS 

1. GRAS EXMPTION CLAIM 

LA Claim of Exemption from the Requirement for Premarket Approval as per 
Proposed 21 CFR 170.326 (c) (1) 162 FR 18938 (17 April, 1997)] 

Ajinomoto Corporate Services; LLC (hereafter Ajinomoto) hereby notifies the U.S. Food and  Drug 

Administration that polyglutainic acid has been determined to be Generally Recognized A s  Safe (GRAS) 

consistent with the requirements of the Federal Food, Drug and Cosmetic Act. The determination of 

GRAS for the use of polyglutamjc acid defined in this dossier was made through scientific procedures 

described herein by a panel of experts qualjfied by their scientific training and experience to do so. The 

use of polyglutamic acid defined below is therefore exempt from the requirement of premarket approval. 

Signed ~ 

Date 

Ajinomoto Corpor 

1.B Name and Address of Notifier 

Robert G. Bursey, Ph.D. 
President 

Ajjnomoto Corporate Services, LLC 
1120 Connectjcut Avenue: N.W., Suite IO10 
Washington, DC 20036 
Phone: (202) 457-0284 ext. 301 

EmaJl: 
Fax : (202) 457-01 07 

burse y b@ii!ai iusa. coni 

Ajinomoto Corporate Services, LLC 
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1.C 

The common name of the substance which is the subject of this G U S  Notice is polyglutamic acid (PGA). 

PGA exists naturally in food and has a long history of consumption as a component of the traditional 

Japanese food ‘natto’, soybeans fermented with the microorganisum Bacillus subtilis. 

Common Name of Notified Substance 
( 
\ 

1.D Intended Use and Consumer Exposure 

Ajinomoto intends to market polyglutamic acid as a food ingredient in the U. S. for use as a ‘debittering’ 

agent in salt substitute products containing potassium chloride. PGA will be used in these salt substitutes 

at an inclusion rate of 0.15 - 0.4 YO by weight (of the salt product). The basis of these use levels in shown 

in Section VIII, Table VIIIA on page 17 of this dossier. Use levels of PGA for the function which is the 

subject of this GRAS Notice is somewhat self-limiting, in that concentrations of the substance at 0.4 % or 

greater of a salt substitute create a slight sour taste in the salt substitute product. 

The estimated mean consumption of total ‘added salt’ to the diet of Americans is 7.06 glday per user and 

7.01 glday per capita, while the 90‘” percentile of ‘added salt’ intake is 1 1.6 glday per user and 1 1.5 glday 

per capita. At these levels of ‘added salt’ intake and a PGA use level of 0.4 % in all ‘added salt’ products, 

the mean and 90”’ percentile of PGA consumption would be 28.0 mglday and 46.0 mglday respectively 

(see VIII2 for details). 

1.E Basis for GRAS Determination 

As per the eligibility criteria described in 2 1 CFR 170.30 (and 2 1 CFR 170.39, polyglutamic acid (PGA) 

has been determined by Ajinomoto to be Generally Recognized AS Safe (GRAS) through the use of 

scientific procedures. This determination is supported by the opinions of highly reputed experts who are 

qualified by their scientific training and professional experience to assess the safety of PGA for the food 

use defined in this Notice. A copy of the fully endorsed ‘Statement of the Expert Panel’ is included on 

page 32 of this dossier. 

This Expert Panel of independent scientists, at the request of Ajinomoto, after having reviewed and 

evaluated a dossier of data and information similar to that in this Notice, convened on April 7, 

2009 to perform a collective critical assessment of whether the intended use of PGA as a food 

*“rs 

i.. Ajinomoto Corporate Services, LLC 
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ingredient was safe. The Panelists individually and collectively unanimously opined that PGA 

would be Generally Recognized A s  Safe (GRAS) based of scientific procedures. They 

subsequently endorsed a written statement to that effect (see attached statement of the Expert 

Panel). 

The scientific experts on the Panel were Joseph F. Borzelleca~ Ph.D. (Emeritus Professor - 

Vjrgjnia Commonwealth University); Michael W .  Pariza; Ph.D. (Professor - University of 

Wisconsin): Steve L. Taylor, Ph.D. (Professor - University of Nebraska) and John A.  Thomas, 

Ph.D. (Professor - University of Indiana Medical School). It is also the opinion of the Expert 

Panel that other competent scientist with knowledge and expertise in relevant scientific 

disciplines evaluating the same safety and toxicology data and information would arrive a the 

same conclusion. 

Through the use of scientific procedures polyglutamic acid has been demonstrated to be a G U S  

food ingredient for its intended uses. I t  therefore may be  marketed and sold for its intended uses 

in the U.S. without the promulgatjon of a food additive regulation. .#,*I , 

1.F Availability of lnformation 
(\ 

The detailed data and information that serve as a basis for this GRAS determination will be provided to 

the U.S Food and Drug Administration (FDA) upon request, or are available for review and copying 

during business hours a the office of: 

Robert G Bursey, Ph.D. 
President 
Ajinomoto Corporate Services, LLC 
1 120 Connecticut Ave., NW, Suite 101 0 
Washington, DC 20036 
Phone: (202) 457-0284 ext. 301 

Email: bursevb~,aijusa.com 
Fax : (202) 457-01 07 

kati, 

Ajinomoto Corporate Services, LLC 
February 16,2010 

0 0 0 0 1 2  
3 



1.G Background Information 

Sal t  a chemical consisting of sodium and chloride, i s  essential for the maintenance o f  a health, and 

appropriate amounts of sal t  enhance the-taste o f  many foods and dishes as well. But too much sodium can 

be harmful, just like many other dietary components. 

Excess ive intake of sodium is not only a primary cause of hypertension in some individuals, which leads 

to cardiovascular disease such as strokes, heart attacks, heart failure etc., but also increased rena l  disease 

and risk o f  bone demineralization. A reduction in the intake o f  sodium by Americans Is, and has been a 

major public goal in the U S. 

The World Health Organization, has set a worldwide target o f  reducing sal t  intake to 5 g/day or less for 

all adults (WHO 2003), while actual salt intake in most developed countries remains 9- I 2  @day Efforts 

IO reduce s a l t  intake are made by individuals as well  as food manufacturers, by using smaller amounts o f  

sal t  and/or by using salt substitutes. In  either way, t s t e  is  usually an i s s u e  and i t  appears diff icult to 

continue a low sodium diet  for a long time. 
2” 

Potassium chloride i s  commonly used in salt substitute and i s  used in the form o f  a mixrure with sodium 

chloride or by itself. Potassium chloride has a salty taste i tsel f ,  but i t s  metallic bifter aftertaste i s  a 

problem. 

Polyglutamic acid offers a solution for making palatable low-sodium sal t  substitutes with potassium 

chloride by mitigating the bitter taste of  potassium chloride in such products, whether for table top, food 

preparation or food production applications. 

PGA is a polymer o f  many molecules of D- and L-Glutamic acid which are combined by y-linkages 

PCA naturally exists in the traditional Japanese food natto (fermented soybeans) fermented with Bacillus 

natto. Bacillus notto i s  an idiomatically used name, and is officially classified as Bacillus subtilrs. 

Bacillus subrifis i s  an aerobic endospore-forming bacterium commonly found in nature and generally not 

considered to have a pathogenic or toxigenic potential. There is a history of  safe use o f  this bacterium in 

large-scale fermentation production of specialty chemicals, o f  enzymes used in food production process, >#W 

Ajhomoto Corporate Services, LLC 
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and o f  several traditional relationships to food. It is used traditionally in some Easi Asian countries for 

the fermentive production of natto, a product also obtainable in western countries I t  i s  rhus an organism 

with a tradition in  food use (See Appendix 1-1) 

PGA is a main component of natto mucilage (viscous substance) produced by Bacillus natto. PGA is 

registered as a food additive (“Bacillus nafto Gum” (“$$43H~h‘r*-’)) in Japan. Ajinornoto PGA is 

produced with liquid fermentation by Bacillus subtilis. 

11. DESCRIPTION OF SUBSTANCE 

Il.A Common or Usual Name 

Polyglutarnate, Polygluramic acid, Poly-y-Glutamate, Poly-y-Glutamic acid 

1I.B Empirical Formula 

(CsH7N03j n 

1I.C Structural Formula 

i... Ajkomoto Corporate Services, LLC 
February 16,20 I O  
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I1.D Molecular Weigbt Distribution of Three Different Lots of Polyglulamic Acid 

UV220 nm 

Lot No 06 6.17 
Average MW 29,200(1,600 to 201,800) 0 . 0 4  

S 
3 

Lot N o  07 1 5  
Average MW 28.500(1,7U0 to 193,600) 

n 
b i n )  

UV 220 nm 
o . m ]  

0.04 O - O I  

s 
3 

Lot N o  07 12.22 
Average MW32,000(1,600 to 187.600) 

0.00 

35 30 25 20 15 
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/ 
i Parameters 

Description 
(appearance) 

Identification 
Ninhydrin 

Assay (as Glu) 

1I.E-1 Product Spec*cation and , b a l y t i c a l  Methods for Polyglutamic A c i d  

Acceptance criteria 

White to yellowish fine 
powder, odorless or 
slightly characteristic 

Passed test 
NLT 75.0 Yo W/W (dry) 

Loss on Drying NMT I S.0 Yo WIW 

Residue on Ignition NMT 43.0 YO w/w I 
I 

Parameters 

Standard Plate 

Count (cfdg) 
NMT 10,000 c f d g  

col i foms Negative 

Analytical method (See Appendix 11-1) 

3bservation 

Ninhvdrin Reaction 
Amino Acid Analysis, equivalent to glutamic acid 
test, FCC V I  
Arsenic Limit Test, JSFA V l l l  
Method I, Apparatus E, equlvalenr to FCC VI  

- 

Atomic Absorption Spectrophotometry 

Loss on Drying Test, 
JSFA VIII, equivalent to FCC VI  
Residue on Ignition Test, IP XV,  equal to 
USP XXXI 
Microbial L imit  Test, 

Standard Methods o f  Analysis in Food 

Safety Regulation (Biology) 

Equivalent to FDA-BAM 

FDA- B A M  

FCC VI=  Food Chemical Codex, 6* Edition 
JP XV= The Japanese Pharmacopeia, I S *  Edition 
USP XXI= The United States Phannacopeia, 3 I '' Edition 
FDA -BAM= FDA's Bacteriological Analytical Methods 
JSFA V l l l  = The Japan's Specifications and Standards for Food Additives 
N L T  = Not Less  Than 
NMT = Not More Than 
Storage Conditions 

Shelf Life: 

Store in well-closed, light-resistant containers and keep at ambient 
temperature between I S"C and 30°C 
72  months after manufacturing date 

(. AjlnOmOIO Corporare Services, LLC 
February 16, 2010 
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Table 11 E Analytical Results of Actual Production Batcbes (5 Lots) vs Specifications 

Acceptance 
Criteria 

Lot No. 
Test item 0.7.4.28 07.5.10 08.5.24 08.6.8 09.3.29 

Description 
(appearance) 

C 

White to 
yellowish 

fine powder, 
odorless or 

S I  ight I y 
characteristic 

C C 

C 

80 0 

C 

C 

79.2 

C 

C 

80.3 

Identification 
Ninhydring 

Assay (as Glu) 
C passed test 

N L T  75 .0  Yo 
C 

81.6 81.6 
w/w( d ry ) 

N M T  
(as A s 2 0 3 )  < 4.0 < 4.0 

0 09 

< 4.0 

0.07 

< 4.0 

0 08 

< 4 0  

_____ 

0 06 

2 9  

( v d g )  
Lead (as Pb) NMT 

0.07 

1 Ps/g 
NMT 15.0 '/o 

3 -2  2 -2  2 8  

22.0 

3 . 1  

22.6 

("/.I 
Residue on 

WIW 

NMT 43.0 Yo 
21.6 2 1  4 21.4 

0 

negative 

WJW Ignition (YO) 
Microbiological 

Standard 
Plate Count 

(cfu/g) 
NMT 10,000 

c h / g  
0 

negative 

0 

negative 

0 

negative 

0 

negative Coliforms negative 

C:  conforms 

n.F 

Samples of manufactured Polyglutamic acid were stored at 5", 24", 34", 44" centigrade for u p  to 12 

months. The samples were evaluated for their description (appearance), moisture content (YO) and 

molecular weight (MW) at 0, 1 ,  2, 3, 6, 9 and 12 months. No changes indicative of product degradation 

Stability of Food Grade Polyglutamic Acid Under Various Storage Temperatures 

Ajkomoto Corporate Services, LLC 
February 16,20 10 
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were seen in a n y  of the evaluative criteria under a n y  of the storage conditions at a n y  time period up to 1 2  

months. 

0 

Table I1 F Stability Test of Food Grade Polyglutamic Acid 

1 2 3 

Parameter Time (months) I 

Description* 

Moisture YO 

Molecular weight 

~- 

C C C C C C C 

2.5 2.2 2 3  2.6 2 .5  2.5 2 .4  

29,000 30,000 3 1,000 29,000 30,000 30,000 30,000 

Description* C C C C r c j  c [  C 

Moisture YO 

Molecular weight 
- 

~- 

2.5 2.2 1 9  2.5 2.3 2.5 2 .2  

29,000 29,000 3 1 ;OOO 29,000 3 1,000 30,000 30,000 

Ajlnomoto Corporate Services, LLC 
February 16,2010 

Description * 

Moisture YO 

Molecular weight 

0 0 0 0 1 8  

C C C C C C C 

2.5 2.5 2.3 2.5 2.3 2.6 2.5 

29,000 29,000 29,000 29,000 30,000 30:OOO 29,000 

9 

Description' 

Moisture YO 

Molecular weight 

C C C C C C C 

2.5 2.4 1.9 2.7 2.6 2.4 2.8 

29,000 28,000 30,000 28,000 30,000 29,000 27,000 



111 METHOD OF MANUFACTURE 

1II.A Overview 

Polyglutamic acid is produced by fermentation employing the microorganism Bacillus subtills 

foreign DNA has been intentionally introduced into the production strain of the microorgan ism 

Confirmation of  the identity of the producer strain (Bacillus subrilis) was obtained by DNA -DNA 

hybridization analysis (See Section II1.E and Appendix lX-13). The safety of the producer organism was  

affirmed by literature citation (Appendix 1-1); by experl assessment (Appendix IX-14) and by laboratory 

evaluation (Appendix IX- 12). 

N o  

The fermentation process is characterized i n  Figure 111-A Frozen aliquots of the producer organism are 

acclimatized to the production fermentation media and conditions for some 15 - 30 hours before  being 

introduced to the main production fermented The  PGA production fermentation runs for approximately 

72 - 130 hours before the PGA - containing broth is then acid hydrolyzed, decolorized, and  filtered 

multiple times (See Figure Ill-B). The  liquid containing the purified PGA i s  then concentrated and heat 

sterilized. After further filtration, the concentrated, purified PGA is again sterilized and dried to a powder 

by spray drying. 

t 
All raw materials used in of the fermentation were food grade and widely used in food processing, as 

were substances used in the purification process (See Table 111 A). The  list of substances and  relative 

amounts of raw materials used in the fermentation media are shown in Table I11 B. 

Ajinomoto Corporate Services, LLC 
February 16, 2010 
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Table U1 A Ingredients used in Fermeotatioo Brotb and Purification Process i o  tbe Productioo 
o f  Polyglutamic Acid 

3 A S  No. l a w  material 

Iexrrose (Glucose) 

--Glutamic acid 

Yydrolyzed Soy Protein (HSP) 

’hosphoric acid ( H 3 P 0 4 )  

t ass i u m h y d r o x i de ( K OH) 

Sod i u m h y d r ox ide o\I a OH) 

lmmonia @H3) 

Llanganese sulfate ( M n S 0 4 )  

Llagnesium sulfate ( M g S 0 4 )  

Ferrous sulfate (FeS04) 

Ammonium sulfate ( m ) 2 S 0 4 )  

Ant i foam 
Polyoxyethylene- 
pol yoxypropy lene-glycery lether 

Hydrochloric acid (HCI) 

Sodium chloride O\laCI) 

Activated carbon 

Diatomaceous earth 

I CFR No.  

84. I 857  

ta tus 

io-99-7 iRAS 

ood 
jdditive 

I 72.320 j6-86-0 

I_~__ 

182 1073 

184 1631 

7664-38-2 3 R A S  

13 10-58-3  3RAS 

I3  10-73-2 3 R A S  I 8 4  I763  

184 1139 7664-4 1-7 3RAS*’ 

10034-96-5 184 1461 3 R A S  

3 R A S  

GRAS 

GRAS 

10034-99-8 184 1 4 4 3  

7782-63-0 184.1 3 I 5  

1783-20-2 184 1143 

9082-00-2 

7647-01 -0 

7647-14-5 

182 1057 GRAS 

GRAS 

Food 
Additive 

Food 
Additive 

182. I 

1 7 7 . 1 2 1 0  64365- 1 1-3 

61 190-53-2 178-3297 

* 1 : as Ammonium hydroxide 
* 2 :  Safety assessment of the antifoarn i s  described in Appendix 111-1. 

See Appendix 111-2 for report on safety use of the antifoam by Dr. T. Adams 

Ajinomoto Corporate Services, LLC 
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i 

Raw material Seed culture 

Glucose 2.0-4.0 g/dl 

(..- 

Main cuiture 

3.0-5.0 g/dl 

Table I11 B Cornpooeots/Compositioo of  Fermentatioo MedialBroth Used to Produce 
Polyglutamic Acid 

r 

L-Glutamic acid 0.0- I .O g/dl 
I 

4 0;6.0 g/dl 
I 

HSP (Total-N 

HIP04 

KOH 

NaOH 

, 
0.0 -0.2 g/dl 0.10-0. I5  g/dl 

0.20-0.30 g/dl 0.20-0.30 gldl 

0.10-0.20 g/dl 0. 10-0.20 g/dl 

0.30-0.40 g/dl 0 20-0.30 g/dl 

M n S 0 4  0.00-0 02 gldl 0.00-0 02 g/dl 
I i 1 0.03-0.04 g/dl 1 0.03-0.04 g/dl 

c", 12 so4 

Ant i  foam 

I 
0.001 -0.01 g/dl 

0.3-0.5 gld I 0 3-0.5 g/dl 

0.02-0.03 ml/dl 0.004--007 ml/dl 

1 

Figure I f 1  A Fermeotatioo Process Used to Produce Polyglutamic Acid 

I Bacillus subtilis 1 

30 - 50°C. pH7 0 - 7 5 

Glucose 

. 
I Broth 1 

Ajinomoto Corporate Services, LLC 
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r r  

i 

4 Diatomaceous earth 

II1.C Purification Process 

I I 
I J 
I 1 
I 1 
I I 
L 1 
I Drying I 

Ultrafiltration 

1 

4 

+ 
1 

+ 
1 

Microfiltration 

Concentration 

Sterilization 

Microfiltration 

S t e r ilk at ion 

1 
1 

I PGA 1 

I 1 

70°C 

120°C 

Spray-Dry 

Figure I l l  B The Fermentation, Purification, Sterilization and Drying Processes in the 
Production of Polyglutamic Acid 

Ajmomoto Corporate Services, LLC 
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IV COMPOSITION OF PGA FINISHED PRODUCT 

Test item 

PGA as Glu (YO) 

Moisture (Ya) 

Table TV-A presents some analytical data on the composition of five different production batches of PGA 

product. The small batch to batch variance in the quantities of the different parameters measured 

indicates the production process is under control and capable of yield a consistent product 

Lot No. 

07 4 28 07.5.10 08.5.24 08.6 8 09.3 29 

76.3 76.1 76.8 77 0 76.1 

4.7 4.5 4.1 4.5 4.2 

______ 

Ash (YO) * '  I6 9 16.9 17.0 17.0 17.0 

Total Sugars (YO) 
~~ 

Acetic Acid (YO) 

Ammonium (YO) 

____ I_____ 

0.3 0.3 0.3 0.2 0.2 

0.02 0.02 0.02 0.02 0.03 

2.87 2.75 2.75 2.76 2.68 

~ _ _ _ _ _ _ _ _ _ _ _ _  

Lipid 

* I : Ash contains sodium 6.22Y0, chloride 1.94Y0, sulfate 0.55%, calcium 0.30Y0, and 

potassium 0.25%, and probably contains other minerals, oxide and carbonate; etc. 

*2:  Limit of detection is 0 1 YO 

N.D. = not detected 

See Appendix 1 v - 1  for Ihe analytical methods. 

N D. N.D. N.D. N.D N.D. 
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V DISCOVERY AND’HISTORY OF USE 

fiscal year 2001 2002 2003 

t (per year) 1 3 2 

t (Cum u la t ive) 1 4 6 

V. A Discovery 

PGA is a main component of  mucilage (viscous substances) o f  the traditional Japanese  food, 

natto. Nano  is made by fermenting soybeans with the microorganism Bacillus subtil is .  The 

amount of PGA in natto is about 300 mg/lOO g 

2 004 2005 2006 2007 

2 9 6 6 

8 17 23 29 

V. B Hislory of Use 

PGA has long history of safe use (over 1,000 years) in Japan through rhe consumption of natto 

Nano  production (consumption) in Japan is approximately 250 Kt per year Thus,  about 750 t of 

PGA IS consumed in Japan each year. 

Nano  has been also produced and sold in the US  for some time Nan0  is listed in  t h e  1963 

Revision of “USDA Handbook No.  8: Composition of  Foods”. A nano manufacturing company 

“Yonai Nano  Mfg CO.” was listed in 1941 edition o f “ T h e  Japanese American Directory”. 

Soybeans fermented with Bacillus subtrlis is traditionally eaten In several areas of  Asia as well, 

eg. Kinema in Nepal, Thua N a o  in Thailand, and Chongkukjang in Korea. They a l so  contain 

PGA made with Bacillus subrilis. 

PGA is currently registered as a food additive (Bacillus natra gum) in Japan. Ajinornoto has 

been producing and selling PGA made by liquid fermentation employing Bacillus subilis since 

2001. 

protein powders, barbecue sauces and several other products. Cumulative sales of Ajinomoto 

produced PGA were approximately 29  tons during the seven year period from 2001 - 2007 

This product is used as an  ingredient in calcium supplements, low-sodium table salt, 
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VI CURRENT REGULATORY STATUS 

PGA is currently registered as food additive (“Bacillus natro gum ” $&gg f 4’’ )) in Japan. 

PGA is being used as an ingredient in calcium supplements, low-sodium table salt, protein powders, 

barbecue sauces, and several food products. 

VI1 PRODUCTlON AND USE 

Ajinornolo PGA I S  produced with liquid fermentation by Bacillus subrilrs. PGA functions to mask 

the bitter taste of potassium chloride, thus low-sodium salt preparations with potassium chloride c a n  be made 

palatable by using PGA 

VIII PROPOSED CONDITIONS OF USE 

VII1.A Food Categories and Intended Usage Levels 

A- 1. Food Categories 

Ajinomoto intends to market PGA in the United States in the food category characterized as “Added Salt”. 

Phis category bncludes salt used for table top salt as well as in food preparation for both commerclal  and 

home use. 

A-2. Use Levels 

Potassium chloride IS a common constituent of  salt replacers (1.e. low sodium salt products). Due to Its 

undesirable bitter and metallic taste, a typical salt substitute containing potassium chloride is a mixture of 

sodium chloride in a ratio of up to one  to one. As this common type of salt substitute has saltiness similar 

to that of sodium chloride (See Appendix Vl l l - I ) ,  the mixture may be used in lieu of regular salt. I n  order 

to mask the undesirable bitter metallic taste o f  potassium chloride, an inclusion rate of  0.1 5-0 .4  YO PGA 

by weight IS used. I f  the ratio of potassium chloride to sodium chloride is changed from 50 YO: the 

recommended inclusion rate of  PGA is 0.3-0.88 % of the potassium chloride. 

b*, 

(’ 

PGA not only functions to mask the bitter, metallic and aftertaste of potassium chloride, i t  also may 

contribute other taste attributes such as sourness, etc. These other taste attributes o f  PGA act to self-limit 

the levels o f  use in ‘added salt’ applications. Therefore, it is necessary to  examine the suitable inclusion 

rate sufficient to mask the undesirable bitterness but not produce other 

taste attributes which regular salt does not have. 
d 
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A-3. 

Studies were undertaken to determine the range and optimal use level of PGA in salt substitutes 

containing sodium chloride and potassium chloride. A salt mixture containing sodium chloride and 

potassium chloride in a ratio o f  1 : l  (by weight) was prepared. This mixture was felt to conta in  the highest 

concentration of potassium chloride (hence, the greatest amount of PGA) that would be used in a salt 

substitute PGA was added to the sodium chloride; potassium chloride mixture (ratio I : ] )  a t  levels 

ranging from 0 YO to 0.4% in increments of 0.05 YO. Thus, PGA was tested at concentrations of  0 Yo, 

0.05Y0, 0.1 0 YO; 0. I5 YO, 0.20 YO, 0.25 YO, 0.30 YO: 0.35 YO and 0.40 %. A 1 .O '10 aqueous solulion of each 

of the nine sodium chloride: p o t a s s u n  chloride. PGA mixtures was prepared and evaluated for salty and 

bitter (metallic) taste by a panel of tasters. The  salty taste was cornpard to that provided by a 1 .O% 

sodium chloride solution. 

Study to Determine PGA Use Levels r- 

0.30 YO 0.35 YO 0.40% Target 

1 1  Others 

0.003 5 

0.5 

0.5 

t S  

++ 

* I )  Slight sour taste was perceived. 
* *  
* * *  
++ 

The results of the taste test to evaluate the range and optimal use level of PGA in potassium-containing 

salt substitutes indicated that masking of the bitter metallic taste occurred at concentrations as low as 

0.1 5 % (of PGA). At levels of  PGA addition to the potassium-containing salt substitute of 0.40 YO a slight, 

but detectable, sour (and other 'off  tastes) taste was reported. Earlier studies had indicated that inclusion 

PGA addition to sodium chloride : potassium chloride mixture ( 1  : 1) 
Concentration of PGA i n  I YO solution of sodium chloride : potassium chloride ( 1  : 1 ) mixture 
Degree of saltiness or bitterness 
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rates of PGA o f  more than 0.40 9’0 produced culture broth f lavor  and other ‘o f f  flavors. I t  w a s  concluded 

that the appropriate inclusion rate of PGA in potassium-containing salt substitutes is between 0.1 5 o/o and 

0.35 YO. The data also indicate that use levels of PGA in potassium-containing salt substi tutes a re  

somewhat self-limiting with concentrations exceeding 0 35% producing undesirable ‘o f f ‘  f lavors.  

VI11 B Estimated Consumption of PGA 

The estimated consumption of PGA was determined using the assumption that all  added salt (low-sodium 

salt + regular salt) is replaced with a low-sodium salt with 50 YO potassium chloride concentration and 

with the maximum PGA inclusion rare of  0.4 YO was used. 

The  estimated mean consumption for the U S  population of total “Added Salt” (total of low-sodium salt 

and regular salt) is 7.06 @day per user and 7.01 @day per capita and 11.6 glday per user and  11.5 

g/day per capita for the 90* percentile of  Consumption (See Appendix Vlll-2, Table 9A). Assuming a 

0.4% use level of  PGA in ‘Added Salt’ t h e  estimated consumption of PGA (salt intake x 0.4 T o )  for total 

“Added Salt” (mg/day) is then 28.24 muday per user (7.06 @day x 0.4 “/e) for the mean a n d  46.4 

muday per user (11.6 glday 6 0.4 “/o) for the 901h percentile. On the per capita basis, the estimated 

consumption of  PGA (mg/day) i s  28.04 mglday per capita (7.01 g/day x 0.4%) for the mean and  46.0 

mg/day per capita (13.5 g/day x 0.4%) for the 9 0 ~  percentile o f  “Added Salt” users. 

i 

C” 

The above consumption figures are converted to the kg body-weight (bw)  basis by assuming an average 

weight for the US population is 60 kg per person. The estimated consumption of total “Added Salt” (total 

of low-sodium salt and regular salt) by the US population is 0.12 gnCg bw/day per user and 0.12 g/kg 

bwlday per capita for the mean, and 0.23 Pncg bwlday per user and 0.23 g/kg bwlday per capita for 

the 901h percentile uses (See Appendix V111-2, Table 9B). The  estimated potential total consumption of 

PGA (salt x 0.4 YO) from total “Added Salt” (mgkg bwlday) is then 0.48 mg/kg bwlday per user (0.12 

gnCg bwlday x 0.4 “10) for the mean and 0.92 m& bwlday per user (0.23 gnCg bwlday x 0.4%) for the 

90Ih percentile. O n  the per capita basis, the estimated maximum potential consumption of  P G A  (mg/kg 

bw/day) for uses indicated in this Notification would be 0.48 r n g k  bw/day per capita (0.12 g/kg 

bwlday x 0.4%) for the mean and 0.92 mg/kg bw/day per capita (0.23 gfkg bwlday x 0.4 “/o) for the 
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90'h percentile (See Appendix V l l l - 2 ;  report from the Exponent, lnc.  for the basis for regular and  low 

sodium salt consumption) 

IX SAFETY AND TOXICOLOGY STUDIES 

LX A Introduction 

PGA has a long history of consumption as a food ingredient in the fermented soybean product,  nano  To 

reconfirm the safety of  PGA as a food additive, which had been approved in Japan, several key 

toxicology studies (mutagenicity and 90 day subchronic) were undertaken in 1996 as a national research 

project by the Japanese Ministry of Health, Labor and Welfare. The Subcommittee on Food Additives of 

the Food Sanitation Committee of the Ministry of Health, Labor and Welfare in June 2004 concluded that 

no additional toxicology srudies of PGA were needed 

The determination tha t  PGA is G U S  is based upon scientific procedures. PGA is produced by 

fermentation employing the Bacillus subtilrs organism that has a long history of safe use in foods. All of the 

raw materials used in the fermentation and purification of PGA are food grade and/or have been determined to 

be safe. The identification of the producing organism, Bacillus subtilis, was confirmed by analysis by DNA- 

DNA hybridization (Appendix 1X-13) and its safety affirmed by reference from the scientific literature 

(Appendix I - ] ) ,  by laboratory testing (Appendix IX-12) and expert assessment (Appendix 1X-I 4). 

The safety of PGA i s  clearly suggested by a long history (hundreds of years) of human consumption as a 

component of natto (a soybean product fermented with Bacillus subfilis) and a decade of ingestion as a 

government approved food ingredient in Japan. In addition, its mutagenicity was evaluated in t w o  independent 

reverse mutation tests, a chromosome aberration test and a micronucleus test, all of which demonstrated the 

absence of mutagenicity of PGA. One of these reverse mutation assays and the chromosome aberration and 

micronucleus tests were conducted by the Japanese government's Ministry of Health, Labor and Welfare. 

In addition, an acute toxicity study and a 90 day subchronic study (conducted and published by the Japanese 

National Institute of Health Sciences) were conducted with doses of PGA as high as 5.0 YO of the  diet showing 

no apparent biochemical, macroscopic or microscopic signs of toxicity. Pharmacokinetic-type studies were 
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perfonned in rats to access the digestibility of PGA. Orally administered solutions of PGA delivering 0.5 g k g  

bw or 0.8 g/kg bw were only 30 YO or less digestible. The digestibility of PGA fed as 2 YO of the diet for 18 

days proved to be substantially more digestible (45 YO - 90 YO) although the variability between individual 

animals was markedly higher. However; the difference in digestibility (about 50 YO) between animals was 

almost non-existent in germ-free rats fed I YO PGA. 

Finally. the potential allergenicity of PGA was evaluated by comparing its amino acid sequence homology to 

that of all renown allergens. Although there was 38 YO homology to beta-conglycinin. a soy protein. over an 80 

amino acid window. a RAST inhibition (serum screening) test demonstrated that PGA was unable to inhibit 

soy-specific antibodies from binding to soy protein. The failure to inhibit binding indicates the soy-specific 

antibodies did not recognize any epitopes on PGA and hence there would be none of the binding required to 

trigger an aller_eic reaction. 

Thus. and overwhelming weight of scientific evidence reinforces the safety of PGA for the proposed used in 

food and supports the conclusions noted in the statement of an Expert Panel convened to evaluate the G U S  

status of PGA for those uses. 

IX B Mutagenicity Studies 

1) Reverse Mutation Assay (Ames Test) 

The mutagenicity of PGA was investigated by means of reverse mutation test conducted by Ajinomoto 

Company, lnc. in five bacterial strains (Salmonella ryphimuriuni TA98, TA 100; TA 1535, T A  1537 and 

Escherichia coli WP2 uvrA). The results of this assay were no significant increase of revertant was 

observed at dose levels from 156 to 5,000 pg/plaie in the absence and presence of mammalian metabolic 

activation system (See Appendix IX-2). The investigators concluded that PGA was negative to reverse 

mutation induction regardless of whether or not there was metabolic activation. 

Three additional mutagenicity studies were conducted under a national research project managed by the 

Japanese Ministry of Health, Labor and Welfare. PGA produced by Ajinomoto was used in these studies 

as the test material. 
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2)  Reverse Mutation Assay ( # 2 )  

A second Ames Test was performed by the Nagoya City Public Health Research Institute for  the  Japanese 

Ministry of Health, Labor and Welfare. This reverse mutation test of Bacillus natto gum that used 

Sulmonella typhimunum (TA98, TA 100, TA 1535 and TA 1538) examined levels of PGA of u p  to 10 0 

mg/plate. The results were negative regatdless of  the presence of metabolic activation (S9 m i x )  (See 

Appendix 1X-3, 4). The original research report (in Japanese) and an English translation a re  attached 

3) Chromosome Aberration Test in Cultured Mammalian Cells 

A chromosome aberration test in cultured mammalian cells (CHLflU) was performed on P G A  by the 

Japanese National Institute of Health Sciences for the Japanese Ministry of Health, Labor a n d  Welfare 

Abnormality was  observed with a short treatment in 5.0 mg/ml of PGA of the maximum limit dosage 

with metabolic activation in the 6 YO cells. There was no other chromosomal abnormality in the  study. 

Since the abnormality was not as frequent in the high concentration tested and no dose-response 

relationship was seen and there was no mutagenicity in the following micronucleus test: i t  w a s  concluded 

that there was no toxic influence on the living body (See Appendix E - 5 ,  6). The original research report 

(in Japanese) and an English translation are attached. 

4 )  Micronucleus Test with rodents 

A study of micronucleus inducibility in mouse bone marrow was performed at the Akita University 

Faculty of Medicine with funding from the Japanese National Institute of Health Sciences S ix  male ddy- 

mice per group were administered PGA (twice with 24 hour intervals) at doses of 0.75: 1 5 a n d  3.0 g/kg 

BW. The  frequency of micronucleated immature erythrocytes and the percentage of  immature 

erythrocytes among total erythrocytes in mice administered PGA were not statistical different from the 

control (See Appendix E - 7 ,  8). The original research report (in Japanese) and an English translation are 

attached. 
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IX C Acute Toaicity Study in Rats 

i 
A single oral dose of PGA was administered by gavage to five SD rats [Crj:C (SD) IGS] per sex at level 

of 0 (control), 2500 and 5000 mg/kg and the rats observed for 15 days. N o  deaths were observed  at any 

dose in either sex.  Watery diarrhea was observed at 3 or 6 hours after treatment in more t h a n  half o f  the 

animals in the 2500 and 5000 mg/kg groups but disappeared by day 2. Necropsy revealed n o  treatment 

related changes in either sex in any group The  lethal dose of  PGA was  demonstrated to be greater than 

5000 mg/kg in either male or female rats (Appendix IX-1) .  

LX D Subchronic Toaicity Study in Rats 

A 90 day subchronic toxicity study of  PGA was conducted by the Japanese National Institute of Health 

Sciences for the Japanese Ministry of  Health, Labor and Welfare to evaluate the safety of  P G A  as food 

ingredient. PGA was administered to groups of five male and five female F344 rats per treatment group 

by feeding C W - 1  pellet diet containing 0 YO; 0.18 YO, 0.55 YO, I .66 YO: or 5.0 YO of PGA.  

i‘‘ 

Table lX-D-1 Food Consumption and Intake of PGA during Subchronic Study 

PGA Dose Food consumption Da i l y  intake Total intake 

Level (g/animal/day) (mg/kg bw/day) ( g/kg bw) 

(Yo) Male Female Male Female Male Female  

5 13.4 8.5 2,616.4 2,727.6 238.1 248.2 

166  13.7 8.7 875.9 931.7 79.7 84.8 

0.55 13.5 8.5 288.0 302.8 26.2 27.6 

0 18 13.9 8.7 91.6 102.3 8.9 9.3 

0 14.0 8.9 
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There was no mortality in any of the animals in any treatment group a n d  there were no differences in feed 

intake or body weight between control animals and those in either sex in any of the treatment groups 

Sporadic differences from control values in hematological and serum biochemical parameters were seen 

in different dose or sex groups but the changes observed were not dose-dependent 

Slightly increased kidney weights, compared to the controls, were observed in the higher dose groups of 

both males and females but there were no abnormal findings in the histopathological examination of the 

kidneys. The authors concluded that there were no treatment related serious indications of toxicity by 

feeding PGA in the diet for 90 days even at the highest dose studied ( 5  YO of the diet) (See Appendix IX-9 ,  

10, 1 1 ). 

The results of this suchronic toxicity study of PGA were published in the Japanese Journal, Bull. Natl. 

Health Sci.; I 17: I 19-1 22 ( I  999) (Appendix IX- 1 I ) .  A copy of the English translation of the paper is also 

attached (Appendix IX-9). 

Lx E Identification of tbe PGA-producing Strain 

To confirm the  identity of the strain of microorganism producing PGA a preliminary study 16s rRNA 

gene phylogenic analysis was conducted. The result of this analysis indicated the PGA-producing strain 

was most closely related to Bacillus subrilis and Bacillus amyloliquefaciens (homology 98.9 '3'0 and 

98.6 YO. respectively). A definitive identification could not be done by this analysis. 

DNA-DNA hybridization analysis was then conducted. The result of this analysis conducted by Higeta 

Shoyu Co., Ltd., confirmed the PGA-producing strain was identified as Bacillus subtilis (See Appendix 

lx- 1 3). 

IX F Safety Assessment of tbe PGA-Producing Strain 

Bacillus subtilis is an aerobic endospore-forming bacterium commonly found in nature and generally not 

considered to have either pathogenic or toxigenic potential (See Appendix 1-1). The organism has a 
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history of use in  the production of food ingredients. The PGA-producing strain was non-producer of 

toxin (See Appendix E - 1 2 ) .  

Dr Michael W. Pariza was asked to evaluate all available data and information about the safety (toxicity 

and pathogenicity) of the PGA-producing organism. In his expert opinion (Appendix 1X- 14)  Dr. Pariza 

concludes that the PGA-producing organism employed by Ajinomoto “is safe for use in the manufacture 

of food-grade poly gamma glutamic acid (PGA)”. 

LX G Safety Study of tbe PGA-Producing Strain 

A study of the potential virulence of the Bacillus subrilis used by Ajinomoto to produce P G A  was 

conducted at the Kitasato Institute. The pathogenicity and toxin productivity of the PGA-producing strain 

were compared with that of Bacillus cereus as a positive control strain. 

The living microorganisms and supernatants produced by centrifugation were administrated 

intraperitoneally to ddY mice. LDSo values o f  the PGA-producing strain and Bacillus cereus were 

estimated to be more than 1 O8 and I O6 c f d m l ,  respectively. No  death was observed in mice treated by 

the PGA-producing strain and both o f  the supernatants. There were no  special findings in the organs in  

all surviving mice at necropsy. 

Both of the supernatants sterilized by filtration were assayed by CRET-RPLA lest measuring enterotoxic 

activity (diagnosed by reverse passive latex agglutination). Agglutination was detected i n  a 2-fold diluted 

supernatant as compared to a 3,200-fold dilution of Bacillu cereus supernatant Since the 2-fold titer was 

non-specific agglutination, the PGA-producing strain was determined to be non- producer of toxin (See 

Appendix D( - 1 2 ) .  

IX H Safety Assessment of DISFOAM GD Anti-foaming Agent 

A safety assessment and toxicological evaluation of the anti-forming agent DISFOAM GD was  

performed to support its use in the fermentation process used to PGA. Dr. Timothy Adams reviewed all 

of the available safety data on the substance and evaluated a worst case potential exposure from the 

proposed use o f  PGA and determined the experimental no effect level was 10,000,000 times greater than 

any likely intake (Appendices 111- 1 and 111-2). 

“b..,. 
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The acute oral  LDSoof  DISFOAM GD in male and female Sprague-Dawley CD rats was greater than 

2000 mgikg bw (OECD Guidelines No. 401)  In a 28-day repeated dosing study (OECD Guide l ines  No. 

407) in male and female Sprague Dawley rats, the No Observed Adverse Effect Level was 94 mg/kg 

bw/day, the highest dose tested. The concentrations tested were 0: 100, 300, 1000 ppm, equivalent to 

dose of 0, 9.9, 28 or 94 mg/kg bw/day. DISFOAM G D  showed no evidence of mutagenicity in a bacterial 

reverse mutation assay in  Salmonella ryphin7uriun7 strains TA 1 5 3 5 ;  T A  1537, TA 1538, T A  100: TA 98 

and TA 102 and Escherichia coli strain WP2  uvr A with and without metabolic activation (OECD Nos. 

47 1 ,  472) 

X PHARMACOKMETIC WORMATION 

Since PGA I s  an ingredient in  fermented soybean, natto, a food that has been eaten for long t ime  by the 

Japanese; and there appears to be little doubt about its safety, there is a little information about the  

pharmacokinetics of PGA. 

Fecal elimination of PGA was investigated in  rats when it  is orally administered. The  PGA used  in the 

experiments had a M W  26,000 (average), D/L=85/15 

i Three experimental protocols were used in the studies: 

I )  A PGA solution was orally ingested by rats. 

2 )  A diet containing PGA was fed to rats. 

3)  A diet containing PGA was fed to germ free rats. 

In all experiments, rat feces were collected during the period when PGA was given and when  PGA was 

not given. After the feces were acid hydrolyzed, glutamic acid (Glu) was measured by amino acid 

analysis. By subtracting fecal Glu content during the period when PGA was being ingested from fecal 

Glu content during the term when PGA was not given, fecal Glu  derived from PGA was calculated (Glu  

(F)]. Oral Glu  administered via PGA solution (Exp. 1) or in diets containing PGA (Exp. 2, 3) was 

calculated by amino acid analysis after acid hydrolysis o f  PGA [Glu (O)]. Fecal excretion of PGA was  

estimated by the following equation: 
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Fecal excretion of PGA = Glu (F) / Glu (0) x 100 (‘YO). 

PGA in the feces was also directly analyzed by HPLC (gel permeation chromatography, PGA was 

detected at UV220nm) after extracting PGA from the feces [fecal PGA]. Oral PGA was the amount of 

PGA in the PGA solution (Exp. I )  or the amount of PGA added into the diet (Exp.2). 

Fecal excretion of PGA was also estimated by the following equation: 

Fecal excretion of PGA = fecal PGA / oral PGA x 100 (YO) 

Fecal excretion of PGA fonn both estimations resulted in similar results, suggesting that  the estimation of 

fecal excretion of PGA was reliable. 

1 )  PGA solution orally ingested by rats. 

Five-week-old Sprague Dawley rats were administered PGA solutions orally containing either 0.5 g/kg 

bw (n=4)  or 0.8 g/kg bw (n=4). Feces were collected before and after PGA administration. Fecal 

excretion of PGA was 70 YO or more of that  ingested with small individual differences. The average M W 

of PGA in the feces was about 5,000 - 8,000 

Table X-1  Percent and Molecular Weight of Ingested PGA in Feces 
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2)  Diets containing PGA fed to rats. 

Five-week-old Sprague Dawley rats were fed diets containing 2 YO PGA for 18 days (n=7). The  results 

indicate that fecal excretion of PGA differed markedly between individual rats (7 YO lo 54  YO of PGA 

found in feces). The average MW of PGA in the feces was about 5,000 - 10,000. There was a negative 

correlation between average M W  of PGA in the feces and fecal excretion of PGA. The level of residual 

PGA found in the feces was substantially lower than when PGA was administered orally in a solution. 

Hence i t  appears that PGA is only partially digested when ingested as part of the diet 

Table X-2 Percent and Molecular Weight of Dietary PGA in Feces 

Day of Collection 

I I I I I I 1 

I Mean 

1 4 : 1 5  I 
I 

T - 7  
9,300 

1 1  1 3  

7,700 
___ 

14 30 

"F" 5;OOO 

I '  
7,400 '=A 
8,900 1 - 

* YO Feces=% of ingested PGA in feces 
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The difference in fecal excretion of PGA and wideness of individual difference between when I t  I S  

ingested in solution or as part of the diet was thought to depend on the difference in intestinal transit time, 

susceptibility to intestinal enzymes, and  especially on individual difference of function of intestinal 

bacteria. A study was undertaken using germ free rats to assess the role of  the intestinal microflora i n  the 

breakdown of PGA. 

3) Diets containing PGA fed to germ free rats. 

Five-week-old Fisher germ free rats were fed diets containing 1 O/o PCA for 25 days (n=5). Feca l  

excretion of PGA in germ free rats was  about 50 YO in all animals with sma l l  individual differences 

Average M W  o f  PGA in !he feces was about 6,000. 

Hence, there appears to be substanrial amount of breakdown of PGA by the intestinal microflora although 

the degree of degradation varies markedly between individual animals. 

Table X-3 Percent and Molecular Weigbt of PGA in Feces of Germ-Free Rats Fed PGA 
In tbe Diet 

Rat 1 

I 

I YO in Feces* 

!-=F= YO in Feces* 

YO in Feces* 

YO in Feces* 

M W  

1 Y o  in Fecesi  

Day of  Collection I M e a n  1 

38 [ 3 1  I 45 

9,600 6,700 6,400 * 
I I 

6,900 6,100 6,500 
I 

* YO Feces=% of ingested PGA in  feces 
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I t  might be hypothesized from the above results that, half the amount of PGA ingested moves to the large 

intestine, where PGA is utilized by intestinal bacteria, the function of which depends on t h e  dietary and 

physiological situation. PGA is degraded into the lower molecular size of about average MW 5,000 - 

8,000 within the gastrointestinal tract 

XI ALLERGENCITY 

The fermentation products of Bacrllus subrilis are generally thought of as non-allergenic; e.g natto is 

know as non-allergenic even among patients with soybean allergy The absence of any allergenicity 

potential I s  due I O  the lack of exact homology to the amino acid sequence of the portion of the beta- 

conglycinin (soy allergen) molecule that  binds with 1gE antibodies and proteolytic digestion of  soybean 

allergen which occurs during fermentation. 

There is no report on food aliergy caused directly by PGA in the result of PubMed search for (allergy + 
allergenicity) X (poly-y-glutamic acid + poly-y-glutamate) One report, Arerugi (in Japanese), 55, 832- 

836, 2006 (See Appendix XI- 1 ) of an allergic reaction to ingesting fermented soy beans (natto) is found 

by t h e  above search, in which involvement of PGA to natto allergy was speculated. This late-onset 

anaphylaxis caused by fermented soybeans was also reported in Allergology International, 56: 257-261, 

2007 (See Appendix X1-2), in which the authors hypothesized that unknown allergens produced by 

Bacillus subrrlrs caused the reaction and their slow release resulted in late-onset anaphylaxis. However, 

these cases are very rare, only 8 patients have been reported among over 1,000 years food use of nano. 

Three approaches were employed to evaluate the potential allergenicity of PGA, comparison of amino 

acid sequence homology to that of known allergens, serum screening using a RAST inhibition test and the 

expert opinion of Dr. Steve Taylor, Professor, University of Nebraska. All three approaches are described 

in Appendix XI-3 .  

The amino acid sequence (chains of glutamic acids) of PGA was compared with that of all known 

allergens (food and other allergens) in the University of Nebraska's Allergen Online data base. PGA was 

seen to have 38 'YO homology to beta-conglycinin (soybean allergen) over an 80-amino acid window. 
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However, the gamma linkages in  the PGA molecule were seen to be distinct from the alpha linkages 

found in known allergens and further reduced the potential allergenicity of PGA. Further t h e  PGA amino 

acid sequence homology was in a low complexity region of the beta-conglycinin molecule unlikely to be 

involved in binding to soy-specific 1gE antibodies. 

Serum screening of PGA was undertaken to assess its potential for binding to soy-specific IgE antibodies 

using a RAST inhibition test. The serum screening (employing antibodies of soy allergic individuals) 

was performed at the University of Nebraska. PGA was incapable inhibiting the binding of soy-specific 

IgE antibodies to soy protein, indicating the soy-specific antibody did not recognize any epitope on PGA 

(Appendix XI-3)  

A n  earlier soy ELlSA assay had been performed and demonstrated that there was no intact soy proteins in 

PGA. These results corroborated the above described RAST inhibition test result (Appendix XI-3). 

Professor Steve L. Taylor prepared an Expert Opinion on the allergenicity of PGA (Appendix XI-3) 

Professor Taylor addressed three issues: 

i “( 1 )  

naturally in a popular Japanese fermented soy product called natto, does PGA pose any risk to  soybean- 

al lerg ic individuals? 

( 2 )  

induce allergic sensitization in susceptible consumers? 

(3) 

protein in the fermentation medium?” 

Since soybean protein is incorporated into the fermentation medium and since PGA is found 

PGA is a novel polypeptide as outlined above. Would any likelihood exist that  PGA might 

Would any carryover of soy protein or soy protein fragments occur as a result of the use o f  soy 

With respect to soybean allergic individuals, Professor Taylor concludes: 

“ln my expert opinion, PGA will not pose any risk to soy-allergic consumers. I t  is not homologous to 

known soy allergents and does not bind to soy-specific IgE antibodies present in the sera of soy-allergic 

subjects. Furthermore, no evidence exists that any soy protein or fragments of soy protein are carried 

over from the fermentation medium to the PGA ingredient. 

c. Ajmomoto Corporate Services, LLC 
February 16,2010 
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However, Some possibility exists that susceptible individuals might become sensitized to P G A  through 

oral exposure. Based on the low level of anticipated exposure, this risk seems small. If s o m e  small  

number of  consumers develop PGA allergy, any risk can be easily managed by product avoidance  through 

labeling of the ingredient.” 

Recognizing that PGA is a unique polypeptide, Professor Taylor notes that 

“As  previously noted, PGA is a rather unique polypeptide especially with the respect to the gamma 

linkages for the glutamic acid residues and the presence of preponderance of D-glutamic acid isomers 

The gamma linkages in PGA tend to render this poiypeptlde resistant to digestion. Digestive stability, 

especially pepsin resistance, is thought to correlate to some extent with the potential allergenicity of food 

proteins (Astwood et al., 1996). Because of  its digestive stability, PGA might be able to reach the 

intestinal tract of susceptible consumers in a form that is sufficiently large to be immunoreactive. PGA 

feeding studies conducted by Ajinomoto confirm that 70-80 YO of PGA appears in the feces of rats after 

ingestion. The  molecular weight of the PGA fragments found in  the rat feces was approximately 5300 

daltons corresponding to 35-40 glutamic acid residues. While such short fragments are unlikely to elicit 

allergic sensitization, the possibility cannot be totally excluded ’. 
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MI. STATEMENT OF THE EXPERT PANEL 

Statement of the Expert Panel 

The Ajinornoto Company conducted a search of the scientific literature on Polyglutamate 
(PGA) through December 2008, assembled avaifable information of PGA including 
manufacturing, speckations, and exposure, and prepared this dossier. Ajinomoto then 
convened a panel of kperts (&pert Panel) to determine the safety of the intended use 
of PGA as a taste modifier for potassium chloride. We, the members of that Expert 
Panel, independentty and collectively critbdly evaluated the information assembled by 
Ajinornoto and other materials deemed appropdate and then conferred by telephone with 
members of the AjinQrnuto Company. 

We conclude that the intended use of Polyglutamate. meeting appropriate Food grade 
specifications presented in the dossier and manufactured and used consistent with 
current Good Manufacturing Practice (cGMP), as a taste modifier of potassium chloride, 
is Genmliy Recognized As Safe (GRAS) based on scienfm procedures. 

I t  is our odnton that o tkr  exserts. also qualified to evaluate the safety of foods and food 
ients, would concur w& this concl;aion. 

Richmond. VA 

Professor Mkh8ef W. Pariza. Ph. D. 
Professor, Food Science 
Wniversity of Wlsconsin 
Madson, w1 

Professor Steve LA Tdylor. Ph.0. 
Food Allergy Retjdrch and Resource Program 
University of Nebraska 
Lincoln, NE 

D e w r e n t  of Pharmacology 8 Toxicology 
University of Indiana Medical School 
tndianapolis, fN 

Date 
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REPORT OF THE EXPERT PANEL ON THE SAFETY AND THE GENERALLY 
RECOGNIZED AS SAFE (GRAS) STATUS OF THE INTENDED USES OF POLY- 

GAMMA-GLUTAMIC ACID (PGA) 

19 April 2010 

INTRODUCTION 

Ajinomoto Co. Inc. convened a panel of independent biomedical scientists (hereinafter, the 
Expert Panel) qualified by their scientific training and relevant national and international 
experience to evaluate the safety of food ingredients and food, to conduct an independent, 
critical and comprehensive evaluation of the available data and information on Poly-gamma- 
glutamic acid (PGA) and to determine whether the intended uses of Poly-gamma-glutamic acid 
are safe and suitable and are Generally Recognized as Safe (GRAS) based on scientific 
procedures. The Panel consisted of the following qualified experts: Professors Joseph F. 
Borzelleca, Ph.D. (Virginia Commonwealth University School of Medicine), Michael W. Pariza, 
Ph.D. (University of Wisconsin-Madison), John Thomas (University of Indiana School of 
Medicine) and Steve Taylor, Ph.D. (University of Nebraska). 

Ajinomoto conducted a comprehensive search of the scientific literature on Poly-gamma- 
glutamic acid (PGA) through December 2009, summarized the pertinent literature and prepared 
a dossier, “Polyglutamate (PGA) Dossier for GRAS Panel Review,” and made this available to 
the Panel. Ajinomoto provided information on the identity, manufacturing, specifications, batch 
analyses, potentially toxic natural contaminants, functionality and intended uses and levels, 
estimated daily intakes, nutrition and absorption and digestibility, safety/toxicity data and 
potential adverse effects, including potential allergenicity. The Expert Panel, independently and 
collectively, critically evaluated the dossier and other information deemed appropriate. 

Members of the Panel conferred by telephone with technical experts from Ajinomoto. Following 
a critical review and discussion of the materials evaluated and information provided by 
Ajinomoto, the Panel unanimously concluded that the intended uses of Ajinomoto’s Poly- 
gamma-glutamic acid (PGA) protein, manufactured consistent with current Good Manufacturing 
Practice (cGMP) and meeting appropriate food-grade specifications presented in the dossier, 
are safe and suitable and are GRAS based on scientific procedures. 

A summary of the information evaluated and the basis for the determination that the intended 
uses of Ajinomoto’s Poly-gamma-glutamic acid (PGA) are safe and suitable and GRAS based 
on scientific procedures is presented below. 
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BASIS FOR GRAS DETERMINATION 

Background 

Salt, NaCI, is essential for maintenance of health. However, excessive intakes of salt may 
result in hypertension. Public health officials recommend reducing daily salt intake for adults to 
5 grams or less (WHO, 2003). Potassium chloride is a widely used salt substitute used singly or 
in combination with sodium chloride to reduce salt intake. However, potassium chloride has a 
better aftertaste. Ajinomoto research discovered that poly-gamma-glutamic acid (PGA) could 
effectively block this bitter aftertaste, thereby enhancing the use of potassium chloride. 

Poly-gamma-glutamic acid (PGA) is a polymer of gamma-linked D- and L- glutamic acid that 
exists naturally in the traditional Japanese food, Natto (soybeans fermented with Bacillus 

subtilis). Natto contains about 300 mg PGN100 grams. Natto has been consumed in Japan for 
at least 1000 years and has been produced in the USA since 1963. PGA is registered as a food 
additive in Japan. PGA is used in a number of products in Japan including as a Ca supplement, 
low sodium table salt, protein powder, and in barbecue sauces. 

The mean molecular weight of poly-gamma-glutamic acid (PGA) is 28, 000 to 32, 000 Daltons 
(range: 1, 600 to 201, 800). 

Manufacturing Process c* 

Ajinomoto’s poly-gamma-glutamic acid (PGA) is produced by liquid fermentation of glucose 
(dextrose) and other ingredients (e.g. vitamins, minerals) providing all the nutrients required by 
Bacillus subtilis. All components of the fermentation medium are approved food grade 
ingredients After fermentation, the broth is acid (HCI) hydrolyzed, decolored, filtered, purified, 
sterilized, and dried to a powder. Ajinomoto produces poly-gamma-glutamic acid (PGA) 
consistent with cGMP. 

The results of five, non-sequential batch analyses demonstrate that the manufacturing process 
consistently yields a product that meets the food-grade specifications presented in the dossier. 

Product Specifications 

Ajinomoto’s poly-gamma-glutamic acid (PGA) meets appropriate food grade specifications 
(presented in the dossier) 

Functionality, Intended Uses and Use-Levels and Exposure 

Poly-gamma-glutamic acid (PGA) is proposed for use in “Added salt” including table-use and 
salt used in food preparation to mask the bitter after taste of potassium chloride. A common salt 
replacer, the potassium chloride is often mixed with sodium chloride up to 50% (that is, equal 
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parts of potassium chloride and sodium chloride). To further mask the bitter afler taste of this 
mixture (to modify taste perception), it is recommended that PGA be used at a level of 0.15-0.4 
YO by weight. If the ratio of potassium chloride is changed from 50%, the recommended 
inclusion rate of PGA is 0.3- 0.8% of potassium chloride. It IS noted that in addition to masking 
the bitter afier taste of potassium chloride, PGA also enhances spiciness, enhances absorption 
of calcium, and improves dispensability in dehydrated beverages. 

Estimated consumption of PGA is calculated by assuming that all added salt (low sodium salt + 
regular salt) is replaced by 50% low-sodium salt with potassium chloride and that the maximum 
PGA inclusion rate is 0.4 O/O for the 50 O/O low-sodium salt with potassium. 

The estimated consumption for the US population of total “Added Salt” (total of low-sodium salt 
and regular salt) is 7 06 g/day per user and 7.01 g/day per capita for the mean, and 11.6 g/day 

per user and 11.5 g/day per capita for the 90th percentile (See Appendix Vlll-1, Table 9A). The 
estimated consumption for the US population of PGA (= salt x 0.4 %) for total “Added Salt” 
(mg/day) is then 28.24 mg/day per user (= 7.06 g/day x 0.4 %) for the mean and 46.4 mg/day 
per user (= 11.6 g/day x 0.4 “/O) for the 90th percentile. On the per capita basis, the estimated 
consumption of PGA (mg/day) is 28.04 mg/day per capita (= 7.01 g/day x 0.4 %) for the mean 
and 46.0 mglday per capita (= 11.5 g/day x 0.4 YO) for the 90th percentile. 

The above consumption figures may be expressed as g PGA/ kg body-weight (bw) by taking the 
above figures and dividing by the-average weight for the US popu!ation, 60 kg. The-new figures 
became as follows. The estimated consumption for the US population of total “Added Salt” (total 
of low-sodium salt and regular salt) is 0.12 g/kg bw/day per user and 0.12 g/kg bw/day per 
capita for the mean, and 0.23 g/kg bw/day per user and 0.23 g/kg bw/day per capita for the 90th 
percentile (See Appendix VIII-1, Table 9B). The estimated consumption for the US population 
of PGA (= salt x 0.4 YO) for total “Added Salt” (mg/kg bw/day) is then 0.48 mg/kg bw/day per 
user (= 0.12 g/kg bw/day x 0.4 YO) for the mean and 0.92 mg/kg bw/day per user (= 0.23 g/kg 
bw/day x 0.4 YO) for the 90th percentile. On the per capita basis, the estimated consumption of 
PGA (mg/kg bwlday) is 0.48 mg/kg bwlday per capita (= 0.12 g/kg bw/day x 0.4 YO) for the mean 
and 0.92 mglkg bwlday per capita (= 0.23 g/kg bwlday x 0.4 ”0) for the 90th percentile. 

Safety Assessment 

History of Consumption(Common Use in Foods and Feeds) 

PGA is found in the mucilage of Natto, a traditional Japanese food from soybeans fermented 
with Bacillus subtilis. It has been consumed for at least 1000 years. Natto has also been 
produced and used in the USA since 1963. PGA is a registered food additive in Japan. PGA is 
also used as a Ca supplement, in low-sodium table salt, protein powder, and barbecue sauces. 
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PGA-producing Strain (Bacillus subtilis) 

B.subtilis, an aerobic endospore-forming bacterium commonly found in nature, is neither 
pathogenic nor toxigenic. There is a long history of safe use of B. subtilis in food production. 

Animal Studies 

Absorption, Distribution, Biotransformation, Excretion 

Digestibility 

Five-week old male Sprague-Dawley rats received PGA (MW: 26,000) in solution by gavage at 
doses 

of 0.5 or 0.8 g PGA/kg bw (4 ratddose). Fecal analysis demonstrated 71 YO PGA with a MW of 
5, 700 (in rats that received the 0.5 g dose) and 84 YO PGA with a MW of 6,200 (in rats that 
received the 0.8 g dose). 

Five-week old male Sprague-Dawley rats received PGA (MW: 26,000) as a dietary admixture at 
a level of 2% for 18 days. 25% PGA (MW: 8,000) was found in the feces. 

Five-week old male Fisher rats received PGA (MW: 26,000) as a dietary admixture at a level of 
1% for 25 days. 52% PGA (MW: 6,300) was found in the feces. 

e"- 

These findings support the digestibility of PGA following oral administration 

Acute Toxicity 

The acute oral LD500f PGA (MW: 26,000) in male and female SD rats (Crj:CD(SD)IGS]was 
greater than 5,000 mglkg bw, the limit dose. Watery diarrhea was observed in more than half 
the rats that receive 2,500 or 5,000 mg/kg bw at 3 and 6 hours post-treatment. There were no 
other reported signs of toxicity. 

Sub-chronic Toxicity 

Male and female F344 rats (5/sex/group) received PGA (MW: 26,000) as a dietary admixture at 
levels of 0, 0.18, 0.55, 1.66, and 5% for 90 consecutive days. This study was conducted 
consistent with GLP and currently accepted testing guidelines. There were no statistically 
significant, consistent, treatment and dose-related adverse effects reported in any of the 
parameters evaluated. The only statistically significant finding was increased relative kidney 
weights in both sexes at 1.66 and 5% levels but there were no abnormal histopathological renal 
findings. The significance of these renal findings is unclear. 
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Genotoxicity Studies. 

The following studies were conducted with PGA (MW 26,000) 

Ames Reverse Mutation Tests (Strains TA98, TA100, TA 1535, TA 1537, TA1538 and E. 
coli WP2 uvrA. PGA was not mutagenic with or without metabolic activation. 

Mouse Micronucleus Test (male ddy mice). PGA was administered by gavage at doses 
of 0, 750, 1500, and 3000 mg/kg bw twice with 24 hour intervals. No evidence of 

mutagenicity. 

Chromosome Aberration Test in Cultured Mammalian Cells (CHL/IU). Cells were 
treated with PGA (up to 5.0 mg/ml) for 6, 24, or 48 hours. Only 6% of cells at maximum 
level showed aberration with metabolic activation at 6 hours. No abnormalities were 
seen at 24 and 48 hours. No evidence of clastogenicity. 

Allergenicity 

Fermentation products by B. subtilis are generally considered non-allergenic. Natto is reported 
to be non-allergenic among subjects with soybean allergy. Nevertheless, Ajinomoto requested 
Professor Steve Taylor to address the potential allergenicity of PGA. 

Professor Taylor compared the amino acid sequence homology of PGA with known allergens 
and reported a 38% homology with beta-conglycinin, a soy allergen; there was no IgE antibody 
binding in a RAST assay using antibodies from soy allergic individuals; and no soy proteins 
were detected in an ELISA test for soy proteins. Professor Taylor concluded: 

“In my expert opinion, PGA will not pose any risk to soy-allergic consumers. It is not 
homologous to known soy allergens and does not bin’d to soy-specific IgE antibodies present in 
the sera of soy-allergic subjects. Furthermore, no evidence exists that any soy protein or 
fragments of soy protein are carried over from the fermentation medium to the PGA ingredient.” 
It is concluded that the allergenic potential of PGA is exceedingly low, if existent. 

Human Studies 

There are no reported human studies conducted with PGA. 

,4 ‘ s 
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Summary 

The safety and suitability and the GRAS status of the intended uses of Ajinomoto’s Poly- 
gamma-glutamic acid (PGA) are based on: 

o The history of safe consumption of Natto, a food produced from soybeans fermented 
with 6.subtilis Natto contains 300 mg PGN100 grams. 

o The recognized safety of the PGA-producing strain of B. subtilis, non-pathogenic and 
non-toxigenic (non-toxin producer). 

o The absorption and digestibility of PGA; at least 50% absorption in rats. PGA is 
degraded to lower molecular species and excreted in the feces. 

o The low acute oral toxicity of PGA; the acute oral LD50 is > 5000 mg/kg bw. 

o A NOAEL of 5% in a 90-day sub chronic study, the highest level fed, equivalent to 2,616 
mg PGA/kg bw/day in male rats and 2,727 mg PGA/kg bw in female rats. 

o The estimated consumption of PGA is 0.48 mg/kg bwlday for the mean and 0.92 rnglkg 
bw/day for the 90th percentile. 

i‘ 
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CONCLUSION 

The Ajinomoto Company conducted a search of the scientific literature on Polyglutamate (PGA) 
through December 2008, assembled available information of PGA including manufacturing, 
specifications, and exposure, and prepared this dossier. Ajinomoto then convened a panel of 
Experts (Expert Panel) to determine the safety of the intended use of PGA as a taste modifier 
for potassium chloride. We, the members of that Expert Panel, independently and collectively 
critically evaluated the information assembled by Ajinomoto and other materials deemed 
appropriate ,conferred by telephone with members of the Ajinomoto Company, and then, in 
executive session, unanimously concluded that the intended use as a taste modifier of 
potassium chloride of Ajinomoto's Poly-gamma-glutamic acid (PGA), manufactured consistent 
with current Good Manufacturing Practice (cGMP) and meeting appropriate food grade 
specifications presented in the dossier, is safe and suitable and Generally Recognized As Safe 
(GRAS) based on scientific procedures and supported by a history of safe consumption of 
Natto, a Japanese food containing PGA. 

It is our opinion that other experts, also qualified to evaluate the safety of foods and food 
ingredients, would concur with this conclusion. 

Professor Steve 
Food Allergy Re urce Program 
University of Nebraska Virginia Commonwealth Univ. School of Medicine 

Richmond, VA Lincoln, NE 

Professor, Food Science 
University of Wisconsin 
Madison, WI 

ment of Pharmacology & Toxicology 
of Indiana Medical School 

Indianapolis, IN 
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CONCLUSION 

The Ajinomoto Company conducted a search of the scientific literature on Polyglutamate (PGA) 
through December 2008, assembled available information of PGA including manufacturing, 
specifications, and exposure, and prepared this dossier. Ajinomoto then convened a panel of 
Experts (Expert Panel) to determine the safety of the intended use of PGA as a taste modifier 
for potassium chloride. We, the members of that Expert Panel, independently and collectively 
critically evaluated the information assembled by Ajinomoto and other materials deemed 
appropriate ,conferred by telephone with members of the Ajinomoto Company, and then, in 
executive session, unanimously concluded that the intended use as a taste modifier of 
potassium chloride of Ajinomoto's Poly-gamma-glutamic acid (PGA), manufactured consistent 
with current Good Manufacturing Practice (cGMP) and meeting appropriate food grade 
specifications presented in the dossier, is safe and suitable and Generally Recognized As Safe 
(GRAS) based on scientific procedures and supported by a history of safe consumption of 
Natto, a Japanese food containing PGA. 

It is our opinion that other experts, also qualified to evaluate the safety of foods and food 
ingredients, would concur with this conclusion. 

Professor Steve 
Food Allergy Re 
University of Nebraska 

Richmond, VA Lincoln, NE 

Professor Michael W. Pariza, Ph.D. 
Professor, Food Science 
University of Wisconsin 
Madison, WI 

ment of Pharmacology & Toxicology 
of Indiana Medical School 

Indianapolis, IN 
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Opinion on Riboflavin as a colouring matter 
authorized for use in foodstuffs produced by 
fermentation using genetically modified bacillus 
subtilis (expressed on 10 december 1998) 

Terms of Reference 

To advise on the safety in use of riboflavin, produced by fermentation using 
genetlcally modified BaciNus subfitis, as a colouring matter authorized for use in 
foodstuffs intended for human consumption. 

Introduction 

The Committee has previously reported on the safety in use of riboflavin and its 
metabolite rlbonavin-S-phosphate as a colouring matter for foodstuffs lor human 
consurnpbon (1). It has now been requested lo review the microbiological and 
toxicological safety of riboflavin produced by fermentation as a colounng matter 
for foodstuffs generally. 

Background 

Riboflavin (vitamin B 2) Is a water-soluble vitamin. that is synthesised by plants 
and many miuoorganisms but is not produced by higher anlrnals. It is an 
essential micronutrient in the human diet, where ii serves as precursor to 
coenzymes e.g. flavine adenine dinucleotide and flavin mononucleotide, which 
function as hydrogen carriers in biologicel redox processes. 

Riboflavin occur s  naturally in peas. beans, grains, yeast, milk, egg yolk and 
. liver. Hitherlo riboflavin has been chemically synthesised for use in food 

fortification and in small moun ts  as a colouring agent in foods e.g. ice cream, 
processed meat, hsh products, sauces and soups. Riboflavin Is also used in the 
fortification of animal feedstuffs. 

Although it has been known for many years that riboflavin could be produced by 
bacteria using fermentation technology, it was not until recently that a very pure 
product could be produced using a genetically modified strain of Bacillus 
subti/k. The pathway of biosynthesis of riboflavin in 6. subffbs involves 6 steps 
controlled by enzymes and the precursors guanosine triphosphate and libulose- 
5-phosphate. 

To evaluate the possible microbiological risks for consumer health the 
microbiological status of the production process requires consideration with 
regard io the safety of the producer organism as well as f ie fermentation 
process and product purification procedure. Although riboflavin is not a Novel 

1-1-1 
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Food per se the safety assessment can be performed following the strategy 
poposad by the SCF in its Guide to the Assessment of Novel Foods (2). 
particularly with reference to the section on Novel Foods derived from 
genetically modified microorganisms. 

Producer organlsm 

8. subtilis is an aerobic endospore-fonning baclerium commonly found in nature 
and generally not considered to have a pathogenic or toxigenic potential. There 
is a history of safe use of this bacterium in large-scale fermentation productlon 
of specbily chemicals, of enzymes used in food production processes, and of 
several traditional relationshlps to food. It is used traditionally in East Asla for 
the fermentative production of Natto from wheat starch. a product also 
obtainable in western countries. It is thus an organism with a tradillon in food 
use although the actual food product is IWe known In the European Union. The 
organism is also involved in many types of food spoilage. 

The strain of 8. subtilis used in riboflavin production is R650::tpRF69] ,,[pRF93] 
,Ade+ (3), a non-sporing deriivathre of B.subfilis 168, which had been produced 
by classical mutation and into whlch the two specific plasmids pRF69 and 
pRF93 had been chromosomalty, and thus stably, integrated into the bacterial 
genome and amplified 20-25-fold and 10-15-fold respectively. The strain was 
identified by the Deutsche Sammlung von Mikroorganismen (DSM 
Braunschweig, Germany) as Bacillus subtilis. The genetic modification includes 
the chromosomal integration of the following elements: 

- pUC 19. a derivative of the common E. co/icloning vector pBR 
322. harbourlng a DNA fragment carrylng the rib operon and the 
bla gene encoding ampicillin resistance, which latter is not 
expressed In B. subti/is. 

- SPO1-15, the constitutive promoter derived from a 8. subfflis 
bacteriophage which enables effiaent expression of the rib 
operon. 

- the marker gene tet, encoding tetracycline resistance, originally 
derived from Bacillus cereus. 

i 
i 

- the marker gene a t ,  encoding chloramphenicol resistance. 
originally derived fprn St8phyfococcus eureus. 

The fef as well as the cat gene can be consldered to be constituents of the 
natural gene pool of a wide range of Gram-positive organisms lnduding B. 
subtiNs. The chromosomal organisation of the gene Inserts has been 
demonstrated by thelr functionality as well as by southern blot analysis. These 
data were supplemented by sequenclng of specific fragments. 

The iermentation process 

The producer organism Is grown by controlled submerged growth in welldeflned 
media containing accepted components such as carbohydrates, nitrogen 
sources, mineral salts, an antifoam agent and the antibiotics chloramphenicol 
andlor \etracycline in lhe inoculation media. 

The production process uses inoculum build-up followed by a feed-batch 
productbn fermentation. It is carried out in contained vessels using axenic 
large-scale microbiological techniques. The fermen\alion is routinely tested to 
emure cultural purity, the quality control as described can be considered to be 
of the highest standard to exclude contamination. The final fermentation process 
will be performed in practice in compliance whh Good Industrial LargeScale 
practice. 

Down-stream processing 

After fermentation the whole broth Is pasteurised to ensure that no viable cells 
of the production organism are present in the final product. The further 

1-1-2 
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processing is designed to remove cell debris, DNA and conlaminants. 
Hydrochloric acid is added as the only purifKation agent The concentration of 
acid and the temperature conditions chosen were shown to degrade any DNA 
still present, so that it can no longer serve as a substrate in transformalion or as 
a template in a polymerase chain reaction. After removal of any residual 
biomass the purity of the final product is 96% and this material atter washing 
and drying can then be used as such in animal feed. Further processing with 
hot hydrochloric acid produces a material of 98% purity (food grade). This final 
purification step is identical with that currently used for producing a chemically 
synthesised material of the same 98% purity. Comparison of the HPLC 
chromatograms of the chemically synthesised and the fermentation produd 
confirmed that no further impurities had resulied from the fermentation process, 
the main degradatlon product resulting from the acid treatment belng 8- 
hydroxymelhylriboflavin (4). The find product rneels the specification for 
riboflavin used as colouring matter for foodstutts for human consumption listed 
in Commission Directive 95/45 EC (3). 

Intake 

The riboflavin produced by fermentation is inlended to be used for the same 
purposes as the chemically synthesised product. No increased consumption is 
expected as no new applications exclusive to the fermentationderived product 
are anticipated. 

Nutritlonat aspects 

As the synthetlc product and the fermentauon product have identical 
specifications and quallty uiteria and the same application levels, it is unlikely 
that there will be any difference in bioaveilability. when one product is 
substituted for the other. Hence a nutritional assessment IS unnecessary. 

Toxicological aspects 

The 96% fermentation product (feed grade), the 98% fernentation product 
(food grade) and the 98% chemlcally synthesised product were examined in a 
13-week oral feeding study in Wistar rats at doses of 20, 50 or 200 mdkg b.w. 
There were no slgnificant differences between test and control groups 
regarding clinical signs, feed consumption and water intake. There was a 6% 
retardation of growth of females given 200 mgkg b.w. of the 98% fermentation 
poducl. No consls!ent or dose-related changes in haemalological parameters, 
urinalysis or clinical chemistry were noted. Females given 200 mg/kg b.w. of the 
98% fermentation product showed a slight increase In relatlva liver welght and 
males given 50 and 200 mglkg b.w. fermentation product showed a slight 
increase in relative spleen weight, neither of these weight increases being 
dose-related nor associated with any histopathological findings. Gross and 
histopathology showed no significant treatment-related lesions in any test 
group. The observed changes were considered to be of no toxicological 
concern (5) 

A bacterial microsomal reverse mutation test in S. fyphimwium was negative 
with and without S9 mix over a dose range of 50-5000 pglplate for the 96% and 
98% fermentation product (6.7) 

Evaluation 

The only genetic modifications of the producer organism B .subti/is concerned 
the introduction of the 2 genetic constructs containing the rib operons, the f81 
and cat genes and the selected mutational changes for deregulating the purine 
and riboflavin pathways and also for preventing sporulation. PCR analysis, 
southern blot analysis and sequenclng of specific fragments showed that the 
expected &omposition of the modified genome remained stable under 
production conditions and that biologically actbe DNA of the production strain 
was no longer present in the fermentation-derived purified material. A 
hypothetical genetic transfer to the human consumer or the gut microorganisms 
of the novel genes in GM E. subfilis following consumption of fermentation- 
derived riboflavin could not occur since the purification process destroyed any 
DNA that may have been present. 
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There are no Indications that the impurities present in the fermentation- 
produced riboflavin were different from those occurring in the chemically 
syntheslsed ribonavln and were also shown with existing analytical methods lo 
be present a i  similar levels. 

The toxicity study and the mutagenicity assay showed no toxlcologically 
relevant adverse effecls either in the 98% fernenlation product or the 98% 
synthetic material. On microbiological-hygienic grounds there are no objections 
to the acceptance of the fermentation product.ln conclusion the Commmee 
considered that riboflavin produced by fermentation using genetically modified 
Bacillus subtrlis is acceptable as a food colour. 
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Appendix 11-1 
Analytical Methods of Specification 

l. Description 

(1) Appearance and odor of the sample are tested using Standard PGA, previously 

tested and released 

(2) Appearance 

Weigh about 1 g of the sample, put in a 50-rnl beaker, place on a piece of white 

paper, and observe from above Determine whether the sample is a white t o  

yellowish fine powder 

(3) Odor 

Weigh about I g of the sample, put in a 50-ml beaker, smell, and determine 

whether the sample is odorless or slightly characteristic 

2. Identification (Ninhydrin) 

(1) To 5 ml of the sample solution (1-+200), add 5 ml of concentrated hydrochloric 

acid, and heat at 110°C for 24 hours, and then adjust the pH of the sample 

solution to between 4 0 and 6.0 using 6 N sodium hydroxide solution 

(short-range pH indicator paper as an external indicator) 

(2) To 5 rnl of this solution, add 1 ml of ninhydrin solution, heat (about 80°C) for 5 
minutes in the water bath, and then, a blue-purple color develops 

3. Assay (as Glu) 

(1) Weigh accurately about 0.1 g of the dried sample (dried under the same way 

described in Loss on Drying), and dissolve in 10 rnl of water. 

(2) To 5 rnl of this solution, add 5 rnl of concentrated hydrochloric acid, and heat at 

110°C for 24 hours, and then analyze with amino acid analyzer 

(3) Assay (Glu) is given in the following formula 

A X B  x100 
C X D  

Assay (Glu) % WNV = 

A: analyzed concentration of glutamic acid 

B: 129 (molecular weight of glutamic acid residue in PGA) 

C- concentration of the sample solution 

D: 147 (molecular weight of glutamic acid) 
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4. Arsenic (as As203) 

(1) Test Solution 

Weigh 0 50 g of the sample, add 5 ml of water or 5 ml of diluted hydrochloric 

acid, dissolve by heating if  necessary, and use the solution as the test solution. 

(2) Transfer the test solution into the generator bottle, add 1 drop of bromophenol 

blue TS, neutralize with aqueous ammonia, ammonia TS, or diluted 

hydrochloric acid (1-.4), add 5 ml of diluted hydrochloric acid (1-2) and 5 ml 

of potassium iodide TS, and allow to stand for 2 to 3 minutes. Add 5 ml of 

acidic stannous chloride TS, and allow to stand for 10 minutes. Then, add 

water to make 40 ml, add 2 g of arsenic-free zinc, and immediately connect the 

rubber stopper, fitted with exit tube and glass tube, with generator bottle 

Insert the tip of glass tube to the bottom of absorber tube containing 5 ml of the 

absorbing solution for arsenic hydride, then immerse the generator bottle up to 

the shoulder in water maintained at 25"C, and allow to stand for 1 hour. 

Disconnect the absorber tube, add pyridine to make 5 ml, if necessary, and 

observe the color of the absorbing solution The color produced is not deeper 

than the standard color 

(3) Preparation of Standard Color is carried out at the same time as the test 

solution Measure 2 0 ml of Arsenic Standard Solution (1 pg/ml as As,03), 

transfer into a generator bottle, add 5 ml of potassium iodide TS, allow to stand 

for 2 to 3 minutes Add 5 ml of acidic stannous chloride TS, allow to stand at 

room temperature for 10 minutes Proceed in the same manner as the test 

solution, use the color produced by the absorbing solution as the standard 

color 

(4) Bromophenol blue TS Weigh 0 1 g of bromophenol blue, dissolve in 100 ml of 

50% ethanol, and filter if necessary. 

Ammonia TS. Measure 40 ml of aqueous ammonia, and add water to make 

100 mi 

Potassium iodide TS Weigh 16 5 g of potassium iodide, and dissolve in water 

to make 100 ml 

Acidic stannous chloride TS: Weigh 4 g of stannous chloride, dissolve in 125 of 

arsenic-free hydrochloric acid, and add water to make 250 ml. Store in a 

bottle with a ground-glass stopper, tightly stoppered Use within 1 month afler 

preparation. 

Absorbinq solution for arsenic hydride: Weigh 0.50 g of Ag-DDTC (silver 

diethyldithiocarbamate) and dissolve in pyridine to make 100 ml. Store in a 

light-resistant bottle with a ground-glass stopper in a cool place. 

Store, protecting from light. Prepare freshly before use. 
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5. Lead (as Pb) 

(1) Weigh the sample (6 to 9 g) into a Kjeldahl flask, and add 20 ml of nitric acid 

and 7 ml of sulfuric acid 

(2) Heat until white fumes of sulfur trioxide appear, and then cool 

(3) Add 10 ml of 20 YO hydrochloric acid and heat 

(4) Transfer the digests to a separatory funnel, and add 10 ml of 50 '/a ammonium 

citrate solution 

(5) Neutralize with ammonium hydroxide using thymol blue as an indicator, and  

cool 

(6) Make up the volume to about 100 ml, add 5 ml of 3 ?h ammonium pyrrolidine 

dithiocarbamate solution (APDC), and stand for 5 minutes 

(7) Add 5 ml of butyl acetate and shake for 5 minutes 

(8) After allowing the sample to separate into water and butyl acetate layer, collect 

the butyl acetate layer and measure with atomic absorption spectrophotometer 

using the following condition: 

Wave Length: 217.0 nm 

Flame: Acetylene - Air 

6. Loss on Drying 

(1) Weigh 2 g of the sample into the weighing bottle (dried and weighed 

accurately), spread the sample so that the layer is not thicker than 5 mm, and 

weigh it accurately. 

(2) Place the bottle in the desiccator with silica gel as desiccant and dry under the 

pressure at I 3 kpa or less at 40°C for 24 hours 

(3) Weigh the sample again, and calculate the loss on drying as follows 

x 100 
Weight Loss (g) 

Weight of the sample (9) 
Loss on Drying % WIW = 

11-1-3 



7. Residue on Ignition 

(1) Ignite a crucible of porcelain in electric furnace at 600°C for 30 minutes, allow 

to cool i t  in a desiccator, and weigh it accurately Place 1 g of the sample in to  

the crucible and weigh it accurately 

(2) Moisten the sample with a small amount (usually 1 ml) of sulfuric acid, then 

heat gently at a temperature as low as practicable until the sample IS 

thoroughly charred After cooling, moisten the residue with a small amount 

(usually 1 ml) of sulfuric acid, heat gently until white fumes are no longer 

evolved, and ignite at 600°C for 1 hour in electric furnace 

(3) Cool the crucible in a desiccator and weigh accurately 

(4) Calculate the residue on ignition as follows 

Weight of ash (9) 
Weight of the sample (9) 

Residue on Ignition % WAN = x 100 

8. Standard Plate Counts 

(1) Test solution 

Weigh 10 g of the sample and dissolve with sterile phosphate buffer to make 100 

ml PH of the solution is adjusted between 6 8 and 7 2 by adding of dilute 

hydrochloric acid solution. 

(2) Collect 1 ml of the test solution, inoculate on the dried surface of Standard Agar 

Medium plate, and spread thoroughly over the surface Allow the plate to stand 

level surface 

(3) Cultures are incubated at 35+1"C for 48?3 hours. 

(4) After incubation count the number of colonies grown on the surface of the plate. 

(5) Standard Aqar Medium (1,000 ml, pH 7 1+0 1) 

. . .  Yeast extract . . . . . .  2 5 9  

Peptone. . . . . . . . . .  ..5.0 g 

Agar . . . .  . . . . . . . . . .  .20 g 

Glucose. . . . . . . . . . . . . . . . .  1 0 g 
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9. Coliforms 

(1) Test solution 

Weigh 10 g of the sample, add 90 ml of sterile phosphate buffer, and blend for 2 

minutes Prepare decimal dilutions of IO.' and with sterile phosphate 

buffered physiological saline 

(2) Transfer 1 ml portions to 3 LST tubes for each 3 consecutive dilutions 

(undiluted test solution, 10 ' and Incubate LST tubes at 35°C 

Examine tubes and record reactions at 24k2 hours for gas Re-incubate 

gas-negative tubes for an additional 24 hours and examine and record 

reactions again at 48k2 hours 

(3) From each gassing LST tube, transfer a loopful of suspension to a tube of 

BGLB broth Incubate BGLB tubes at 35°C and examine for gas production at 

48+2 hours Calculate most probable number (MPN) of coliforms based on 

proportion of confirmed gassing LST tubes for 3 consecutive dilutions. 

(4) Lauryl Tryptose (LST) Broth (1,000 ml. pH 6.820 2) 

dilutions) 

Tryptose or trypticase . . 20 9 

Lactose 5 g  
KzHPO4 . . . . . . . . . . . . . .  .2 75 g 

KHZP04 . . . . . . . . . .  2 75 g 

NaCl 5 9  
Sodium lauryl sulfate . . . .  0 1 g 

Peptone 10 9 
Lactose . . . . . . . . . . . . . .  10 g 

Oxgall . . . . . . . . . . . . . . . . . . . . . . . . .  ..20 g 

Brilliant green . _ _ _  . . 0 0133 g 

. . . . . . . . . . .  

. . . . . . . . . . . .  

Brilliant Green Lactose Bile (BGLB) Broth (1.000 ml, PH 7 220.1) 

. . . . . . . . . . . . . . . . . . . .  
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Appendix IV -1 

Analytical Methods of Purities 

I - PGA as Glu (YO) 
( I )  Dissolve the sample with 20 % hydrochloric acid containing P-mercaptoethanol, 

and heat at 11 0°C for 24 hours. 

(2) Dilute with sodium citrate buffer (pH 2.2), and then analyze with amino acid 
analyzer. 

PGA as Glu (%) is given in the following formula: 

A X B  X I 0 0  
C X D  

PGA as Glu (%) = 

A: analyzed concentration of glutamic acid 

B: 129 (molecular weight of glutamic acid residue in PGA) 

C: concentration of the sample solution 

D: 147 (molecular weight of glutamic acid) 

. 

2. Moisture (%) 

(1) Weigh the dish (constant weight). 

(2) Place the sample into the dish and weigh the dish containing the sample. 

(3) Place the dish in the vacuum drying oven and dry at 70°C to constant weight. 

(4) Cool in the desiccator and weigh the dish containing the sample. 

Moisture (%) is given in the following formula: 

Moisture (Yo) = w2-w3 X I 0 0  
w2 -w, 

Wt: Constant weight of the dish 

Wz: Weight of the dish containing the sample 

Ws: Weight of the dish containing the sample afler drying 

3. Ash c/o) 

(I) Weigh the porcelain crucible (constant weight). 

(2) Place the sample into the porcelain crucible and weigh the porcelain crucible 
containing the sample. 
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(3) Place the porcelain crucible in the electric furnace and make preliminary ashing 

at low temperature until smoking ceases. 

(4) Ignite it at 550°C to constant weight. 
(5) Cool in the desiccator and weigh the porcelain crucible containing the sample. 

Ash (YO) is given in the following formula: 

Ash (Yo) = w3-w1 x 1 0 0  
W 2  ’ Wl 

W,: Constant weight of the porcelain crucible 

W2: Weight of the porcelain crucible containing the sample 

W3: Weight of the porcelain crucible containing the sample after igniting 

4. Total Sugars (%) 

(1) Dissolve the sample with water and fill up with water to constant volume. 

(2) Measure the sample solution using phenol-sulfuric acid colorimetric method 
with glucose standard (calculated as glucose). 

5. Acetic Acid (%) 

(1) Dissolve the sample with 5% perchloric acid, add water into the sample 

(2) Fill up with water to constant volume, filtered the sample solution, and then 

solution, and shake it well. 

apply to HPLC using the following condition: 

Detector: UV-VIS Spectrophtometric Detector 

Column: Shodex RSpak KC-811 X 2, UI 8 mm X 300 mm 

Temperature: 40°C 

Mobile Phase: 3 mmolfl perchloric acid 

Reaction Reagent: 15 mmoVl disodium hydrogen phosphate solution 

Flow Rate: Mobile Phase1 .O ml/min, Reaction Reagent 1.4 mllmin 

Wave Length: 445 nm 

containing 0.2 mmol/l bromothymol blue 

rv-1-2 8 0 0 0 7 5  



6. Ammonium (70) 
(1) Dissolve the sample with 20 YO hydrochloric acid containing P-mercaptoethanol, 

and heat at 110°C for 24 hours. 

(2) Dilute with sodium citrate buffer (pH 2.2), and then analyze with amino acid 

analyzer. 

7 .  Lipid (%) 

(1) Weigh the Soxhlet flask (constant weight) and weigh the sample into the paper 

extraction thimble. 

(2) Dry the sample with the forced convection oven at 105°C for 2 hours. 

(3) Perform Soxhlet extraction with diethyl ether for more than 16 hours into the 

Soxhlet flask. 

(4) Evaporate the Soxhlet flask and dry it with the forced convection oven at 105°C 
for 1 hour. 

(5) Cool in the desiccator and weigh the Soxhlet flask. 

Lipid (70) is given in the following formula: 

Lipid (Yo) = (Wz - W,) X IO0 I S 

W,: Constant weight of the Soxhlet flask 
Wz: Weight of the Soxhlet flask containing the sample extract after evaporation 

S: Weight of the sample 

IV-1-3 
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8. Sodium (%) 

(1) Weigh h e  sample and ignite at 550°C for about 12 hours. 

(2) Extract and fill up with hydrochloric acid to constant volume. 

(3) Measure with atomic absorption spectrophotometer using the following 

condition: 

Wave Length: 589.6 nm 

Flame: Acetylene - Air 

9. Chloride (YO) 
(1) Weigh the sample and extract with ionexchange water. 

(2) Add diluted nitric acid and measure with potentiometric titrator using 0.7 mol/L 
silver nitrate standard solution. 

I O .  Sulfate (“YO) 
(1) Weigh the sample, add 10 ml of diluted hydrochloric acid (1-+2), and heat on 

(2) Filter through No. 5C filter paper and add water to about 100 ml. 
(3) Neutralize and finally slightly acidify with diluted hydrochloric acid (7 42) and 

(4) Add I rnl of diluted hydrochloric acid (1-2) and boil. 

(5) Add 10 to 15 rnl of 10% barium chloride solution and stand overnight. 

(6) Filter through No. 5C filter paper and wash the precipitate using about 200 ml of 

(7) Transfer the filter paper containing the precipitate into the porcelain crucible 

the hot plate. 

50% sodium hydroxide solution using methyl orange as an indicator. 

water until the filtrate is chloride-free. 

(previously weighed constant weight) and ignite at 500°C for 3 hours. 
(8) Dry to constant weight at 750°C for 20 minutes. 

(9) Cool in the desiccator and weigh the porcelain crucible. 

Sulfate (%) is given in the following formula: 

Sulfate (“YO) = (W, - W,) I W X 0.4116 X 100 

W: Weight of the sample 

IS-1-4 8000‘77 



W1: Weight of the porcelain crucible containing the sample afler igniting 
Ws: Constant weight of the porcelain crucible 

11. Calcium (%) 

(1) Weigh the sample and ignite at 550°C for 5 to 6 hours. 
(2) Dissolve with 20 % hydrochloric acid and evaporate to dryness on the hot plate. 
(3) Dissolve with 20 % hydrochloric acid again and heat on the hot plate. 
(4) Filter through No. 5Afilter paper and fill up to constant volume. 
(5) Measure with inductively coupled plasma-atomic emission spectrometer using 

the following wave length: 315.887 nm. 

12. Potassium (%) 

(1) Weigh the sample and ignite at 550°C for about 12 hours. 
(2) Extract and fill up with hydrochloric acid to constant volume. 
(3) Measure with atomic absorption spectrophotometer using the following 

condition: 

Wave Length: 766.5 nm 
Flame: Acetylene - Air 

**A- 
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Executive Summary 

At the request of Ajinomoto Corporate Services, LLC (Ajinomoto) Exponent has estimated t h e  

intake of salt from ”low sodium” or ”reduced sodium”, regular salt, and total salt for the US 

population. lntakes of “optional” salt (used at table and in food preparation) as well as “non- 

optional” (e.g., used in food processing) were estimated. To estimate “low sodium” salt intakes 

fJom processed foods, Exponent derived the amount of salt intakes from processed foods 

identified as “low sodium” OJ “reduced sodium”. To estimate “low sodium” table salt intakes, 

Exponent assumed that optional table salt intake for subjects who rarely or never use regular salt 

in food preparation or at the table i s  low sodium salt. Therefore, since “low sodium” and 

“reduced sodium” foods could include foods prepared with low sodium salt as well as foods 

prepared with less salt, and since subjects wbo rarely or never user regular salt in food 

preparation or at the table may not be using any salt at  all, the estimates derived in this report a r e  

conservative estimates of the consumption of low sodium salt. More Tepresentative estimates 

may be obtained by conducting a targeted survey focusing on the frequency of use and amounts 

usually consumed of these salts during food preparation and at the table. 
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(’ 
Introduction 

At the request of Ajjnomoto Corporate Services, LLC (Ajinomoto) Exponent has conducted a n  

intake assessment to estimate the consumption of table top “regular” and “low sodium” salt using 

data from CDC’s 2003-2004 National Health and Nutrition Examination Survey (”ANES), the 

most recent publicly available food consumption database. The purpose of the assessment is io 

derive data for estimation of intakes of a food additive that is used in a low sodium salt that 

Ajinomoto has developed. 

lntakes estimates were derived for the total US population and five subpopulations: Infants a n d  

toddlers 1-3 years old, Children 4-8 years old, Children 9- 13 years old, Teenagers 14- 1 8 years 

old, and Adults 19 years old or older. 
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Data and Methods 

Dietary consumption of salt was estimated using Exponent’s Foods and Residue Evaluation 

Program (FARETM 8.13) software, and data from N ” E S  2003-2004. The NHANES 2003- 

2004 (NCHS, 2007) is a complex multistage probability sample designed lo be representative of 

the civjlian U.S. population. The survey collects two days of food intake data, in addition to 

nutrition, demographic, and health information. The NHANES survey over-samples minorities, 

low-income groups, adolescents ( I  2- 19 years), and adults 60 years of age and older, and 

statistical weights are provided by the National Center for Health Statistics (NCHS) to adjust fo r  

the differential probabilities of selection. Participants included 10.1 22 subjects in 2003-2004. 

Only individuals with complete and reliable 2-day dietary records were included in the analysis 

(N= 8,3 54). 

Exponent estimated the daily intake on a per “user” basis. In this anaiysis, a ‘ h e r ”  is anyone 

who reported consuming a food on either of the survey days (USDA’s “user” definition). 

Specifically, each individual who reported consuming a food on either of the survey days is 

identified, and that individual’s responses for both survey days are used in the assessment. Zero 

consumption days are included in calculating that individual’s average daily intake. Provided the 

ingredjentfcontaminant of interest is not an acute toxicant or teratogen, it is appropriate to 

average exposures over a longer period than one day. Therefore, Exponent@ used each 

respondent’s food consumption averaged over the two days of the NHANES 2003-2004 survey. 

For example, if someone reported consuming 100 grams of bread on day 1 and 150 grams of 

bread on day 2, hisher 2-day average bread consumption would be 125 g a m s  ([100+150)/2). A 

2-day average typically overestimates long-term (chronic) daily intake; however, only two 

nonconsecutive days’ worth of food consumption data are available in the NHANES 2003-2004 

survey database. 

Exponent used the statistically weighted values from the survey in its analyses. The statistical 

weights compensate for variable probabilities of selection, adjust for non-response, and provide 

intake estimates that are representative of the U.S. population and the selected age-gender 

subgroups. 8 0 0 0 9 5 
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Low sodium or lite salt can be used by food processors in the manufacturing of “low sodium” 01 

“reduced sodium” foods. In addition, consumers can use low sodium or lite table salt at home 

either during food preparation or at the table. Consumption data in the NHANES survey are 

reported on an “as consumed basis”. That isI if a survey participant consumed an apple pie, the 

consumption amount reported in the survey for that subject would be for the amount of pie 

consumed, and not for the ingredients (flour, butter, apples, sugar, etc.. .) used to make that pie.  

Exponent has developed recipes that allow for the translation of foods as consumed into their 

various ingredients. These recipes build on “intermediate” recipes that have been developed b y  

USDA and CDC and are used in Exponent’s FARE software. “Table salt” is an ingredient that is 

captured in these recipes, however, the recipes do not identify the Type of salt, as “reduced 

sodiudj te”  or “regular” salt. ”Am has included questions about the frequency of use of 

regular salt during cooking and at the table and has generated two sets of estimates for sodium 

content of foods, one that refers to the total sodium content of foods and one that excludes the 

contribution of “optional salt”. Exponent obtained these databases and estimated the optional 

salt content of all foods reported in the NHANES survey and estimated the intakes of low 

sodium and regular salt as follows: 

Low sodium salt from processed foods: intakes were derived using the salt content of 

“reduced sodium” and “low sodium” foods (see Appendix 1 for the list of foods included). 

0 Table top low sodium salt: intakes were derived using the optional salt content for those 

survey participants who reported that they rarely add regular salt at the table and never or 

rarely add remlar salt  during food preparation. Specifically, the sodium content of foods 

due to optional salt use was derived as the difference between the total sodium content and 

the sodium content excluding optional salt. The optional salt content was then estimated by 

back-calculation from the sodium content, assuming 0.393 g of sodium to 0.607 g of chloride 

in l g  of salt. Optional salt intake was then derived for all subjects. For subjects who 

reported they rarely add remlar  salt at the table and never or rarely add regular salt during 

food preparation, optional salt intake was assumed to be “low sodium” table salt intake. For 

all other subjects, the optional salt intake was assumed to be regular table salt intake. 

oao~35.000  BOTO I io8 0001 3 
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9 Regular salt: All other salt intakes, including salt in processed foods and optional table salt  

were used to represent “regular” (i.e., non low-sodium’) salt intakes. 

Figure I summarjzes the approach used in estimating salt intakes for each subject 

The intake of salt Is based on 2-day average intakes among subjects with 2 days of valid intake 

data in NHANES 2003-2004. Each individual’s intake of salt, presented in g/day was divided by 

hisher bodyweight to provide the per capita and per user intakes on a bodyweight basis. The 

results are presented in g/day and g/kg-bwlday on a per capita and per user basis. Analyses 

were conducted using Exponent’s proprietary software program FAREm version 8.1 3 and 

SPSSB Version 7.5.3. The subgroups selected for this consumption analysis include the U.S. 

population, infants and toddlers 1-3 years of age, children 4-8 and children 9-1 3 years of age, 

teenagers 14-1 8 years of age, and adults 19 years and over. 

0802935.000 BOT0 1108 0001 4 
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Results and Discussion 

Tables IA and 1B summarize the estimated intake of “low sodium” salt, based on the salt 

content of ”reduced sodium” or “low sodium” processed foods listed in Appendix 1 . Table 1 A 

provides estimates @day, while Table 1B provides the estimates in g k g  bw/day. The proportion 

of the subjects reporting consumption of “reduced” or “low” sodium processed foods in the 

”ANES 2003-2004 survey is 27%. Per user mean and 90* percentile estimates are 0.30 g/day 

and 0.68 g/day, respectively. 

Tables 2A and 2B summarize the estimated intake of low sodium table salt. The intakes are 

estimated by assuming that the optional salt intake of subjects who reported that they never or 

rarely use regular salt in food preparation or at the table represents low sodium table salt intake. 

The estimated proportion of subjects consuming low sodium table salt is 7%. Per user mean and 

90Ih percentile estimates are 2.23 @day and 4.08 @day, respectively. 

Tables 3A and 3B summarize the total low sodium intake for NHANES survey particjpants. The 

intake estimates are derived by adding for each survey participants their estimated intakes of low 

sodium table salt and low sodium salt from low or reduced sodium processed foods. Per user 

mean and 90* percentile estimates are 0.76 @day and 2.16 g/day, respectively. 

Table 4A and 4B summarize the regular table (optional) salt intake for NHANES survey 

participants. The intake estimates are derived as the total optional salt intake that is not assumed 

to be low sodium salt (that is, excluding the salt intake included in Table 2 above). Per user 

mean and 90* percentile estimates are 2.1 1 g/day and 4.00 @day, respectively. 

Table 5 A  and 5B summarize the regular non-optional salt intake for NHANES survey 

participants. The intake estimates are derived as the total regular salt intake that is not assumed 

to be optional (that is, excluding the salt intake estimated in Table 4 above). Per user mean and 

percentile estimates are 4.90 @day and 8.80 g/day, respectively. 

0 0 0 0 9 8 
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Table 6A and 6B summarize the total regular salt intake for NHANES survey pmicipants. The 

intake estimates are derived as the total salt intake that Is not assumed to be low sodium salt (that 

is, excluding the salt intake included in Table 3 above). Per user mean and 90* percentile 

estimates are 6.81 @day and 11.22 glday, respectively. 

Tables 7A and 7B summarize the estimated daily intake of total table top (optional) salt for 

"AM 2003-2004 participants. The intakes are derived by adding intakes of low sodium table 

salt and regular table top (optional) salt. Per user mean and 90th percentile estimates for the U.S. 

population are 2.12 glday and 4.01 g/day, respectively. 

Tables 8A and 8B summarize the estimated daily intake of total (both regular and low sodium) 

table (optional) salt and low sodium salt from processed foods for NHANES 2003-2004 

participants. The intakes are derived by adding intakes of low sodium table salt, low sodium salt 

from low or reduced sodium processed foods, and regular table top (optional) salt. Per user mean 

and 90th percentile estimates for the U S .  population are 2.19 @day and 4.14 g/day, respectively. 

Tables 9A and 9B summarize the estimated daily intake of total (table top or optional and non- 

optional) salt (low sodium and regular) for N"ES 2003-2004 participants. Per user mean and 

90th percentile estimates for the U.S. population are 7.06 glday and 11.6 @day, respectively. 

The FDA Guidance on Sodium Claims' defines a reduced or low sodium food as a food that h a s  

that at  least 25 percent less sodium per serving than the reference food. The intake estimates fOJ 

low sodium salt derived in this report for processed foods are based on the assumption that low 

sodium processed foods are made with low sodium salt. However, while low sodium foods can 

be prepared with low sodium salt, some may simply include a lower amount of regular salt. 

Further, the estimates of low sodium table salt intakes provided in this report are based on the 

assumption that subjects who reported that they rarely or never use regular salt in food 

preparation or at the table use low sodium or lite salt instead, which may not be true, as these 

subjects may be not using any type of salt. Thus the estimates provided in this reported are 

' ht~p://www.fda.gov/fdac/foodlabeYsodium html 

0 0 0 0 9 9  
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likely conservative estimates (overestimates) of the low sodium salt intakes in the US. 

Unfortunately, NHANES did not collect quantitative information on the frequency and amount 

of use of lite salt or salt substitute at the table or during food preparation, hence it is not possible 

to confirm our assumption that those subjects who rarely or never use regular salt at the table or 

in food preparation are using alternative types of salt. However, "ANES included a question 

on the first dietary interview day to assess the type of salt usually added at the table. Table I O  

summarizes the reported answers to this question. Sixty six percent of the respondents said that 

they usually add regular salt at the table, while 3.8% said that usually add lite salt or salt 

substitute at the table. This estimate (3.8%) is slightly lower than the estimate derived above for 

the fraction of the subjects who use low sodium table salt during cooking or at the table (7%). 

The difference could either be due to the added fraction of subjects who use reduced sodium salt 

during food preparation or could reflect the potential overestimation in our estimates of low 

sodium table salt intakes. , 

0802935.000 BOT0 1108 0001 7 
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Conclusion 

Exponent has estimated the intake of salt from “low sodium” or “reduced sodium” foods using 

data from CDC’s 2003-2004 NHANES. These estimates were used to represent the consumption 

of “low sodium” salt in processed foods. In addition estimates of low sodium table salt were 

derived using information on sodium intake from optional salt, and frequency of use of regular 

salt at tbe table and in food preparation. Since ‘9ow sodium” and ”reduced sodium” foods could 

include foods prepared with low sodium salt as well as foods prepared with less salt, the 

estimates derived in this report are conservative estimates of tbe consumption of low sodium salt 

from these foods. The estimates of low sodium table salt intakes were derived using information 

on the frequency of use of regular salt in food preparation or at the table. Since subjects who 

rarely or never user regular salt in food preparation or at the table may not be using any salt at 

all, the estimates derived in this report are conservative estimates of the consumption of low 

sodium table salt. A more representative estimate may be obtained by conducting a targeted 

survey focusing on the frequency and amount of consumption of these salts and of processed 

foods made with these salts by consumers. 
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Figure 1 .  Approach used estlmating salt intakes for each NHANES survey participant 
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Table 1A. Estimated Daily Intake of Salt from "Low or Reduced" Sodium Processed 
Foods (g/day), NHANES 2003-2004 

Unweigbted Per Capita (g/day) Per User (@day) 
Number of 70 90th 90th 

Subpopulations Users Users Mean Percentile Mean Percentile 
US ~ o ~ u l a t i o n  2467 21 0.08 0.25 0.30 0.68 . ~- - _ _  
Infants 1-3 215 31 0.05 0.15 0.15 0.30 
Children 4-8 333 42 0.12 0.30 0.28 0.60 
Children 9- 13 369 39 0.11 0.3 1 0.28 0.60 
Teenaeen 14-1 8 456 35 0.11 0.30 0.30 0 76 
Adults 19t 1077 24 0.08 0.20 0.32 0.75 

Table 1B. Estimated Daily Intake of Salt from "Low or Reduced" Sodium Processed 
Foods (g/kg bwiday), NHANES 2003-2004 

Per Capita Per User 
Unweighted (gkg bw/day) (0 g bw/d a y ) 
Number of YO 90th 90th 

Subpopulations Users Users Mean Percentile Mean Percentile 
US population 2467 27 0.002 0.004 0.006 0.013 
Infants 1-3 215 31 0.003 0.009 0.01 1 0.023 
Children 4-8 333 42 0.005 0.014 0.012 0.024 
Children 9-13 369 39 0.002 0.007 0.006 0.01 3 
Teenagers 14- 18 456 35 0.002 0.005 0.005 0.01 2 
Adults 19t 1077 24 0.001 0.003 0.004 0.009 
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Table 2A. Estimated Daily Intake of Low Sodium Table Salt (glday), NHANES 2003-2004 

Unweighted Per Capita (g/day) Per User (@day) 
Number of 70 90th 90ih 

Subpopulations Users Users Mean Percentile Mean Percentile 
US population 57 3 7 0.16 0.00 2.22 4.08 
Infants 1-3 20 3 0.03 0.00 J .01 2.15 
Children 4-8 40 6 0.06 0.00 1.02 2.08 
Children 9- 13 77 6 0.10 0.00 I .57 4.78 
Teenagers 14-1 8 98 10 0.20 0.00 2.08 3.49 
Adults 19t 334 8 0.1 9 0.00 2.4 I 4.32 

Table 2B. Esiimaied Daily Intake of Low Sodium Table Salt (g/kg bwlday), NHANES 2003- 
2004 

Unweighted 
Number of 

Per Capita Per User 
bwlday) e/kg bwlday) 

90th 90th 
Subpopulations Users Yo Users Mean Percentile Mean Percentile 
US population 571 7 0.002 0.000 0.033 0.062 
Infants 1-3 20 3 0.002 0.000 0.076 0.152 
Children 4-8 40 6 0.003 0.000 0.045 0.102 
Children 9-13 77 6 0.002 o.oO0 0.033 0.080 
Teenagers 14-18 98 I O  0.003 0.000 0.034 0.061 
Adults 191 334 8 0.002 0.000 0.031 0.055 

0 0 0 1 0 4  
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Table 3A. Estimaied Total Daily lntake ol Low Sodium Salt (@day), NHANES 2003-2004 

Unweighted Per Capita (@day) Per User (g/day) 
Number of 70 90th 90th 

Subpopulations Users Users Mean Percentile Mean Percentile 
US population 2852 32 0.25 0.60 0.76 2.16 
Infants 1-3 229 32 0.07 0.1 5 0.23 0.60 
Children 4-8 353 45 0.18 0.60 0.40 0.96 
Children 9- I3 413 42 0.20 0.45 0.48 I .46 
Teenagers 14-18 515 40 0.31 0.83 0.76 2.21 
Adults 19i  1323 30 0.26 0.60 0.89 2.68 

Table 38. Estimated Total Daily Intake of Low Sodium Salt (g/kg bw/day), NHANES 2003- 
2004 

Per Capita Per User 
Univeighted bw/day) w g  bw/day) 
Number of 9” . 90th 90th 

Subpopulations Users Users Mean Percentile Mean Percentile 
US population 2852 32 0.004 0.009 0.012 0.035 
Infants 1-3 229 32 0.005 0.012 0.017 0.045 
Children 4-8 353 45 0.008 0.018 0.017 0.042 
Children 9-13 413 42 0.004 0.01 I 0.011 0.030 
Teenagers 14-1 8 51 5 40 0.005 0.014 0.012 0.031 
Adults 19+ 1323 30 0.003 0.008 0.011 0.035 
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Table 4 k  Estimated Daily Intake of Regular Table (Optional) Salt (g/day), NHANES 2003- 
2004 

Unweighted Per Capita (g/day) Per User (@day) 
Number of % 90th 90th 

Subpopulations Users Users Mean Percentile Mean Percentile 
US population 7332 90 1.90 3.87 2.1 1 4.00 
Lnfants 1-3 610 93 0.87 I .87 0.93 1.89 
Children 4-8 662 90 1.22 2.55 I .36 2.64 
Children 9- 13 828 90 1.44 2.94 1.59 2.98 
Teenagers 74-1 8 1124 87 1.76 3.97 2.03 4.19 

~ 

Adults 19+ 3956 91 2.11 4.09 2.33 4.21 

Table 4B. Estimaied Daily Intake of Regular Table (Optional) Sal1 (g/kg bw/day), NHANES 
2003-2004 

Unweighted 
Number of 

Per Capita Per User 
( 0 s  bwlday) (@g bwlday) 

90th 90th 
Subpopulations Users % Users Mean Percentile Mean Percentile 
US population 7332 90 0.031 0.064 0.034 0.067 
Infants 1-3 610 93 0.065 0.134 0.069 0.137 
Children 4-8 662 90 0.052 0.114 0.058 0.114 
Children 9- 13 828 90 0.033 0.07 1 0.037 0.075 
Teenagers 14-1 8 1124 87 0.027 0.060 0.031 0.063 
Adults 19+ 3956 91 0.027 0.053 0.030 0.056 
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Table 5A. Estimated Daily Intake Non-Optional Regular Salt (glday), NHANES 2003-2004 

Unweighted Per Capita (glday) Per User (@day) 
Numberof % 90th 90th 

Subpopulations Users users Mean Percentile Mean Percentile 
US population 8148 99 4.87 8.78 4.90 8.80 
Infants 1-3 656 100 3.43 5.67 3.43 5.67 
Children 4-8 726 100 4.96 7.89 4.96 7.89 
Children 9- 13 930 3 0 0  5.23 8.64 5.23 8.64 
Teenagers 14- 1 8 1258 100 5.34 9.10 5.34 9.10 
Adults 39+ 4359 loo 4.94 9 00 4.94 9.00 

Table 5B. Estimated Dally Intake of Non-Optional Regular Salt (g/kg bwlday), NHANES 
2003-2004 

Per Capita Per User 
Unweighted (gkg  bw/day) (fig bw/day) 
Number of 9'' 90th 90th 

Subpopulations Users users Mean Percentile Mean Percentile 
US population 8148 99 0.088 0.176 0.088 0.176 
lnfants 1-3 656 100 0.256 0.42 1 0.257 0.42 1 
Children 4-8 726 100 0.209 0.335 0.209 0.335 
Children 9- I 3 930 100 0.123 0.206 0.123 0.206 
Teenagers 14-18 1258 100 0.084 0.145 0.084 0.145 
Adults 1 9 t  4359 100 0.064 0.1 18 0.064 0.138 
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i Table 6A. Estimated Daily Intake of Total Regular Salt (@day), NHANES 2003-2004 

Unweigbted Per Capita (g/day) Per User @/day) 
Number of 70 90th 90th 

Subpopulations Users users Mean Percentile Mean Percentile 

Infants 1-3 656 100 4.30 6.85 4.30 6.85 
Children 4-8 726 100 6.18 9.92 6.18 9.92 
Children 9- 13 930 100 6.67 10.83 6.67 10.83 

Adults 19t  4359 100 7.05 I I .66 7.05 1 I .66 

US population 8148 99 6.77 1 I .22 6.81 11.22 

Teenagers 14-1 8 1258 100 7.11 11.44 7.1 I 11.44 

Table 6B. Estimated Dally Intake of Total Regular Salt (g/kg bwlday), NHANES 2003-2004 

Per Capita Per User 
Unweighted (gkg  bwlday) (@g bw/day) 
Number of 9'0 90th 90th 

Subpopulations Users Users Mean Percentile Mean Percentile 
US population 8148 99 0.118 0.222 0.119 0.223 
Infants 1-3 656 100 0.321 0.516 0.321 0.5 16 
Children 4-8 726 I00 0.262 0.410 0.262 0.410 
Chddren 9- 13 930 100 0.157 0.272 0.157 0.272 
Teenagers 14- 1 8 1258 100 0.112 0.184 0.112 0.184 
Adults 39+ 4359 100 0.091 0.156 0.091 0.156 

8 0 0 1 0 8  
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Table 7A. Estlmated Dafly Intake of Total Optional Salt (g/day), NHANES 2003-2004 

Unweighted Per Capita (g/day) Per User (@day) 
Number of 7' 90* 90h 

Subpopulations Users Users Mean Percentile Mean Percentile 
US population 7903 97 2.06 3.97 2.12 4.01 
Infants 1-3 630 96 0.90 1.88 0.94 I .89 
Children 4-8 702 95 1.28 2.57 I .34 2.62 
Children 9- 13 905 96 1.53 2.98 1.59 3.04 
Teenagers 14- I 8 I222 97 I .97 4.15 2.03 4.1 9 
Adults 19+ 4290 99 2.30 4.20 2.33 4.24 

Table 78. Estimated Daily Intake of Total Optional Salt (g/kg bwiday), NHANES 2003-2004 

~~ 

Per Capita Per User 
( O g  bw/day) (Fjbg bwlday) 

90& 90th 
Subpopulations Mean Percentile Mean Percentile 
US population 7903 97 0.033 0.066 0.034 0.067 
Infants 1-3 630 96 0.067 0.135 0.070 0.139 
Children 4-8 702 95 0.055 0.114 0.058 0.1 14 
Children 9-13 905 96 0.035 0.075 0.037 0.075 
Teenagers 14-1 8 1222 97 0.030 0.061 0.032 0.061 
Adults 19+ 4290 99 0.030 0.055 0.030 0.056 

Unweighted 
Number of 

Users 

% 
Users 
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Table 8A. Estimated Daily Intake of Total Optional Salt and Low Sodium Salt from 
Processed Foods (glday), NHANES 2003-2004 

Un w ei gh t ed Per Capita (dday) Per User (glday) 
Number of % 90'h gofi 

Subpopulations Users Users Mean Percentile Mean Percentile 
US population 7958 98 2.14 4.1 1 2.19 4.14 
Infants 1-3 636 97 0.94 I .92 0.97 1.93 
Children 4-8 712 97 1.40 2.77 I .44 2.80 
Children 9- 13 91 5 99 I .64 3.16 1.66 3.16 
Teenagers I 4- 3 8 3 230 97 2.07 4.19 2.13 4.26 
Adults 19t 4307 99 2.38 4.35 2.40 4.35 

Table 8B. Estimated Daily Intake ol Total Optional Salt and Low Sodium Salt from 
Processed Foods (g/kg bwlday), NHANES 2003-2004 

Cgncg bwlday) 
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Table 9A. Estfmated Daily Intake of Total Salt (g/day), NHANES 2003-2004 

Table 9B. Estimated Daily Intake of Total Salt (g/kg bwlday), NHANES 2003-2004 

Per Capita Per User 
Unweigbted % ( g h g  bw/day) (g/kg bw/day) Number of 

Users w& gofi Users 
Subpopulations Mean Percentile Mean Percentile 
US population 8148 99 0.12 0.23 0.12 0.23 
lnfants 1-3 65 6 100 0.33 0.52 0.33 0.52 
Children 4-8 726 100 0.27 0.43 0.27 0.43 
Children 9- 13 930 100 0.16 0.27 0.16 0.27 
Teenagers 14-1 8 1258 100 0.12 0.19 0.12 0.19 
Adults 19+ 4359 loo . 0.09 0.16 0.09 0.16 
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Table 10. Type of salt usually added at the table (NHANES 2003-2004) 

Type of salt added at table 

Ordinary salt 65.8 
Lite salt 2.7 

Percent 

Salt substitute 1.1 
Does not add salt at table 29.7 
Other 0.3 
Don't know 0.4 

0 0 0 1 1 2  
0802935.000 BDTO 1108 0001 19 E? 

VI 11-2-27 



November 19,2008 

Appendix 1: Low or Reduced Sodium Foods Reported 
Consumed in the 2003-2004 NHANES Survev 

14107210 
14 108050 
14 I08800 
14 109020 
I4110010 
144 102 I 0 
2260201 0 
25220470 
25230220 
25230550 

28 I 4 1 300 
28 143220 

2831 6020 
28345030 
28345040 
28355 140 
41221010 
41420350 
41 4204 3 0 
4 1602070 
4220201 0 
422021’00 
5 I 130520 
51 1841 00 
51 30061 0 
5 I 300620 
54201 01 0 
5420201 0 
54202050 
5420301 0 
54204010 
5420501 0 
54205 03 0 
54205 100 
54403060 
58301080 
58302060 

58403030 

Cheese, muenster, low sodium 
Cheese, Parmesan, low sodium 
Cheese, semi-soft, low sodium 
Cheese, Swiss, low sodium 
Cheese, Cheddar or Colby, low sodium 
Cheese, processed, American or Cheddar type, low sodium 
Pork bacon, smoked or cured, lower sodium 
Bologna, beef, lower sodium 
Ham, sliced, low salt, prepackaged or deli, luncheon meat 
Ham, pork, and chicken, luncheon meat, chopped, minced, pressed, spiced, 
canned, reduced sodium 
Chicken with rice and vegetable, reduced fat and sodium (diet frozen meal) 
Chicken in barbecue sauce, with rice, vegetable and dessert, reduced fat and 
sodium (diet frozen meal) 
Beef and mushroom soup, canned, low sodium 
Chicken or turkey soup, cream of, canned, reduced sodium, made with water 
Chicken or turkey soup, cream of, canned, reduced sodium, undiluted 
Clam chowder, New England, canned, reduced sodium, ready-to-serve 
Baked beans, low sodium 
Soy sauce, reduced sodium 
Ten yaki sauce, reduced sodium 
Split pea soup, canned, reduced sodium, prepared with water or ready-to-serve 
Peanut butter, low sodium 
Peanut butter, reduced sodium 
BREAD, WHITE, LOW SODIUM/NO SALT, TOASTED 
BREAD STICK, HARD, LOW SODIUM 
BREAD, WHOLE WHEAT, NS AS TO I OO%, LOW SODIUM 
BREAD, WHOLE WHEAT, NS loo%, LOW SODIUM, TOAST 
CRACKERS, MATZO,.LOW SODIUM 
CRACKERS, SALTINE, LOW SODIUM 
CRACKERS, SALTINE, FAT FREE, LOW SODIUM 
CRACKERS, TOAST T ” S  (RYWWHEATWHITE), LOW SODIUM 
CRACKER, 100% WHOLE WHEAT,LO SODIUM 
CRACKER, SNACK, LOW SODIUM 
CRACKER, CHEESE, LOW SODIUM 
CRACKER, SNACK, LOWFAT, LOW SODIUM 
Popcorn, popped in oil, lowfat, low sodium 
Lasagna with cheese and meat sauce, reduced fat and sodium (diet frozen meal) 
Spaghetti or noodles with beef in tomato-based sauce, lowfat, reduced sodium 
(diet frozen meal) 
Chicken noodle soup, canned, low sodium, ready-to-serve 
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58403060 
58404 04 0 

71 103210 
7 1201 200 
721 285 I 0 
73103010 
73 IO3020 
731 11 270 
74 204 500 
74301 150 
74303 100 
74401 01 0 
7440201 0 
7440405 0 
7 4 40605 0 
74602100 
74602200 
74602300 
752041 10 
75205110 
75205 120 
75205 130 
75208 1 I O  
75208 120 
7521631 0 
7521 6320 
75224 120 
75224 130 
75311 110 

75311120 

75503 I 10 
75503 140 
75607050 
75607 140 
75607 150 
75 609 05 0 
75649030 
75650990 
75651 090 
75651 I50 

Chicken noodle soup, canned, reduced sodium, ready-to-serve 
Chicken rice soup, canned, reduced sodium, prepared with water or ready-to- 
serve 
Whjte potato, boiled, without peel, canned, low sodium, fat not added in cooking 
Whjte potato, chips, restructured, reduced fat and reduced sodium 
Turnip greens, canned, low sodium, cooked, fat not added in cooking 
Carrots, canned, low sodium, fat not added in cooking 
Carrots, canned, low sodium, fat added in cooking 
Peas and carrots, canned, low sodium, fat not added in cooking 
Tomatoes, canned, low sodium 
Tomato juice, low sodium 
Tomato and vegetable juice, mostly tomato, low sodium 
Tomato catsup 
Tomato chili sauce (catsup-type) 
Spaghetti sauce, meatless, low sodium 
Barbecue sauce, low sodium 
Tomato soup, canned, low sodium, ready-to-serve 
Tomato soup, canned, reduced sodium, prepared witb water 
Tomato soup, canned, reduced sodium, prepared with milk 
Beans, lima, immature, canned, low sodium, fat not added in cooking 
Beans, string, green, canned, low sodium, NS as to fat added in cooking 
Beans, string, green, canned, low sodium, fat not added in cooking 
Beans, string, green, canned, tow sodium, fat added in cooking 
Beets, canned, low sodium, fat not added in cooking 
Beets, canned, low sodium, fat added in cooking 
Corn, yellow, canned, low sodium, fat not added in cooking 
Corn, yellow, canned, low sodium, fat added in cooking 
Peas, green, canned, low sodium, fat not added in cooking 
Peas, green, canned, low sodium, fat added in cooking 
Mixed vegetables (corn, lima beans, peas, green beans, and carrots), canned, low 
sodium, fat not added in cooking 
Mixed vegetables (corn, lima beans, peas, green beans, and carrots), canned, low 
sodium, fat added in cooking 
Cucumber pickles, dill, reduced salt 
Cucumber pickles, sweet, reduced salt 
Mushroom soup, cream of, low sodium, prepared with water 
Mushroom soup, cream of, canned, reduced sodium, prepared with water 
Mushroom soup, cream of, canned, reduced sodium, undiluted 
Pea soup, canned, low sodium, prepared with water 
Vegetable soup, canned, low sodium, prepared with water or ready-to-serve 
Minestrone soup, canned, reduced sodium, ready-to-serve 
Vegetable chicken soup, canned, low sodium, prepared with water 
Vegetable noodle soup, canned, reduced sodium, prepared with water or ready- 
to-serve 

0802935.000 BOT0 1108 0001 

I 

21 E? 
Vlli-2-29 



H-01074 

Final Report 

A Single Oral Dose Toxicity Study of Poly-y-glutamic Acid (y-PGA) in Rats 

Project No. H-01074 

May 28,2001 

Nippon Experimental Medical Research Institute Co., Ltd. 



H-01074 
.,'" 

STATEMENT OF COMPLIANCE 

Study title : A Single Oral Dose Toxicity Study of Poly- 7 -glutamic Acjd(7 - P G d  in Rats 

Project No. H-01074 

I, the undersigned, hereby declare that this report is the correct translated 
English version of the original report that written in Japanese language. 

Date: A- 1 J  > Z-60.L- 

Masaaki Sbirai 

Study Director (translator) 

Nippon Experimental Medical Reeearch Institute C o .  Ltd. 

0 0 0 1 1 6  
IX- 1-2 

(b) (6)



H-01074 

Approval of the Final Report 

Study title: A Single Oral Dose Toxicity Study of Poly-y-glutamic Acid (y-PGA) in Rats 
Project N0.H-01074 

I, the undersigned, hereby declare that this study was conducted in non-GU, while 

this final report pnxisely refleds tbe raw data in the study. 

Study Director: Masaaki SMrai 
Date: May 28,2003 
Nippon Experimental Medical Research Institute Co., Ud. 

0 0 0 1 1 7  

IX-1-3 



/ 

i 

H-01074 

Study title: A Single Oral Dose Toxicity Study of Poly-y-glutamic Acid (y-PGA) in Rats 
Project N0.H-01074 

1. Study purpose 

the approximate lethal dose 
To test for toxic signs following exposure of poly-y-glutamic acid to rats and assess 

2. Sponsor 
Name: 
Address: 1-1 Snzuki-machi, Kawasaki-ku, Kawasaki-shi 

Food Research & Development Laboratories, Ajinomoto Co., lnc. 

5. Contract laboratory 
Name: 
Address: 

Nippon Experimental Medical Research Institute Co., Ltd. 
3303-58 Obdo, Agatsuma-machi, Agatsuma-gun, Gunma-ken 

6. Testing facility 
Name: Haruna Laboratory, Nippon Experimental Medical Research Institute Co., 

Ud. 
3303-58 Obdo, Agatsuma-machi, Agatsuma-gun, Gunma-ken Address: 

Managing Director: Masaaki Kashima 

5. Retention of records and data 
(1) Retention period: for 5 years after completion of the study 
(2) Storage items and location 

The following items will be stored m the specified areas of Haruna Laboratory, Nip- 

1) Study protocol, documents relating to the study, final report (original), raw data 

2) Data, etc.: Data storeroom 

pon Experimental Medical Research Institute Co., Ltd. 

obtained jn the study: Raw data storehouse 

0 0 0 1 1 8  
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Study title: A Single Oral Dose Toxicity Study of Poly-y-glutamic Acid (y-PGA) in Rats 
Project N0.H-01074 

6. Study Schedule 
Study initiation: 

Animal delivery: 

Quarantine end: 
Acclimatization end: 

Grouping: 
Experimental start: 
Administration: 
Necropsy: 
Experimental end: 
Prepmation of a draft final report: 
Preparation of the final report: 

Study completion: 

April 20,2001 

April 26,2001 

April 30,2001 
April 30,2001 
May I, 2001 
May I, 2001 
May 15,2001 
May 15,2001 
May 16,2001 
May 28,2001 
May 28,2001 

April 20,2003 

7. Work assignment and responsible personnel 
Study director, protocol preparation, final report preparation, work instruc- 
tiodmanagemcnl and test substance preparatiodmanagement: 

Animal health assessment: Michiko Takahashi 
Masaaki Sbirai') 

Test substance adminjstration: 
Clinical observation: 

Mas& Shirai, Tasaburo Hasbizume 
Masaaki Shirai, Junjj Katagai, 
Tasaburo Hashizume, Kishio H a s h m e ,  
Masahiko Ota, Mitsuo Hashinune, 
Akira Fukutome 

Body weight measurement: 

Necropsy: Masaaki Shirai 
Statistical analysis: 

Masaaki Shirai, Tasaburo Hashizume, 
Junji Katakaj, Mitsuo Hashizume 

Yukio Tanaka, Masahiro Kasumi, 
Wataru Koike, Yukibo Takebucbi 

'I Post: Safety Research No.1 Dept., Nippon &penmental Medical Research Institute 
Co., Ltd. 
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I .  Summary 

Single oral doses of poly-y-glutamic acid (y-PGA) at 0 (vehicle control), 2500 and 
5000 m a g  was administered by gavage to 5 SD [Crj:CD(SD)lGS] rats per sex per 
group. The rats were observed for clinical signs for the following 15 days to determine 
tbe approximate lethal dose of the test substance. As a result, no death was observed for 
either sex at any doses tested dm’ng the observation period. 

For clinical signs, watery diarrhea was observed in more than half the animals of the 
2500 and 5000 mgkg groups at 3 OJ 6 hours &e1 treatment, accompanied by soiled 
peritoneal region. These signs disappeared or tended to disappear by Day 2 of admini- 
stration, and there was no special findings observed on and after Day 3. 

The male and female body weights of each treatment group did not significantly dif- 
fer from those of the vehicle control group, indicating a robust body weight gain. 

Necropsy revealed no treatment related changes in either male or female rats in any 
groups including vehicle controls. 

Based on the above findings, we conclude that the approximate lethal dose of y-PGA 
is 5000 m a g  or more either in the male or female rat. 

1 
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U. Study purpose 

the approximate lethal dose 
To tesl for toxic signs following exposure of poly-y-glutamic acid to rats and assess 

Ill.  Materials and methods 
1. Test substance 
(1) Name: 
(2) Lot No.: 
(3) Appearance; 
(4) Constituent: 
(5) Molecular weight: 
(6) Manufacture date: 
(7) Expiration date: 
(8) Storage conditions: 
(9) Supplier: 

Name: 

Address: 

Poly-y-glutamic acid (y-PGA) 
OOlGPOl 
White to light brown powder 

28000 
DecembeI 27,2000 
December 26,2001 (for 1 year after manufacture) 
At room temperature away from tbe light . 

y-PGA 

Healthy & Nutritional Food Development Section, Food 
Research & Development Laboratories, Ajinomoto Co., Inc. 
1-1, Suznki-cho, Kawasaki-ku, Kawasaki-shi 

(10) Disposition of the remaining test substance: The remaining test substance was 
returned to the sponsor after the completion of the study. 

2. Test substance preparations 
An amount of the test substance was weighed with an electronic balance (Sartrius Co., 

Ltd.) and suspended in water for injection to yield concentrations of 125 and 250 
mg/mL. The stability and homogeneity of the test substance preparations were checked 
by visual inspection, and no heat, foam, discoloIation, etc. were found to be produced. 
The preparation was carried out upon use. 

3. Test animals and environmental conditions 
(1) Test animals 

Thirty-five SD[Cj:CD(SD)IGS] rats of each sex, 5 weeks of age (body weights at 

delivery: males: 128-139 g; females: 87-103 g), were purchased from Atsugi Breeding 
Center, Charles River Japan lnc. (795, Shimofurusawa, Atsugi-sbi, Kanagawa, Japan). 
After the following 7 days of quarantine period, the animals were assessed for the state 
of health, and healthy animals were acclimatized for the following 4 days. At the end of 
the acclimatization period, the animals were distributed to groups by random sampling 

2 
000122 
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with stratified body weights. The animals were 6 weeks old at tbe start of administration. 
The remaining animals were discarded as pool an ima ls  

(2) Environmental conditions 
The animals were housed individually in stainless bracket cages for rats 

(26OWx38ODx18OH mm) in a barrier system animal room (Room No.2 of Building E) 
under the following set conditions: temperature: 2253°C (actual values: 20-23 C); rela- 
tive humidity: 50220% (actual values: 53-69%); ventilation frequency: 10 t imesh, 

all-fresh-air system; lighting: 12 hdday (690 a.m. to 6:OO p.m., 150-300 lux). The ani- 
mals were allowed free access to pellet chow for experimental animals CE-2 (Lot 
NaE2021, clea Japan hc, 2-20-14 Aobadai, Meguro-ku, Tokyo, Japan) in feeders, and 

household tap water in polycarbonate watering bottles (500 mL). 
Cages, feeders, trays and watering bottles were autoclaved (121"C, 30 mi.) before 

use, and the trays aad watering bottles were changed at least twice a week. The animal 

room was cleaned after work every day, and the floor was sterilized by wiping with a 
400-fold dilution of benzetbonkm chloride (Hyamine, Sankyo Co., Lid.). 

(3) Identification of cages and animals 

Animals were identified with abbreviated codes of the animal numbers marked on the 
root of the tail with an oil-marker pen. Cages were identified with affixed colored cards 

showing Project No., group names, administration JOU~C, animal species, name of test 
substance, date of administration, &mal numbers, etc. 

(4) llnpurity and contaminant analysis of feed and water 
Feed was analyzed by the lot for impurity and contamination by Tokyo Kenbikyo-in 

(44-1, Hakozaki-cho, Njhonbashi, Cbuo-ku, Tokyo, Japan) at the request of the manu- 
fachuer. A copy of the results was obtained and checked for integrity before serving the 
feed to animals. Drinking water was periodically sampled (August 3, 1999, August 8, 
2000 and April 3,2001) by o w  institute at a specified location, and analyzed for impu- 
rity -and contamination by Environmental Hygiene Laboratory Center of Gunma Phar- 
maceutical Association (5-18-36 Nishikatagai-choy Maebashi-shi, Gunma, Japan). The 
results conformed to the standards specified by this institute or water quality standards 
(1992) specified in the Water Works Law of the Ministry of Health and Welfare, Japan. 

p" ' 
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Dose Volume No. of animals used ’ 
(In&) (mukp) Male Female 

0 20 5 5 

Group Test substance 
Water for injection 
(vehicle control) 00 

i 4. Group designs and dose levels 

(3) Dose levels, dose volume and number of animals used 
We set up the following 3 groups consisted of 5 animals per sex per group. 

I 01 y-PGA 2500 20 5 5 1  
02 y-PGA 5000 20 5 5 

Total 15 15 

. (2) Animal numbers 
Animals numbers 

Male Female 
Group Test substance 

Water for injection 
(vehicle control) 00M01-00M05 OOFO1-00F05 00 

01 y-PGA OlM01-01M05 OlFOl-OlFO5 
02 Y-PGA 02M01-02M05 02FO1-02F05 

(3 )  Rationale for the dose selection 

and vehicle control were selected. 
According to the instructions from the sponsor, dose levels of 2500 and 5000 mg/kg 

5. Route, procedures and frequency of administration 
The treatment was administered orally by gavage. The animals were fasted for about 

18 hours before administratjon. The dose volume (20 m u g )  was determined based on 
the body weigbts taken just before adminisbation (body weigbl range: males: 194-206 
g; females: 128-138 g), and the treatment was given once in the morning by gavage us- 
ing a disposable syringe (2.5 mL capacity) with a gastric probe for rats. Feed was served 
at least 3 hours after administration. 

6. Observation, measurement and examination 
The day of administration was referred to as Day 1 of administration, and the follow- 

ing observations, measurements and examinations were performed on all animals in all 
groups up to Day 15. 

(1) Clinical signs and mortality 

30 min, 1,3 and 6 hr on Day 0, and thereafter once daily for 15 days. 
Animals were observed for clinjcal signs and mortality at approximately 15 min, then 

4 0 8 0 1 2 4  
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(2) Body weigbt 

1 (before treatment) and OD Days 2,3,4,8, 13  and 15. 

Body weights were determined with an electronic balance (Sarbius Co., Ltd.) on Day 

(3) Necropsy 
The surviving animals were killed by exsanguination under ether anesthesia by cut- 

ting the abdominal aorta on Day 15. Tbe body surface and intracranial, intrathoracic and 
intraabdominal organs were macroscopically examined. 

-' 7. siatist;cal analysis 
The body weights taken in this study were represented as mean 2 S.D., and F-test was 

performed for analysis of variance. Then the vehjcle cont~ol group was compared with 
the treatment groups using Student t-test in the case of homogeneous variance; or using 
Aspin-Welch t-test in the case of inhomogeneous variance. As a yesult, there was no 
significant difference between the vehicle control group and each test substance group. 

5 
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i IV. Results 
1. Mortality and approximate lethal dose (Tables 1,2) 

No deaths occurred during the observation period in either male or female rats in any 

of the treatment groups. The approximate lethal dose of the test substance was estimated 

to be 5000 mg/kg or more for either the male or female rat. 

2. Clinical signs Fables 3,4, Appendices 1,2) 

in 315 males and 4/5 females at 6 hours after administration. 
In the 2500 mgkg g~oup, watery diauhea and soiled peritoneal region were observed 

In the 5000 mgkg group, watery diarrhea was observed in all male and female rats, 
and soiled peritoneal region in all male rats fiom 3 to 6 hours after treatment, and then 
soiled peritoneal region was observed in 1 male on Day 2 of administration. 

Most of the above findings disappeared or tended to disappear by Day 2, and there 
was no special findings observed on and after Day 3. 

No special findings were observed in the control group througbout tbe observation 
period. 

3. Body weight changes (Figs. 1,2, Tables 5,6, Appendices 3,4) 

The body weight changes of the male and female rats in each treatment gonp did not 
significantly We1 from those of the vehicle controls, indicating a robust body weight 
gain. 

4. Necropsy (Tables 7,8, Appendices 5,6) 

groups including vehicle controls. 
No treatment-related changes were observed either in the male or female rats in any 

0 0 0 1 2 6  
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V. Discussion and conclusion 

Single oral doses of poly-y-glutamic acid (y-PGA) at 0 (vehicle control), 2500 and 
5000 mg/kg was administered by gavage to 5 SD [Cj:CD(SD)lGS] rats per sex per 
group. The rats were observed for clinical signs for the following 15 days to determine 
the approximate lethal dose of tbe test substance. As a result, no death was observed for 
either sex at any doses tested during the observation period. 

For clinical signs, watery djanbea was observed in more than balf the animals of the 

2500 and 5000 mgkg groups at 3 or 6 bours after treatment, accompanied by soiled 
perjtoneal region. These changes are attributable to the fact that a substance with low 
absorbability was administered in a large amount. The signs disappeared or tended to 

disappear by Day 2 of administration, and there was no special findings observed on 

and after Day 3. 
The male and female body wejgbts of each treatment group did not sjgnjficantly dif- 

fer from those of the  vehicle control group, indicating a robust body weight gain. 

Necropsy revealed no treatment related cbanges io either male or female rats in any 
groups including vehicle controls. > 

Based on the above findings, we conclude that the approximate lethal dose of y-PGA 
is 5000 mg/kg or more either in the male or female rat. 

7 0 0 0 1 2 1  
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T a b l e  1 Mortality o f  male r a t s  t r e a t e d  orally with y-PCA 

< D a v s  > 
Croup-No. 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  
00s e min h 
(w/ke) 15 30 1 3 6 Mortal I t y  

00 Control 
0 No. o f  d e a t h  0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  0/5 

01 T-PGA 
2500 No. o f  d e a t h  0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  0/5  

02 I-PCA 
5000 No. o f  d e a t h  0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  0/5 

. I .  
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Table 2 Mortality o f  female rats treated o r a l l y  wlth I-PCA 

G r  a up-No. 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  
Dose mi n h 
(mg/kg) m.1 3 6  Mortality 

00 Control 
0 No. o f  death 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  0/5 

01 7 - P C A  
2500 No,  o f  d e a t h  0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 D 0 0 D  0/5 

02 7-PGA 
5000 No. o f  d e a t h  0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  0/5 
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T a b l e  3 Cl'inical signs o f  male rats treated orally with r - P G A  .'. 

Group-No. 1 
( D a y s  > 

2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  

3 6  
5 5 5 5 6 5 5 5 5  .......... .... 

"..I..... 1......*"......... .................. ......-"..I..".-...-.........- - 1.. ... 1......... 

h - Dose min 

OO Con t ro ' ( m d k d  Findings 15 30 1 

0 1  r - P G A  ..ll...,,..l__.l....~- No. o f an I ma I s ". ...--.-.-.-....... .... 5 5  5 5 5  . -_._.__....___....__.._l_l___l______il_I_ 5 5 5 5 5 5 5 5 !  - _ _ _  

.. N o . o f  "......-..,.I anlmals I".....". .... I._..... .......... """I." 5 5  -e"... I ""-."."o"..." 5 5 5  ......... ".."1." 5 5 5 5 5  "...""...""" ............ ...-.., .......................... 
0 no abnormality 5 s  5 5 5  5 5 5 5 5 5 5 5 5 G 6 G G C  

2500 no abnormality 

I "  V " " "  

..... ....l.."..."..ll~ll.l 5 5 5 5 5 5  .... 
5 5  5 5 2  5 5 5 5 5 5 5 5 5 5 5 5 5 5  

"..."""".,.",""..." "*..,."..." ......-- ._., 

watery diarrhea 3 
soiled perineal region 3 

N o , o f  anlmals 5 5  5 5 5  5 ' 5  5 5 5 ....... 5 ......... 5 ..... 5 5 5 5 5 ...... 5 5 02 7 - P a  ...................................... .... C..." ...... "...I .....I... " ..-I"..,......,".- "......"".".."....." ....... I...-"""-".". ....I)..,... .... "" ... -...-I I." Y ".." I ..._.... L."" ..,.,...........- "".."" "".."."." ._..... 
5000 no abnormality 5 5  5 3 0  4 5 5 5 5 5 5 5 5 5 5 5 5 5  

watery diarrhea 2 5  
sol led perineal reg lon  1 '  5 1 

t; 
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Table 4 Clinical signs o f  female rats treated orally with 7-PGA 

watery diarrhea 4 

so i I ed p e r i n e a  1 regi on 4 

N o . o f  animals 5 5  5 5 5  5 5 5 5 5 5 5 5 5 5 5 5 5 5  
5000 no abnormality 5 5  5 3 0  5 5 5 5 5 5 5 5 5 5 5 5 5 5  

watery diarrhea 2 5  

02 7 -PGA .... ............................................................................................................................................................................................. 
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Table 5 Body welghts o f  m a l e  ra ts  treated orally with 7-PCA 

Group-No. ................................................ s . . . . . . . . . . . . . .  { D a y s >....................... .... . . I . I . . . . . . . . .  .................... .. 
Dose , 

(mg/kd 1 2 3 4 a 11 15 
00 N 5 5 5 5 5 5 5 
C o n t r o l  Mean 200 2 2 9  240 2 5 0  282 2 9 8  3 3 2  

0 s. 0. 4 a 6 6 6 9 10 

0 1  N 5 5 5 5 5 5 5 
r -PCA M e a n  2 0 0  2 3 0  2 4 1  250 285 3 0 2  3 3 7  

2 5 0 0  S .  D. 3 6 5 d 6 5 9 

0 2  N 5 5 5 5 5 5 5 
7 -PCA Mean 199 2 2 5  238 2 4 1  2 8 0  2 98 3 3  1 

5000 S. D. 3 2 1 4 5 8 13 
Unit : g N : N o . o f  animals 
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Table 6 Body weights o f  female r a t s  treated o r a l l y  with 7 - P C A  

............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  < D a y s >~~~.~.......~~~.......,~~~.~~~.~~~~~~~.......~~........,.,...., Croup-No. 
Dose 
( m d k d  1 2 3 4 8 1 1  15 
00 N 5 5 5 5 5 5 5 
Con t ro t  Mean 134 156 160 163 175 181 198 

0 S.  D. 3 6 7 6 6 6 7 

01 N 5 5 5 5 5 5 5 
r-PGA , Mean 134 153 159 163 175 181 195 

2500 S.  D. 2 4 2 5 4 4 5 

02 N 5 5 5 5 5 . 5  5 
7 -PCA Mean 133 151 , 159 162 173 181  194 

xtoo S.  D. 4 3 5 5 a 7 9 
Unit : g N : N o . o f  animals 
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T a b l e  7 N e c r o t x y  of male rats  treated orally with 7 - P C A  

Organs / Findings Dose Control 7 -PCA r -PCA 
(mg/kg) 0 2500 5000 
No, o f  animals 5 5 5 

abnormal 1 ty 0 0 0 

PROJECT NO.  H-01074 



Table 8 Necropsy of female rats treated orally with 7-PCA 

C r o w  No. 00 01 02 
Organs / Findings 

- -  
Dose  C o n t  r o  I 7 -PCA 7 -PGA 
(mg/kd 0 2500 5000 
No. of animals 5 5 5 

abnormal i ty 0 0 a 
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Appendix 1 Clinical signs of m a l e  r a t s  t r e a t e d  o r a l l y  with 7 - P C A  

- -  - - a b  - - - - - -  - - - - - - _ _  02M05 - : no abnormal i t y  a : w a t e r y  diarrhea b : s o i l e d  perineal region 

PROJECT NO. H-01074 
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Appendix 2 Clinical signs of female rats treated o r a l l y  with y - P G A  

- - - - - - I - _ _ _ _ _ _  a a  - -  02FO5 
- : no abnormality a : watery diarrhea b : soiled perineal region 

PROJECT NO. H-01074 



Appendix 3 Body weights of male rats treated orally with 7 - P G A  

G r o w - N o ,  .....*... I................,...............I.................... ( D a y s >. .............................................................. 
Dose Animal 

00 OOMO 1 195' 218 23 1 243 274 292 329 
Control 00M02 197 226 238 246 218 291 323 

0 00M03 201 232 245 256 283 292 332 
00H04 203 238 246 255 291 31 1 349 
00M05 206 232 242 251 ,284 305 328 
N 5 5 5 5 .  5 5 5 

S. D. 4 8 6 6 6 9 10 
01  OlMOl 201 231 246 254 292 309 349 
7 -PGA 01M02 203 2 3 1  242 2 50 28 1 299 326 

2500 OlM03 196 224 235 ' 244 279 299 333 
01M04 202 225 237 2 4 8  285 299 341 
OlM05 199 239 245 253 2 90 305  335 
N 5 5 5 5 5 5 5 
Mean 200 230 241 250 285 302 * 331 
S .  D. ' 3  6 5 4 6 5 9 

02 02M01 203 226 240 2 so 284 302 334 
7 -PCA 02M02 197 226 238 245 273 285 311 

5000 02M03 194 223 236 245 277 295 328 
0 2MO d I99 228 238 252 286 307 347 
021105 201 224 238 244 280 299 333 
N 5 5 5 5 5 5 . 5  
Mean 199 225 238 247 280 298 331 
S.  D. 3 2 1 4 5 8 13 

(mdkg) No. 1 2 3 4 8 1 1  15 

Mean ' 200 229 240 250  282 298 332 

unit : g N : N o . o f  animals 

PROJECT N O .  H-0107d 
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Appendix 4 Body weights of female r a t s  treated o r a l l y  with Y-PCA 

Group-No. . . . . . . . I . . . . . . . . . . . . . .  I.............I..........I............... < D a y s ................................................................ 
Dose ' Anima I 
( m d k  9)  NO. 1 2 . I  4 8 11 1 5  
00 OOFO 1 136 157 158 161 174 183 204 
Con t ro I OOFO2 129  151 153 153 165 171 787 

0 00F03 135 152 155 164 176 185 205 
00F04 137 165 170 166 178 185 198 
OOFOS 134 155 164 169 1 ao i a i  196 
N 5 5 5 5 5 5 5 
Mean 134 156 160 163 ' 175 181 , 198 
S. 0. 3 6 7 6 6 6 7 

01 OlFOl 136 158 162 I 6a 176 185 201 
7 -PGA 0 1 F02 132 153 157 156 170 174 191 

2500 0 1 F03 1 3 4  149 158 162 174 181 189 
01F04 133 150 157 161 174 183 196 
01F05 136 154 161 169 180 183 198 
N 5 5 5 5 5 5 5 
Mean 134 153 159 163 175 181 1 9 5  
S. D. 2 4 2 5 4 4 5 

02 02F01 132 150 157 163 170 176 1 8 6  
r -PGA 02FO2 135 151 164 168 182 186 202 

5000 02F03 138 155 165 163 175 190 205 
02F04 128 151 157 ' 153 161 172 i aa  
02F05 132 148 153  ' 1 6 1  175 i a i  189 
N 5 5 5 5 5 5 5 
Mean 133 151 159 162 173 181 194 
s.  0. 4 3 5 5 a 7 9 

Unit : g N : N a . a f  animals 
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A m e n d l x  5 Necropsy of male rats treated orally with 7-PCA 

Grouo No. 00 01 0 2  

(w/kd 0 2000 5000 
D o s e  Control r -PGA r -PGA 

An i ma , I  No. 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  
0 0 0 0 0  1 1 1 1 1  2 2 2 2 2  
M M M M M  M M R M M  M M M M M  
0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  
1 2 3 4 5  1 2 3 4 s  7 2 3 4 5  

Organs / Findings 
abnbrmal i ty - - - - -  - - - - A  - - - - -  
- : Negative 

PROJECT NO.  H-01074 



Appendix 6 ' Necropsy o f  female r a t s  t r e a t e d  o r a l  l y  with 7 - P G A  

Croup No. 00 01  0 2  ~- 
Con t r o  I 7 -PGA 7 -PGA 

0 2000 5000 

Aolmal No. 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  
1 1 1 1 1  2 2 2 2 2  0 0 0 0 0  

F F F F F  
0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  
1 2 3 ' 4  5 1 2 3 4 5  1 2 3 4 5  

F F F F F  F F F F F  

Organs / Fi,ndings 

abnormal  i t y  

- : Negative 

- - - - -  - - - - -  

N 
W 
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Introduction 

We conducted a mutagenicity study on -Y -polyglutamjc acid using Escherichia coli and 
four strains of Salnzonella, so berein report our results. 

Study Methods 

1 . Study Schedule 
Study bacteria pre-culturing: May 1 1, 1999 
Date of study: May 12,1999 
Plate culturing: May 12-14, 1999 
Mutated colony counting: May 14, 1999 

2 .  Test Substance 
Name: 
Lot No.: 
Character: 
Preservation conditions: 
Supplier: 

3. 

Commissioned dept.: 

Control Substance 
(1) Negative control substance 

Name: 
Lot No.: 
Manu fact urer : 

(2) Positive control substance 
Name: 
Lot No.: 
M anu fa ctur er : 

Name: 
Lot No.: 

7 -polyglutamic acid ( 7  -PGA) 

White powder 
Sealed refrigerated at 5°C 
Food R & D Laboratories (FLX-1) 
Ajinomoto Co., Inc. 
Food R & D Department 
Ajinomoto Co., lnc. 

KL9903- 1 

Injectable distjUed water 
8F7 8 
Otsuka Pharmaceutical Co., Ltd. 

AF-2 (2-(Fury))-3-( 5-nitro-2-furyl)acrylamide 
LEN057 1 
Wako Pure Cbemical Industries, Ltd. 

ENNG (N-Etbyl-N'-nitro-N-njtrosoguanidine) 
V 6B1626 

p -  
i 
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Manufacturer : 

Name: 

Lot No.: 
Manufacturer: 

Name: 
Lot No.: 
Manufacturer: 

Nacalai Tesque, Inc. 

ICR- 191 (6-Chloro-9-(3-(2-chloroethylamio) 
-propylamino)-2-methoxyacridine didrochloride 
432098 
Polyscience, Inc. 

2-aminoanthracene (2AA) 
M5G9888 
Nacalai Tesque, lnc. 

4 . Study Materials 
(1) Study strains 

Strains used: Salmonella typhimuiium TAlOO, TA1535, TA98, TA1537 
Escherichia coli WP2uw-A 

(2) S9Mjx 
S9 (Lot No. 98112608,99011409) 

Manufacturer: Oriental Yeast Co., Ltd. 
Preservation method: Refiigerated at -80°C or less 

- Cofactor (Lot No. 999803) 
Manu fact urer : 
Preservation method: 

Oriental Yeast Co., Ltd. 
Refiigerated at -20°C or less 

( 3 )  Culture media 
- Minimum glucose agar plate medium (Lot No. AN830LN) 

Name: “TESUMEDlA” AN culture medium 
Ma nu fa ctur er : 
Preservation method: 

* Pre culturing culture medium 

Oriental Yeast Co., Ltd. 
Preserved at room temperature 

Nutrient Broth No. 2 (Oxoid) 
(Lot No. 028 59365) 
Extra pure water was added to 2.5 g of Nutrient 
Broth No. 2 (Oxoid) to obtain 100 ml, and this 
was subjected to high pressure steam 
sterilization for 15 min at 121°C. 

Name: 

Preparation method: 

IX-2-4 0 0 0 1 4 7  
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5 . Study Methods 
(1) Preparation of test solution 

A solution of 50,000 ,u g/mI was prepared using injectable water and a test 
solution at the maximum concentration obtained. 

(2) Setting of concentrations 
Six concentrations were obtained, with the maximum concentration set at 

5,000 CL g/piate and then the concentration halved each time to a minimum 
concentration of I56 fi glplate. 

(3) Pre-culturing of study strain 
Ten milliliters of Nutrient Broth No. 2 (Oxoid) medium was placed in a n  

L-shaped tube and inoculated with 20 1.~ I of each study strain (1 0 fi 1 for E. 
coli). These were set at 17:OO in a mixing incubator at a constant 
temperature maintained at 4-572 The temperature was increased (37°C) at 

22:30 and at 23:OO shaking began. The timer was set so the next day at 
9:00 the temperaturdshaking switch would t u n  off. 

(4) Study operation 
To 0.1 ml of test substance, 0.5 ml of  0.1 M sodiud phosphate buffer 
solution (pH7.4) was added when there was no metabolic activation and 0.5 
ml of S9Mix was added when there was metabolic activation. Next, 0.1 ml 
of bacterial solution fiom the completed culture was added and the solutjon 
was subjected to pre-incubation for 20 min at 37°C. 

At the end of pre-incubation, 2.0 ml of Top Agar was added, and the 
mixture was superpositioned on a minimum glucose agar plate culture 

medium and solidified. The substance was then cultured for 48 hr at 37'C 

and the revertant colonies were counted. The plate was also observed io 
see if growth had been inhibited or not. 

(5) Viable cell count calculation 
The cell count for the bacterial suspension used in the study was calculated 
by normal method. 

(6) Number of plates 
Two plates were used for the test substance and positive control substance, 
and three plates were used for the negative control substance. 

(7) Evaluation of results 
A positive evaluation was given when the revertant colony count per plate of 
test substance increased to at least twice that of the negative control 
substance, and dose dependency was evident. 

IX-2-5 0 0 0 1 4 8  



Study results 

1. Viable Cell Count 

TA 100: 3.65 x I 0 9 / d  
TA1535: 5.37 1o9/ml 
WP2uvrA: 7.79 109/ml 

TA 1 53 7 : I .94 1 o9/4 
TA98: 3.76 x 1 0 9 / d  

2. Revertant Colony Counts and Plate Observation 

We conducted a mutagenicity study on 7 -polyglutainic acid using microbes. 
Tbe revertant colony counts were calculated 48 hr after culturing, and the results 
are shown in the table (Table 1, Appendices 1 , 2,3,4 and 5). 

There were no marked differences in the mutated colony counts compared to tbe 
colony counts from the injectable water, whjch was tbe negative control 
substance, in all the studies conducted regardless of whether or not there was 
metabolic activation. The growth of the study bacteria bad not been inhibited, 
nor was sedimentation seen on the plates. The colony count clearly increased 
for the positive control substance that was used. Thus, the induction of reverse 
mutation of 7 -polyglutamic acid was judged to be negative. 

Conclusion 

We conducted a mutagenicity study on 7-polyglutamic acid using five strains o f  
microbes, Salmonella TA 100, TAI 535, TA98, and TAI 537 and E. coli WP2uvrA. 

From the results obtained, it was conchded that 7 -polyglutamic acid tested negative 
to reverse mutation induction regardless of whether OJ not there was metabolic 

activation. 

IX-2-6 



Table 1 

Compound Dose Number of Revertant Colonies /Plate 

Ames Test of' 7 -PGA 

s-9 mix(-) s-9 mix(+) 
(II glplate) TA100TA153E WP2 TA98 ??A1537 TAlOOTA153E WF2 TA98 TA1537 

H20 0 120 20 41 29 16 133 23 45 33 37 

7 -PGA 156 116 25 48 27 14 127 23 40 43 35 
313 117 21 41 38 17 220 18 38 40 27 
626 120 28 44 32 16 I33 21 38 46 31 
1260 129 22 39 33 19 134 23 41 42 35 
2600 127 27 57 37 21 145 31 46 35 37 
5000 138 26 61 30 18 136 24 48 42 27 

Positive Control AF'2 ENNG AF2 AFZ [CR-191 2AA 2AA 2AA 2AA 2AA 
u gtplate [0.011 (5) [o,oil [o.iJ (0.51 [LJ  [ZJ (101 l0.51 121 
Colonies / Plate 609 507 228 681 >ZOO0 1186 460 1340 299 513 



Appendix I 
[AMES TEST OF r-POLYGLUTAMIC ACID] 

llem : N u m b e r  of Revertant Colonies w i t h  TAlOO 

Compo u 11 d Dose Number of  Revertant Colonies / P l a t e  
(mcg/plaie) S-9 mix (-1 Meaa S-9 mix (t) Mean 

0 116 

156 116 

313 115 

625 124 

1250 I39 

2500 127 

5000 141 

126 119 1 eo 144 

115 116 I 2 7  

119 117 112 

115 I20 144 

118 129 ' 136 

127 1 2 1  141 

135 138 I 4 6  

115 139 133 

1 2 7  127 

127 120 

121 133 

131  I34  

148 145 

126 136 

AF2 0.01 598 619 609 

0.02 1101 1137 1119 

2AA 0 .5  447 524 486 

4 
vz, 
ppl 
h 
h 
0 

? Y - x 



Appendix 1 
LAMES TEST OF r-POLYGLUTAMIC ACID] 

] [ e m  : Number o f  Reverlanf Colonies wiLh TAlOO 

Compound Dose Number of Heverlanl Colonies / P l a t e  
(ncg/plate) S-9 m i x  (-1 Mean S-9 mix (t) l e a n  

2 A A  1 1217 115s 1186 

0 
0 
0 

T o x i c ;  t y  : t  
Precipilalion of T e s l  Article : : 
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Appendix 2 
[AMES TEST OF r-POLYGLUTAMIC ACID] 

flem : Number a (  R e v e r f a n f  Colonies w i t h  T A 1 5 3 5  

Compound Dose Number o f  Reverlaui Colonies / P l a t e  
(mcg/piale) S-9 mix (-1 Mean S - 9  m i x  (t) Mean 

H2 0 0 19 19 2 1  '10 19 24 26 23 

r-PCA 1 5 6  23 26 25 2 3  2 3  23 

313 25 16 21 L6 19 18 

625 28 21 28 17 24 21 

1250 I 7  26 22 24 9 2  23 

2500 24 29 2 1  24 3 1  31 

5000 26 26 26 22 26 24 

2 AA 1 208 215 2 1 2  

+ ENNC 
cr( 

2 

5 473 541  5u7 

467 463 460 

03 
m 
4 
0 
0 
8 

0 
c 

4 x 



Appendix Z 
[AUES TEST OF t-POLYGLUTAMIC ACID] 

Ilem : Number o f  Revertant Colonies w i t h  TA1535 

Cornpound D o s e  Number 01  Reverlant Colonies / P l a t e  
(mcg/plale) S-9  m i x  (-1 Mean S-9 mix ( t )  Mean 

ENNC 10 2000 2000 2000 

Toxicity : t  
Precipitation o f  Test A r t i c l e  : t 

-..- 
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Appendix 3 
CAME.? TEST OF r-POLYGLUTAMIC ACID] 

Item : Number o f  Revertant Colonies w i l h  WPZuvrA 

Compound Dose Number 0 1  Reverlant Colonies / Plate 
(mcg/plale) S-9 m i x  (-1 Mean S-9 nix (t) Mean 

H2O 0 3 2  4 5  47 41 40 47 48 4 5  

r-PCA 156 49 46 48 30 49 40 

313 4 2  3 9  41 40 35 3 8  

625 3 2  5 5  44 3 4  4 2  3 8  

1 2 5 0  41 3'1 
0 
0 
0 
+ 
err 
cn 

2500 53 6 0  

5000 5 1  5 1  

39 44 37 

57 40 52 

51 45 51 

AF 2 0 . 0 1  2 1 7  2 3 8  2 2 8  

0 . 0 2  352 319 336 

2AA 10 1 3 6 1  131Y 1340 



Appendix 3 
LAMES TEST OF r-POLYGLUTAMIC ACID1 

I l e a  : Number 0 1  Revertant Colonies w i L h  WPZuvrA 

Compound Dose Number of Reverlanl Colonies / P l a t e  
Mean (mcg/plaie) S-9 m ' i x  (-1 Mean , S-9 mix (t) 

2 M  20 1 3 2 2  1116 1219 

T o x  i c i  t y  : t  
P r e c i p i t a t i o n  o f  Test Article : 1. 

2 + x 



Appendix 4 
[AMPS TEST OF r-POLYGLUTAMIC ACID] 

I l e ln  : N u o i b e r  o f  Revetlank Colonies with TA98 

Cornpound D o s e  Number o l  Revertant C o l o n i e s  / P l a l e  
Mean ( m c d p l a l e )  S-9 mix (-) M e a n  S-9 a i r  (t) 

H2 P 0 2 5  3 2  29 29 35 25 40 3 3  

r-PGA 156 25 29 27 3 9  46 43 

313 38 37 38 36 43 40 

625 30 34 3 2  40 52 46 

I 2 5 0  28 38 33 34 49 42 

2500 42 31 37 36 33 35 

5000 2 8  31 30 35 49 42 

AF2 0 . 0 5  303  299 3 0  1 

0 
0 
0 

0 .1  670 691 681 

3U9 288 299 

I 
I 



Appendix 4 
[AMES TEST OF r-POLYGLUTAMIC ACID1 

ILem : Number of  Revertant Colonies with TA98 

Compound  Dose Number o I  Revertant Colonies / Plate 
(mcg/plate) S-9 mix (-) Me an S-9 mix (t) Mean 

2 M  1 1095 1231 1163 

Toxic i 1 y : t  
P r e c i p i t a t i o n  o f  Tesl A r t i c l e  : t 

B . .  
B 
Y' 



Appendix 5 
[AMES TEST OF r -POLYCLUTAhiIC ACID] 

!lem : Number oJ Reverlanl Colonies w i I h  T A 1 5 3 7  

Compound Dose Number o f  Reverlanl Colonies / P l a t e  
( o i c d p l a l e )  S-9 m i x  (-1 Mean S-9 mix (t) Mean 

HZ0 

r-PCA 

0 

1 5 6  

313 

14  15 1 8  16 36 2 8  46 3 7  

1 16 14 45 25 35 

8 16 17 28 25 27 

6 2 5  15 16 16 2 9  3 2  31 

1250 2 1  11 19 36 3 4  35 

2500 2 8  14 2 1  3 6  31 31 

5000 20  16 18 23 31 21 

2 AA 1 99 80 90 

0 
8 2 521 498 513 
c> 
w 
en 
CB 

0 . 5  2000 2000 2000 I CK- 191 

i 
v' 



Appendix 5 
[AMES TEST OF r - P O L Y G L U T A M I C  ACID1 

lleut : Number o f  R e v e r t a n 1  Colonies with TA1537 

Compound Dose Number o f  Keverlanl Colonies / P l a t e  
(incg/p!aIe) S-9 m i x .  (-1 Mean S-9 mix (t) Mean 

ICK-19 1 I Z O O O  2000 2000 

~~ 

Toxicity : t  
PreciDiLalion of  Test Article : : 

8 
0 
0 

I 
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Appendix IX-3 

English Translation of Mutagenicity 

Test of Bacillus subtilis Gum-(PGA) 

(see Appendix IX-4) 



Fiscal 1996 
Test for reevaluating the safety of food additives: 

Mutagenicity test (Ames test) 

Masaki Miyabe 

Nagoya City Public Health Research Institute 

1. Samples 

Ten natural additives, namely, “Bacillus natto (Bacillus subtilis) Gum”(“$%? B f l  h ”), soybean 

saponin, orange color, chitin, perilla extract, Fukuronori (Gloiopeltis firracatu) extract, 

bitterwood (Picrasma quassioides) extract, horseradish (Armoracia nsticana) extract, 

Mousouchiku (Phyllosrachys pubescens) extract and levan were examined (Table I). 

2. Test methods 

Pursuant to the “New guidebook for mutagenicity tests with microorganisms” (edited by 

Chemical Substances Investigation Division of the Ministry of Labour), the samples were 

preincubated at 379c for 20 minutes. The maximum concentration of a sample solution was set 

at which cytotoxicity against the test strains was exhibited or at the technically feasible highest 

concentration. Each sample was examined at more than six concentrations and more than two 

plates were used for each concentration. However, more than six plates were used for the 

solvent control. 

1) Test sbains 

Five strains, Salmonella Vphimurium TA98, TAlOO, TA1535, TA1537 and TAI 538 were used 

for all samples. 

2) s9 
According to the routine procedure, S9 was prepared from the liver of SpragueDawley rats to 

which phenobarbital and 5, 6-benzoflavone were administered. Fifty microliters of S9 was used 

for each plate. 

3) Preparation of sample solutions 

Sample solutions were prepared by dissolving or suspending “Bacillus natto (Bacillus subtilir) 

IX- 3- 1 0 0 0 1 6 2  
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Gurn’’(‘‘@jE@i fi.!~”), chltin and levan in sterile distilled water; soybean saponin, perilla 

extract, hkuronori extract, bitterwood extract, horseradish extract and mousouchiku extract in 

dimethy1sulfoxide (DMSO); and orange color in acetone. The samples were previously checked 

for contamination with mjcroorganisms by adding soft agar (containing L-histidine 0.05 mM 
and D-biotin 0.05 mM) to the nlinimum glucose agar plates with the maximum concentrations 

of the samples. Since it was confirmed that “Bacillus natto (Bocillus subh’lzs) Gum”(“@GB% 

A>’) and perilla extract were contaminated with microorgamsms, they were examined after 

“Bacillus natto (Bacillus subtilis) Gurn”(“#lE~fi;iS”‘:) was suspended in distilled water a n d  

heat-treated for 5-10 seconds in a microwave (Toshiba ER-120) and the stock solution of perilla 

extract was filtered to remove the contaminating microorganisms (0.45 p). Regarding orange 

color, afier the sample was dispensed into test tubes to which 50-100 pl of DMSO was added 

and mixed, acetone was removed by applying nitrogen gas stream in 40°C water bath for 

testing. 

4) Evaluation criteria of test results 

I t  was determined that the samples that induced His+ revertant colonies twofold 01 more as 

compared with the control and showed a concentration dependence in one or more test strains 

were considered to be positive, and those that induced HIS+ revertant colonies at 1.5-fold or 

more but less than twofold as compared with the control and showed a concentration 

dependence were suspected to be positive. The samples other than those stated above were  

determined to be negative. 

3. Results and discussion 

The test Tesults for the ten natural additives are shown in Table 2. 

Horseradish extract was examined in the concentration range from 0.005 pl to 0.5 pl for each 

plate. The results revealed that in the TAlOO strain, horseradish extract induced His+ revertant 

colonies 1.7-fold as many colonies as the control without the S9 mix @ereafter referred to a s  

-S9mix) and 1.5-fold in the case of with the S9 mix (hereafter referred to as +S9mix) and  

showed a concentration dependence (Table 3-5, Figure 1). Therefore, the mutagenicity of 

horseradish extract determined by the Ames test was suspected to be positive. 

"Bacillus natto (Bacillus subhlis) G u r n ’ ’ ( “ ~ ~ ~ ~ ~ ’ ’ )  and perilla extract induced 1 .Sfold or 

more but less than twofold His+ revertant colonies as compared with the control at  the 

concentrations of 2 mg/plate in the TA 1537 strain (+S9mix) and 100 p1 in the TAIOO strain 

(+S9mix) (Tables 4-1 and 5-1). In addition, because some plates of soybean saponin, orange 

IX-3-2 0 0 0 1 6 3  



color, bitierwood extract and mousouchjh extract induced 1.5-fold or more His+ revertant 

colonies as compared with the control, they were reexamined. As a result, tbe mean level of 

induction of His+ revertant colonies in each sample was less than 1.5-fold as compared with the 

control (Tables 4-4, 5-4, 6,  7, 10 and 11). Furthermore, chitin, fukuronori extract and levan did 

not induce 1 .S-fold or more His+ revertant colonies as compared with tbe control in tbe five test 

strains, regardless of whether metabolism was activated or not (Tables 8, 9 and 12). Therefore, 

the mutagenicity of the mne natural additives excluding the horseradisb extract (“Bacillus natto 

(Bacillus subfflis) Gum’’(‘LmSi% 3j LA”), soybean saponin, orange color, chitin, perilla extract, 

fukuronori extract, bitterwood extract, mousouchiku extract and levan) was determined to be 

negative by the Ames test. 

Additionally, the nine natural additives excluding horseradish extract did not show any marked 

cytotoxicity in all the five test strains at the test concentration range, regardless of whether 

metabolism was activated or not. 
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01 26 38 122 135 13 17 1 1  14 24 31 
1 26 40 113 139 8 18 11 12 27 3 2  
1 30 35 119 136 12 14 9 1 7  21 3 1  

10 16 9 15 24 25 
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5 2 3  466 690 1090 239 186 207 loo 397 151 
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01 30, 33. 27, 41, 37, 40, 142, 137, 133, 146, 150, 143, 11, 13, 11, 14, 17, 16, 11, 13, 13, 1 5 ,  21, 13, 19, 22, 20, 34..41, 3'1. 
29, 26, 34 43, 34, 40 136, 144, 147 152,142,144 ' 17,15,14 IS. I7,17 9, 8, 13 ' 17 ,  12. 17 24, 23, 20 39, 44. 37 

(30) (39) (140) (146) (1 4) (1 6) (11) (161 ' (21) (39) 
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1 29, 2 7 (  28) 35,  39( 37) 147, 36(142) 144,113(129)  11, 13( 12) 16. 19( 18) 11, 6( 91 18, 1 5 (  I?) 22, 2 0 (  21) 45, 38 (  42) 

5 31. 3 3 (  32) 43, 37 (  40) 136, 132(134) 139, 127(133) 8, 1 5 (  12) 11, IT( 14) 9; l o (  10) 16,  14 (  15) 20, 1 8 (  19) 46, 3 3 (  40) 
10  33. 2 5 (  29) 40, 36( 38) 143, 133(13'8) 130, 118(124)  I, 11( 9). 17, 13( 15) 12, 14 (  13) 22, 15( 19) 13, 2 1 (  17) 36, 33(  35) 
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( u  d n - b )  . .  
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* :  ~ ~ c k L ~ % ~ * t c l O O f i l ~ @ R  
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P x 
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1 0  
20  
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23, 26, 32 

(261, 
23,  2 8 (  26) 
33, 2 7 (  30) 
20,  29( 25) 
29,  16( 23)  
27, 2 0 (  24) 
26, 2 5 (  26) 
33, 3 0 (  32) 

35, 43, 35, 
31, 35, 40 

(38) 
43, 3 7 (  40) 

38, 4 4 (  41) 
41. 4 3 (  42) 
49, 4 4 (  47) 
35, 43  ( 39) 
eo, U2( e$) 

35,  3 5 (  35)  

116, 135, 111, 
124. 128,  116 

(122) 
104, 122(1131 
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130. 132  (131) 
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(1 35) 
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146,  1 6 0  (148) 
132, 140 (136) 
153, l b l ( l 6 1 )  
2ll3,iP?I! (238) 

13, 11, 13, 
12, 14, I5 

(1 3) 
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20, 14, 16 

I ? ,  18(  18) 
12, 15[ 14) 
13, 2 1 (  171 
19, 13(  16) 
16, 18 (  17) 
16, I T (  17) 
19, 20(  20) 

I (IT) 

16, 20, 14, 
11, 13, 11 

(14) 
9, 1 4 (  k2) 

17, 1 7 (  . I?) 
16, 11( 14) 
18, 1 2 (  16) 
21, 16( 19)  
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14,  13( 14) 

32, 20, 23, 
24, 22.25 

(24) 
24, 3 0 (  27) 
20, 2 2 (  21) 
32, 26( 29) 
24, 2 3 (  24) 
18, 2 6 (  12) 
21. 2 4 (  23) 
27, 2 7 (  27) 

36, 30, 35, 
26, 30, 29 

(31) 
31, 33( 32) 
28, 3 3 (  31) 
32, 36( 34) 
24, 2 6 (  25) 
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33. 2 8 (  31) 
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440 466 141 1090 28'1 216 2 07 1 DO 397  1s 1 
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Purpose 

As part of the tests for reevaluating the safety of food additives, at the request of the Food 

Chemistry Division, Environmental Health Bureau, Ministry of Health and Welfare, the 

chromosome aberration and in vitro micronucleus tests using cultured mammalian cells were 

conducted for four natural additives distributed through Japan Food Additives Association, to 

evaluate tbe clastogenicity of the addjtives. 

Test substances 

I .  Chitin (thickening agent and stabilizer) 

2. Orange color (artificial color) 

3. Soybean saponin (emulsifier) 

4. “Bacillus natto (Bacillus subtilis) Gum”(“#G T% 8 A”) (thickening agent and stabilizer) 

All the substances listed above were provided through Japan Food Additives Association. 

Test method 

Using the Chinese hamster lung fibroblast cell line (CHLDU), we conducted the in vilro 

chromosome aberration test by 24- or 48-hour continuous treatmenl without the metabolic 

activation system and 6-hour treatment with or without the metabolic activation system’).’). In 
the 24- or 48-hour continuous treatment, 2 x IO4  cells were spread out on 6-cm plastic petri 

dishes and the test substances were added to them on tbe third day, and after 24 and 48 hours, 

the chromosomal specimens of the cells were prepared. Five specimen concentrations were set, 

in principle, (serial dilution with a common ratio of 2), with the highest concentration being that 

at which cellular proliferation was obviously suppressed in preliminary tests. When no toxicity 

was observed in preliminary tests, the highest concentration was determined to be 5mg/ml. 

In the 6-how treatment process, the substances were added to the cells three days after cells 

were spread, which were then treated with the S9 mix or culture medium for six hours. After 

washing and incubating the cells for another 18 hours, their chromosomal specimens were 

prepared. We purchased the S9 mix that was prepared from the SD rat liver treated witb 

phenobarbital and 5,6-benzoflavone from Kikkoman Corporation for use in the tests. 

The soluble substances were dissolved in normal saline and added to culture media at a 

concentration of 10%. The insoluble substances were dissolved in dimethyl sulfoxide (DMSO) 

H-5-3 
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and added to culture media at a concentration of 0.5%. In the case of chitin and “Bacillus natto 

(Bacillus subrilir) Gum”(“#lS~%?Y”) ,  because they were used at high concentrations, they 

were directly suspended in culture media to treat cells. 

AH chromosomal specimens were coded and 100 metaphase cells per concentration were 

observed by researchers who were blind to the treatment conditions; the frequency of cells with 

chromatid-type or chromosome-type structural aberrations (e.g., gaps, breakages, and 

exchanges.) was determined. In the case of the specimens with an unclear result of either 

positive or negative, a confirmation test was carried out after optimizing the concentration range 

to make the final deterfination. Furthermore, the frequency of polyploids (cells with more than 

two sets of chromosomes) was also recorded to evaluate the inducibility of numerical aberration 

Generally, because 4% or more abnormality was not found in the untreated or solvent-bated 

control group, the results were categorized in principle as follows: negative (-) for less than 

5% fiequency, suspected positive (f) for 5% or more but less than IO%, and positive (+) for 

10% or more. The results were comprehensively determined by also considering concentration 

dependence and other factors. Additional tests were conducted to confiim tbe results when 

needed. 

In the in vifi-o micronucleus test4), the same CHWlu cells as those used in  the chromosome 

aberration test were used. In the 72-hour treatment, 5 x IO4 cells were spread out on of 

6-cm-diameter petri dishes and the test substances were added to them on the second day. 

Seventy-two hours after the beginning of the treatment, cell specimens were prepared. In the 

6-hour treatment, as in the 72-hour treatment, 5 x IO4 cells were spread out on 6-cm-diameter 

petri dishes and treated with the test substances for six hours with or witbout the S9 mix on the 

second day. After the treatment, the culture media were replaced with fresh ones. M e r  42 hours, 

cell specimens were prepared. 

For the micronucleus test, cells were trypsinized, collected and then centrifuged. After 

centrifugations the cells were treated hypotonically with 0.075 M KCI for 10 minutes at room 

temperature. Mer the hypotonic treatment, the cells were half-fixed by adding 0.5-lmI of a 

fixative solution (1 :3 acetic alcohol). After another centrifbgation, the resuspension of cells in 
the same fmative solution was repeated 3 times or more. After the cells were sufficiently fixed, 

the fmative solution was changed to methanol containing 1% acetic acid and slide specimens of 

cells were prepared by the air-dry method, similarly to the chromosome specimens. 

The specimens for the micronucleus test were stained by the simple acridine orange staining 

method. A drop of 40pg/ml acridine orange solution (in PBS) was placed onto a slide on which 
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h a cover glass was immediately placed and extra dye solution was removed with tissue papm. 

The specimens were examined under a fluorescence microscope equipped witb the B excitation 

light sowce system and 20x objective lens. 

One thousand cells that were well stained and whose cytoplasm was completely intact were 

used for observation to detenniDe the induction frequency of micronucleate cells. Cells wi th  

micronuclei were categorized as follows: 

I) mononuclear cells with a very small micronucleus (MN-1) 

2) mononuclear cells with a typical micronucleus (MN-2) 

3) mononuclear cells with a large micronucleus (MN-3) 
4) mononuclear cells with multiple micronuclei (Mu-MN) 

5) mononuclear cells with micronuclei other than those listed above (MN-T) 

6) multinuclear cells (including severely damaged cells) (Mu-N) 
7) multinuclear cells with a micronucleus (Mu-tMN) 
8) metaphase cell (h4P) 

Results 

The results of the in v i ~ m  chromosome aberration test by 24- or 48-hour continuous treatment 

using CKulu cells without the metabolic activation system and the conknation tests are 

shown in Table 1. In addition, the results of the in vih-o chromosome aberration test by 6-hour 

treatment with or without the metabolic activation system and the confirmation tests are shown 

in Table 2. 

Chitin did not induce chromosomal aberrations both in the 24- and 48-hour continuous 

treatment and short-term treatment, regardless of the presence of the metabolic activation 

system. In terms of numerical aberrations, the fiequency of polyploids did not increase at all. 

Orange color showed cytotoxicity at the highest concentration in the continuous treatment; thus, 

it was impossible to examine 100 metaphase cells. However, tbe induction of numerical and 

structural aberrations of chromosomes was not observed. In the case of short-term treatment, 

because cytotoxicity was not found in the highest-concentration group in the first test, tbe 
codmat ion  test was conducted by increasing tbe Concentration to the maximum. As a result, at 

a moderate concentration of 2.5mg/ml without metabolic activation system, 14% of the cells 

showed structural aberrations such as chromatid-type exchanges. However, it was impossible to  

examine 100 cells at the highest concentration of 5mg/ml owing to cytotoxicity, and no 

aberrations were induced at a low concentration of 1 .25m~ml .  Meanwhile, in the presence of 

IX-5-5 0 0 0 2 0 1  



the metabolic activation system, numerical and structural aberrations o f  chromosomes were not 

induced at any concentration up to Smglml. 

In the case of soybean saponin, although jt was impossible to examine tbe cells under all  

treatment conditions due to its cytotoxicity at the highest concentration, the inductjon of both 

numerical and structural aberrations of chromosomes was not found. The clastogenicity 

observed in the presence of the metabolic activation system is considered to be a nonspecific 

response associated with cytotoxicity, as suggested by the fact that the number of cells observed 

was 33. 

In the case of "Bacillus MHO (Bacillus subtilis) Gum''("@% @ f l  J!A '7, because it was 

contaminated with bacteria, the test was conducted in the presence of penicillin and 

streptomycin. In the first continuous treatment, because cytotoxicity was not observed, two 

additional tests at high concentrations were conducted. A s  a result of tbe tests at all 

concentrations up to the maximum of Smg/ml, cytotoxicity was observed at the highest 

concentration but both numerical and structural aberrations of chromosomes were not observed 

at lower concentrations. On the other band, although 6% chromosomal aberrations were 

identified at the highest concentration of 5mg/ml in the short-term treatment with the metabolic 

activation system, the aberration types were limited to gaps and chromatid-type exchanges. In 

addition, chromosomal aberrations were induced in the absence of the metabolic activation 

system. 

'<I 

The results of the micronucleus test are shown in Tables 3 and 4. Tbe results showed almost the 

same tendency as those of the chromosome aberration test. 

Chitin, orange color, and "Bacillus natto (Bacillus subrilis) Gum"("%!Ei%8 A'') were applied 

at all concentrations up to the maximum of 5mg/ml in the continuous and short-term treatments 

regardless of the presence of the metabolic activation system and the results were negative. 

Although soybean saponin was applied at all concentrations up to Smg/ml in the continuous 

treatment, micronuclei were not observed at the concentration of 2.5mglml or higher owing to 

cytotoxicity, and micronuclei were not induced at the Concentrations of less than 2.5rndml. 

However, only when metabolic activation system was present in the short-term treatment were 

micronuclei induced at one-half of the concentration that made the observation impossible 

owing to cytotoxicity (2.5mg/ml). This positive result is more likely the same nonspecific 

response associated with cytotoxicity as that observed as suspected positive in the chromosome 

aberration test. 
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Discussion 

In the case of chjtin, the investigation was conducted at any of the concentrations used up to the  

maximum or at the concentration that made it impossible to observe chromosomes owing to 

cytotoxicity, under all treatment conditions. However: numerical and structural aberrations of 

chromosomes were not induced. 

Orange color in the presence of the metabolic activation system in the continuous treatment and 

short-term treatments did not induce ch~omosomal aberrations at any of the concentrations used 

up to the concentration that showed cytotoxicity or the highest concentration. However, in tbe 

absence of the metabolic activation system in short-term treatment, 14% of cells in the group 

treated with 2.5mg/ml orange color showed structural aberrations. However, apparent 

cytotoxicity was observed b the group treated at 5mg/ml, whereas no aberrations were induced 

in the group treated at 1.25mg/ml. Therefore, considering that there was no concentration 

dependence of response and that the introduction of the metabolic activation system did not 

induce aberrations, this induction of the aberrations is more likely associated with cytotoxicity 

and its in vivo adverse effects is considered to be small. 

In the case of soybean saponin, mild chromosome structural aberrations and the induction of 

micronuclei that were considered to be associated with cytotoxicity were observed in the 

presence of the metabolic activation system. However, their in vivo adverse effects is considered 

to be small, given that they were induced at a high concentration and that a 

concentration-response correlation was not found. 

In the case of ‘LBacillus natto (Bacillus subtilis) Gum”(“$$!GZ@831“), 6% of tbe cells treated at 

the highest concentration of Smg/ml showed aberrations only in tbe short-term treatment with 

the metabolic activation system. In accordance with the determination criteria, the result was 

suspected positive. However, given that no chromosomal aberrations were induced under my 
other treatment conditions, that the concentration was very high, that the fiequency of 
aberrations was not high, and other factors, it is considered tbat “Bacillus natto (Bacillus 

subtilis) Gum”C‘$$jZEih’b‘’) does not have in vivo adverse effects. 

Ix-5-7 0 0 0 2 0 3  



Conclusion 

For the four test substances we examined this year, numerical and structural aberrations of 
chromosomes were not induced under almost all treatment conditions. For orange color, 

soybean saponin and “Bacillus natto (Bacillus subtilis) Gum”(“#je~fliFj’)?,  there were weak 

positive or suspected positive results in some tests. However, considering that the 

concentrations used were high, that no concentration-response relationship was identified, and 

other factors, the biological significance of these responses is small and that these substances 

have no in vivo significant adverse effects. 
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A 1  y-P-f=-x ' , ' n ~ ( 3 - ~ ~ ~ Q W t l a 3 R ~ ~ ~ W ~ r P a  ( W E )  
4aBmwi3 s 9  RR' @@*= #is E!m, ff&* ~ m ~ ~ ~ b & ~ 3 Q H a , ~ " '  

I mix (h) (mg/ml) #@#! (%) !/?E cig ctb d e  fig csb c ~ e  totd $!JS 
24-0 h4I% mom) 100 4.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 

O(Solvcn1) 100 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1.25 . 100 1.0 - 0,O 0.0 1.0 0.0 0.0 2.0 3.0 - 
2.5 100 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 
5.0 loo 0.0 - 0.0 1.0 0.0 0.0 0.0 0.0 1.0 - 

- =w> 

4 8 0  MEM O(Nonc) 100 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 
O(So1vtnt) 100 1.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 

- 

1.25 loo 1.0 - 0.0 ,o.o 0.0 0.0 0.0 1.0 1.0 . -  
25 100 2.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 
5.0 (. loo; > .  1.0 - 1.0 0.0 LO 0.0 1.0 0.0 3.0 - . .-. . .. 

. 240 D m O  lyNonc) 100 , 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - ;SL>UbW 
O(So1vcnt) 10q 20 1.0 0.0 0.0 0.0 0.0 0.0 1.0 

0.0625 loo 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 
0.125 100 1.0 - 1.0 0.0 0.0 0.0 2.0 0.0 3.0 - 
0.25 100 1.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 
0.5 mx - I - - - - 

- ,  frox - - 

48-0 DMSO O(Nona) 100 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1: 
- 

1 

O(So1vcnt) 100 0.0 0.0 0.0 2.0 0.0 0.0 0.0 2.0 
0.0625 100 1.0 - 0.0 0.0 0.0 0.0 0.0 0.0 * 0.0 - 
0,125 1Do 0.0 - 0.0 0.0 0.0 0.0 0.0 1.0 1.0 - 
0.25 lq 3.0 - 1.0 0.0 0.0 0.0 0.0 0.0 1.0 - 
0.5 63' 0.0 - 0.0 1.0 0.0 0.0 0.0 0.0 1.0 - 

. (100 0.0 0.6 0.0 0.0 0.0 0.0 0.6 , -) 

0 
F 

1 

Y x 
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mix @> (mgfd)  flR% (%) +J% c y  ctb cte fig csb cse total $132 
AEW=> - 29-0 Saline O(Nane) 100 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

O(s0lVMt) 100 0.0 2.0 0.0 0.0 0.0 0.0 0.0 20 
0.25 100 0.0 - 1.0 0.0 0.0 0.0 0.0 0.0 1.0 - 
0.5 100 20 - 1.0 0.0 0.0 0.0 0.0 0.0 1.0 - 
1.0 loo 1.0 - 0.0 0.0 1.0 0.0 0.0 0.0 1.0 - 
2.0 M X  - - - - d - - Tax - 

48-0 Saline O(None) 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

O(So1vent) 100 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1 .o 

- 

0.25 100 0.0 - 0.0 0.0 0.0 0.0 2.0 1.0 3.0 - 
0.5 100 3.0 - 0.0. 1.0 2.0 0.0 0.0 0.0 3.0 - 

100 4.6' . .  - 1.0 0.0 0.0 0.0 1.0 ~ 1.0 3.0 - 1.0 
20 42 0.0 - 0.0 1.0 3.0 0.0 0.0 0.0 4.0 - .. 

(100 . 0.0 2 4  7.1 0.0 0.0 0.0 95 2) 

24-0 MEM+P O(N0ne) loo 0.0 2.0 19 0.0 0.0 0.0 0.0 3.0 $fiSSflA -. 

O(S0lvcnt) 190 0.0 0.0 1.0 0.0 0.0 0.0 , 0.0 1.0 
0.0725' 104 0.0 - 1.0 1.0 0.0 0.0 0.0 0.0 2.0 - 
0.1 loo 0.0 .- 1.0 0.0 0.b 0.0 0.0 0.0 1.0 - 
0.125 loo 0.0 -.  0.0 0.0 0.0' 0.0 0.0 0.0 0.0 - 8: 

1 

480 MEM+P [(Nom) IO0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 

O(Solvcnt) 100 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0725 loo 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 
,0.1 100 t o  - 0.0 1.0 0.0 0.0 0.0 0.0 1.0 - 

- 

0.125 100 (2.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 , - 



ZlQ&$ 
m%m% s 9  fl8rnBI w&* ~SB ms rns ~ R B ~ z I W W Q R ~ ~ ~ Q I ~ ~ ~ ~ - *  

mix 0) (mg/d) @B& (%) $@ ctg ctb d e  fig csb csc tola1 

24-0 M D I t P  O(N0nc) loo 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1 .o 
O(S0lvent) 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 - 0.125 loo 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 

0.25 100 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 
1.0 - 0.5 loo ' 1.0 - 1.0 0.0 0.0 0.0 0.0 ' 0.0 

- 4AHEWA 

0 
0 

480 MEM+P O(Nonc) 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

O(So1vent) 100 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.125 100 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 
0.25 ' 100 1.0 - 1.0 1.0 0.0 0.0 0.0 0.0 20 - 
0.5 ' 100 0.0 - 1.0 0.0 0.0 0.0 0.0 0.0 1.0 - 

- 

. . .. 
2rM MEM+P O(Nonc) 100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 

O(Solyen1) lqo ' 010 ' ' 1.0 LO 0.0 0.0 0.0 0.0 2.0 , 

0.625 100 0.0 - 0.0 a0 0.0 0.0 0.0 0.0 0.0 - 
1.25 100 0.0 - 0.0 0.0 0,o 0.0 0.0 0.0 0.0 - 
2.5 100 0.0 - 4.0 3.0 0.0 0.0 0.0 0.0 6.0 k 
5.0 TOX - - - - - - Tax - - - 

. .  

- 480 MEh4+P O(Nonc) 100 0.0 , 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
. O(So)vcnt) 100 1.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 

1 

0.0 0.0 0.0 0.0 0.0 0.0 p.0 - 
100 0.0 - 1.0 0.0 0.0 0.0 0.0 0.0 1.0 - 

0.0 1.0 0.0 0.0 0.0 0.0 '1.0 - 
0.625 loo 0.0 - 
1.25 
2.5 100 0.0 - 
5.0 TOX - - - - - - Tax - - - 

*&B3WS)-B~XKqElL **MEM : MEM+lO% CSTEfg@S#t@#Msdium k2&$ASI 
MEMtP : MEM+1O%CS+l%Penicillin S t ~ ~ ~ t ~ ~ ~ c i ~ ~ ~ ~ ~ ~ ~ ~ ~ M ~ i u m ~ ~ ~ ,  DMSO : 'i'%FflLZII.7 $+94 t.', SaIhe : S4&Icc, 
-ctg : %&HHt YT (RE!#4Yt ~74?3&6)  I ctb : §2&5H4MMifi, cle : %&3$$?Z&; frg : BKfk, csb : &:$#VI@, cse : &&#?Z#!, 
flax : S * @ r n Z Q b ~  
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mix 6) (mg/ml) a m  (%) $Jd gg ctb cte hg csb cse total #JW 
6-18 h4Etrf O(SoIvent) 100 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 - *F> 

1.2s 100 0.0 - 1.0 0.0 0.0 0.0 0.0 0.0 1.0 - 
25 loo 1.0 - 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 - 
5.0 100 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 

+ 6-18 MEM OJSolvcnt) io0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 20 
, 1.25 100 0.0 - 0.0 0.0 0.0 0.0 1.0 0.0 1.0 - 

2.5 100 1.0 - 0.0 1.0 0.0 0.0 0.0 0.0 1.0 - 
5.0 loo 2.0 - 2.0 0,o 0.0 0.0 T).o 0.0 20 - 

6-18 DMSO O(So1vcnt) , 100 1.0 1.0 0.0 1.0 0.0 ' 0.0 0.0 2.0 ifb>%3% - 
0.125 lbo -0.0. - - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 
0.25 100, .o.o - 0.0 1.0 0.0 0.0 0.0 0.0 1.0 - 
0.5 100 2.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - . -  

+ 6-18 DMSO O(So1vent) 100 0.0 20 0.0 0.0 0.0 0.0 0.0 2.0 
0.125 100 1.0 - 1.0 0.0 0.0 0.0 0.0 0.0 LO - 
0.5 loo 1.0 - 20 0.0 0.0 0.0 0.0 0.0 2.0 - . 
025 100 1.0 - 1.0 0.0 0.0 0.0 1.0 0.0 3.0 - 

1: 
d 

6-18 MEM O(So1vent) 100 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 
- 

1.25 100 0.0 - 1.0 0.0 0.0 0.0 0.0 0.0 1.0 - 
2.5 100 4.0 1.0 5.0 9.0 0.0 0.0 0.0 14.0 

5.0 51 1.0 . - 1.0 3.0 2.0 0.0 0.0 0.0 5.0 
(la0 Y'. . .  ' 2.0 5.9 3.9 0.0 0.0 0.0 9.8 4) 

+ 6-18 MEM O(Nonc) 100 ' 0.0 2.0 0,o 0.0 0.0 0.0 0.0 2.0 
1.25 loo 0.0 - 1.0 1.0 0.0 0.0 0.0 0.0 2.0 - 
5.0 100 4.0 - 0.0 0.0 1.0 0.0 0.0 0.0 1.0 - 
2.5 100 2.0 - 1.0 1.0 2.0 0.0 0.0 0.0 4.0 - 

C. 
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t rn%XQg s 9  &#MI* l&+* ax %B###sR%ER3ma&Bm-* 
mix (rndd) #@!& (%) $js ctg ctb ctc frg csb cso total #s 

15-18 Saline a(solvvent) 100 0.0 0.0 , 0.0 0.0 0.0 0.0 1.0 1.0 mvijf=> - .  
0.0 - 03 125 100 2.0 - 0.0 0.0 0.0 0.0 0.0 0.0 

0.625 100 2.0 - 0.0 1.0 0.0 0.0 0.0 0.0 1.0 - 
1.25 loo 1.0 - 1.0 0.0 0.0 0.0 0.0 0.0 1.0 - 
2.5 loo 2.0 - 2.0 0.0 0.0 0.0 0.0 0.0 2.0 ' - -  

5.0 TOX ' - - - - - - - #Tox - - 

-f- 6-18 Saline ~(SO~VCLU) 100 0.0 0.0 1.0 0.0 0.0 0.0 0.0 1.0 

03 125 100 0.0 - 1.0 0.0 0.0 .o.o 0.0 0.0 1.0 - 
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Abstract 

Four oatural food additives utilized in Japan, namely, “Bacillus natto (Bacillw subtilis) 

Gum”(“M8: 3 A ’7, soybean saponin, bitterwood (Picrmmo quassioides) extract and 

horseradish (Armorncia rusticum) extract, were orally administered to mke twice using a 

gastric sonde. After that, micronuclei inducibility in the bone marrow of the mice was 

investigated. The results showed that micronuclei were not induced by tbese natural additives. 
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I. Introduction 

As part of the reevaluation test for the safety of natural food additives used in Japan, following 

the study by Hachiya et a].’) in the previous fiscal year, we investigated micronuclei inducibility 

in the mouse bone marrow, a study funded by the National Institute of Health Sciences. lo this 
paper, we report tbe test results for the four food additives that were assigned to Akita 

University in fiscal 1996. 

11. Samples 

The four food additives subjected to the micronucleus tests are shown in Table I .  These samples 

were obtained througb Japan Food Additives Associatjon from February to late July 1997. Table 

1 shows dormation obtained from materials attached to the samples, such as trade names, the 

manufacturers (the providers), lot numbers, and compositions of the samples. 

“Bacillus natto (Bacillu subtilis) Gum”(“ #j @ 8 LA ”) and bitterwood extract were 

administered after they were dissolved in distilled water at the maximum concentration of 

0.3g/ml. Soybean saponin is insoluble, but it was possible to prepare a suspensjon in distilled 

water at a concentration of up to O.l2g/ml. Horseradish extract was dissolved in olive oil at a 

concentration of up to at least 0.3g/ml. Prepared solutions of bitterwood extract and horseradish 

extract at IOmVkg and “Bacillus natto (Bacillus subtilis) Gum”(“%ZgiJj A”) and soybean 

saponin at 20mVkg were orally administered to mice using a gastric sonde. 

m. Method 

Animals 

ddY male mice (9 weeks old) from Japan SLC lnc. were used. They were reared in 

polycarbonate cages in a conventional environment in which temperature was maintained at 

223°C and humidity at 60-70% in a I2-hour lightldark cycle. 

Acute toxicity test 

In the preiimjnary toxicity test to determine tbe doses, the samples were administered to mice 

twice at the following doses: “Bacillus natto (Bacillus subrilis) Gum”(“~Hi%$fSh’?, 3@g; 

soybean saponin, 2.4g/kg; bitterwood extract, 0.1, 1.0, 1.6 and 3.0g/kg; and horseradish extract, 

0.1, 0.14, 0.225, 0.37, 0.6 and 1.0gkg. We observed the survival of the mice for seven days. 

According to the LDSo test by hrke”,  we calculated 50% lethal dose (LD’,,) for two 

administrations of each sample. 
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Micronucleus test 

In the micronucleus test, three doses were set using the common ratio of 2, with either 3g/kg, or 

the technically feasible highest dose (2.4g/kg) or 0.6 x LDZSo, whichever is lower, as the highest 

dose. The micronucleus test was implemented in accordance with the standard protocol3) except 

that the samples were administered to the experimental group twice in 24 hours. Six mice were 

used for each group. Twenty-four hours following the second administration of the samples to 

the experimental group and following the single administration of Mitomycin C at 2mg/kg to 

the positive control group, bone marrow smears fiom the femurs were prepared. The  

Giemsa-stained smears were coded and 1000 polychromatic erythrocytes (PCE) per animal 

were observed by the blind method to determine the frequency of micronuclei and 

polychromatic erythrocytes in all erythrocytes. The frequency of micronuclei in polychromatic 

erythrocytes was determined using the Kastenbaum-Bowman test4). 

IV. Results and Discussion 

The results of the preliminary toxicity test are shown in Table 2. For “Bacillus natto (Bacillus 

subtilis) Gum”(“%Z%flA”), since no animal died following the two administrations at 3gkg 
and the LDZso was 3gkg or more, it was determined that the doses of 0.75, 1.5 and 3glkg were 

appropriate for administration twice in the micronucleus test. For soybean saponin, no animal 

died following the two administrations at 2.4g/kg, which was the technically feasible highest 

dose; therefore, it was determined that the doses of 0.6, 1.2 and 2.4gkg were appropriate for 
administration twice in the micronucleus test. For bittenvood extract, since no animal died 

following the two administrations at 0.1-3g/kg, it was determined that the doses of 0.75, I .5 and 

3gkg were appropriate for administration twice in the micronucleus test. For horseradish extract, 

since the animals suMved following the administration at O.l@g but they died when 

administered at O.l4g/kg, LD250 was estimated to be 0.12glkg. Therefore, the doses of 0.018, 

0.035 and 0.07gkg were determined io be appropriate for administration twice in the 

micronucleus test. 

Table 3 shows the results of the ~cronucleus test of the four food additives. T h e  fiequency of 

micronuclei in polychromatic erythrocytes in the negative control group ranged fiom 0.12 to 

0.1 5%, whereas those for the groups administered “Bacillus natto (Bacillus subtilis) Gum”(”#j 

Zi%%A”), soybean saponin, bitterwood extract and horseradish extract ranged fiom 0.12 to 

0.20%, 0.12% to 0.23%, 0.13% to 0.18%, and 0.12% to 0.23%, respectively. These frequencies 

in tbe administered groups did significantly differ fiom that in the negative control group. 

On the other hand, the group administered with Mitomycin Cy which was the positive control 
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group, showed a significant micronuclei inducibility of 4.78% (p<O.OI).  

V. Conclusion 

After oral administration of the four food additives (i.e., “Bacillus natto (Bacillur subtilis) 

Gum”(“#X@&~A”),  soybean saponin, bitterwood extract and horseradish extract) to mice, 

micrormclei inducibility was not observed in the bone marrow of the mice. 
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Ni-I -6 
MEAN 
STD 

D;mg/kg 
0 

0. 10 0. 09 0. 70 
0. 13  0. 14 0. 13 
0.10 0. 13 0. 11 

750 

1500 x2,24hr  

. 

0. 00 
0. 30 0. 41 0. 25 

MIN 0. 00 0. 00 0. 00 
MAX 0. 30 .o. 33 0. 28 
TOTAL 8 
Ni-2 -1 0. 20 0. 00 0. 11 
Ni-2 -2  0. 00 0. 00 0. 00 
Ni-2 -3  0. 00 0. 06 0. 04 
Ni-2 -4 0. 00 0. 06 0. 04 
Ni-2 -5 0. 10 0. 09 0. 10 

N i - 1  -2 0. 00 0. 00 0. 00 
Ni-1 - 3  0. 30 0. 25 0. 28 
Ni-I -4 0. 30 0. 00 
N i - 3  -5 0. 20 0. I7  0. 18 

MAX 
TOTAL 

. .. 

0. 40 0. ai 0. 25 
9 

3000 

I 

Ni-3 -2 0. 10 0. 00 
Ni-3 -3 0. 10 0. 15 0. 13 

0. 20 0. 12 0. 15 
Hi-3 -5 0. 40 0. 14 0. 25 G- 

0. 14 0. 09 o. 08 
0. 00 0. 00 0. 04 

PCE;% 
46. 1 
36. 5 
44. 5 

60. 1 
41. 5 
47. 7 

9. 3 
36. 5 
60. I 
6000 
52. 2 
46. 7 
55. 1 
33. 1 
29. 4 
47. 9 
44. 1 
10. 5 
29.4 
55. 1 
6000 
56.5 
50. 6 
36. 2 
37. 2 

44. 2 
45. 5 

7. 9 
36.2 
56.5 
6000 
39.7 
61.4 
42.5 

41. 8 
47. 4 
45. 2 

8. 5 
38. 3 
61.4 
6000 

57. a 

48.2 

38.3 

BW:s 
39. 5 
39. 8 
36. I 
36.4 
33. 7 
36.4 
37. 0 
2.3 

33. 7 
39.8 

35.5 
35. 7 
37.1 
34.0 
34.4 
37.5 
35.7 

1 . 4  
34. 0 
37. 5 

34.5 
38.4 
36.5 
36.2 
34.2 
31.1 
35.2 
2.5 

31.1 
38.4 

35.0 

37. 3 
36. 0 
37. 5 
36. 2 

3. 9 
33.2 
38.2 

38.2 

r 
21 67 
1663 
267! 
3831 
399( 
364t 

81 
6633 

97 3 

I 1 4 5  
821 2 

8424 

- Y!IZ 

72 6 
5250 
8360 
9469 
6837 
774 

- PJ z 
3056 
2701 
8405 
8853 
3950 
4432 

WJz - 
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X%%llD$#!I 1997 

.'I NO 97-4 

NCE:% - 
0.30 
0. 09 
0. 14 
0. 00 
0. 18 
0. 12 
0. 14 
0. 10 

0. 30 

0. 00 
0. 00 
0. DO 
0. 09 
0. 08 
0. 33 
0. 08 
0. 13 
0. 00 
0. 33 

0. 08 
0.40 
0.51 
0.13 
0. I1 
0. 10 
0.22 
0. 18 
0. oa 
0. 51 

0.00 
0. 00 
om 00 
0. 00 
0. 04 
0.05 
0.01 
0.02 
0.00 
0. 05 

0. 00 

___7___ 

IX-8-38 . .  

YNE;% 
7 .30 

0. 19 
0. 12 
0. 00 
0. 16 
0. 08 
0. 14 
0. 10 

0. 30 

0. 04 
0. 06 
0. 12  
0. 39 
0. 13 
0. 32 
0. 14 
0. 10 
0. 04 
0. 32 

0. 09 
0. 25 
0. 39 

. 0.15 
0. 11 
0. 07 
0. 38 
0. 12 
0. 07 
0. 39 

0. 05 
0. 08 
0. 00 
0. 16 
0. 05 
0. 03 
0. 06 
0. 06 
0. 00 
0. 16  

a. 00 

i 

x2,24hr 

x2,24hr 

I;mg/kg 
0 

18 
' TOTAL 8 
S -1 -1 0. 10 
s :I - 2  0. 20 
s -1 -3 0. 30 
s -1 - 4  0. 30 
s -1 -5 0.20 
S -1 -6 0. 30 
MEAN 0.23 
STD 0. OB 
-UIN 0.10 
MAX 0. 30 
'TOTAL 14 
S -2 -1 0. 10  
s -2 -2  0. 10 
s -2 -3 0. 30 
s -2 -4 0. 20 

-35 

s -0 -2 
s -0 -3  
s -0 - 4  
s -0 -5  
S -0 -6 r 

0.30 ~ 

0. IO ~ 

0.00 
0.30 
0. 00 
0. 13 

0. 30 

I 

70 x2, 4hr z 
L I 

s -2 -5 
S -2 -6 
MEAN 

0. 00 
0. 30 

TOTAL 
s -3 -1 
s -3 -2 
s -3 -3 
s -3 -4  
s -3 -5 

0. 20 
0. 00 
0.30 
0. 10 

m-3- 
37.4 
47. 7 
41. 5 
62.5 
26. 6 
37. 6 
42. 2 
12. 1 
26. 6 
62. 5 
6000 
43.2 
28. 5 
41. 6 
46. 9 
43.4 
52. 7 
42. 7 

8. 0 
--zr-5- 

52. 7 
6000 
43.4 
50. 3 
56. 0 
24. 7 
36.4 
33.2 
40. 6 
11. 5 
24.7 
56. 0 
6000 
51.0 
42. 5 

' .47.3 
54. 3 
27. 0 
31. 4 
42. 2 
10. 9 

BW:g 
39.2 
38. 6 
38.7 
41.4 
36.6 
39. 8 
39. 1 

1. 6 ----xx 
41.4 

34. 8 
35. B 
35.5 
37.7 
39.8 

. 42.1 
37. 6 

2. a 
34, a 
42. 1 

39. a 
36. 3 
40. 3 
33. 8 
39. 4 
40. 5 
38.4 

2.7 
33. 8 
40.5 

39.5 
40. 1 
37. 9 
37.0 
36. 8 
37. 0 
38. 1 

I .  4 
m 27. 0 e 

:ODE 
9574 
5691 

93 
3996 
1976 
7206 

9269 
5196 
5316 
6031 
944 0 
6786 

- N % 

6654 
1793 

3987 
282 

2604 

a55 

- #!I% 

6892 
3 947 
97 5 
550 

9518 
5355 

?rJ z 11 
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MNNCE;X. 
0.20 
0. 21 
0. 09 
0.22 
0. 18 
0.26 
0. 19 
0. 06 
0. 09 
0. 26 

I 

MNE;X PCE;X BW:g 
0. 97 33. 5 39.7 
1. 65 34. 3 38.5 
3. 05 46. 9 35. 8 
2. 67 35.5 40.4 
1. 51 26. 0 37. 9 
1.33 . 39.0 39.9 
1. 86 35. 9 38.7 
0. 81 6. 9 1.7 
0. 97 26. 0 35. 8 
3. 05 46. 9 40.4 

6000 

I 

MOUSE# 
MMC -1 
MMC -2 
MldC - 3  
MYC -4  
mc -5 
MMC -6 
MEAN 
STD 
MIN 
YAX 
TOTAL 

mitomycin C 
WWiY 
7 IfX/ddY(SLC)/@/9wo/ip 
9706B 

HNPCE; % 
2.50 
4.40 
6.40 
7.10 
5. 30 

. 3.00 
4.78 
3.83 
2. 50 
7. 10 

287 

CODE 
4775 
2429 
4 1  95 
6934 
4829 
3737 

HZ 
p<O. 01 
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1 .  Title of the study 

Virulence of Bacillus& 12757 

2. Experjmental number : NO568 

3. Client for the experiment : 
Hiroyuki Tanimoto 
Food Research & Development Laboratories 
Ajinomoto Co., lnc. 
1 - 1 ,  Suzuki-ku, Kawasaki-shi, Kawasaki-cho, 210-8681 

4 .  Testing facility: 
Preclinical Division 
Researcb Center for Clinical Pharmacology 
The fi-tasalo Institute, 
5-9-1, Suogane, Minato-ku, Tokyo, 1088642 

. -  

5. Responsible person for the experiment: 
Kanki Komiyama 
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Summary 

Patbogenici ty  and toxin productivity of BocilIusRI 12757were compared to that of coutroi straiu 

Bacillus cereus on a request of Ajbomoin Co., Inc. 

Eacb culture brotb was separated to the cells and the supernatant by centrifugalion. Each harvested 

cells were prepared witb 30-fold diluted series and were adminishated intraperitoneally in mice. Then 

S U M ~ I ~  and death of mice was investigated. The body weight of eacb survived mouse was measured 

chronologically, and 14 days after administration they were sacrificed and examined macroscopically. On the 

other hand, eacb supernatant was sterilized by filtration and 2-fold diluted series were prepared The 

enterotoxic activity of the culture filtrate was assayed by measuring the CRET-RPLA test. 

As tbe results, LDso values of Bacillus A3 12757and Bacillus cereus were estirnaled to be abovelo' and 

1O6~'CFU/ml, respectively. Altbough in some groups, body weight of survived mice were decreased by TWO 

-days after administratiofarid were increased in all groups thereafter. N o  abnormality of each organs was 

detected in all groups by the macroscopically examhation of sacrificed mice. 

Toxin titer was detected in a 2-fold of Baci2lusAJ12757supernatant diluters. On tbe other band, toxin titer 

was detected in a 3200-fold of Bacillus cereus supernatant dduters. Tbis 2-fold tiler were non-specific 

agglutinin, tbereiore AJ 12757 strain was differentiated wilh cereus on the detcnnhative microbiology- 

From tbese  results, it can be wncluded that BociIlusM 12757 strains are very weak pathogenic and 

non-produce of toxin. 

- 2 -  
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I . Objective 

In order to conform safety of Bacillus AJ 12757, LDm values and toxin productivity were 

investigated. 

Il . Strains tested 

1-1.  Strains: 

1)BocillusA.J 12757 

1-2. Supplier of strains tested: 
Healthy & Nutri t ional  Food Development Section 
Food Research & Development Laboratories Ajinomoto CO., h c .  

1-3. Storage conditions: 
Culture broth and supernatant of the culture broth was stored in a re~igerator (4 C) 

Ill. Control strain 
1. Bacillm cereus JCM 2152 

IV. Preparation of cells of BaciZlusAJ 12757and Bacillus cereus. 
Bacillus AJ 12757 was cultured by Amino Acid Technology Group Amino Acid Department Amino 
Science Division, Ajinomoto Co., Inc.. 

2) Bocillus cerew was shake cuItured in 1% glucose contained Brain H e m  Infusion @HI) medium at 
35°C for 18h. Thereafter culture broth I.0mL was added in new 1% glucose contained BHJ medium 
l O O m L  and was shake cultured at 35°C for 6h. 

3) Each culture broth was separated to the cells and !be supernatant by centrifugation (3,000 rpm, 30 min). 

Serial 30-fold dilutions of each harvested cells were performed with sterile saline, and IO8- IO'CFU/ml 

of BaciZlusAJ 12757 and 1010-104 CFU/ml of BaciZlus cereus were prepared with 10% much solution. 

Serial 2-fold dilutions of each supernatant were prepared with sterile saline. 

V. Methods 
1 )L950 vahe measurement 
@birnal used 

Animal, Strain : ddY m'ce(SPF), 4-weeks old, male 
Date of supp1y:August 30, September 27,2001 
Supplier :SLC Japan Inc. (3371-8, Koto, Hamamatsu-sbi, Sizuoka) 

@Breeding conditions 
Temperature : 23 f 2°C 
Humidity: 5 5 4 3 5  9.6 
Housing:Five mice were placed in each polycarbonate cage (24 X 17 X 12 cm), in whicb commerciai 
diet (CL2, CLI;EA Japan Inc.) and water were available ad libitum. 

@ Experimental Procedure 
After mice were acclimatized for 7 days pnoi to testing, test strains and control strain (prepared as 
described above) were administrated inlraperitoneally in nice at a volume of 0.5ml. 

@ Observation 

After adminisbated , viability of mjce was observed daily for two weeks. 8 0 0 2 6 4  
The body weight of each mouse was recorded before administration, and that of survived mice twice 

a week after the administration . 
- 3 -  
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After 2 weeks observation, tbe mice were sacrificed and each organ was examined macroscopically. 

@CRET-RPLA method 

A kit for the detection of Bacillus cereus enterotoxin (diagnosis by reversed passive latex agglutination, 

Denka Seikenn Co., Ltd.) was used. Diluted solution of the culture supernatant of each strain was 

prepxed on tbe multiple well plates. Sensitize latex were added to the serial diluents, and then latex 

agglutination of each well was observed after 18 b incubation at room temperature. 

VI. Results 

1 )LD50 values (Table 1 , 2  and 3) 

Lo tbe Bacillus AJ 12757 cells treated groups, all mice were survived for 14 days in the 10*-]0' 

CFlJ/ml of cells treated groups. The mortality rate were 0% in tbe al l  groups. LDso value of Bacillus M 

12757 was estimated to be above IO8 CWM. 

In tbe Bacillus cereus cells treated groups, 10 of 10 in the group of 10" a d  IO9 CFU/ml of cells 

keatment, 9 of 10 in tbe group of 308CFU/ml of cells treatment and 7 of 10 in the group of 107CFU/ml of 

cells treatment, mice was died respectively. Tbe inortality rate were loo%, loo%, 90% and 70%, 

respectively. I&, 
value of Bacillus cereus was estimated to be lo6.' CFu/ml. 

In the 106-104 CFU/ml cells treated groups, aU mice were survived for 14 days. 

2)Body weight bansition of tbe survived mice 

Resul t s  are shown i n  Table  4 .  

3) Macroscopically examination of tbe survived mice 

Resul t s  a re  sbown in Table 5 .  

4) CRET -WLA t a t  

Agglutination reaction occured by the addition of until 2-fold diluted supernalant of BaciUus A.3 12757 

cultwe broth. Agglutination reaction occurred by the addition of until 3200-fold diluted supernatant of 

Bacillus cereus culture broth. 

VI. Discussion 0 0 0 2 6 5  
LDSD value of Bacillus AJ 12757 was estimated to be above IOa CFU/ml. In a group treated with lo8 

- IO*CFU/mL ceUs and group treated with supernatant of culture broth, body weight of tbe survived mice 

were decreased in two days after adminisbation. But they were recovered tbereafter and gained body 

weight almost the same raie as the control group till 14 days. Decrease of  body weight in there groups, 

were stress by tbe administration of the cells. Toxin was detected in until 2-fold diluted supernatant by 
CRET-RPJA test. ']his toxin was nonspecific agglutinin titer therefore Bacillus RI 12757 was 

differentiated with Bocillus cereus on the determinative microbiology. By the macroscopically examination 

- 4 - ~ - - _ _ _  
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of sacrificed mice, concerning a l l  organs, no abnormality was observed from all groups. From these results, 

LDx, value of the strain was low, body weight decrease by the administration of the cells was low, and no 

cereus like toxin was detected in the supernatani by CRET -WLA test, thus, it can be concluded that 

Bacil1u.sA.J 32757 is very weak pathogenic and non-produce of toxin. 

Id)so value of Bacillus cereus was estimated to be lo6' CFUhl. In the a l l  group body weight of the 

survived mice were almost same rate as the control group t i U  14 days. By the macroscopically examination of 

sacrificed mice, concerning all organs, no abnormality was observed from all poups. Toxin was detected in 

until 3200-fold diluted supernatant by CRET-RPLA test. From these results, value of the strain w a s  low, 

body weigbt decrease by the adminisbation of the cells was low, aod toxin was detected in until 3200-fold 

diluted supernatant by CRET-RPLA test, thus, i t  can be concluded that Bacillus cereus is very weak 

pathogenic and non-produce of toxin. 

In summary,  it can be concluded that Bacillus RI 12757 are very weak pathogenic and not produced 

toxin. Compared with Bacillus cereus, this strains tested can be concluded to be very weak patbogenic, and 

non-produce of toxin. 

W References 

1. Gakuyu-kai, Institute for Medical Sciences (ed.): Summary of bacteriology exercise (in Japanese), 

Maruzen Press, Japan 

2. Thompson,N.E., et al, Isolation and some properties of an enterotoxin produced by Bacillus cereus. Infect. 

b u n . ,  43,887 (1 984) 
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Table]. NumbNunbeer of dead mice administratted testing and control strain 

(Deadflotal) 

Concentration of administrated cells (CFu/rnl) 

Strain 10' 30 10 10 10 10 10 ' 10 10 10 ' 
AI 12757 NT hT 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 

B.cereus 10/10 70/10 9/10 7/10 Oflo 0/10 Oflo NT M N T  

NT : not tested 

Table 2. Mortality rate caused by the administretion of testing and control strain 

(Death rate (%)=Dead/Tota1x100) 

Concentration of administrated cells (CFUlrnl) 

S t r a b  10' IO' I@ IO' IO' 10' 10' 10' Id IO' 
~~~ 

AJ 12757 NT NT 0 0 0 0 0 0  0 0  

B.cereus 100 100 90 70 0 0 0 NT N T N T  

NT : nor tested 

Table 3. LDlc value of iesting and control strain 

Strain u ) ~  value 

- 7 -  
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32.4 

34.9 
34.0 
34.4 
33.1 
32.1 
30.2 
34.2 
33.0 
1.43 
31.4 
33.5 
31.7 
31.3 
33.2 
33.3 
30.9 
34.5 
32.3 

31.9 

' -able 4-1. 6 
Dose 

10 
CFU/ml 

10 
CFU/ml 

10 
CFU/ml 

34.4 

37.4 
36.2 
37.7 
35.6 
32.6 
31.9 
36.5 
'35.0 
2.04 
32.6 
35.7 
34.3 
33.3 
35.3 
35.2 
33.2 
36.2 
33.8 

32.8 

1 0  
CFU/ml 

ly weight 
Number 
of  mouse 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
. SD 

mice administrated 
- Dz after ad 

0 
27.7 
25.8 
30.3 
30.1 
27.0 
27.4 
27.6 
28.5 
30.5 
28.1 
28.3 
1.54 
24.3 

29.8 
29.6 

26.2 
29.6 
27.3 
28.0 
27.3 
27.9 
t.71 
28.4 
26.3 
26.6 
29.3 
27.6 
27.6 
31.0 
29.3 
26.2 
28.2 
28.1 
1.53 
26.8 
21.5 
26.1 
25.9 
28.3 
27.0 
25.8 
28.3 
27.2 
26.4 
26.9 
0.92 

28.4 

28.8 

2 
23.4 
22.1 
26.8 
27.4 
22.4 
23.2 
23.6 
25.6 
27.1 
24.2 
24.6 
1.98 
23.3 
27.1 
28.3 
27.8 
27.9 
26.0 
29.3 
25.5 
26.4 
26.5 
26.8 
1.70 
27.6 
25.6 
26.1 
29.2 
27.3 
28.8 
27.5 
27.9 
25.7 
27.9 
27.3 
1.23 
27.1 
27.9 
26.7 
27.0 
28.8 
27.3 
26.2 - 

28.9 
27.8 
27.0 
27.5 
0.88 

cillus AJ 12757fg) 
inistretio 

6 
28.1 
27.1 
31.8 
30.0 
27.0 
27.2 
28.6 
30.4 
32.1 
29.1 
29.1 
I .a9 
27.5 
31.2 
31.5 
31.7 
30.7 
29.1 
33.1 
29.0 
31.0 
29.7 
30.4 
1.63 
30.7 
30.1 
30.0 
32.3 
31.3 
33.0 
31.6 
30.7 
28.9 
31.6 
31.0 
1.20 
29.6 
31.1 
29.4 
29.6 
31.5 
30.6 
29.3 
32.4 
30.6 
30.1 
30.4 
1.02 

34.5 
34.8 

29.9 34.0 

31.5 33.6 
32.9 35.4 
35.0 37.2 

29.6 31.6 
32.9 34.4 
33.8 35.9 
33.5 35.4 
32.3 33.2 
30.6 32.2 
35.8 37.7 
30.7 32.9 

32.6 
1.86 1.89 
32.3 34.7 
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Dose Number 
of mouse 

1 
2 
3 
4 

10 5 
CFU/ml 6 

7 
8 
9 
10 

average 
SD 
1 
2 
3 
4 

10 5 
CFU/rnl 6 

7 
8 
9 
10 

average 

Days after administration 
0 2 6 9 14 

26.8 26.9 30.0 31.4 33.1 
29.4 29.7 31.7 33.2 35.0 
29.6 28.5 31.7 33.3 34.4 
25.9 26.5 29.4 30.8 32.7 
28.9 28.7 31.4 32.4 34.2 
29.4 29.2 31.8 33.1 34.9 
30.3 29.3 32.1 34.1 31.2 
30.9 31.0 33.6 34.5 36.3 
25.8 26.3 28.7 30.0 31.8 
31.1 32.5 35.1 36.9 39.5 
28.8 28.8 31.5 33.0 34.9 
1.96 1.98 1.91 1.96 2.27 
30.0 29.8 32.6 34.6 30.6 
25.1 26.3 29.3 31.6 33.4 
28.5 21.9 29.0 31.4 33.0 
29.9 30.9 33.3 35.9 38.7 
28.0 28.7 31.3 33.5 36.1 
26.0 26.3 29.1 31.4 33.2 
28.4 28.9 31.6 33.8 35.7 
27.3 27.2 29.4 31.2 33.1 
32.0 33.1 36.0 38.9 40.7 
27.0 28.8 31.3 33.7 36.5 
28.4 28.8 31.3 33.6 35.7 

0 0 0 2 7 0  
IX-12-7 0 

Table 4-2. 

1 0  * 
CFU/ml 

10 ' 
CRl/rnl 

Body weight of mice administrated BaciVus A J  11757 (g) 

SD 1 .go 2.09 225 2.45 2.61 
1 29.2 30.0 33.6 36.2 38.2 
2 28.6 28.9 32.3 34.7 36.8 
3 27.1 29.1 32.2 34.1 35.6 
4 26.8 27.6 30.5 32.3 33.4 
5 31.7 33.1 37.0 39.6 42.3 
6 29.6 30.9 34.7 36.4 31.3 
7 26.4 27.0 30.7 33.5 36.0 
8 30.7 30.9 34.2 36.3 31.6 
9 29.6 29.4 32.6 34.7 36.4 
10 25.4 26.1 30.2 32.0 34.4 

average 28.6 29.3 32.8 35.0 36.8 
SD 1.99 2.06 2.1 5 2.25 2.42 
1 28.7 28.7 31.7 33.1 34.4 
2 30.1 30.0 32.2 33.7 35.4 
3 26.5 25.9 28.1 29.9 30.7 
4 28.0 27.6 30.9 32.7 33.8 
5 28.1 28.5 31.2 . 32.1 33.5 
6 30.7 30.5 33.1 35.1 37.4 
7 28.1 28.7 30.8 32.8 34.4 
8 30.0 30.1 31.8 33.5 35.4 
9 32.9 34.0 38.1 40.3 42.3 
10 29.9 30.1 342 36.5 38.0 

average 29.3 29.4 32.2 34.0 35.5 
SD 1.79 2.1 3 2.51 2.87 3.13 



of mouse 

Mucin 

2 
3 
4 
5 
6 
1 
8 
9 

2 
3 
4 

Supernatant 5 
?on-diluted 6 

0 I 2 6 I 9 I 14 

of mice a 
D 2  

' 0  
27.1 
29.3 
28.4 
28.4 
28.5 
28.6 
29.2 
21.7 
29.0 

30.7 
27.9 
29.8 
29.9 
30.6 
33.6 
30.3 
28.8 
35.8 
30.7 

ninistrat c 
after ac 

'I 

32.7 34.6 
29.9 31.7 
32.6 34.6 
32.4 33.6 

' 32.8 35.0 
36.1 39.6 
33.1 35.2 
30.8 33.5 
38.6 41.9 
33.2 35.4 

L 

26.6 
28.5 
28.6 
28.6 

28.6 
29.3 
27.3 
29.0 

28.8 

Supernatant 
P-fold 
diluted 

Medium 

1.18 1.38 

10 
average 

SD 
1 
2 
3 
4 
5 
6 
7 

9 

average 
SD 

1 
2 
3 
4 
5 
6 
7 

9 
10 

average 
SD 

a 

- 10 

a 

I Bacifhs AJ I2757 (g> 
I 

27.0 
30.1 
26.4 
29.0 
27.2 
27.9 
27.3 
29.4 
26.9 
27.8 

iinistration 

20.13 30.0 
30.1 33.1 
27.0 29.2 
30.0 34.9 
28.2 30.2 
27.6 30.9 
28.5 30.6 
30.0 33.7 
28.1 29.7 
28.3 31.3 

32.3 
31.9 
31.5 
32.0 
31.2 
32.5 
30.3 
32.4 

32.4 
32.9 
32.5 
34.4 
32.8 

31.5 
34.3 

33.8 

-4E-p- 
1.22 1.34 

35.0 
34.3 

34.4 
35.3 
33.5 

34.9 
1.29 

of mice administrated Bacil/us AJ 12757 supematar 

28.0 
25.6 
27.3 
28.1 
27.8 
29.6 
27.9 
26.4 
31.2 
28.0 

26.0 
25.3 
25.6 
26.4 
26.4 
29.6 
26.1 
25.5 
30.9 
26.7 

1.55 I 1.90 I 2.30 
21.0 1 27.1 I 30.1 

2.58 
32.2 
32.2 
36.8 
31.0 
37.9 
32.3 
32.9 

36.6 
31.2 
33.6 

32.8 

3.01 
34.2 
34.2 
38.2 
32.3 
41.2 
33.5 
35.3 
33.9 
38.4 
32.9 
35.4 

1.25 I 1.29 I 2.01 I 2.52 I 2.89 
27.3 I 28.1 1 29.9 I 31.7 I 33.4 
30.6 
21.7 
29.5 
21.7 
29.2 
29.9 
29.7 
29.6 

31 .O 
28.1 
30.2 
28.6 
30.5 
30.4 
30.1 
29.3 

33.3 
30.5 
32.0 
30.5 
33.6 
33.2 
32.6 
31.2 

35.4 
32.2 
33.6 
32.3 
36.6 
35.4 
33.1 
32.8 

36.8 

34.8 
32.8 

34.0 
38.7 

' 36.5 
1 34.0 
I 34.3 

27.4 I 28.1 I 31.0 I 32.9 I 34.5 
28.8 I 29.4 I 31.8 1 33.6 I 35.0 
1.21 I 1.13 I 1.34 I 1.62 1 1 .ao 

- 10- 

0 0 0 2 7 1 1  

IX-12-1 I 



of mouse 
1 .oo 

f mice adi 
I S  after a( 

2 
0.85 
0.85 
0.88 
0.9 1 
0.83 
0.85 
0.86 
0.90 
0.89 
0.86 
0.87 
0.03 
0.96 
0.96 
0.95 
0.94 
1.97 
0.99 
0.99 
0.93 
0.94 
0.97 
0.96 
0.02 
0.97 
0.97 
0.98 
0.99 
0.99 

1 1.04 
0.89 
0.95 
0.98 
0.99 
0.98 
0.04 
1.01 
1.01 
1.02 
1.05 
1.02 
1.01 
1.02 
t .02 
1.02 
1.02 
1.02 
0.01 

8 10 
CFU/ml 

1.04 
1.03 
0.03 
1.13 

1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

1.12 1.24 
1.12 1.22 
0.04 0.04 
1.22 1.30 * 1 .oo 

1.10 
1.06 
1.07 
1.07 
1.1 1 
1.12 
1.06 
1.11 
1.09 
1.09 
0.03 
1.08 
1.14 
1.13 
1.10 
1.13 
1.19 
1.02 
1.05 
1.10 
1.12 
1.11 

1.16 1.21 
1.13 1.20 
1.13 1.20 
1.12 1.16 
1.17 1.23 
1.21 1.28 
1.13 1.21 
1.21 1.27 
1.19 1.27 
1.17 1.23 
0.04 0.04 
1.14 1.22 
1.23 1.31 
1.20 1.23 
1.19 1.27 
1.23 1.31 
1.25 1.36 
1.07 1.15 
1.09 1.11 
1.15 1.22 
121 1.30 
1.18 1.25 

1 0  
CFU/rnl 

10 
GFU/rnl 

10 
CFU/rnl 

nistrated Bacill~~s A J  12757 
inistration 

3 1 .oo 
4 1 .oo 
5 1 .oo 
6 1-00 
7 1 .oo 
8 1 .oo 
9 I .oo 
10 1 .oo 

average 1-00 
SD 0 
1 1 .oo 
2 1 .oo 
3 1 .oo 
4 1 .oo 
5 1 .oo 
6 1 .oo 
7 1 .oo 
8 1 .oo 
9 1 .oo 
10 1 .oo 

average 1.00 
SD 0 
1 1.00 
2 1 .oo 
3 1-00 
4 1 .oo 
5 1 .oo 
6 1 .oo 
7. 1 .oo 
8 1 .DO 
9 1-00 
10 1 -00 

average 1-00 
SD 0 

6 
1.01 
1.05 
1.05 
1 .oo 
1 .oo 
0.99 
1.03 
1.06 
1.05 

9 
1.09 
1.15 
1.14 
1.09 
1.11 
1.09 
1.14 
1.15 
1.15 

14 
1.15 
1.29 
1.22 
1.16 
1.26 
1.20 
1.22 
1.24 
1.22 

0.05 I 0.06 I 0.08 
1.11 I 1.17 I 1.22 
1.13 
1.12 
1.15 
1.11 
1.13 
1.14 
1.15 
1.12 

122 
122 
1.21 
1.17 
1.23 
1.20 
1.22 
1.19 

1.30 
1.31 
1.29 
1.25 
1.30 
1.29 
1.28 
1.24 

1.14 I 1.22 I 1.26 
1.13 I 1.20 I 1.27 
0.01 I 0.02 I 0.03 

- 11 - 0 0 0 2 7 2  
IX-12-12 



Table 5-2. 
Dose 

10 
CFU/rnl 

10 
CFU/rnl 

10 
CFU/rnl 

1 .oo 
1 -00 

0 
1 .oo 

10 ' 
CFU/rnl 

1.04 1.13 
1 .oo 1.lQ 
0.02 0.03 I 0.03 
0.99 1.09 I 1.15 

dative bc 
Number 
)f mouse 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 

1 
2 
3 
4 
5 
6 
7 

9 
10 

average 
SD 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 

a 

1 .oo 
0.98 
0.99 
1.01 
0.99 
1 -02 
1.00 
1-03 
1.01 
1 .oo 

' 0.02 

I weight of mice administrated 6aciffus AJ 32757 
Days after administration 

1.07 
1.08 
1.10 
1.1 1 
1.08 
1.10 
1.06 
1.16 
1.14 
1.10 
0.03 

0 I 2 I 6 I 9 
1.00 1 1.00 1 1.12 I 1.17 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

1.01 
0.96 
1.02 
1 .oo 
1 .oo 
0.97 
1 .oo 
1.02 

1 1.08 
1.07 
1.1 3 
1.09 
1.08 
1.06 
1.09 

~ 1.11 

' 1.13 
1.13 
1.19 

1.13 
1.13 
1.12 
1.17 
1.19 

I 1.15 

~ 1.12 

1 .oo 
1 .oo 
1 .oo 
1.00 
1 .oo 
1 .oo 
1 .oo 
1-00 

1.02 
0.98 
1.03 
1.02 
1 .Q1 
1 -02 
1 .oo 
1.03 

1.14 
1.02 
1.12 
1.12 
1.1 2 
1.11 
1.08 
1.12 

1.23 
1.10 
1.20 
1.20 

, 1.21 

1.14 
1.21 

' 1.19 

1.00 1.10 1.18 
0.02 0.04 0.04 

1 .oo 1.03 1.15 1.24 
1-00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

1.01 
1.05 
1.03 
1.04 
1.04 
1.03 
1.01 
0.99 

1.13 
1.16 
1.14 
1.17 
1.17 
1.17 
1.12 
1.10 

1.21 
1.23 
1.20 
1.25 
1.23 
1.27 
1.18 
1.17 

1.00 1 1.03 I 1.19 I 1.26 
1.00 I 1.03 1 1.15 I 1.23 
0 

1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
0 

0.02 I 0.03 0.03 
1-00 I 1.10 I 1.15 

- 12 - 

1.12 
1.13 
1.17 
1.14 
1.1 7 
1.17 
1.12 
1.23 
1.22 
1.16 
0.04 

14 
1.24 
1.19 
1.16 
1.26 
1.19 
1.19 
1.23 
1.17 
1 .23 
1.21 
1.21 
0.04 
1.22 
1.16 
1.13 
1.13 
1.12 
1.17 
1.21 
1.13 
1.21 
1.19 
1.17 
0.04 
1.31 
1.29 
1.28 
1.25 
1.33 
1.26 
-1.36 
1.22 
1.23 
1.35 
1.29 
0.05 
1.20 
1.17 
1.16 
1.21 
1.19 
1.22 
1.23 
1.18 
1.28 
1.27 
1.21 
0.04 

0 0 0 2 7 3  
IX-12-13 



Dose Number 
of mouse 

1 

Mucine 

Days after ad 
0 2 

1.00 I 0.98 

10 
average 

SD 

able 5-4. 
Sample 
Dose 

upernatan 
on-dilutec 

upematan 
2-fold 
diluted 

Medium 

- 

1-00 
1-00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1-00 
1 .oo 
1-00 
1 .oo 

1 0  

0.97 
1.01 
1.01 
1.01 
1 .oo 
1 .oo 
0.98 
1.00 
1.01 
1.00 
0.01 

Number 

1 .oo 
1 .oo 
1 .oo 
1 .oo 
1.00 
1 .oo 
1 .oo 
1 .oo 

10 I 1.00 
average I 1-00 

SD 0 
1 1 .oo 
2 1 .oo 
3 1 .oo 
4 1 .oo 
5 1-00 
6 1 .oo 
7 1 .oo 
8 1 -00 
9 1 .oo 
10 1 .oo 

average 1.00 
SD 0 
1 1 .oo 
2 1 .oo 
3 1 .oo 
4 1 -00 
5 1 .oo 
6 I .oo 
7 1 .oo 
8 1 .oo 
9 1 .oo 
10 1.00 

average 1.00 
SD 0 

; after ad 
2 

0.92 
0.93 
0.99 
0.94 
0.94 
0.95 
1 .oo 
0.94 
0.96 
0.99 
0.95 
0.03 
1 .oo 
0.99 
1 .oo 
1.02 
1.03 
1.04 
0.99 
1.05 
1.02 
1.04 
1.02 
0.02 
1.03 
1.01 
1.01 
1.02 
1.03 
1.05 
1.02 
1.02 
0.99 
1.03 
1.02 
0.02 

inistra 
6 

1.09 
1.10 
1.12 
1.1 1 
1.12 
1.09 
1.11 
1.09 
1.11 
1.08 
1.10 
0.0 1 

acillus AJ 12757 

9 
1.15 
1.1 1 
1.16 
1.14 
1.21 
1.15 
1.16 
1.14 
1.18 
1.12 
1.15 
0.03 

14 
1.21 
1.?6 
1.23 
1.20 
1.28 
1.20 
1.21 
1.21 
1.25 
1.17 
1.21 
0.03 

iistrated Baciflus Ab 12757sup 
nistratioi 

6 
1.07 
1.09 , 

1.09 
1.09 
1.06 
1.10 
1.13 
1.09 
1.09 
1.15 
1.10 
0.03 
1.1 1 
1.1 1 
1.12 
1.10 
1.20 
1.11 
1.11 
1.12 
1.15 
1.10 
1.13 
0.03 
1.10 
1.09 
1.10 
1.09 
1.01 
1.15 
1.11 
1.10 
1.05 
1.13 
1.10 
0.03 

- 13 - 

9 
1.16 
1.17 
1.17 
1.19 
1.15 
1.18 
1.24 
1.19 
1.17 
1.24 - 

1.19 
0.03 
1.19 
1.19 
1.22 
1.17 
1.31 
1.19 
1.18 
1.20 
1.25 
1.16 
1.21 
0.04 
1.16 
1.16 
1.16 
1.14 
1.17 
1.25 
1.19 
1.13 
1.1 1 
1.20 
1.17 
0.04 

rnatant 

14 
1.23 
1.24 
1.24 
1.27 
1.20 
1.26 
1.34 
1.26 
1.27 
1.34 
1.26 
0.05 
1.26 
1.27 
1.27 
1.22 
1.42 
123  
1.27 
1.24 
1.31 
1.22 
1.27 
0.06 
1.23 
1.20 
1.18 
1.18 
1.23 
1.32 
1.22 
1.15 
1.16 
1.26 
1.21 
0.05 

8 0 0 2‘7 4 
IX-I  2-1 4 



Table 6-1. E 
Dose 

10 l o  

CFU/rnl 

10 
CFU/rnl 

10 
CFU/rnl 

10 
CFU/mI 

dy weigh1 
Number 

of mousc 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 
1 
2 
3 
4 
5 
6 
7 .  
8 
9 
10 

average 
SD 

Days 
3 0 

26.8 
26.3 
27.4 
25.0 
27.3 
25.3 
26.7 
25.7 
26.9 
22.3 
26.0 
1.51 
25.1 
26.4 
27.7 
25.6 
26.9 
25.6 
26.3 
23.2 
23.7 
27.5 
25.8 
1.49 
27.6 
26.9 
30.4 
25.6 
25.4 
26.1 
25.2 
25.2 
27.4 
29.2 
26.9 
1.78 
26.3 
24.8 
25.2 
26.6 
26.5 
21.4 
23.7 
25.6 
24.7 
25.8 
25.7 
1.10 

- 
Died 

I 1  

I I  

I1 

I I  

I1 

I1 

I1 

I1 

II 

Died 
I1 

II 

I1 

I 1  

I 1  

I1 

II 

I1 

II 

Sacillus cereus (g, 
er administration 

Died 
II 

I1 

I 1  

27.6 
Died 

I1  

I1 

I 1  

I1 

27.6 

Died 

26.6 
Died 
25.4 
Died 

25.0 
Died 

25.7 
0.84 

II 

I I  

I 1  

- 14 - 

1 

35.1 

35.1 

34.1 

36.8 

37.3 

36.1 
1.73 

000215 
IX-12-15 



?able 6-2. B 
Dose 

10 
CFU/ml 

10 
CFU/ml 

10 
CFU/rnl 

Mucin 

1.58 
27.0 
27.5 
29.3 
28.3 
27.4 
27.3 
27.4 
28.0 
30.0 

weight 
Number 

of mouse 
1 
2 
3 
4 
5 
6 
7 

9 
10 

average 
SD 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 

1 
2 
3 
4 
5 
6 
7 
8 

average 
SD 

a 

1.56 1.57 1.90 
27.4 31.2 35.6 
28.8 33.8 36.3 
29.0 33.1 35.6 
28.8 34.4 39.6 
21.0 30.8 33.9 
26.9 31.4 34.9 
26.6 31.3 33.9 
27.6 31.9 34.4 
31 .a 35.6 38.3 

F mice administrated Baci//us cereus (g) 

27.2 
26.3 
1.14 
26.7 
27.0 
26.9 
26.2- 

23.9 
24.4 
24.0 
27.2 
27.1 
25.9 
1.35 
25.5 
25.9 

26.3 
25.7 
25.5 
25.6 
26.3 
27.3 
26.1 
26.1 
0.58 
24.9 
25.9 
25.2 
24.2 
27.9 
27.8 
24.3 

25.8 

26.8 

Days after administration 
3 I 7 I 10 I 14 

26.7 1 25.9 I 30.4 1 33.6 
28.4 
25.7 
27.3 
21.7 
26.9 
27.4 

25.6 24.7 
28.1 

28.9 
25.8 
29.1 
23.2 
26.4 
27.2 
25.1 
28.3 

33.7 
30.4 
33.9 

31 .O 
30.8 
30.0 
33.1 

28.5 

38.5 
33.6 
35.5 
33.4 
34.1 
33.4 
33.4 
35.9 

25.3 I 26.9 1 32.0 I 34.1 
26.2 I 26.7 I 31.4 I 34.5 
1.99 I 1.83 I 1.76 I 1.63 
28.8 I 29.1 I 34.2 I 37.6 
28.7 
28.8 

27.8 
25.3 
26.7 
25.4 
30.2 

28.2 

28.3 

28.5 
28.2 

30.1 

26.6 
21.1 
2 5.6 
30.3 

33.7 
33.3 
33.5 
33.0 
30.4 
32.2 
30.1 
34.6 

36.3 
34.9 
36.8 
36.3 
33.3 
35.0 
32.4 
37.5 

28.8 I 29.8 I 34.3 I 38.1 
27.9 I 28.4 I 32.9 I 35.8 

28.4 
28.0 
0.95 
26.6 

27.2 
26.0 
29.1 
28.5 
25.9 

28.2 

I 28.6 [ 33.4 I 36.2 
I 282 I 32.1 1 35.9 
I 1.52 I 1.61 I 1.86 
I 27.0 1 31.1 I 33.9 

27.5 
25.1 
26.3 
29.2 
31.6 
26.9 

30.9 
30.3 
30.6 
32.4 
34.1 
31.3 

322 
33.7 
34.2 
35.4 
37.0 
33.6 

25.4 I 26.9 I 27.9 I 31.3 I 33.1 
25.7 I 27.3 I 27.1 31.5 I 34.1 
1.4 I 1.2 I 2.0 I 1.2 I 1.5 

- 15 - 0 0 0 2 1 6  
IX-12-16 



[able 6-3. 
Dose - 

Supernatani 
“on-diluted 

supernatant 
2-fold 
diluted 

Medium 

Number Days after administration 
of mouse 0 3 7 10 14 

1 26.8 25.9 27.8 32.1 37.7 
2 26.0 26.1 26.6 31.0 35.3 
3 25.6 26.9 26.4 30.1 32.6 
4 25.7 23.0 24.5 29.8 34.7 
5 25.7 24.0 26.7 29.6 31.4 
6 27.6 26.7 27.0 31.2 34.6 
7 26.5 25.2 26.5 30.2 33.4 
8 27.1 26.2 26.3 31.2 34.7 
9 25.8 25.3 25.9 30.4 32.9 
10 26.1 25.5 26.3 31.5 33.1 

average 26.3 25.5 26.4 30.1 34.0 
SD 0.69 1.19 

1 24.9 26.4 
2 29.2 31.1 
3 25.0 26.1 

0.83 0.8 1 1.74 
25.8 30.1 31.6 
31.4 34.5 36.7 
26.3 26.5 23.9 

23.9 
26.2 

27.3 
25.2 
27.0 

28.4 

26.0 
26.9 
30.7 
29.6 
26.3 
29.1 

26.4 
26.2 
31.3 
29.8 
27.9 
28.8 

31.2 
30.2 
34.1 
34.2 
31.2 
34.3 

34.2 
31.2 
36.3 
35.8 
31 -9 
36.6 

2.51 
24.5 26.7 29.8 32.4 
25.5 21.9 21.5 31.6 35.3 I 22;:; 1 31.4 28.8 1 ;;:; 
27.2 29.9 28.9 

average 26.3 28.9 28.2 
SD 1.42 1 .a0 1.69 

- 1 6 -  

37.2 
32.6 35.7 
2.10 2.1 2 

0 0 0 2 ‘7 7 
IX-12-17 



Table 7-1 
D o s e  

10 
CFU/ml 

10 
CFU/ml 

1 0  a 
CFU/ml 

70 
CFU/ml 

qelative t 
Nurnbei 

of mous 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 
SD 

0 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
0.00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1.00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .00 
1 .oo 
0.00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .00 
0.00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
0.00 

11 11 

I1 

I1 

T Died 
I I  

1.06 
Died 
0.96 
Died 

0.98 
Died 

I t  

I1 

1.20 

1.15 

1.18 

- 17 - 

Bacihs cereus 
1 

~ 

1.32 

1.32 

1.28 

1.27 

1.33 

1.29 
0.03 

1.38 

1.38 

14 

1.36 

1.39 

1.46 

1.40 
0.05 

0 0 0 2 1 8  
IX-I 2-1 8 



[able 7-2. 
Dose 

__L 

10 
GFU/ml 

0.06 

- 

10 E? 

CFWml 

10 
CFU/ml 

Mucin 1 

dative bo 
Number 

wei ht of mice ad1 

2 
3 
4 
5 
6 
7 
a 
9 
10 

average 
SD 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1.00 
0.00 
1-00 
1 .oo 
1-00 
1-00 
1-00 
1.00 
1 .oo 
1 .oo 
1 .oo 

10 
average 

S D  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

average 

1.00 
1.00 
0.00 
1.00 
1-00 
1-00 
1.00 
1 .oo 
1-00 
1.00 
1.00 
1.00 
1 .oo 
1.00 

SD I 0.00 

2 
3 
4 
5 
6 
7 

~~ 

3 
1.07 
1.01 
0.99 
1-02 
0.89 
1.05 
1.02 
0.96 
1.04 
0.93 
1 .oo 
0.06 
1.08 
1.06 
7.07 
1.07 
1.07 
1.06 
1.10 
1.06 
1.1 1 
1.06 
1.08 
0.02 
1.06 
1.06 
1.09 
1.07 
1 .Ol 
1.07 
1.07 
1.06 
1.10 
1.09 
1.01 
0.01 
1.07 
1.09 
1.08 
1.07 
1.04 
1.03 
1.07 
1.06 
1.06 
0.02 

1 .oo 
1 .oo 
1 .oo 
1-00 
1.00 
1-00 

listrat e d 
:r edrnini 

7 
1.03 
1.03 
0.99 
1.09 
0.95 
1.03 
1.01 
0.98 
1.04 
0.99 
1.02 
0.04 
1-09 
1.05 
1.12 
1.09 
1.09 
1.1 1 
1.1 I 
1.07 
1.11 
1.10 
1.09 
0.02 
1.07 
1.1 1 
1.08 
1-09 
1.05 
1.05 
1.04 
1.05 
1.17 
1.10 
1.08 
0.04 
1.08 
1.06 
1 .oo 
1.09 
1.05 
1.14 
1.11 
1.10 
1.08 
0.04 

- 18 - 

aciihs cereus 
ration 

10 
1.22 
1.20 
1.17 
1.27 
1.17 
1.21 
1.15 
1.17 
1.22 
1.17 
1.19 
0.04 
1.28 
1.25 
1.24 
1.28 
1.28 
7.28 
1.32 
1.25 
1.21 
1.26 
1.27 
0.02 
1.22 
1.30 
1.24 
1.31 
1-20 
1.23 
1.22 
1.21 
1.31 
1.28 
1.25 
0.04 
1.25 
1.20 
1.20 
1.26 
1.16 
1.23 
1.28 
1.23 
1.23 
0.04 

14 
1 .34 
1.37 
1.29 
1.39 
1.37 
1.33 
1.25 
1.30 
1.32 
1.25 
1.32 
0.04 
11.41 
1.34 
1.30 
1.41 
1.40 
1.40 
1.44 
1.35 
1.38 
1.41 
1.38 
0.04 
1.40 
1.40 
1.33 
1.50 
1.32 
1.37 
1.32 
1.31 
1.41 
1.39 
1.37 
0.06 
1.36 
1.25 
1.34 
1.41 
1.27 
1.33 
1.38 
1.30 
1.33 

0 0 0 2 ' 7 9  
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Table 7-3. 
Dose - 

jupernatan 
"on-dilutec 

hpernatan 
P-fold 
diluted 

Medium 

1.04 
1.07 
0.04 
1.06 

1 .oo 
I .oo 

8 1 .oo 
9 1 .oo 
10 1 .oo 

1.19 1.25 
1.21 1.26 
0.01 0.1 2 
1.21 1.32 

1 .oo 
1 .oo 

8 1.00 
9 1-00 
10 1 .oo 

1 .oo 

4 I ;::: 
- 

SD I 0.00 

mice administrated Bacifjus cereus supe 
Days after administration 

0.97 I 1.04 I 1.20 I 1.41 
3 I 7 I 10 1 14 

1 .oo 
1.05 
0.89 
0.94 
0.97 
0.95 
0.97 
0.98 
0.98 
0.97 
0.04 
1.06 
1.06 
1.04 
1.09 
1.03 
1.08 
1.08 
1.05 
1.08 
1.06 
1.06 
0.02 
1.09 

1.03 
1.03 
0.95 
1.04 
0.98 
1 .oo 
0.97 
1.01 

1.19 
1.18 
1.16 
1.15 
1.13 
1.14 
1.15 
1.18 

1.36 
1.27 
1.35 
1 2 2  
1.25 
1.26 
1.28 
1.28 

1.29 
0.03 0.06 
1.04 1.21 
1.07 
1.05 
1.11 
1 .oo 
1.10 
1.09 
1.1 1 
1.07 

1.18 
1.06 
1.31 
1.15 
1.20 
1.26 
1.24 
1.27 

1.26 
0.96 
1.43 
1.1 9 
1.28 
1.31 
1.27 
1.36 

1.10 I .08 1.24 1.38 

1.09 
1.10 I 1.06 I 1.36 I 1.37 
1.10 I 1.07 I 1.23 I 1.35 
0.01 I 0.01 I 0.02 I 0.02 

- 19 - 0 0 0 2 8 0  
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Table 8-1. Macroscopical examhai ioo of survived mice adrninisrrated Bacillus AI 12757 
Dose 

10 

C R ) / d  

IO' 

m/ml 

I 0' 

CFuhd 

Junber 

)f m o w  

1 

2 

3 

4 

5 

6 

7 

8 

9 

I O  

I 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

Findings 

Q O r m a l  

n 

n 

/ I  

II 

/ I  

II 

/I 

I! 

n 

Jormal 

/ I  

I/ 

U 

U 

n 

I /  

n 

n 

n 

Normal 

n 

d 

n 

I) 

n 

n 

n 

n 

n 

Dosc 

IO' 

IFU/rnl 

1 0' 

3FU/ml 

IO' 

CFU/ml 

I 

2 

3 

4 

5 

6 

I 

8 

9 

I O  

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

I O  

Findings 

Normal 

n 

II 

I1 

I /  

II 

n 

/ I  

/I 

I/  

q0rUJal 

/I 

/ I  

n 

/ I  

/ I  

/ I  

/ I  

II 

/I  

Normal 

n 

I /  

u 

n 

n 

I1 

/ I  

H 

n 

Dose 

IO' 

ZFU/ml 

I 0' 

7Fu/rnl 

Mucin 

- 
Wunber 

3f mouse - 
I 

2 

3 

4 

5 

6 

1 

8 

9 

I O  
. I  

2 

3 

4 

5 

6 

7 

8 

9 

I O  
1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

Findings 

Jormal 

/ I  

n 

I /  

/ I  

I /  

/I 

n 

/ I  

I 1  

Normal 

n 

U 

II 

I /  

I/ 

U 

b 

I/ 

n 

0 0 0 2 8 1  
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Table 8-2. Macroscopical examhat ion  of survived mice administrated B.cereus 

Dose 

3 0” 

CFUlml 

1 0’ 

CFUlml 

10’ 

CJWml 

Nunber 

of mouse 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

1 

2 

3 

4 

5 

6 

1 

8 

9 

IO 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10  

- 
Findings 

Died 

/I 

n 

n 

I1 

II 

I1 

II 

I1 

It 

Died 

I/ 

II 

I1 

II 

11 

II 

II 

I1 

n 

Died 

n 

I/ 

n 

Normal 

Died 

n 

,I 

n 

/I 

Dose 

1 0’ 

CFUlml 

1 0‘ 

CPU/ml 

Id 
CFU/ml 

Nunber 

of mouse 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

I 

2 

3 

4 

5 

6 

7 

a 
9 

1 0  

- 21 - 

Findings 

Died 

!I 

Normal 

Died 

Normal 

Died 

I1 

Normal 

Died 

/I 

Normal 

11 

,I 

11 

,I 

II 

n 

II 

II 

II 

Normal 

I1 

I1 

II 

II 

n 

n 

n 

II 

I1 

Dose 

10 

CFU/ml 

Mucin 

Nunbcr 

of mouse 

1 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

1 

2 

3 

4 

5 

6 

7 

8 

- 
Findings 

Normal 

I1 

II 

U 

n 

II 

JI 

B 

n 

II 

Normal 

I1 

n 

n 

11 

I1 

I1 

I1 

0 0 0 2 8 2  
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Table 8-3. Macroscopical examination of survived mice admbistraied supernatant of culture 

~~ 

Sanplc 

Supcrnatant 

of 

AJ 12757 

>fold of 

Supernatan 

of 

AI 72757 

Medium 

of 

AI 12757 

Nunber 

If m o m  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

2 

3 

4 

5 

6 

1 

8 

9 

1 '0 

1 

2 

3 

4 

5 

6 

1 

8 

9 

1 0  

Findings 

Normal 

U 

11 

11 

I1 

I /  

H 

n 

n 

11 

Normal 

N 

11 

U 

B 

U 

11 

U 

N 

n 

Normal 

/ I  

I1 

Y 

II 

N 

I 

/I 

R 

n 

Sanple 

Supernatant 

of 

B.cereus 

Supernalant 

of 

B .cereus 

Medjum 

of 

B.wreus 

Nunber 

of rnouc 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

Findings 

Normal 

I1 

II 

n 

n 

11 

n 

I1 

I1 

I1 

N0mal 

I1 

I1 

I /  

H 

n 

I1 

I1 

I1 

N 

Normal 

I1 

n 

11 

I1 

- 22 - 
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no. 010026 

Analytica I Report 

To: Yasuhjro Mjhara 

Fermentation & Bjotechnology Laboratories, 

Aj horn oto Co .,lnc. 

2, Order 
(1 ) DNA-DNA hybridization 
(2) G t C  content 

3, Results 

% Reassociation with DNA from: 
G+C content 

Strain (mol 96) B1 

E3 41.8 3 00 
42.3 92 Bacillus subiilis HSCC 1 8!jT 

Strain history 
HSCC 185 from JCM 3465 

R & D Department, Hige 
2-8 Chuo-cho, Choshi, Chjba, 

Phone : 04.79-22- 3 380 

FAX : 0479-24-3422 

0 0 0 2 8 4  
IX-I 3-1 
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Michael W. Pariza Consulting LLC 
7102 Valhalla lrail 
Madison, WI 53719 

Michael W. Pariza, Member 

December 5,2008 

Dr. Robert G. Bursey 
President 
Ajinomoto Corporate Services LLC 
1120 Connecticut Ave., N.W. 
Suite 1010 
Washington, D.C. 20036 

Dear Dr. Bursey: 

I am writing in regard to your request for an evaluation of the safety of Ajinomoto's Boci//us AJ 
12757, to be used in the manufacture of poly gamma glutamic acid (PGA). PGA, a peptide 
polymer of varying length consisting of L and D glutamlc add residues, has a long history of safe 
consumption by humans as a component of fermented soy beans in a product called 'natto.' In 
evaluating the safety of Borillus AJ 12757 for the manufacture of this ingredient I considered the 
biology of the organism, information provided by Ajinomoto consisting of a report on the 
identity of the organism from the Higeta Shoyu Company, Ltd., a Biological Test Report from the 
Kitasato Institute, and other information on related Borilhs strains that is publically available in 
the peer-reviewed scientific literature. 

The report from Ajinomoto Company, Inc., indicates that Bocillus All2757 is most closely 
related to 6. subtilis and 6. ornyloliquefociens, both of which have long histories of safe use as 
production organisms for food-grade ingredients. The Biological Test Report from the Kitasato 
Institute describes an extensive animal study in which mice were injected with 10'viable 
Borillus Al J2757 organisms without suffering any detectable pathological effects. This test is 
more than adequate to ensure that the organism does not produce toxic substances. 

From these considerations, I conclude that Ajinomoto's BociNus AI 32757 strain is safe for use in 
the manufacture of food-grade poly gamma glutamic acid (PGA). 
Please note that this is a professional opinion directed at safety considerations only and not an 
endorsement, warranty, or recommendation regarding the possible use of the subject product 
by you or others. 

Since rely, 

Michael W. Pariza 
Member, Michael W. Pariza Consulting LLC 

IX-I 4- I 
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[A case oi "late-onset" anaphybaxis caused by fermented ' 
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Surukl S, Nakamura 'f, Kawano Y, Nishioka K. 

Medical Center for Allergic and Immune Disease, Yokohama City 
Minato R e d  Cross Hospital. szshintr@yahoo.co.jp 

Natto is a Japanese traditional food made from fermented 
soybeans. We report a case of anaphylaxis caused by 
natto and review the Ilterature. The patlent was a 22- 
year-old man who showed systemlc eruption with itching 
and pectoralgia about 10 hours after eating a meal 
containing natto. Results of skin tests for soybean allergen 
were negative, and the allergen remained unidentified. We 
then used a food elimination trial to confirm the allergy. 
However the patient did not refrain from eating natto, and 
he had three anaphylactic reactions might have been 
caused by natto. Each event occurred 10 to 14 hours after 
he ate a meal containing natto. We performed detailed 
examinations to determine the allergen. First, the prick- 
by-prick tests with natto and its characteristic viscous 
yarn-like surface were done and yielded positive results. 
Next, a provocation test with commercial natto (50 g) was 
performed and caused systemic eruption and pectoralgia 
about 9 hours after ingestion of the natto. The 
patients'plasrna histamine level was elevated during the 
anaphylactic event. Anaphylaxis caused by natto was 
diagnosed. Recent studies have shown that the 
anaphylaxis caused by natto is of late-onset. Late-onset 
anaphylaxis can be considered one of 1gE-mediated 
allergic reactions. The viscous surface of natto contains 
poly-gamma-glutamic acid (PGA). The hypothesized 
mechanlsm of late-onset anaphylaxls is delayed 
absorption or release of PGA into the bowel. In our case, 
the patient ate heated natto, we therefore speculate that 
suspect allergens were heat resistant. Patients with natto 
allergy must not eat natto, whether or not i t  is cooked or 
heated. Natto may induce allergic reactions up to a half- 
day after ingestion; thus, the clinical course and patient's 
diet must be considered during medical examination. 
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foreign countries. The existence or natto allergy should be 
more widely recognized. 

PMlD 168831 11 [PubMed - indexed lor MEDLINE] 
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EXPERT OPINION 

ALLERGENICITY ASSESSMENT OF POLYGLUTAMIC ACID 

For 
AJWOMOTO CO. 

Marcb 9,2009 

Steve L. Taylor, P1I.D. 
Consult ant 

Professor and Director 
Food Allergy Research & Resource Program 

University of Nebraska 
Lincoln NE 68583-0919 USA 

Polyglutamic acid (PGA) is a new food ingredient that has been developed by Ajinomoto 
Co. PGA js produced by a fermentation process. PGA is composed primarily of the 
polymer but PGA is not a typical polypeptide. Many of the glutamic acid residues in 
PGA are in the D-isomer form, whereas glutamic acid mostJy exists in nature as the L- 
isomer. Furthermore, the peptide linkages between the glutamic acid molecules in PGA 
are gamma linkages instead of the much more typical alpha linkages. 

In terms of an allergenjcjty assessment of PGA, several issues merit exploration. 

(1) Since soybean protein is incorporated into the fermentation medium and since 
PGA is found naturally in a popular Japanese fermented soy product called natto, 
does PGA pose any risk to soybean-allergic individuals? 

PGA might induce allergic sensitization in susceptible consumers? 

the use of soy protein in the fermentation medium? 

(2) PGA is a novel polypeptide as outlined above. Would any likelihood exist that 

(3) Would any carryover of soy protein OT soy protein fragments occur as a result of 

Risk to Sov-Aller~ic Consumers 

In my opinjon, PGA presents no risk to soybean-allergjc consumers. This opinion is 
based upon several facts. Soybeans are considered as a commonly allergenic food. A 
diversity of protein allergens have been identified in soybeans including conglycinin, 
glycinin, an oieosin protein sometimes known as P34, profilin, a Bet v 1 (birch pollen)- 
cross-reactive protein, and Kunitz trypsin inhibitor. PGA is not closely related to any of 
these known soy allergens. PGA is a polymer of glutamic acid and the poly-glutamic 
acid sequence was subjected to a sequence homology search using the University of 
Nebraska AllergenOnline database. PGA was 38% homologous to beta-conglycinin over 
an 8O-amin0 acid window. Beta-conglycinin is a known soybean allergen (Ogawa et al., 
1995). This type of bioinformatics approach is frequently used in the allergenicity 
assessment of novel proteins and homology above 35% over an 80-amino acid window is 

XI-3-1 0 0 0 2 9 3  



considered as m i m a l  for potential significance (Goodman et al., 2008). However, the 
polyglutamic acid sequence of PGA matches with a low-complexity region of beta- 
conglycinin that is unlikely to be involved ~JI binding to soy-specific IgE antibodies in 
soy-allergic humans. Furthermore, the gamma linkages involved in PGA are quite 
distinct for the alpha lmkage comparisons to known allergens using the AllergenOnline 
database. Thus, PGA has a much different structure fiom the sequence that matches with 
the segment of beta-conglycinin in Allergenonhe. 

However, to be more certain that PGA would not present a risk to soy-allergic 
consumers, a serum screening assay was conducted. Serum screening is advocated as the 
next step in the allergenjcity assessment when sequence homology above 35% over an 
80-amino acid window is identified by biohformatics (Goodman et al., 2005). A 
radioallergosorbent (RAST) inhibition test was employed. In the RAST lnhibjtion test, a 
soy protein extract is bound to solid phase. These bound soy proteins would bind to IgE 
antibodies in the sera of soy-allergic individuals. PGA was unable to inhibit the binding 
of the soy-specific IgE antibodies to the soy protein solid phase. Thus, the soy-specific 
IgE antibodies did not recognize any epitopes on PGA. This result constitutes rather 
strong evidence that PGA would not be elicit allergic reactions in soy-allergic consumers. 

Furthermore, soy ELISA tests have been conducted in Japan (Morishita et a]., 2008). 
These soy ELISAs are specific for the detection of intact soy proteins, although it is not 
known if these tests detect all of the known soy allergens. No intact soy proteins were 
identified in PGA by the soy ELISA. W l e  this evidence is not terribly strong, it does 
serve to corroborate tbe RAST inhibition test result lo some extent. 

Risk of Aller&c Sensitization to PGA 

As previously noted, PGA is a rather unique polypeptide especially with the respect to 
the gamma I d a g e s  for the glutamic acid residues and the presence of a preponderance of 
D-glutamjc acid isomers. The gamma linkages in PGA tend to render this polypeptide 
resistant to digestion. Digestive stability, especially pepsin resistance, is thought to 
correlate to some extent with the potential allergenicjty of food proteins (Astwood et a]., 
1996). Because of its digestive stability, PGA might be able to reach the intestinal tract 
of susceptible consumers in a form that is sufficiently large to be immunoreactive. PGA 
feeding studies conducted by Ajinomoto confirm that 70-80% of PGA appears in the 
feces of rats after ingestion. The molecular weight of the PGA fiagments found in the rat 
feces was approximately 5300 daltons corresponding to 35-40 glutamic acid residues. 
While such short fragments are unlikely to elicit allergic sensitization, the possibility 
cannot be totally excluded. 

PGA occurs naturally in natto, a popular fermented soy product in Japan. Nine cases of 
natto allergy have been identified in Japan in recent years among subjects who could 
safely consume other soy-based foods (Suzuki et al., 2006; lnomata et al., 2007). Thus, 
these natto-allergic individuals do not fit the immunogenic profile of typical soy-allergic 
consumers. They appear to be sensitized to a protein that is uniquely found in natto. The 
allergens involved in these cases of natto allergy have not been specifically identified 
although several IgE-binding proteins with molecular weights of 26: 28, and 38 kD have 
been observed (lnomata et a]., 2007). Tbese IgE-binding proteins could either be PGA or 
some fermentation product derived fiom one or more soybean proteins. Thus, existing 
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natto-allergic consumers might or might not be at  risk fiom consumption of PGA. 
However, nano is not a very common allergenic food. 

The possibility does exist that PGA mjght elicit allergic sensitization among susceptible 
consumers who ingest PGA-containing foods. However, that same concern could exist 
for virtually every novel protein introduced into the human diet. Should allergic 
sensitization of PGA occur, these affected consumers would be able to avoid PGA 
because it will be declared on product ingredient statements. With the low level of 
anticipated use for PGA (0.2 - 0.4% as a salt substitute), the likellhood of sensitization to 
PGA would seem low and certainly much lower than the likelihood of sensitization to 
natto among consumers of tbat product. Oral challenges of the natto-allergic consumers 
indicated that reactions would occur following ingestion of 50 g of natto but not aAer 
consumption of 10 g (lnomata et a]., 2007). PGA use will be sufficiently low that such 
levels of exposure are quite unlikely. 

Sov Protein Carryover fiom the Fermentation Medium 

No evidence exists to suggest that soy proteins or fragments of soy proteins could be 
carried over from the fermentation medium into the PGA product. The soy ELlSA test 
failed to  detect any residues of intact soy protein. The PGA product was unable to &bit 
tbe bmding of soy-specific IgE antibodies from the sera of soy-allergic individuals to soy 
protein bound to a solid phase in the RAST dubi t ion  test. This result indicates that no 
intact soy proteins or fi-agments of soy proteins of suficient size to bind to IgE antibodies 
were found in PGA. 

Conclusjon 

In my expert opinion, PGA will not pose any risk to soy-allergic consumers. It  Is not 
homologous to known soy allergens and does not bind to soy-specific IgE antibodies 
present in the sera of soy-allergic subjects. Furthermore, no evidence exists that m y  soy 
protein or fiagments of soy protein are carried over fiom the fermentation medium to the 
PGA ingredient. 

However, some possibility exists that susceptible indjviduals might become sensitized to 
PGA through oral exposure. Based on the low level of anticipated exposure, this risk 
seems small. If some small number of consumers develop PGA allergy, any risk can be 
easily managed by product avoidance through labeling of the ingredient. 

0 0 0 2 9 5  
m-3-3 



References 

Astwood JD, Leach JN, Fuchs RL. 1996. Stability of food allergens t o  digestion in vitro. 
Nature Biotechnol. 4: 1269- 1273. 

Goodman RE, Hefle SL, Taylor SL,van Ree R. 2005. Assessing genetically modified 
crops to minimize the risk of increased food allergy: a review. lnt. Arch. Allergy 
Immunol. 1373 53-1 66. 

Goodman RE, Vieths S, Sampson HA, Hill D: Ebisawa M, Taylor SL, van Ree R .  2008. 
Allergenicity assessment of genetically modified crops - what makes sense? Nature 
Biotechnol. 26:73-81. 

lnomata N, Osuna N, Kawano K, Yamaguchi I, Yanagimachi M, Matsukura S, Ikezawa 
Z. 2007. Late-onset anaphylaxis afler ingestion of Bacillus subtilis-fermented soybeans 
(natto): clinical review of 7 patients. Allergol. Int. 56:257-261. 

Morishita N, Kamiya K, Matsumoto T, Sakai S, Teshima R, Urisu A, Moriyama T, 
Ogawa T, Akiyama H, Morimatsu F. 2008. Reljable enzyme-linked immunosorbent 
assay for determination of soybean proteins in processed foods. J .  Agr. Food Chem. 
5616818-6824. 

Ogawa T, Bando N, Tsuji H, Nishikawa K, Kitamura K 1995. a-Subunit of p- 
conglycinin, an allergenic protein recognized by IgE antibodies of soybean-sensitive 
patients with atopic dermatitis. Bioscj. Biotech. Biochem. 59:831-833.  

Sumlo S, Nakamura Y, Kawano Y, Nishioka K. 2006. A case of “late-onset” 
anaphylaxis caused by fermented soybeans: natto. Arerugi 55:832-836. (in Japanese) 

X1-3-4 
8 0 0 2 9 6  



[Reception d a t e  of specimen 1 February 9. 2009 

FE 0 9 - 0 2 - 0 30 [Specimen No. 'i 
[Mat  eri a 1 I Sample  A Lot No.05.4 28 
[ Test 1 t e m  s 1 
[Reagen t  kit for testing] F,kS'lXlT ELIS,4 Ver. 0 Soybean 

s 0 !.be a 11 

(Nippoi7 Meat Packel 5 .  1 n c . i  

1 j ~ e a s u r e c ~  values 
I Dilution Tat? 

(ngimL) 
1 ten1 

Soy h e a n 400 L,ess than 2.5 
-~ 

 rotei in content 
( ~ d g  = ppm) 

Less t h a n  1.0 
- 

*+------ _ .  . . .~ . .  . 

NAGAHAMA LIFE SCIENCE LABORATORY 
NAGAHAMA BRANCH ORIENTALYEAST CO., LTD 

50. ICl\NO-CHO, NAGAHAhL4-SHI. SHIGA.  526-0804 JAPAN 
're1 : +Sl-'i49-64-2335 Fax : +S1-'749-64-2452 
e - inail : 11 - 1s.b; m-1 1 3 1 ;  ;].I 

0 0 0 2 9 7  
XI - 3- 5 



Pages 000298 - 000304 have been removed in accordance with copyright 
laws. Please see appended bibliography list of the references that have 
been removed from this request.



It\ISTITUTE OF AGRICULTURE AND N 4 T U R P L  R E S O V R C E S  

FOOD A L L E R G Y  R E S E A R C H  AND R E S O U R C E  FKOGRAM 

Analysis of Polyglutamic Acid Product 
Using Radioallergosorbenl Test Inhibition (RAST-inhibition) 

March 5. 2009 

food Alleroy Research and Resource Program (FARRP) 
University of Nebraska 
Lincoln. Nebraska USA 

Analyst Julie A Nordlee. M S. 

XI-3-13 

0 0 0 3 0 5  



TECHNICAL REPORT 

Sample: Two (2) samples of polyglutamic acid product were provided to FARRP by Or. 
Robert Bursey of Ajinomoto Corporate Services in Washington DC for soy RAST-inhibition 
analysis to determine potential allergenicity for soy-allergic consumers. The lot numbers 
provided for the two samples were 07428 and 07510 

METHODS 
Extraction 

A standard extract of raw Vinton soybeans was prepared by mixing pulverized soybeans 1.10 
(wlv) with 0.01 M phosphate bufler containing 0.85% sodium chloride and 0 02% sodium 
azide, pH 7 4 (PBS) overnight at 4'C. Extracts of the polyglutamtc acid products were 
prepared in the same fashion. Extracts were clarified by centrifugation The soluble protein 
level of each extract was determined by the Lowry method (1) 

Soy radioallergosorbent tesf-inhibifion {RAST-inhibition) 

The RAST-inhibition method uses serum from soy-allergic individuals and detects IgE 
(immunoglobulin E)-binding. RAST-inhibition is a competitive radioimmunoassay. The protocol 
for the assay was performed generally as described in Hene et al (2). Soy proteins from an 
extract of raw Vinton soybeans were bound to a solid phase (cyanogen bromide-activated 
SepharoseB. Amersham Biosciences Corp., Piscataway, NJ). Various dilutions of !he 
standard raw Vinton soybean extrad and the polyglutamic acid product extracts were 
separately mixed with the soy solid phase and pooled sera from soy-allergic individuals After 
incubation and washing, the amount of IgE bound to the solid phase was determined using 
radioactive iodine labeled anti-human IgE antibody and then counted in a gamma counter. In 
this method, the amount of IgE bound to the solid phase is inversely proportional to the 
amount of soy-reacting IgE-binding material in the polyglutamic acid product extracts. 

RESULTS AND CONCLUSION 

The resulting RAST-inhibition curve for soy is shown in Figure 1. The standard curve 
generated from the raw Vinlon soybean extract has a slope of 30.51. The extracts of the 
polyglutamic acid products did not exhibit any inhibiiion of soy-specific lgE to the soy proteins 
bound to solid phase. Thus, polyglutamic acid does not bind with soy-specific IgE from the 
sera of soy-allergic individuals. Based upon this information, polyglutamic acid is unlikely to 
present any risk to soy-allergic individuals. Double-blind, placebo-controlled oral food 
challenges of soy-allergic individuals with polyglutamic acid might be considered as further 
evidence of the lack of allergenicity of polyglutamic acid. 
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Figure 1 
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