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August 31 2015 

Office of Food Additive Safety (HFS-200) 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5100 Paint Branch Parkway 
College Park, MD 20740-3835 

Dear Sir or Madam: 

PHARMA FOODS INTERNATIONAL CO.,LTD. 
149 Goryo-Ohara, Nishikyo•kU, 
Kyoto 615-8245 Japan 
PHONE : +81-75-394-8605 
FAX : +81-75-394-8889 

Re: GRAS Notice for gamma-Aminobutyric Acid (GABA) 

In accordance with proposed 21 CFR §170.36 [Notice of a claim for exemption based on a 
Generally Recognized as Safe (GRAS) determination] published in the Federal Register 
[62 FR18938 (17 April 1997)]. I am submitting, as the notifier [Pharma Foods International 
Co., Ltd., 1-49 Goryo-Ohara, Nishikyo-Ku, Kyoto, 61 5-8245,Japan], a Notice of the 
determination, on the basis of scientific procedures, that gamma-Aminobutyric Acid (GABA) 
derived from L-glutamate via Lactobaci/lus hilgardii K-3 fermentation, produced by Pharma 
Foods International (PF1), as defined in the enclosed documents and CD-ROM, is GRAS 
under specific conditions of use as a food ingredient, and therefore, is exempt from the 
premarket approval requirements of the Federal, Food, Drug and Cosmetic Act. Information 
setting forth the basis for the GRAS determination, which includes detailed information on 
the notified substance, a summary of the basis for the GRAS determination, as well as a 
consensus opinion of an independent panel of experts in support of the safety of GABA 
under the intended conditions of use, also are enclosed for review by the agency. 

I hereby certify that the enclosed electronic files for the GRAS Notice for gamma
Aminobutyric Acid (GABA) entitled, "GRAS Exemption Claim for gamma-Aminobutyric acid 
(GABA) for Use as a Food Ingredient in the United States (U.S.)'' were scanned for viruses 
prior to submission and is thus certified as being virus-free using McAfee VirusScan 8.8. 

Should you have any questions or concerns regarding this GRAS Notice, please do not 
hesitate to contact me at any point during the review process so that we may provide a 
response in a timely manner. 

Sincerely, 

Noriko Horie 
Director of Sales & Marketing 
Pharma Foods International Co., Ltd, 
1-49 Goryo-Ohara, Nishikyo-Ku, 
Kyoto, 615-8245 
Japan 
Email: n-tani@pharmafoods.co.jp 
Office phone: +81 7 5 394 8600 
Office fax: +81 75 394 0009 fpd~~~il~~[Q) 

AUG 6 2015 

OFFICE Of 
FOOD ADDITIVE SAFETY 
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August 3, 2015 

Office of Food Additive Safety (HFS-200) 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5100 Paint Branch Parkway 
College Park, MD 20740-3835 

Dear Sir or Madam: 

PHARMA FOODS INTERNATIONAL CO.,LTO. 
1-49 Goryo-Ohara, Nishikyo-ku, 
Kyoto 615-8245 Japan 
PHONE: +81-75-394-8605 
FAX: +81-75-394-8889 

Re: GRAS Notice for gamma-Aminobutyric Acid (GABA) 

In accordance with proposed 21 CFR §170.36 [Notice of a claim for exemption based on a 

Generally Recognized as Safe (GRAS) determination] published in the Federal Register 

[62 FR18938 (17 April 1997)], I am submitting, as the notifier [Pharma Foods International 

Co., Ltd., 1-49 Goryo-Ohara, Nishikyo-Ku, Kyoto, 61 5-8245,Japan], a Notice of the 

determination, on the basis of scientific procedures, that gamma-Aminobutyric Acid (GABA) 

derived from L-glutamate via Lactobacillus hilgardii K-3 fermentation, produced by Pharma 

Foods International (PFI), as defined in the enclosed documents and CD-ROM, is GRAS 

under specific conditions of use as a food ingredient, and therefore, is exempt from the 

premarket approval requirements of the Federal, Food, Drug and Cosmetic Act. Information 

setting forth the basis for the GRAS determination, which includes detailed information on 

the notified substance, a summary of the basis for the GRAS determination, as well as a 

consensus opinion of an independent panel of experts in support of the safety of GABA 

under the intended conditions of use, also are enclosed for review by the agency. 

I hereby certify that the enclosed electronic files for the GRAS Notice .for gamma

Aminobutyric Acid (GABA) entitled, "GRAS Exemption Claim for gamma-Aminobutyric acid 

(GABA) for Use as a Food Ingredient in the United States (U.S.)" were scanned for viruses 

prior to submission and is thus certified as being virus-free using McAfee VirusScan 8.8. 

Should you have any questions or concerns regarding this GRAS Notice, please do not 

hesitate to contact me at any point during the review process so that we may provide a 

response in a timely manner. 

Sincerely, 

Noriko Horie 
Director of Sales & Marketing 
Pharma Foods International Co., Ltd. 
1-49 Goryo-Ohara, Nishikyo-Ku, 
Kyoto, 615-8245 
Japan 
Email: n-tani@pharmafoods.co.jp 
Office phone: +81 75 394 8600 
Office fax: +81 75 394 0009 
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acid (GABA) for Use as a Food Ingredient in the 

United States (U.S.) 
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&HQWHU�IRU�)RRG�6DIHW\�DQG�$SSOLHG� 
1XWULWLRQ��&)6$1�� 
)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ� 
�����3DLQW�%UDQFK�3DUNZD\� 
&ROOHJH�3DUN��0'� 
8�6�$�� ����������� 

Submitted by:	 3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� 
�����*RU\R�2KDUD��1LVKLN\R�NX� 
.\RWR��-DSDQ� 
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GAMMA-AMINOBUTYRIC ACID GRAS NOTICE 

GRAS Exemption Claim 

A. Clalm of Exemption From the Requirement for Premarket Approval Pursuant to 
Proposed 21 CFR §170.36(c)(1) [62 FR 18938 (17 April 1997)) (U.S. FDA, 1997) 

As defined herein, gamma-aminobutyric acid (GABA) derived from L-glutamate via a 

fermentation process, has been determined by Pharma Foods International Co., Ltd. (PF\) to be 

Generally Recognized as Safe (GRAS), consistent with Section 201(s) of the Federal Food, 
Drug, and Cosmetic Act. This determination is based on scientific procedures as described in 

the following sections, under the conditions of intended use as an ingredient in food and 

beverages. Therefore, the use of PFl's GABA as described below is exempt from the 

requirement of premarket approval. 

Signed, 

Noriko Horie 
Director of Sales & Marketing 
Pharma Foods International Co., Ltd. 

B. Name and Address of Notifier 

Noriko Horie 
Director of Sales & Marketing 
Pharma Foods International Co., Ltd. 
1-49 Goryo-Ohara, Nishikyo-Ku, 
Kyoto, 615-8245 
Japan 
Email: n-tani@pharmafoods.co.jp 
Office phone: +8 i 75 394 8600 
Office fax: +81 75 394 0009 

C. Common Name of the Notified Substance 

gamma-Aminobutyric acid (GABA) 

D. Conditions of Intended Use in Food 

PFI intends to market GABA (>80% purity), derived from L-glutamate via a Lactobacillus 

hilgardii K-3 fermentation process as a food ingredient in the United States (U.S.) at a level of 

100 mg/serving (ranging from 0.04 to 0.67% depending on the serving size) for use in various 

foods such as snack bars, breakfast cereals, processed cheese, chewing gum, yogurts, hard 

Pharma Foods International Co., Ltd. 
August3,2015 
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DQG�VRIW�FDQGLHV��DQG�FKRFRODWH�DV�ZHOO�DV�EHYHUDJHV�DQG�EHYHUDJH�EDVHV�LQFOXGLQJ� 
FDUERQDWHG��HQHUJ\��IODYRUHG��SRZGHUHG�DQG�VSRUWV�GULQNV��IODYRUHG�PLON�DQG�PLON�GULQNV��DQG� 
FRIIHH�DQG�WHD�� *$%$�LV�QRW�LQWHQGHG�IRU�XVH�LQ�PHDW�DQG�SRXOWU\�RU�PHDW�DQG�SRXOWU\� 
FRQWDLQLQJ�SURGXFWV�� *$%$�LV�QRW�WR�EH�XVHG�RU�PDUNHWHG�LQ�LQIDQW�DQG�FKLOGUHQ¶V�IRRG�SURGXFWV�� 

E. Basis for GRAS Determination 

3XUVXDQW�WR����&)5����������*$%$�KDV�EHHQ�GHWHUPLQHG�E\�3),�WR�EH�*5$6�RQ�WKH�EDVLV�RI� 
VFLHQWLILF�SURFHGXUHV��8�6��)'$��������� 7KLV�*5$6�GHWHUPLQDWLRQ�LV�EDVHG�RQ�GDWD�JHQHUDOO\� 
DYDLODEOH�LQ�WKH�SXEOLF�GRPDLQ�SHUWDLQLQJ�WR�WKH�VDIHW\�RI�*$%$�IRU�XVH�LQ�IRRG��DV�GLVFXVVHG� 
KHUHLQ�DQG�LQ�WKH�DFFRPSDQ\LQJ�GRFXPHQWV��DQG�RQ�D�FRQVHQVXV�DPRQJ�D�3DQHO�RI�([SHUWV�� 

ZKR�DUH�TXDOLILHG�E\�VFLHQWLILF�WUDLQLQJ�DQG�H[SHULHQFH�WR�HYDOXDWH�WKH�VDIHW\�RI�*$%$�DV�D� 
FRPSRQHQW�RI�IRRG�>VHH�$SSHQGL[�$��Expert Panel Report Concerning the Generally 
Recognized as Safe (GRAS) Status of gamma-Aminobutyric Acid (GABA) for Use as a 
Food Ingredient@�� 

F. Availability of Information 

7KH�GDWD�DQG�LQIRUPDWLRQ�WKDW�VHUYH�DV�WKH�EDVLV�IRU�WKLV�*5$6�1RWLFH�ZLOO�EH�VHQW�WR�WKH�8�6�� 
)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��)'$��XSRQ�UHTXHVW��RU�ZLOO�EH�DYDLODEOH�IRU�UHYLHZ�DQG�FRS\LQJ�DW� 
UHDVRQDEOH�WLPHV�DW�WKH�RIILFHV�RI�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� 
�����*RU\R�2KDUD��1LVKLN\R�NX� 
.\RWR����������� 
-DSDQ� 

6KRXOG�WKH�)'$�KDYH�DQ\�TXHVWLRQV�RU�DGGLWLRQDO�LQIRUPDWLRQ�UHTXHVWV�UHJDUGLQJ�WKLV�1RWLFH�� 
3),�ZLOO�VXSSO\�WKHVH�GDWD�DQG�LQIRUPDWLRQ�� 

II. Detailed Information Regarding the Identity of the Substance 

A. Identity 

7KH�FRPPRQ�RU�XVXDO�QDPH�RI�WKLV�SURGXFW�LV�*$%$�� 3),¶V�*$%$�LQJUHGLHQW�LV�D�VSUD\�GULHG� 
ZKLWH�WR�OLJKW�\HOORZ�FU\VWDOOLQH�SRZGHU�SURGXFHG�via D�L. hilgardii .���FDWDO\]HG�IHUPHQWDWLRQ� 
SURFHVV�� 7KH�LQJUHGLHQW�FRQWDLQV�QRW�OHVV�WKDQ�����*$%$��ZLWK�WKH�UHPDLQLQJ�PDWHULDO� 
FKDUDFWHUL]HG�DV�EHLQJ�SULPDULO\�JOXWDPLF�DFLG�ZLWK�WUDFH�DPRXQWV�RI�RWKHU�IUHH�DPLQR�DFLGV�� 
FDUERK\GUDWHV��DQG�OLSLGV��ZKLFK�DUH�FDUU\�RYHU�SURGXFWV�RI�WKH�IHUPHQWDWLRQ�FXOWXUH�� 

�� 7KH�3DQHO�RI�([SHUWV�FRQVLVWHG�RI�3URI��-RVHSK�)��%RU]HOOHFD��3K�'���9LUJLQLD�&RPPRQZHDOWK�8QLYHUVLW\��6FKRRO�RI� 
0HGLFLQH���3URI��6WHSKHQ�/��7D\ORU��3K�'���8QLYHUVLW\�RI�1HEUDVND��DQG�3URI��-RKQ�$��7KRPDV��3K�'���,QGLDQD� 
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� �� 
$XJXVW��������� 
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Common or Usual Name: *$%$� 

Chemical Name: gamma�DPLQR�EXW\ULF�DFLG� 

Chemical Abstracts Service (CAS) Number: �������� 

Empirical Formula: &�+�12�� 

Molecular Weight: ������� 

Structural Formula: 6HH�)LJXUH�,,�$��� 

Figure II.A-1 Structure of gamma-Aminobutyric Acid (GABA) 

Physical Properties 

7KH�SK\VLFDO�SURSHUWLHV�RI�*$%$�DUH�GHWDLOHG�LQ�7DEOH�,,�$���� 

Table II.A-1 Physical Properties of gamma-Aminobutyric Acid (GABA) 
Physical Property Value Temperature (°C) Source 
0HOWLQJ�3RLQW� ����&� � ([SHULPHQWDO� 

S.D�'LVVRFLDWLRQ�&RQVWDQW� ����� ��� ([SHULPHQWDO� 

ORJ�3��RFWDQRO�ZDWHU�� ������ � ([SHULPHQWDO� 

:DWHU�6ROXELOLW\� �����[����� PJ�/� ��� ([SHULPHQWDO� 

9DSRU�3UHVVXUH� �����[������ PP+J� ��� (VWLPDWHG� 

+HQU\ V�/DZ�&RQVWDQW� �����[������� DWP�P��PROH� ��� (VWLPDWHG� 

$WPRVSKHULF�2+�5DWH�&RQVWDQW� �����[������� FP��PROHFXOH�VHF� ��� (VWLPDWHG� 

&KHP,'SOXV�������� 

B. Method of Manufacture 

$�VFKHPDWLF�RYHUYLHZ�RI�WKH�PDQXIDFWXULQJ�SURFHVV�IRU�*$%$�LV�SURYLGHG�LQ�)LJXUH�,,�%���DORQJ� 
ZLWK�D�GHVFULSWLRQ�RI�WKH�SULQFLSOH�SURGXFWLRQ�SURFHVVHV�� *$%$�LV�SURGXFHG�FRQVLVWHQW�ZLWK� 
FXUUHQW�*RRG�0DQXIDFWXULQJ�3UDFWLFHV��F*03��DQG�DQ�(VWDEOLVKPHQW�,QVSHFWLRQ�5HSRUW��(,5�� 
LVVXHG�E\�WKH�)'$�IROORZLQJ�LQVSHFWLRQ�RI�WKH�*$%$�SURGXFWLRQ�IDFLOLWLHV�FRQFOXGHG�WKDW�³there 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� �� 
$XJXVW��������� 

H--......_ 
0 

0 
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were no objectionable conditions observed during the inspection´��8�6��)'$��������� 7KH� 
SURGXFWLRQ�IDFLOLW\�LV�DOVR�FHUWLILHG�XQGHU�,62����������� 

Figure II.B-1	 Schematic Overview of the Manufacturing Process for gamma-
Aminobutyric Acid (GABA) 

���3UHSDUDWLRQ�RI�SUH�IHUPHQWDWLRQ�EURWK� 
���6WHULOL]DWLRQ�DW�����&�IRU����PLQ� 

Main Fermentation 
���3UHSDUDWLRQ�RI�WKH�PDLQ�IHUPHQWDWLRQ�EURWK� 
���6WHULOL]DWLRQ�DW�����&�IRU����PLQ� 
���$GGLWLRQ�RI�WKH�VHHG�FXOWXUH� 
���)HUPHQWDWLRQ� 

���,QRFXODWLRQ�ZLWK�L. hilgardii .���FXOWXUH� 
���$JLWDWLRQ�IRU����KUV� 

Seed Culture 

$SSHUWL]DWLRQ�DW����&�IRU����PLQXWHV� 

Appertization 

Vacuum Concentration 

9DFXXP�&RQFHQWUDWLRQ� 
�6SHFLILF�*UDYLW\�!��� 

Decolorize/Filter 

���0LFURRUJDQLF�UHPRYDO�������ȝP�� 
���)LOWHU�3UHVV��GLDWRPLF�HDUWK�FHOOXORVH�ILOWHU�� 
���$FWLYDWHG�FKDUFRDO�DGGHG�WR�VROXWLRQ� 

Vacuum Concentration 

9DFXXP�&RQFHQWUDWLRQ��6SHFLILF�*UDYLW\�!��� 

Filter 

���)LOWUDWLRQ�������ȝP�� 
���&RRO� 

Spray Dry 

���6LHYH������PHVK�� 
���0DJQHWLF�ILOWUDWLRQ��LURQ�UHPRYDO�� 
���6SUD\�GU\� 
���+HDW�VWHULOL]DWLRQ�����&�IRU���PLQXWHV�� 

Packing 

3DFNHG�LQ�DOXPLQXP�IRLO�����NJ�FDVH��[�����WR����� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� �� 
$XJXVW��������� 

,------------,~._____________, 
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,QLWLDOO\��D�SUH�IHUPHQWDWLRQ�EURWK�LV�SUHSDUHG�E\�GLVVROYLQJ�PRQRVRGLXP�JOXWDPDWH��JOXWDPLF� 
DFLG��\HDVW�H[WUDFW��JOXFRVH��DQG�JO\FHULQ�IDWW\�DFLG�HVWHU�LQ�ZDWHU�LQVLGH�D�VHDOHG�IHUPHQWDWLRQ� 
YHVVHO�� 7KH�PL[WXUH�LV�WKHQ�VWHULOL]HG�DW�D�WHPSHUDWXUH�RI�����&�IRU�D�SHULRG�RI����PLQXWHV�� 
)ROORZLQJ�VWHULOL]DWLRQ��WKH�PL[WXUH�LV�FRROHG�DQG�WKH�YHVVHO�SUHVVXUH�UHGXFHG�� 7KH�IHUPHQWDWLRQ� 
FXOWXUH��L. hilgardii .�����LV�WKHQ�DGGHG�WR�WKH�SUH�IHUPHQWDWLRQ�EURWK��DQG�LV�LQFXEDWHG�LQ�D� 
VHDOHG�IHUPHQWDWLRQ�YHVVHO�XQGHU�VOLJKW�SUHVVXUH�� IRU����KRXUV�WR�SURGXFH�D�VHHG�FXOWXUH�IRU�XVH� 
LQ�WKH�PDLQ�IHUPHQWDWLRQ�� 7KH�PDLQ�IHUPHQWDWLRQ�EURWK�LV�SURGXFHG�XVLQJ�WKH�VDPH�UDZ� 
PDWHULDOV�DV�WKH�SUH�IHUPHQWDWLRQ�EURWK��DQG�LV�VWHULOL]HG�DW�����&�IRU����PLQXWHV�� 7KH�VHHG� 
FXOWXUH�LV�WKHQ�DGGHG�WR�WKH�PDLQ�IHUPHQWDWLRQ�YHVVHO��DQG�IHUPHQWDWLRQ�RI�JOXWDPDWH�WR�*$%$� 
RFFXUV�DW�URRP�WHPSHUDWXUH�LQ�D�VHDOHG�YHVVHO��XQGHU�VOLJKW�SUHVVXUH�RYHU�D�IHZ�GD\V��GXULQJ� 
IHUPHQWDWLRQ�JOXWDPDWH�LV�FRQWLQXDOO\�DGGHG�WR�WKH�IHUPHQWDWLRQ�EURWK�� 2QFH�IHUPHQWDWLRQ�LV� 
FRPSOHWH��DSSHUWL]DWLRQ�LV�FRQGXFWHG�E\�HOHYDWLQJ�WKH�WHPSHUDWXUH�RI�WKH�YHVVHO�WR�a���&�IRU� 
���PLQXWHV�WR�LQDFWLYDWH�WKH�IHUPHQWDWLRQ�RUJDQLVP�� $IWHU�DSSHUWL]DWLRQ��WKH�YHVVHO�LV�FRROHG�� 
DQG�WKH�VROXWLRQ�WKHQ�XQGHUJRHV�D�YDFXXP�FRQFHQWUDWLRQ�VWHS�IROORZHG�E\�DGGLWLRQ�RI�DFWLYDWHG� 
FKDUFRDO�WR�WKH�YHVVHO�� $IWHU�EULHI�PL[LQJ��WKH�EDFWHULD�DQG�ODUJH�SDUWLFXODWHV�DUH�UHPRYHG�IURP� 
WKH�VROXWLRQ�E\�ILOWHU�SUHVVLQJ�ZLWK�D�GLDWRPDFHRXV�HDUWK�FHOOXORVH�ILOWHU�� 7KH�KHDW�NLOOHG� 
L. hilgardii .���DQG�RWKHU�ILQH�SDUWLFXODWHV�DUH�WKHQ�UHPRYHG�IURP�VROXWLRQ�XVLQJ�D������ȝP� 
ILOWHU���� 7KH�ILOWHUHG�VROXWLRQ�LV�YDFXXP�FRQFHQWUDWHG�D�VHFRQG�WLPH�DQG�ILOWHUHG�RQFH�DJDLQ� 
WKURXJK�D������ȝP�ILOWHU�WR�UHPRYH�DQ\�SDUWLFXODWHV�WKDW�SUHFLSLWDWH�GXULQJ�FRQFHQWUDWLRQ�� 7KH� 
VROXWLRQ�LV�VWRUHG�LQ�SRO\HWK\OHQH�Q\ORQ�EDJV�IRU�WUDQVSRUW�WR�WKH�VSUD\�GU\LQJ�WRZHU�� 7KH�*$%$� 
VROXWLRQ�LV�WKHQ�KHDW�VWHULOL]HG�DW����&�IRU���PLQXWHV�SULRU�WR�EHLQJ�VSUD\�GULHG�� $IWHU�VSUD\� 
GU\LQJ��WKH�SURGXFW�XQGHUJRHV�PDJQHWLF�ILOWUDWLRQ�DW��������*�WR�UHPRYH�LURQ�SDUWLFXODWHV ���� 7KH� 
SURGXFW�WKHQ�XQGHUJRHV�D�SDUWLDO�GU\�KHDW�VWHULOL]DWLRQ�DW����&�IRU���PLQXWHV��DQG�DIWHU�D�VHFRQG� 
URXQG�RI�PDJQHWLF�ILOWUDWLRQ���������*��WKH�ILQDO�SURGXFW��ZKLFK�LV�QRW�OHVV�WKDQ�����*$%$��LV� 
SURGXFHG�� 7KH�*$%$�LV�WKHQ�VLIWHG�WKURXJK�D�����PHVK�EHIRUH�VWRUDJH�LQ�DOXPLQXP�SRXFKHV�� 
$OWHUQDWLYHO\��*$%$�FDQ�EH�UH�IRUPXODWHG�WR�����SXULW\�DV�*$%$����E\�D���IROG�GLOXWLRQ�ZLWK�WKH� 
IRRG�VWDUFK�PRGLILHG�)/2�0D[����� 

$OO�UDZ�PDWHULDOV�DQG�SURFHVVLQJ�DLGV�XVHG�LQ�WKH�PDQXIDFWXUH�RI�*$%$�DUH�XVHG�LQ�FRPSOLDQFH� 
ZLWK�DSSURSULDWH�8�6��IHGHUDO�UHJXODWLRQV��VHH�7DEOH�,,�%����� 

�� 7KH�IHUPHQWDWLRQ�FXOWXUH�XQGHUJRHV�URXWLQH�TXDOLW\�FRQWURO�PRQLWRULQJ�WR�HQVXUH�WKH�DEVHQFH�RI�FRQWDPLQDWLQJ� 
PLFURRUJDQLVPV�DQG�DVVXUDQFH�RI�SKHQRW\SLF�VWDELOLW\�
�� 6HDOHG�YHVVHO�XQGHU�VOLJKW�SUHVVXUH�UHSUHVHQWV�D�FULWLFDO�FRQWURO�SRLQW�SUHYHQWLQJ�FRQWDPLQDWLRQ�GXULQJ�IHUPHQWDWLRQ� 
�� $V�LQGLFDWHG�E\�WKH�PDQXIDFWXUHU��L. hilgardii .���LV�EHWZHHQ���WR���ȝP�LQ�VL]H� 
�� ,URQ�UHPRYDO�LV�D�VWDQGDUG�SUDFWLFH�RI�WKH�PDQXIDFWXUHU�� ,URQ�LV�QHLWKHU�LQWURGXFHG�WR�WKH�SURGXFW�GXULQJ� 
PDQXIDFWXULQJ��QRU�LV�H[SHFWHG�WR�EH�SUHVHQW�LQ�VLJQLILFDQW�TXDQWLWLHV�IRU�RWKHU�UHDVRQV� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� �� 
$XJXVW��������� 
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Table II.B-1 List of Raw Materials and Processing Aids Used in the Manufacture of
GABA 

Raw Material/Processing Aid Function 21 CFR Citation or GRAS Number 
Lactobacillus hilgardii .��� )HUPHQWDWLRQ� 

RUJDQLVP� 
1R�UHJXODWRU\�SURYLVLRQV�LGHQWLILHG�IRU�LWV�XVH�LQ�IRRG� 

6DIHW\�RI�VRXUFH�RUJDQLVP�IRU�XVH�LQ�WKH�PDQXIDFWXUH� 
RI�3),¶V�*$%$�LV�SUHVHQWHG�LQ�6HFWLRQ�,9�+� 

/�JOXWDPLF�DFLG� )HUPHQWDWLRQ�PHGLD� ���&)5����������$PLQR�$FLGVD� 

0RQRVRGLXP�JOXWDPDWH� 3ULPDU\�VXEVWUDWH�IRU� 
IHUPHQWDWLRQ� 

���&)5��������6XEVWDQFHV�WKDW�DUH�JHQHUDOO\� 
UHFRJQL]HG�DV�VDIH� 

<HDVW�H[WUDFW� 1XWULHQW�VRXUFH�LQ� 
IHUPHQWDWLRQ�PHGLD� 

���&)5����������'ULHG�\HDVWVE� 

*OXFRVH� 1XWULHQW�VRXUFH�LQ� 
IHUPHQWDWLRQ�PHGLD� 

���&)5�����������&RUQ�VXJDU� 

*O\FHULQ�IDWW\�DFLG�HVWHU� (PXOVLILHU� ���&)5����������3RO\JO\FHURO�HVWHUV�RI�IDWW\�DFLGV� 

$FWLYDWHG�FDUERQ� 3XULILFDWLRQ�DLG� 1R�IHGHUDO�UHJXODWLRQV�VSHFLILF�WR�WKH�LQWHQGHG�XVH� 
ZHUH�LGHQWLILHG� 

6LPLODU�XVHV�RI�DFWLYDWHG�FDUERQ�DUH�FRQVLGHUHG�*5$6� 
IRU�SXULILFDWLRQ�DQG�FODULILFDWLRQ�RI�ZLQH�DV�SHU����&)5� 
���������86�$777%�������� 

'LDWRPDFHRXV�HDUWK�FHOOXORVH�ILOWHU� 
�SXULILFDWLRQ�DLG�� 
x &HOOXORVH� 
x 1DWXUDO�GLDWRPDFHRXV� 

HDUWKV� 
x 3HUOLWH� 
x 3RO\SURS\OHQH�JDVNHWV� 
x ����SRO\ROHILQH�ILEHUV� 

3XULILFDWLRQ�DLG� 'LDWRPDFHRXV�HDUWK�DQG�SHUOLWH�SURGXFWV�XVHG�WR�PDNH� 
ILOWUDWLRQ�PHGLD�DUH�*5$6�IRU�XVH�DV�ILOWHU�DLGV�LQ�IRRG� 
SURFHVVLQJ��8�6��)'$��������� 

���&)5������������2OHILQ�SRO\PHUV�� 

���&)5�����������5HVLQRXV�DQG�SRO\PHULF�FRDWLQJV�� 

�����ȝP�ILOWHU��3RO\VXOIRQH�W\SH�� 
�SXULILFDWLRQ�DLG�� 

3XULILFDWLRQ�DLG� ���&)5������������8OWUD�ILOWUDWLRQ�PHPEUDQHV�� 

���&)5������������3RO\VXOIRQH�UHVLQV�� 

���ȝP�ILOWHU��3RO\HWKHU�W\SH�� 
�SXULILFDWLRQ�DLG�� 

3XULILFDWLRQ�DLG� ���&)5�����������8OWUD�ILOWUDWLRQ�PHPEUDQHV�� 

���&)5������������)LOWHUV��UHVLQ�ERQGHG�� 

)/2�0D[�����WDSLRFD�VWDUFK�� 5H�IRUPXODWLRQ� 
GLOXHQW� 

���&)5����������)RRG�VWDUFK�PRGLILHG� 

D� 3HUPLWWHG�IRU�GLUHFW�DGGLWLRQ�WR�IRRG�IRU�KXPDQ�FRQVXPSWLRQ�DW�OHYHOV�QRW�H[FHHGLQJ�������ZHLJKW�RI�WRWDO�SURWHLQ� 
�H[SUHVVHG�DV�IUHH�DPLQR�DFLG��RI�WKH�ILQLVKHG�SURGXFW�IRU�QXWULWLYH�SXUSRVHV�
E�$�PD[LPXP�RI�����PJ�J�WRWDO�IROLF�DFLG�FRQWHQW�RI�\HDVW�SHUPLWWHG� 

C. Specifications and Analytical Data 

7KH�SURGXFW�VSHFLILFDWLRQV�HVWDEOLVKHG�IRU�3),¶V�*$%$�DUH�RXWOLQHG�LQ�7DEOH�,,�&���� 7KH�SURGXFW� 
LV�FKDUDFWHUL]HG�WR�D�SXULW\�RI�QRW�OHVV�WKDQ������ZKLOH����DQG�����LV�FRPSULVHG�RI�PRLVWXUH� 
DQG�DVK��UHVSHFWLYHO\�� 6SHFLILFDWLRQV�IRU�KHDY\�PHWDOV�DQG�PLFURELDO�FRQWDPLQDWLRQ�DUH� 
DSSURSULDWH�IRU�XVH�DV�D�IRRG�LQJUHGLHQW�� $HURELF�EDFWHULD�DQG�\HDVW�DQG�PROG�DUH�OLPLWHG�E\� 
TXDOLW\�FRQWURO�SURFHGXUHV�DQG�DUH�EHORZ�WKH�HVWDEOLVKHG�VSHFLILFDWLRQV�RI��������DQG� 
�����&)8�J��UHVSHFWLYHO\�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� �� 
$XJXVW��������� 
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Table II.C-1 Product Specifications for GABA 
Specification Parameter Specification Method of Analysis 
Identity 
$SSHDUDQFH� /LJKW�\HOORZ�WR� 

OLJKW�EURZQ� 
SRZGHU� 

9LVXDO�DSSHDUDQFH� 

gamma�$PLQREXW\ULF�DFLG� 
�*$%$�� 

1/7����� $PLQR�DFLG�DQDO\VLV�ZLWK�+3/&��EDVHG�RQ�%LDQFKL�et al.�� 
������ 

0RLVWXUH� ���� +HDWHG�DLU�GU\LQJ�DW�QRUPDO�SUHVVXUH�PHWKRG������&����KRXUV�� 
EDVHG�RQ�0+/:��������S������ 

$VK� ����� 'LUHFW�DVKLQJ�PHWKRG������WR�����&����KRXUV��ZLWKRXW�VXOIXULF� 
DFLG��EDVHG�RQ�0+/:��������S����� 

Heavy Metals 
7RWDO�+HDY\�0HWDOV� �����J�J� 6RGLXP�VXOILGH�FRORULPHWU\��EDVHG�RQ�0+/:��������S����� 

/HDG� ������J�J� $WRPLF�$EVRUSWLRQ�6SHFWURVFRS\��EDVHG�RQ�0+/:�������� 
S����� 

Microbiological Analysis 
7RWDO�$HURELF�&RXQWV� �������&)8�J� 0HWKRGV�HVWDEOLVKHG�E\�)RRG�+\JLHQH�*XLGDQFH��HGLWHG�E\� 

-DSDQ�)RRG�+\JLHQH�$VVRFLDWLRQ���0+/:��������S��������� <HDVW�DQG�0ROG� �����&)8�J� 

&ROLIRUP�Escherichia coli 1HJDWLYH� 

&)8� �FRORQ\�IRUPLQJ�XQLWV��''7&�$J� �VLOYHU�GLHWK\OGLWKLRFDUEDPDWH��+3/&� �KLJK�SHUIRUPDQFH�OLTXLG� 
FKURPDWRJUDSK\��0+/:������� �0LQLVWU\�RI�+HDOWK��/DERU�DQG�:HOIDUH��-DSDQ���-DSDQ¶V�6SHFLILFDWLRQV�DQG� 
6WDQGDUGV�IRU�)RRG�$GGLWLYHV���WK� HG����1/7� �QRW�OHVV�WKDQ�� 

$GGLWLRQDOO\��3),¶V�*$%$�ZLOO�DOVR�EH�XVHG�DV�D�UH�IRUPXODWHG�SURGXFW��LQ�ZKLFK�*$%$��QRW�OHVV� 
WKDQ�����SXULW\��ZLOO�EH�GLOXWHG�DSSUR[LPDWHO\���IROG�ZLWK�)/2�0$;����6WDUFK�WR�SURGXFH�D� 
*$%$�SURGXFW�RI�QRW�OHVV�WKDQ�����SXULW\��*$%$������ 7KH�SURGXFW�VSHFLILFDWLRQV�IRU�*$%$���� 
DUH�SUHVHQWHG�LQ�7DEOH�,,�&���� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� �� 
$XJXVW��������� 
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Table II.C-2 Product Specifications for GABA 20 
Specification Parameter Specification Method of Analysis 
Identity 
$SSHDUDQFH� :KLWH�WR�OLJKW�\HOORZ� 

SRZGHU� 
9LVXDO�DSSHDUDQFH� 

gamma�$PLQREXW\ULF�DFLG� 
�*$%$�� 

1/7����� $PLQR�DFLG�DQDO\VLV�ZLWK�+3/&��EDVHG�RQ�%LDQFKL�et al.�� 
������ 

0RLVWXUH� ����� +HDWHG�DLU�GU\LQJ�DW�QRUPDO�SUHVVXUH�PHWKRG������&���� 
KRXUV��EDVHG�RQ�0+/:��������S������ 

$VK� ����� 'LUHFW�DVKLQJ�PHWKRG� �����WR�����&����KRXUV��ZLWKRXW� 
VXOIXULF�DFLG��EDVHG�RQ�0+/:��������S����� 

Heavy Metals 
7RWDO�+HDY\�0HWDOV� �����J�J� 6RGLXP�VXOILGH�FRORULPHWU\� �EDVHG�RQ�0+/:��������S����� 
Microbiological Analysis 
7RWDO�$HURELF�&RXQWV� �������&)8�J� 0HWKRGV�HVWDEOLVKHG�E\�)RRG�+\JLHQH�*XLGDQFH��HGLWHG�E\� 

-DSDQ�)RRG�+\JLHQH�$VVRFLDWLRQ���0+/:��������S��������� <HDVW�DQG�0ROG� �����&)8�J� 

&ROLIRUP�Escherichia coli 1HJDWLYH� 

&)8� �FRORQ\�IRUPLQJ�XQLWV��''7&�$J� �VLOYHU�GLHWK\OGLWKLRFDUEDPDWH��+3/&� �KLJK�SHUIRUPDQFH�OLTXLG� 
FKURPDWRJUDSK\��0+/:������� �0LQLVWU\�RI�+HDOWK��/DERU�DQG�:HOIDUH��-DSDQ���-DSDQ¶V�6SHFLILFDWLRQV�DQG� 
6WDQGDUGV�IRU�)RRG�$GGLWLYHV���WK� HG����1/7� �QRW�OHVV�WKDQ�� 

5HSUHVHQWDWLYH�ORWV�DUH�URXWLQHO\�DVVD\HG�WR�HQVXUH�FRPSOLDQFH�ZLWK�ILQDO�SURGXFW�FKHPLFDO�� 
SK\VLFDO��DQG�PLFURELRORJLFDO�VSHFLILFDWLRQV�� $QDO\VLV�RI���QRQ�FRQVHFXWLYH�ORWV�RI�*$%$�DQG� 
*$%$����GHPRQVWUDWHV�WKDW�WKH�PDQXIDFWXULQJ�SURFHVV�SURGXFHV�D�FRQVLVWHQW�SURGXFW�WKDW� 
FRQIRUPV�WR�WKH�HVWDEOLVKHG�VSHFLILFDWLRQV�� 7KH�UHVXOWV�RI�WKH�EDWFK�DQDO\VHV�DUH�SUHVHQWHG�LQ� 
7DEOHV�,,�&���DQG�,,�&���IRU�*$%$�DQG�*$%$�����UHVSHFWLYHO\��DQG�WKH�&HUWLILFDWHV�RI�$QDO\VLV� 
DUH�SURYLGHG�LQ�$SSHQGL[�%��$WWDFKPHQW�%���DQG�%����UHVSHFWLYHO\��� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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Table II.C-3 Analysis of 3 Manufactured Lots of GABA 
Specification Parameter Specification Lot Number/Date of Manufacture 

2J10/ 
10/10/2012 

4B06/ 
2/6/2014 

4E21/ 
5/21/2014 

Identity 
$SSHDUDQFH� /LJKW�\HOORZ�WR�OLJKW�EURZQ� 

SRZGHU� 
&RQIRUPV� &RQIRUPV� &RQIRUPV� 

*$%$����� 1/7���� ����� ����� ����� 

0RLVWXUH����� ��� ���� ���� ���� 

$VK����� ���� ���� ���� ���� 

Heavy Metals 
7RWDO�+HDY\�0HWDOV���J�J�� ���� ���� ���� ���� 

/HDG���J�J�� ����� ����� ����� ����� 

$UVHQLF���J�J�� ��� ��� ��� ��� 

Microbiological Quality 
7RWDO�$HURELF�&RXQWV� 
�&)8�J�� 

������� ��� ���� ��� 

<HDVW�DQG�0ROG��&)8�J�� ����� ���� ���� ���� 

&ROLIRUP�Escherichia coli 1HJDWLYH� 1HJDWLYH� 1HJDWLYH� 1HJDWLYH� 

&)8� �FRORQ\�IRUPLQJ�XQLWV��*$%$� �gamma�DPLQREXW\ULF�DFLG��1/7� �QRW�OHVV�WKDQ� 

Table II.C-4 Analysis of 3 Manufactured Lots of GABA 20 
Specification Parameter Specification Lot Number/Date of Manufacture 

6A31/ 
1/31/2006 

6B07/ 
2/7/2006 

7F15/ 
6/15/2007 

Identity 
$SSHDUDQFH� :KLWH�WR�OLJKW�\HOORZ�SRZGHU� &RQIRUPV� &RQIRUPV� &RQIRUPV� 

*$%$����� 1/7���� ����� ����� ����� 

0RLVWXUH����� ���� ���� ���� ���� 

$VK����� ���� ��� ����� ����� 
Heavy Metals 
7RWDO�+HDY\�0HWDOV���J�J�� ���� ���� ���� ���� 

$UVHQLF� ��J�J�� ��� ��� ��� ��� 
Microbiological Quality 
7RWDO�$HURELF�&RXQWV� 
�&)8�J�� 

������� ���� ��� ���� 

<HDVW�DQG�0ROG��&)8�J�� ����� ���� ���� ���� 

&ROLIRUP�Escherichia coli 1HJDWLYH� 1HJDWLYH� 1HJDWLYH� 1HJDWLYH� 

&)8� �FRORQ\�IRUPLQJ�XQLWV��*$%$� �gamma�DPLQREXW\ULF�DFLG��1/7� �QRW�OHVV�WKDQ� 

&RPSRVLWLRQDO�DQDO\VLV�RI�RQH�ORW�RI�*$%$�ZDV�FRQGXFWHG��DV�VKRZQ�LQ�7DEOH�,,�&����LQGLFDWLQJ� 
WKDW�3),¶V�LQJUHGLHQW�FRPSULVHV�QRW�OHVV�WKDQ�����*$%$��ZLWK�WKH�UHPDLQLQJ�PDWHULDO�FRPSRVHG� 
RI�VPDOO�DPRXQWV�RI�IUHH�DPLQR�DFLGV������DV�ZHOO�DV�PRLVWXUH���������DVK��������� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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FDUERK\GUDWHV�������DQG�OLSLGV�������� 6RGLXP�FKORULGH�DFFRXQWV�IRU�DSSUR[LPDWHO\�����RI�WKH� 
WRWDO�DVK�DQG�QR�PLQHUDOV�ZHUH�SUHVHQW�DW�OHYHOV�WKDW�ZRXOG�EH�RI�WR[LFRORJLFDO�FRQFHUQ�� 

Table II.C-5 Compositional Analysis of GABA 
Analysis Parameter Results (g/100 g) Method of Analysisa 

Compositional Parameters 
gamma�$PLQREXW\ULF�DFLG� ����� $PLQR�DFLG�DQDO\VLV�ZLWK�+3/&� 

7RWDO�DPLQR�DFLGV� ���� $FLG�K\GURO\VLV�ZLWK�+3/&� 

$VK� ���� 'LUHFW�LQFLQHUDWLRQ�PHWKRG� 

0RLVWXUH� ���� +HDWHG�DLU�GU\LQJ�DW�QRUPDO�SUHVVXUH� 

'LHWDU\�ILEHU� ���� (Q]\PH�ZHLJKW�PHWKRG� 

7RWDO�VDFFKDULGH� ���� 3KHQRO�VXOIXULF�DFLG�PHWKRG� 

/LSLGV� ����� $FLG�GHFRPSRVLWLRQ�PHWKRG� 

0RQRJO\FHULGHV� 1'� *DV�FKURPDWRJUDSK\� 
TOTAL 101 
Minerals 
6RGLXP�FKORULGH� ����� $WRPLF�DEVRUSWLRQ�VSHFWURPHWHU�PHWKRG� 

6RGLXP� ����� $WRPLF�DEVRUSWLRQ�VSHFWURPHWHU�PHWKRG� 

3RWDVVLXP� ������ $WRPLF�DEVRUSWLRQ�VSHFWURPHWHU�PHWKRG� 

3KRVSKRUXV� ������� ,&3�PHWKRG� 

&DOFLXP� ������� ,&3�PHWKRG� 

0DJQHVLXP� ������� ,&3�PHWKRG� 

,URQ� �������� ,&3�PHWKRG� 

=LQF� �������� ,&3�PHWKRG� 

0DQJDQHVH� �������� ,&3�PHWKRG� 

&RSSHU� 1'� ,&3�PHWKRG� 
TOTAL MINERAL CONTENT 3.52 

*$%$� �gamma�DPLQREXW\ULF�DFLG��+3/&� �KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\� 

$QDO\VLV�RI�WKH�WRWDO�DFLG�K\GURO\]HG�IUHH�DPLQR�DFLG�FRQWHQW�WKURXJK�XVLQJ�KLJK�SHUIRUPDQFH� 
OLTXLG�FKURPDWRJUDSK\��+3/&��IRXQG�WKDW�WKH�LQJUHGLHQW�W\SLFDOO\�FRQWDLQV�D�YDULHW\�RI�IUHH�DPLQR� 
DFLGV�DQG�GLSHSWLGHV�WKDW�RULJLQDWH�IURP�WKH�IHUPHQWDWLRQ�PHGLXP�WR�ZKLFK�WKH�PDMRULW\�ZDV� 
FRPSULVHG�RI�XQPHWDEROL]HG�JOXWDPDWH��������RULJLQDWLQJ�IURP�WKH�IHUPHQWDWLRQ�SURFHVV� 
�7DEOH�,,�&����� 6PDOO�DPRXQWV�RI�DGGLWLRQDO�DPLQR�DFLGV�IURP�WKH�IHUPHQWDWLRQ�PHGLXP�ZHUH� 
DOVR�SUHVHQW�HDFK�DW�OHYHOV�EHORZ������� )XUWKHU�DQDO\VLV�RI�WKH�WRWDO�DFLG�K\GURO\]HG�DPLQR� 
DFLG�FRQWHQW�RI�*$%$�FRUUHVSRQGHG�RQ�D�ZHLJKW�WR�ZHLJKW�EDVLV�WR�WKH�WRWDO�IUHH�DPLQR�DFLG�DQG� 
GLSHSWLGH�FRQWHQW�RI�WKH�LQJUHGLHQW�LQGLFDWLQJ�WKDW�WKH�SURGXFW�LV�IUHH�RI�FRQWDPLQDWLQJ�SURWHLQV�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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Table II.C-6 Detailed Amino Acid Analysis of GABA 
Analysis Parameter Results (g/100 g)a, 

Total Amino Acids 
(Acid Hydrolysis) 

Free Amino Acid Content Polypeptide Content 

$UJLQLQH� ����� ����� 1'� 

/\VLQH� ����� ����� ����� 

+LVWLGLQH� ����� ����� 1'� 

3KHQ\ODODQLQH� ����� ����� 1'� 

7\URVLQH� ����� ����� 1'� 

/HXFLQH� ����� ����� 1'� 

,VROHXFLQH� ����� ����� ����� 

0HWKLRQLQH� ����� ����� ����� 

9DOLQH� ����� ����� 1'� 

$ODQLQH� ����� ����� 1'� 

*O\FLQH� ����� ����� ����� 

3UROLQH� ����� ����� 1'� 

*OXWDPLF�DFLG� ����� ����� ����� 

6HULQH� ����� ����� ����� 

7KUHRQLQH� ����� ����� ����� 

$VSDUWLF�DFLG� ����� ����� ����� 

7U\SWRSKDQ� 1'� 1'� 1'� 

&\VWHLQH� ����� 1'� ����� 

TOTAL 7.00 4.12 2.88 
Total Amino Acid Content 7.00 7.00 

*$%$� �gamma�DPLQREXW\ULF�DFLG��1'� �QRW�GHWHFWHG 
D�$PLQR�DFLG�DQG�SRO\SHSWLGH�DQDO\VLV�ZDV�FRQGXFWHG�XVLQJ�KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\� 

(OLPLQDWLRQ�RI�WKH�VRXUFH�RUJDQLVP��L. hilgardii .����IURP�WKH�ILQDO�SURGXFW�LV�DFKLHYHG�WKURXJK� 
WKH�DSSHUWL]DWLRQ�SURFHVV�DQG�VXEVHTXHQW�ILOWHU�VWHULOL]DWLRQ�VWHSV�� 0RUHRYHU��ODFWLF�DFLG�EDFWHULD� 
VXFK�DV�L. hilgardii DUH�KLJKO\�VHQVLWLYH�WR�R[LGDWLYH�HQYLURQPHQWV��DQG�WKXV�LW�LV�XQOLNHO\�WKDW�WKH� 
RUJDQLVP�ZRXOG�VXUYLYH�WKH�R[LGDWLYH�FRQGLWLRQV�RI�VSUD\�GU\LQJ��IXUWKHU�HQVXULQJ�WKDW�PLFURELDO� 
FRQWDPLQDWLRQ�RI�L. hilgardii .���LQ�WKH�ILQDO�SURGXFW�LV�SUHYHQWHG�� $QDO\VLV�RI�WKH�ILQDO�*$%$� 
LQJUHGLHQW�FRQILUPHG�WKH�DEVHQFH�RI�L. hilgardii .����VHH�$SSHQGL[�&��$WWDFKPHQW�&����� 
)XUWKHUPRUH��LW�LV�QRW�H[SHFWHG�WKDW�WKH�IHUPHQWDWLRQ�FRQGLWLRQV�ZRXOG�EH�FRQGXFLYH�WR� 
FRQWDPLQDWLRQ�RI�WKH�ILQDO�SURGXFW�ZLWK�L. hilgardii .���GHULYHG�ELRJHQLF�DPLQHV�DV�PDQ\�RI�WKH� 
ELRJHQLF�DPLQH�SUHFXUVRUV��KLVWLGLQH��W\URVLQH��DQG�SKHQ\ODODQLQH��ZHUH�GHWHFWHG�DW�PLQLPDO� 
FRQFHQWUDWLRQV�RI��������DQG�DQDO\VLV�RI�WKH�*$%$�LQJUHGLHQW�FRQILUPHG�WKH�DEVHQFH�RI� 
KLVWDPLQH��VHH�$SSHQGL[�&��$WWDFKPHQW�&����� $GGLWLRQDOO\��DQDO\VLV�RI�L. hilgardii .��� 
DVVRFLDWHG�PLFURELDO�E\�SURGXFWV�LQFOXGLQJ�HWK\OFDUEDPDWH�DQG�FLWUXOOLQH�GHPRQVWUDWHG�WKDW�LW� 
ZDV�QRW�GHWHFWHG�LQ�3),¶V�ILQDO�*$%$�LQJUHGLHQW��VHH�$SSHQGL[�&��$WWDFKPHQW�&����&���� 
UHVSHFWLYHO\��� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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$QDO\VLV�RI�WKH�EXON�VWDELOLW\�RI�*$%$�LQ�WHUPV�RI�WKH�*$%$�FRQWHQW�DQG�PRLVWXUH�GHPRQVWUDWHG� 
WKDW�WKH�ILQDO�SURGXFW�ZDV�VWDEOH�IRU�D�SHULRG�RI�XS�WR����ZHHNV�DW�URRP�WHPSHUDWXUH� 
�7DEOH�,,�&����� 

Table II.C-7 GABA Stability Following Storage at Room Temperature (20°C) for 11, 17 
and 18 Weeks 

Lot Number Specification (%) Initial (%) After stored at 20°C (%) Difference (%) 

GABA Content 

�%��� !��� ����� ������DW����ZHHNV�� ���� 

�/��� ����� ������DW����ZHHNV�� ���� 

�.��� ����� ������DW����ZHHNV�� ���� 

0RLVWXUH� 

�%��� ��� ���� �����DW����ZHHNV�� ���� 

�/��� ��� ���� �����DW����ZHHNV�� ����� 

�.��� ��� ���� �����DW����ZHHNV�� ����� 

*$%$� �gamma�DPLQREXW\ULF�DFLG� 

%XON�VWDELOLW\�VWXGLHV�DOVR�LQGLFDWH�WKDW�WKH�*$%$����IRUPXODWLRQ�LV�VWDEOH�IRU�XS�WR����PRQWKV� 
XQGHU�DPELHQW�FRQGLWLRQV��7DEOH�,,�&����� %DVHG�RQ�WKLV�WKH�VKHOI�OLIH�ZDV�VHW�DW���\HDUV�� 

Table II.C-8 Bulk Stability of GABA 20 Powder (Lot No. 4H11) Following Storage at
Room Temperature for a Period of 27 Months 

Months 0 6 12 18 24 27 
gamma�$PLQREXW\ULF�$FLG��*$%$������ ����� ����� ����� ����� ����� ����� 

*$%$�ZDV�DOVR�GHWHUPLQHG�WR�EH�VWDEOH�XQGHU�FRQGLWLRQV�UHSUHVHQWDWLYH�RI�LWV�LQWHQGHG�XVH�LQ� 
IRRGV�LQFOXGLQJ�D�FRQFHQWUDWLRQ�RI����LQ�DTXHRXV�VROXWLRQ�XQGHU�YDULHG�S+�FRQGLWLRQV�UDQJLQJ� 
IURP���WR���DQG�HOHYDWHG�WHPSHUDWXUHV�RI�����WR�����&��)LJXUHV�,,�&���WR�,,�&����� 7KXV��*$%$�LV� 
H[SHFWHG�WR�EH�VWDEOH�XQGHU�WKH�SURSRVHG�FRQGLWLRQV�RI�XVH�LQ�IRRGV�DQG�EHYHUDJHV�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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Figure II.C-1 	 Bulk Stability of GABA Powder (Lot No. 4H11) Under Heated Conditions 
Over a Period of 60 Minutes 

Figure II.C-2 Stability of a 5% GABA Solution (Lot No. 4H11) Under Heated Conditions 
for a Period of 120 Minutes 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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Figure II.C-3 Stability of a 5% GABA Solution (Lot No. 4H11) Under Varied pH Conditions 

III. Self-Limiting Levels of Use 

7KH�OHYHOV�RI�XVH�RI�*$%$�DUH�OLPLWHG�GXH�WR�IRRG�IRUPXODWLRQ�LVVXHV��DV�WKH�LQJUHGLHQW�LV� 
H[SHFWHG�WR�LPSDUW�DQ�XQGHVLUDEOH�IODYRU�WR�WKH�IRRG�ZKHQ�LQFRUSRUDWHG�DW�KLJK�FRQFHQWUDWLRQV�� 
6SHFLILF�WKUHVKROGV�IRU�WKHVH�HIIHFWV�KDYH�QRW�EHHQ�GHWHUPLQHG�� 

IV. Basis for GRAS Determination 

'HWHUPLQDWLRQ�RI�WKH�*5$6�VWDWXV�RI�*$%$�LV�RQ�WKH�EDVLV�RI�VFLHQWLILF�SURFHGXUHV�� ,QIRUPDWLRQ� 
VXSSRUWLQJ�WKH�JHQHUDO�UHFRJQLWLRQ�RI�WKH�VDIH�XVH�RI�*$%$�LQFOXGHV�� 

x 'DWD�SHUWDLQLQJ�WR�WKH�LGHQWLW\��LQWHQGHG�XVH��DQG�HVWLPDWHG�LQWDNH�RI�*$%$�� 

x %DFNJURXQG�RFFXUUHQFH�RI�*$%$�DV�D�QDWXUDO�RU�DGGHG�FRPSRQHQW�RI�YDULRXV�IRRGV� 
FRQVXPHG�LQ�WKH�8�6��DQG�-DSDQ��LQFOXGLQJ�HVWLPDWHV�RI�EDFNJURXQG�GLHWDU\�H[SRVXUHV�� 

x ,QIRUPDWLRQ�FKDUDFWHUL]LQJ�WKH�NLQHWLFV�DQG�PHWDEROLF�IDWH�RI�*$%$��LQFOXGLQJ�GDWD�RQ�WKH� 
FDSDFLW\�RI�*$%$�WR�FURVV�WKH�EORRG�EUDLQ�EDUULHU�IURP�WKH�V\VWHPLF�FLUFXODWLRQ�� 

x 7KH�HQWLUHW\�RI�DQLPDO�DQG�KXPDQ�VWXGLHV�DVVHVVLQJ�WKH�VDIHW\�RI�*$%$�FRQVXPSWLRQ�� 
DQG� 

x 'DWD�SHUWDLQLQJ�WR�WKH�VDIHW\�RI�L. hilgardii .���IRU�XVH�LQ�WKH�SURGXFWLRQ�RI�D�IRRG 

LQJUHGLHQW� 

0RUHRYHU��WKHVH�GDWD�ZHUH�UHYLHZHG�E\�D�3DQHO�RI�([SHUWV��TXDOLILHG�E\�VFLHQWLILF�WUDLQLQJ�DQG� 
H[SHULHQFH�WR�HYDOXDWH�WKH�VDIHW\�RI�*$%$�DV�D�FRPSRQHQW�RI�IRRG��ZKR�FRQFOXGHG�WKDW�WKH� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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SURSRVHG�XVHV�RI�*$%$�DUH�VDIH�DQG�VXLWDEOH�DQG�ZRXOG�EH�*5$6�EDVHG�RQ�VFLHQWLILF� 
SURFHGXUHV�>VHH�$SSHQGL[�$�Expert Panel Report Concerning the Generally Recognized as 
Safe (GRAS) Status of gamma-Aminobutyric Acid (GABA) for Use as a Food Ingredient@. 
$�VXPPDU\�RI�WKH�GDWD�LV�SUHVHQWHG�KHUHLQ�� 

A. Estimated Intake of GABA 

Background Dietary Consumption of GABA 

$V�VKRZQ�LQ�7DEOH�,9�$����*$%$�H[LVWV�QDWXUDOO\�LQ�PDQ\�GLIIHUHQW�IRRGV�DW�ORZ�OHYHOV��DQG�LQ� 
KLJKHU�OHYHOV�LQ�IHUPHQWHG�IRRG�SURGXFWV�� ([DPSOHV�RI�*$%$�ULFK�IRRGV�LQFOXGH�WRPDWRHV�� 
SRWDWRHV��PHORQV��DQG�WKH�WUDGLWLRQDO�.RUHDQ�DQG�-DSDQHVH�IRRG��NLPFKL�DQG�PLVR�� 7KHVH�IRRGV� 
KDYH�EHHQ�UHSRUWHG�WR�FRQWDLQ�IURP����WR�����PJ�*$%$�����J�IRRG�SURGXFW��6WHZDUG�et al., 
������)R[��������/RLXGLFH�et al., ������+D\DNDZD�et al., ������0DWXPRWR�et al., ������1RPXUD� 
et al., ������$NDVWX��������0XUFLD�et al���������1DNDPXUD�et al���������� ,Q�DGGLWLRQ��VLQFH�WKH� 
FRQYHUVLRQ�RI�JOXWDPDWH�WR�*$%$�LV�UHSRUWHG�IRU�PDQ\�ODFWLF�DFLG�EDFWHULD��RWKHU�IRRGV�DUH�OLNHO\� 
WR�FRQWDLQ�DSSUHFLDEOH�DPRXQWV�RI�*$%$�DV�D�UHVXOW�RI�WKH�SURFHVVLQJ�PHWKRGV�XVHG�WR�SURGXFH� 
WKHP��e.g.��ODFWLF�DFLG�IHUPHQWHG�IRRGV��VXFK�DV�FXUHG�PHDWV�DQG�FKHHVHV��� )RU�H[DPSOH�� 
FHUWDLQ�FKHHVHV�VXFK�DV�.RPSDQVLWL�FKHHVH�KDYH�EHHQ�UHSRUWHG�WR�FRQWDLQ�OHYHOV�RI�*$%$�DV� 
KLJK�DV�����PJ�����J�� 

Table IV.A-1 Reported GABA Content of Various Foodsa 

Food Item GABA Content 
(mg/100 g) 

Food Item GABA Content 
(mg/100 g) 

*UHHQ�7HD�/HDI��GULHG�� ����WR����� &XFXPEHU� ���� 

0HORQ� ����� 7RIX� ���� 

7RPDWR� ����� 6R\�EHDQ��JUHHQ�� ���� 

6DQ�0DU]DQR�7RPDWR� ���� ���� &DUURW� ���� 

.LPFKL��IHUPHQWHG�� ����� 5DGLVK� ���� 

9HJHWDEOH�-XLFH� ����� 3HUVLPPRQ� ���� 

7RPDWR�-XLFH� ����� *UHHQ�SHSSHU� ���� 

0LVR��VR\�SDVWH�� ����� *UHHQ�EHDQ� ���� 

3RWDWR� ���� ��� .LZL� ���� 

.LPFKL��OLJKWO\�SLFNOHG�� ����� 8QSROLVKHG�ULFH� ���� 

*UDSHV� ����� /HWWXFH� ���� 

(JJ�3ODQW� ����� 3HDFK� ���� 

0DQGDULQ�2UDQJH� ����� 2QLRQ� ���� 

5LFH�9LQHJDU� ����� 6SLQDFK� ���� 

&KRFRODWH� ����� &KLQHVH�FDEEDJH� ���� 

$PDQDWVX�RUDQJH� ����� 5LFH��SROLVKHG�� ���� 

1DYHO�RUDQJH� ����� 0LON� ����� 

*HUPLQDWHG�ULFH� ����� &DQQHG�FRIIHH� ����� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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Table IV.A-1 Reported GABA Content of Various Foodsa 

Food Item GABA Content 
(mg/100 g) 

Food Item GABA Content 
(mg/100 g) 

3XPSNLQ� ���� &KHGGDU� ���� 

&DEEDJH� ���� *RXGD� ����� 

6KLWDNH�PXVKURRP� ���� 3DUPLJLDQR�FKHHVH� ���� 

/RTXDW� ���� .RPSDQLVWL�FKHHVH� ���� 

%URFFROL� ���� 3RWDWR�7XEHU� ��� 
D�$GDSWHG�IURP�6WHZDUG�et al. ��������)R[���������+D\DNDZD�et al. ��������1DNDPXUD�et al����������0DWXPRWR�et al. 
��������$NDVWX���������1RPXUD�et al. ��������/RLXGLFH�et al. ��������0XUFLD�et al����������LQGHSHQGHQW�DQDO\VLV� 
FRQGXFWHG�E\�3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� 

8VLQJ�DQQXDO�per capita FRQVXPSWLRQ�GDWD�IRU�WKH�DYDLODEOH�IRRGV�DERYH��6WRIEHUJ�DQG� 
*UXQGVFKREHU��������DQG�SXEOLVKHG�LQIRUPDWLRQ�RQ�WKH�*$%$�FRQWHQW�RI�YDULRXV�IRRGV��WKH� 
DYHUDJH�8�6��LQWDNH�RI�*$%$�IURP�LWV�QDWXUDO�RFFXUUHQFH�ZDV�HVWLPDWHG�WR�EH� 
����PJ�SHUVRQ�GD\��HTXLYDOHQW�WR�����PJ�NJ�ERG\�ZHLJKW�GD\�IRU�D����NJ�LQGLYLGXDO����:KLOH�WKH� 
FRQVXPSWLRQ�GDWD�LV�ROG��WKLV�YDOXH�LV�OLNHO\�WR�EH�DQ�RYHUHVWLPDWLRQ�RI�*$%$�LQWDNHV�DV�PRUH� 
UHFHQW�HVWLPDWHV�RI�WKH�EDFNJURXQG�LQWDNH�RI�*$%$�IURP�QDWXUDO�GLHWDU\�VRXUFHV�XVLQJ� 
-DSDQHVH�VXUYH\�GDWD��-DSDQ�1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\��������0+/:�� 
����D�E��ZHUH�GHWHUPLQHG�WR�EH�ORZHU��������PJ�SHUVRQ�GD\���GHVSLWH�-DSDQHVH�GLHWV� 
FRQWDLQLQJ�PRUH�IHUPHQWHG�IRRGV�UHODWLYH�WR�1RUWK�$PHULFDQ�GLHWV�� 

Food Uses of GABA World-Wide 

0DQ\�*$%$�HQULFKHG�IRRGV�KDYH�EHHQ�ODXQFKHG�RQWR�WKH�-DSDQHVH�PDUNHW�RYHU�WKH�SDVW� 
���\HDUV�ZLWK�SRVLWLYH�FRQVXPHU�UHFHSWLRQ�� 3URGXFWV�WKDW�FXUUHQWO\�DUH�HQULFKHG�ZLWK�*$%$�LQ� 
-DSDQ�LQFOXGH�WHD��JHUPLQDWHG�ULFH�SURGXFWV��SLFNOHV��IHUPHQWHG�PLON��DQG�FKRFRODWH��DV�GHWDLOHG� 
LQ�7DEOH�,9�$���� 7KH�*$%$�FRQWHQW�LQ�WKHVH�SURGXFWV�UDQJHV�IURP�DSSUR[LPDWHO\����PJ�����J� 
LQ�JHUPLQDWHG�ULFH�WR�����PJ����J�LQ�FKRFRODWH�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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Table IV.A-2 Examples of GABA-Enriched Foods and Beverages Currently Sold in Japan 
Food Product Name Manufacturer GABA Content Year Launched 
7HD� *$%521�7($� 26.��,.7� ����PJ�����J� ����� 

*HUPLQDWHG�5LFH� 6SURXWHG�%URZQ�5LFH� 'RPHU�,QF�� ���PJ�����J� ����� 

*HUPLQDWHG�5LFH� %URZQ�5LFH� 
³+$768*$�0$,´� 

)$1&/�&RUS� ���PJ�����J� ����� 

*HUPLQDWHG�5LFH� 
([WUDFW� 

25<=$�*$%$��� 25<=$�2LO�DQG�&KHPLFDO� 
&R�� 

����PJ�����J� ����� 

3LFNOHV� ³768.(0212� 
+<$.86(1´� 

)XMLFFR�&R���/WG� ���PJ�����J� ����� 

'ULQNV� 6FRUH�$LG� 2NXUD�&KHPL�7HFK�&RUS�� ����PJ�����P/� ����� 

)HUPHQWHG�0LON� 35(7,2� <DNXOW�+RQVKD�&R���/WG� ���PJ�����P/� ����� 

&KRFRODWH� 0HQWDO�%DODQFH� 
&KRFRODWH�*$%$� 

(=$.,�*/,&2�&R���/WG�� ����PJ����J� ����� 

*$%$� �gamma�DPLQREXW\ULF�DFLG� 

Use of GABA as a Dietary Supplement 

*$%$�LV�D�GLHWDU\�LQJUHGLHQW�LQ�D�QXPEHU�RI�GLHWDU\�VXSSOHPHQW�SURGXFWV�FXUUHQWO\�DYDLODEOH�RQ� 
WKH�8�6��PDUNHW�DV�D�SULQFLSOH�LQJUHGLHQW�RU�DV�D�FRPSRQHQW�RI�PXOWLSOH�LQJUHGLHQWV�� $� 
SUHOLPLQDU\�UHYLHZ�RI�GLHWDU\�VXSSOHPHQW�SURGXFWV�LQGLFDWHV�WKDW�*$%$�LV�SUHVHQW�LQ� 
VXSSOHPHQWDO�SURGXFWV�DW�OHYHOV�UDQJLQJ�IURP�����WR�����PJ�FDSVXOH�RU�WDEOHW��DQG� 
UHFRPPHQGHG�LQWDNHV�DUH�W\SLFDOO\�����PJ�*$%$�SHUVRQ�GD\��7DEOH�,9�$����� 7KH�FRQVXPSWLRQ� 
RI�XS�WR�������WR�������PJ�RI�*$%$�GD\�KDV�EHHQ�LQGLFDWHG�IRU�VRPH�GLHWDU\�VXSSOHPHQW� 
SURGXFWV��ZLWKRXW�UHFRPPHQGHG�GXUDWLRQV�IRU�XVH�� 

3),¶V�*$%$�KDV�EHHQ�PDUNHWHG�LQ�GLHWDU\�VXSSOHPHQWV�DYDLODEOH�LQ�WKH�8�6��IRU�DSSUR[LPDWHO\� 
��\HDUV�� 8�6��FRPSDQLHV�WKDW�PDQXIDFWXUH�GLHWDU\�VXSSOHPHQWV�FRQWDLQLQJ�3),¶V�*$%$�LQFOXGH� 
-DUURZ�)RUPXODV��DQG�%LRV\QHUJ\�+HDOWK�$OWHUQDWLYHV�ZLWK�UHFRPPHQGHG�GDLO\�LQWDNHV�IURP� 
WKHVH�VXSSOHPHQWDO�SURGXFWV�XS�WR�����PJ�*$%$�GD\���,Q�WKH�8�6���WKH�DQQXDO�VDOHV�RI�3),¶V� 
*$%$�DV�DQ�LQJUHGLHQW�IRU�XVH�LQ�GLHWDU\�VXSSOHPHQWV�UDQJHV�IURP���WR���PHWULF�WRQV�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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Table IV.A-3 Examples of Dietary Supplement Products in the U.S. Identified as 
Containing GABA as a Dietary Ingredient 

Product Ingredient(s) [Form] Directions for 
Use 

Amount of 
GABA (mg)/ 
serving 

Daily Intake of 
GABA (mg) 

$67�6SRUWV� 
6FLHQFH�*$%$� 

*$%$�>SRZGHU@� ��WR���VFRRSV� 
GDLO\� 

������WR������� ������WR������� 

%LRV\QHUJ\�+HDOWK� 
$OWHUQDWLYHV� 
1DWXUDO�*$%$� 

*$%$��PDJQHVLXP�VWHDUDWH�� 
VLOLFRQ�GLR[LGH��PDOWRGH[WULQ� 
>FDSVXOH@� 

��WR���FDSVXOHV� 
GDLO\� 

���� ���� 

-DUURZ�)RUPXODV� 
*$%$�6RRWKH� 

*$%$��WKHDQLQH��$VKZDJDQGKD� 
H[WUDFW��FHOOXORVH��PDJQHVLXP� 
VWHDUDWH��VLOLFRQ�GLR[LGH�>FDSVXOH@� 

��FDSVXOH�GDLO\� ���� ���� 

-DUURZ�)RUPXODV� 
6OHHS�2SWLPL]HU� 

*$%$��/�WU\SWRSKDQ��OHPRQ�EDOP�� 
KRSV�IORZHU��PHODWRQLQ�� 
PDJQHVLXP�VWHDUDWH��VLOLFRQ� 
GLR[LGH�>FDSVXOH@� 

��FDSVXOHV�GDLO\� 
EHIRUH�EHGWLPH� 

��� ���� 

.$/�*$%$� *$%$��YDULRXV�ILOOHUV�>WDEOHW@� ��WDEOHW�GDLO\� ���� ���� 

6ZDQVRQ�+HDOWK� 
3URGXFWV�*$%$� 

*$%$��JHODWLQ��PDJQHVLXP� 
VWHDUDWH�>FDSVXOH@� 

��FDSVXOH�GDLO\� ���� ���� 

6RXUFH�1DWXUDOV� 
*$%$� 

*$%$�>FDSVXOH�RU�WDEOHW@� ��WDEOHW�GDLO\� ���� ���� 

7ZLQ/DEV�*$%$� 
3OXV� 

*$%$��QLDFLQ��LQRVLWRO��VLOLFD�� 
PDJQHVLXP�DQG�ILOOHUV�>FDSVXOH@� 

��WR���FDSVXOHV� 
GDLO\� 

���� ���� 

8OWLPDWH�1XWULWLRQ� 
*$%$� 

*$%$��&HOOXORVH��GLFDOFLXP� 
SKRVSKDWH��JHODWLQ�DQG� 
PDJQHVLXP�VWHDUDWH�>FDSVXOH@� 

��WDEOHWV�GDLO\� ���� ������ 

9LWDPLQ�6KRSSH� 
*$%$� 

*$%$��YDULRXV�ILOOHUV�>FDSVXOH@� ��WDEOHW�GDLO\� ���� ���� 

Intended Conditions of Use of PFI’s GABA in Food and Proposed Levels of Use 

3),�LQWHQGV�WR�PDUNHW�*$%$�DV�D�IRRG�LQJUHGLHQW�LQ�WKH�8�6��LQ�D�YDULHW\�RI�IRRG�DQG�EHYHUDJHV� 
DW�D�XVH�OHYHO�RI�����PJ�*$%$�SHU�VHUYLQJ��RU������WR�������*$%$�GHSHQGLQJ�RQ�WKH�VHUYLQJ� 
VL]H��� 7KH�LQGLYLGXDO�SURSRVHG�IRRG�XVHV�DQG�XVH�OHYHOV�IRU�*$%$�HPSOR\HG�LQ�WKH�FXUUHQW� 
LQWDNH�DQDO\VLV�DUH�VXPPDUL]HG�LQ�7DEOH�,9�$���� )RRG�FRGHV�UHSUHVHQWDWLYH�RI�HDFK�SURSRVHG� 
IRRG�XVH�ZHUH�FKRVHQ�IURP�WKH�����������1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\� 
�1+$1(6���&'&��������86'$��������� )RRG�FRGHV�ZHUH�JURXSHG�LQ�IRRG�XVH�FDWHJRULHV� 
DFFRUGLQJ�WR�7LWOH�����6HFWLRQ��������RI�WKH�&RGH�RI�)HGHUDO�5HJXODWLRQV��8�6��)'$��������� ,W� 
VKRXOG�EH�QRWHG�WKDW�*$%$�LV�QRW�LQWHQGHG�IRU�XVH�LQ�PHDW�DQG�SRXOWU\�RU�PHDW�DQG�SRXOWU\� 
FRQWDLQLQJ�SURGXFWV�� *$%$�LV�DOVR�QRW�LQWHQGHG�IRU�XVH�LQ�LQIDQW�DQG�FKLOGUHQ¶V�IRRGV�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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Table IV.A-4 Summary of the Individual Proposed Food-Uses and Use-Levels for 
gamma-Aminobutyric Acid (GABA) in the U.S. (NHANES 2011-2012 Data) 

Food Category Food-Uses Serving Sizea Proposed Use Level 
(per serving) (%) 

%DNHG�*RRGV�DQG�%DNLQJ� 
0L[HV� 

6QDFN�%DUV� ���J� ����PJ� ����� 

%HYHUDJHV�DQG�%HYHUDJH� 
%DVHV� 

&DUERQDWHG�'ULQNV� ����P/� ����PJ� ������� 

(QHUJ\�'ULQNV��LQFOXGLQJ�VKRW� 
GULQNV�E� 

����P/�����P/F�� ����PJ� ��������������� 

)ODYRUHG�'ULQNV� ����P/� ����PJ� ������� 

3RZGHU�'ULQNV��LQFOXGLQJ� 
SURWHLQ�SRZGHU�� 

����P/� ����PJ� ������� 

6SRUWV�'ULQNV��,VRWRQLF�'ULQNV� ����P/� ����PJ� ������� 

%UHDNIDVW�&HUHDOV� %UHDNIDVW�&HUHDOV� ���J��SXIIHG�� 
���J��H[WUXGHG�� 
���J��ELVFXLW�� 

����PJ� ������ 
������ 
������ 

&KHHVHV� 3URFHVVHG�&KHHVHG� ���J� ����PJ� ���� 

&KHZLQJ�*XP� &KHZLQJ�*XP� ���J� ����PJ� ����� 

&RIIHH�DQG�7HD� &RIIHH��6SHFLDOW\�&RIIHH��DQG� 
,QVWDQW�&RIIHH� 

����P/� ����PJ� ������� 

7HD�DQG�,QVWDQW�7HD� ����P/� ����PJ� ������� 

+DUG�&DQG\�DQG�&RXJK� 
'URSV� 

&DQGLHV��+DUG�� ���J� ����PJ� ����� 

0LON�3URGXFWV� )ODYRUHG�0LON�DQG�0LON�'ULQNV� ����P/� ����PJ� ������� 

<RJKXUWVG� ����J� ����PJ� ������ 

3URFHVVHG�9HJHWDEOHV�DQG� 
9HJHWDEOH�-XLFHV� 

9HJHWDEOH�-XLFHV� ����P/� ����PJ� ������� 

6RIW�&DQG\� &DQGLHV��6RIW�� ���J� ����PJ� ����� 

&KRFRODWHVG� ���J� ����PJ� ����� 
D�5$&&�UHIHUV�WR�5HIHUHQFH�$PRXQWV�&XVWRPDULO\�&RQVXPHG�SHU�HDWLQJ�RFFDVLRQ�±����&)5����������8�6��)'$�� 
�������:KHQ�D�UDQJH�RI�YDOXHV�LV�UHSRUWHG�IRU�D�SDUWLFXODU�IRRG�XVH��SDUWLFXODU�IRRGV�ZLWKLQ�WKDW�IRRG�XVH�PD\�GLIIHU� 
ZLWK�UHVSHFW�WR�WKHLU�5$&& 
E�7KHUH�ZHUH�QR�IRRG�FRGHV�LGHQWLILHG�IRU�HQHUJ\�VKRW�GULQNV�ZLWKLQ�WKH�1+$1(6�GDWDVHW� 
F�9DOXHV�WDNHQ�IURP�SURGXFW�ZHEVLWHV�
G�7KLV�IRRG�XVH�UHSUHVHQWV�QRQ�VWDQGDUGL]HG�IRRG�SURGXFWV��KRZHYHU��LQ�RUGHU�WR�REWDLQ�D�FRQVHUYDWLYH�LQWDNH� 
HVWLPDWH��VXUURJDWH�FRGHV�IRU�WKH�VWDQGDUGL]HG�IRRG�SURGXFWV�ZHUH�FKRVHQ�� 

Estimated Intake from the Proposed Conditions of Use 

(VWLPDWHV�IRU�WKH�DQWLFLSDWHG�GLHWDU\�H[SRVXUH�WR�*$%$�DV�DQ�LQJUHGLHQW�LQ�IRRGV�DQG�EHYHUDJHV� 
XQGHU�WKH�SURSRVHG�FRQGLWLRQV�ZDV�JHQHUDWHG�E\�DSSO\LQJ�WKH�PD[LPXP�SURSRVHG�XVH�OHYHO� 
LQGLFDWHG�IRU�HDFK�SURSRVHG�IRRG�XVH�DV�SUHVHQWHG�LQ�7DEOH�,9�$���XVLQJ�WKH����������� 
1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\��1+$1(6��GDWD��&'&��������86'$��������� 
'XULQJ�WKH�LQWDNH�FDOFXODWLRQV�LW�ZDV�DVVXPHG�WKDW�*$%$�ZDV������SXUH�� $OWKRXJK�WKH� 
DVVXPSWLRQ�ZRXOG�UHVXOW�LQ�D�VOLJKW�RYHUHVWLPDWLRQ�RI�LQWDNHV��LW�ZDV�SHUIRUPHG�IRU�HDVH�RI� 
FRPSDULVRQ�WR�DYDLODEOH�VDIHW\�GDWD�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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:LWKLQ�WKH�1+$1(6�VXUYH\�GDWD��DSSUR[LPDWHO\�������RI�WKH�WRWDO�8�6��SRSXODWLRQ�ZDV� 
LGHQWLILHG�DV�FRQVXPHUV�RI�*$%$�IURP�WKH�SURSRVHG�IRRG�XVHV�DQG�DOO�LQGLYLGXDO�DJH�JURXSV� 
HYDOXDWHG�LQ�WKH�FXUUHQW�LQWDNH�DVVHVVPHQW�� ,QIDQWV�KDG�WKH�ORZHVW�SURSRUWLRQ�RI�XVHUV���������� 
DQG�JUHDWHU�WKDQ�������RI�DOO�RWKHU�SRSXODWLRQ�JURXSV�FRQVLVWHG�RI�XVHUV�RI�WKRVH�IRRG�SURGXFWV� 
LQ�ZKLFK�*$%$�LV�FXUUHQWO\�SURSRVHG�IRU�XVH��VHH�7DEOH�,9�$������&RQVXPSWLRQ�RI�*$%$� 
FRQWDLQLQJ�IRRGV�E\�WKH�WRWDO�8�6��SRSXODWLRQ�ZRXOG�UHVXOW�LQ�HVWLPDWHG�PHDQ�DQG���WK� SHUFHQWLOH� 
DOO�XVHU�LQWDNHV�RI�*$%$�RI�����DQG�����PJ�SHUVRQ�GD\��UHVSHFWLYHO\��VHH�7DEOH�,9�$������2I�WKH� 
LQGLYLGXDO�SRSXODWLRQ�JURXSV��PDOH�DGXOWV�ZHUH�GHWHUPLQHG�WR�KDYH�WKH�JUHDWHVW�PHDQ�DQG� 
��WK� SHUFHQWLOH�DOO�XVHU�LQWDNHV�RI�*$%$�RQ�DQ�DEVROXWH�EDVLV��DW�����DQG�����PJ�SHUVRQ�GD\�� 
UHVSHFWLYHO\��ZKLOH�LQIDQWV�KDG�WKH�ORZHVW�PHDQ�DQG���WK� SHUFHQWLOH�DOO�XVHU�LQWDNHV�RI�����DQG� 
����PJ�SHUVRQ�GD\��UHVSHFWLYHO\�� 

Table IV.A-5 Summary of the Estimated Daily Intake of gamma-Aminobutyric Acid 
(GABA) from Proposed Food-Uses in the United States by Population 
Group (NHANES 2011-2012 Data) 

Population Group Age 
Group 
(Years) 

All-Person Consumption 
(mg/person/day) 

All-Users Consumption 
(mg/person/day) 

Mean 90th 

Percentile 
% 

Users n Mean 90th 

Percentile 
,QIDQWV� ��WR��� ��� ���� ����� ���� ���� ���� 

&KLOGUHQ� ��WR���� ���� ���� ����� ������ ���� ���� 

)HPDOH�7HHQDJHUV� ���WR���� ���� ���� ����� ���� ���� ���� 

0DOH�7HHQDJHUV� ���WR���� ���� ���� ����� ���� ���� ���� 

)HPDOH�$GXOWV� ���DQG�XS� ���� ���� ����� ������ ���� ���� 

0DOH�$GXOWV� ���DQG�XS� ���� ���� ����� ������ ���� ���� 

7RWDO�3RSXODWLRQ� $OO�$JHV� ���� ���� ����� ������ ���� ���� 

2Q�D�ERG\�ZHLJKW�EDVLV��LQIDQWV�ZHUH�LGHQWLILHG�DV�KDYLQJ�WKH�KLJKHVW�PHDQ�DQG���WK� SHUFHQWLOH� 
DOO�XVHU�LQWDNHV�RI�DQ\�SRSXODWLRQ�JURXS��RI������DQG������PJ�NJ�ERG\�ZHLJKW�GD\��UHVSHFWLYHO\�� 
ZKLOH�FKLOGUHQ¶V�LQWDNHV�RI�*$%$�RQ�D�ERG\�ZHLJKW�EDVLV�DUH�����DQG������PJ�NJ�ERG\� 
ZHLJKW�GD\�DW�WKH�PHDQ�DQG���WK� SHUFHQWLOH��UHVSHFWLYHO\��VHH�7DEOH�,9�$����� +RZHYHU��LW�VKRXOG� 
EH�QRWHG�WKDW�3),¶V�*$%$�LV�QRW�LQWHQGHG�WR�EH�PDUNHWHG�RU�XVHG�LQ�LQIDQW�DQG�FKLOGUHQ�IRRGV�� 
WKXV�WKH�DFWXDO�LQIDQW�DQG�FKLOGUHQ�FRQVXPSWLRQ�RI�*$%$�LV�H[SHFWHG�WR�EH�KLJKO\�OLPLWHG�� :KLOH� 
DQ�HVWLPDWH�RI�WKH�FRQVXPSWLRQ�RI�*$%$�RQ�D�ERG\�ZHLJKW�EDVLV�LQ�LQIDQWV�DQG�FKLOGUHQ�IURP�DOO� 
SURSRVHG�IRRG�XVHV�KDV�EHHQ�LQFOXGHG�IRU�FRPSOHWHQHVV��LW�LV�FRQVLGHUHG�WR�EH�D�JURVV�RYHU� 
HVWLPDWH�RI�WKH�DFWXDO�H[SHFWHG�LQWDNH�RI�*$%$�E\�LQIDQWV�DQG�FKLOGUHQ�IURP�DGGLWLRQ�WR�IRRG�� 
7KLV�LV�VXSSRUWHG�LQ�WKDW�WKH�ORZHVW�LQWDNHV�RQ�DQ�DEVROXWH�EDVLV�ZHUH�GHWHUPLQHG�WR�EH�LQ� 
LQIDQWV�DQG�FKLOGUHQ�� )HPDOH�WHHQDJHUV�KDG�WKH�ORZHVW�PHDQ�DOO�XVHU�LQWDNH�DW�����PJ�NJ�ERG\� 
ZHLJKW�GD\��ZKLOH�IHPDOH�DGXOWV�KDG�WKH�ORZHVW���WK� SHUFHQWLOH�DOO�XVHU�LQWDNH�DW������PJ�NJ�ERG\� 
ZHLJKW�GD\�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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Table IV.A-6 Summary of the Estimated Daily Per Kilogram Body Weight Intake of 
gamma-Aminobutyric Acid (GABA) from Proposed Food-Uses in the United 
States by Population Group (NHANES 2011-2012 Data) 

Population Group Age 
Group 
(Years) 

All-Person Consumption 
(mg/kg bw/day) 

All-Users Consumption 
(mg/kg bw/day) 

Mean 90th 

Percentile 
% 

Users n Mean 90th 

Percentile 

,QIDQWV� ��WR��� ���� ����� ����� ���� ����� ����� 

&KLOGUHQ� ��WR���� ���� ����� ����� ������ ���� ����� 

)HPDOH�7HHQDJHUV� ���WR���� ���� ����� ����� ���� ���� ����� 

0DOH�7HHQDJHUV� ���WR���� ���� ����� ����� ���� ���� ����� 

)HPDOH�$GXOWV� ���DQG�XS� ���� ����� ����� ������ ���� ����� 

0DOH�$GXOWV� ���DQG�XS� ���� ����� ����� ������ ���� ����� 

7RWDO�3RSXODWLRQ� $OO�$JHV� ���� ����� ����� ������ ���� ����� 

EZ� �ERG\�ZHLJKW� 

B. Pharmacokinetics and Metabolic Fate 

'DWD�SHUWDLQLQJ�WR�WKH�H[SHFWHG�PHWDEROLF�IDWH�DQG�NLQHWLFV�RI�*$%$�ZHUH�UHYLHZHG�LQ�RUGHU�WR� 
DVVHVV�WKH�DEVRUSWLRQ��GLVWULEXWLRQ��PHWDEROLVP�DQG�H[FUHWLRQ�XQGHU�WKH�LQWHQGHG�FRQGLWLRQV�RI� 
XVH�LQ�IRRGV�DQG�EHYHUDJHV�� 

Pharmacokinetics 

7KHUH�LV�OLPLWHG�LQIRUPDWLRQ�GHWDLOLQJ�WKH�DEVRUSWLRQ�DQG�NLQHWLF�SURSHUWLHV�RI�RUDOO\�DGPLQLVWHUHG� 
*$%$�� (YLGHQFH�RI�VSHFLILF�*$%$�WUDQVSRUWHUV�LQ�WKH�UDW�MHMXQXP�KDV�EHHQ�UHSRUWHG��1iFKHU�et 
al.���������KRZHYHU��WKH�PD[LPXP�SODVPD�OHYHOV�RI�*$%$�IROORZLQJ�RUDO�DGPLQLVWUDWLRQ�RI�*$%$� 
LQ�UDWV�ZHUH����IROG�OHVV�WKDQ�WKRVH�REVHUYHG�IROORZLQJ�LQWUDSHULWRQHDO�DGPLQLVWUDWLRQ�RI�WKH� 
VDPH�GRVH��VXJJHVWLQJ�WKDW�DEVRUSWLRQ�DQG�RU�ELRDYDLODELOLW\�LQ�URGHQWV�LV�ORZ��YDQ�*HOGHU�DQG� 
(OOLRWW��������� 7KH�NLQHWLFV�RI�*$%$�DGPLQLVWHUHG�via WKH�LQWUDSHULWRQHDO�RU�LQWUDYHQRXV�URXWH� 
ZHUH�GHPRQVWUDWHG�WR�EH�VLPLODU�DPRQJ�UDWV��UDEELWV��DQG�FDWV��ZLWK�UDSLG�FOHDUDQFH�UDWHV�DQG� 
KDOI�OLYHV�RI�DSSUR[LPDWHO\����PLQXWHV��YDQ�*HOGHU�DQG�(OOLRWW��������� 7KH�WLVVXH�GLVWULEXWLRQ�RI� 
*$%$�IROORZLQJ�LQWUDSHULWRQHDO�DGPLQLVWUDWLRQ�ZDV�VLPLODU�LQ�WKH�UDW�DQG�PRXVH��ZKHUH�*$%$� 
ZDV�GLVWULEXWHG�SULPDULO\�WR�WKH�OLYHU��NLGQH\V��DQG�PXVFOH�� ,Q�PLFH��VLJQLILFDQW�*$%$�OHYHOV� 
ZHUH�DOVR�GHWHFWHG�LQ�WKH�XULQDU\�EODGGHU��JDVWURLQWHVWLQDO�ZDOO��SLWXLWDU\�JODQG��DQG�FDUWLODJH�RI� 
WKH�VSLQH��ULEV��DQG�WUDFKHD��KRZHYHU��WKH�*$%$�OHYHOV�UDSLGO\�GLPLQLVKHG�SRVW�LQMHFWLRQ��YDQ� 
*HOGHU�DQG�(OOLRWW��������+HVSH�et al.��������� ,W�VKRXOG�EH�QRWHG��WKDW�WKH�PHWKRGRORJ\�XVHG�WR� 
PHDVXUH�*$%$�LQ�WKHVH�VWXGLHV��i.e., LQKLELWLRQ�RI�D�VSRQWDQHRXV�DFWLYH�FUD\ILVK�VWUHWFK�UHFHSWRU� 
DQG�UDGLRDFWLYLW\��ZDV�QRQ�TXDOLWDWLYH��DQG�LQIRUPDWLRQ�GLVWLQJXLVKLQJ�*$%$�versus PHWDEROLWHV� 
RI�*$%$��RU�SRWHQWLDO�EDFWHULDO�GHJUDGDWLRQ�SURGXFWV�FRXOG�QRW�EH�GHWHUPLQHG�� 1R�HYLGHQFH�RI� 
*$%$�ELRDFFXPXODWLRQ�RU�RUJDQ�VSHFLILF�UHWHQWLRQ�ZDV�REVHUYHG�LQ�DQ\�RI�WKH�UHYLHZHG� 
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VWXGLHV���� 1R�LQIRUPDWLRQ�GHWDLOLQJ�WKH�DEVRUSWLRQ�DQG�NLQHWLFV�RI�*$%$�FRQVXPSWLRQ�LQ�KXPDQV� 
ZDV�LGHQWLILHG�LQ�WKH�SXEOLVKHG�OLWHUDWXUH�� 

Metabolic Fate 

*$%$�LV�DQ�HQGRJHQRXV�FRPSRXQG��DQG�JLYHQ�LWV�LPSRUWDQFH�DV�D�QHXURWUDQVPLWWHU�� 
PHWDEROLVP�RI�WKH�PROHFXOH�KDV�EHHQ�ZHOO�FKDUDFWHUL]HG�LQ�KXPDQV�DQG�DQLPDOV�� 7KH�OLYHU�LV� 
FRQVLGHUHG�WR�EH�WKH�SULPDU\�PHWDEROLF�VLWH�RI�H[WUD�FHUHEUDO�*$%$��DQG�UDWV�GLVSOD\�D�ODUJH� 
FDSDFLW\�IRU�*$%$�XSWDNH�E\�WKLV�RUJDQ�� )RU�H[DPSOH��ex vivo OLYHU�SHUIXVLRQ�FRQFHQWUDWLRQV� 
KDG�WR�EH�LQFUHDVHG����IROG�DERYH�EDVHOLQH�SODVPD�OHYHOV�����QJ�P/��EHIRUH�VDWXUDWLRQ�RI�*$%$� 
XSWDNH�RFFXUUHG�LQ�UDWV��6FKDIHU�et al.��������)HUHQFL�et al.��������� 7KH�FDWDEROLVP�RI�*$%$� 
RFFXUV�H[FOXVLYHO\�via *$%$�WUDQVDPLQDVH�ZKHUH�WKH�FRPSRXQG�LV�XVHG�DV�D�FDUERQ�VRXUFH�LQ� 
WKH�WULFDUER[\OLF�DFLG�F\FOH��7&$���UHVXOWLQJ�LQ�FDUERQ�GLR[LGH��&2���DV�WKH�SULPDU\�ZDVWH� 
SURGXFW��3DWHO�et al.��������� 7KH�FDWDEROLVP�RI�*$%$�LV�LQGLUHFW�DQG�UHTXLUHV�WKH�SUHVHQFH�RI� 
Į�NHWRJOXWDUDWH��WKH�RQO\�NQRZQ�DFFHSWRU�RI�WKH�*$%$�QLWURJHQ�� 7KH�WUDQVDPLQDWLRQ�RI�*$%$� 
ZLWK�Į�NHWRJOXWDUDWH�E\�*$%$�WUDQVDPLQDVH�UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�JOXWDPDWH��VXFFLQLF� 
VHPLDOGHK\GH��DQG�&2��� 7KH�OLEHUDWHG�JOXWDPDWH�FDQ�WKHQ�EH�XVHG�IRU�SURWHLQ�PHWDEROLVP��LQ� 
WKH�EUDLQ��JOXWDPDWH�LV�FRQYHUWHG�WR�JOXWDPLQH�DQG�UHF\FOHG�EDFN�LQWR�*$%$��RU�FRQYHUWHG�WR� 
JOXWDPLQH�DQG�XVHG�DV�DQ�HQHUJ\�VRXUFH�HQWHULQJ�WKH�7&$�F\FOH�� 6XFFLQLF�VHPLDOGHK\GH�LV� 
IXUWKHU�R[LGL]HG�via VXFFLQLF�VHPLDOGHK\GH�GHFDUER[\ODVH�WR�SURGXFH�VXFFLQLF�DFLG��ZKLFK�LV� 
DOVR�XVHG�DV�D�FDUERQ�VRXUFH�IRU�HQHUJ\�LQ�WKH�7&$�F\FOH��5REHUWV�DQG�%D[WHU�������� 
:DDJHSHWHUVHQ�et al.��������3DWHO�et al.��������� 7KXV��*$%$�LV�HVVHQWLDOO\�XWLOL]HG�DV�DQ�HQHUJ\� 
VRXUFH�E\�WKH�ERG\��DQG�LV�PHWDEROL]HG�WR�LQQRFXRXV�FRPSRXQGV�� 

GABA and the Blood-Brain Barrier (BBB) 

&RQVLGHULQJ�WKH�LPSRUWDQFH�RI�*$%$�DV�DQ�LQKLELWRU\�QHXURWUDQVPLWWHU�LQ�WKH�EUDLQ��D�FUXFLDO� 
LVVXH�SHUWDLQLQJ�WR�WKH�VDIHW\�RI�V\VWHPLF�H[SRVXUH�WR�*$%$�LV�WKH�DELOLW\�RI�WKH�FRPSRXQG�WR� 
FURVV�WKH�%%%�� %DVHG�RQ�DQ�H[WHQVLYH�ERG\�RI�HYLGHQFH��WKH�DELOLW\�RI�WKH�%%%�WR�SUHYHQW� 
*$%$�SHUPHDWLRQ�IURP�WKH�SODVPD�WR�WKH�EUDLQ��DOWKRXJK�QRW�DEVROXWH��LV�VXEVWDQWLDO�DQG�QRW� 
VLJQLILFDQWO\�DIIHFWHG�E\�H[RJHQRXVO\�DGPLQLVWHUHG�*$%$��YDQ�*HOGHU�DQG�(OOLRWW��������+HVSH� 
et al.��������.XUL\DPD�DQG�6]H��������2OGHQGRUI��������)UH\�DQG�/|VFKHU��������.UDQWLV�������� 
$O�6DUUDI��������$O�$ZDGL�et al.��������� )RU�H[DPSOH��LQ�WKH�UDW��D�������IROG�LQFUHDVH�LQ�WKH� 
GRVH�RI�*$%$�DGPLQLVWHUHG�LQWUDYHQRXVO\��IURP�������WR���PJ�NJ�ERG\�ZHLJKW��UHVXOWHG�LQ�DQ� 
LQFUHDVH�LQ�WKH�OHYHOV�RI�*$%$�LQ�WKH�FHUHEURVSLQDO�IOXLG��&6)��RI�RQO\����IROG��$O�$ZDGL�et al.�� 
������� 7KH�SRRU�GRVH�UHVSRQVH�UHODWLRQVKLS�EHWZHHQ�WKH�DGPLQLVWHUHG�GRVH�DQG�*$%$� 
SHUPHDWLRQ�DFURVV�WKH�%%%�ZDV�DOVR�UHSRUWHG�LQ�UDGLRNLQHWLF�VWXGLHV��ZKHUH�LQFUHDVHV�LQ� 
SODVPD�FRQFHQWUDWLRQV�RI�*$%$�GLVSOD\HG�OLWWOH�HIIHFW�RQ�WKH�RYHUDOO�SHUPHDWLRQ�UDWHV�RI�*$%$� 
DFURVV�WKH�%%%�RI�UDWV��.UDQWLV��������� (YHQ�XQGHU�H[SHULPHQWDO�FRQGLWLRQV�ZKHUH�*$%$� 
SHUPHDWLRQ�UDWHV�ZHUH�LQFUHDVHG�EHWZHHQ��� WR����IROG�>e.g���LQ�QHRQDWDO�UDWV�RU�LQ� 

�� 5HWHQWLRQ�RI�UDGLRDFWLYLW\�LQ�WKH�+DUGHU¶V�JODQGV�ZDV�QRWHG�GXULQJ�DXWRUDGLRJUDSK\�VWXGLHV�E\�+HVSH�et al. �������� 
KRZHYHU��WKLV�RUJDQ�LV�QRW�UHOHYDQW�WR�KXPDQV�� 
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6SRQWDQHRXVO\�+\SHUWHQVLYH�5DWV��6+5�@��WKH�LQFUHDVHG�SHUPHDWLRQ�UDWH�ZDV�QRW�UHIOHFWHG�LQ� 
LQFUHDVHG�*$%$�LQ�WKH�FHQWUDO�QHUYRXV�V\VWHP��$O�6DUUDI��������$O�$ZDGL�et al.��������� 7KHVH� 
REVHUYDWLRQV�PD\�EH�H[SODLQHG�E\�VWXGLHV�FRQGXFWHG�E\�.DNHH�et al. �������WKDW�VKRZHG�WKDW� 
WKH�HIIOX[�UDWH�RI�*$%$�WKRXJK�WKH�%%%�RI�UDWV�H[FHHGHG�LQIOX[�E\�DSSUR[LPDWHO\����IROG�� 
)XUWKHUPRUH��LQ�D�VWXG\�FRQGXFWHG�E\�.XUL\DPD�DQG�6]H���������RQO\������RI�WKH�DGPLQLVWHUHG� 
GRVH�RI�*$%$�ZDV�REVHUYHG�LQ�WKH�EUDLQV�RI�PDOH�DOELQR�UDEELWV���KRXU�IROORZLQJ�VWHURWD[LFDOO\� 
LQMHFWLRQ�RI�UDGLRODEHOHG�*$%$����PJ�NJ�ERG\�ZHLJKW��LQWR�WKH�OHIW�YHQWULFOH�RI�WKH�EUDLQ�� 
0RUHRYHU��LQ�DQLPDOV�SUH�WUHDWHG�ZLWK�DPLQR�R[F\DFHWLF�DFLG�KHPLK\GURFKORULGH��$2$$���D� 
*$%$�WUDQVDPLQDVH�LQKLELWRU������RI�WKH�LQMHFWHG�*$%$�UDGLRDFWLYLW\�ZDV�GHWHFWHG�LQ�WKH�ZKROH� 
EUDLQ��LQGLFDWLQJ�WKH�LPSRUWDQFH�RI�*$%$�WUDQVDPLQDVH�LQ�UHPRYLQJ�H[FHVV�*$%$�IURP�WKH� 
EUDLQ�� ,QWHUHVWLQJO\��LQ�$2$$�WUHDWHG�DQLPDOV��PRVW�RI�WKH�UDGLRDFWLYLW\�ZDV�LGHQWLILHG� 
XQDEVRUEHG�ZLWKLQ�WKH�YHQWULFOHV��VLWH�RI�LQMHFWLRQ��VXJJHVWLQJ�WKH�DELOLW\�RI�*$%$�WR�PLJUDWH� 
IURP�WKH�&6)�RI�WKH�YHQWULFOHV�WR�RWKHU�DUHDV�RI�WKH�EUDLQ�LV�OLPLWHG�� 

6WURQJ�HYLGHQFH�VXSSRUWLQJ�WKH�LQDELOLW\�RI�*$%$�WR�FURVV�WKH�EORRG�EUDLQ�EDUULHU�LV�DOVR� 
SUHVHQWHG�E\�5REHUWV�et al���������� 7KH�DXWKRUV�DGPLQLVWHUHG�>��&@�*$%$�via LQWHUSHULWRQHDO� 
LQMHFWLRQ�WR�DGXOW�IHPDOH�PLFH�DIWHU�FRPSOHWH�*$%$�WUDQVDPLQDVH�EORFNDGH�� 8VLQJ� 
DXWRUDGLRJUDSK\��WKH�PDMRULW\�RI�*$%$�ZDV�VKRZQ�WR�DFFXPXODWH�LQ�WKH�OLYHU��DQG�OHYHOV� 
H[FHHGLQJ�EDFNJURXQG�ZHUH�REVHUYHG�LQ�WKH�NLGQH\��XULQDU\�EODGGHU��JDVWURLQWHVWLQDO�ZDOO�� 
SLWXLWDU\�JODQG�DQG�FDUWLODJH�RI�WKH�YHUWHEUDH��ULEV�DQG�WUDFKHDO�ULQJV�� 1R�HYLGHQFH�RI�*$%$�LQ� 
WKH�EUDLQ�ZDV�REVHUYHG�ZLWK�WKLV�DXWRUDGLRJUDSKLF�WHFKQLTXH�� 6OLJKW�VSHFLHV�GLIIHUHQFHV�LQ�%%%� 
SHUPHDELOLW\�RI�*$%$�ZHUH�VXJJHVWHG�E\�YDQ�*HOGHU�DQG�(OOLRWW���������ZKHUH�*$%$�HQWU\�LQWR� 
WKH�EUDLQ�PD\�EH�HYHQ�PRUH�UHVWULFWHG�LQ�KLJKHU�RUGHU�PDPPDOV�� ,Q�FRQWUDVW�WR�URGHQWV��ZKHUH� 
VPDOO�DPRXQWV�RI�*$%$�KDYH�EHHQ�VKRZQ�WR�HQWHU�WKH�EUDLQ��YDQ�*HOGHU�DQG�(OOLRWW�������� 
UHSRUWHG�WKDW�WKH�OHYHOV�RI�*$%$�LQ�WKH�&6)�ZHUH�XQGHWHFWDEOH����PLQXWHV�IROORZLQJ�WKH� 
LQWUDYHQRXV�DGPLQLVWUDWLRQ�RI�KLJK�GRVHV�RI�*$%$������PJ�NJ�ERG\�ZHLJKW��WR�PRQNH\V�� 

*LYHQ�WKH�SRRU�SHUPHDWLRQ�UDWHV�RI�WKH�%%%�WR�*$%$��WKH�IDFW�WKDW�*$%$�HIIOX[�UDWHV�DUH� 
���IROG�JUHDWHU�WKDQ�*$%$�LQIOX[�UDWHV��WKDW�*$%$�WUDQVDPLQDVH�KDV�DQ�HIILFLHQW�FDSDFLW\�WR� 
UDSLGO\�PHWDEROL]H�ODUJH�GRVHV�RI�LQWUDFHUHEUDOO\�DGPLQLVWHUHG�*$%$��DQG�REVHUYDWLRQV�WKDW� 
ODUJH�GRVHV�RI�LQWUDFHUHEUDOO\�DGPLQLVWHUHG�*$%$�LQ�WKH�SUHVHQFH�RI�*$%$�WUDQVDPLQDVH� 
LQKLELWRUV�GR�QRW�UHVXOW�LQ�*$%$�GLIIXVLQJ�WR�RWKHU�UHJLRQV�RI�WKH�EUDLQ��LW�LV�XQOLNHO\�WKDW�*$%$� 
ZRXOG�DFFXPXODWH�LQ�WKH�EUDLQ�WR�DQ\�VLJQLILFDQW�GHJUHH�IROORZLQJ�RUDO�FRQVXPSWLRQ�RI�*$%$�� 
7KXV��RQ�WKH�EDVLV�RI�WKH�SKDUPDFRNLQHWLF�DQG�PHWDEROLF�LQIRUPDWLRQ�UHYLHZHG�IURP�WKH� 
DYDLODEOH�OLWHUDWXUH��WKH�H[SRVXUH�WR�*$%$�XQGHU�WKH�LQWHQGHG�FRQGLWLRQV�RI�XVH�LV�XQOLNHO\�WR� 
UHVXOW�LQ�DGYHUVH�HIIHFWV�LQ�KXPDQV�PHGLDWHG�E\�DFFXPXODWLRQ�RI�*$%$�LQ�WKH�&16�RU�DQ\�RWKHU� 
RUJDQ�V\VWHP��VLQFH�WKH�GDWD�IURP�WKH�DYDLODEOH�VWXGLHV�VXJJHVW�WKDW�*$%$�LV�SRRUO\�DEVRUEHG� 
IURP�WKH�JDVWURLQWHVWLQDO�WUDFW��LV�XQDEOH�WR�FURVV�WKH�%%%�WR�DQ\�SK\VLRORJLFDOO\�PHDQLQJIXO� 
GHJUHH�DQG�LV�UDSLGO\�PHWDEROL]HG�DQG�FOHDUHG�IURP�WKH�ERG\�� 
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C. Studies in Animals 

Acute Toxicity Studies 

$�QXPEHU�RI�VWXGLHV�KDYH�GHPRQVWUDWHG�WKDW�*$%$�LV�RI�ORZ�DFXWH�RUDO�WR[LFLW\�� ,Q�PLFH��WKH� 
RUDO�PHGLDQ�OHWKDO�GRVH��/'����IRU�*$%$�KDV�EHHQ�UHSRUWHG�WR�EH�KLJK��UDQJLQJ�IURP�!��WR� 
���J�NJ�ERG\�ZHLJKW��2VKLPD�et al., ������)UH\�DQG�/|VFKHU��������� 

$�VLQJOH�GRVH��RUDO�WR[LFLW\�VWXG\�ZDV�FRQGXFWHG�E\�-DSDQ�)RRG�5HVHDUFK�/DERUDWRULHV��-)5/�� 
�-)5/�������>XQSXEOLVKHG@��LQ���ZHHN�ROG�PDOH�DQG�IHPDOH�:LVWDU�UDWV�����VH[�JURXS��XVLQJ�D� 
VWXG\�GHVLJQ�EDVHG�RQ�WKH�2UJDQL]DWLRQ�IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW��2(&'�� 
JXLGHOLQHV�IRU�WKH�WHVWLQJ�RI�FKHPLFDOV��2(&'�*XLGHOLQH�������2(&'��������� 7KH�WHVW�DUWLFOH� 
XVHG�LQ�WKH�VWXG\�ZDV�*$%$����� $QLPDOV�UHFHLYHG�D�VLQJOH�JDYDJH�RI�*$%$����GLVVROYHG�LQ� 
ZDWHU�WR�SURYLGH�D�GRVH�RI�������PJ�NJ�ERG\�ZHLJKW�RI�*$%$�����FRUUHVSRQGLQJ�WR�DQ�DFXWH� 
*$%$�H[SRVXUH�RI�������PJ�NJ�ERG\�ZHLJKW��� $�FRQWURO�JURXS�UHFHLYHG�HTXDO�YROXPHV�RI�ZDWHU�� 
6WDQGDUG�FOLQLFDO�PRQLWRULQJ�DQG�REVHUYDWLRQV�RI�PRUWDOLW\�ZHUH�UHFRUGHG�RYHU�D����GD\�SHULRG�� 
1R�GLIIHUHQFHV�LQ�ERG\�ZHLJKWV�ZHUH�REVHUYHG�RQ�'D\V���DQG����IRU�ERWK�PDOH�DQG�IHPDOH�WHVW� 
DQLPDOV�UHODWLYH�WR�FRQWUROV�� 1R�HYLGHQFH�RI�PRUELGLW\�RU�LQFLGHQFH�RI�PRUWDOLW\�ZDV�UHSRUWHG�� 
DQG�KHQFH�WKH�/'��� RI�*$%$����LQ�UDWV�ZDV�!������PJ�NJ�ERG\�ZHLJKW��RU�DSSUR[LPDWHO\� 
!������PJ�*$%$�NJ�ERG\�ZHLJKW��� 

28-Day Studies 

6DXFKL�et al���������HYDOXDWHG�WKH�WR[LFLW\�RI�3),¶V�*$%$�LQ�D����GD\�UHSHDW�GRVH�WR[LFLW\�VWXG\� 
XVLQJ�PDOH�DQG�IHPDOH�:LVWDU�UDWV�� 7KLV�VWXG\�ZDV�QRW�FRQGXFWHG�LQ�DFFRUGDQFH�WR�*RRG� 
/DERUDWRU\�3UDFWLFHV��*/3��RU�DQ\�RWKHU�DFFHSWHG�LQWHUQDWLRQDO�VWDQGDUG�� 7KH�WHVW�DUWLFOH�XVHG� 
LQ�WKH�VWXG\�ZDV�*$%$�����ZKLFK�DV�SUHYLRXVO\�GHVFULEHG��LV�3),¶V�*$%$�LQJUHGLHQW�GLOXWHG�WR� 
����SXULW\��DQG�LGHQWLFDO�WR�WKH�*$%$�VRXUFH�XVHG�LQ�WKH�DFXWH�WR[LFLW\�VWXG\�RI�-)5/������� 
>XQSXEOLVKHG@��� 5DWV�����GD\V�RI�DJH��ZHUH�UDQGRPL]HG�WR���RI���JURXSV�����VH[�JURXS�� 
UHFHLYLQJ�VWDQGDUG�UDW�FKRZ��FRQWURO��RU�IHHG�VXSSOHPHQWHG�ZLWK����*$%$����>SURYLGLQJ� 
DSSUR[LPDWHO\�������PJ�*$%$����NJ�ERG\�ZHLJKW�GD\��8�6��)'$���������ZKLFK�ZRXOG� 
FRUUHVSRQG�WR�DSSUR[LPDWHO\�����PJ�*$%$�NJ�ERG\�ZHLJKW�GD\@�� 6WDQGDUG�FOLQLFDO�PRQLWRULQJ�� 
ERG\�ZHLJKW�JDLQ��DQG�IRRG�FRQVXPSWLRQ�ZHUH�UHFRUGHG�WKURXJKRXW�WKH�FRXUVH�RI�WKH� 
H[SHULPHQW�� 2Q�'D\�����KHPDWRORJLFDO�DQG�ELRFKHPLFDO�WHVWV�ZHUH�SHUIRUPHG�DQG�VWDQGDUG� 
JURVV�SDWKRORJ\�DQG�PHDVXUHPHQW�RI�RUJDQ�ZHLJKWV�DOVR�ZHUH�FRQGXFWHG�� +LVWRSDWKRORJLFDO� 
WHVWLQJ�ZDV�SHUIRUPHG�IRU�EUDLQ��KHDUW��OLYHU��NLGQH\��WHVWHV��DQG�RYDULHV�� 2YHU�WKH�FRXUVH�RI�WKH� 
VWXG\��QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�ZHLJKW�JDLQ�ZHUH�UHSRUWHG�EHWZHHQ�WKH�WUHDWHG�DQG�FRQWURO� 
JURXSV��DQG�QR�GLIIHUHQFHV�LQ�DYHUDJH�IRRG�FRQVXPSWLRQ�ZHUH�REVHUYHG�� 1R�VLJQV�RI�PRUELGLW\� 
ZHUH�REVHUYHG�DQG�QR�PRUWDOLW\�ZDV�UHSRUWHG�� 7KHUH�ZHUH�QR�FKDQJHV�LQ�KHPDWRORJ\�RU� 
ELRFKHPLFDO�SDUDPHWHUV�IRU�HLWKHU�PDOH�RU�IHPDOH�WUHDWHG�DQLPDOV�UHODWLYH�WR�FRQWUROV��KRZHYHU�� 
LW�VKRXOG�EH�QRWHG�WKDW�D�QXPEHU�RI�ELRFKHPLFDO�SDUDPHWHUV�ZHUH�EHORZ�WKH�GHWHFWLRQ�OLPLW�RI�WKH� 
DQDO\WLFDO�WHFKQLTXH�LQ�ERWK�FRQWURO�DQG�WUHDWPHQW�JURXSV��LQFOXGLQJ�DODQLQH�DPLQRWUDQVIHUDVH� 
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�$/7����ODFWDWH�GHK\GURJHQDVH��/'+���ELOLUXELQ��DQG�FKROHVWHURO��LQGLFDWLQJ�SRWHQWLDO�OLPLWDWLRQV�WR� 
WKH�DQDO\WLFDO�VHQVLWLYLW\�DQG�PHWKRGRORJ\�� 7KHUH�ZHUH�QR�DEQRUPDO�ILQGLQJV�QRWHG�GXULQJ� 
QHFURSV\�� 7KH�RQO\�VLJQLILFDQW�GLIIHUHQFH�LQ�RUJDQ�ZHLJKWV�ZDV�DEVROXWH�DQG�UHODWLYH�WHVWLV� 
ZHLJKWV��ZKLFK�ZHUH�LQFUHDVHG�IURP�FRQWURO�E\���DQG�����p<�������UHVSHFWLYHO\��KRZHYHU��WKLV� 
LQFUHDVH�ZDV�UHSRUWHG�E\�WKH�DXWKRUV�WR�EH�ZLWKLQ�WKH�UDQJH�RI�KLVWRULFDO�FRQWURO�GDWD�� 
+LVWRSDWKRORJLFDO�LQYHVWLJDWLRQV�ZHUH�DOVR�XQUHPDUNDEOH�� 2Q�WKH�EDVLV�RI�WKHVH�ILQGLQJV��WKH� 
QR�REVHUYHG�DGYHUVH�HIIHFW�OHYHO��12$(/��IRU�3),¶V�*$%$�ZDV�GHWHUPLQHG�WR�EH�����PJ�NJ� 
ERG\�ZHLJKW�GD\��WKH�RQO\�GRVH�WHVWHG�� 

.DWR�et al. �������FRQGXFWHG�D����GD\�VWXG\�LQ�PDOH�DQG�IHPDOH�&UM�&'�6'��UDWV�� )ROORZLQJ�D� 
��ZHHN�DFFOLPDWL]DWLRQ�SHULRG��PDOH�UDWV�ZHLJKLQJ�������WR�������J�DQG�IHPDOH�UDWV�ZHLJKLQJ� 
������WR�������J�ZHUH�UDQGRPL]HG�WR���RI���JURXSV����DQLPDOV�VH[�JURXS��WR�UHFHLYH�JDYDJH� 
GRVHV�RI�XQIHUPHQWHG�PLON��VNLP�PLON���IHUPHQWHG�PLON�FRQWDLQLQJ����PJ�*$%$�����P/� 
�'*%�����RU�IHUPHQWHG�PLON�FRQWDLQLQJ����PJ�*$%$�����P/��'*%����� 7KH�*$%$�FRQWDLQLQJ� 
PLON�ZDV�SUHSDUHG�E\�IHUPHQWLQJ�VNLP�PLON�ZLWK�Lactobacillus casei DQG�Lactococcus lactis��DQG� 
WKH�ILQDO�SURGXFW�ZDV�WKHQ�IRUPXODWHG�ZLWK�DGGHG�PDOWLWRO��SHFWLQ��DQG�VR\�SRO\VDFFKDULGH�� 
*DYDJH�YROXPHV�ZHUH����P/�IOXLG�NJ�ERG\�ZHLJKW�IRU�HDFK�WUHDWPHQW�JURXS�VXFK�WKDW�WKH�UDWV� 
DOORFDWHG�WR�WKH�'*%���DQG�'%*���WUHDWPHQW�JURXSV�UHFHLYHG���DQG���PJ�*$%$�NJ�ERG\� 
ZHLJKW��UHVSHFWLYHO\�� 7KH�DQLPDOV�ZHUH�KRXVHG�XQGHU�VWDQGDUG�DQLPDO�FDUH�FRQGLWLRQV��DQG� 
ZHUH�SHUPLWWHG�ad libitum DFFHVV�WR�IHHG�DQG�ZDWHU�� 5DWV�ZHUH�REVHUYHG�IRU�VLJQV�RI�WR[LFLW\�RQ� 
D�GDLO\�EDVLV�DQG�IHHG�LQWDNH��ZDWHU�FRQVXPSWLRQ��DQG�ERG\�ZHLJKWV�ZHUH�HYDOXDWHG�RQFH�D� 
ZHHN�� 5RXWLQH�FOLQLFDO�FKHPLVWU\��KHPDWRORJ\��DQG�XULQDO\VLV�ZHUH�SHUIRUPHG�� $W�WKH�HQG�RI�WKH� 
VWXG\�SHULRG��WKH�DQLPDOV�ZHUH�QHFURSVLHG��VHOHFWHG�RUJDQV�ZHUH�ZHLJKHG��DQG�WLVVXHV�ZHUH� 
SUHVHUYHG�IRU�KLVWRSDWKRORJLFDO�H[DPLQDWLRQ�� 

1R�VLJQLILFDQW�GLIIHUHQFHV�LQ�ERG\�ZHLJKW�JDLQ�ZHUH�REVHUYHG�EHWZHHQ�JURXSV�� 2WKHU�WKDQ�D� 
VOLJKW�GHFUHDVH��������p<������LQ�IRRG�LQWDNH�LQ�'*%���IHPDOHV�RQ�'D\����DQG�GHFUHDVHG� 
�������p<������ZDWHU�LQWDNH�IRU�'*%���IHPDOHV�RQ�'D\����QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�IRRG�RU� 
ZDWHU�LQWDNHV�ZHUH�QRWHG�� :LWK�WKH�H[FHSWLRQ�RI�D�VOLJKW��������p<������LQFUHDVH�LQ�XULQH� 
VSHFLILF�JUDYLW\�LQ�'*%���PDOHV��TXDQWLWDWLYH�DQG�TXDOLWDWLYH�XULQDO\VLV�ZDV�XQUHPDUNDEOH� 
DPRQJ�JURXSV�� 7KH�FKDQJH�REVHUYHG�LQ�XULQH�VSHFLILF�JUDYLW\�ZDV�PRGHVW��GLG�QRW�FRUUHODWH� 
ZLWK�FKDQJHV�LQ�XULQH�SURWHLQ�RU�JOXFRVH��DQG�ZDV�QRW�REVHUYHG�LQ�IHPDOHV��DQG�WKHUHIRUH�ZDV� 
FRQVLGHUHG�D�VSXULRXV�ILQGLQJ�E\�WKH�DXWKRUV�� $�IHZ�VSRUDGLF�VLJQLILFDQW�FKDQJHV�LQ� 
KHPDWRORJLFDO�SDUDPHWHUV��i.e.��SURWKURPELQ�WLPH��PHDQ�FRUSXVFXODU�KHPRJORELQ�FRQFHQWUDWLRQ�� 
KHPDWRFULW��EDVRSKLO�QXPEHU��DQG�SHUFHQW�EDVRSKLO��ZHUH�QRWHG��KRZHYHU��WKH�FKDQJHV�ZHUH� 
PRGHVW�������IRU�DOO�SDUDPHWHUV�H[FHSW�EDVRSKLO�QXPEHU��ZKLFK�GHFUHDVHG�IURP������WR�������� 
LQ�PDQ\�FDVHV�ZHUH�QRW�GRVH�UHVSRQVLYH��DQG�LQ�DOO�FDVHV�GLG�QRW�RFFXU�LQ�ERWK�VH[HV�� 
7KHUHIRUH��WKH�YDULRXV�FKDQJHV�ZHUH�QRW�FRQVLGHUHG�WR[LFRORJLFDOO\�UHOHYDQW�� 7KHUH�ZHUH�QR� 
WR[LFRORJLFDOO\�UHOHYDQW�FKDQJHV�LQ�VHUXP�ELRFKHPLVWU\�� $/7�OHYHOV�ZHUH�LQFUHDVHG�E\�a����LQ� 
WKH�'*%���IHPDOHV��KRZHYHU��WKH�HIIHFW�ZDV�QRW�REVHUYHG�LQ�PDOHV��DQG�GLG�QRW�FRUUHODWH�ZLWK� 

�� $OVR�FRPPRQO\�UHIHUUHG�WR�DV�JOXWDPDWH�S\UXYDWH�WUDQVDPLQDVH��*37��� 
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RWKHU�FKDQJHV�LQ�OLYHU�ELRFKHPLVWU\�SDUDPHWHUV�� %UDLQ�DQG�SLWXLWDU\�ZHLJKWV�ZHUH�LQFUHDVHG�LQ� 
WKH�'*%���PDOHV�E\�����p<������DQG������p<�������UHVSHFWLYHO\��ZLWK�D������p<������ 
LQFUHDVH�LQ�SLWXLWDU\�ZHLJKW�UHODWLYH�WR�ERG\�ZHLJKW�� $GGLWLRQDOO\��D�����LQFUHDVH��p�������LQ� 
WRWDO�DGUHQDO�ZHLJKW�ZDV�REVHUYHG�LQ�'%*���PDOHV�� $V�VLPLODU�GRVH�UHODWHG�WUHQGV�ZHUH�QRW� 
REVHUYHG�LQ�IHPDOHV�DQG�WKH�FKDQJHV�ZHUH�PRGHVW��WKH�ILQGLQJV�RI�LQFUHDVHG�EUDLQ��SLWXLWDU\�� 
DQG�DGUHQDO�ZHLJKWV�ZHUH�GHWHUPLQHG�E\�WKH�DXWKRUV�QRW�WR�EH�ELRORJLFDOO\�UHOHYDQW�� 2WKHU� 
FKDQJHV�LQ�RUJDQ�ZHLJKWV�>GHFUHDVHG�KHDUW�ZHLJKW�LQ�'%*���PDOHV������p��������LQFUHDVHG� 
KHDUW�ZHLJKW�LQ�'%*���IHPDOHV������S��������DQG�GHFUHDVHG�UHODWLYH�WHVWHV�ZHLJKW�LQ�'%*��� 
PDOHV�������p������@��ZHUH�DOVR�GHWHUPLQHG�WR�EH�QRW�FRPSRXQG�UHODWHG��LQ�FRQVLGHUDWLRQ�RI�WKH� 
ODFN�RI�GRVH�UHVSRQVH�DQG�PRGHVW�PDJQLWXGH�RI�WKH�FKDQJHV�� 0LFURVFRSLF�SDWKRORJ\�GLG�QRW� 
UHYHDO�DQ\�LQFUHDVHG�LQFLGHQFH�RI�SDWKRORJLFDO�ILQGLQJV�LQ�WUHDWHG�DQLPDOV�UHODWLYH�WR� 
XQIHUPHQWHG�PLON�FRQWUROV�� 7KXV��D�12$(/�RI���PJ�*$%$�NJ�ERG\�ZHLJKW�GD\��WKH�KLJKHVW� 
GRVH�WHVWHG��ZDV�HVWDEOLVKHG�XQGHU�WKHVH�VWXG\�FRQGLWLRQV�� 

90-Day Studies 

7DNHVKLPD�et al. �������LQYHVWLJDWHG�WKH�VDIHW\�RI�3),¶V�*$%$��3KDUPD*$%$��SURGXFHG�E\� 
IHUPHQWDWLRQ�XVLQJ�Lactobacillus hilgardii .����������SXULW\��LQ���ZHHN�ROG�63)�6SUDJXH�'DZOH\� 
�&UO�&'��6'���UDWV�� 7KLV�VWXG\�ZDV�FRQGXFWHG�LQ�DFFRUGDQFH�WR�*/3��2(&'������D��DQG�2(&'� 
JXLGHOLQH������2(&'������E��� $QLPDOV�����VH[�JURXS��ZHUH�DGPLQLVWHUHG���������ORZ�GRVH��� 
�������PLG�GRVH���RU��������KLJK�GRVH��PJ�*$%$�NJ�ERG\�ZHLJKW�GD\�E\�JDYDJH��YHKLFOH�QRW� 
UHSRUWHG��IRU����ZHHNV�� $QLPDOV�ZHUH�PRQLWRUHG�WZLFH�GDLO\�IRU�PRUWDOLW\��JHQHUDO�FRQGLWLRQ��DQG� 
FOLQLFDO�VLJQV��ZKLOH�ERG\�ZHLJKW�DQG�IHHG�LQWDNH�ZHUH�PHDVXUHG�ZHHNO\�� 7ZHQW\�IRXU�KRXU� 
XULQH�DQDO\VHV�DQG�RSKWKDOPRORJ\�H[DPLQDWLRQV�ZHUH�FRQGXFWHG�GXULQJ�:HHN����RQ���UDWV�VH[�� 
JURXS�� +HPDWRORJ\�DQG�FOLQLFDO�FKHPLVWU\�SDUDPHWHUV��RUJDQ�ZHLJKW��DQG�PDFURVFRSLF�DQG� 
KLVWRORJLFDO�WLVVXH�HYDOXDWLRQV��WKH�ODWWHU�LQ�FRQWURO�DQG�KLJK�GRVH�JURXSV�RQO\��ZHUH�FRQGXFWHG� 
XSRQ�QHFURSV\�� 

7KURXJK�WKH�GXUDWLRQ�RI�WKH�VWXG\�*$%$�ZDV�ZHOO�WROHUDWHG�� ,Q�WKH�KLJK�GRVH�JURXS��GLDUUKHD� 
DQG�VDOLYDWLRQ�RFFXUUHG�VSRUDGLFDOO\��LQ���PDOHV�DQG���IHPDOH��DQG���PDOHV�DQG���IHPDOHV�� 
UHVSHFWLYHO\��ZKLFK�ZHUH�QRW�FRQVLGHUHG�WR�EH�FRPSRXQG�UHODWHG�� 6LJQLILFDQWO\�UHGXFHG�ERG\� 
ZHLJKW�ZDV�REVHUYHG�LQ�KLJK�GRVH�PDOHV�DW�:HHNV���DQG���LQ�FRPSDULVRQ�WR�WKH�XQWUHDWHG� 
JURXS��KRZHYHU��JLYHQ�WKDW�WKH�UHGXFWLRQ�LQ�ERG\�ZHLJKW�FRUUHVSRQGHG�WR�D�VLJQLILFDQW�UHGXFWLRQ� 
LQ�IHHG�LQWDNH�LQ�KLJK�GRVH�PDOHV�GXULQJ�VWXG\�:HHNV�������DQG����DQG�WKH�FKDQJHV�ZHUH�VXEWOH� 
�DSSUR[LPDWHO\���WR�������WKH\�ZHUH�QRW�FRQVLGHUHG�WR�EH�WR[LFRORJLFDOO\�UHOHYDQW�� 0RUHRYHU��QR� 
VLJQLILFDQW�GLIIHUHQFHV�LQ�ERG\�ZHLJKW�RU�IHHG�LQWDNH�ZHUH�REVHUYHG�LQ�DQ\�RI�WKH�IHPDOH�UDWV�� 

'HVSLWH�VRPH�VWDWLVWLFDOO\�VLJQLILFDQW�FKDQJHV�LQ�VHYHUDO�KHPDWRORJ\�SDUDPHWHUV�LQ�*$%$� 
WUHDWHG�UDWV�FRPSDUHG�WR�WKH�XQWUHDWHG�FRQWURO�JURXS��i.e., LQFUHDVHG�KHPRJORELQ��PHDQ� 
FRUSXVFXODU�KHPRJORELQ��DQG�SODWHOHW�FRXQW�LQ�KLJK�GRVH�PDOHV��LQFUHDVHG�UHG�DQG�ZKLWH�EORRG� 
FHOO�FRXQW�LQ�PLG� DQG�KLJK�GRVH�IHPDOHV��DQG�GHFUHDVHG�PHDQ�FRUSXVFXODU�YROXPH�DQG�PHDQ� 
FRUSXVFXODU�KHPRJORELQ�LQ�PLG� DQG�KLJK�GRVH�IHPDOHV���WKHVH�FKDQJHV�ZHUH�PRGHVW�DQG� 
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UHPDLQHG�ZLWKLQ�KLVWRULFDO�FRQWURO�UDQJHV��DQG�ZHUH�WKHUHIRUH�FRQVLGHUHG�QRW�WR[LFRORJLFDOO\� 
UHOHYDQW�� 7KH�SURWKURPELQ�WLPHV�LQ�KLJK�GRVH�PDOHV�DQG�IHPDOHV�ZHUH�HOHYDWHG��VWDWLVWLFDOO\� 
VLJQLILFDQW��DQG�ZHUH�VOLJKWO\�DERYH�WKH�KLVWRULFDO�FRQWURO�UDQJHV��KRZHYHU��WKH�PDJQLWXGH�RI�WKH� 
GLIIHUHQFHV�IURP�FRQWUROV�ZDV�PLQLPDO��a��VHF����DQG�QR�DGGLWLRQDO�HYLGHQFH�RI�LPSDLUHG� 
FRDJXODWLRQ�ZDV�UHSRUWHG��e.g., QR�FKDQJHV�LQ�DFWLYDWHG�SDUWLDO�WKURPERSODVWLQ�WLPH�RU�VLJQV�RI� 
KHPRUUKDJH�ZHUH�REVHUYHG��� +HQFH��WKLV�ILQGLQJ�ZDV�DVFULEHG�QR�WR[LFRORJLFDO�VLJQLILFDQFH�� 
/LNHZLVH��VHYHUDO�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFWV�RQ�FOLQLFDO�FKHPLVWU\�SDUDPHWHUV�REVHUYHG�LQ�WKH� 
*$%$�WUHDWHG�UDWV�ZHUH�RQO\�PRGHVWO\�FKDQJHG�LQ�FRPSDULVRQ�WR�WKH�XQWUHDWHG�JURXS�DQG�RU� 
ZHUH�FRQILQHG�WR�D�VLQJOH�VH[��i.e., LQFUHDVHG�SRWDVVLXP�LQ�ORZ� DQG�KLJK�GRVH�PDOHV��GHFUHDVHG� 
VRGLXP�DQG�FKORULGH�LQ�KLJK�GRVH�PDOHV��GHFUHDVHG�VRGLXP�LQ�KLJK�GRVH�IHPDOHV��DQG� 
GHFUHDVHG�WRWDO�SURWHLQ��DOEXPLQ��DQG�DOEXPLQ�JOREXOLQ�UDWLR�LQ�KLJK�GRVH�IHPDOHV��� $ONDOLQH� 
SKRVSKDWDVH�YDOXHV�ZHUH�VLJQLILFDQWO\��EXW�PRGHVWO\��HOHYDWHG��DERXW�����IROG��LQ�WKH�PLG� DQG� 
KLJK�GRVH�IHPDOHV�LQ�FRPSDULVRQ�WR�WKH�FRQWUROV��KRZHYHU��WKLV�REVHUYDWLRQ�ZDV�QRW�FRQVLGHUHG� 
D�FRPSRXQG�UHODWHG�HIIHFW�DV�LW�ZDV�QRW�HYLGHQW�LQ�PDOHV��ODFNHG�D�FOHDU�GRVH�UHVSRQVH� 
UHODWLRQVKLS��DQG�ZDV�QRW�DFFRPSDQLHG�E\�RWKHU�FKDQJHV�LQ�OLYHU�HQ]\PHV�RU�E\�KLVWRORJLFDO� 
FKDQJHV�LQ�WKH�OLYHU��ERQH��RU�LQWHVWLQDO�WUDFW��ZKLFK�DUH�SRWHQWLDO�VRXUFHV�RI�VHUXP�DONDOLQH� 
SKRVSKDWDVH�DFWLYLW\�� 1R�FRPSRXQG�UHODWHG�FKDQJHV�ZHUH�REVHUYHG�LQ�WHUPV�RI�XULQDO\VLV� 
SDUDPHWHUV��QRU�ZHUH�GLIIHUHQFHV�VHHQ�XSRQ�RSKWKDOPRORJLF�HYDOXDWLRQ�� 

6LJQLILFDQW�LQFUHDVHV�LQ�DEVROXWH�DQG�UHODWLYH�OLYHU�ZHLJKWV��LQ�PLG�GRVH�PDOHV��DQG�LQFUHDVHG� 
UHODWLYH�NLGQH\�ZHLJKWV��LQ�KLJK�GRVH�PDOHV��ZHUH�UHSRUWHG�� +RZHYHU��DV�WKHVH�FKDQJHV�ODFNHG� 
D�GRVH�UHVSRQVH�UHODWLRQVKLS�DQG�ZHUH�QRW�REVHUYHG�LQ�IHPDOHV��WKH\�ZHUH�QRW�FRQVLGHUHG�WR�EH� 
FRPSRXQG�UHODWHG�� 0DFURVFRSLF�DQG�KLVWRORJLFDO�HYDOXDWLRQ�UHYHDOHG�VSRUDGLF�FKDQJHV�WKDW� 
ZHUH�PLOG�WR�PRGHUDWH�LQ�VHYHULW\�DQG�ZHUH�QRW�FRQVLGHUHG�DQ�HIIHFW�RI�WKH�*$%$�WUHDWPHQW�DV� 
WKH\�ZHUH�XQUHPDUNDEOH�IURP�WKH�FRQWURO�JURXS�� 2Q�WKH�EDVLV�RI�WKHVH�ILQGLQJV��WKH�12$(/�IRU� 
*$%$�LQ�UDWV�ZDV�GHWHUPLQHG�WR�EH�������PJ�NJ�ERG\�ZHLJKW�GD\��WKH�KLJKHVW�GRVH�WHVWHG�� 

$����GD\�VXE�FKURQLF�WR[LFLW\�VWXG\�ZDV�FRQGXFWHG�LQ�UDWV�XVLQJ�WKH�VDPH�*$%$�FRQWDLQLQJ� 
IHUPHQWHG�PLON�DV�LQ�WKH�SUHYLRXV����GD\�UHSHDWHG�GRVH�VWXG\�UHSRUWHG�E\�.DWR�et al. �������� 
7KH�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�WKH�VDPH�VWUDLQ�RI�UDW��&UM�&'�6'����DQG�DW���ZHHNV�RI�DJH�� 
WKH�DQLPDOV�ZHUH�UDQGRPL]HG�WR���RI���JURXSV����VH[�JURXS��� (DFK�DQLPDO�UHFHLYHG���RI��� 
JDYDJH�WUHDWPHQW�UHJLPHQV��GLVWLOOHG�ZDWHU��FRQWURO���XQIHUPHQWHG�PLON��QHJDWLYH�FRQWURO��� 
IHUPHQWHG�PLON�FRQWDLQLQJ�*$%$�DW�D�FRQFHQWUDWLRQ�RI����PJ�����P/��'*%�����RU�IHUPHQWHG� 
PLON�FRQWDLQLQJ�*$%$�DW�D�FRQFHQWUDWLRQ�RI����PJ�����P/��'*%����� *DYDJH�YROXPHV�ZHUH� 
���P/�IOXLG�NJ�ERG\�ZHLJKW�IRU�HDFK�JURXS�VXFK�WKDW�UDWV�DOORFDWHG�WR�WUHDWPHQW�JURXSV�'*%��� 
DQG�'%*���UHFHLYHG���DQG���PJ�*$%$�NJ�ERG\�ZHLJKW��UHVSHFWLYHO\�� $QLPDO�KRXVLQJ��*$%$� 
WUHDWPHQW��DQG�WR[LFRORJLFDO�HQGSRLQWV�ZHUH�LGHQWLFDO�WR�WKRVH�GHWDLOHG�IRU�WKH����GD\�VWXG\�� 

1R�VLJQLILFDQW�GLIIHUHQFHV�LQ�ERG\�ZHLJKW�RU�IRRG�DQG�ZDWHU�LQWDNH�ZHUH�UHSRUWHG�� 4XDQWLWDWLYH� 
PHDVXUHPHQWV�RI�ELRFKHPLFDO�DQG�KLVWRORJLFDO�XULQH�SDUDPHWHUV�UHYHDOHG�QR�FRPSRXQG�UHODWHG� 
DGYHUVH�HIIHFWV�� 8ULQH�YROXPH�ZDV�VLJQLILFDQWO\��p<������LQFUHDVHG�E\�DSSUR[LPDWHO\����DQG� 
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����LQ�WKH�PDOH�UDWV�UHFHLYLQJ�'*%���DQG�'*%����UHVSHFWLYHO\�� 7KH�LQFUHDVH�LQ�XULQH�YROXPH� 
ZDV�DVVRFLDWHG�ZLWK�D�VOLJKW��DSSUR[LPDWHO\�����p<������GHFUHDVH�LQ�XULQH�VSHFLILF�JUDYLW\�LQ�WKH� 
'*%���JURXS�� 7KH�FKDQJHV�LQ�XULQH�YROXPH�DQG�VSHFLILF�JUDYLW\�GLG�QRW�RFFXU�LQ�IHPDOHV�� 7KH� 
DXWKRUV�VWDWHG�WKDW�K\SRWHQVLRQ�KDV�EHHQ�UHSRUWHG�WR�RFFXU�ZLWK�*$%$�DGPLQLVWUDWLRQ��DQ�HIIHFW� 
WKDW�LV�RIWHQ�DVVRFLDWHG�ZLWK�GLXUHWLF�HIIHFWV��6KLPL]X�et al.��������� 6LQFH�WKH�REVHUYHG�FKDQJHV� 
LQ�XULQH�YROXPH�ZHUH�QRW�DVVRFLDWHG�ZLWK�RWKHU�DGYHUVH�HIIHFWV�RI�XULQH�IXQFWLRQ��DQG�ZHUH�QRW� 
REVHUYHG�LQ�IHPDOHV��WKH�REVHUYDWLRQ�ZDV�UHSRUWHG�WR�EH�WR[LFRORJLFDOO\�LQVLJQLILFDQW�� /LNHZLVH�� 
FKDQJHV�LQ�XULQDU\�FUHDWLQLQH�LQ�'*%���PDOHV��������p�������DQG�VRGLXP�LQ�'*%���IHPDOHV� 
�������p�������ZHUH�PRGHVW��GLG�QRW�RFFXU�LQ�ERWK�VH[HV��DQG�GLG�QRW�VKRZ�D�GRVH�UHVSRQVLYH� 
HIIHFW�DQG�ZHUH�WKHUHIRUH�GHWHUPLQHG�WR�EH�QRW�FRPSRXQG�UHODWHG�� 1R�DEQRUPDOLWLHV�IROORZLQJ� 
RSKWKDOPRORJLF�DQDO\VLV�ZHUH�REVHUYHG�� +HPRJORELQ�FRQFHQWUDWLRQ�ZDV�VLJQLILFDQWO\�ORZHU�LQ� 
WKH�'*%�WUHDWHG�IHPDOHV�UHODWLYH�WR�WKH�XQIHUPHQWHG�PLON�FRQWUROV��KRZHYHU��WKH�REVHUYDWLRQ� 
ZDV�VOLJKW�������p<������DQG�ZDV�QRW�REVHUYHG�LQ�PDOHV�� ,Q�WKH�DEVHQFH�RI�FKDQJHV�IRU�RWKHU� 
LQGLFHV�LQGLFDWLYH�RI�DQHPLD��WKH�GHFUHDVH�LQ�KHPRJORELQ�FRQFHQWUDWLRQ�REVHUYHG�LQ�IHPDOHV� 
ZDV�GHWHUPLQHG�WR�EH�WR[LFRORJLFDOO\�LQVLJQLILFDQW�� 6SRUDGLF�GHFUHDVHV��p<������LQ�GLIIHUHQWLDO� 
OHXNRF\WH�FRXQWV��O\PSKRF\WH��QHXWURSKLO��DQG�HRVLQRSKLO��ZHUH�UHSRUWHG�LQ�WKH�'*%���IHPDOH� 
DQLPDOV�UHODWLYH�WR�WKH�XQIHUPHQWHG�PLON�JURXS��KRZHYHU��WKH�HIIHFWV�ZHUH�QRW�GRVH�UHVSRQVLYH�� 
ZHUH�QRW�REVHUYHG�LQ�PDOHV��DQG�ZHUH�QRW�VLJQLILFDQWO\�GHFUHDVHG�UHODWLYH�WR�GLVWLOOHG�ZDWHU� 
FRQWUROV��DQG�WKHUHIRUH��WKH�FKDQJHV�ZHUH�FRQVLGHUHG�WR�EH�D�VSXULRXV�ILQGLQJ�DQG�ELRORJLFDOO\� 
LUUHOHYDQW�� %LRFKHPLFDO�LQGLFHV�ZHUH�XQUHPDUNDEOH�� 

6SRUDGLF�LQFUHDVHV�LQ�RUJDQ�ZHLJKWV�ZHUH�QRWHG�� 6SHFLILFDOO\��HOHYDWLRQV�ZHUH�REVHUYHG�LQ�WRWDO� 
OXQJ�ZHLJKW�LQ�WKH�'*%���PDOHV��DEVROXWH�ZHLJKW��������p�������DQG�DGUHQDO�ZHLJKWV�LQ�WKH� 
'%*�IHPDOHV��DEVROXWH�ZHLJKW��������p�������UHODWLYH�ZHLJKW��������p�������UHODWLYH�WR�WKH� 
XQIHUPHQWHG�PLON�FRQWUROV��KRZHYHU��WKHVH�FKDQJHV�ZHUH�QRW�REVHUYHG�LQ�ERWK�VH[HV��ZHUH�QRW� 
GRVH�UHVSRQVLYH��DQG�LQ�WKH�FDVH�RI�WKH�DGUHQDOV�ZHUH�QRW�VLJQLILFDQWO\�FKDQJHG�UHODWLYH�WR� 
GLVWLOOHG�ZDWHU�FRQWUROV�DQG�KHQFH�ZHUH�FRQVLGHUHG�WR�EH�WR[LFRORJLFDOO\�LQVLJQLILFDQW�� 
0DFURVFRSLF�SDWKRORJ\�ZDV�XQUHPDUNDEOH�IRU�DOO�JURXSV�� 2Q�WKH�EDVLV�RI�WKH�VWXG\�UHVXOWV� 
UHSRUWHG��WKH�12$(/�ZDV���PJ�NJ�ERG\�ZHLJKW��WKH�KLJKHVW�GRVH�WHVWHG�� 

Chronic Studies 

7RZHU��������UHYLHZHG�FKURQLF�WR[LFLW\�VWXGLHV�RI�*$%$�FRQGXFWHG�E\�0HUFN�6KDUS�DQG�'RKPH� 
5HVHDUFK�ODERUDWRULHV�� 7KHVH�VWXGLHV�FRQVLVWHG�RI�WKH�RUDO�DGPLQLVWUDWLRQ�RI�*$%$�DW�GRVH� 
OHYHOV�XS�WR����P0�NJ����J�*$%$�NJ��ERG\�ZHLJKW�GD\�IRU�FKURQLF�DGPLQLVWUDWLRQ�WR�UDWV�DQG� 
GRJV��DQG�WKH�LQWUDYHQRXV�DGPLQLVWUDWLRQ�WR�XQDQHVWKHWL]HG�GRJV�DW�VLPLODU�GRVHV�� $W� 
WHUPLQDWLRQ�RI�WKH�VWXG\��FRPSOHWH�DXWRSVLHV�UHYHDOHG�QR�VLJQV�RI�WR[LFLW\�RU�XQWRZDUG�HIIHFWV�LQ� 
DQ\�RI�WKH�WUHDWHG�DQLPDOV�� :KLOH�QR�RWKHU�GHWDLOV�ZHUH�SUHVHQWHG��7RZHU�FRQFOXGHG�WKDW�WKH� 
GDWD�UHYLHZHG�GHPRQVWUDWHG�WKH�ODFN�RI�WR[LFLW\�RI�*$%$�GXULQJ�FKURQLF�DGPLQLVWUDWLRQ�� 

1R�FKURQLF�WR[LFLW\�VWXGLHV�RI�*$%$�ZHUH�LGHQWLILHG�LQ�WKH�OLWHUDWXUH�� +RZHYHU��LQ�FKURQLF�WR[LFLW\� 
VWXGLHV�RI�*$%$�WUDQVDPLQDVH�LQKLELWRUV�DGPLQLVWHUHG�RUDOO\�WR�UDWV��GRVHV�XS�WR�����PJ�NJ� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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ERG\�ZHLJKW�GD\�IRU���\HDU���GRJV��GRVHV�XS�WR�����PJ�NJ�ERG\�ZHLJKW�GD\�IRU���\HDU��DQG� 
SULPDWHV��GRVHV�XS�WR�����PJ�NJ�ERG\�ZHLJKW�GD\�IRU����PRQWKV�RU�����PJ�NJ�ERG\�ZHLJKW�GD\� 
IRU���\HDUV���WR�HOHYDWH�SODVPD�DQG�WLVVXH�*$%$�OHYHOV��QR�HYLGHQFH�RI�SHULSKHUDO�QHXURWR[LFLW\� 
ZHUH�UHSRUWHG�XSRQ�DVVHVVPHQW�RI�VWDQGDUG�WR[LFRORJLFDO�SDUDPHWHUV��*LEVRQ�et al���������� 
*$%$�WUDQVDPLQDVHV�DUH�UHVSRQVLEOH�IRU�FRQYHUVLRQ�RI�*$%$�WR�JOXWDPDWH��DQG�WKH� 
DGPLQLVWUDWLRQ�RI�SKDUPDFRORJLFDO�LQKLELWRUV�RI�WKH�HQ]\PH��e.g���Ȗ�YLQ\O�*$%$��*9*���LPSDLUV� 
*$%$�WXUQRYHU�OHDGLQJ�WR�VLJQLILFDQW�LQFUHDVHV�LQ�HQGRJHQRXVO\�SURGXFHG�*$%$��*LEVRQ�et al.�� 
������4XPH�DQG�)RZOHU��������� )RU�H[DPSOH��WKH�DGPLQLVWUDWLRQ�RI�*9*�WR�UDWV�KDV�EHHQ� 
VKRZQ�WR�LQFUHDVH�EUDLQ�*$%$�OHYHOV�E\�����WR����� ���DQG�LQ�OLYHU�DQG�SODVPD�*$%$�OHYHOV�E\� 
����WR��������DQG�����WR������UHVSHFWLYHO\��4XPH�DQG�)RZOHU��������� ,Q�WKH�VWXG\�FRQGXFWHG� 
E\�*LEVRQ�et al����������&6)�OHYHOV�RI�*$%$�LQ�UDWV�LQFUHDVHG�����DQG������UHODWLYH�WR�FRQWUROV� 
IRU�DQLPDOV�WUHDWHG�ZLWK�*$%$�DW�GRVHV�RI����DQG�����PJ�NJ�ERG\�ZHLJKW�GD\��UHVSHFWLYHO\�� 
RYHU���ZHHNV�� /LNHZLVH��LQ�GRJV��&6)�*$%$�OHYHOV�LQFUHDVHG�IURP�DSSUR[LPDWHO\�����WR� 
!�������DERYH�FRQWUROV�LQ�DQLPDOV�UHFHLYLQJ�WKH�FRPSRXQG�IRU����ZHHNV�DW�GRVHV�RI����DQG� 
����PJ�NJ�ERG\�ZHLJKW�GD\��UHVSHFWLYHO\�� :KLOH�LW�ZDV�XQFOHDU�ZK\�GHFUHDVHG�ZHLJKW�JDLQ�DQG� 
IRRG�FRQVXPSWLRQ�ZDV�REVHUYHG�LQ�UDWV�IROORZLQJ�FKURQLF�*9*�DGPLQLVWUDWLRQ��DORQJ�ZLWK�D� 
GRVH�GHSHQGHQW�LQFUHDVH�RI�WRQLF�FRQYXOVLRQV��XVXDOO\�D�UHVXOW�RI�KDQGOLQJ�RU�H[WHUQDO�VWLPXOL��LQ� 
DQLPDOV�UHFHLYLQJ������PJ�NJ�ERG\�ZHLJKW�GD\�WKURXJKRXW�WKH�FRXUVH�RI�WKH�H[SHULPHQW��WKLV� 
HIIHFW�ZDV�QRW�REVHUYHG�LQ�WKH�GRJ�RU�PRQNH\�� ,Q�WKH�GRJ��QR�UHPDUNDEOH�FKDQJHV�ZHUH� 
REVHUYHG�LQ�KHPDWRORJ\��FOLQLFDO�FKHPLVWU\��RU�RSWKDOPRVFRSLF�PHDVXUHV�� $OWKRXJK�D�GRVH� 
GHSHQGHQW�QHXUDO�YDFXRODWLRQ�ZDV�REVHUYHG��WKLV�GLG�QRW�WUDQVODWH�WR�SHULSKHUDO�QHXUDO�WR[LFLW\�� 
,Q�PRQNH\V�DGPLQLVWHUHG�*9*�IRU�XS�WR����PRQWKV��WKH�RQO\�FRPSRXQG�UHODWHG�DGYHUVH�HIIHFW� 
UHSRUWHG�ZDV�WUDQVLWRU\�ORRVH�VWRROV�LQ�WKH�KLJK�GRVH�JURXS������PJ�NJ�ERG\�ZHLJKW�GD\��� 
FOLQLFDO�FKHPLVWU\��KHPDWRORJ\�DQG�XULQH�DQDO\VHV�ZHUH�DOO�ZLWKLQ�FRQWURO�YDOXHV��DQG� 
KLVWRSDWKRORJLFDO�FKDQJHV�ZHUH�XQUHPDUNDEOH��*LEVRQ�et al.��������� 1R�HYLGHQFH�RI� 
QHXURSDWKRORJ\�ZDV�UHSRUWHG�LQ�PRQNH\V�RUDOO\�DGPLQLVWHUHG�����PJ�*9*�NJ�ERG\�ZHLJKW�GD\� 
IRU���\HDUV��*LEVRQ�et al���������� +RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�*$%$�OHYHOV�LQ�WKH�&6)� 
ZHUH�QRW�VLJQLILFDQWO\�LQFUHDVHG�UHODWLYH�WR�WKH�OHYHOV�LQ�WKH�FRQWURO�JURXS��WKLV�ZDV�VSHFXODWHG�E\� 
WKH�DXWKRUV�WR�EH�GXH�WR�D�UHGXFWLRQ�LQ�WKH�DEVRUSWLRQ�RI�*9*�LQ�WKH�PRQNH\�DQG�D�GHFUHDVH�LQ� 
WKH�FDSDFLW\�WR�LQKLELW�*$%$�WUDQVDPLQDVH�DFWLYLW\�� :KLOH�WKHVH�VWXGLHV�VKRZ�VRPH�HIIHFWV� 
XSRQ�HOHYDWLRQ�RI�*$%$�LQ�WKH�EUDLQ��WKH\�DUH�RI�OLPLWHG�UHOHYDQFH�DV�LW�LV�LPSRUWDQW�WR�UHFRJQL]H� 
WKDW�DGPLQLVWUDWLRQ�RI�D�*$%$�WUDQVDPLQDVH�LQKLELWRU�LV�QRW�WKH�VDPH�DV�DGPLQLVWHULQJ�*$%$� 
LWVHOI�DQG�RUDOO\�DGPLQLVWHUHG�*$%$�LV�SRRUO\�DEVRUEHG�DQG�GRHV�QRW�FURVV�WKH�%%%�� 

D. Mutagenicity and Genotoxicity 

*LYHQ�WKDW�*$%$�LV�DQ�HQGRJHQRXV�FRPSRXQG�SUHVHQW�DW�VXEVWDQWLDO�OHYHOV�LQ�WKH�EUDLQ�DQG�LV� 
UHDGLO\�GHWHFWDEOH�LQ�WKH�V\VWHPLF�FLUFXODWLRQ��LW�LV�QRW�H[SHFWHG�WR�EH�HLWKHU�PXWDJHQLF�RU� 
JHQRWR[LF�� 

�� 1RWH�WKDW�*9*�FURVVHV�WKH�EORRG�EUDLQ�EDUULHU��DQG�WKHUHIRUH�LQFUHDVHV�EUDLQ�*$%$�OHYHOV�� 
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2QO\�RQH�PXWDJHQLFLW\�VWXG\�ZDV�LGHQWLILHG�LQ�WKH�OLWHUDWXUH��D�5HF�DVVD\�XVLQJ�Bacillus subtilis 
VWUDLQV�+����5HF���DQG�0����5HF����WKDW�DVVHVVHG�WKH�SRWHQWLDO�PXWDJHQLFLW\�RI�*$%$��XVLQJ� 
*$%$�FRQWDLQLQJ�IHUPHQWHG�PLON�SURGXFWV��'*%���DQG�'*%����ZKLFK�FRQWDLQHG�*$%$�DW� 
���DQG����PJ�����P/��UHVSHFWLYHO\��2VDZD�et al.��������� '*%���ZDV�DGGHG�WR�SDSHU�GLVNV�DW� 
OHYHOV�RI������WR�����PJ��DQG�'*%���DW�OHYHOV�RI�������WR�����PJ�� %RWK�VWXGLHV�ZHUH� 
FRQGXFWHG�LQ�WKH�SUHVHQFH�DQG�DEVHQFH�RI�PHWDEROLF�DFWLYDWLRQ�� 7KHUH�ZDV�QR�HYLGHQFH�RI� 
PXWDJHQLFLW\�DW�HLWKHU�FRQFHQWUDWLRQ�RI�*$%$�PLON�� %DVHG�RQ�WKH�5HF�DVVD\��*$%$�LV�QRW� 
PXWDJHQLF�� 

E. Human Studies 

$�QXPEHU�RI�VWXGLHV�UHSRUWHG�RQ�WKH�HIIHFW�RI�*$%$�VXSSOHPHQWDWLRQ�LQ�KXPDQV�SULPDULO\�LQ�WKH� 
FRQWH[W�RI�LWV�HIIHFWV�RQ�EORRG�SUHVVXUH�DQG�VWUHVV�UHGXFWLRQ�� 0RVW�UHSRUWV�KDYH�DOVR�LQFOXGHG� 
H[WHQVLYH�VDIHW\�UHODWHG�HQGSRLQWV��i.e���IXOO�WDEXODWHG�VXPPDULHV�RI�DOO�ELRFKHPLFDO�� 
KHPDWRORJLFDO��DQG�XULQDO\VLV�SDUDPHWHUV��WKDW�GHPRQVWUDWH�WKDW�*$%$�ZDV�ZHOO�WROHUDWHG�DW� 
GRVHV�XS�WR�����PJ�GD\�IRU�XS�WR����ZHHNV�RU�XS�WR�����PJ�GD\�IRU�XS�WR����GD\V�� ,Q�DGGLWLRQ� 
*$%$�ZDV�UHSRUWHG�WR�EH�ZHOO�WROHUDWHG�LQ���VWXGLHV�DW�KLJK�GRVHV�RI���WR����J�GD\�IRU�XS�WR� 
��GD\V�ZLWK�RQO\�PLQRU�VLGH�HIIHFWV�UHSRUWHG�� $�VXPPDU\�RI�WKH�VWXGLHV�RI�*$%$�FRQVXPSWLRQ�LQ� 
VXSSOHPHQWV�DQG�LQ�YDULRXV�*$%$�HQULFKHG�IRRGV�LV�SUHVHQWHG�LQ�7DEOH�,9�(���� 
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Table IV.E-1 Human Studies Evaluating the Supplemental Use of GABA or GABA-Enriched Foods 
Study Design/ Number of GABA Dose Duration Major Findings Reported Side Effect 
Health Status/ Subjects/ (mg/day) of GABA (Incidence GABA/ Control) 
Age Group [Delivery Intake 

Matrix] 
GABA Supplements 
3&7� &RQWURO������VH[� ��RU������� 6LQJOH� x 1R�VDIHW\�SDUDPHWHUV�PHDVXUHG�� x 7UDQVLHQW�EXUQLQJ� 

15�� >GHOLYHU\� GRVH� VHQVDWLRQ�RI�EUHDWKO 
+HDOWK\�VXEMHFWV� 

x ,QFUHDVHG�SODVPD�*+��S��������� 
PHWKRG�15@� ODVWLQJ�D�IHZ�PLQ 

*$%$� ��0�� 
UHODWLYH�WR�FRQWURO��(IIHFW�ZDV� 

LQJHVWLRQ�� 
���WR����\HDUV� 

WUDQVLHQW��UHWXUQLQJ�WR�FRQWURO� 
��)� x 6OLJKW�WLUHGQHVV�DQG� 

PXVFXODU�ZHDNQH 
OHYHOV�E\�����PLQ�� 

3&7� &RQWURO� ��0�� ��RU������� 6LQJOH� x 1R�FOLQLFDOO\�VLJQLILFDQW�FKDQJHV�LQ� OHJV�IROORZLQJ�UHS ��)� >GLVVROYHG�LQ� GRVH� SXOVH�UDWH�RU�EORRG�SUHVVXUH�� 
+HDOWK\�VXEMHFWV� *$%$� ��0�� ZDWHU@� x *$%$�GLG�QRW�DIIHFW�JOXFRVH� 

��)� FRQFHQWUDWLRQV�GXULQJ�DQ�LQVXOLQ� 
���WR����\HDUV� WROHUDQFH�WHVW�� *$%$� ��)� ������� ��GD\V� 

x ,QFUHDVHG�JURZWK�KRUPRQH�OHYHO�� >GLVVROYHG�LQ� 
EXW�QR�FKDQJH�LQ�SODVPD�SURODFWLQ� ZDWHU@� 
OHYHO�vs��FRQWURO�� 

53&7�FURVVRYHU� �0���)� ���������RU� 6LQJOH� x 'RVH�UHVSRQVLYH�LQFUHDVHV�LQ� 
GHVLJQ� ������� GRVH� LPPXQRUHDFWLYH�LQVXOLQ�DQG� 

>GLVVROYHG�LQ� JOXFDJRQ��PD[LPXP�RI����DQG� 
+HDOWK\�VXEMHFWV� ZDWHU@� �����UHVSHFWLYHO\��FRPSDUHG�WR� 

EDVHOLQH��S�������� (IIHFW�ZDV� 
���WR����\HDUV� WUDQVLHQW�DQG�UHWXUQHG�WR�EDVHOLQH� 

ZLWKLQ�����PLQXWHV�� 
x 1R�FKDQJHV�LQ�EORRG�JOXFRVH�� 

8QFRQWUROOHG� 1 ����VH[�15�� ���� ���GD\V� x 1R�GLIIHUHQFHV�ZHUH�REVHUYHG�LQ� x 1R�$(�UHSRUWHG�� 
LQWHUYHQWLRQ� >KDUG�FDSVXOHV@� VWDQGDUG�KHPDWRORJLFDO�DQG� 

ELRFKHPLFDO�SDUDPHWHUV�vs�� 
+HDOWK\�VXEMHFWV� EDVHOLQH�OHYHOV�� 

���WR����\HDUV� 
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Table IV.E-1 Human Studies Evaluating the Supplemental Use of GABA or GABA-Enriched Foods 
Study Design/ Number of GABA Dose Duration Major Findings Reported Side Effect 
Health Status/ Subjects/ (mg/day) of GABA (Incidence GABA/ Control) 
Age 

53&7��'%� 

0LOG�K\SHUWHQVLRQ� 

���WR����\HDUV� 

53&7� 

+LJK�QRUPDO�%3�RU� 
PLOG�K\SHUWHQVLRQ� 

&RQWURO������������� 
\HDUV��PHDQ�� 

*$%$������������� 
\HDUV��PHDQ�� 

8QFRQWUROOHG�VWXG\� 

Group 

Study 1: 
&RQWURO���0���)� 
���PJ���0���)� 
���PJ���0���)� 
���PJ��0���)� 

Study 2: 
&RQWURO����0�� 
��)� 
*$%$�����0�� 
��)� 

&RQWURO�����0�� 
���)� 

*$%$����0�� 
��)� 

���VXEMHFWV� 
�VH[�15�� 

[Delivery 
Matrix] 
�����������RU���� 
>WDEOHW@� 

��RU����>WDEOHW@� 

��RU���� 
>WDEOHWV@� 

a��������RU����� 
J�NJ�EZ�GD\�� 

Intake 

��ZHHNV� 

��ZHHNV� 

���ZHHNV� 

��PRQWKV� 
WR���\HDUV� 

x 'HFUHDVHG�6%3�LQ�JURXSV�JLYHQ� 
���DQG����PJ�GD\������DQG������ 
UHVSHFWLYHO\��vs��EDVHOLQH��S������� 

x 5HGXFHG�'%3�������S�������ZLWK� 
���PJ�*$%$�LQWDNH�vs��EDVHOLQH�� 

x 1R�VLJQLILFDQW�FKDQJHV�LQ�VWDQGDUG� 
KHPDWRORJ\�DQG�FOLQLFDO�FKHPLVWU\� 
WHVWV�DQG�XULQDO\VLV�� 

x 1R�FKDQJHV�LQ�SODVPD�*$%$� 
OHYHOV�UHODWLYH�WR�FRQWUROV�� 

x 'HFUHDVH�6%3��a��WR����PP+J�� 
S�������DW�:HHNV������DQG��� 
UHODWLYH�WR�FRQWUROV�� 

x 1R�VLJQLILFDQW�FKDQJHV�LQ�VWDQGDUG� 
KHPDWRORJ\�DQG�FOLQLFDO�FKHPLVWU\� 
WHVWV�DQG�XULQDO\VLV�� 

x 6%3�DQG�'%3�WUDQVLHQWO\� 
GHFUHDVHG��a����p�������LQ� 
*$%$�JURXS�FRPSDUHG�WR�SODFHER� 
�DW�:HHN����DQG�����UHVSHFWLYHO\��� 

x *$%$�UHODWHG�HIIHFWV�RQ�%3�ZHUH� 
DEROLVKHG���ZHHNV�SRVW� 

x 1R�VLJQLILFDQW�FKDQJHV�LQ�SODVPD� 
DGPLQLVWUDWLRQ�� 

*$%$�OHYHO��SXOVH��ERG\�ZHLJKW�� 

XULQDO\VLV�� 
KHPDWRORJ\��FOLQLFDO�FKHPLVWU\�RU� 

x 1R�HYLGHQFH�RI�FKURQLF�RU� 
FXPXODWLYH�WR[LFLW\�� 

x 1R�$(�UHSRUWHG�� 

x 1R�$(�UHSRUWHG�� 

x 6\PSWRPV�LQFOXG 
RQ�VROHV��������FR 
GLDUUKHD��������ORRV 
SDVVDJH��������UDV 
UDVK�RQ�IDFH�������� 
�������EDFN�LWFKLQJ��� 
KHDGDFKH��������KH 
VWRPDFK�������� 

x $OO�HIIHFWV�ZHUH�MX 
WR�FRUUHODWH�ZLWK�WH 
FRPSRXQG�� 

x ,QLWLDO�IOXVKLQJ�SDU 
RI�WKH�H[WUHPLWLHV�� 

6XEMHFWV�ZLWK� QR�RWKHU� x 3HDN�VHUXP�OHYHOV�RI�UDQJHG�IURP� JHQHUDOL]HG�PDODL 
YDULRXV�QHXURORJLF� GHWDLOV� DSSUR[LPDWHO\����WR����ȝ0����� QDXVHD�ODVWLQJ�EHWZ 
LPSDLUPHQWV� UHSRUWHG�� 

*$%$�FRQVXPSWLRQ�� &HUHEUDO� 
P/�EHWZHHQ���WR���KRXUV�SRVW� WR����PLQ�DIWHU�* 

FRQVXPSWLRQ�� 2 
$JH�15� 

IURP���WR����ȝ0�����P/���*$%$� 
VSLQDO�IOXLG�OHYHOV�RI�*$%$�UDQJHG� 

ZDV�XQGHWHFWDEOH�LQ�WKH�XULQH�� 

RFFDVLRQ��HPHVL 
GLDUUKHD����VXEMH 

x 7ROHUDQFH�WR�WKHV 
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Table IV.E-1 Human Studies Evaluating the Supplemental Use of GABA or GABA-Enriched Foods 
Study Design/ Number of GABA Dose Duration Major Findings Reported Side Effect 
Health Status/ Subjects/ (mg/day) of GABA (Incidence GABA/ Control) 
Age Group [Delivery Intake 

Matrix] 
RFFXUUHG�ZLWKLQ�D�I 
ZHHNV�� 

GABA-Enriched Chlorella 
2SHQ�ODEHO�� ����VH[�15�� ���>*$%$� ��ZHHNV� x 6LJQLILFDQW�UHGXFWLRQ�LQ�6%3�DW� x 1RW�UHSRUWHG�� 
XQFRQWUROOHG�VWXG\� HQULFKHG� :HHNV����a�����p<������DQG��� 

&KORUHOOD� �a������p<������� 
0LOG�K\SHUWHQVLRQ� WDEOHWV@� x 1R�FKDQJHV�LQ�EZ��KHDUW�UDWH��DQG� 

'%3�� 
�����\HDUV��PHDQ�� x *HQHUDO�KHPDWRORJLFDO�DQG� 

ELRFKHPLFDO�WHVWV�RI�NLGQH\�DQG� 
OLYHU�IXQFWLRQ�ZHUH�XQUHPDUNDEOH�� 

53&7��'%� &RQWURO����0�� ��RU���� ���ZHHNV� x 'HFUHDVH�LQ�6%3�LQ�WKH�*$%$� x 6\PSWRPV�REVHUY 
LQWHUYHQWLRQ� ��)� >*$%$�ULFK� JURXS�LQ�FRPSDULVRQ�WR�EDVHOLQH� DQG�WUDQVLHQW�GLDUU 

Chlorella PHDVXUHV��a�����p�������DQG� DQG�ORRVH�VWRROV 
+LJK�QRUPDO�%3�RU� *$%$����0�� WDEOHWV@� SODFHER�JURXS��a����p�������DW� x 'HWHUPLQHG�WR�EH�QR 
ERUGHUOLQH� ��)� :HHN����� UHODWHG�WR�WKH�WHVW� 
K\SHUWHQVLRQ� x 6LJQLILFDQW�UHGXFWLRQ�LQ�'%3�LQ�WKH� FRPSRXQG�� 

*$%$�JURXS�LQ�FRPSDULVRQ�WR� 
3ODFHER����������� EDVHOLQH�YDOXHV��a�����p������� 
\HDUV��PHDQ�� x 5HGXFWLRQ�LQ�6%3�DQG�'%3� 
*$%$����������� RFFXUUHG�DV�HDUO\�DV���ZHHNV�RI� 
\HDUV��PHDQ�� WUHDWPHQW�� 

x 1R�GLIIHUHQFHV�LQ�KHDUW�UDWH�RU�%0,� 
ZHUH�REVHUYHG�� 

x 1R�FKDQJHV�LQ�KHPDWRORJ\��VHUXP� 
ELRFKHPLVWU\��DQG�XULQDO\VLV� 
HYDOXDWLRQV�� 

GABA-Containing Fermented Drinking Water 
53&7��'%� 1RUPRWHQVLYH� ��RU���� ���ZHHNV� x $W�:HHN�����LQ�WKH�PLOG�PRGHUDWH� x 1R�$(�UHSRUWHG�� 
LQWHUYHQWLRQ� &RQWURO���0���)� >IHUPHQWHG� K\SHUWHQVLYH�VXEMHFWV��GHFUHDVH� 

*$%$���0���)� ZDWHU� LQ�6%3��a������S�������DQG�'%3� 
QRUPDO�%3�RU� EHYHUDJH� �a�������S�������LQ�WKH�*$%$� 
PLOG�PRGHUDWH� 0LOG�WR� FRQWDLQLQJ� JURXS�vs��EDVHOLQH�� 5HGXFWLRQV�LQ� 
K\SHUWHQVLRQ� PRGHUDWH� YLQHJDU�DQG� 6%3���������S�������DQG�'%3� 

K\SHUWHQVLYH� SHSWLGHV�IURP� ��������S�������ZHUH�DOVR� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� 
$XJXVW��������� 
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Table IV.E-1 Human Studies Evaluating the Supplemental Use of GABA or GABA-Enriched Foods 
Study Design/ Number of GABA Dose Duration Major Findings Reported Side Effect 
Health Status/ Subjects/ (mg/day) of GABA (Incidence GABA/ Control) 
Age Group [Delivery Intake 

Matrix] 
1RUPRWHQVLYH� &RQWURO����0�� GULHG�ERQLWR@� REVHUYHG�LQ�WKH�PLOG�PRGHUDWH� 
FRQWURO������������ �)� K\SHUWHQVLYH�VXEMHFWV�FRQVXPLQJ� 
\HDUV��PHDQ�� IHUPHQWHG�ZDWHU�RQO\�vs��EDVHOLQH�� 
*$%$������������ 

*$%$���0���)� 
x 5HGXFWLRQV�LQ�%3� 

\HDUV��PHDQ�� �S������REVHUYHG�DV�HDUO\�DV��� 
DQG���ZHHNV�IRU�WKH�IHUPHQWHG� 

+\SHUWHQVLYH� ZDWHU�RQO\�DQG�*$%$�HQULFKHG� 
&RQWURO����������� IHUPHQWHG�GULQNLQJ�ZDWHU�JURXS�� 
\HDUV��PHDQ�� UHVSHFWLYHO\�� 
*$%$������������ x 1R�FKDQJHV�LQ�%3�ZHUH�REVHUYHG� 
\HDUV��PHDQ�� LQ�WKH�QRUPRWHQVLYH�VXEMHFWV�� 

x 1R�GLIIHUHQFHV�LQ�KHDUW�UDWH�� 
x &KDQJHV�LQ�KHPDWRORJ\��VHUXP� 

ELRFKHPLVWU\��DQG�XULQDO\VLV� 
SDUDPHWHUV�ZHUH�ZLWKLQ�QRUPDO� 
UDQJHV�� 

GABA-Enriched Fermented Milk 
Study 1: Study 1: Study 1: �0� ��ZHHNV� x 1R�VLJQLILFDQW�FKDQJHV�LQ�%3�IRU� 
8QFRQWUROOHG�VWXG\� �����WR������ KHDOWK\�DGXOWV�UHFHLYLQJ�*$%$�LQ� x ,QFUHDVHG�XULQDW 

>DV�����P/�RI� 6WXG\��RU���� IXOOQHVV�������� 
+HDOWK\�VXEMHFWV� *$%$� x +5�LQFUHDVHG�LQ�6WXG\���*$%$� 

FRQWDLQLQJ� JURXS������S��������DIWHU��� 
�����������\HDUV� IHUPHQWHG� ZHHNV�WUHDWPHQW�vs��EDVHOLQH��EXW� 
�PHDQ�� PLON�D@� QR�GLIIHUHQFH�IURP�FRQWURO�� 

x 1R�VLJQLILFDQW�HIIHFW�RQ�GHIHFDWLRQ� Study 2: Study 2: Study 2: �0���)� 6LQJOH� 
IUHTXHQF\�ZLWK�VLQJOH�H[FHVVLYH� 3&7��FURVVRYHU� ��RU������WR� GRVH� x 7HPSRUDO�DEGRPL 
LQWDNH�� GHVLJQ� ����� V\PSWRPV�LQFOXG 

>DV�����RI� x ,QFUHDVHG�WHQGHQF\�RI�PLOG� JXUJOLQJ�VRXQGV� 
+HDOWK\�VXEMHFWV� DEGRPLQDO�V\PSWRPV�� *$%$� IODWXV�GLVFKDUJH�LQ� 

FRQWDLQLQJ� x 1R�VLJQLILFDQW�FKDQJHV�LQ� 
�������\HDUV��PHDQ�� KHPDWRORJLFDO�DQG�ELRFKHPLFDO� 

PLOND��SODFHER� 
IHUPHQWHG� 

WHVWV�� 
LV�UHJXODU�PLON@� 

Study 3: Study 3: Study 3: ��PHQ���� ��ZHHNV� 
3&7� ZRPHQ� ��RU������WR� x 1R�$(�UHSRUWHG�� 

�QXPEHU��JURXS� ����� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� 
$XJXVW��������� 
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Table IV.E-1 Human Studies Evaluating the Supplemental Use of GABA or GABA-Enriched Foods 
Study Design/ Number of GABA Dose Duration Major Findings Reported Side Effect 
Health Status/ Subjects/ (mg/day) of GABA (Incidence GABA/ Control) 
Age 

+HDOWK\�VXEMHFWV� 

Group 

15�� 

[Delivery 
Matrix] 
>DV�����RI� 
*$%$� 

Intake 

&RQWURO��������� FRQWDLQLQJ� 
\HDUV��PHDQ�� IHUPHQWHG� 
*$%$���������\HDUV� PLOND��SODFHER� 
�PHDQ�� 
53&7� &RQWURO������0�� 

�)� 

LV�UHJXODU�PLON@� 
��RU����WR���� 
>DV�����P/� 

���ZHHNV� x 6%3�GHFUHDVHG�LQ�WLPH�GHSHQGHQW� 
PDQQHU�LQ�*$%$�JURXS�vs��FRQWURO� 

x 1R�VLGH�HIIHFWV�RU� 
QRWHZRUWK\�FKDQJH 

0LOG�K\SHUWHQVLRQ� 
*$%$�E����0�� 

*$%$� 
FRQWDLQLQJ� 

�a���PP+J�DW�:HHN�����p�������� 
x 1R�VLJQLILFDQW�FKDQJH�LQ�'%3� 

RU�DIWHU�LQWDNH�SH 

���WR����\HDUV� 

3&7��'%� 

�)� 

&RQWURO����0�� 
��)�� 

IHUPHQWHG� 
PLON�F@� 

��RU����� 
>SURYLGHG�DV� 

���ZHHNV� 

UHODWLYH�WR�FRQWURO�� +RZHYHU��D� 
WLPH�GHSHQGHQW�UHGXFWLRQ�LQ�'%3� 
�PHDQ�RI������PP+J��S�������ZDV� 
REVHUYHG�LQ�WKH�*$%$�JURXS�vs�� 
EDVHOLQH�IURP�:HHN���RQZDUGV�� 

x 1R�VLJQLILFDQW�FKDQJHV�LQ�KHDUW� 
UDWH��ERG\�ZHLJKW��KHPDWRORJLFDO� 
DQG�EORRG�FKHPLVWU\��DQG� 
XULQDO\VLV�� 

x 'HFUHDVHG�6%3��a����p������� 
DQG�'%3��a����S�������LQ�*$%$� 

x 6\PSWRPV�LQFOXG 
GLDUUKHD�IRU�PRUH 

0LOG�K\SHUWHQVLRQ� 
*$%$����0����� 

����P/�*$%$� 
HQULFKHG� 

JURXS�vs��FRQWURO�DIWHU���ZHHNV�RI� 
LQWDNH�DQG�UHPDLQHG�VWDEOH�XQWLO� 

GD\V��������FROG�� 
OXPEDJR��������P 

&RQWURO�������� )� IHUPHQWHG� WKH�HQG�RI�WUHDWPHQW�� �������SHULRG�SDLQ��� 
\HDUV��PHDQ�� PLON�G@� x 1R�VLJQLILFDQW�FKDQJHV�LQ�ERG\� IDWLJXH�IURP�RYH 
*$%$���������� ZHLJKW��KHPDWRORJ\�RU�XULQDO\VLV�� x $OO�MXGJHG�QR�FRUU 
\HDUV��PHDQ�� 

53&7��'%� &RQWURO����0�� 
��)� 

��RU������ 
>DV�����P/� 

���ZHHNV� x 6%3�GHFUHDVHG���ZHHNV�DIWHU� 
*$%$�LQWDNH��a����p�������vs. 

ZLWK�WHVW�IRRG�� 

x 6\PSWRPV�LQFOXG 
GLDUUKHD��������FROG� 

+LJK�QRUPDO�%3� 
*$%$�����0�� 

*$%$� 
FRQWDLQLQJ� 

FRQWURO�� $�PD[LPXP�GHFUHDVH�RI� 
a����p<�������UHODWLYH�WR�FRQWUROV� 

VNLQ�LWFKLQJ�������� 
FRQVWLSDWLRQ����� 

&RQWURO������������� ��)� IHUPHQWHG� ZDV�UHSRUWHG�E\�WKH�HQG�RI�:HHN� ERG\�WLUHG�IHHOLQJ 
\HDUV��PHDQ�� PLONG@� ���� x $OO�MXGJHG�QR�FRUU 
*$%$������������� x '%3�GHFUHDVHG�DIWHU����ZHHNV�RI� ZLWK�WHVW�IRRG�� 
\HDUV��PHDQ�� *$%$�LQWDNH��a����p�������vs�� 

FRQWURO�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� 
$XJXVW��������� 
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Table IV.E-1 Human Studies Evaluating the Supplemental Use of GABA or GABA-Enriched Foods 
Study Design/ Number of GABA Dose Duration Major Findings Reported Side Effect 
Health Status/ Subjects/ (mg/day) of GABA (Incidence GABA/ Control) 
Age Group [Delivery Intake 

Matrix] 
x 1R�VLJQLILFDQW�FKDQJHV�LQ�SXOVH�� 

ERG\�ZHLJKW��KHPDWRORJLFDO�DQG� 
EORRG�FKHPLVWU\�WHVWV��XULQDO\VLV�� 

GABA-Enriched Agaricus blazei Murill 
'%��RSHQ�� ��0�� ��RU���� ��ZHHNV� x 6%3�������p�������DQG�'%3������� x 1RW�UHSRUWHG�� 
FRPSDUDWLYH�� >*$%$� p�������GHFUHDVHG�LQ�WUHDWPHQW� 
FURVVRYHU�WHVW� HQULFKHG� JURXS�UHODWLYH�WR�EDVHOLQH� 

Agaricus blazei EHJLQQLQJ�DW�:HHNV���DQG���� 
0LOG�K\SHUWHQVLRQ� LQ�FDSVXOHVH@� UHVSHFWLYHO\�� 

x 1R�VLJQLILFDQW�FKDQJHV�LQ� 
*URXS����������� ELRFKHPLFDO�DQG�KHPDWRORJLFDO� 
�����\HDUV��PHDQ�� WHVWV�� 
*URXS����������� 
�����\HDUV��PHDQ�� 
GABA-Enriched Soy Sauce 
53&7��'%��SDUDOOHO� 5HJXODU�VR\�� ��RU����� ���ZHHNV� x 6%3�GHFUHDVHG��a����PP�+J�� x 6\PSWRPV�LQFOXGHG 
VWXG\� ��0����)� >DV���P/�ORZ� p�������DIWHU�*$%$�LQWDNH�vs�� GLDUUKHD���������� 

VDOW�VR\�VDXFH@� UHJXODU�VR\�VDXFH��ZLWKRXW� SDLQ����������HF] 
+LJK�QRUPDO�%3�RU� /RZ�VDOW�VR\�� VLJQLILFDQW�FKDQJHV�LQ�'%3�� ���������DOO�MXGJHG� 
PLOG�K\SHUWHQVLRQ� ��0����)� FRUUHODWLRQ�ZLWK�WH 

KHDUW�UDWH��EORRG�DQG�XULQH�WHVWV�� 
x 1R�VLJQLILFDQW�FKDQJHV�LQ�SXOVH�� 

x 'L]]LQHVV�SRRU� 
5HJXODU�VR\��������� *$%$�HQULFKHG� DSSHWLWH�QDXVHD� 
����\HDUV��PHDQ�� ORZ�VDOW�VR\� EORRG�SUHVVXUH�UL 

VDXFH����0�� VXEMHFW�LQ�WKH�*$%$� 
/RZ�VDOW�VR\�� ��)� VDOW�JURXS��RULJLQ 
�����������\HDUV� KLJK�%3�DQG�ULVH 
�PHDQ�� RQ���VW�GD\�DIWHU� 

-XGJHG�QR�FRUUHO 
*$%$�HQULFKHG�ORZ� WHVW�IRRG�� 
VDOW�VR\�VDXFH������� 
������\HDUV��PHDQ�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� 
$XJXVW��������� 
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Table IV.E-1 Human Studies Evaluating the Supplemental Use of GABA or GABA-Enriched Foods 
Study Design/ Number of GABA Dose Duration Major Findings Reported Side Effect 
Health Status/ Subjects/ (mg/day) of GABA (Incidence GABA/ Control) 
Age Group [Delivery 

Matrix] 
Intake 

GABA-Enriched Cheese 
53&7��'%� &RQWURO����0�� �����>FRQWURO@� ���ZHHNV� x 6%3�GHFUHDVHG�LQ�ERWK�JURXSV� x ,QFUHDVH�LQ�+'/ 
LQWHUYHQWLRQ� RU���� ������DQG�������IRU�WKH�SODFHER� LQ�WKH�SODFHER�JU 

*$%$����0� >*$%$� DQG�WUHDWHG�JURXSV��UHVSHFWLYHO\�� �S �������vs��EDV 
0LOG�K\SHUWHQVLRQ� HQULFKHG� 

FKHHVHJ@� 
S�������DW����ZHHNV�vs��EDVHOLQH� 
PHDVXUHV��KRZHYHU��WKHUH�ZHUH� 

x 1R�RWKHU�$(�UHSRU 

3ODFHER�� ��������� QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ� 
\HDUV��PHDQ�� JURXSV�� 
*$%$����������� x 1R�VLJQLILFDQW�FKDQJHV�ZHUH� 
\HDUV��PHDQ�� REVHUYHG�LQ�'%3�IRU�HLWKHU�JURXS�� 

x 1R�$(�RQ�KHDUW�UDWH�� 
GABA-Enriched Rice Germ 
53&7��'%�� ��)� ��RU������ ��ZHHNV� x ,PSURYHPHQW�LQ�EORRG�YHVVHO� x 1R�$(�UHSRUWHG�� 
FURVVRYHU�GHVLJQ� >*$%$�IRUWLILHG� PRWRU�QHUYH�GLVRUGHU��p�������� 

ULFH�JHUP� VOHHSOHVVQHVV��p��������HPRWLRQDO� 
6OHHSOHVVQHVV�� SRZGHU�� GLVRUGHU��p��������GHSUHVVLRQ� 
GHSUHVVLRQ�DQG� SODFHER�ZDV� �p��������GL]]LQHVV��p�������� 
DXWRQRPLF�GLVRUGHU� SRZGHUHG� IDWLJDELOLW\��p��������DUWKULWLF�SDLQ� 
GXULQJ�WKH� ZKLWH�ULFHK@� �p��������KHDGDFKH�DQG�KHDY\� 
PHQRSDXVDO�RU�SUH� KHDGHG��p�������DQG�GLJHVWLYH� 
VHQLOH�SHULRG� V\PSWRPV��p�������� 

x 6%3�������p�������DQG�'%3������� 
������������\HDUV� p�������GHFUHDVHG�vs��EDVHOLQH� 
�PHDQ�� �PHDVXUHG�RQO\�LQ���SDWLHQWV�ZLWK� 

ERUGHUOLQH�RU�HVVHQWLDO� 
K\SHUWHQVLRQ��� 

x 1R�VLJQLILFDQW�HIIHFW�RQ�EORRG�FHOO� 
FRPSRQHQWV��OLYHU�IXQFWLRQ�DQG� 
HOHFWURO\WH�EDODQFH�vs��EDVHOLQH� 
�SDUDPHWHUV�PHDVXUHG�IRU�RQO\��� 
SDWLHQWV��� 

$(� �DGYHUVH�HYHQWV��%3� �EORRG�SUHVVXUH��'%� �GRXEOH�EOLQG�VWXG\��'%3� �GLDVWROLF�EORRG�SUHVVXUH��)� �IHPDOHV��*$%$� �JDPPD�DPLQ 
JURZWK�KRUPRQH��+'/� �KLJK�GHQVLW\�OLSRSURWHLQ��0� �PDOHV��PLQ� �PLQXWHV��15� �QRW�UHSRUWHG��3&7� �SODFHER�FRQWUROOHG�WULDO��53&7� �UDQGR 
FRQWUROOHG�WULDO��6%3� �V\VWROLF�EORRG�SUHVVXUH��vs�� �versus��:%&� �ZKLWH�EORRG�FHOO�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� 
$XJXVW��������� 



GAMMA-AMINOBUTYRIC ACID GRAS NOTICE 

D� 7KH�*$%$�FRQWDLQLQJ�IHUPHQWHG�PLON�ZDV�SURGXFHG�XVLQJ���VWUDLQV�RI�ODFWLF�DFLG�EDFWHULD��L. casei DQG�L. lactis) WKDW�DUH�FDSDEOH�RI�FRQY 
*$%$� 
E� 6XEMHFWV�WKDW�FRPSOHWHG�WKH�VWXG\� 
F� 7KH�WHVW�SURGXFW�XVHG�LQ�WKH�VWXG\�ZDV�SURGXFHG�IURP�VNLP�PLON�IHUPHQWHG�ZLWK�L. casei DQG�L. lactis�� 7KH�SODFHER�WHVW�DUWLFOH�ZDV�SUHSDUH 
WR�WKH�VNLP�PLON� 
G� 7KH�*$%$�HQULFKHG�IHUPHQWHG�PLON�ZDV�SUHSDUHG�XVLQJ�L. casei DQG�L. lactis��7KH�SODFHER�WHVW�DUWLFOH�ZDV�SUHSDUHG�XVLQJ�VNLP�PLON�SRZ 
WR�FRQWDLQ�D�VLPLODU�DPRXQW�RI�ODFWLF�DFLG�DV�WKH�*$%$�PLON�VXFK�WKDW�ERWK�SURGXFWV�ZHUH�LQGLVWLQJXLVKDEOH�LQ�DOO�VHQVRU\�DVSHFWV�
H� 7KH�WHVW�DUWLFOH�ZDV�SURGXFHG�E\�DGGLQJ�WKH�Agaricus IUXLW�ERG\�WR�ZDWHU�DQG�DOORZLQJ�LW�WR�VHOI�GLJHVW��RULJLQDO�DUWLFOH�LQ�-DSDQHVH��H[DFW�PHD
WKH�(QJOLVK�WUDQVODWLRQ��IRU����KRXUV�DW����&�� 7KH�HQG�SURGXFW�FRQWDLQHG������*$%$�DQG�WKH�IUHH]H�GULHG�SRZGHU�ZDV�DGGHG�WR�RSDTXH 
VWXG\�� (DFK�*$%$�FDSVXOH�FRQWDLQHG������PJ�*$%$�� 3ODFHER�FDSVXOHV�ZHUH�PDQXIDFWXUHG�WR�FRQWDLQ�D�VLPLODU�FRPSRVLWLRQDO�FRQWHQW�Z
I� ,QFLGHQFH�RI�VLGH�HIIHFWV�QRWHG�DV�*$%$�HQULFKHG�ORZ�VDOW�VR\�JURXS�ORZ�VDOW�VR\�JURXS��UHJXODU�VR\�JURXS�
J� *$%$�HQULFKHG�FKHHVH�ZDV�SURGXFHG�ZLWK�D�VWDUWHU�RI�*$%$�SURGXFLQJ�Lactococcus lactis VVS� 
K� *$%$�IRUWLILHG�ULFH�JHUP�ZDV�SURGXFHG�E\�WDNLQJ�ULFH�JHUP�IURP�WKH�EUDQ�E\�PLOOLQJ�6DVDQLVKLNL�ULFH�DQG�WKHQ�GH�IDWWLQJ�ZLWK�Q�KH[DQH�DQG� 
HQULFKPHQW�ZLWK�*$%$��H[DFW�(QJOLVK�WUDQVODWLRQ�RI�WKH�RULJLQDO�-DSDQHVH�DUWLFOH�XQFOHDU�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� 
$XJXVW��������� 



GAMMA-AMINOBUTYRIC ACID GRAS NOTICE 

F. GABA and Blood Pressure Effects 

,W�PD\�EH�FRQFOXGHG�IURP�D�FULWLFDO�HYDOXDWLRQ�RI�WKH�GDWD�VXPPDUL]HG�DERYH�WKDW�GDLO\� 
FRQVXPSWLRQ�RI�*$%$�LV�DVVRFLDWHG�ZLWK�PRGHVW�K\SRWHQVLYH�HIIHFWV�WKDW�DUH�OLPLWHG�WR� 
K\SHUWHQVLYH�RU�KLJK�QRUPDO�EORRG�SUHVVXUH�VXEMHFWV�� 7KLV�UHVSRQVH�GRHV�QRW�DSSHDU�WR�EH� 
GRVH�GHSHQGHQW��DQG�WKH�PD[LPDO�HIIHFW��DOWKRXJK�VWDWLVWLFDOO\�VLJQLILFDQW�LQ�PDQ\�VWXGLHV��LV� 
PRGHVW��i.e.��PD[LPXP�GHFUHDVHV�RI���WR����ZKHQ�FRPSDUHG�WR�FKDQJHV�LQ�WKH�FRQWURO�VXEMHFWV�� 
DQG�PD[LPXP�UHGXFWLRQV�RI�����ZKHQ�FRPSDUHG�WR�EDVHOLQH�PHDVXUHV��� 7KLV�K\SRWHQVLYH� 
HIIHFW�ZDV�OLPLWHG�WR�K\SHUWHQVLYH�LQGLYLGXDOV�RU�LQGLYLGXDOV�ZLWK�KLJK�QRUPDO�EORRG�SUHVVXUH�DV� 
VWXGLHV�LQ�QRUPRWHQVLYH�LQGLYLGXDOV�DW�ORZ�����WR����PJ�SHUVRQ�GD\�IRU���WR����ZHHNV�� 
UHVSHFWLYHO\��DQG�KLJK�GRVHV����WR����J�SHUVRQ�GD\�IRU���WR���GD\V��RI�*$%$�GLG�QRW�DIIHFW�EORRG� 
SUHVVXUH��&DYDJQLQL�et al.������D�E��.LPXUD�et al.��������7DQDND�et al.��������� ,Q�DGGLWLRQ��PRVW� 
VWXGLHV�XWLOL]HG�*$%$�IHUPHQWHG�EHYHUDJHV�RU�RWKHU�*$%$�VXSSOHPHQWHG�IRRGV�DV�WKH�WHVW� 
DUWLFOH��DQG�LW�LV�WKHUHIRUH�XQFOHDU�LI�VOLJKW�UHGXFWLRQV�LQ�EORRG�SUHVVXUH�UHSRUWHG�LQ�K\SHUWHQVLYH� 
VXEMHFWV�DUH�DWWULEXWHG�WR�*$%$�� 7KH�HIIHFW�RI�*$%$�RQ�EORRG�SUHVVXUH�LQ�K\SHUWHQVLYH� 
VXEMHFWV�DSSHDUHG�WR�EH�WLPH�GHSHQGHQW�DQG�W\SLFDOO\�UHTXLUHG�DW�OHDVW���ZHHNV�RI�FRQWLQXDO� 
GDLO\�XVH�EHIRUH�VLJQLILFDQW�UHGXFWLRQV�ZHUH�REVHUYHG�� 7KH�VOLJKW�UHGXFWLRQV�LQ�EORRG�SUHVVXUH� 
WRZDUGV�QRUPDO�OHYHOV�WKDW�ZHUH�UHSRUWHG�LQ�K\SHUWHQVLYH�VXEMHFWV�FRQVXPLQJ�*$%$��DV� 
UHSRUWHG�DERYH��DUH�FRPPRQO\�REVHUYHG�LQ�DVVRFLDWLRQ�ZLWK�WKH�FRQVXPSWLRQ�RI�RWKHU�IRRGV�WKDW� 
KDYH�ORQJ�KLVWRU\�RI�VDIH�FRQVXPSWLRQ�� )RU�H[DPSOH��FRPSDUDEOH�HIIHFWV�RQ�EORRG�SUHVVXUH� 
KDYH�EHHQ�UHFHQWO\�UHSRUWHG�LQ�PLOG�K\SHUWHQVLYH�LQGLYLGXDOV�FRQVXPLQJ�SRO\SKHQRO�ULFK�GDUN� 
FKRFRODWH��7DXEHUW�et al.��������������*UDVVL�et al.��������RU�ILVK�RLO��'LFNHQVRQ�et al���������� 

G. GABA and Growth Hormone Secretion 

7KH�XVH�RI�*$%$�LQ�GLHWDU\�VXSSOHPHQWV�LV�IUHTXHQWO\�WDUJHWHG�WR�WKH�ERG\�EXLOGLQJ�PDUNHW��ZLWK� 
SXUSRUWHG�FODLPV�RI�LQFUHDVLQJ�JURZWK�KRUPRQH��*+��VHFUHWLRQ�� 6HUYLQJ�VL]HV�RI���WR����J�RI� 
*$%$�DUH�XVXDOO\�UHFRPPHQGHG�IRU�WKLV�HIIHFW�� (YLGHQFH�RI�LQFUHDVHG�*+�VHFUHWLRQ�LQ�KXPDQV� 
IROORZLQJ�WKH�RUDO�DGPLQLVWUDWLRQ�RI�*$%$�KDV�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH�� ,Q�VWXGLHV� 
UHSRUWHG�E\�&DYDJQLQL�et al. �����D�E���VLQJOH�RUDO�GRVHV�RI���J�*$%$�ZHUH�DVVRFLDWHG�ZLWK� 
UDSLG�LQFUHDVHV�LQ�*+�SODVPD�OHYHOV��ZKLFK�SHDNHG�DW���KRXUV�SRVW�GRVLQJ�� 0D[LPXP�SODVPD� 
OHYHOV�ZHUH�LQFUHDVHG�E\�DSSUR[LPDWHO\���IROG��ZLWK�*+�FRQFHQWUDWLRQV�UHWXUQLQJ�WR�EDVHOLQH� 
ZLWKLQ�����PLQXWHV�� 7KH�DGPLQLVWUDWLRQ�RI����J�*$%$�GDLO\�IRU���GD\V�WR���KHDOWK\�IHPDOH� 
VXEMHFWV�FDXVHG�D�VLJQLILFDQW�EOXQWLQJ�RI�WKH�UHOHDVH�RI�*+�LPSO\LQJ�WKDW�*+�VHFUHWLRQ�E\�*$%$� 
PD\�EH�GRZQ�UHJXODWHG�E\�KLJK�GRVH�DQG�FRQVHFXWLYH�GDLO\�DGPLQLVWUDWLRQ�� 

3RZHUV�et al. �������UHSRUWHG�WKDW�WKH�FRQVXPSWLRQ�RI�D�ODUJH�GRVH����J��RI�*$%$�UHVXOWHG�LQ� 
VLJQLILFDQW�LQFUHDVHV�LQ�FLUFXODWLQJ�OHYHOV�RI�*+�LQ�D�UDQGRPL]HG��GRXEOH�EOLQG��SODFHER� 
FRQWUROOHG��FURVVRYHU�VWXG\�LQ����UHVLVWDQFH�WUDLQHG�PHQ�����WR����\HDUV��� 6XEMHFWV�FRQVXPHG� 
HLWKHU���J�RI�*$%$�RU�VXFURVH�SODFHER��ZKLFK�ZDV�WKHQ�IROORZHG�E\�UHVWLQJ�RU�UHVLVWDQFH� 
H[HUFLVH�VHVVLRQV�� )DVWLQJ�YHQRXV�EORRG�VDPSOHV�ZHUH�WDNHQ�DW�WLPH������������������������DQG� 
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���PLQXWHV�SRVW�*$%$�RU�SODFHER�DGPLQLVWUDWLRQ�� *$%$�FRQVXPSWLRQ�UHVXOWHG�LQ�DQ�LQFUHDVH� 
LQ�SHDN�VHUXP�FRQFHQWUDWLRQV�RI�ERWK�LPPXQRUHDFWLYH��LU��DQG�LPPXQRIXQFWLRQDO��LI��*+�OHYHOV� 
E\�DSSUR[LPDWHO\���IROG��p�������� LI*+�DQG�LU*+�DUHD�XQGHU�WKH�FXUYH�YDOXHV��$8&��W� ���WR���� 
PLQXWHV��DOVR�ZHUH�LQFUHDVHG�E\�DSSUR[LPDWHO\���IROG�RYHU�WKH����PLQXWH�SHULRG��p������IRU� 
LU*+�RQO\���KRZHYHU��WKH�LQFUHDVHV�LQ�LU*+�DQG�LI*+�VHUXP�FRQFHQWUDWLRQV�REVHUYHG�IROORZLQJ� 
*$%$�FRQVXPSWLRQ�ZHUH�VLJQLILFDQWO\�OHVV�WKDQ�WKRVH�REVHUYHG�IROORZLQJ�H[HUFLVH��ZKHUH� 
LQFUHDVHV�LQ�SHDN�FRQFHQWUDWLRQV�RI�LI*+�DQG�LU*+�ZHUH�LQFUHDVHG�E\����IROG�DERYH�WKH�OHYHOV�LQ� 
UHVWLQJ�VXEMHFWV�FRQVXPLQJ�WKH�SODFHER�� 6LPLODUO\��$8&�YDOXHV�ZHUH�LQFUHDVHG����IROG�UHODWLYH� 
WR�WKRVH�UHSRUWHG�LQ�VXEMHFWV�DW�UHVW�� 

7KH�DELOLW\�WR�LQFUHDVH�*+�VHFUHWLRQ�LV�QRW�XQLTXH�WR�*$%$��VLPLODU�LQFUHDVHV�LQ�SODVPD�*+� 
OHYHOV�ZHUH�UHSRUWHG�LQ�DVVRFLDWLRQ�ZLWK�H[HUFLVH�DQG�ZLWK�WKH�FRQVXPSWLRQ�RI�KLJK�GRVHV�RI� 
DUJLQLQH��DQ�DPLQR�DFLG�URXWLQHO\�FRQVXPHG�LQ�WKH�GLHW��3DGGRQ�-RQHV�et al.��������&ROOLHU�et al��� 
������.DQDOH\��������� )RU�H[DPSOH��DV�UHSRUWHG�E\�&ROOLHU�et al. ��������WKH�FRQVXPSWLRQ�RI���� 
���RU����JUDPV�RI�DUJLQLQH�UHVXOWHG�LQ�VLJQLILFDQW�LQFUHDVHV�LQ�*+�$8&�YDOXHV�E\�DV�PXFK�DV� 
��IROG�DW�WKH�KLJKHVW�GRVH�� 

%DVHG�RQ�D�FULWLFDO�DQDO\VLV�RI�WKH�LQIRUPDWLRQ�VXPPDUL]HG��D�WKUHVKROG�IRU�*$%$�LQGXFHG� 
LQFUHDVHV�LQ�*+�VHFUHWLRQ�FRXOG�QRW�EH�GHWHUPLQHG�� *$%$�LQGXFHG�LQFUHDVHV�LQ�*+�DSSHDU�WR� 
EH�OLPLWHG�WR�WKH�FRQVXPSWLRQ�RI�ODUJH�GRVHV�RI�*$%$��!��J�����PJ�NJ�ERG\�ZHLJKW��� 7KH� 
LQFUHDVHV�WKDW�KDYH�EHHQ�UHSRUWHG�DSSHDU�ODUJH���� WR���IROG���KRZHYHU��WKH\�DUH�FOHDUO\�ZLWKLQ� 
WKH�QRUPDO�SK\VLRORJLFDO�UDQJH��DQG�WKH�LQFUHDVHV�DUH�ZHOO�EHORZ�WKRVH�REVHUYHG�LQ�WKH�VDPH� 
VXEMHFWV�GXULQJ�H[HUFLVH��3RZHUV�et al.��������� $�WUDQVLHQW�LQGXFWLRQ�DQG�UDSLG�FOHDUDQFH��UHWXUQ� 
WR�EDVHOLQH��RI�*+�IURP�WKH�SODVPD�LV�REVHUYHG�IROORZLQJ�*$%$�FRQVXPSWLRQ�LQ�KXPDQV� 
�&DYDJQLQL�et al.������D�E��� 7KXV��LW�LV�KLJKO\�XQOLNHO\�WKDW�*$%$��ZKHQ�XVHG�DV�DQ�LQJUHGLHQW�LQ� 
IRRG�XQGHU�WKH�LQWHQGHG�FRQGLWLRQV�RI�XVH�GHVFULEHG�KHUHLQ��ZLOO�VWLPXODWH�WKH�UHOHDVH�RI�*+�� 

H. Information Pertaining to the Safety of the Source Organism 

Description of the Source Organism, L. hilgardii K-3 

*$%$�LV�SURGXFHG�IURP�D�IHUPHQWDWLRQ�SURFHVV�XVLQJ�L. hilgardii .���� 7KH�WD[RQRPLF� 
FODVVLILFDWLRQ�RI�L. hilgardii .���LV�SUHVHQWHG�EHORZ�� 
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7D[RQRPLF�&ODVVLILFDWLRQ�RI�L. hilgardii .��� 

.LQJGRP�� %DFWHULD� 
6XENLQJGRP�� %DFWHULD� 
3K\OXP�� Firmicutes 
Class: Bacilli 
Order: Lactobacillales 
Family: Lactobacillaceae 
Genus: Lactobacillus 
6SHFLHV�� Lactobacillus hilgardii 
6WUDLQ�� .��� 

'XULQJ�D�VFUHHQLQJ�SURFHVV�RI�YDULRXV�ODFWLF�DFLG�EDFWHULD��3),�LGHQWLILHG�L. hilgardii .���WR�EH�D� 
VLJQLILFDQW�*$%$�SURGXFLQJ�VWUDLQ��ZKLFK�GXH�WR�LWV�KLJK�JOXWDPDWH�GHFDUER[\ODVH�PHWDEROLF� 
FDSDFLW\��LV�FDSDEOH�RI�FRQYHUWLQJ�ODUJH�DPRXQWV�RI�JOXWDPDWH�WR�*$%$�GXULQJ�ODUJH�VFDOH� 
IHUPHQWDWLRQ�� 7KH�EDFWHULDO�VWUDLQ�ZDV�RULJLQDOO\�LVRODWHG�IURP�NLPFKL��ZKLFK�DUH�IHUPHQWHG� 
.RUHDQ�SLFNOHV�� L. hilgardii .���LV�QRW�JHQHWLFDOO\�PRGLILHG�DQG�LV�D�EDFWHULDO�VWUDLQ�IURP�WKH� 
/DFWREDFLOODFHDH�IDPLO\�RI�WKH�JHQXV�/DFWREDFLOOXV�� 

7KH�L. hilgardii .���LV�D�QRQ�PRWLOH��QRQ�VSRUH�IRUPLQJ�DQG�QRQ�DFLG�IDVW�PLFURDHURSKLOLF�JUDP� 
SRVLWLYH�RUJDQLVP�� 7KH�SKHQRW\SLF�FKDUDFWHULVWLFV�RI�WKH�RUJDQLVP�DUH�SUHVHQWHG�LQ�7DEOH� 
,9�+���� 7KH�RUJDQLVP�LV�D�IDFXOWDWLYH�DQDHUREH��DQG�WKH�RSWLPDO�FXOWLYDWLRQ�WHPSHUDWXUH�LV����&�� 
7KH�RUJDQLVP�XQGHUJRHV�H[WHQVLYH�TXDOLW\�FRQWURO�SURFHGXUHV��SKHQRW\SLF�JURZWK� 
FKDUDFWHULVWLFV��WR�HQVXUH�WKH�SXULW\�DQG�SKHQRW\SLF�VWDELOLW\�RI�WKH�RUJDQLVP�� 

Table IV.H-1 Phenotypic Characteristics of Lactobacillus hilgardii K-3 
Characteristic Analytical Result 
&XOWLYDWLRQ�WHPSHUDWXUH� ���&��056�DJDU�PHGLXP�� 

&HOO�PRUSKRORJ\� %DFLOOXV��LQFOXGLQJ�HORQJDWHG�W\SH� 

*UDP�VWDLQ� 3RVLWLYH� 

&\WRLG�VSRUH� 1HJDWLYH� 

0RELOLW\� 1HJDWLYH� 

&HOO�PRUSKRORJ\� &LUFXODU��VPRRWK�HQWLUH�IULQJH��ORZ�FRQYH[��FUHDP\�ZKLWH� 

*URZWK�WHPSHUDWXUH� 17� 

&DWDODVH� 1HJDWLYH� 

2[LGDVH� 3RVLWLYH� 

2[LGDWLYH�IHUPHQWDWLYH�WHVW� 3RVLWLYH� 

5HVXOW�RI�LGHQWLILFDWLRQ� Lactobacillus 

17� �QRUPDO�WHPSHUDWXUH� 
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Use of Lactobacillus hilgardii in the Production of Foods 

7KH�SUHVHQFH�RI�L. hilgardii LQ�IRRGV�SURGXFHG�E\�IHUPHQWDWLRQ�LV�ZHOO�HVWDEOLVKHG�DQG�WKH� 
RUJDQLVP�KDV�D�ORQJ�KLVWRU\�RI�FRQVXPSWLRQ�� )RU�H[DPSOH��L. hilgardii ZDV�RULJLQDOO\�LVRODWHG� 
DQG�FKDUDFWHUL]HG�IURP�&DOLIRUQLD�ZLQH�E\�'RXJODV�DQG�&UXHVV�LQ�������'RXJODV�DQG�&UXHVV�� 
������� $�QXPEHU�RI�ODFWLF�DFLG�EDFWHULD��LQFOXGLQJ�YDULRXV�VWUDLQV�RI�L. hilgardii��DUH�UHVSRQVLEOH� 
IRU�PDORODFWLF�IHUPHQWDWLRQ��DQ�LPSRUWDQW�VWHS�LQ�ZLQH�PDNLQJ�� 6HYHUDO�VWUDLQV�RI�L. hilgardii 
KDYH�EHHQ�LVRODWHG�IURP�D�QXPEHU�RI�IHUPHQWHG�JUDSH�VRXUFHV�XVHG�LQ�WKH�SURGXFWLRQ�RI�ZLQH�� 
DV�ZHOO�DV�IURP�WLEL�JUDLQV�DQG�VXJDU�EHHWV��6RKLHU�et al.��������6WUDLQ,QIR��������� 5RGDV�et al. 
�������LVRODWHG�����EDFWHULDO�VWUDLQV�IURP�D�PLFURELRORJLFDO�VXUYH\�RI����JUDSH�PXVWV�DQG�ZLQH� 
VDPSOHV�EHORQJLQJ�WR�WKH�8WLHO�5HTXHQD�DQG�-XLOOD�2ULJLQ�'HQRPLQDWLRQV�LQ�6SDLQ�� 7KH�DXWKRUV� 
GLVFRYHUHG�WKDW�WKH�PDMRULW\��a�����RI�Lactobacilli LQ�ZLQH�EHORQJ�WR�WKH�L. hilgardii VSHFLHV�� 
%DUX]]L�et al���������DOVR�LGHQWLILHG�L. hilgardii DV�D�VWUDLQ�DVVRFLDWHG�ZLWK�ULFRWWD�FKHHVH� 
IHUPHQWDWLRQ��XS�WR�����RI�WKH�WRWDO�PLFURIORUD�LQ�WKH�FKHHVH�GXULQJ�WKH�ULSHQLQJ�SURFHVV�ZHUH� 
LGHQWLILHG�DV�L. hilgardii DIWHU���PRQWKV�RI�ULSHQLQJ�� 

Safety of L. hilgardii in Foods 

,QIRUPDWLRQ�UHOHYDQW�WR�WKH�VDIHW\�RI�L. hilgardii K-3 IRU�XVH�LQ�WKH�PDQXIDFWXUH�RI�*$%$�ZDV� 
REWDLQHG�IURP�WKH�JHQHUDO�OLWHUDWXUH�VLQFH�QR�H[LVWLQJ�8�6��UHJXODWLRQV�SHUPLWWLQJ�WKH�XVH�RI� 
L. hilgardii LQ�IRRGV�RU�LQ�WKH�SURGXFWLRQ�RI�IRRGV�KDYH�EHHQ�LGHQWLILHG�DQG�WKH�XVH�RI�L. hilgardii 
LQ�WKH�SURGXFWLRQ�RI�IRRGV�KDV�QRW�EHHQ�DGGUHVVHG�E\�WKH�)'$�� $�VXPPDU\�RI�WKH�LQIRUPDWLRQ� 
XVHG�WR�HVWDEOLVK�WKH�VDIHW\�DQG�VXLWDELOLW\�DQG�WKH�JHQHUDO�UHFRJQLWLRQ�RI�VDIHW\�RI�WKH�SURSRVHG� 
XVH�RI�L. hilgardii .���LQ�WKH�PDQXIDFWXUH�RI�3),¶V�*$%$�LV�SUHVHQWHG�EHORZ�� 

2UJDQLVPV�IURP�WKH�JHQXV�Lactobacillus DUH�*UDP�SRVLWLYH��QRQ�VSRUH�IRUPLQJ�URGV�RU� 
FRFFREDFLOOL�� 7R�GDWH������VSHFLHV�DQG����VXEVSHFLHV�RI�Lactobacillus KDYH�EHHQ�LGHQWLILHG� 
�(X]pE\��������� 7KH�EDFWHULD�DUH�VWULFWO\�IHUPHQWLYH�RUJDQLVPV�DQG�FDQ�EH�DHURWROHUDQW�RU� 
DQDHURELF��DFLGXULF�RU�DFLGRSKLOLF��DQG�GLVSOD\�FRPSOH[�QXWULWLRQDO�UHTXLUHPHQWV��i.e., 
UHTXLUHPHQWV�IRU�FDUERK\GUDWHV��DPLQR�DFLGV��SHSWLGHV��IDWW\�DFLG�HVWHUV��VDOWV��QXFOHLF�DFLG� 
GHULYDWLYHV��DQG�YLWDPLQV���%HUQDUGHDX�et al.��������� 'XH�WR�WKHLU�IHUPHQWDWLRQ�FDSDELOLWLHV�� 
lactobacilli KDYH�EHHQ�XVHG�WR�DOWHU�WKH�WH[WXUH�DQG�RU�IODYRU�RI�D�ODUJH�YDULHW\�RI�IRRGV��e.g.�� 
EHHU��ZLQH��FKHHVH��\RJXUW��FXUHG�PHDWV��etc���IRU�ZHOO�RYHU�D�PLOOHQQLD�� 0RUH�UHFHQWO\�� 
lactobacilli KDYH�UHFHLYHG�LQFUHDVHG�SRSXODULW\�LQ�DVVRFLDWLRQ�ZLWK�WKHLU�XVH�DV�SURELRWLF�IRRGV�� 
,Q������������D�ZRUNVKRS�WKDW�LQFOXGHG�SDQHO�PHPEHUV�ZLWK�H[SHUWLVH�LQ�FOLQLFDO�SUDFWLFH�� 
PLFURELRORJ\��LQWHVWLQDO�PLFURHFRORJ\��SDWKRJHQLFLW\��QXWULWLRQ��WR[LFRORJ\��DQG�SXEOLF�KHDOWK�ZDV� 
FRQYHQHG�WR�GLVFXVV�WKH�VDIHW\�RI�lactobacilli DQG�bifidobacteria XVHG�DV�SURELRWLFV�LQ�IRRGV��DQG� 
WR�UHYLHZ�FULWHULD�IRU�WKH�HYDOXDWLRQ�RI�WKH�VDIHW\�RI�QHZ�SURELRWLFV��%RUULHOOR�et al.��������� ,W�ZDV� 
UHSRUWHG�WKDW�FDVHV�RI�LQIHFWLRQ�GXH�WR�lactobacilli DQG�bifidobacteria DUH�UDUH�DQG�WKDW�LQFUHDVHG� 
FRQVXPSWLRQ�RI�SURELRWLF�SURGXFWV�FRQWDLQLQJ�lactobacilli DQG�bifidobacteria KDV�QRW�OHG�WR� 
LQFUHDVHV�LQ�WKHVH�LQIHFWLRQV�LQ�FRQVXPHUV��%RUULHOOR�et al.��������� 
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7KH�VDIHW\�RI�WKH�Lactobacillus JHQXV�KDV�DOVR�EHHQ�H[WHQVLYHO\�HYDOXDWHG�E\�%HUQDUGHDX�et al. 
�������DQG�WKH�DXWKRUV�VWDWHG�WKDW�³QR�FDVHV�RI�FROOHFWLYH�IRRG�ERUQH�GLVHDVH�KDYH�EHHQ� 
UHSRUWHG�LQ�KHDOWK\�SHRSOH�RU�IDUP�DQLPDOV�IROORZLQJ�WKH�LQJHVWLRQ�RI�IRRG�RU�IHHG�FRQWDLQLQJ� 
Lactobacilli´�� 7KLV�YLHZ�LV�DOVR�VXSSRUWHG�LQ�DQ�HDUOLHU�UHYLHZ�E\�$GDPV��������UHJDUGLQJ�WKH� 
VDIHW\�RI�LQGXVWULDO�ODFWLF�DFLG�EDFWHULD�� $GDPV��������FRQFOXGHG�WKDW�EDVHG�RQ�WKH�ORQJ�KLVWRU\� 
RI�FRQVXPSWLRQ��LQ�FRQMXQFWLRQ�ZLWK�WKH�FXUUHQW�DYDLODEOH�HSLGHPLRORJLFDO��FOLQLFDO�DQG�DFXWH� 
WR[LFLW\�GDWD��WKDW�ODFWLF�DFLG�EDFWHULD�FRPPRQO\�RFFXUULQJ�LQ�IHUPHQWHG�IRRGV�DQG�XVHG�LQ� 
SURELRWLFV�DUH�VDIH�DQG�WKDW�³the available evidence does not indicate any significant health risk 
posed by ingested lactic acid bacteria´�� %DVHG�RQ�WKHVH�DQG�RWKHU�UHYLHZV��LW�PD\�EH�FRQFOXGHG� 
WKDW�WKH�XVH�RI�ODFWREDFLOOL�LQ�IRRG�SURGXFWLRQ�LV�VDIH�DQG�JHQHUDOO\�UHFRJQL]HG�DV�VDIH�EDVHG�RQ� 
D�ORQJ�KLVWRU\�RI�XVH�LQ�IRRG��+RO]DSIHO�et al.��������9DQGHUKRRI�DQG�<RXQJ��������$GDPV�� 
������6DDUHOD�et al.��������%RUULHOOR�et al.��������3LFDUG�et al.��������%R\OH�et al.�������� 
%HUQDUGHDX�et al., ������� 

Generation of Bacterial By-Products and Relevance to the Toxicity of PFI’s GABA 

Biogenic Amines 

7KH�Lactobacillus JHQXV�LV�QRQ�SDWKRJHQLF�DQG�QRQ�WR[LJHQLF��KRZHYHU��VRPH�VSHFLHV�RI� 
Lactobacillus��LQFOXGLQJ�L. hilgardii��DUH�FDSDEOH�RI�SURGXFLQJ�ELRJHQLF�DPLQHV�VXFK�DV�W\UDPLQH�� 
KLVWDPLQH��SXWULFHQH��DQG�SKHQ\OHWK\ODPLQH�� 7KH�SUHVHQFH�RI�ELRJHQLF�DPLQHV�LQ�ZLQH��FLGHU�� 
FKHHVHV��DQG�FXUHG�PHDWV�GXH�WR�WKH�SUHVHQFH�RI�Lactobacillus LV�FRPPRQ��6X]]L�DQG�*DUGLQL�� 
������)HUUHLUD�DQG�3LQKR��������*DUDL�et al.��������/DQGHWH�et al.���������DQG�JHQHUDOO\�GRHV�QRW� 
UHVXOW�LQ�DGYHUVH�HIIHFWV�RU�WR[LFLW\�� $OWKRXJK�UDUH��WR[LFLW\�GXH�WR�KLJK�OHYHOV�RI�ELRJHQLF�DPLQHV� 
�XVXDOO\�KLVWDPLQH��KDV�EHHQ�UHSRUWHG�WR�RFFXU�LQ�KHDOWK\�LQGLYLGXDOV��DQG�V\PSWRPV�JHQHUDOO\� 
LQYROYH�KHDGDFKH��SDOSLWDWLRQV��IOXVKLQJ��DQG�WR�D�OHVVHU�H[WHQW�QDXVHD��GLDUUKHD��DQG�HU\WKHPD� 
�%HFNHU�et al.��������2KQXPD�et al.��������0LNL�et al.��������� )RU�KLVWDPLQH�WR[LFLW\��WKH� 
KD]DUGRXV�LQWDNH�OHYHO�LV�EHOLHYHG�WR�EH�����PJ�����J�RI�IRRG��/HKDQH�DQG�2OOH\��������� 
DOWKRXJK�WKLV�WKUHVKROG�LV�OLNHO\�ORZHU�LQ�VXEMHFWV�ZLWK�JHQHWLF�RU�GUXJ�LQGXFHG�LPSDLUPHQW�RI� 
ELRJHQLF�DPLQH�PHWDEROLVP�GXH�WR�GHILFLHQFLHV�LQ��RU�WKH�LQKLELWLRQ�RI��HQ]\PHV�FDWDO\]LQJ�WKHLU� 
GHFDUER[\ODWLRQ�� &RVWDQWLQL�et al. �������H[DPLQHG�����VWUDLQV�RI�EDFWHULD�LVRODWHG�IURP�PXVWV� 
DQG�ZLQH�IURP�YDULRXV�UHJLRQV�LQ�,WDO\�WR�LGHQWLI\�WKH�EDFWHULD�VWUDLQ�V��UHVSRQVLEOH�IRU�ELRJHQLF� 
DPLQH��KLVWLGLQH��W\UDPLQH��DQG�SXWUHVFLQH��SURGXFWLRQ�� 2QO\���RI����L. hilgardii VWUDLQV�ZDV� 
LGHQWLILHG�DV�H[SUHVVLQJ�KLVWLGLQH�GHFDUER[\ODVH�P51$��hdc���WKH�JHQH�HQFRGLQJ�WKH�HQ]\PH� 
UHVSRQVLEOH�IRU�WKH�FRQYHUVLRQ�RI�KLVWLGLQH�WR�KLVWDPLQH�� 7KLV�VWUDLQ�DOVR�ZDV�VKRZQ�WR�EH� 
FDSDEOH�RI�KLVWDPLQH�SURGXFWLRQ�� $OO�L. hilgardii VWUDLQV�ZHUH�QHJDWLYH�IRU�JHQHV�HQFRGLQJ� 
RUQLWKLQH�GHFDUER[\ODVH�DQG�W\URVLQH�GHFDUER[\ODVH��WKH�JHQHV�HQFRGLQJ�WKH�HQ]\PHV� 
UHVSRQVLEOH�IRU�SXWUHVFLQH�DQG�W\UDPLQH�UHVSHFWLYHO\�� ,Q�FRQWUDVW��/DQGHWH�et al. ������� 
LQYHVWLJDWHG�WKH�DELOLW\�RI�����EDFWHULD�VWUDLQV�LVRODWHG�IURP�ZLQH�WR�GHWHUPLQH�ZKLFK�VWUDLQV� 
ZHUH�UHVSRQVLEOH�IRU�KLVWDPLQH�SURGXFWLRQ��DQG�GHWHUPLQHG�WKDW�DOO���L. hilgardii VWUDLQV�ZHUH� 
KLVWDPLQH�SURGXFHUV�� ,Q�DGGLWLRQ��RI�WKH�EDFWHULD�LVRODWHG�DQG�GHWHUPLQHG�WR�EH�KLVWDPLQH� 
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SURGXFHUV��L. hilgardii DQG�Pediococcus parvulus, ZHUH�LGHQWLILHG�DV�WKH�SULQFLSOH�EDFWHULD� 
UHVSRQVLEOH�IRU�WKH�RFFXUUHQFH�RI�KLVWDPLQH�LQ�ZLQH�� 8QGHU�RSWLPDO�H[SHULPHQWDO�FRQGLWLRQV� 
�SODWH�DVVD\�LQFXEDWLRQ�DW����&�IRU���GD\V���KLVWDPLQH�SURGXFWLRQ�IRU�L. hilgardii LVRODWHG�IURP� 
ZLQH�UDQJHG�EHWZHHQ����WR�����PJ�/�� 

0RUHQR�$UULEDV�et al. �������LVRODWHG�D�QXPEHU�RI�EDFWHULD�IURP�W\UDPLQH�FRQWDLQLQJ�ZLQHV�DQG� 
GLVFRYHUHG�WKDW�WKH�SULPDU\�W\UDPLQH�SURGXFHU�ZDV�Lactobacillus brevis��DQG�QR�L. hilgardii 
VWUDLQV�ZHUH�GHWHFWHG�LQ�WKH�W\UDPLQH�FRQWDLQLQJ�ZLQH�� 7KH�DXWKRUV�DOVR�LQYHVWLJDWHG�D�ODUJH� 
QXPEHU�RI�FRPPHUFLDOO\�DYDLODEOH��LVRODWHG�IURP�YDULRXV�IHUPHQWHG�JUDSH�SURGXFWV��ODFWLF�DFLG� 
EDFWHULD�VWUDLQV�IRU�WKHLU�W\UDPLQH�SURGXFLQJ�FDSDFLW\�DQG�GLVFRYHUHG�WKDW�RQO\���VWUDLQ�LQ� 
���L. hilgardii VWUDLQV�FRXOG�SURGXFH�W\UDPLQH�� 6LPLODU�REVHUYDWLRQV�IRU�W\UDPLQH�SURGXFWLRQ�E\� 
L. hilgardii DQG�L. brevis ZHUH�UHSRUWHG�E\�/DQGHWH�et al. �������ZKR�LGHQWLILHG���VWUDLQV�IURP��� 
VWUDLQV�RI�L. hilgardii DV�SURGXFHUV�RI�W\UDPLQH�DQG�SKHQ\OHWK\ODPLQH��DQG�DYHUDJH�SURGXFWLRQ�RI� 
WKHVH�ELRJHQLF�DPLQHV�XQGHU�RSWLPDO�JURZWK�FRQGLWLRQV�UDQJHG�IURP�����WR�����PJ�/�� 

$OWKRXJK�FHUWDLQ�VWUDLQV�RI�L. hilgardii FDQ�SURGXFH�D�YDULHW\�RI�ELRJHQLF�DPLQHV��FRQWDPLQDWLRQ� 
RI�3),¶V�*$%$�LQ�D�PDQQHU�WKDW�ZRXOG�EH�WR[LFRORJLFDOO\�UHOHYDQW�LV�XQOLNHO\�� $�GHWDLOHG� 
FRPSRVLWLRQDO�DQDO\VLV�RI�3),¶V�*$%$�LQJUHGLHQW�ZDV�SHUIRUPHG��VHH�6HFWLRQ�,,�&��7DEOH�,,�&���� 
LQGLFDWLQJ�WKDW�WKH�OHYHO�RI�IUHH�DPLQR�DFLG�FRQWDPLQDWLRQ�LV�ORZ��DQG�ZLWK�WKH�H[FHSWLRQ�RI� 
JOXWDPLF�DFLG��DOO�DPLQR�DFLGV�DUH�EHORZ�������DQG�PDQ\�RI�WKH�ELRJHQLF�DPLQH�SUHFXUVRUV� 
�KLVWLGLQH��W\URVLQH��DQG�SKHQ\ODODQLQH��ZHUH�GHWHFWHG�DW�D�FRQFHQWUDWLRQ�RI��������� ,Q�DGGLWLRQ�� 
3),�KDV�WHVWHG�WKHLU�*$%$�LQJUHGLHQW�IRU�WKH�SUHVHQFH�RI�KLVWDPLQH�XVLQJ�+3/&�DQDO\VLV�DQG� 
FRQILUPHG�WKDW�WKH�SURGXFW�LV�KLVWDPLQH�IUHH��DQDO\WLFDO�UHVXOWV�RI�KLVWDPLQH�DQDO\VLV�DUH� 
SUHVHQWHG�LQ�$SSHQGL[�&��$WWDFKPHQW�&����� 

Ethyl Carbamate and Citrulline 

/DFWLF�DFLG�EDFWHULD��Lactobacillus buchneri, Oenococcus oeni, DQG�L. hilgardii��DUH�RIWHQ�XVHG�WR� 
GHYHORS�IODYRUV�LQ�ZLQH�via D�SURFHVV�FDOOHG�PDORODFWLF�IHUPHQWDWLRQ��D�VWDJH�RI�ZLQH�PDNLQJ�WKDW� 
LV�SHUIRUPHG�VXEVHTXHQW�WR�DOFRKROLF�IHUPHQWDWLRQ�GXULQJ�ZLQH�SURGXFWLRQ�� 3HULRGLFDOO\�� 
PDORODFWLF�IHUPHQWDWLRQ�LV�DVVRFLDWHG�ZLWK�WKH�IRUPDWLRQ�RI�WKH�PXWDJHQLF�FRPSRXQG��HWK\O� 
FDUEDPDWH�LQ�D�SURFHVV�WKDW�LV�DVVXPHG�WR�RFFXU�LQ�DVVRFLDWLRQ�ZLWK�/�DUJLQLQH�FDWDEROLVP��0LUD� 
'H�2UGXxD�et al.��������� /DFWLF�DFLG�EDFWHULD�WKDW�H[SUHVV�VLJQLILFDQW�OHYHOV�RI�DUJLQLQH� 
GHDPLQDVH�DUH�EHOLHYHG�WR�FDWDO\]H�WKLV�SURFHVV�via WKH�IRUPDWLRQ�RI�/�FLWUXOOLQH�� 7KH�/�FLWUXOOLQH� 
LV�WKHQ�UHOHDVHG�IURP�WKH�EDFWHULD�ZKHUH�WKH�FRPSRXQG�VORZO\�UHDFWV�ZLWK�WKH�HWKDQRO�SUHVHQW�LQ� 
WKH�ZLQH�SURGXFLQJ�HWK\O�FDUEDPDWHV�� *LYHQ�WKH�VORZ�SURGXFWLRQ�RI�HWK\O�FDUEDPDWH�IURP� 
FLWUXOOLQH�LQ�ZLQH��VWXGLHV�VSHFLILFDOO\�GHPRQVWUDWLQJ�HWK\O�FDUEDPDWH�SURGXFWLRQ�E\�L. hilgardii 
DUH�QRW�DYDLODEOH��KRZHYHU��D�QXPEHU�RI�H[SHULPHQWV�KDYH�VKRZQ�WKDW�VRPH�VWUDLQV�RI�WKH� 
RUJDQLVP�FDQ�DFWLYHO\�GHJUDGH�/�DUJLQLQH�WR�FLWUXOOLQH��$UHQD�et al.��������$]HYHGR�et al.�������� 
5RGUtJXH]�et al.���������DQG�ZLQHV�SURGXFHG�XVLQJ�WKHVH�VWUDLQV�FRXOG�EH�VXVFHSWLEOH�WR�HWK\O� 
FDUEDPDWH�SURGXFWLRQ�LI�VLJQLILFDQW�FRQFHQWUDWLRQV�RI�/�DUJLQLQH�UHPDLQ�IROORZLQJ�DOFRKROLF� 
IHUPHQWDWLRQ�� ,W�LV�XQFOHDU�LI�WKH�VWUDLQ�RI�L. hilgardii XVHG�LQ�WKH�SURGXFWLRQ�RI�*$%$��L. hilgardii 
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.����H[SUHVVHV�D�IXQFWLRQDO�DUJLQLQH�GHDPLQDVH�HQ]\PH��KRZHYHU��D�VLJQLILFDQW�VRXUFH�RI� 
DUJLQLQH�LV�QRW�SUHVHQW�GXULQJ�*$%$�IHUPHQWDWLRQ��QRU�LV�HWKDQRO�XVHG�GXULQJ�WKH�PDQXIDFWXUH�RI� 
*$%$��WKXV��WKH�IRUPDWLRQ�RI�HWK\O�FDUEDPDWH�GXULQJ�*$%$�SURGXFWLRQ�LV�QRW�H[SHFWHG�� 7KLV� 
K\SRWKHVLV�LV�VXSSRUWHG�E\�VWXGLHV�FRQGXFWHG�E\�3),�DW�WKH�-DSDQHVH�)RRG�5HVHDUFK� 
/DERUDWRU\��LQ�ZKLFK�QHLWKHU�HWK\O�FDUEDPDWH�QRU�FLWUXOOLQH�ZHUH�GHWHFWHG�LQ�WKH�ILQDO�SURGXFW�DW� 
OLPLWV�RI�GHWHFWLRQ�RI������DQG�����SSP��UHVSHFWLYHO\ ���� 7KH�UHVXOWV�RI�WKH�DQDO\VHV�DUH� 
SUHVHQWHG�LQ�$SSHQGL[�&��$WWDFKPHQW�&���DQG�&����UHVSHFWLYHO\�� 

$GGLWLRQDOO\��WKH�DEVHQFH�RI�YLDEOH�L. hilgardii .���LQ�WKH�ILQDO�SURGXFW�LV�HQVXUHG�E\�WKH�XVH�RI� 
DSSHUWL]DWLRQ�DQG�PLFURILOWUDWLRQ�������ȝP��GXULQJ�WKH�PDQXIDFWXULQJ�SURFHVV��DQG�DQDO\WLFDO�GDWD� 
FRQILUP�WKH�DEVHQFH�RI�SURWHLQ�LQ�WKH�ILQDO�SURGXFW��VHH�6HFWLRQ�,,�&��� 7KHUHIRUH��WKH�XVH�RI� 
L. hilgardii K-3 LQ�WKH�SURGXFWLRQ�RI�*$%$�IRU�XVH�LQ�IRRG�LV�VDIH�EDVHG�RQ�WKH�IROORZLQJ�� 
L. hilgardii K-3 VWUDLQ�ZDV�LVRODWHG�IURP�NLPFKL��ZKLFK�KDV�EHHQ�DQG�LV�FRQVXPHG�LQ�WKH�KXPDQ� 
GLHW��L. hilgardii KDV�D�ORQJ�KLVWRU\�RI�VDIH�FRQVXPSWLRQ�GXH�WR�LWV�SUHVHQFH�LQ�IHUPHQWHG�IRRGV�� 
L. hilgardii LV�WKH�PRVW�SUHYDOHQW�VSHFLHV�RI�ODFWLF�DFLG�EDFWHULD�LGHQWLILHG�LQ�ZLQH��DQG�WKH� 
DEVHQFH�RI�VWUDLQ�VSHFLILF�PHWDEROLWHV�RI�WR[LFRORJLFDO�UHOHYDQFH�LV�VXSSRUWHG�E\�WKH�DEVHQFH�RI� 
KLVWDPLQH��HWK\O�FDUEDPDWH��DQG�FLWUXOOLQH�LQ�*$%$�SURGXFHG�E\�3),�� 

I. Summary and Basis for GRAS 

3),�LQWHQGV�WR�PDUNHW�*$%$�DV�D�IRRG�LQJUHGLHQW�LQ�WKH�8�6��IRU�XVH�DW�D�OHYHO�RI�����PJ� 
*$%$�VHUYLQJ��i.e��������WR��������LQ�YDULRXV�IRRGV��VXFK�DV�VQDFN�EDUV��EUHDNIDVW�FHUHDOV�� 
SURFHVVHG�FKHHVH��\RJKXUWV��FKHZLQJ�JXP��KDUG�DQG�VRIW�FDQGLHV�DQG�FKRFRODWH��DV�ZHOO�DV� 
EHYHUDJHV�DQG�EHYHUDJH�EDVHV�LQFOXGLQJ�FDUERQDWHG��HQHUJ\��IODYRUHG��SRZGHUHG�DQG�VSRUWV� 
GULQNV��IODYRUHG�PLON�DQG�PLON�GULQNV��DQG�FRIIHH�DQG�WHD�� 

3),¶V�*$%$��QRW�OHVV�WKDQ�����SXULW\��LV�PDQXIDFWXUHG�E\�D�IHUPHQWDWLRQ�SURFHVV�WKDW�XWLOL]HV� 
L. hilgardii .���WR�FDWDO\]H�WKH�FRQYHUVLRQ�RI�/�JOXWDPDWH�WR�*$%$�� 7KH�SURGXFW�LV� 
PDQXIDFWXUHG�FRQVLVWHQW�ZLWK�F*03�DQG�WKH�ILQDO�*$%$�LQJUHGLHQW�PHHWV�DSSURSULDWH�IRRG� 
JUDGH�VSHFLILFDWLRQV�� *$%$�FDQ�DOVR�EH�GLOXWHG���IROG�ZLWK�IRRG�JUDGH�VWDUFK�WR�SURGXFH�D� 
SURGXFW�ZLWK�QRW�OHVV�WKDQ�����SXULW\��*$%$������ %DWFK�DQDO\VHV�RI���QRQ�FRQVHFXWLYH�ORWV�RI� 
*$%$�DQG���QRQ�FRQVHFXWLYH�ORWV�RI�*$%$����GHPRQVWUDWH�WKDW�WKH�ILQDO�SURGXFWV�DUH� 
FRQVLVWHQWO\�SURGXFHG�LQ�DFFRUGDQFH�ZLWK�WKH�HVWDEOLVKHG�VSHFLILFDWLRQV�� 6WDELOLW\�VWXGLHV�KDYH� 
VKRZQ�WKDW�*$%$����LV�VWDEOH�IRU�XS�WR����PRQWKV�XQGHU�DPELHQW�FRQGLWLRQV�DQG�WKH�VKHOI�OLIH� 
ZDV�VHW�DW���\HDUV�� $GGLWLRQDOO\��LQ�DTXHRXV�VROXWLRQ�GLVVROYHG�DW�D�OHYHO�RI�����*$%$�ZDV� 
VWDEOH�XQGHU�FRQGLWLRQV�RI�HOHYDWHG�WHPSHUDWXUHV�DQG�YDULHG�S+�� 

L. hilgardii LV�D�QRQ�WR[LFRJHQLF�DQG�QRQ�SDWKRJHQLF�EDFWHULD�WKDW�LV�SUHVHQW�LQ�D�QXPEHU�RI� 
FRPPRQO\�FRQVXPHG�IRRGV��e.g.��FKHHVH��ZLQH��SRUW��DQG�EUDQG\��� $OWKRXJK�VHOHFW�PHPEHUV�RI� 
L. hilgardii DUH�NQRZQ�SURGXFHUV�RI�ELRJHQLF�DPLQHV��DQDO\WLFDO�GDWD�FRQILUP�WKH�DEVHQFH�RI� 

�� &HUWLILFDWH�RI�$QDO\VLV�IRU�FLWUXOOLQH�LQGLFDWHV�WKDW�WKH�GHWHFWLRQ�OLPLW�ZDV�VHW�DW������J�����J�GXH�WR�WKH�H[LVWHQFH�RI� 
KLJKO\�FRQFHQWUDWHG�DPLQR�DFLG�� 
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KLVWDPLQH�LQ�3),¶V�SURGXFW�� )XUWKHUPRUH��SUHFXUVRU�DPLQR�DFLGV��KLVWLGLQH��W\URVLQH��DQG� 
SKHQ\ODODQLQH��UHTXLUHG�IRU�WKH�V\QWKHVLV�RI�ELRJHQLF�DPLQHV�E\�PLFURRUJDQLVPV�ZHUH�QRW� 
GHWHFWHG�LQ�WKH�IHUPHQWDWLRQ�PHGLD�DW�VLJQLILFDQW�OHYHOV����������� $OWKRXJK�VRPH�VWUDLQV�RI� 
L. hilgardii KDYH�EHHQ�VKRZQ�WR�V\QWKHVL]H�WKH�PXWDJHQLF�FRPSRXQG�HWK\O�FDUEDPDWH��WKH� 
UHVXOWV�RI�DQDO\WLFDO�GDWD�FRQILUP�WKH�DEVHQFH�RI�WKLV�FRPSRXQG�LQ�3),¶V�*$%$�� /LNHZLVH��VLQFH� 
HWK\O�FDUEDPDWH�DOVR�FDQ�IRUP�VSRQWDQHRXVO\�LQ�WKH�SUHVHQFH�RI�DOFRKRO��DQDO\WLFDO�VWXGLHV� 
FRQGXFWHG�E\�3),�FRQILUP�WKH�DEVHQFH�RI�FLWUXOOLQH�LQ�WKH�ILQDO�SURGXFW��VXSSRUWLQJ�WKH�XVH�RI� 
3),¶V�*$%$�LQ�DOFRKROLF�EHYHUDJHV�� 7KXV��WKHVH�ILQGLQJV�VXSSRUW�WKH�VDIHW\�RI�WKH�XVH�RI� 
L. hilgardii .���LQ�WKH�SURGXFWLRQ�RI�*$%$�� 

*$%$�H[LVWV�QDWXUDOO\�LQ�D�ZLGH�YDULHW\�RI�IRRGV�W\SLFDO�RI�WKH�1RUWK�$PHULFDQ�GLHW��DQG�WKXV�KDV� 
D�ORQJ�KLVWRU\�RI�VDIH�FRQVXPSWLRQ�E\�KXPDQV�� %DVHG�RQ�SXEOLVKHG�HVWLPDWHV�RI�*$%$�LQ�IRRG�� 
LQ�FRQMXQFWLRQ�ZLWK�per capita FRQVXPSWLRQ�GDWD��6WRIEHUJ�DQG�*UXQGVFKREHU���������HVWLPDWHG� 
LQWDNHV�RI�*$%$�LQ�WKH�8�6��IURP�LWV�QDWXUDO�RFFXUUHQFH�ZHUH�GHWHUPLQHG�WR�EH�����PJ�SHUVRQ�� 
GD\�� 7KH�DOO�XVHU�WRWDO�SRSXODWLRQ�FRQVXPSWLRQ�RI�*$%$�IURP�WKH�SURSRVHG�XVHV�LQ�IRRG�DQG� 
EHYHUDJHV�ZHUH�HVWLPDWHG�WR�UHVXOW�LQ�D�PHDQ�LQWDNH�RI�����PJ�SHUVRQ�GD\������PJ�NJ�ERG\� 
ZHLJKW�GD\��DQG�D���WK� SHUFHQWLOH�DOO�XVHU�LQWDNH�RI�����PJ�SHUVRQ�GD\�������PJ�NJ�ERG\� 
ZHLJKW�GD\��� 7KH�LQWHQGHG�XVH�OHYHO�RI�3),¶V�*$%$������PJ�VHUYLQJ��LV�ZLWKLQ�WKH�UDQJH�RI� 
*$%$�SUHVHQW�LQ�*$%$�HQULFKHG�IRRGV�PDUNHWHG�LQ�-DSDQ��ZKLFK�PD\�FRQWDLQ�DV�PXFK�DV� 
����PJ�RI�*$%$�SHU�VHUYLQJ�� 7KH�HVWLPDWHG�LQWDNHV�IURP�WKH�SURSRVHG�XVHV�DUH�DOVR�ZLWKLQ�WKH� 
UHFRPPHQGHG�LQWDNHV�RI�*$%$�IURP�LWV�LQFOXVLRQ�LQ�D�QXPEHU�RI�GLHWDU\�VXSSOHPHQW�SURGXFWV� 
�W\SLFDOO\�DURXQG�����PJ�GD\�DQG�FDQ�EH�DV�KLJK�DV�������WR�������PJ�GD\��� %DVHG�RQ�WKH� 
HVWLPDWHG�H[SRVXUH�WR�*$%$�IURP�LWV�QDWXUDO�RFFXUUHQFH�LQ�IRRG��FRPELQHG�PHDQ�DQG���WK� 

SHUFHQWLOH�DOO�XVHU�LQWDNHV�RI�*$%$�IURP�EDFNJURXQG�VRXUFHV�DQG�H[SRVXUH�XQGHU�WKH�SURSRVHG� 
XVHV�ZDV�HVWLPDWHG�WR�EH�����DQG�����PJ�SHUVRQ�GD\��UHVSHFWLYHO\�� ,QWDNH�HVWLPDWHV�RQ�DQ� 
DEVROXWH�EDVLV�ZHUH�KLJKHVW�LQ�PDOH�DGXOWV�ZLWK�PHDQ�DQG���WK� SHUFHQWLOH�DOO�XVHU�LQWDNHV�RI����� 
DQG�����PJ�SHUVRQ������DQG������PJ�NJ�ERG\�ZHLJKW�UHVSHFWLYHO\��� +RZHYHU��RQ�D�ERG\�ZHLJKW� 
EDVLV��LQIDQWV�DQG�FKLOGUHQ�ZHUH�HVWLPDWHG�WR�KDYH�WKH�KLJKHVW�*$%$�LQWDNHV��DOO�XVHU� 
FRQVXPSWLRQ��UHODWLYH�WR�ERG\�ZHLJKW��i.e.��IRU�LQIDQWV�������DQG������PJ�NJ�ERG\�ZHLJKW�GD\�IRU� 
PHDQ�DQG���WK� SHUFHQWLOH�H[SRVXUHV��UHVSHFWLYHO\��DQG�IRU�FKLOGUHQ������DQG������PJ�NJ�ERG\� 
ZHLJKW�GD\�IRU�PHDQ�DQG���WK� SHUFHQWLOH��UHVSHFWLYHO\��� 6LQFH�3),�GRHV�QRW�LQWHQG�WR�PDUNHW� 
*$%$�IRU�XVH�LQ�SURGXFWV�OLNHO\�WR�EH�FRQVXPHG�E\�LQIDQWV�RU�FKLOGUHQ��LW�LV�H[SHFWHG�WKDW�WKH� 
DFWXDO�H[SRVXUH�WR�*$%$�LQ�WKLV�JURXS�ZLOO�EH�PLQLPDO�� 

*$%$�LV�D�FKDUJHG�PROHFXOH��DQG�URGHQW�VWXGLHV�LQGLFDWH�WKDW�WKH�FRPSRXQG�GLVSOD\V�SRRU� 
ELRDYDLODELOLW\�ZKHQ�DGPLQLVWHUHG�RUDOO\��YDQ�*HOGHU�DQG�(OOLRWW��������� 7KH�GDLO\�FRQVXPSWLRQ�RI� 
*$%$�����PJ�SHUVRQ��IRU�D�SHULRG�RI���WR����ZHHNV�GLG�QRW�UHVXOW�LQ�LQFUHDVHG�SODVPD�*$%$� 
OHYHOV��VXJJHVWLQJ�WKDW�*$%$�LV�HLWKHU�SRRUO\�ELRDYDLODEOH�LQ�KXPDQV�DQG�RU�LV�UDSLGO\� 
PHWDEROL]HG�IROORZLQJ�FRQVXPSWLRQ��0DWVXEDUD�et al���������.DMLPRWR�et al�������D��� 6LPLODU� 
SKDUPDFRNLQHWLFV�H[LVW�DPRQJ�YDULRXV�ODERUDWRU\�DQLPDO�VSHFLHV��e.g., UDWV��FDWV��DQG�UDEELWV�� 
DQG�H[RJHQRXV�*$%$�V\VWHPLFDOO\�DGPLQLVWHUHG�LV�UDSLGO\�FOHDUHG�IURP�WKH�EORRG��i.e.�� 
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���PLQXWH�KDOI�OLIH�LQ�URGHQWV��ZLWKRXW�HYLGHQFH�RI�*$%$�ELRDFFXPXODWLRQ�RU�WLVVXH�UHWHQWLRQ� 
�YDQ�*HOGHU�DQG�(OOLRWW��������+HVSH�et al���������� ,Q�URGHQWV��WKH�OLYHU�LV�WKH�SULPDU\�PHWDEROLF� 
VLWH�IRU�*$%$��)HUHQFL�et al.��������DQG�WKH�FDWDEROLVP�RI�*$%$�RFFXUV�H[FOXVLYHO\�via *$%$� 
WUDQVDPLQDVH�IRU�XVH�DV�D�FDUERQ�VRXUFH�LQ�WKH�7&$�F\FOH�UHVXOWLQJ�LQ�&2�� DV�WKH�SULPDU\�ZDVWH� 
SURGXFW��3DWHO�et al.��������� ,Q�KXPDQV��SKDUPDFRNLQHWLF�VWXGLHV�FRQGXFWHG�LQ���VXEMHFW�ZLWK� 
KHSDWLF�LPSDLUPHQW�VXJJHVW�WKDW�*$%$�LV�UDSLGO\�PHWDEROL]HG�LQ�WKH�OLYHU��7RZHU��������� 

7KH�SHUPHDWLRQ�RI�*$%$�DFURVV�WKH�EORRG�EUDLQ�EDUULHU�LV�KLJKO\�OLPLWHG�DQG�QRW�VLJQLILFDQWO\� 
DIIHFWHG�E\�WKH�GRVH�RI�*$%$��5REHUWV�et al.��������YDQ�*HOGHU�DQG�(OOLRWW��������.XUL\DPD�DQG� 
6]H��������2OGHQGRUI��������)UH\�DQG�/|VFKHU��������.UDQWLV��������$O�6DUUDI��������$O�$ZDGL� 
et al.��������� ([RJHQRXV�*$%$�GRHV�QRW�DFFXPXODWH�LQ�WKH�EUDLQ�IROORZLQJ�V\VWHPLF�H[SRVXUH� 
EHFDXVH�WKH�HIIOX[�UDWH�RI�*$%$�DFURVV�WKH�%%%�LV�JUHDWHU�WKDQ�LWV�SHUPHDWLRQ�UDWH�DQG�WKH�KLJK� 
*$%$�WUDQVDPLQDVH�DFWLYLW\�LQ�WKH�&6)��.XUL\DPD�DQG�6]H��������.DNHH�et al.��������� 7KH� 
SXEOLFO\�DYDLODEOH�GDWD�SURYLGH�QR�HYLGHQFH�WR�VXJJHVW�WKDW�*$%$�FDQ�FURVV�WKH�%%%�LQ�PDWXUH� 
KHDOWK\�DQLPDOV�LQ�VXIILFLHQW�TXDQWLWLHV�WR�HLWKHU�LQFUHDVH�*$%$�FRQFHQWUDWLRQV�LQ�WKH�EUDLQ��RU� 
LQGXFH�LQKLELWRU\�HIIHFWV�LQ�WKH�EUDLQ�� *HQHUDO�UHFRJQLWLRQ�RI�WKLV�LV�VXSSRUWHG�E\�WKH�(3$�ZKR� 
UHYLHZHG�WKH�VDIHW\�RI�KXPDQ�H[SRVXUH�WR�*$%$��DQG�FRQFOXGHG�WKDW�³*$%$�GRHV�QRW�FURVV�WKH� 
EORRG�EUDLQ�EDUULHU´��8�6��(3$��������� 

$QLPDO�VWXGLHV�KDYH�GHPRQVWUDWHG�WKDW�*$%$�LV�RI�ORZ�RUDO�WR[LFLW\�DQG�DQ\�HIIHFWV�LQGXFHG� 
ZHUH�XQUHPDUNDEOH�� $Q�DFXWH�WR[LFLW\�VWXG\�FRQGXFWHG�ZLWK�3),¶V�*$%$�UHVXOWHG�LQ�QR�WR[LFLW\� 
LQ�UDWV�DW�D�VLQJOH�RUDO�GRVH�RI�������PJ�NJ�ERG\�ZHLJKW��-)/5�������>XQSXEOLVKHG@��� 6DXFKL�et 
al���������UHSRUWHG�D�12$(/�RI�����PJ�NJ�ERG\�ZHLJKW�GD\��WKH�RQO\�GRVH�WHVWHG��IRU�3),¶V� 
*$%$�ZKHQ�DGPLQLVWHUHG�WR�PDOH�DQG�IHPDOH�:LVWDU�UDWV�LQ�WKH�GLHW�RYHU�D����GD\�SHULRG�� 
/LNHZLVH��QR�WR[LFRORJLFDOO\�UHOHYDQW�HIIHFWV�ZHUH�UHSRUWHG�LQ�D����GD\�VWXG\�LQ�6SUDJXH�'DZOH\� 
UDWV�WKDW�UHFHLYHG�3),¶V�*$%$�E\�RUDO�JDYDJH�DW�GRVHV�XS�WR�������PJ�NJ�ERG\�ZHLJKW�GD\� 
�7DNHVKLPD�et al.��������� 7ZR�UHSHDWHG�GRVH�VWXGLHV�FRQGXFWHG�ZLWK�*$%$�FRQWDLQLQJ� 
IHUPHQWHG�PLON�UHSRUWHG�WKDW�H[SRVXUH�WR�*$%$�ZDV�ZHOO�WROHUDWHG�DW�GRVHV�XS�WR���PJ�NJ�ERG\� 
ZHLJKW�GD\��.DWR�et al.��������� 1R�FKURQLF�VWXGLHV�ZLWK�*$%$�RU�3),¶V�*$%$�ZHUH�LGHQWLILHG�LQ� 
WKH�OLWHUDWXUH�VHDUFK�� 7RZHU��������UHYLHZHG�XQSXEOLVKHG�UHSRUWV�RI�FKURQLF�WR[LFLW\�VWXGLHV� 
FRQGXFWHG�LQ�UDWV�DQG�GRJV�DQG�FRQFOXGHG�WKDW�WKH�FKURQLF�FRQVXPSWLRQ�RI�*$%$�DW�GRVHV�XS� 
WR���J�NJ�ERG\�ZHLJKW�GD\�IRU�SURORQJHG�SHULRGV�GLG�QRW�HOLFLW�VLJQV�RI�WR[LFLW\�� &KURQLF�VWXGLHV�LQ� 
UDWV��GRJV�DQG�PRQNH\V�UHFHLYLQJ�*9*��DQ�LQKLELWRU�RI�*$%$�WUDQVDPLQDVHV�DQG�*$%$� 
WXUQRYHU��IDLOHG�WR�HOLFLW�VLJQV�RI�SHULSKHUDO�QHXURSDWK\��*LEVRQ�et al���������� 

$�QXPEHU�RI�SXEOLVKHG�KXPDQ�VWXGLHV�FRQWDLQLQJ�UHOHYDQW�KHPDWRORJLFDO�DQG�RU�FOLQLFDO� 
FKHPLVWU\�DQG�VDIHW\�HQGSRLQWV��DQG�DGYHUVH�HYHQW�PRQLWRULQJ�GHPRQVWUDWHG�WKDW�UHSHDW� 
FRQVXPSWLRQ�RI�*$%$�LV�ZHOO�WROHUDWHG�E\�KXPDQV�FRQVXPLQJ�*$%$�LQ�UHSHDW�GRVH�TXDQWLWLHV� 
RI�XS�WR�����PJ�SHUVRQ�GD\�IRU�XS�WR����ZHHNV�RU�����PJ�GD\�IRU�XS�WR����GD\V�� $GGLWLRQDOO\�� 
DFXWH�H[SRVXUH�WR�KLJK�GRVHV�RI�*$%$����WR����J�GD\�IRU�XS�WR���GD\V���ZHUH�UHSRUWHG�WR�EH� 
ZHOO�WROHUDWHG�ZLWK�PLQRU�VLGH�HIIHFWV�OLPLWHG�WR�WUDQVLHQW�VKRUWQHVV�RI�EUHDWK��DQG�VOLJKW�EXUQLQJ� 
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VHQVDWLRQ�LQ�WKH�WKURDW�ODVWLQJ�D�IHZ�PLQXWHV�DIWHU�*$%$�LQJHVWLRQ�� 7R�GDWH��QR�HYLGHQFH�RI� 
VHYHUH�DGYHUVH�HYHQWV�KDV�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH�� 7KH�FRQVXPSWLRQ�RI�ODUJH�GRVHV�RI� 
*$%$������J�NJ�ERG\�ZHLJKW�GD\�FRUUHVSRQGLQJ�WR����J�GD\�IRU�D����NJ�LQGLYLGXDO��IRU���PRQWKV� 
WR���\HDUV�KDV�DOVR�EHHQ�UHSRUWHG�WR�EH�ZHOO�WROHUDWHG�ZLWK�QR�HYLGHQFH�RI�VHYHUH�DGYHUVH� 
HYHQWV�LQ�D�VWXG\�LQYROYLQJ�VXEMHFWV�ZLWK�YDULRXV�QHXURSK\VLRORJLFDO�GLVRUGHUV��7RZHU��������� 

*$%$�FRQVXPSWLRQ�KDV�EHHQ�UHSRUWHG�WR�EH�DVVRFLDWHG�ZLWK�UHGXFHG�EORRG�SUHVVXUH�LQ� 
K\SHUWHQVLYH�VXEMHFWV��KRZHYHU��WKHUH�LV�QR�FOHDU�GRVH�UHVSRQVH�UHODWLRQVKLS�IRU�WKLV�HIIHFW��DQG� 
WKH�PD[LPDO�HIIHFW��DOWKRXJK�VWDWLVWLFDOO\�VLJQLILFDQW�LQ�PDQ\�VWXGLHV��LV�PRGHVW�UHODWLYH�WR� 
FRQWUROV��i.e.��PD[LPXP�GHFUHDVHV�RI���WR�����DQG�EDVHOLQH�YDOXHV��i.e.��PD[LPXP�UHGXFWLRQ�RI� 
������ ,Q�DGGLWLRQ��WKH�HIIHFW�DOVR�DSSHDUV�WR�EH�OLPLWHG�WR�K\SHUWHQVLYH�VXEMHFWV�DQG�LQGLYLGXDOV� 
ZLWK�KLJK�QRUPDO�EORRG�SUHVVXUH�DV�*$%$�VWXGLHV�LQ�QRUPRWHQVLYH�LQGLYLGXDOV�DW�ORZ�����WR� 
���PJ�SHUVRQ�GD\�IRU���WR����ZHHNV��DQG�KLJK�GRVHV����WR����J�GD\�IRU���WR���GD\V��GLG�QRW� 
LQGXFH�VLJQLILFDQW�FKDQJHV�WR�EORRG�SUHVVXUH��&DYDJQLQL�et al., ����D�E��.LPXUD�et al., ������ 
7DQDND�et al.��������� 6LJQLILFDQW�GHOHWHULRXV�GHFUHDVHV�LQ�EORRG�SUHVVXUH�LQ�DVVRFLDWLRQ�ZLWK� 
*$%$�FRQVXPSWLRQ�KDYH�QRW�EHHQ�UHSRUWHG�� 0RGHVW�UHGXFWLRQV�LQ�EORRG�SUHVVXUH�LQ� 
K\SHUWHQVLYH�VXEMHFWV�LV�QRW�XQFRPPRQ�ZLWK�YDULRXV�IRRGV��DQG�FRPSDUDEOH�UHGXFWLRQV�LQ�EORRG� 
SUHVVXUH�OLPLWHG�WR�K\SHUWHQVLYH�VXEMHFWV�KDV�EHHQ�ZHOO�HVWDEOLVKHG�LQ�DVVRFLDWLRQ�ZLWK�WKH� 
FRQVXPSWLRQ�RI�GDUN�FKRFRODWH�DQG�ILVK�RLO�� )XUWKHUPRUH��WKH�*$%$�DVVRFLDWHG�UHGXFWLRQV�LQ� 
EORRG�SUHVVXUH�DOVR�DSSHDUHG�WR�EH�WLPH�GHSHQGHQW�DQG�W\SLFDOO\�UHTXLUHG�DW�OHDVW���ZHHNV�RI� 
UHSHDW�FRQVXPSWLRQ�EHIRUH�VLJQLILFDQW�UHGXFWLRQV�DUH�REVHUYHG�� 

*$%$�DOVR�KDV�EHHQ�UHSRUWHG�WR�DIIHFW�*+�SURGXFWLRQ�ZKHQ�FRQVXPHG�LQ�TXDQWLWLHV����WR� 
���J�GD\��WKDW�DUH�ZHOO�LQ�H[FHVV�RI�WKH�SURSRVHG�XVHV��&DYDJQLQL�et al.������D�E��3RZHUV�et al.�� 
�������KRZHYHU��WKHVH�DIIHFWV�DUH�ZLWKLQ�WKH�QRUPDO�SK\VLRORJLFDO�UDQJH�REVHUYHG�LQ�UHVSRQVH�WR� 
H[HUFLVH��DQG�DUH�FRPSDUDEOH�WR�WKRVH�UHSRUWHG�IROORZLQJ�DUJLQLQH�FRQVXPSWLRQ��3DGGRQ�-RQHV� 
et al.��������&ROOLHU�et al.��������.DQDOH\��������3RZHUV�et al.��������� 0RUHRYHU��*+�LQGXFHG� 
UHVSRQVHV�WR�KLJK�FRQFHQWUDWLRQV�RI�*$%$�DSSHDU�WR�EH�UDSLGO\�GHVHQVLWL]HG�GXULQJ�UHSHDW� 
H[SRVXUHV��*DPHO�'LGHORQ�et al.��������� 7KHUH�LV�FXUUHQWO\�QR�HYLGHQFH�LQGLFDWLQJ�WKDW�*$%$� 
LQGXFHG�*+�SURGXFWLRQ�LV�RI�SK\VLRORJLFDO�VLJQLILFDQFH�RU�RI�WR[LFRORJLFDO�FRQFHUQ�� 

7KH�ZHLJKW�RI�WKH�DYDLODEOH�VFLHQWLILF�HYLGHQFH�VXSSRUWV�WKH�VDIHW\�RI�WKH�SURSRVHG�XVHV�RI� 
*$%$�� 7KH�RUDO�ELRDYDLODELOLW\�RI�*$%$�LV�ORZ�DQG�FOHDUDQFH�LV�UDSLG�� 0RUHRYHU��DQ�H[WHQVLYH� 
ERG\�RI�HYLGHQFH�KDV�VKRZQ�WKDW�*$%$�KDV�D�ORZ�FDSDFLW\�IRU�SHUPHDWLRQ�WKURXJK�WKH�%%%�WKDW� 
GRHV�QRW�OHDG�WR�VLJQLILFDQW�DFFXPXODWLRQ�RI�*$%$�LQ�WKH�&16�� *$%$�LV�RI�ORZ�RUDO�WR[LFLW\�LQ� 
UDWV�� 7KH�FXPXODWLYH�HVWLPDWHG�LQWDNH�RI�*$%$�IRU�WKH�WRWDO�SRSXODWLRQ�DW�WKH���WK� SHUFHQWLOH� 
IURP�DOO�SURSRVHG�IRRG�XVHV�DQG�EDFNJURXQG�GLHWDU\�VRXUFHV�LV�����PJ�GD\��HTXLYDOHQW�WR� 
�����PJ�NJ�ERG\�ZHLJKW�GD\�IRU�D����NJ�LQGLYLGXDO�� )XUWKHUPRUH��KXPDQV�KDYH�D�ORQJ�KLVWRU\�RI� 
VDIH�H[SRVXUH�WR�TXDQWLWLHV�RI�*$%$�LQ�WKH�GLHW�IURP�WKH�FRQVXPSWLRQ�RI�D�ZLGH�YDULHW\�RI�IRRGV�� 
$�QXPEHU�RI�KXPDQ�FOLQLFDO�VWXGLHV�KDYH�DOVR�GHPRQVWUDWHG�WKDW�*$%$�VXSSOHPHQWV�DQG� 
*$%$�HQULFKHG�IRRGV�DUH�ZHOO�WROHUDWHG�ZLWK�RQO\�PRGHVW�UHGXFWLRQV�RQ�EORRG�SUHVVXUH�LQ� 
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K\SHUWHQVLYH�LQGLYLGXDOV�WKDW�ZHUH�QRW�FRQVLGHUHG�SDWKRJHQLF��ZKLOH�VLPLODU�FKDQJHV�LQ�EORRG� 
SUHVVXUH�ZHUH�QRW�REVHUYHG�LQ�QRUPRWHQVLYH�LQGLYLGXDOV�� 

,Q�FRQFOXVLRQ��EDVHG�RQ�WKH�DERYH�WRWDOLW\�RI�HYLGHQFH�DSSURDFK��DQG�WKH�FRQVHQVXV�RI�D� 
TXDOLILHG�([SHUW�3DQHO��*$%$�SURGXFHG�IURP�WKH�QRQ�WR[LFRJHQLF��QRQ�SDWKRJHQLF� 
PLFURRUJDQLVP�L. hilgardii .����PHHWLQJ�DSSURSULDWH�IRRG�JUDGH�VSHFLILFDWLRQV�DQG�PDQXIDFWXUHG� 
FRQVLVWHQW�ZLWK�F*03��LV�*5$6�EDVHG�RQ�VFLHQWLILF�SURFHGXUHV�IRU�LWV�LQWHQGHG�FRQGLWLRQV�RI�XVH� 
DV�GHVFULEHG�KHUHLQ�DQG�WKHUHIRUH�LV�H[HPSW�IURP�SUH�PDUNHW�DSSURYDO��6HFWLRQ�����RI�WKH� 
)HGHUDO�)RRG��'UXJ�DQG�&RVPHWLF�$FW��� 

V. References 

$GDPV�05���������6DIHW\�RI�LQGXVWULDO�ODFWLF�DFLG�EDFWHULD��-�%LRWHFKQRO������������������ 

$NDWVX�7���������6WXGLHV�RQ�WKH�GHYHORSPHQW�RI�IRRG�SURFHVVLQJ��3DUW����TXDOLW\�DQDO\VLV�RI� 
NLPFKL�RQ�WKH�PDUNHW��5HS�7RFKLJL�3UHIHFWXUDO�,QVW�,QG�7HFKQRO�SS��������>,QFO��(QJO�� 

$O�$ZDGL�0��3DYOLN�$��$O�6DUUDI�+���������,QFUHDVHG�EUDLQ�XSWDNH�DQG�EUDLQ�WR�EORRG�HIIOX[� 
WUDQVSRUW�RI���&�*$%$�LQ�VSRQWDQHRXVO\�K\SHUWHQVLYH�UDWV��/LIH�6FL���������������� 

$O�6DUUDI�+���������7UDQVSRUW�RI����&��Ȗ`�DPLQREXW\ULF�DFLG�LQWR�EUDLQ��FHUHEURVSLQDO�IOXLG�DQG� 
FKRURLG�SOH[XV�LQ�QHRQDWDO�DQG�DGXOW�UDWV��%UDLQ�5HV�'HY�%UDLQ�5HV����������������� 

$UHQD�0(��0DQFD�GH�1DGUD�0&��0XQR]�5���������7KH�DUJLQLQH�GHLPLQDVH�SDWKZD\�LQ�WKH�ZLQH� 
ODFWLF�DFLG�EDFWHULXP�Lactobacillus hilgardii ;�%��VWUXFWXUDO�DQG�IXQFWLRQDO�VWXG\�RI�WKH� 
arcABC JHQHV��*HQH����������������� 

$]HYHGR�=��&RXWR�-$��+RJJ�7���������&LWUXOOLQH�DV�WKH�PDLQ�SUHFXUVRU�RI�HWK\O�FDUEDPDWH�LQ� 
PRGHO�IRUWLILHG�ZLQHV�LQRFXODWHG�ZLWK�Lactobacillus hilgardii��D�PDUNHU�RI�WKH�OHYHOV�LQ�D� 
VSRLOHG�IRUWLILHG�ZLQH��/HWW�$SSO�0LFURELRO�������������� 

%DUX]]L�)��0RUHD�0��0DWDUDQWH�$��&RFFRQFHOOL�36���������&KDQJHV�LQ�WKH�Lactobacillus 
FRPPXQLW\�GXULQJ�5LFRWWD�IRUWH�FKHHVH�QDWXUDO�IHUPHQWDWLRQ��-�$SSO�0LFURELRO����������� 
����� 

%HFNHU�.��6RXWKZLFN�.��5HDUGRQ�-��%HUJ�5��0DFFRUPDFN�-1���������+LVWDPLQH�SRLVRQLQJ� 
DVVRFLDWHG�ZLWK�HDWLQJ�WXQD�EXUJHUV��-$0$�������������������� 

%HUQDUGHDX�0��*XJXHQ�0��9HUQRX[�-3���������%HQHILFLDO�ODFWREDFLOOL�LQ�IRRG�DQG�IHHG��ORQJ�WHUP� 
XVH��ELRGLYHUVLW\�DQG�SURSRVDOV�IRU�VSHFLILF�DQG�UHDOLVWLF�VDIHW\�DVVHVVPHQWV��)(06� 
0LFURELRO�5HY���������������� 

%LDQFKL�/��'HOOD�&RUWH�/��7LSWRQ�.)���������6LPXOWDQHRXV�GHWHUPLQDWLRQ�RI�EDVDO�DQG�HYRNHG� 
RXWSXW�OHYHOV�RI�DVSDUWDWH��JOXWDPDWH��WDXULQH�DQG���DPLQREXW\ULF�DFLG�GXULQJ� 
PLFURGLDO\VLV�DQG�IURP�VXSHUIXVHG�EUDLQ�VOLFHV��-�&KURPDWRJU�%�%LRPHG�6FL�$SSO� 
�����	���������� 
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%RUULHOOR�63��+DPPHV�:3��+RO]DSIHO�:��0DUWHDX�3��6FKUH]HQPHLU�-��9DDUD�0�HW�DO���������� 
6DIHW\�RI�SURELRWLFV�WKDW�FRQWDLQ�ODFWREDFLOOL�RU�ELILGREDFWHULD��&OLQ�,QIHFW�'LV����������� 
����� 

%R\OH�5-��5RELQV�%URZQH�50��7DQJ�0/���������3URELRWLF�XVH�LQ�FOLQLFDO�SUDFWLFH��:KDW�DUH�WKH� 
ULVNV"�$P�-�&OLQ�1XWU������������������ 

&DYDJQLQL�)��%HQHWWL�*��,QYLWWL�&��5DPHOOD�*��3LQWR�0��/D]]D�0�HW�DO�������D���(IIHFW�RI� 
Ȗ�DPLQREXW\ULF�DFLG�RQ�JURZWK�KRUPRQH�DQG�SURODFWLQ�VHFUHWLRQ�LQ�PDQ��LQIOXHQFH�RI� 
SLPR]LGH�DQG�GRPSHULGRQH��-�&OLQ�(QGRFULQRO�0HWDE���������������� 

&DYDJQLQL�)��,QYLWWL�&��3LQWR�0��0DUDVFKLQL�&��'L�/DQGUR�$��'XELQL�$�HW�DO�������E���(IIHFW�RI� 
DFXWH�DQG�UHSHDWHG�DGPLQLVWUDWLRQ�RI�JDPPD�DPLQREXW\ULF�DFLG��*$%$��RQ�JURZWK� 
KRUPRQH�DQG�SURODFWLQ�VHFUHWLRQ�LQ�PDQ��$FWD�(QGRFULQRO��&RSHQK����������������� 

&DYDJQLQL�)��3LQWR�0��'XELQL�$��,QYLWWL�&��&DSSHOOHWWL�*��3ROOL�((���������(IIHFWV�RI�JDPPD� 
DPLQREXW\ULF�DFLG��*$%$��DQG�PXVFLPRO�RQ�HQGRFULQH�SDQFUHDWLF�IXQFWLRQ�LQ�PDQ�� 
0HWDEROLVP�������������� 

&'&���������National Health and Nutrition Examination Survey (NHANES): 2011-2012�� 
+\DWWVYLOOH��0'���&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��&'&���1DWLRQDO�&HQWHU�IRU� 
+HDOWK�6WDWLVWLFV��1&+6���$YDLODEOH�DW�� 
KWWS���ZZZQ�FGF�JRY�QFKV�QKDQHV�VHDUFK�QKDQHV��B���DVS[�>3DJH�ODVW�XSGDWHG�� 
2FWREHU���������@�� 

&KHP,'SOXV���������*DPPD�DPLQREXW\ULF�DFLG�>-$1@�>*$%$@��51�����������,Q��ChemIDplus 
Advanced��%HWKHVGD��0'���1DWLRQDO�/LEUDU\�RI�0HGLFLQH��1/0���$YDLODEOH�DW�� 
KWWS���FKHP�VLV�QOP�QLK�JRY�FKHPLGSOXV��>/DVW�DFFHVVHG�-DQXDU\��������@�� 

&ROOLHU�65��&DVH\�'3��.DQDOH\�-$���������*URZWK�KRUPRQH�UHVSRQVHV�WR�YDU\LQJ�GRVHV�RI�RUDO� 
DUJLQLQH��*URZWK�+RUP�,*)�5HV���������������� 

&RVWDQWLQL�$��&HUVRVLPR�0��'HO�3UHWH�9��*DUFLD�0RUXQR�(���������3URGXFWLRQ�RI�ELRJHQLF� 
DPLQHV�E\�ODFWLF�DFLG�EDFWHULD��VFUHHQLQJ�E\�3&5��WKLQ�OD\HU�FKURPDWRJUDSK\��DQG�KLJK� 
SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\�RI�VWUDLQV�LVRODWHG�IURP�ZLQH�DQG�PXVW��-�)RRG�3URW� 
��������������� 

'LFNLQVRQ�+2��0DVRQ�-0��1LFROVRQ�'-��&DPSEHOO�)��%H\HU�)5��&RRN�-9�HW�DO����������/LIHVW\OH� 
LQWHUYHQWLRQV�WR�UHGXFH�UDLVHG�EORRG�SUHVVXUH��D�V\VWHPDWLF�UHYLHZ�RI�UDQGRPL]HG� 
FRQWUROOHG�WULDOV��-�+\SHUWHQV���������������� 

'RXJODV�+&��&UXHVV�:9���������$�/DFWREDFLOOXV�IURP�&DOLIRUQLD�ZLQH��Lactobacillus hilgardii�� 
)RRG�5HV��������������� 

(X]pE\�-3�>)RXQGHU@���������*HQXV�Lactobacillus��,Q��List of Prokaryotic Names with Standing 
in Nomenclature��>8SGDWH�RI�RULJLQDO�DUWLFOH��,QW�-�6\VW�(YRO�0LFURELRO�������� 
�������������@��/LVW�RI�3URNDU\RWLF�QDPHV�ZLWK�6WDQGLQJ�LQ�1RPHQFODWXUH��/361��� 
$YDLODEOH�DW��KWWS���ZZZ�EDFWHULR�FLFW�IU�O�ODFWREDFLOOXV�KWPO�>&XUDWRU�IURP���-XO\������� 
$�&��3DUWH@�� 
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)HUHQFL�3��6WHKOH�7��(EQHU�-��6FKPLG�5��+DXVVLQJHU�'���������8SWDNH�DQG�FDWDEROLVP�RI�Ȗ� 
DPLQREXW\ULF�DFLG�E\�WKH�LVRODWHG�SHUIXVHG�UDW�OLYHU��*DVWURHQWHURORJ\���������������� 

)HUUHLUD�,0��3LQKR�2���������%LRJHQLF�DPLQHV�LQ�3RUWXJXHVH�WUDGLWLRQDO�IRRGV�DQG�ZLQHV��-�)RRG� 
3URW������������������ 

)R[�3)��HGLWRU���������>*$%$@��,Q��Cheese: Chemistry, Physics and Microbiology: Vol. 2: Major 
Cheese Groups, 2nd edition��6DQ�'LHJR��&$����/RQGRQ��(QJO���(OVHYLHU�$FDGHPLF�3UHVV�� 
SS������������ 

)UH\�++��/|VFKHU�:���������&HW\O�*$%$��HIIHFW�RQ�FRQYXOVDQW�WKUHVKROGV�LQ�PLFH�DQG�DFXWH� 
WR[LFLW\��1HXURSKDUPDFRORJ\���������������� 

*DPHO�'LGHORQ�.��.XQ]�/��)RKU�.-��*UDW]O�0��0D\HUKRIHU�$���������0ROHFXODU�DQG�SK\VLRORJLFDO� 
HYLGHQFH�IRU�IXQFWLRQDO�Ȗ�DPLQREXW\ULF�DFLG��*$%$��&�UHFHSWRUV�LQ�JURZWK�KRUPRQH� 
VHFUHWLQJ�FHOOV��-�%LRO�&KHP���������������������� 

*DUDL�*��'XHQDV�07��,UDVWRU]D�$��0DUWLQ�$OYDUH]�3-��0RUHQR�$UULEDV�09���������%LRJHQLF� 
DPLQHV�LQ�QDWXUDO�FLGHUV��-�)RRG�3URW������������������� 

*LEVRQ�-3��<DUULQJWRQ�-7��/RXG\�'(��*HUELJ�&*��+XUVW�*+��1HZEHUQH�-:���������&KURQLF� 
WR[LFLW\�VWXGLHV�ZLWK�YLJDEDWULQ��D�*$%$�WUDQVDPLQDVH�LQKLELWRU��7R[LFRO�3DWKRO����������� 
����� 

*UDVVL�'��1HFR]LRQH�6��/LSSL�&��&URFH�*��9DOHUL�/��3DVTXDOHWWL�3�HW�DO����������&RFRD�UHGXFHV� 
EORRG�SUHVVXUH�DQG�LQVXOLQ�UHVLVWDQFH�DQG�LPSURYHV�HQGRWKHOLXP�GHSHQGHQW�YDVRGLODWLRQ� 
LQ�K\SHUWHQVLYHV��+\SHUWHQVLRQ���������������� 

+D\DNDZD�.��8HQR��<��.DZDPXUD�6��7DQLJXFKL�5��2GD�.���������3URGXFWLRQ�RI�Ȗ�DPLQREXW\ULF� 
DFLG�E\�ODFWLF�DFLG�EDFWHULD��6HLEXWVX�.RJDNX�.DLVKL���������������� 

+HVSH�:��5REHUWV�(��3ULQV�+���������$XWRUDGLRJUDSKLF�LQYHVWLJDWLRQ�RI�WKH�GLVWULEXWLRQ�RI� 
>��&@*$%$�LQ�WLVVXHV�RI�QRUPDO�DQG�DPLQRR[\DFHWLF�DFLG�WUHDWHG�PLFH��%UDLQ�5HV� 
��������������� 

+RO]DSIHO�:+��+DEHUHU�3��6QHO�-��6FKLOOLQJHU�8��+XLV�LQ
 W�9HOG�-+���������2YHUYLHZ�RI�JXW�IORUD� 
DQG�SURELRWLFV��,QW�-�)RRG�0LFURELRO�������������� 

+RULH�1��<RNR\DPD�<��.RMLPD�+��7DNHVKLPD�.��0DVXGD�.��.LP�0�HW�DO����������/RQJ�WHUP� 
KXPDQ�VDIHW\�WHVW�RI�RUDOO\�DGPLQLVWHUHG�*$%$��<DNXUL�7R�&KLU\R�>%DVLF�3KDUPDFRO� 
7KHU@���������������� 

,QRXH�.��6KLUDL�7��2FKLDL�+��.DVDR�0��+D\DNDZD�.��.LPXUD�0�HW�DO����������%ORRG�SUHVVXUH� 
ORZHULQJ�HIIHFW�RI�D�QRYHO�IHUPHQWHG�PLON�FRQWDLQLQJ�Ȗ�DPLQREXW\ULF�DFLG��*$%$��LQ�PLOG� 
K\SHUWHQVLYHV��(XU�-�&OLQ�1XWU���������������� 

-)5/��������>XQSXEOLVKHG@��Acute Toxicity Test [Confidential]���([SHULPHQWDO�5HSRUW�1R�� 
����������������3UHSDUHG�E\�7RN\R��-DSDQ��-DSDQ�)RRG�5HVHDUFK�/DERUDWRULHV��-)5/�� 
IRU�3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG���3),��� 
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.DMLPRWR�2��+LUDWD�+��1LVKLPXUD�$���������+\SRWHQVLYH�DFWLRQ�RI�QRYHO�IHUPHQWHG�PLON� 
FRQWDLQLQJ�Ȗ�DPLQREXW\ULF�DFLG��*$%$��LQ�VXEMHFWV�ZLWK�PLOG�RU�PRGHUDWH�K\SHUWHQVLRQ�� 
.HQNR�(L\R�6KRNXKLQ�.HQN\X�>-�1XWU�)RRG@������������>,QFO��(QJO��7UDQVODW@�� 

.DMLPRWR�2��8HQR�+��1DJDWD�<��<DEXQH�0��.DMLPRWR�<������D���+\SRWHQVLYH�HIIHFWV�RI�WDEOHW� 
FRQWDLQLQJ�Ȗ�DPLQREXW\ULF�DFLG��*$%$��RQ�KLJK�QRUPDO�EORRG�SUHVVXUH�DQG�PLOG� 
K\SHUWHQVLYH�VXEMHFWV��<DNXUL�7R�&KLU\R�>%DVLF�3KDUPDFRO�7KHU@����������������>(QJO�� 
7UDQVODW�@�� 

.DMLPRWR�2��+LUDWD�+��1DNDJDZD�6��.DMLPRWR�<��+D\DNDZD�.��.LPXUD�0������E���>+\SRWHQVLYH� 
HIIHFW�RI�IHUPHQWHG�PLON�FRQWDLQLQJ�Ȗ�DPLQREXW\ULF�DFLG��*$%$��LQ�VXEMHFWV�ZLWK�KLJK� 
QRUPDO�EORRG�SUHVVXUH@��1LKRQ�6KRNXKLQ�.DJDNX�.RJDNNDLVKL�������������>,QFO��(QJO�� 
7UDQVODW@�� 

.DNHH�$��7DNDQDJD�+��7HUDVDNL�7��1DLWR�0��7VXUXR�7��6XJL\DPD�<���������(IIOX[�RI�D� 
VXSSUHVVLYH�QHXURWUDQVPLWWHU��*$%$��DFURVV�WKH�EORRG�EUDLQ�EDUULHU��-�1HXURFKHP� 
��������������� 

.DQDOH\�-$���������*URZWK�KRUPRQH��DUJLQLQH�DQG�H[HUFLVH��&XUU�2SLQ�&OLQ�1XWU�0HWDE�&DUH� 
������������� 

.DWR�,��6KLPL]X�6��.RED\DVKL�7��.DGR�6��.RMLPD�.��0LXUD�.�HW�DO����������6LQJOH�GRVH����PRQWK� 
UHSHDWHG�GRVH��DQG���PRQWK�UHSHDWHG�GRVH�RUDO�WR[LFLW\�VWXGLHV�RI�IHUPHQWHG�PLON� 
FRQWDLQLQJ�Ȗ�DPLQREXW\ULF�DFLG��*$%$��LQ�URGHQWV��<DNXUXWR�.HQN\XMR�.HQN\X� 
+RNRNXVKX������������>(QJO��7UDQVODWLRQ@�� 

.LPXUD�0��&KRXQDQ�2��7DNDKDVKL�5��2KDVKL�$��$UDL�<��+D\DNDZD�.�HW�DO����������(IIHFWV�RI� 
IHUPHQWHG�PLON�FRQWDLQLQJ�Ȗ�DPLQREXW\ULF�DFLG��*$%$��RQ�QRUPDO�DGXOW�VXEMHFWV��-SQ�-� 
)RRG�&KHP����������>,QFO��(QJO��7UDQVODWLRQ@�� 

.UDQWLV�$���������7KH�LQYROYHPHQW�RI�*$%$�WUDQVDPLQDVH�LQ�WKH�EORRG�EUDLQ�EDUULHU�WR� 
UDGLRODEHOOHG�*$%$��$FWD�1HXURSDWKRO�������������� 

.XUL\DPD�.��6]H�3<���������%ORRG�EUDLQ�EDUULHU�WR�+����Ȗ�DPLQREXW\ULF�DFLG�LQ�QRUPDO�DQG� 
DPLQR�R[\DFHWLF�DFLG�WUHDWHG�DQLPDOV��1HXURSKDUPDFRORJ\���������������� 

/DQGHWH�-0��)HUUHU�6��3DUGR�,���������:KLFK�ODFWLF�DFLG�EDFWHULD�DUH�UHVSRQVLEOH�IRU�KLVWDPLQH� 
SURGXFWLRQ�LQ�ZLQH��-�$SSO�0LFURELRO���������������� 

/DQGHWH�-0��3DUGR�,��)HUUHU�6���������7\UDPLQH�DQG�SKHQ\OHWK\ODPLQH�SURGXFWLRQ�DPRQJ�ODFWLF� 
DFLG�EDFWHULD�LVRODWHG�IURP�ZLQH��,QW�-�)RRG�0LFURELRO����������������� 

/HKDQH�/��2OOH\�-���������+LVWDPLQH�ILVK�SRLVRQLQJ�UHYLVLWHG��,QW�-�)RRG�0LFURELRO�������������� 

/RLXGLFH�5��,PSHPER�0��/DUDWWD�%��9LOODUL�*��9RL�$/��6LYLHUR�3�HW�DO����������&RPSRVLWLRQ�RI�6DQ� 
0DU]DQR�WRPDWR�YDULHWLHV��)RRG�&KHP�������������� 

/RZH�,3��5RELQ6�(��(\HUPDQ�*6���������7KH�IOXRURPHWULF�PHDVXUHPHQW�RI�JOXWDPLF� 
GHFDUER[\ODVH�DQG�LWV�GLVWULEXWLRQ�LQ�EUDLQ��-�1HXURFKHP������������ 
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0DWVXEDUD�)��8HQR�+��7DGDQR�.��6X\DPD�7��,PDL]XPL�.��6X]XNL�7�HW�DO����������(IIHFWV�RI� 
*$%$�VXSSOHPHQWDWLRQ�RQ�EORRG�SUHVVXUH�DQG�VDIHW\�LQ�DGXOWV�ZLWK�PLOG�K\SHUWHQVLRQ�� 
<DNXUL�7R�&KLU\R�>%DVLF�3KDUPDFRO�7KHU@����������������>(QJO��7UDQVODWLRQ@�� 

0DWXPRWR�<��2KQR�.��+LUDRND�<���������6WXGLHV�RQ�WKH�XWLOL]DWLRQ�RI�IXQFWLRQDO�IRRG�PDWHULDOV� 
FRQWDLQLQJ�KLJK�OHYHOV�RI�JDPPD�DPLQREXW\ULF�DFLG��3DUW�����&RQWHQWV�RI�JDPPD� 
DPLQREXW\ULF�DFLG�DQG�LWV�SUHFXUVRU�JOXWDPLF�DFLG�LQ�YHJHWDEOHV�DQG�IUXLW��5HS�(KLPH� 
3UHIHFWXUDO�,QVW�,QG�7HFKQRO�������������� 

0+/:���������%��*HQHUDO�WHVWV��+HDY\�PHWDOV�OLPLW�WHVW��/RVV�RQ�GU\LQJ��0LFURELDO�OLPLW�WHVWV��,Q�� 
Japan's Specifications and Standards for Food Additives, 7th edition��7RN\R��-DSDQ�� 
0LQLVWU\�RI�+HDOWK��/DERU�DQG�:HOIDUH��-DSDQ��0+/:��DQG�7UDQVODWHG�E\�-DSDQ�)RRG� 
&KHPLFDO�5HVHDUFK�)RXQGDWLRQ��$YDLODEOH�DW�� 
KWWS���ZZZ�IIFU�RU�MS�]DLGDQ�))&5+20(�QVI�SDJHV�VSHF�VWDQG�ID�>������/DVW�XSGDWHG�� 
����������@�� 

0+/:�>����D@��[Summary of Japan National Health and Nutrition Examination Survey 2005 
(including a flash report of Japan National Health and Nutrition Examination Survey 
2006)]��7RN\R��-DSDQ��0LQLVWU\�RI�+HDOWK��/DERXU�DQG�:HOIDUH��0+/:���$YDLODEOH�DW�� 
KWWS���ZZZ�PKOZ�JR�MS�KRXGRX���������K�������KWPO�� 

0+/:�>����E@��[Report of Japan National Health and Nutrition Examination Survey 2005]�� 
7RN\R��-DSDQ��0LQLVWU\�RI�+HDOWK��/DERXU�DQG�:HOIDUH��0+/:���$YDLODEOH�DW�� 
KWWS���ZZZ�PKOZ�JR�MS�EXQ\D�NHQNRX�HL\RX������KWPO�� 

0LNL�0��,VKLNDZD�7��2ND\DPD�+���������$Q�RXWEUHDN�RI�KLVWDPLQH�SRLVRQLQJ�DIWHU�LQJHVWLRQ�RI� 
WKH�JURXQG�VDXU\�SDVWH�LQ�HLJKW�SDWLHQWV�WDNLQJ�LVRQLD]LG�LQ�WXEHUFXORXV�ZDUG��,QWHUQ�0HG� 
������������������ 

0LUD�'H�2UGXxD�5��3DWFKHWW�0/��/LX�64��3LORQH�*-���������*URZWK�DQG�DUJLQLQH�PHWDEROLVP�RI� 
WKH�ZLQH�ODFWLF�DFLG�EDFWHULD�Lactobacillus buchneri DQG�Oenococcus oeni DW�GLIIHUHQW�S+� 
YDOXHV�DQG�DUJLQLQH�FRQFHQWUDWLRQV��$SSO�(QYLURQ�0LFURELRO������������������ 

0RUHQR�$UULEDV�9��7RUORLV�6��-R\HX[�$��%HUWUDQG�$��/RQYDXG�)XQHO�$���������,VRODWLRQ�� 
SURSHUWLHV�DQG�EHKDYLRXU�RI�W\UDPLQH�SURGXFLQJ�ODFWLF�DFLG�EDFWHULD�IURP�ZLQH��-�$SSO� 
0LFURELRO���������������� 

0XUFLD�0$��/ySH]�$\HUUD�%��0DUWtQH]�7RPp�0��*DUFtD�&DUPRQD�)���������(IIHFW�RI�LQGXVWULDO� 
SURFHVVLQJ�RQ�DPLQR�DFLG�FRQWHQW�RI�EURFFROL��-�6FL�)RRG�$JULF������������������� 

1iFKHU�$��3RODFKH�$��0ROO�1DYDUUR�0-��3Oi�'HOILQD�-0��0HULQR�0���������,QWHVWLQDO�DEVRUSWLRQ� 
SDWKZD\�RI�Ȗ�DPLQREXW\ULF�DFLG�LQ�UDW�VPDOO�LQWHVWLQH��%LRSKDUP�'UXJ�'LVSRV����������� 
����� 

1DNDPXUD�7��+DVHJDZD�7��8HQR�6��.XPDPRWR�6��0DWVXED\DVKL�7��$QGR�<�HW�DO����������>(IIHFW� 
RI�Ȗ�DPLQREXW\ULF�DFLG�ULFK�&KORUHOOD�RQ�EORRG�SUHVVXUH�LQ�PLOGO\�K\SHUWHQVLYH�VXEMHFWV@�� 
<DNXUL�7R�&KLU\R�>%DVLF�3KDUPDFRO�7KHU@���������������� 

1DNDPXUD�.��1DUD�.��1RJXFKL�7��2VKLUR�7��.RJD�+���������>&RQWHQWV�RI�Ȗ�DPLQREXW\ULF�DFLG� 
�*$%$��LQ�SRWDWRHV�DQG�SURFHVVHG�SRWDWR�SURGXFWV@��1LKRQ�6KRNXKLQ�.DJDNX� 
.RJDNNDLVKL���������������� 
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1RPXUD�0��.LPRWR�+��6RPH\D�<��)XUXNDZD�6��6X]XNL�,���������3URGXFWLRQ�RI�Ȗ�DPLQREXW\ULF� 
DFLG�E\�FKHHVH�VWDUWHUV�GXULQJ�FKHHVH�ULSHQLQJ��-�'DLU\�6FL������������������ 

2(&'���������$FXWH�RUDO�WR[LFLW\��,Q��OECD Guidelines for the Testing of Chemicals���2(&'� 
*XLGHOLQH�QR������>$GRSWHG�)HEUXDU\���������@��3DULV��)UDQFH��2UJDQLVDWLRQ�IRU� 
(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW��2(&'���$YDLODEOH�DW��KWWS���ZZZ�RHFG� 
LOLEUDU\�RUJ�HQYLURQPHQW�WHVW�QR�����DFXWH�RUDO�WR[LFLW\B�������������� 
HQ�MVHVVLRQLG ��T���N�KIDLX�[�RHFG�OLYH����>Deleted 17 December 2002@�� 

2(&'������D���OECD Principles of Good Laboratory Practice (as Revised in 1997)���2(&'� 
6HULHV�RQ�3ULQFLSOHV�RI�*RRG�/DERUDWRU\�3UDFWLFH�DQG�&RPSOLDQFH�0RQLWRULQJ��QR���� 
(19�0&�&+(0���������3DULV��)UDQFH��2UJDQLVDWLRQ�IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG� 
'HYHORSPHQW��2(&'���(QYLURQPHQW�'LUHFWRUDWH��&KHPLFDOV�*URXS�DQG�0DQDJHPHQW� 
&RPPLWWHH��2(&'�(QYLURQPHQWDO�+HDOWK�DQG�6DIHW\�3XEOLFDWLRQV��$YDLODEOH�DW�� 
KWWS���ZZZ�RHFG�RUJ�RIILFLDOGRFXPHQWV�GLVSOD\GRFXPHQWSGI�"FRWH HQY�PF�FKHP������	 � 
GRFODQJXDJH HQ�� 

2(&'������E���5HSHDWHG�GRVH����GD\�RUDO�WR[LFLW\�VWXG\�LQ�URGHQWV��,Q��OECD Guidelines for 
the Testing of Chemicals���2(&'�*XLGHOLQH�QR������>8SGDWHG� 	�$GRSWHG���VW� 
6HSWHPEHU�����@��3DULV��)UDQFH��2UJDQLVDWLRQ�IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG� 
'HYHORSPHQW��2(&'���$YDLODEOH�DW��KWWS���ZZZ�RHFG�LOLEUDU\�RUJ�HQYLURQPHQW�WHVW�QR� 
����UHSHDWHG�GRVH����GD\�RUDO�WR[LFLW\�VWXG\�LQ�URGHQWVB�������������� 
HQ�MVHVVLRQLG �P�EYZVSXS����GHOWD�� 

2KQXPD�6��+LJD�0��+DPDQDND�6��0DWVXVKLPD�.��<DPDPXUR�:���������$Q�RXWEUHDN�RI�DOOHUJ\� 
OLNH�IRRG�SRLVRQLQJ��,QWHUQ�0HG���������������� 

2NDGD�7��6XJLVKLWD�7��0XUDNDPL�7��0XUDL�+��6DLNXVD�7��+RULQR7�HW�DO����������(IIHFW�RI�WKH� 
GHIDWWHG�ULFH�JHUP�HQULFKHG�ZLWK�*$%$�IRU�VOHHSOHVVQHVV��GHSUHVVLRQ��DXWRQRPLF� 
GLVRUGHU�E\�RUDO�DGPLQLVWUDWLRQ��1LKRQ�6KRNXKLQ�.DJDNX�.RJDNNDLVKL���������������>� 
,QFO��(QJO��7UDQVODW�@�� 

2OGHQGRUI�:+���������%UDLQ�XSWDNH�RI�UDGLRODEHOHG�DPLQR�DFLGV��DPLQHV��DQG�KH[RVHV�DIWHU� 
DUWHULDO�LQMHFWLRQ��$P�-�3K\VLRO������������������� 

2VDZD�7��*RWR�7��*RQGD�0��2\DPD�:��<DVXWDNH�1��2QRXH�0���������0XWDJHQLFLW\�WHVW�RI� 
JDPPD�DPLQREXW\ULF�DFLG�FRQWDLQLQJ�IHUPHQWHG�PLON��*$%$�����DQG��*$%$�����XVLQJ� 
'1$�UHSDLU�V\VWHP��<DNXUXWR�.HQN\XMR�.HQN\X�+RNRNXVKX����������>(QJO��7UDQVODWLRQ@�� 

2VKLPD�<��.DVDKDUD�$��6KLEDWD�0��0RJL�0���������>6WXGLHV�RQ�'/�DOSKD�OLSRLF�DFLG�GHULYDWLYHV�� 
,,��2Q�WKH�3KDUPDFRORJLFDO�DFWLYLWLHV�RI����'/�DOSKD�OLSDPLGR�EXW\ULF�DFLG��/$%$�@�� 
<DNXJDNX�=DVVKL����������������&LWHG�,Q��&KHP,'SOXV�������� 

3DGGRQ�-RQHV�'��%RUVKHLP�(��:ROIH�55���������3RWHQWLDO�HUJRJHQLF�HIIHFWV�RI�DUJLQLQH�DQG� 
FUHDWLQH�VXSSOHPHQWDWLRQ�>,QFOXGHV�GLVFXVVLRQ�E\�-RVHSK�/RVFDO]R@��-�1XWU��������� 
6XSSO�������6�����6������6�� 

3DWHO�$%��'H�*UDDI�5$��0DVRQ�*)��5RWKPDQ�'/��6KXOPDQ�5*��%HKDU�./���������7KH� 
FRQWULEXWLRQ�RI�*$%$�WR�JOXWDPDWH�JOXWDPLQH�F\FOLQJ�DQG�HQHUJ\�PHWDEROLVP�LQ�WKH�UDW� 
FRUWH[�in vivo��3URF�1DWO�$FDG�6FL�86$�������������������� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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3LFDUG�&��)LRUDPRQWL�-��)UDQFRLV�$��5RELQVRQ�7��1HDQW�)��0DWXFKDQVN\�&���������5HYLHZ� 
DUWLFOH��ELILGREDFWHULD�DV�SURELRWLF�DJHQWV�²�SK\VLRORJLFDO�HIIHFWV�DQG�FOLQLFDO�EHQHILWV�� 
$OLPHQW�3KDUPDFRO�7KHU���������������� 

3RXOLRW�0DWKLHX�.��*DUGQHU�)RUWLHU�&��/HPLHX[�6��6W�*HODLV�'��&KDPSDJQH�&3��9XLOOHPDUG�-&� 
��������(IIHFW�RI�FKHHVH�FRQWDLQLQJ�JDPPD�DPLQREXW\ULF�DFLG�SURGXFLQJ�ODFWLF�DFLG� 
EDFWHULD�RQ�EORRG�SUHVVXUH�LQ�PHQ��3KDUPD1XWULWLRQ��������������� 

3RZHUV�0(��<DUURZ�-)��0F&R\�6&��%RUVW�6(���������*URZWK�KRUPRQH�LVRIRUP�UHVSRQVHV�WR� 
*$%$�LQJHVWLRQ�DW�UHVW�DQG�DIWHU�H[HUFLVH��0HG�6FL�6SRUWV�([HUF���������������� 

4XPH�0��)RZOHU/-���������(IIHFWV�RI�FKURQLF�RUDO�WUHDWPHQW�ZLWK�*$%$�WUDQVDPLQDVH�LQKLELWRUV� 
RQ�WKH�*$%$�V\VWHP�LQ�EUDLQ��OLYHU��NLGQH\��DQG�SODVPD�RI�WKH�UDW��%LRFKHP�3KDUPDFRO� 
����������������� 

5REHUWV�(��%D[WHU�&)���������0HWDEROLF�VWXGLHV�RI�JDPPD�DPLQREXW\ULF�DFLG��1HXURORJ\� 
��6XSSO������������ 

5REHUWV�(��/RZH�,�3��*XWK�/��-HOLQH�%���������'LVWULEXWLRQ�RI�JDPPD�DPLQREXW\ULF�DFLG�DQG� 
RWKHU�DPLQR�DFLGV�LQ�QHUYRXV�WLVVXH�RI�YDULRXV�VSHFLHV��-�([S�=RRO�����������������&LWHG� 
,Q��5REHUWV�������� 

5RGDV�$0��)HUUHU�6��3DUGR�,���������3RO\SKDVLF�VWXG\�RI�ZLQH�Lactobacillus VWUDLQV��WD[RQRPLF� 
LPSOLFDWLRQV��,QW�-�6\VW�(YRO�0LFURELRO���������������� 

5RGUtJXH]�+��GH�ODV�5LYDV�%��0XxR]�5���������(IILFDF\�RI�recA JHQH�VHTXHQFH�DQDO\VLV�LQ�WKH� 
LGHQWLILFDWLRQ�DQG�GLVFULPLQDWLRQ�RI�Lactobacillus hilgardii VWUDLQV�LVRODWHG�IURP�VWXFN�ZLQH� 
IHUPHQWDWLRQV��,QW�-�)RRG�0LFURELRO��������������� 

6DDUHOD�0��0lWW|�-��0DWWLOD�6DQGKROP�7���������6DIHW\�DVSHFWV�RI�Lactobacillus DQG� 
Bifidobacterium VSHFLHV�RULJLQDWLQJ�IURP�KXPDQ�RUR�JDVWURLQWHVWLQDO�WUDFW�RU�IURP� 
SURELRWLF�SURGXFWV��0LFURE�(FRO�+HDOWK�'LV���������������� 

6DXFKL�<��+LVDL]XPL�.��$NDR�0��.LP�0��<RVKLNXQL�<���������7R[LFLW\�RI�3*�.���IRU����GD\V� 
DGPLQLVWUDWLRQ�LQ�UDWV��<DNXUL�7R�&KLU\R�>%DVLF�3KDUPDFRO�7KHU@���������������� 

6FKDIHU�')��)RZOHU�-0��-RQHV�($���������&RORQLF�EDFWHULD��D�VRXUFH�RI�JDPPD�DPLQREXW\ULF� 
DFLG�LQ�WKH�EORRG��3URF�6RF�([S�%LRO�0HG�����������������&LWHG�,Q��)HUHQFL�et al.�������� 

6KLPDGD�0��+DVHJDZD�7��1LVKLPXUD�&��.DQ�+��.DQQR�7��1DNDPXUD�7�HW�DO����������$QWL� 
K\SHUWHQVLYH�HIIHFW�RI�Ȗ�DPLQREXW\ULF�DFLG��*$%$��ULFK�Chlorella RQ�KLJK�QRUPDO�EORRG� 
SUHVVXUH�DQG�ERUGHUOLQH�K\SHUWHQVLRQ�LQ�SODFHER�FRQWUROOHG�GRXEOH�EOLQG�VWXG\��&OLQ�([S� 
+\SHUWHQV���������������� 

6KLPL]X�6��6KLEDWD�1��<DPDJXFKL�2���������(IIHFW�DQG�DSSOLFDWLRQ�RI�Ȗ�DPLQREXW\ULF�DFLG�� 
&KLU\R�������������&LWHG�,Q��.DWR�et al.�������� 

6RKLHU�'��&RXORQ�-��/RQYDXG�)XQHO�$���������0ROHFXODU�LGHQWLILFDWLRQ�RI�Lactobacillus hilgardii 
DQG�JHQHWLF�UHODWHGQHVV�ZLWK�Lactobacillus brevis��,QW�-�6\VW�%DFWHULRO������������������ 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
$XJXVW��������� 
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6WHZDUG�)&��7KRPSVRQ�-)��'HQW�&(���������Ȗ�DPLQREXW\ULF�DFLG��D�FRQVWLWXHQW�RI�WKH�SRWDWR� 
WXEHU"�6FLHQFH�������������������� 

6WRIEHUJ�-��*UXQGVFKREHU�)���������&RQVXPSWLRQ�UDWLR�DQG�IRRG�SUHGRPLQDQFH�RI�IODYRULQJ� 
PDWHULDOV��7KLUG�FXPXODWLYH�VHULHV���3HUIXP�)ODYRU�������������� 

6WUDLQ,QIR���������1&,0%�������Lactobacillus hilgardii��,Q��StrainInfo Bioportal��*HQW��%HOJLXP�� 
6WUDLQ,QIR��'HSDUWPHQW�RI�$SSOLHG�0DWKHPDWLFV�DQG�&RPSXWHU�6FLHQFH��*KHQW� 
8QLYHUVLW\��$YDLODEOH�DW�� 
KWWS���ZZZ�VWUDLQLQIR�QHW�VWUDLQ3DVVSRUW�DFWLRQ"VRUW VHTXHQFH/HQJWK 	GLU GHVF	FXOWXUH,� 
G ������>/DVW�DFFHVVHG��-DQXDU\��������@�� 

6X]]L�*��*DUGLQL�)���������%LRJHQLF�DPLQHV�LQ�GU\�IHUPHQWHG�VDXVDJHV��D�UHYLHZ��,QW�-�)RRG� 
0LFURELRO�������������� 

7DNHVKLPD�.��<DPDWVX�$��<DPDVKLWD�<��:DWDEH�.��+RULH�1��0DVXGD�.�HW�DO���������� 
6XEFKURQLF�WR[LFLW\�HYDOXDWLRQ�RI�Ȗ�DPLQREXW\ULF�DFLG��*$%$��LQ�UDWV��)RRG�&KHP�7R[LFRO� 
������������ 

7DQDND�+��:DWDQDEH�.��0D�0��+LUD\DPD�0��.RED\DVKL�7��2\DPD�+�HW�DO����������7KH�HIIHFWV�RI� 
Ȗ�DPLQREXW\ULF�DFLG��YLQHJDU��DQG�GULHG�ERQLWR�RQ�EORRG�SUHVVXUH�LQ�QRUPRWHQVLYH�DQG� 
PLOGO\�RU�PRGHUDWHO\�K\SHUWHQVLYH�YROXQWHHUV��-�&OLQ�%LRFKHP�1XWU��������������� 

7DXEHUW�'��%HUNHOV�5��5RHVHQ�5��.ODXV�:���������&KRFRODWH�DQG�EORRG�SUHVVXUH�LQ�HOGHUO\� 
LQGLYLGXDOV�ZLWK�LVRODWHG�V\VWROLF�K\SHUWHQVLRQ��-$0$������������������� 

7DXEHUW�'��5RHVHQ�5��/HKPDQQ�&��-XQJ�1��6FK|PLJ�(���������(IIHFWV�RI�ORZ�KDELWXDO�FRFRD� 
LQWDNH�RQ�EORRG�SUHVVXUH�DQG�ELRDFWLYH�QLWULF�R[LGH��D�UDQGRPL]HG�FRQWUROOHG�WULDO��-$0$� 
�������������� 

7RZHU�'%���������7KH�DGPLQLVWUDWLRQ�RI�JDPPD�DPLQREXW\ULF�DFLG�WR�PDQ��V\VWHPDWLF�HIIHFWV� 
DQG�DQWLFRQYXOVDQW�DFWLRQ��,Q��5REHUWV�(��%D[WHU�&)��9DQ�+DUUYHOG�$��:LHUVPD�&$*�� 
$GHK\�:5��.LOODP�.)��HGLWRUV��Inhibition in the Nervous System and Gamma-
Aminobutyric Acid: Proceedings of an International Symposium��0D\�������������� 
'XDUWH��&DOLI��1HZ�<RUN��1<���3HUPDJRQ�3UHVV��SS����������� 

8�6��$777%���������3DUW���²:LQH��6HFWLRQ��������²0DWHULDOV�DXWKRUL]HG�IRU�WKH�WUHDWPHQW�RI� 
ZLQH�DQG�MXLFH��,Q��U.S. Code of Federal Regulations (CFR). Title 27—Alcohol, Tobacco 
Products and Firearms (Alcohol and Tobacco Tax and Trade Bureau, Department of the 
Treasury)��:DVKLQJWRQ��'&���8�6��*RYHUQPHQW�3ULQWLQJ�2IILFH��*32���$YDLODEOH�DW�� 
KWWS���ZZZ�JSR�JRY�IGV\V�EURZVH�FROOHFWLRQ&IU�DFWLRQ"FROOHFWLRQ&RGH &)5�� 

8�6��(3$���������/�*OXWDPLF�DFLG�DQG�JDPPD�DPLQREXW\ULF�DFLG��H[HPSWLRQV�IURP�WKH� 
UHTXLUHPHQW�RI�D�WROHUDQFH��)LQDO�UXOH�����&)5�3DUW������>233±��������)5/±����±��� 
5,1�����±$%��@��)HG�5HJLVW��86�����������������������$YDLODEOH�DW�� 
KWWS���ZZZ�JSR�JRY�IGV\V�SNJ�)5������������SGI����������SGI�SDJH ��� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
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8�6��)'$���������$SSHQGL[�,��7DEOH�����&RQYHUVLRQ�WDEOH�IRU�WHVW�FKHPLFDO�WUHDWPHQW�GRVHV� 
XVHG�LQ�3$)$��,Q��Priority Based Assessment of Food Additives (PAFA) Database�� 
:DVKLQJWRQ��'&���8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��8�6��)'$���&HQWHU�IRU�)RRG� 
6DIHW\�DQG�$SSOLHG�1XWULWLRQ��&)6$1���S������$YDLODEOH�DW�� 
KWWS���ZZZ�IGD�JRY�RKUPV�'2&.(76�'2&.(76���V�������V������5SW�������� 
$SSHQGL[�'�5HIHUHQFH�)�)'$�YRO����SGI�>/DVW�DFFHVVHG�0DU����������@�� 

8�6��)'$���������6XEVWDQFHV�JHQHUDOO\�UHFRJQL]HG�DV�VDIH��3URSRVHG�UXOH�����&)5�3DUWV������ 
����������DQG������>'RFNHW�1R����1�����@��)HG�5HJLVW��86���������������������� 
$YDLODEOH�DW��KWWS���ZZZ�JSR�JRY�IGV\V�SNJ�)5������������SGI���������SGI�� 

8�6��)'$���������Agency Response Letter GRAS Notice No. GRN 000087 [Composite Filtration 
Media (Diatomaceous Earth and Perlite), Submitted by Lompoc (CA): World Minerals, 
Inc�@��&ROOHJH�3DUN��0'���8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��8�6��)'$���&HQWHU�IRU� 
)RRG�6DIHW\�	�$SSOLHG�1XWULWLRQ��&)6$1���2IILFH�RI�)RRG�$GGLWLYH�6DIHW\��$YDLODEOH�DW�� 
KWWS���ZZZ�DFFHVVGDWD�IGD�JRY�VFULSWV�IFQ�IFQ'HWDLO1DYLJDWLRQ�FIP"USW JUDV/LVWLQJ LG �� 
��>)HE����������@�� 

8�6��)'$���������[Letter to Mr. Sachiko Caesura, Tokyo, Japan: Kirin Kyowa Foods Company 
Ltd. Inspection of manufacturing of PharmaGABA (No objectionable conditions 
observed)]���(VWDEOLVKPHQW�,QVSHFWLRQ�5HSRUW�)(,���������������&ROOHJH�3DUN��0'��� 
8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��8�6��)'$���&HQWHU�IRU�)RRG�6DIHW\�DQG�$SSOLHG� 
1XWULWLRQ��&)6$1��� 

8�6��)'$���������U.S. Code of Federal Regulations (CFR). Title 21—Food and Drugs (Food 
and Drug Administration)��:DVKLQJWRQ��'&���8�6��*RYHUQPHQW�3ULQWLQJ�2IILFH��*32��� 
$YDLODEOH�DW��KWWS���ZZZ�JSR�JRY�IGV\V�EURZVH�FROOHFWLRQ&IU�DFWLRQ"FROOHFWLRQ&RGH &)5�� 

Table of CFR Sections Referenced (Title 21—Food and Drugs) 

Part § Section Title 
���²)RRG�ODEHOLQJ� ������� 5HIHUHQFH�DPRXQWV�FXVWRPDULO\� 

FRQVXPHG�SHU�HDWLQJ�RFFDVLRQ� 

����)RRG�DGGLWLYHV� ������ 'HILQLWLRQV� 

������� (OLJLELOLW\�IRU�FODVVLILFDWLRQ�DV�JHQHUDOO\� 
UHFRJQL]HG�DV�VDIH��*5$6�� 

����)RRG�DGGLWLYHV�SHUPLWWHG�IRU�GLUHFW�DGGLWLRQ� 
WR�IRRG�IRU�KXPDQ�FRQVXPSWLRQ� 

�������� $PLQR�DFLGV� 

�������� 3RO\JO\FHURO�HVWHUV�RI�IDWW\�DFLGV� 

�������� )RRG�VWDUFK�PRGLILHG� 

�������� 'ULHG�\HDVWV� 

���²,QGLUHFW�IRRG�DGGLWLYHV��$GKHVLYHV�DQG� 
FRPSRQHQWV�RI�FRDWLQJV� 

�������� 5HVLQRXV�DQG�SRO\PHULF�FRDWLQJV� 

���²,QGLUHFW�IRRG�DGGLWLYHV��3RO\PHUV� ��������� 2OHILQ�SRO\PHUV� 

��������� 3RO\VXOIRQH�UHVLQV� 

��������� )LOWHUV��UHVLQ�ERQGHG� 

��������� 8OWUD�ILOWUDWLRQ�PHPEUDQHV� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
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Table of CFR Sections Referenced (Title 21—Food and Drugs) 

Part § Section Title 

����6XEVWDQFHV�JHQHUDOO\�UHFRJQL]HG�DV�VDIH� ������ 6XEVWDQFHV�WKDW�DUH�JHQHUDOO\� 
UHFRJQL]HG�DV�VDIH� 

����'LUHFW�IRRG�VXEVWDQFHV�DIILUPHG�DV� 
JHQHUDOO\�UHFRJQL]HG�DV�VDIH� 

��������� &RUQ�VXJDU� 

86'$���������What We Eat in America: National Health and Nutrition Examination Survey 
(NHANES): 2011-2012. 5LYHUGDOH��0'���8�6��'HSDUWPHQW�RI�$JULFXOWXUH��86'$��� 
$YDLODEOH�DW��KWWS���ZZZ�DUV�XVGD�JRY�6HUYLFHV�GRFV�KWP"GRFLG ������UHOHDVH�>/DVW� 
0RGLILHG�����������@�� 

YDQ�*HOGHU�10��(OOLRWW�.$&���������'LVSRVLWLRQ�RI�Ȗ�DPLQREXW\ULF�DFLG�DGPLQLVWHUHG�WR� 
PDPPDOV��-�1HXURFKHP��������������� 

9DQGHUKRRI�-$��<RXQJ�5-���������8VH�RI�SURELRWLFV�LQ�FKLOGKRRG�JDVWURLQWHVWLQDO�GLVRUGHUV��-� 
3HGLDWU�*DVWURHQWHURO�1XWU���������������� 

:DDJHSHWHUVHQ�+6��6RQQHZDOG�8��6FKRXVERH�$���������7KH�*$%$�SDUDGR[��PXOWLSOH�UROHV�DV� 
PHWDEROLWH��QHXURWUDQVPLWWHU��DQG�QHXURGLIIHUHQWLDWLYH�DJHQW��-�1HXURFKHP������������ 
������ 

:DWDQDEH�7��.DZDVKLWD�$��,VKL�6��0D]XPGHU�7.��1DLJDL�6��7VXML�.�HW�DO���������� 
>$QWLK\SHUWHQVLYH�HIIHFW�RI�Ȗ�DPLQREXW\ULF�DFLG�HQULFKHG�Agaricus blazei RQ�PLOG� 
K\SHUWHQVLYH�KXPDQ�VXEMHFWV@��1LKRQ�6KRNXKLQ�.DJDNX�.RJDNNDLVKL���������������>,QFO�� 
(QJO��7UDQVODWLRQ@�� 

<DPDNRVKL�-��6KLRMR�5��1DNDJDZD�6��2JLKDDUD�7���������+\SRWHQVLYH�HIIHFWV�DQG�VDIHW\�RI� 
OHVV�VDOW�VR\�VDXFH�FRQWDLQLQJ�Ȗ�DPLQREXW\ULF�DFLG��*$%$��RQ�KLJK�QRUPDO�EORRG� 
SUHVVXUH�DQG�PLOG�K\SHUWHQVLYH�VXEMHFWV��<DNXUL�7R�&KLU\R�>%DVLF�3KDUPDFRO�7KHU@� 
��������������>,QFOXGLQJ�(QJOLVK�7UDQVODWLRQ@�� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
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APPENDIX A 

EXPERT PANEL CONSENSUS STATEMENT CONCERNING THE GENERALLY
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IN FOOD
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Expert Panel Report Concerning the Generally Recognized as 

Safe (GRAS) Status of gamma-Aminobutyric Acid (GABA) for
 

Use as a Food Ingredient
 

February 3, 2015 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R��/WG���KHUHDIWHU�µ3),¶��LQWHQGV�WR�PDUNHW�gamma�DPLQREXW\ULF� 
DFLG��*$%$��DV�DQ�LQJUHGLHQW�LQ�IRRGV�DQG�EHYHUDJHV�LQ�WKH�8QLWHG�6WDWHV��8�6���DW�D�PD[LPXP� 
XVH�OHYHO�RI�����PJ�VHUYLQJ�������WR��������� 3),¶V�*$%$�LV�PDQXIDFWXUHG�E\�D�IHUPHQWDWLRQ� 
SURFHVV�WKDW�XWLOL]HV�Lactobacillus hilgardii .���WR�FDWDO\]H�WKH�FRQYHUVLRQ�RI�/�JOXWDPDWH�WR� 
*$%$�� ,Q�������3),�VXEPLWWHG�D�*HQHUDOO\�5HFRJQL]HG�DV�6DIH��*5$6��QRWLILFDWLRQ�WR�WKH�8�6�� 
)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��)'$��IRU�WKHLU�*$%$�LQJUHGLHQW��*51�1R���������8�6��)'$�� 
������� +RZHYHU��ZKLOH�WKHUH�ZDV�D�JHQHUDO�FRQVHQVXV�WKDW�*$%$�ZDV�VDIH�XQGHU�WKH�LQWHQGHG� 
FRQGLWLRQV�RI�XVH��WKH�QRWLILFDWLRQ�ZDV�ZLWKGUDZQ�RQ�WKH�EDVLV�WKDW�WKH�SLYRWDO�GDWD�SURYLGHG� 
ZLWKLQ�WKH�QRWLFH��DQG�UHOLHG�XSRQ�WR�HVWDEOLVK�VDIHW\��ZDV�QRW�JHQHUDOO\�DYDLODEOH�� $FFRUGLQJO\�� 
URGHQW�WR[LFLW\�VWXGLHV�FRQGXFWHG�XVLQJ�3),¶V�*$%$�DUH�QRZ�DYDLODEOH�LQ�WKH�SHHU�UHYLHZHG� 
OLWHUDWXUH�� $GGLWLRQDOO\��3),�KDV�DOVR�H[SDQGHG�WKH�FRQGLWLRQV�RI�XVH�RI�*$%$�IURP�WKRVH� 
GHWHUPLQHG�WR�EH�*5$6�LQ������� 

3),�FRQYHQHG�DQ�([SHUW�3DQHO�RI�LQGHSHQGHQW�VFLHQWLVWV��TXDOLILHG�E\�WKHLU�UHOHYDQW�QDWLRQDO�DQG� 
LQWHUQDWLRQDO�H[SHULHQFH�DQG�VFLHQWLILF�WUDLQLQJ�WR�HYDOXDWH�WKH�VDIHW\�RI�IRRG�LQJUHGLHQWV��WR� 
FRQGXFW�D�FULWLFDO�DQG�FRPSUHKHQVLYH�HYDOXDWLRQ�RI�WKH�DYDLODEOH�DQG�SHUWLQHQW�GDWD�DQG� 
LQIRUPDWLRQ��DQG�WR�GHWHUPLQH�ZKHWKHU��XQGHU�WKH�FRQGLWLRQV�RI�LQWHQGHG�XVH�DV�DQ�LQJUHGLHQW�LQ� 
IRRGV�DQG�EHYHUDJHV��*$%$�ZRXOG�EH�*5$6�EDVHG�RQ�VFLHQWLILF�SURFHGXUHV�� 7KH�3DQHO� 
FRQVLVWHG�RI�WKH�EHORZ�VLJQHG�TXDOLILHG�VFLHQWLILF�H[SHUWV��3URIHVVRU�-RVHSK�)��%RU]HOOHFD��3K�'�� 
�9LUJLQLD�&RPPRQZHDOWK�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH���3URIHVVRU�6WHSKHQ�/��7D\ORU��3K�'�� 
�8QLYHUVLW\�RI�1HEUDVND���DQG�3URIHVVRU�-RKQ�$��7KRPDV��3K�'���,QGLDQD�8QLYHUVLW\�6FKRRO�RI� 
0HGLFLQH��� 

7KH�([SHUW�3DQHO��LQGHSHQGHQWO\�DQG�FROOHFWLYHO\��FULWLFDOO\�HYDOXDWHG�D�VXSSRUWLQJ�GRVVLHU� 
[Documentation Supporting the Generally Recognized as Safe (GRAS) Status of gamma-
Aminobutyric Acid (GABA) For Use as a Food Ingredient]��ZKLFK�LQFOXGHG�LQIRUPDWLRQ� 
SHUWDLQLQJ�WR�WKH�PHWKRG�RI�PDQXIDFWXUH�DQG�SURGXFW�VSHFLILFDWLRQV��DQDO\WLFDO�GDWD��VWDELOLW\� 
GDWD��FRQGLWLRQV�RI�LQWHQGHG�XVH�LQ�VSHFLILHG�IRRG�DQG�EHYHUDJH�SURGXFWV��FRQVXPSWLRQ� 
HVWLPDWHV�IRU�DOO�LQWHQGHG�XVHV��DQG�D�FRPSUHKHQVLYH�DVVHVVPHQW�RI�WKH�DYDLODEOH�VFLHQWLILF� 
OLWHUDWXUH�WKURXJK�-DQXDU\������RQ�WKH�VDIHW\�RI�*$%$�� 'DWD�DQG�LQIRUPDWLRQ�WR�VXSSRUW�WKH� 
VDIHW\�Lactobacillus hilgardii .���ZHUH�DOVR�SURYLGHG�� 

)ROORZLQJ�DQ�LQGHSHQGHQW�DQG�FULWLFDO�HYDOXDWLRQ�RI�WKH�GDWD�DQG�LQIRUPDWLRQ��WKH�([SHUW�3DQHO� 
FRQYHQHG�E\�WHOHFRQIHUHQFH�RQ�)HEUXDU\���������� 8SRQ�UHYLHZ�DQG�GLVFXVVLRQ�RI�WKH�GDWD�DQG� 
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LQIRUPDWLRQ�SUHVHQWHG�LQ�WKH�GRVVLHU��WKH�([SHUW�3DQHO�FRQFOXGHG�WKDW�XQGHU�WKH�FRQGLWLRQV�RI� 
LQWHQGHG�XVH�DV�GHVFULEHG�KHUHLQ��*$%$��PHHWLQJ�DSSURSULDWH�IRRG�JUDGH�VSHFLILFDWLRQV�DV� 
GHVFULEHG�LQ�WKH�VXSSRUWLQJ�GRVVLHU��DQG�PDQXIDFWXUHG�LQ�DFFRUGDQFH�ZLWK�FXUUHQW�*RRG� 
0DQXIDFWXULQJ�3UDFWLFHV��F*03���LV�VDIH�DQG�VXLWDEOH�DQG�*5$6�EDVHG�RQ�VFLHQWLILF� 
SURFHGXUHV�� $�VXPPDU\�RI�WKH�EDVLV�IRU�WKH�([SHUW�3DQHO¶V�FRQFOXVLRQV�DUH�SURYLGHG�LQ�WKH� 
VHFWLRQ�WKDW�IROORZV�� 

Summary and Basis for GRAS Determination 

*$%$�LV�DQ�HQGRJHQRXV�FRPSRXQG�WKDW�IXQFWLRQV�DV�WKH�SULPDU\�LQKLELWRU\�QHXURWUDQVPLWWHU�LQ� 
WKH�FHQWUDO�QHUYRXV�V\VWHP�� $V�VXFK��KLJK�FRQFHQWUDWLRQV�RI�*$%$�DUH�SUHVHQW�LQ�WKH�EUDLQ�DQG� 
FLUFXODWH�LQ�WKH�SODVPD�DW�UHDGLO\�GHWHFWDEOH�OHYHOV��6RQJ�et al., ������� *$%$�LV�DOVR�QDWXUDOO\� 
SUHVHQW�LQ�D�QXPEHU�RI�FRPPRQO\�FRQVXPHG�IRRGV��e.g���PHORQV��SRWDWRHV��WRPDWRHV��etc���DQG� 
*$%$�HQULFKHG�IRRGV�KDYH�EHHQ�URXWLQHO\�FRQVXPHG�LQ�VRPH�FRXQWULHV��e.g���-DSDQ��� ,Q�WKH� 
8�6���*$%$�LV�DYDLODEOH�DV�DQ�LQJUHGLHQW�LQ�D�QXPEHU�RI�GLHWDU\�VXSSOHPHQWV�� 

3),¶V�*$%$��QRW�OHVV�WKDQ�����SXULW\��LV�PDQXIDFWXUHG�FRQVLVWHQW�ZLWK�F*03�DQG�DSSURSULDWH� 
IRRG�JUDGH�VSHFLILFDWLRQV�E\�D�IHUPHQWDWLRQ�SURFHVV�WKDW�XWLOL]HV�Lactobacillus hilgardii .���WR� 
FDWDO\]H�WKH�FRQYHUVLRQ�RI�/�JOXWDPDWH�WR�*$%$� �,QLWLDOO\��WKH�SUH�IHUPHQWDWLRQ�EURWK�LV� 
SUHSDUHG�E\�DGGLQJ�WKH�DSSURSULDWH�VXEVWUDWHV�WR�ZDWHU�LQVLGH�D�VHDOHG�IHUPHQWDWLRQ�YHVVHO�� 
7KLV�LV�IROORZHG�E\�VWHULOL]DWLRQ�DQG�FRROLQJ�RI�WKH�EURWK�SULRU�WR�WKH�DGGLWLRQ�RI�WKH�L��hilgardii .��� 
FXOWXUH�IRU�D�VHULHV�RI�IHUPHQWDWLRQ�VWHSV�� 8SRQ�FRPSOHWLRQ�RI�IHUPHQWDWLRQ��WKH�RUJDQLVP�LV� 
LQDFWLYDWHG�E\�DSSHUWL]DWLRQ�SULRU�WR�XQGHUJRLQJ�D�VHTXHQFH�RI�FRQFHQWUDWLRQ�DQG�ILOWHU� 
VWHULOL]DWLRQ�VWHSV�WR�SURGXFH�D�KLJKO\�FRQFHQWUDWHG�*$%$�VROXWLRQ�DEVHQW�RI�WKH�VRXUFH� 
RUJDQLVP��L. hilgardii .���� *$%$�LV�WKHQ�SUHFLSLWDWHG�E\�VSUD\�GU\LQJ��IROORZHG�E\�WZR� 
FRQVHFXWLYH�VWHSV�XVLQJ�D�PDJQHWLF�EDU�WR�UHPRYH�DQ\�SDUWLFXODWH�LPSXULWLHV�LQ�WKH�SRZGHU�� 7KH� 
*$%$�SRZGHU�LV�WKHQ�VLIWHG�EHIRUH�EHLQJ�VWRUHG�LQ�DOXPLQXP�SRXFKHV�� )XUWKHU�GLOXWLRQ�ZLWK� 
)/2�0$;����6WDUFK�SURGXFHV�D�UHIRUPXODWHG�SURGXFW�ZLWK�D�SXULW\�RI�QRW�OHVV�WKDQ�����*$%$� 
�*$%$������ 

7KH�([SHUW�3DQHO�UHYLHZHG�DQDO\WLFDO�GDWD�IRU���QRQ�FRQVHFXWLYH�ORWV�RI�3),¶V�*$%$�DORQJ�ZLWK� 
��QRQ�FRQVHFXWLYH�ORWV�RI�*$%$����DQG�FRQFOXGHG�WKDW�WKH�PDQXIDFWXULQJ�SURFHVV�SURGXFHG�D� 
FRQVLVWHQW�SURGXFW�WKDW�FRQIRUPV�WR�WKH�HVWDEOLVKHG�IRRG�JUDGH�VSHFLILFDWLRQV�� $GGLWLRQDOO\��WKH� 
FRPSRVLWLRQDO�DQDO\VLV�RI�RQH�ORW�RI�*$%$�ZDV�FRQGXFWHG�DQG�WKH�GDWD�GHPRQVWUDWHG�WKDW�WKH� 
*$%$�SURGXFW�FRQVLVWV�RI�D�PLQLPXP�RI�����*$%$��ZLWK�OHVVHU�DPRXQWV�RI�PRLVWXUH��������� 
DVK���������DQG�OLSLGV��������DV�ZHOO�DV�D�VPDOO�DPRXQW�RI�FDUERK\GUDWHV�VXFK�DV�GLHWDU\�ILEHU� 
�������DQG�VDFFKDULGHV��������� 6RGLXP�FKORULGH�DFFRXQWV�IRU�DSSUR[LPDWHO\�����RI�WKH�WRWDO� 
DVK�� 1R�PLQHUDOV�ZHUH�SUHVHQW�DW�OHYHOV�RI�WR[LFRORJLFDO�FRQFHUQ�� $PLQR�DFLGV�UHVXOWLQJ�IURP� 
WKH�IHUPHQWDWLRQ�PHGLD�FRPSULVHG����RI�WKH�ILQDO�LQJUHGLHQW�LQ�ZKLFK�JOXWDPLF�DFLG�UHSUHVHQWHG� 
DSSUR[LPDWHO\������ZKLOH�WKH�UHPDLQGHU�RI�WKH�LGHQWLILHG�DPLQR�DFLGV�ZHUH�LQGLYLGXDOO\�SUHVHQW� 
DW�OHYHOV�EHORZ������� 6LQFH�IUHH�DPLQR�DFLGV�DQG�GLSHSWLGHV�DFFRXQWHG�IRU������RI�WKH�WRWDO� 
DFLG�K\GURO\]HG�DPLQR�DFLGV�LGHQWLILHG��LW�PD\�EH�FRQFOXGHG�WKDW�3),¶V�*$%$�SURGXFW�LV�IUHH�RI� 
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SURWHLQ�FRQWDPLQDWLRQ�� 8QGHU�DPELHQW�FRQGLWLRQV��WKH�*$%$����IRUPXODWLRQ�LV�VWDEOH�IRU�XS�WR� 
���PRQWKV�� 2Q�WKH�EDVLV�RI�WKH�VWDELOLW\�GDWD��WKH�VKHOI�OLIH�RI�*$%$�ZDV�VHW�DW���\HDUV�� *$%$� 
ZDV�DOVR�IRXQG�WR�EH�VWDEOH�DV�D����VROXWLRQ�XQGHU�YDULHG�S+�FRQGLWLRQV�UDQJLQJ�IURP���WR���DQG� 
HOHYDWHG�WHPSHUDWXUHV�RI�����WR�����&�� 

*$%$�H[LVWV�QDWXUDOO\�DW�ORZ�OHYHOV�LQ�D�ZLGH�YDULHW\�RI�IRRGV�DQG�KDV�D�ZHOO�HVWDEOLVKHG�KLVWRU\� 
RI�FRQVXPSWLRQ�LQ�KXPDQV�IURP�WKH�EDFNJURXQG�GLHW�� 0DQ\�ODFWLF�DFLG�EDFWHULD�FDQ�FRQYHUW� 
JOXWDPDWH�WR�*$%$�DQG��DV�VXFK��RWKHU�IRRGV�DUH�OLNHO\�WR�FRQWDLQ�DSSUHFLDEOH�DPRXQWV�RI� 
*$%$�DV�D�UHVXOW�RI�WKH�SURFHVVLQJ�PHWKRGV�XVHG��e.g.��ODFWLF�DFLG�IHUPHQWHG�IRRGV�VXFK�DV� 
FXUHG�PHDWV�DQG�FKHHVHV��� 7KHUHIRUH��VXEVWDQWLDO�EDFNJURXQG�H[SRVXUH�WR�*$%$�LV�H[SHFWHG� 
IURP�D�W\SLFDO�1RUWK�$PHULFDQ�GLHW�� %DVHG�RQ�SXEOLVKHG�HVWLPDWHV�RI�*$%$�FRQWHQW�LQ�IRRGV�� 
DQG�per capita FRQVXPSWLRQ�GDWD��6WRIEHUJ�DQG�*UXQGVFKREHU���������DYHUDJH�LQWDNHV�RI�*$%$� 
LQ�WKH�8�6��IURP�LWV�QDWXUDO�RFFXUUHQFH�ZHUH�HVWLPDWHG�WR�EH�����PJ�SHUVRQ�GD\�� 8VLQJ� 
-DSDQHVH�VXUYH\�GDWD��1,+1���������*$%$�H[SRVXUH�ZDV�HVWLPDWHG�WR�EH�������PJ�SHUVRQ�GD\� 
IURP�QDWXUDO�VRXUFHV�� *$%$�KDV�DOVR�EHHQ�DGGHG�WR�D�QXPEHU�RI�IRRG�SURGXFWV�LQ�-DSDQ�IRU� 
PRUH�WKDQ����\HDUV�DW�OHYHOV�RI�XS�WR�����PJ�VHUYLQJ�ZLWKRXW�DQ\�UHSRUWHG�VLJQLILFDQW�DGYHUVH� 
HIIHFWV�RQ�KXPDQ�KHDOWK�� 

*$%$�LV�DOVR�LQFRUSRUDWHG�LQWR�D�QXPEHU�RI�GLHWDU\�VXSSOHPHQW�SURGXFWV�DYDLODEOH�LQ�WKH�8�6�� 
PDUNHW�ZLWK�W\SLFDO�SURGXFW�VSHFLILF�GDLO\�UHFRPPHQGHG�LQWDNHV�RI�����PJ�*$%$�SHUVRQ�GD\�� 
'RVHV�DV�KLJK�DV�������WR�������PJ�*$%$�SHUVRQ�GD\�KDYH�DOVR�EHHQ�UHSRUWHG�IRU�VRPH� 
SURGXFWV��ZLWKRXW�UHFRPPHQGHG�GXUDWLRQV�IRU�XVH��QRU�DUH�DQ\�VSHFLILF�SUHFDXWLRQV�SURYLGHG��� 

)RU�WKH�WRWDO�86�SRSXODWLRQ��WKH�FRQVXPSWLRQ�RI�*$%$�XQGHU�WKH�LQWHQGHG�FRQGLWLRQV�RI�XVH�ZDV� 
HVWLPDWHG�WR�UHVXOW�LQ�DQ�DOO�XVHU�PHDQ�LQWDNH�RI�����PJ�GD\������PJ�NJ�ERG\�ZHLJKW�GD\��DQG�D� 
��WK� SHUFHQWLOH�LQWDNH�RI�����PJ�SHUVRQ�GD\�������PJ�NJ�ERG\�ZHLJKW�GD\��� 2Q�DQ�DEVROXWH� 
EDVLV��LQWDNH�HVWLPDWHV�ZHUH�KLJKHVW�LQ�PDOH�DGXOWV�ZLWK�PHDQ�LQWDNHV�RI�����PJ�SHUVRQ�GD\� 
�����PJ�NJ�ERG\�ZHLJKW�GD\��DQG���WK� SHUFHQWLOH�LQWDNHV�RI�����PJ�SHUVRQ�GD\�������PJ�NJ�ERG\� 
ZHLJKW��� ,Q�FRQWUDVW��LQIDQWV�DQG�FKLOGUHQ�ZHUH�HVWLPDWHG�WR�KDYH�WKH�KLJKHVW�DOO�XVHU�*$%$� 
LQWDNHV�UHODWLYH�WR�ERG\�ZHLJKW��i.e.��IRU�LQIDQWV�������DQG������PJ�NJ�ERG\�ZHLJKW�GD\�IRU�WKH� 
PHDQ�DQG���WK� SHUFHQWLOH�H[SRVXUHV��UHVSHFWLYHO\��IRU�FKLOGUHQ������DQG������PJ�NJ�ERG\� 
ZHLJKW�GD\�IRU�WKH�PHDQ�DQG���WK� SHUFHQWLOH�H[SRVXUHV��UHVSHFWLYHO\��� 6LQFH�*$%$�LV�QRW� 
LQWHQGHG�IRU�XVH�LQ�LQIDQW�RU�FKLOGUHQ¶V�IRRGV��LW�LV�H[SHFWHG�WKDW�WKH�DFWXDO�H[SRVXUH�WR�*$%$�LQ� 
WKHVH�JURXSV�ZLOO�EH�PLQLPDO�� %DVHG�RQ�WKH�HVWLPDWHG�H[SRVXUH�WR�*$%$�IURP�LWV�QDWXUDO� 
RFFXUUHQFH�LQ�IRRG�DQG�LWV�SURSRVHG�FRQGLWLRQV�RI�XVH��WKH�FXPXODWLYH�H[SRVXUH�WR�*$%$�ZRXOG� 
UHVXOW�LQ�FRPELQHG�PHDQ�DQG���WK� SHUFHQWLOH�DOO�XVHU�LQWDNHV�RI�����DQG�����PJ�SHUVRQ�GD\�� 
UHVSHFWLYHO\�� 

$V�D�FKDUJHG�PROHFXOH��*$%$�KDV�D�SRRU�ELRDYDLODELOLW\�IROORZLQJ�RUDO�DGPLQLVWUDWLRQ�WR�URGHQWV� 
�YDQ�*HOGHU�DQG�(OOLRWW��������� /LNHZLVH��KHDOWK\�KXPDQ�VXEMHFWV�FRQVXPLQJ����PJ�*$%$�SHU� 
GD\�IRU���WR����ZHHNV�IDLOHG�WR�VKRZ�DQ�LQFUHDVH�LQ�SODVPD�*$%$�OHYHOV��0DWVXEDUD�et al��� 
������.DMLPRWR�et al�������D��� 7KH�SKDUPDFRNLQHWLF�SURILOH�LQ�ODERUDWRU\�DQLPDOV��e.g., UDWV�� 
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FDWV��DQG�UDEELWV��DUH�VLPLODU�ZKHUHLQ�FOHDUDQFH�RI�V\VWHPLFDOO\�DGPLQLVWHUHG��i.e., 
LQWUDSHULWRQHDO�RU�LQWUDYHQRXV�DGPLQLVWUDWLRQ��*$%$�IURP�WKH�EORRG�LV�UDSLG��i.e.�����PLQXWH�KDOI� 
OLIH�LQ�URGHQWV��ZLWKRXW�HYLGHQFH�RI�*$%$�ELRDFFXPXODWLRQ��YDQ�*HOGHU�DQG�(OOLRWW��������+HVSH� 
et al���������� 7KH�OLYHU�LV�WKH�SULPDU\�PHWDEROLF�VLWH�IRU�*$%$�LQ�URGHQWV��)HUHQFL�et al.�������� 
DQG�WKH�FDWDEROLVP�RI�*$%$�RFFXUV�H[FOXVLYHO\�via *$%$�WUDQVDPLQDVH�IRU�XVH�DV�D�FDUERQ� 
VRXUFH�LQ�WKH�WULFDUER[\OLF�DFLG�F\FOH��7&$��DQG�UHVXOWV�LQ�&2�� DV�WKH�SULPDU\�ZDVWH�SURGXFW� 
�3DWHO�et al.��������� $�SKDUPDFRNLQHWLF�VWXG\�FRQGXFWHG�LQ�D�VLQJOH�KXPDQ�VXEMHFW�ZLWK�KHSDWLF� 
LPSDLUPHQW�GHPRQVWUDWHG�WKDW�*$%$�LV�UDSLGO\�PHWDEROL]HG�LQ�WKH�OLYHU��7RZHU��������� 7KXV��LW� 
PD\�EH�FRQFOXGHG�WKDW�*$%$�LV�XWLOL]HG�DV�DQ�HQHUJ\�VRXUFH�E\�WKH�ERG\�DQG�PHWDEROL]HG� 
SULPDULO\�E\�WKH�OLYHU�WR�LQQRFXRXV�FRPSRXQGV�� 

7KH�SHUPHDWLRQ�RI�*$%$�DFURVV�WKH�EORRG�EUDLQ�EDUULHU��%%%��LV�KLJKO\�OLPLWHG�DQG�QRW� 
VXEVWDQWLDOO\�LQIOXHQFHG�E\�GRVH��5REHUWV�et al.��������YDQ�*HOGHU�DQG�(OOLRWW��������.XUL\DPD� 
DQG�6]H��������2OGHQGRUI��������)UH\�DQG�/|VFKHU��������.UDQWLV��������$O�6DUUDI��������$O� 
$ZDGL�et al.��������� )ROORZLQJ�V\VWHPLF�H[SRVXUH��*$%$�GRHV�QRW�DFFXPXODWH�LQ�WKH�EUDLQ�GXH� 
WR�WKH�HIIOX[�UDWH�RI�*$%$�DFURVV�WKH�%%%�EHLQJ�JUHDWHU�WKDQ�LWV�SHUPHDWLRQ�UDWH�DQG�WKH�KLJK� 
*$%$�WUDQVDPLQDVH�DFWLYLW\�LQ�WKH�FHUHEURVSLQDO�IOXLG��&6)���.XUL\DPD�DQG�6]H��������.DNHH�et 
al.��������� ,W�KDV�EHHQ�VXJJHVWHG�WKDW�*$%$�HQWU\�LQWR�WKH�EUDLQ�PD\�EH�HYHQ�PRUH�UHVWULFWHG�LQ� 
KLJKHU�RUGHU�PDPPDOV��DV�OHYHOV�RI�*$%$�LQ�WKH�&6)�ZHUH�XQGHWHFWDEOH����PLQXWHV�IROORZLQJ� 
WKH�LQWUDYHQRXV�DGPLQLVWUDWLRQ�RI�KLJK�GRVHV�RI�*$%$������PJ�NJ�ERG\�ZHLJKW��WR�PRQNH\V� 
�YDQ�*HOGHU�DQG�(OOLRWW��������� 7KLV�LV�LQ�FRQWUDVW�WR�URGHQWV��LQ�ZKLFK�VPDOO�DPRXQWV�RI�*$%$� 
KDYH�EHHQ�VKRZQ�WR�HQWHU�WKH�EUDLQ�� 7KXV��EDVHG�RQ�D�FULWLFDO�UHYLHZ�RI�WKH�OLWHUDWXUH��LW�PD\�EH� 
FRQFOXGHG�WKDW�LW�LV�XQOLNHO\�WKDW�*$%$�FDQ�FURVV�WKH�%%%�LQ�PDWXUH�KHDOWK\�DQLPDOV�XQGHU�WKH� 
LQWHQGHG�FRQGLWLRQV�RI�XVH�LQ�VXIILFLHQW�TXDQWLWLHV�WR�HLWKHU�LQFUHDVH�*$%$�FRQFHQWUDWLRQV�RU� 
LQGXFH�LQKLELWRU\�HIIHFWV�LQ�WKH�EUDLQ�� 

*$%$�LV�RI�ORZ�RUDO�WR[LFLW\�LQ�UDWV�DQG�PLFH�� $�VLQJOH�RUDO�GRVH�RI�������PJ�*$%$�NJ�ERG\� 
ZHLJKW�LQ�UDWV�IDLOHG�WR�HOLFLW�DQ\�VLJQV�RI�WR[LFLW\��-)5/��������� :KHQ�DGPLQLVWHUHG�DV�D�GLHWDU\� 
DGPL[WXUH�WR�PDOH�DQG�IHPDOH�:LVWDU�UDWV�IRU����FRQVHFXWLYH�GD\V��3),¶V�*$%$�GLG�QRW�HOLFLW�DQ\� 
VLJQV�RI�WR[LFLW\�DQG�WKH�QR�REVHUYHG�DGYHUVH�HIIHFW�OHYHO��12$(/��ZDV�����PJ�NJ�ERG\� 
ZHLJKW�GD\��WKH�RQO\�GRVH�WHVWHG��6DXFKL�et al.��������� /LNHZLVH��LQ�D����GD\�UDW�VWXG\� 
FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�*RRG�/DERUDWRU\�3UDFWLFH��*/3��DQG�WKH�2UJDQLVDWLRQ�IRU� 
(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW��2(&'��JXLGHOLQHV��2(&'�7*������2(&'���������QR� 
WR[LFRORJLFDOO\�UHOHYDQW�HIIHFWV�ZHUH�UHSRUWHG�LQ�PDOH�DQG�IHPDOH�6SUDJXH�'DZOH\��&UO�&'��6'��� 
UDWV�WKDW�UHFHLYHG�3),¶V�*$%$�E\�JDYDJH�DW�GRVHV�RI����������������RU�������PJ�NJ�ERG\� 
ZHLJKW�GD\�DQG�WKH�12$(/�ZDV�GHWHUPLQHG�WR�EH�������PJ�NJ�ERG\�ZHLJKW�GD\��WKH�KLJKHVW� 
GRVH�WHVWHG��7DNHVKLPD�et al.��������� 

:KLOH�QR�FKURQLF�VWXGLHV�RI�*$%$�ZHUH�LGHQWLILHG��DQHFGRWDO�UHSRUWV�RI�FKURQLF�RUDO� 
DGPLQLVWUDWLRQ�RI�*$%$�WR�UDWV�DQG�GRJV�ZHUH�ZLWKRXW�HYLGHQFH�RI�WR[LFLW\��7RZHU��������� 8VH� 
RI�Ȗ�YLQ\O�*$%$��D�*$%$�WUDQVDPLQDVH�LQKLELWRU�WR�HOHYDWH�WKH�SODVPD�DQG�WLVVXH�OHYHOV�RI� 
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*$%$�LQ�UDWV��GRJV��DQG�PRQNH\V�GLG�QRW�LQGXFH�FRPSRXQG�UHODWHG�QHXURSDWK\�ZKHQ� 
DGPLQLVWHUHG�IRU�D�SHULRG�RI�XS�WR���\HDU�LQ�UDWV�DQG�GRJV�DQG�D�SHULRG�RI�XS�WR���\HDUV�LQ� 
PRQNH\V��*LEVRQ�et al.��������� ,Q�UHJDUGV�WR�JHQRWR[LFLW\��RQO\�RQH�VWXG\�FRQVLVWLQJ�RI�D�5HF� 
DVVD\��Bacillus subtilis VWUDLQV�+����5HF���DQG�0����5HF����ZDV�LGHQWLILHG�WR�DVVHVV�WKH� 
SRWHQWLDO�PXWDJHQLFLW\�RI�*$%$�FRQWDLQLQJ�IHUPHQWHG�PLON�LQ�WKH�SUHVHQFH�DQG�DEVHQFH�RI� 
PHWDEROLF�DFWLYDWLRQ��LQ�ZKLFK�QR�HYLGHQFH�RI�PXWDJHQLFLW\�ZDV�UHSRUWHG��2VDZD�et al.��������� 

3XEOLVKHG�KXPDQ�VWXGLHV�FRQWDLQLQJ�UHOHYDQW�KHPDWRORJLFDO�DQG�RU�FOLQLFDO�FKHPLVWU\�DQG�VDIHW\� 
HQGSRLQWV�DQG�DGYHUVH�HYHQW�PRQLWRULQJ�GHPRQVWUDWHG�WKDW�WKH�FRQVXPSWLRQ�RI�*$%$�LQ� 
VXSSOHPHQWV�RU�*$%$�HQULFKHG�IRRGV�LV�ZHOO�WROHUDWHG�DW�GRVHV�XS�WR�����PJ�SHUVRQ�GD\�IRU�XS� 
WR����ZHHNV�RU�����PJ�GD\�IRU�XS�WR����GD\V�� 7KH�FRQVXPSWLRQ�RI���WR����J�*$%$�GD\�IRU�XS�WR� 
��GD\V�ZDV�DOVR�UHSRUWHG�WR�EH�ZHOO�WROHUDWHG��PLQRU�VLGH�HIIHFWV�ZHUH�OLPLWHG�WR�WUDQVLHQW� 
VKRUWQHVV�RI�EUHDWK�DQG�D�VOLJKW�EXUQLQJ�VHQVDWLRQ�LQ�WKH�WKURDW�ODVWLQJ�D�IHZ�PLQXWHV�DIWHU� 
*$%$�LQJHVWLRQ��&DYDJQLQL�et al�������D�E��� /LNHZLVH��WKH�FRQVXPSWLRQ�RI����J�*$%$�GD\�IRU� 
XS�WR���\HDUV�ZDV�UHSRUWHG�WR�EH�ZHOO�WROHUDWHG�LQ�VXEMHFWV�ZLWK�YDULRXV�QHXURSK\VLRORJLFDO� 
GLVRUGHUV��7RZHU��������� 1R�HYLGHQFH�RI�VHYHUH�DGYHUVH�HYHQWV�DVVRFLDWHG�ZLWK�WKH� 
FRQVXPSWLRQ�RI�*$%$�ZDV�LGHQWLILHG�LQ�WKH�SXEOLVKHG�OLWHUDWXUH�� 

,Q�PRUH�WKDQ�����K\SHUWHQVLYH�RU�KLJK�QRUPDO�EORRG�SUHVVXUH�VXEMHFWV��*$%$�FRQVXPSWLRQ�KDV� 
EHHQ�UHSRUWHG�WR�EH�DVVRFLDWHG�ZLWK�D�PRGHVW�UHGXFWLRQ�LQ�EORRG�SUHVVXUH��1DNDPXUD�et al.�� 
������0DWVXEDUD�et al.��������:DWDQDEH�et al.��������,QRXH�et al.��������.DMLPRWR�et al.�������� 
����D�E��<DPDNRVKL�et al.��������6KLPDGD�et al.��������7DQDND�et al.��������3RXOLRW�0DWKLHX�et 
al.��������� +RZHYHU��QR�FOHDU�GRVH�UHVSRQVH�UHODWLRQVKLS�KDV�EHHQ�LGHQWLILHG�IRU�WKLV� 
K\SRWHQVLYH�HIIHFW��DQG�WKH�PD[LPDO�HIIHFW��DOWKRXJK�VWDWLVWLFDOO\�VLJQLILFDQW�LQ�PDQ\�VWXGLHV��LV� 
PRGHVW�UHODWLYH�WR�FRQWUROV��i.e.��PD[LPXP�GHFUHDVHV�RI���WR�����DQG�EDVHOLQH�YDOXHV��i.e.�� 
PD[LPXP�UHGXFWLRQ�RI������� ,Q�FRQWUDVW��K\SRWHQVLYH�HIIHFWV�ZHUH�QRW�UHSRUWHG�LQ�QRUPRWHQVLYH� 
LQGLYLGXDOV�FRQVXPLQJ����WR����PJ�SHUVRQ�GD\�IRU���WR����ZHHNV�RU���WR���J�GD\�IRU���WR���GD\V� 
�&DYDJQLQL�et al., ����D�E��.LPXUD�et al., ������7DQDND�et al.��������� 0RUHRYHU��VLJQLILFDQW� 
GHOHWHULRXV�K\SRWHQVLYH�HIIHFWV�LQ�DVVRFLDWLRQ�ZLWK�*$%$�FRQVXPSWLRQ�KDYH�QRW�EHHQ�UHSRUWHG� 
DQG�WKH�*$%$�DVVRFLDWHG�K\SRWHQVLYH�HIIHFWV�DSSHDU�WR�EH�WLPH�GHSHQGHQW��W\SLFDOO\�UHTXLULQJ� 
DW�OHDVW���ZHHNV�RI�UHSHDW�FRQVXPSWLRQ�EHIRUH�VLJQLILFDQW�UHGXFWLRQV�DUH�REVHUYHG�� 0RGHVW� 
UHGXFWLRQV�LQ�EORRG�SUHVVXUH�LQ�K\SHUWHQVLYH�VXEMHFWV�DUH�QRW�XQFRPPRQ�ZLWK�YDULRXV�IRRGV� 
LQFOXGLQJ�SRO\SKHQRO�ULFK�GDUN�FKRFRODWH�DQG�ILVK�RLO�� 

+XPDQ�VWXGLHV�RQ�*$%$��LQ�GRVHV�!��J�GD\��KDYH�DOVR�EHHQ�UHSRUWHG�WR�WUDQVLHQWO\�LQFUHDVH� 
WKH�SURGXFWLRQ�RI�JURZWK�KRUPRQH��*+���&DYDJQLQL�et al.������D�E��3RZHUV�et al.��������� 7KH� 
LQFUHDVHG�SURGXFWLRQ�LV�ZLWKLQ�WKH�QRUPDO�SK\VLRORJLFDO�UDQJH�UHSRUWHG�LQ�UHVSRQVH�WR�H[HUFLVH�� 
DQG�DUH�FRPSDUDEOH�WR�WKRVH�UHSRUWHG�IROORZLQJ�DUJLQLQH�FRQVXPSWLRQ��3DGGRQ�-RQHV�et al.�� 
������&ROOLHU�et al.��������.DQDOH\��������3RZHUV�et al.��������� 0RUHRYHU��*+�LQGXFHG� 
UHVSRQVHV�WR�*$%$�DSSHDU�WR�EH�UDSLGO\�GHVHQVLWL]HG�GXULQJ�UHSHDW�H[SRVXUHV��*DPHO�'LGHORQ� 
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et al.��������� 7KXV��LW�PD\�EH�FRQFOXGHG�WKDW�QHLWKHU�WKH�K\SRWHQVLYH�HIIHFWV�QRU�WKH�LQFUHDVH�LQ� 
*+�SURGXFWLRQ�LQGXFHG�E\�*$%$�DUH�SK\VLRORJLFDOO\�RU�WR[LFRORJLFDOO\�VLJQLILFDQW�LQ�KXPDQV�� 

7KH�([SHUW�3DQHO�DOVR�FULWLFDOO\�UHYLHZHG�WKH�DYDLODEOH�LQIRUPDWLRQ�RQ�WKH�VRXUFH�RUJDQLVP�� 
L. hilgardii .���� 7KH�VSHFLILF�L. hilgardii .���VWUDLQ�XVHG�LQ�WKH�SURGXFWLRQ�RI�3),¶V�*$%$�ZDV� 
RULJLQDOO\�LVRODWHG�IURP�NLPFKL��.RUHDQ�SLFNOHV��DQG�LV�QRW�JHQHWLFDOO\�PRGLILHG�� :KLOH�QR� 
UHJXODWRU\�SURYLVLRQV�KDYH�EHHQ�LGHQWLILHG�IRU�WKH�XVH�RI�L. hilgardii LQ�IRRG�LQ�WKH�8�6��� 
L. hilgardii LV�D�QRQ�WR[LFRJHQLF�DQG�QRQ�SDWKRJHQLF�EDFWHULD�VSHFLHV�ZLWK�D�VXEVWDQWLDO�KLVWRU\� 
RI�XVH�LQ�IRRG�SURGXFWLRQ��DQG�LV�SUHVHQW�LQ�D�QXPEHU�RI�FRPPRQO\�FRQVXPHG�IRRGV��e.g.�� 
FKHHVH��ZLQH��SRUW��DQG�EUDQG\��� 'XH�WR�WKHLU�IHUPHQWDWLRQ�FDSDELOLWLHV��lactobacilli KDYH�EHHQ� 
XVHG�WR�SURGXFH�D�ODUJH�YDULHW\�RI�IRRGV��e.g.��EHHU��ZLQH��FKHHVH��\RJXUW��FXUHG�PHDWV��etc.��IRU� 
ZHOO�RYHU�D�PLOOHQQLXP�� 0RUH�UHFHQWO\��lactobacilli KDYH�UHFHLYHG�LQFUHDVHG�SRSXODULW\�LQ� 
DVVRFLDWLRQ�ZLWK�WKHLU�XVH�DV�SURELRWLF�IRRGV�� 1HYHUWKHOHVV��L. hilgardii LV�QRW�H[SHFWHG�WR�EH� 
SUHVHQW�LQ�WKH�ILQDO�*$%$�SURGXFW�DV�D�UHVXOW�RI�WKH�DSSHUWL]DWLRQ�DQG�ILOWUDWLRQ�VWHSV�FRQGXFWHG� 
GXULQJ�WKH�PDQXIDFWXULQJ�SURFHVV�HPSOR\HG�E\�3),�� :KLOH�VHOHFW�PHPEHUV�RI�WKH�lactobacillus 
VSHFLHV�DUH�NQRZQ�SURGXFHUV�RI�ELRJHQLF�DPLQHV��KLVWDPLQH�ZDV�QRW�GHWHFWHG�LQ�3),¶V�ILQDO� 
*$%$�SURGXFW��OLPLW�RI�GHWHFWLRQ�RI�����PJ����J��� )XUWKHUPRUH��SUHFXUVRU�DPLQR�DFLGV� 
�KLVWLGLQH��W\URVLQH��DQG�SKHQ\ODODQLQH��UHTXLUHG�IRU�WKH�V\QWKHVLV�RI�ELRJHQLF�DPLQHV�E\� 
PLFURRUJDQLVPV�DUH�SUHVHQW�DW�LQVLJQLILFDQW�FRQFHQWUDWLRQV�LQ�WKH�IHUPHQWDWLRQ�PHGLD����������� 
6RPH�VWUDLQV�RI�L. hilgardii KDYH�DOVR�EHHQ�UHSRUWHG�WR�V\QWKHVL]H�WKH�PXWDJHQLF�FRPSRXQG� 
HWK\O�FDUEDPDWH��KRZHYHU��DQDO\WLFDO�GDWD�FRQILUP�WKH�DEVHQFH�RI�WKLV�FRPSRXQG�LQ�3),¶V�*$%$� 
SURGXFW��OLPLW�RI�GHWHFWLRQ�RI������SSP��� /LNHZLVH��JLYHQ�WKDW�HWK\O�FDUEDPDWH�FDQ�IRUP� 
VSRQWDQHRXVO\�LQ�WKH�SUHVHQFH�RI�DOFRKRO�DQG�FLWUXOOLOLQH��DQDO\WLFDO�VWXGLHV�FRQGXFWHG�E\�3),� 
FRQILUP�WKH�DEVHQFH�RI�FLWUXOOLQH�LQ�WKH�ILQDO�SURGXFW��OLPLW�RI�GHWHFWLRQ�RI�����SSP���� 7KXV��LQ� 
FRQVLGHUDWLRQ�WKDW�WKH�ILQDO�*$%$�SURGXFW�LV�DEVHQW�RI�DQ\�E\�SURGXFWV�GHULYHG�IURP�WKH�VRXUFH� 
RUJDQLVP��QR�VDIHW\�FRQFHUQV�DUH�DQWLFLSDWHG�ZLWK�WKH�XVH�RI�L. hilgardii .���LQ�WKH�SURGXFWLRQ�RI� 
*$%$�� 

2YHUDOO��WKH�ZHLJKW�RI�WKH�VFLHQWLILF�HYLGHQFH�VXSSRUWV�WKH�VDIHW\�RI�WKH�SURSRVHG�XVHV�RI�3),¶V� 
*$%$�� 7KH�RUDO�ELRDYDLODELOLW\�RI�*$%$�LV�ORZ�DQG�FOHDUDQFH�LV�UDSLG�LQ�UDWV��DQG�SUHVXPDEO\� 
KXPDQV��� $Q�H[WHQVLYH�ERG\�RI�HYLGHQFH�GHPRQVWUDWHV�WKDW�*$%$�GRHV�QRW�DFFXPXODWH�LQ�WKH� 
&16��DV�H[RJHQRXV�*$%$�KDV�D�ORZ�FDSDFLW\�IRU�SHUPHDWLRQ�WKURXJK�WKH�%%%�GXH�WR�D�KLJK� 
HIIOX[�UDWH�UHODWLYH�WR�WKH�SHUPHDWLRQ�UDWH�DQG�DQ�DEXQGDQFH�RI�*$%$�WUDQVDPLQDVH�DFWLYLW\� 
ZLWKLQ�WKH�&6)�� 7KH�RUDO�WR[LFLW\�RI�*$%$�LQ�URGHQWV�LV�ORZ�� 2Q�WKH�EDVLV�RI�D����GD\�UDW�VWXG\� 
FRQGXFWHG�RQ�3),¶V�*$%$�LQJUHGLHQW��D�12$(/�RI�������PJ�NJ�ERG\�ZHLJKW�GD\��WKH�KLJKHVW� 
GRVH�WHVWHG��ZDV�HVWDEOLVKHG��WR�ZKLFK�QR�UHPDUNDEOH�FKDQJHV�ZHUH�REVHUYHG�� $GGLWLRQDOO\�� 
KXPDQV�KDYH�D�ORQJ�KLVWRU\�RI�VDIH�FRQVXPSWLRQ�RI�*$%$�LQ�WKH�GLHW�RULJLQDWLQJ�IURP�D�ZLGH� 
YDULHW\�RI�IRRGV�� $�QXPEHU�RI�KXPDQ�VWXGLHV�KDYH�DOVR�GHPRQVWUDWHG�WKDW�*$%$�VXSSOHPHQWV� 
DQG�*$%$�HQULFKHG�IRRGV�DUH�ZHOO�WROHUDWHG�� 7KXV��LQ�FRQVLGHUDWLRQ�RI�WKH�DYDLODEOH�GDWD�DQG� 

�� &HUWLILFDWH�RI�$QDO\VLV�IRU�FLWUXOOLQH�LQGLFDWHV�WKDW�WKH�GHWHFWLRQ�OLPLW�ZDV�VHW�DW������J�����J�GXH�WR�WKH�H[LVWHQFH�RI� 
KLJKO\�FRQFHQWUDWHG�DPLQR�DFLG�� 
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WKDW�WKH�LQWDNH�RI�*$%$�IURP�DOO�SURSRVHG�IRRG�XVHV�DQG�EDFNJURXQG�GLHWDU\�VRXUFHV�ZRXOG� 
UHVXOW�LQ�D�FXPXODWLYH���WK� SHUFHQWLOH�DOO�XVHU�LQWDNH�RI�����PJ�GD\�������PJ�NJ�ERG\�ZHLJKW�GD\� 
IRU�D����NJ�LQGLYLGXDO��IRU�WKH�WRWDO�SRSXODWLRQ��WKH�LQWDNH�RI�*$%$�IURP�WKH�SURSRVHG�FRQGLWLRQV� 
RI�XVH�LV�UHDVRQDEO\�H[SHFWHG�WR�EH�VDIH�� 
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(b) (6) 

000073
 

CONCLUSION 

We, the Expert Panel, have independently and collectively, critically evaluated the infonnation 

and data summarized above and conclude that the intended uses of GABA as an ingredient in 

foods and beverages at levels providing up to 100 mg/serving, meeting appropriate food-grade 
specifications and produced consistent with current Good Manufacturing Practices (cGMP), are 

Generally Recognized as Safe (GRAS) based on scientific procedures. 

It is our opinion that other qualified experts would concur with these conclusions. 

Spn t-vt:'orzeHeca, Ph.D. v 
fessor Emeritus 

harmacology & Toxicology 
Virginia Commonwealth University 
School of Medicine 
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Department of Food Science and Technology, 
University of Nebraska 

A. Thomas, Ph.D. 
ro ssor 

D artment of Phannacology and Toxicology, 
Indiana University School of Medicine 

Pharma Foods International Co., Ltd. 
February 3, 2015 
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.LPXUD�0��&KRXQDQ�2��7DNDKDVKL�5��2KDVKL�$��$UDL�<��+D\DNDZD�.�HW�DO����������(IIHFWV�RI� 
IHUPHQWHG�PLON�FRQWDLQLQJ�Ȗ�DPLQREXW\ULF�DFLG��*$%$��RQ�QRUPDO�DGXOW�VXEMHFWV��-SQ�-� 
)RRG�&KHP����������>LQFOXGHV�(QJOLVK�WUDQVODWLRQ@�� 

.UDQWLV�$���������7KH�LQYROYHPHQW�RI�*$%$�WUDQVDPLQDVH�LQ�WKH�EORRG�EUDLQ�EDUULHU�WR� 
UDGLRODEHOOHG�*$%$��$FWD�1HXURSDWKRO�������������� 

.XUL\DPD�.��6]H�3<���������%ORRG�EUDLQ�EDUULHU�WR�+����Ȗ�DPLQREXW\ULF�DFLG�LQ�QRUPDO�DQG� 
DPLQR�R[\DFHWLF�DFLG�WUHDWHG�DQLPDOV��1HXURSKDUPDFRORJ\���������������� 

0DWVXEDUD�)��8HQR�+��7DGDQR�.��6X\DPD�7��,PDL]XPL�.��6X]XNL�7�HW�DO����������(IIHFWV�RI� 
*$%$�VXSSOHPHQWDWLRQ�RQ�EORRG�SUHVVXUH�DQG�VDIHW\�LQ�DGXOWV�ZLWK�PLOG�K\SHUWHQVLRQ�� 
<DNXUL�7R�&KLU\R�>%DVLF�3KDUPDFRO�7KHU@����������������>(QJOLVK�WUDQVODWLRQ@�� 

1DNDPXUD�7��+DVHJDZD�7��8HQR�6��.XPDPRWR�6��0DWVXED\DVKL�7��$QGR�<�HW�DO����������>(IIHFW� 
RI�Ȗ�DPLQREXW\ULF�DFLG�ULFK�&KORUHOOD�RQ�EORRG�SUHVVXUH�LQ�PLOGO\�K\SHUWHQVLYH�VXEMHFWV@�� 
<DNXUL�7R�&KLU\R�>%DVLF�3KDUPDFRO�7KHU@���������������� 

1,+1�>����@��[Japan National Health and Nutrition Examination Survey 2005]��7RN\R��-DSDQ�� 
1DWLRQDO�,QVWLWXWH�RI�+HDOWK�DQG�1XWULWLRQ��(QJOLVK�VXUYH\V�DYDLODEOH�DW�� 
KWWS���ZZZ��QLK�JR�MS�HLNHQ�HQJOLVK�UHVHDUFK�SURMHFWBQKQV�KWPO�� 

2(&'���������5HSHDWHG�GRVH����GD\�RUDO�WR[LFLW\�VWXG\�LQ�URGHQWV��,Q��OECD Guidelines for the 
Testing of Chemicals���2(&'�*XLGHOLQH�QR������>8SGDWHG� �$GRSWHG���VW� 6HSWHPEHU� 
����@��3DULV��)UDQFH��2UJDQLVDWLRQ�IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW� 
�2(&'���$YDLODEOH�DW��KWWS���ZZZ�RHFG�LOLEUDU\�RUJ�HQYLURQPHQW�WHVW�QR�����UHSHDWHG� 
GRVH����GD\�RUDO�WR[LFLW\�VWXG\�LQ�URGHQWVB�������������� 
HQ�MVHVVLRQLG �P�EYZVSXS����GHOWD�� 

2OGHQGRUI�:+���������%UDLQ�XSWDNH�RI�UDGLRODEHOHG�DPLQR�DFLGV��DPLQHV��DQG�KH[RVHV�DIWHU� 
DUWHULDO�LQMHFWLRQ��$P�-�3K\VLRO������������������� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
)HEUXDU\��������� 

000075
 



2VDZD�7��*RWR�7��*RQGD�0��2\DPD�:��<DVXWDNH�1��2QRXH�0���������0XWDJHQLFLW\�WHVW�RI� 
JDPPD�DPLQREXW\ULF�DFLG�FRQWDLQLQJ�IHUPHQWHG�PLON��*$%$�����DQG��*$%$�����XVLQJ� 
'1$�UHSDLU�V\VWHP��<DNXUXWR�.HQN\XMR�.HQN\X�+RNRNXVKX����������>(QJOLVK� 
WUDQVODWLRQ@�� 

3DGGRQ�-RQHV�'��%RUVKHLP�(��:ROIH�55���������3RWHQWLDO�HUJRJHQLF�HIIHFWV�RI�DUJLQLQH�DQG� 
FUHDWLQH�VXSSOHPHQWDWLRQ�>,QFOXGHV�GLVFXVVLRQ�E\�-RVHSK�/RVFDO]R@��-�1XWU��������� 
6XSSO�������6�����6������6�� 

3DWHO�$%��'H�*UDDI�5$��0DVRQ�*)��5RWKPDQ�'/��6KXOPDQ�5*��%HKDU�./���������7KH� 
FRQWULEXWLRQ�RI�*$%$�WR�JOXWDPDWH�JOXWDPLQH�F\FOLQJ�DQG�HQHUJ\�PHWDEROLVP�LQ�WKH�UDW� 
FRUWH[�in vivo��3URF�1DWO�$FDG�6FL�86$�������������������� 

3RXOLRW�0DWKLHX�.��*DUGQHU�)RUWLHU�&��/HPLHX[�6��6W�*HODLV�'��&KDPSDJQH�&3��9XLOOHPDUG�-&� 
��������(IIHFW�RI�FKHHVH�FRQWDLQLQJ�JDPPD�DPLQREXW\ULF�DFLG�SURGXFLQJ�ODFWLF�DFLG� 
EDFWHULD�RQ�EORRG�SUHVVXUH�LQ�PHQ��3KDUPD1XWULWLRQ��������������� 

3RZHUV�0(��<DUURZ�-)��0F&R\�6&��%RUVW�6(���������*URZWK�KRUPRQH�LVRIRUP�UHVSRQVHV�WR� 
*$%$�LQJHVWLRQ�DW�UHVW�DQG�DIWHU�H[HUFLVH��0HG�6FL�6SRUWV�([HUF���������������� 

5REHUWV�(���������7KH�Ȗ�DPLQREXW\ULF�DFLG��*$%$��V\VWHP�DQG�KHSDWLF�HQFHSKDORSDWK\�� 
+HSDWRORJ\��������������� 

5REHUWV�(��/RZH�,�3��*XWK�/��-HOLQH�%���������'LVWULEXWLRQ�RI�JDPPD�DPLQREXW\ULF�DFLG�DQG� 
RWKHU�DPLQR�DFLGV�LQ�QHUYRXV�WLVVXH�RI�YDULRXV�VSHFLHV��-�([S�=RRO�����������������&LWHG� 
,Q��5REHUWV�������� 

6DXFKL�<��+LVDL]XPL�.��$NDR�0��.LP�0��<RVKLNXQL�<���������7R[LFLW\�RI�3*�.���IRU����GD\V� 
DGPLQLVWUDWLRQ�LQ�UDWV��<DNXUL�7R�&KLU\R�>%DVLF�3KDUPDFRO�7KHU@���������������� 

6RQJ�<��6KHQZX�0��'KRVVFKH�'0��/LX�<�0���������$�FDSLOODU\�OLTXLG�FKURPDWRJUDSKLF�WDQGHP� 
PDVV�VSHFWURPHWULF�PHWKRG�IRU�WKH�TXDQWLILFDWLRQ�RI�Ȗ�DPLQREXW\ULF�DFLG�LQ�KXPDQ� 
SODVPD�DQG�FHUHEURVSLQDO�IOXLG��-�&KURPDWRJU�%����������������� 

6WRIEHUJ�-��*UXQGVFKREHU�)���������&RQVXPSWLRQ�UDWLR�DQG�IRRG�SUHGRPLQDQFH�RI�IODYRULQJ� 
PDWHULDOV��7KLUG�FXPXODWLYH�VHULHV���3HUIXP�)ODYRU�������������� 

7DNHVKLPD�.��<DPDWVX�$��<DPDVKLWD�<��:DWDEH�.��+RULH�1��0DVXGD�.�HW�DO���������� 
6XEFKURQLF�WR[LFLW\�HYDOXDWLRQ�RI�Ȗ�DPLQREXW\ULF�DFLG��*$%$��LQ�UDWV��)RRG�&KHP�7R[LFRO� 
������������ 

7DQDND�+��:DWDQDEH�.��0D�0��+LUD\DPD�0��.RED\DVKL�7��2\DPD�+�HW�DO����������7KH�HIIHFWV�RI� 
Ȗ�DPLQREXW\ULF�DFLG��YLQHJDU��DQG�GULHG�ERQLWR�RQ�EORRG�SUHVVXUH�LQ�QRUPRWHQVLYH�DQG� 
PLOGO\�RU�PRGHUDWHO\�K\SHUWHQVLYH�YROXQWHHUV��-�&OLQ�%LRFKHP�1XWU��������������� 

7RZHU�'%���������7KH�DGPLQLVWUDWLRQ�RI�JDPPD�DPLQREXW\ULF�DFLG�WR�PDQ��V\VWHPDWLF�HIIHFWV� 
DQG�DQWLFRQYXOVDQW�DFWLRQ��,Q��5REHUWV�(��%D[WHU�&)��9DQ�+DUUYHOG�$��:LHUVPD�&$*�� 
$GHK\�:5��.LOODP�.)��HGLWRUV��Inhibition in the Nervous System and Gamma-
Aminobutyric Acid: Proceedings of an International Symposium��0D\�������������� 
'XDUWH��&DOLI��1HZ�<RUN��1<���3HUPDJRQ�3UHVV��SS����������� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
)HEUXDU\��������� 
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8�6��)'$���������Agency Response Letter GRAS Notice No. GRN 000257 [gamma-Amino 
butyric acid, Kyoto, Japan: Pharma Foods International Co., Ltd.]. &ROOHJH�3DUN��0'��� 
8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��8�6��)'$���&HQ+WHU�IRU�)RRG�6DIHW\� �$SSOLHG� 
1XWULWLRQ��&)6$1���2IILFH�RI�)RRG�$GGLWLYH�6DIHW\��$YDLODEOH�DW�� 
KWWS���ZZZ�DFFHVVGDWD�IGD�JRY�VFULSWV�IGFF�LQGH[�FIP"VHW *5$61RWLFHV	LG ����>'HF�� 
��������@�� 

YDQ�*HOGHU�10��(OOLRWW�.$&���������'LVSRVLWLRQ�RI�Ȗ�DPLQREXW\ULF�DFLG�DGPLQLVWHUHG�WR� 
PDPPDOV��-�1HXURFKHP��������������� 

:DWDQDEH�7��.DZDVKLWD�$��,VKL�6��0D]XPGHU�7.��1DLJDL�6��7VXML�.�HW�DO���������� 
>$QWLK\SHUWHQVLYH�HIIHFW�RI�Ȗ�DPLQREXW\ULF�DFLG�HQULFKHG�Agaricus blazei RQ�PLOG� 
K\SHUWHQVLYH�KXPDQ�VXEMHFWV@��1LKRQ�6KRNXKLQ�.DJDNX�.RJDNNDLVKL��������������� 
>,QFOXGHV�(QJOLVK�WUDQVODWLRQ@�� 

<DPDNRVKL�-��)XNXGD�6��6DWRK�7��7VXML�5��6DLWR�0��2EDWD�$�HW�DO����������$QWLK\SHUWHQVLYH�DQG� 
QDWULXUHWLF�HIIHFWV�RI�OHVV�VRGLXP�VR\�VDXFH�FRQWDLQLQJ�Ȗ�DPLQREXW\ULF�DFLG�LQ� 
VSRQWDQHRXVO\�K\SHUWHQVLYH�UDWV��%LRVFL�%LRWHFKQRO�%LRFKHP���������������� 

3KDUPD�)RRGV�,QWHUQDWLRQDO�&R���/WG�� ��� 
)HEUXDU\��������� 
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GAMMA-AMINOBUTYRIC ACID GRAS NOTICE 

APPENDIX B 

CERTIFICATES OF ANALYSIS 

x $WWDFKPHQW�%����&HUWLILFDWHV�RI�$QDO\VLV�RI�*$%$� 
x $WWDFKPHQW�%����&HUWLILFDWHV�RI�$QDO\VLV�IRU�*$%$���� 
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2014/ 5/19 

Pharma Foods International Co., Ltd. 
1-49 Goryo-Oharn, Nishikyo-ku, 
Kyoto 615-8245, Japan 
Phone: +81-75-394-8605 
FAX : +81-75-394-8889 

SPECIFICATION 

Commodity: PharmaGABA ™ 
Shelf Life : 2 years from manufacturing date 

Specification Methods 

Appearance light yellow to light Visual appearance 
brown powder 

GABA more than 80.0% Amino acid analysis with 
HPLC 

Moisture less than 5.0% Heated-air drying at normal 
pressure method 

Ash less than 15.0% Direct ashing method 

Arsenic less than 2µg/g DDTC-Ag method 

Heavy Metals less than l0µg/g Sodium sulfide colorimetry 

Lead less than 0.5µg/g Atomic absorption method 

Total Aerobic Counts less than 1000 CFU/g Methods established by Food 
Hygiene Guidance (Edited by 
Japan Food Hygiene Association) 

Yeast and Mold less than 300 CFU/g Methods established by Food 
Hygiene Guidance (Edited by 
Japan Food Hygiene Associntioo) 

Coliform / E. coli negative Methods establ.ishcd by Food 
Hygiene Guidance (Edited by 
Japan Food Hygiene Association) 

*Storage temperature 15°C or less 

Production Control Div. 
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2014/6/9 

Pharma Foods International Co., Ltd. 
1-49 Goryo-Ohara,Nishikyo-ku, 
Kyoto 615-8245 Japan 
Phone : +81-75-394-8605 
F A X: +81-75-394-8889 

CERTIFICATE OF ANALYSIS 

Commodity: 
Lot No.: 
Manufacturing Date: 
Measurement Date: 
Shelf-Life: 

Appearance 

GABA 

Moisture 

Ash 

Arsenic 

Heavy Metals 

Lead 

Total Aerobic Counts 

Yeast and Mold 

Coliform/ E. coli 

PharmaGABA ™ 
2J10 
2012/10/10 
2012/10/26 
2 years from manufacturing date 

Specification Results 

light yellow to light brown conformed 
powder 

more than 80.0% 87.2% 

less than 5.0% 2.8% 

less than 15.0% 3.0% 

less than 2µg/g less than 2µg/g 

less than l0µg/g less than l0µg/g 

less than 0.5µg/g less than 0.5µg/g 

less than l000CFU/g 20CFU/g 

less than 300CFU/g less than l0CFU/g 

negative negative 

Production Control Div. 
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2014/6/9 

Pharma Foods International Co., Ltd. 
1-49 Goryo-Obara,Nishlkyo-ku, 
Kyoto 615-8245 Japan 
Phone : +81-75-394-8605 
F A X: +81-75-394-8889 

CERTIFICATE OF ANALYSIS 

Commodity: 
Lot No.: 
Manufacturing Date: 
Measurement Date: 
Shelf-Life: 

Appearance 

GABA 

Moisture 

Ash 

Arsenic 

Heavy Metals 

Lead 

Total Aerobic Counts 

Yeast and Mold 

Coliform / E. coli 

PharmaGABA ™ 
4B06 
2014/2/6 
2014/2/14 
2 years from manufacturing date 

Specification Results 

light yellow to light brown conformed 
powder 

more than 80.0% 84.6% 

less than 5.0% 3.0% 

less than 15.0% 3.1% 

less than 2µg/g less than 2µg/g 

less than lOµg/g less than lOµg/g 

less than O.Sµg/g less than O.Sµg/g 

less than lOOOCFU/g less than lOCFU/g 

less than 300CFU/g less than lOCFU/g 

negative negative 

Pi·oduction Control Div. 
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2014/ 6/ 2 

Pharma Foods lnternational Co., Ltd. 
1-49 Goryo-Ohara,Nishikyo-ku, 
Kyoto 615-8245 Japan 
Phone : +81-75-394-8605 
F A X : +81-75-394-8889 

CERTIFICATE OF ANALYSIS 

Commodity: 
Lot No.: 
Manufacturing Date: 
Measurement Date: 
Shelf-Life: 

Appearnnce 

GABA 

Moisture 

Ash 

Arsenic 

Heavy Meta Is 

Lead 

Total Aerobic Counts 

Yeast and Mold 

Coliform / E. coli 

PharmaGABA TM 

4E21 
2014/5/21 
2014/6/2 
2 years from manufacturing date 

Specification Results 

light yellow to light brown conformed 
powder 

more than 80.0% 89.8% 

less than 5.0% 3.0% 

less than 15.0% 3.1% 

less than 2µg/g less than 2µg/g 

less than l0µg/g less than l0µg/g 

less than 0.Sµg/g less than 0.Sµg/g 

less than l000CFU/g 30 CFU/g 

less than 300CFU/g less than l0CFU/g 

negative negative 

roduction Control Div. 
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2014/8/5 

Pharma Foods Jntcrnntional Co., L td. 
1-49 Goryo-Ohara, Nishikyo-ku, 
Kyoto 615-8245, J apan 
Phone : +81-75-394-8605 
FAX : +81-75-394-8889 

SJPJECl!Fli <CA Tli ON 

CommodDty: J?lbtarma GABA 20-ID 
Shelf L ife : 2 yea:rs from manufacturing date 

Appearance 

GABA 

Nfoisture 

Ash 

Arsenic 

Heavy Metals 

Total Aerobic Counts 

Yeast and Mold 

Coliform / E . coli 

Storage temperature 

Specification 

white to light yellow 
powder 

more than 20.0% 

less than 10.0% 

less than 18.0% 

less than 2µg/g 

less than l0µg/g 

less than 1000 CFU/g 

less than 300 CFU/g 

negative 

25°C or less 

Methods 

Visual appearance 

Amino acid analysis with 
HPLC 

Heated-air drying at 
nor·mal pressure method 

Direct ashing method 

DDTC-Ag method 

Sodium sulfide colorimetry 

Methods established by Food 
Hygiene Guidance (Edited by 
.Japan Food Hygiene Association) 

Methods established by Food 
Hygiene Guidance (Edited by 
Japan Food Hygiene Association) 

Methods established by Food 
Hygiene G uidance (Edited by 
.fa pan Food Hygiene Association) 

Production Control Div. 
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2014/7/28 

Pharma F oods International Co., Ltd. 
1-49 Goryo-Ohara,Nishikyo-lm, 
Kyoto 615-8245 Jap:m 
Phone: +81-75-394-8605 
FAX : +81-75-394-8889 

ClER'fllF:U:CA 'fJE OJF ANAJL YS][S 

Commodity: 

Lot No.: 

Manufacturing Date: 

Measurement Date: 

Shelf-Life: 

Appearance 

GABA 

Moisture 

Ash 

Arsenic 

Heavy Metals 

Total Aerobic Counts 

Yeast and Mold 

Coliform / E. coli 

PharmaGABA 20-D 
6A31 

2006/1/31 

2006/2/14 

2 years from manufacturing date 

Specification Results 

white to light yellow conformed 
powder 
more than 20.0% 22.9% 

less than 10.0 % 4.8% 

less than 18.0 % 15.0% 

less than 2 µg/g less than 2 µg/g 

less than 10 µg/g less than 10 µg/g 

less than 1000 CFU/g less than JO CFU/g 

less than 300 CFU/g less than 10 CFU/g 

negative negative 

J O" 0-

Production Contrnl Div. 
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2014/7/28 

Pharma Foods International Co., Ltd. 
1-49 Goryo-Ohara,Nishikyo-lcu, 
Kyoto 615-8245 Japan 
Phone : +81-75-394-8605 
FAX : +81-75-394-8889 

CJER'flFJJ:CATE OF ANALYS:n:S 

Commodity: 

Lot No.: 

Manufacturing Date: 

Measurement Date: 

Shelf-Life: 

Appearance 

GABA 

Moisture 

Ash 

Arsenic 

Heavy Metals 

Total Aerobic Counts 

Yeast and Mold 

Coliform / E. coli 

PbarmaGABA 20-D 
6B07 

2006/2/7 

2006/2/27 

2 years from manufacturing elate 

Specification Results 

white to light yellow conformed 
powder 
more than 20.0% 22.9% 

less than 10.0 % 5.6% 

less than 18.0 % 14.7% 

less than 2 µg/g less than 2 µg/g 

less than 10 µg/g less than 10 µgig 

less than 1000 CFU/g 10 CFU/g 

less than 300 CFU/g less than 10 CFU/g 

negative negative 

Pr6ductig.;c-Control Div. 
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- ~ l'IMR/.\A FOODS tlllf-RtlAl!ONAl CO.,LTD~ 

2014/7/28 

PiHtl'nta Foods iuter;nutional Co., Ltd. 
1-49 Goryo-Ohara,Nishikyo-lm, 
Kyoto 615-8245 Japan 
Phone : +81-75-394-8605 
FAX : +81-75-394-8889 

CJER'fJrJFJJ:CA 'flE OlF ANAL YS:n:S 

Commodity: 
l ~ '- l\.T ~ , 
L.JUI l ~U .. 

Manufacturing Date: 

Measurement Date: 

Shelf-Life: 

Appearance 

GABA 

Moisture 

Ash 

Arsenic 

Heavy Metals 

Total Aerobic Counts 

Yeast and Mold 

Coliform / E. coli 

PharmaGABA 20-D 
"1"1,'1 .; 
I_., .J...J 

2007/6/15 

2007/6/26 

2 years from manufacturing elate 

Specification Results 

white to light yellow conformed 
powder 
more than 20.0% 21.2% 

less than 10.0 % 4.8% 

less than 18.0 % 13.1% 

less than 2 µg/g less than 2 µg/g 

less than 10 µg/g less than 10 µg/g 

less than 1000 CFU/g less than 10 CFU/g 

less than 300 CFU/g less than 10 CFU/g 

negative negative 

I v= 
P rocluctwn Control Div. 



GAMMA-AMINOBUTYRIC ACID GRAS NOTICE 

APPENDIX C 

ANALYSES RELATED TO THE SOURCE ORGANISM 

x $WWDFKPHQW�&����$QDO\VLV�RI�L. hilgardii .��� 
x $WWDFKPHQW�&����$QDO\VLV�RI�+LVWDPLQH� 
x $WWDFKPHQW�&����$QDO\VLV�RI�(WK\OFDUEDPDWH� 
x $WWDFKPHQW�&����$QDO\VLV�RI�&LWUXOOLQH� 
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p 
TchnoSuruga Laboratory Co., Ltd. SIID16618-01 

Specific-Primer PCR analysis report 

Identification No. 

Date this report was written 

Client 

S11O16618-01 

March 30, 2015 

PHARMA FOODS INTERNATIONAL CO., LTD. 

CONFIDENTIAL 

Confirmation 

1. This report is authorized and approved by the scientist responsible on behalf of 

TechnoSuruga Laboratory Co., Ltd. 

2. Unless otherwise divert to research presentation (prepublication paper) or patent 

description, when you wish to duplicate all or part of this report and provide to 

third parties, this shall not be reproduced without prior approval of TechnoSuruga 

Laboratory Co. , Ltd. 

3. No prior agreement of TechnoSuruga Laboratory Co., Ltd. is necessary for 

reproduction if the name of the company is specified as the data source. 

TechnoSuruga Laboratory Co., Ltd. 

330 Nagasaki Shimizu-ku Shizuoka-shi, Shizuoka 424-0065, Japan 

TEL: (+81)54-349-6155 FAX: (+81)54-349-6121 

1 
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p 
TchnoSuruga Laboratory Co., Ltd. SIID16618-01 

Sample Information 

Sample code SIID Date culture received Source of sample 

PharmaGABA Lot 7809 16618-01 March 11, 2015 Lactic acid fermented 

extract 

Notes 

2 
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TchnoSuruga Laboratory Co., Ltd. S11D16618-01 

PURPOSE 

In order to investing whether Lactobacillus species exists in a sample or not, Lactobacillus 

species Specific-Primer-PCR analysis was performed. 

METHODS 

1. 

2. 

DNA extraction 

• Method 

PCR 

. Primer set 

• PCR condition 

MORA-EXTRACT kit (Kyokuto Pharmaceutical, Tokyo) 

LactoR'F1
) - LBFR 1> (16S rRNA gene targeted Lactobacillus 

species-specific primer set) 

3 step PCR on a Rotor-Gene™ Q (QIAGEN) cycler using 

SYBR® Premix Ex Tag™ II (Tal<aRa Bio, Sh iga) 

• Company and product names are trademarks or registered trademarks of each company 

or its subsidiaries in Japan and/or other countries. 

3 
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PRIJ 
TchnoSuruga Laboratory Co., Ltd. SIIO16618-01 

RESULTS 

PCR detection using Lactobacil/us Species-Specific-Primer 

PCR amplification was performed with extracted DNA from the sample. The Lactobacil/us 

species-specific sequences was amplified using PCR method with Lactobacillus 

species-specific-primer set, Lacto R'F-LBFR. The estimated fragment size of amplification 

product was about 360 base pairs (bp) when this primer set was used. The presence of PCR 

product (amplicon) was checked by agarose gel electrophoresis. The 16S rRNA gene sequence 

fragment of Lactobacillus species was not amplified (Figure 1 ). 

M 

Figure 1. Agarose gel image of PCR product (Lactobacillus species-specific-primer set Lacio 

R'F-LBFR, Arrow, the fragment size of PCR product bout 360 bp in size. 

M: size marker (100bp ladder), 1:16381-03. 
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TchnoSuruga Laboratory Co., Ltd. SIID16618-01 

CONCLUSION 

Table 1. The result of Lactobacillus species-specific-primer PCR 

S11D Lactobacil/us spp. 

16618-01 

(PharmaGABA Lot. 7809) -

+: PCR amplicon was observed 

-: PCR amplicon was not observed. 

Specific-Primer-PCR analysis was performed to investigate whether Lactobacillus species 

exists in this sample or not. From the result mentioned above, 16S rRNA gene fragment of the 

Lactobacillus species was not amplified using sample DNA for PCR by Lactobacil/us 

species-specific primer set. Therefore, it was considered that the Lactobacillus species did not 

exist or lower than the detection limit of PCR in this sample. 

5 
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TchnoSuruga Laboratory Co., Ltd. S11D16618-01 

REFERENCES 

1) SONGJIDA (P.), NAKAYAMA (J.), TATEYAMA (A.), TANAl<A (S.), TSUBOUCHI (M.), 

KIYOHARA (C.), SHIRAKAWA (T.), and SONOMMOTO (I<.): Differences in developing 

intestinal microbiota between allergic and non-allergic infants; a pilot study in JAPAN. Biosci. 

Biotechnol, Biochem., 2007, 71, 2338-2342. 
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I) 
TchnoSuruga Laboratory Co., Ltd. SIID16618-01 

This analysis report was translated by Pharma Foods International. , Co., Ltd., based on the test 

results provided by TechnoSuruga Laboratory Co., Ltd. We, Pharma Foods International Co., 

Ltd. hereby confirm that the translation and original test results are consistent. 

Translated by Kyung Hwa Moon 

Deputy Manager, Sales Department, Global Strategy Group 

Pharma Foods International Co., Ltd. 
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TchnoSuruga Laboratory Co., Ltd. 

Specific-Primer PCR analysis report 

Identification No. SI ID16381-02 

March 9, 2015 

SIID16381 -02 

Date this report was written 

Client PHARMA FOODS INTERNATIONAL CO., LTD. 

CONFIDENTIAL 

Confirmation 

1. This report is authorized and approved by the scientist responsible on behalf of 

TechnoSuruga Laboratory Co. , Ltd. 

2. Unless otherwise divert to research presentation (prepublication paper) or patent 

description, when you wish to duplicate all or part of this report and provide to 

third parties, this shall not be reproduced without prior approval of TechnoSuruga 

Laboratory Co., Ltd. 

3. No prior agreement of TechnoSuruga Laboratory Co., Ltd. is necessary for 

reproduction if the name of the company is specified as the data source. 

TechnoSuruga Laboratory Co., Ltd. 

330 Nagasaki Shimizu-ku Shizuoka-shi, Shizuoka 424-0065, Japan 

TEL: {+81)54-349-6155 FAX: (+81)54-349-6121 
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PRI) 
TchnoSuruga Laboratory Co., Ltd. SIID16381-02 

Sample Information 

Sample code SIID Date culture received Source of sample 

PharmaGABA Lot 4806 16381-02 February 6, 201 5 -

Notes 

.2 
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F{ ) 
TchnoSuruga Laboratory Co., Ltd. S11O16381-02 

PURPOSE 

In order to investing whether Lactobacillus species exists in a sample or not, Lactobacillus 

species Specific-Primer-PCR analysis was performed. 

METHODS 

1 . DNA extraction 

Method 

2. PCR 

Primer set 

PCR condition 

MORA-EXTRACT kit (Kyokuto Pharmaceutical, Tokyo) 

LactoR'F1l - LBFR11 (16S rRNA gene targeted Lactobacil/us 

species-specific primer set) 

3 step PCR on a Rotor-Gene™ Q (QIAGEN) cycler using 

SYBR® Premix Ex Tag™ II (TaKaRa Bio, Shiga) 

• Company and product names are trademarks or registered trademarks of each company 

or its subsidiaries in Japan and/or other countries. 
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TchnoSuruga Laboratory Co., Ltd. SIIO16381 -02 

RESULTS 

PCR detection using Lactobaci/lus Species-Specific-Primer 

PCR amplification was performed with extracted DNA from the sample. The Lactobacil/us 

species-specific sequences was amplified using PCR method with Lactobacil/us 

species-specific-primer set, Lacto R'F-LBFR. The estimated fragment size of amplification 

product was about 360 base pairs (bp) when this primer set was used. The presence of PCR 

product (amplicon) was checked by agarose gel electrophoresis. The 16S rRNA gene sequence 

fragment of Lactobacillus species was not amplified (Figure 1 ). 

M 

<l 

Figure 1. Agarose gel image of PCR product (Lactobacil/us species-specific-primer set Lacio 

R'F-LBFR, Arrow, the fragment size of PCR product bout 360 bp in size. 

M: size marker (1 00bp ladder), 1: 16381-03. 
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TchnoSuruga Laboratory Co., Ltd. S11D16381-02 

CONCLUSION 

Table 1. The result of Lactobacillus species-specific-primer PCR 

S11D Lactobacillus spp. 

16381-02 

(PharmaGABA Lot. 4B06) -

+: PCR amplicon was observed 

-: PCR amplicon was not observed. 

Specific-Primer-PCR analysis was performed to investigate whether Lactobacil/us species 

exists in this sample or not. From the result mentioned above, 16S rRNA gene fragment of the 

Lactobacil/us species was not amplified using sample DNA for PCR by Lactobacil/us 

species-specific primer set. Therefore, it was considered that the Lactobacillus species did not 

exist or lower than the detection limit of PCR in this sample. 

5 
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TchnoSuruga Laboratory Co., Ltd. SIIO16381-02 

REFERENCES 

1) SONGJIDA (P.), NAKAYAMA (J .), TATEYAMA (A.), TANAKA (S.), TSUBOUCHI (M.), 

KIYOHARA (C.), SHIRAKAWA {T.}, and SONOMMOTO (K.): Differences in developing 

intestinal microbiota between allergic and non-allergic infants; a pilot study in JAPAN. Biosci. 

Biotechnol, Biochem., 2007, 71, 2338-2342. 
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) 
TchnoSuruga Laboratory Co., Ltd. SIID16381-02 

This analysis report was translated by Pharma Foods International. , Co., Ltd. , based on the test 

results provided by TechnoSuruga Laboratory Co., Ltd. We, Pharma Foods International Co., 

Ltd. hereby confirm that the translation and original test results are consistent. 

Date: jv{r{nh 3 I , 20 (? 

Translated by Kyung Hwa Moon 

Deputy Manager, Sales Department, Global Strategy Group 

Pharma Foods International Co., Ltd. 
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TechnoSuruga Laboratory Co.,Ltd. 

Specific-Primer PCR analysis report! 

Identification No. S1101 6381-03 

Dale this repo11 was written March 20, 2015 

Client PHARMA FOODS INTERNATIONAL CO., LTD. 

CONFIDENTIAL 

Confirmation 

SI 1D16381-03 

I. This repmi is authorized and approved by the scientist responsible on behalf of 

TechnoSuruga Laboratory Co., Ltd. 

2. Unless otherwise divert to research presentation (prepublication paper) or patent 

description, when you wish to duplicate all or pai1 of this report and provide to third 

patiies, this shall not be reproduced without prior approval ofTechnoSuruga Laboratory 

Co.,Ltd. 

3. No prior agreement ofTechnoSuruga Laborato1y Co., Ltd. is necessary for 

reproduction ofresults if the name of the company is specified as the data source. 

Scienlisl Responsible 

TechnoSuruga Laboratory Co., Ltd. 

330 Nagasaki Shimizu-ku Shizuoka-shi, Shizuoka 424-0065, Japan 

TEL: (+8 1)54-349-6 155 FAX: (+81)54-349-6121 
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TechnoSuruga Laboratory Co.,Ltd. 

Sample Information 

Sample code SUD Date culture received 

PhannaGABA Lot.4E2I 16381-03 February 6, 2015 
-

Notes 

2 

SI 1D16381-03 

Source of sample 

-
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TechnoSuruga Laboratory Co.,Ltd. SI IDl 6381-03 

PURPOSE 

In order to investigate whether Lactobacil/11s species exists in a sample or not, Lactobacil/us 

species Specific-Primer-PCR analysis was pe1formed. 

METHODS 

1. DNA extraction 

· Method 

2.PCR 

Primer set 

PCR condition 

MORA-EXTRACT kit (Kyokuto Pharmaceutical, Tokyo) 

LactoR'F1
) - LBFR1

' (1 6S rRNA gene targeted Lactobacill/.lS 
species-specific primer set) 

3 step PCR on a Rotor-Gene™ Q (QIAGEN) cycler using SYBR ® 

Premix Ex Taq™ JI (TaKaRa Bio, Shiga) 

* Company and product names are trademarks or registered trademarks of each company or its 

subsidiaries in Japan and/or other countries. 
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•it~tt T? .IAJ!ljj • "'* 
TechnoSuruga Laboratory Co.,Ltd. 

RESULTS 

PCR detection using Lactobaci//us Species-Specific-Primer 

SI ID16381-03 

PCR amplification was performed with extracted DNA from the sample. The Lactobaci/lus 

species-specific sequence was amplified using PCR method with lactobacillt1s 

species-specific-primer set, LactoR'F - LBFR. Tbe estimated fragment size of amplification product 

was about 360 base pairs (bp) when this primer set was used. The presence of PCR product 

(amplicon) was checked by agarose gel electrophoresis. The 16S rRNA gene sequence fragment of 

the lactobacillt1s species was not amplified (Figure I). 

M 

Figure 1. Agarose gel image of PCR product (Lactobaci//usspecies- specif ic-p rimer 

set LactoR' F - LBFR, Arrow, the fragment s I ze of PCR product about 360 bp in size. 

M: size marker (100bp ladder) , 1: 16381-03. 
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TechnoSuruga Laboratory Co.,Ltd. 

CONCLUSION 

S11D16381-03 

Table 1. The result of Lactobacillus species-specific-primer PCR 

SI ID Lactobaci I !us spp. 

16389-03 -
(PharmaGABA Lot. 4E21l 

+: PCR amp Ii con was observed, 

PCR amp I icon was not observed 

Specific-Primer-PCR analysis was performed to investigate whether Lactobacillus species exists 

in this sample or not. From the result mentioned above, 16S rRNA gene fragment of the 

Lactobacillus species was not amplified using sampJe DNA for PCR by Lactobacil/us 

species-specific-primer set. Therefore, it was considered that the Lactobacillus species did not 

existed or lowers than the detection limit of PCR in this sample. 
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TechnoSuruga Laboratory Co.,Ltd. 

REFERENCES 

S1 1D16381-03 

I) SONGJlNDA (P.), NAKAYAMA (J.), TATEYAMA (A.), TANAKA (S.), TSUBOUCHl (M.), 

ICTYOHARA (C.), SHIRAKAWA (T.) and SONOMOTO (K.): Differences in developing 

intestinal microbiota between allergic and non-allergic infants: a pilot study in Japan. Biosci. 

Bio/echnol, Biochem. , 2007, 71. 2338-2342. 
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TechnoSuruga Laboratory Co.,Ltd. 

1Hl:ffi:-\% S11016381-02 

B N 2015 if: 3 fl 9 El 

1iffl ~ ~ f*it~-t±7 7-~ 7-;( 

rl=l.~ f:f~~ WF J'i'. lffl §e ttl) 
H:!~1r!fi ±fHJfJ'i'.& iit~ t□mt 

S 11016381-02 

ti 

I. .:,t,:Fi.~!5"iHi¥K:i:t~ll::r!7 J 7'Jvt1 · 3~ bH;lqJff:f:::M- l::J:: ~~iir1lJJ.--c:'90 

2. M-5t§E* (~;'Cl~~) ~ 4,t~lf-f!J1mff~.!'s.OJ$iffi ~~ff-~, 4-,$~!5"~0J - g~~/~J;t~ 

T~•&GTM=~.!'s.~fflg~~~~~. ~it~ ttT!JJ7'~t1 · 3*0J•~OJ 
'fl'JiiJ!~,~ct~ l'.J ~9o 

3. '.ffi-=.~.l's.OJ~i ffl!/&11:: ffi :i:t 4Hl:T!7 / 7'Jvt1 · 3*f:: J:: ~ ~L~t:ili:~J OJ~~g}j 

i2 Gk.~~. ~*:i:l'.:~ -t±:r!J J 7-,Jt,,;tJ • 3*0J~lllJOJ~~f;t~~ct~ l'.J ~g. 

rn 

~J'.\~ttT? J 7-.Jvjj • 7~ ttffitif~ 
7"424-0065 fJHUiH~-Jitl]Qlrlfri!rJJ<!z:-.&11Jij 330 :ffi:!ili 

TEL : 054-349-6155 FAX: 054-349-6121 
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TechnoSuruga Laboratory Co.,Ltd. 

fj{2js:f=i SIID 

Pham1aGABA Lot.4B06 16381-02 

2 

SI 1016381-02 

~l&E3 f~{,t;: 0)1JH~ 

20 15 iJ: 2 J=l 6 Fl -
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TechnoSuruga Laboratory Co.,Ltd. 

1381:J 

S11 016381-02 

Lactobacillus lmntl~{l!s: rr l:::::t-¥{£9 ~ 7J' c' ::> 7'.P 1::::-::J l,,)Tq-4~ 7''7 -1 ?-{f:Jtl v,t::.. PCR Yt. 

I:::: J: G~l±\ ~ fi v) ~ 9 . 

1. DNA fib /:1:l 

• tI1HttJ5 it 

LactoR'F 1
) - LBFR1

l (Lactobacillus }m 16S rDNA) 

SYBR® Premix Ex Taq™ ll (TaK.aRa Bio, Shiga) 
Rotor-Gene™ Q (QIAGEN) (;:_ J: G 3step PCR 

3 
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tlitfitt T? .IAJll1i • "5~ 
TechnoSuruga Laboratory Co.,Ltd. 

M 

SI 1016381-02 

<I 

~ 1. Lac tobaci I !us mW;~ 7'7-f-;7-1::J:-Q PCR iffi~i~1tlJ0)7 :ti' □ -;;Vf Jv~mM<lMt. 
v-:.-11}~ 1 : SI 1016381-02, M: "tt-1' ;{-;7-jJ- (100 bp) 
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•it~tt T? .1:1-.Jl,jj • 7;Ji 
TechnoSuruga Laboratory Co.,Ltd. 

Lactobaci /lus Ii 

SI 101 6381 - 02 

SI 1016381-02 

J::~cO)if':Uli, Lactobacillus ~:a::M~c Gt.::%\~ -;/5-1 ~-PCR !M4f!J7'J{{~ Gh*it lv-C L, 

t.:: (~ I : v-/;ffi:ry J)o ;::.O);:c7'J)G, .tiH,ll'.y.il:::1:t Lactobacillus ffif,0)1:/Jb. DNAt/•1'!

{:f L,t~ ~)' s Q ~)tU~tl:\IIU'f-fkr:-z:s Q c~ ~ Gh ~9 0 
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TechnoSuruga Laboratory Co.,Ltd. 

Mi.@ 

SI 1D16381-02 

;its:f~'ff:~n:~9-QHd,fiia9t~~'.l!! Fa-ij~l:-:J~~ t..,--n::L ~*i\4'.;t:l:7'-~ .17-.JvtJ · 7if- Hz~f.i 
ff~~ 1:'S fb9 -@;btt <ti~ ~). 

51/fl>(m,i; 

I ) SONGJINDA (P.), NAKAYAMA (J .), TATEYAMA (A.), TANAKA (S.), TSlJBOUCHI (M.), 

K.lYOHARA (C.), SHIRAKAWA (T.) and SONOMOTO (K.): Differences in developing 

intestinal mjcrobiota between allergic and non-allergic infants: a pilot study in Japan. Biosci. 

Biotec/1110/. Biochem .. 2007, 71. 2338-2342. 
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TechnoSuruga Laboratory Co.,Ltd. 

~~ffi:ry 

B f,J 

Ill ~ 45 
t!!~Hm~ 
t§~~~ 

SlID 16618-01 

2015 fp 3 fl 30 B 

~:i't~tl:7 y-?7-;Z:: 

fvf,'tF,lHM~ 

:±fHJf~~ i!i¾'.f:t~ fn~ ~ 

SI 1D16618-01 

1. ;;,J;:f~'f!ri!H:i~rt~:J'±:r!.7 J 7-..JvtJ · 7 # 11if,lijj!(ffi!ff:J:. 9 ff.<Mi~dJ-c''90 

2.M,'t~~ <•~mw ~MffOO■WA..0&ffl~~~- *•w•0- S~k~~ 
T~,f,\Vli,'! t..,,-c~= ~ A..niiffl99~fd: f:i. ~Jt~t±-:r? J ,::ZJvtJ · 7#0:JJf!J0 

-B-itiJ1~,~ctJ: o ~90 

3. ~r==i!fA..O)llif,ffl~f: Ltirt~t±-:r:7; ,:;z;vtJ • 7#1: J:Qfiit~*a*J m §' ~ ~ 

~~ Gk~-B-. fi-rt~:r±:r:7 J 7-..JvtJ • 7#0~MO)fi-itft,f~ctJ: o ~90 

~:i:t~tf5-~ J ,7_)\,,jj • 7 ~ 1iffi$ 
T424-oo65 l'i'ftllril~m~1/i';JmrM1J<rR*1'mJ 330 t1Ul!l 

TEL: 054-349-6155 FAX : 054-349-6121 
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TechnoSuruga Laboratory Co.,Ltd. 

~f*16 S11D 

PharmaGABA Lot.7B09 16618-01 

2 

Sl!D16618- 01 

s't~!<B ~f~O)~~ 

2015 1:J:: 3 R 11 B ~®~;~ffl\.I.~7' 
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•it~tt T?✓AJl,ti•7;Ji 
TechnoSuruga Laboratory Co.,Ltd. 

!Hf.J 

SI 1D16618- 01 

Lactobacil/11s ~7,1,~{,$: i:j:q:::,{J..frt ?:J -IJ, c :i 1J) 1:::-::H ~ -C!f?f ~ 7°71' --Z-~ Jll v)t~ PCR rt 
I:::~ G~/±l ~fi v) ;;:90 

1. DNA tm:±l 
• till 1:11 JJ rt 

2. PCR 
· ~ m 7~:;; -1 --z -

• PCR §R-{'j: 

MORA-EXTRACT (,ffiJ,R~~, *JR) 

LactoR'F1
> .. LBPR11 (Lactobaci/lus Im l6S rDNA) 

SYBR® Premix Ex Taq™ ll (TaKaRa Bio, Shiga) 
Rotor-Gene™ Q (QJAGEN) I:::~ G 3step PCR 

3 
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TechnoSuruga Laboratory Co.,Ltd. 

M 

SI 1D16618- 01 

<l 

lg] 1. Lactobacillus IIWHt:1-5-1-;;>-(;:J:,5 PCR±i~iiii~Mm0)7jf□ -.7-?'Jv~~ii1Mt. 

1/- ::,.,f!i~ 1 : SI 1D16618-0L M: -tr-1 :;t:-;i--tJ- (100 bp) 

4 
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TechnoSuruga Laboratory Co.,Ltd. 

Lactobacil /us Ji, 

SI 1D16618-01 

Sl1D16618-01 

J::~cO)Mt!i, lactobaci/lus ~ ~t,1-~ c L, t,::J:,=y-Jf:1 '7-1? -PCR ii:fJJIJtfij i:i ~1.~it Iv T: L, 

t~ (jg] I : v- ::,,m, ~ 1). 'C. 0) 'C. c.-/J},;, {J:Cift-i:p I: 1'1 Lactobacil/11s r,il,O)Jf J b. DNA i/f"{::f 

<£ L-t.s.~}, ~~ ~,~-;t~tl:l~UY-W-r-r:if>~ c.~x i;tt.~"9. 
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TechnoSuruga Laboratory Co.,Ltd. 

iffj,fE 

SI 1D16618-01 

;,jl:-fii5~t::009 ~ttfif-r l'l9t~ i::'t'IP"'9~f:::-::n~· i: L, ·n :L ttrt~-t±T~ J ,A.JI, jj · 7 ~ tHf.i 
g1~i:-cs r"'1,g-bit < tc.t!. ~'o 

~ I ffl ;e ffiX 

I) SONGJINDA (P.), NAKAYAMA (J.), TATEYAMA {A.), TANAKA (S.), TSUBOUCHl (M.), 

KIYOHARA (C.), SHlRAKAWA {T.) and SONOMOTO (K.): Differences in developing 

intestinal m.icrobiota between allergic and non•allergic infants: a pilot study in Japan. Biosci. 

Biotec/1110/. Biochem., 2007, 71 , 2338•2342. 
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Japan Food Research Laboratories 

Authorized by the Japanese Government 

52-1 Motoyoyogi-cho, Shibuya-ku, Tokyo 151-0062, Japan 

CERTIFICATE OF ANALYSIS 

Client: PHARMA FOODS INTERNATIONAL CO., LTD. 

No. 207060355-001 

June 18, 2007 

1-49 Goryo-Ohara, Nishikyo-ku, Kyoto 615-8245, JAPAN 

Sample name: PharmaGABA Lot.070209A 

Received date: June 05, 2007 

This is to certify that the following result(s) have been obtained from our analysis on the 

above-mentioned sample(s) submitted by the cl ient. 

Test Result(s) 

Test Item 

Histamine 
QL: Quantitation limit 

Method 

1: HPLC 

Result QL N M 

Not detected o s ma 1100a 
N: Notes M: Method 

This test result was translated by Pharma Foods International Co., Ltd. Based on the 

analysis results provided by Japan Food Research Laboratories and we, Pharma Foods 

International Co., Ltd. hereby confirm that the translation and analysis result are consistent. 

Translated by Kyung Hwa Moon 

Deputy Manager, Sales Department, Global Strategy Group 

Pharma Foods International Co., Ltd. 

1 /1 
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Food 

Research 

Laborato,les 

Japan Food Research Laboratories 
Authorized by the Japanese Government 

52-1 Motoyoyogi-cho, Shibuya-Im, Tokyo 151-0062, Japan http://www.jfrl.or.jp/ 
No. 15010612001-05 1/ 1 
February 09, 2015 

CERTIFICATE OF ANALYSIS 

Client: PHARMA FOODS INTERNATIONAL CO., LTD. 
1-49 Goryo-Ohara, Nishikyo-ku, Kyoto 615-8245, JAPAN 

Sample name: PharmaGABA Lot. 4B06 

Received date: February 02, 2015 

This is to certify that the following resull(s) have been obtained from our analysis on the above-mentioned samplc(s) submitted 

hy lhP. cliient. 

Test Result(s) 
Test Item 
Histamine 

Result 
Not detected 

QL: Quant i tat ion Ii mi t N: Notes M: Method 

Method 
1: HPLG 

Michiyo Horiuchi 
Principal Investigator 

QL N M 
0.5 mg/ 100g 

Fdr. 26, 2.01 s 
Date 

RCA0217-05 
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Japan Food Research Laboratories 
Authorized by the Japanese Government 

52-1 Motoyoyogi-cho, Shibuya-Im, Tokyo 151-0062, Japan http://www.jfrl.or.jp/ 

CERTIFICATE OF ANALYSIS 

Client: PHARMA FOODS INTERNATIONAL CO., LTD. 
1-49 Goryo-Ohara, Nishikyo-l<u, Kyoto 615-8245, JAPAN 

Sample name: PharmaGABA Lot. 4E21 

Received date: February 02, 2015 

No. 15010612002-05 1/ 1 
February 09. 2015 

This is to certify that the following rcsult(s) have been obtained from our analysis on the above-mentioned sample(s) submitted 

by the ciient. 

Test Result(s) 
Test Item 
Hi stam ine 

Result 
Not detected 

QL: Quantitation I imit N: Notes M: Method 
Method 
1 :HPLC 

Michiyo Horiuchi 
Principal Investigator 

QL N M 
0.5 mg/ 100g 

Date 

RCA02 17- 0S 
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Japan Food Research Laboratories 
Authorized by the Japanese Government 

52-1 Motoyoyogl-cho, Shibuya-ku, Tokyo 151-0062, Japan 

CERTIFICATE OF ANALYSIS 

Client: PHARMA FOODS INTERNATIONAL CO., LTD. 

No. 208021242-001 

February 21, 2008 

1-49 Goryo-Ohara, Nishikyo-ku, Kyoto 615-8245, JAPAN 

Sample name: PharmaGABA Lot.7809 

Received date: February 15, 2008 

This is to certify that the following result(s) have been obtained from our analysis on the 

above-mentioned sample(s) submitted by the client. 

Test Result(s) 

Test Item 

Ethyl carbamate 
QL: Quantitation limit 

Method 

Result 

Not detected 
N: Notes M: Method 

1: Gas chromatography-mass spectrometory 

QL N M 

0,01 ppm 

This test result was translated by Pharma Foods International Co., Ltd. Based on the 

analysis results provided by Japan Food Research Laboratories and we, Pharma Foods 

International Co. , Ltd. hereby confirm that the translation and analysis result are consistent. 

Translated by Kyung Hwa Moon 

Deputy Manager, Sales Department, Global Strategy Group 

Pharma Foods International Co. , Ltd. 

1 /1 
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, .... 
Food 

RHNtdt 

Laboralorles 

Japan Food Research Laboratories 
Authorized by the Japanese Government 

52-1 Motoyoyogi-cho, Shibuya-Im, Tokyo 151 -0062, Japan http://www.jfrl.or.jp/ 

CERTIFICATE OF ANALYSIS 

Client: PHARMA FOODS I NT ERNA TI ONAL CO. , LTD. 
1-49 Goryo-Ohara, Nishikyo-ku, Kyoto 615-8245, JAPAN 

Sample name: PharmaGABA Lot. 4B06 

Received date: February 02, 2015 

No. 15010612001-04 1/ 1 
February 09, 2015 

This is to certify that the following rcsult(s) have been obtained from our analysis on the above-mentioned sample(s) submitted 

by the client. 

Test Result(s) 
Test Item 
Ethyl carbamate 

QL: Quantitation I imit N: Notes M: Method 
Method 
1 :Gas chromatography-mass spectrometry 

Result 
Not detected 

Michiyo Horiuchi 
Principal Investigator 

QL N M 
0.01 ppm 

Date 

RCA02l7---05 
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J opM 

Food 

Reu.-.,eh 

Leborato,lcs 

Japan Food Research Laboratories 
Authorized by the Japanese Govemment 

52-1 Motoyoyogi-cho, Shibuya-Im, Tokyo 151-0062, Japan http://www.jfrl.or.jp/ 

CERTIFICATE OF ANALYSIS 

Client: PHARMA FOODS INTERNATIONAL CO. , LTD. 
1-49 Goryo-Ohara, Nishikyo-ku, Kyoto 615-8245, JAPAN 

Sample name: PharmaGABA Lot. 4E21 

Received date: February 02, 2015 

No. 15010612002- 04 1/ 1 
February 09, 2015 

This is to certify that the following resul t(s) have been obtained from our analysis on the above-mentioned sample(s) submitted 

by the client. 

Test Result(s) 
Test Item 
Ethyl carbamate 

QL : Quantitation limit N: Notes M: Method 
Method 
1: Gas chromatography-mass spectrometry 

Result 
Not detected 

Michiyo Horiuchi 
Principal Investigator 

QL N M 
0.01 ppm 

Date 

RCA02l7-05 
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Food 

RetHteh 

LlbotalorlH 

Japan Food Research Laboratories 
Authorized by the Japanese Govemment 

52-1 Motoyoyogi-cho, Shibuya-ku, Tokyo 151-0062, Japan http://www.jfrl.or.jp/ 

CERTIFICATE OF ANALYSIS 

Client: PHARMA FOODS I NT ERNA Tl ONAL CO. , LTD. 
1-49 Goryo-Ohara, Nishikyo-ku, Kyoto 615-8245, JAPAN 

Sample name: PharmaGABA Lot. 4E21 

Received date: February 02, 2015 

No. 15010612002-06 1/ 1 
February 13, 2015 

This is to certify that the following result(s) have been obtained from our analysis on the above-mentioned sample(s) submitted 

by the client. 

Test Result(s) 
Test Item 
Free citru l I ine 

Result 
Not detected 

QL : Quantitation limit N: Notes M: Method 
Method 
1:Amino acid analyzer method 

Michiyo Horiuchi 
Principal Investigator 

QL N M 
0.01 g/ 100g 

Date 

RCh02J7- 05 
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R J 
Japan Food Research Laboratories 

Authorized by the Japanese Government 

52-1 Motoyoyogi-cho, Shibuya-ku, Tokyo 151-0062, Japan 

No. 20901538-001 

January 23, 2009 

CERTIFICATE OF ANALYSIS 

Client: PHARMA FOODS INTERNATIONAL CO. , LTD. 

1-49 Goryo-Ohara, Nishikyo-ku, Kyoto 615-8245, JAPAN 

Sample name: PharmaGABATM Lot.7809 

Received date: January 9, 2009 

This is to certify that the following result(s) have been obtained from our analysis on the 

above-mentioned sample(s) submitted by the client. 

Test Result(s) 

Test Item Result QL N M 

Free cjtrumne 
QL: Quantitation limit 

Method 

Not detected 
N: Notes M: Method 

1; Amino acid analyzer method 

0,02 g/1009 1 

This test result was translated by Pharma Foods International Co. , Ltd. Based on the 

analysis results provided by Japan Food Research Laboratories and we, Pharma Foods 

International Co., Ltd. hereby confirm that the translation and analysis result are consistent. 

Translated by Kyung Hwa Moon 

Deputy Manager, Sales Department, Global Strategy Group 

Pharma Foods International Co., Ltd. 

1 /1 
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Food 

nueuch 

LllboralorlH 

Japan Food Research Laboratories 
Authorized by the Japanese Govenunent 

52-1 Motoyoyogi-cho, Shibuya-ku, Tokyo 151-0062, Japan http://www.jfrl.or.jp/ 

CERTIFICATE OF ANALYSIS 

Client: PHARMA FOODS INTERNATIONAL CO. , LTD. 
1-49 Goryo-Ohara, Nishikyo-ku, Kyoto 615-8245, JAPAN 

Sample name: PharrnaGABA Lot. 4B06 

Received date: February 02, 2015 

No. 15010612001-06 1/ 1 
February 13, 2015 

This is to certiry that the following result(s) have been obtained from our analysis on the above-mentioned samplc(s) submitted 

by the client. 

Test Result(s) 
Test Item 
Free citru l line 

Result 
Not detected 

QL: Quantitation I imit N: Notes M: Method 
Method 
1 :Amino acid analyzer method 

Michiyo Horiuchi 
Principal Investigator 

QL N M 
0.01 g/100g 

Felr. 26) 20/S 
Date 

RCA02l7--05 
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From: Rosenfeld, Leah
To: "n-tani@pharmafoods.co.jp"
Subject: Acknowledgement of the filing of GRN 000595 on GABA
Date: Wednesday, September 16, 2015 11:45:00 AM
Attachments: Acknowledgment Letter GRN000595.pdf

Dear Ms. Horie,
 
Please find attached a digital copy of our letter acknowledging receipt and filing of your GRAS notice
on GABA.
 
Sincerely,
Leah Rosenfeld
 
Leah Rosenfeld, Ph.D.
Consumer Safety Officer
Division of Biotechnology and GRAS Notice Review
Office of Food Additive Safety
U.S. Food and Drug Administration
Tel: 240-402-1386
Email:Leah.Rosenfeld@fda.hhs.gov
 



DEPARTMENT OF HEALTH & HUMAN SERVICES 

Noriko Rorie 
Pha1ma Foods International Co., Ltd. 
1-49 Go1yo-Ohara, Nishikyo-ku, 
Kyoto 615-8245 
JAPAN 

September 16, 2015 

Re: GRAS Notice No. GRN 000595 

Dear Ms. Hoiie: 

Public Health Service 

Food and Drug Administration 
College Park, MD 20740-3835 

The Food and Drng Administration (FDA) has received the notice, dated August 3, 2015, that you 
submitted on in accordance with the agency's proposed regulation, proposed 21 CFR 170.36 (62 FR 
18938; April 17, 1997; Substances Generally Recognized as Safe (GRAS); the GRAS proposal). FDA 
received this notice on August 6, 2015, filed it on August 27, 2015, and designated it as GRN No. 
000595. 

The subject of the notice is gamma-aminobutyiic acid (GABA). The notice info1ms FDA of the view of 
Pha1m a Foods International Co., Ltd. that GABA is GRAS, through scientific procedures, for use as an 
ingredient in snack bars, carbonated drinks, energy drinks, flavored drinks, powdered drinks, spo1ts 
drinks, flavored milk and milk drinks, yogmt s, vegetable juices, breakfast cereals, processed cheese, 
chewing gum, coffee, tea, hard candies, soft candies, and chocolates at a level of 100 mg per se1ving 
which is equivalent to 0.041~.667%. 

In accordance with proposed 21 CFR l 70.36(t), a copy of the info1mation in this notice that confo1m s to 
the information in the GRAS exemption claim (proposed 21 CFR l 70.36(c)(l)) is available for public 
review and copying at www.fda.gov/grasnoticeinvento1y. If you have any questions about the notice, 
contact me at Leah.Rosenfeld@fda.hhs.gov. 

Sincerely yours, 

Leah Rosenfeld 
Leah Rosenfeld, PhD 
Division of Biotechnology and 

GRAS Notice Review 
Center for Food Safety 

and Applied Nutrition 

Digitally signed by Leah Rosenfeld-5 

S 
DN: c=US, o=U.S. Government, ou=HHS, ou=FDA, 

- ou=People, cn=leah Rosenfeld-5, 
o,g,2342, 1g200300,100.1 .1 =2000734748 
Date: 2015.09.16 11 :40:45 -04'00' 
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Public Health Service 

Food and Drug Administration 
College Park, MD 20740-3835 

Noriko Rorie 
Pharma Foods International Co., Ltd. 
1-49 Go1yo-Ohara, Nishikyo-ku, 
Kyoto 615-8245 
JAPAN 

Febma1y 26, 2016 

Re: GRAS Notice No. GRN 000595 

Dear Ms. Ho1ie: 

The Food and Drng Administration (FDA) has received the notice, dated August 3, 2015, that you 
submitted on in accordance with the agency's proposed regulation, proposed 21 CFR 170.36 (62 FR 
18938; April 17, 1997; Substances Generally Recognized as Safe (GRAS); the GRAS proposal). FDA 
received this notice on August 6, 2015, filed it on August 27, 2015, and designated it as GRN No. 
000595. 

The subject of the notice is gamma-aminobutyiic acid (GABA). The notice informs FDA of the view of 
Pharma Foods International Co., Ltd. that GABA is GRAS, through scientific procedures, for use as an 
ingredient in snack bars, carbonated diinks, energy dI'inks, flavored d1'inks, powdered &·inks, spo1ts 
&·inks, flavored milk and milk dI'inks, yogmts, vegetable juices, breakfast cereals, processed cheese, 
chewing gum, coffee, tea, hard candies, soft candies, and chocolates at a level of 100 mg per se1ving 
which is equivalent to 0.0416-0.667%. 

In accordance with proposed 21 CFR l 70.36(f), a copy of the info1mation in this notice that confo1ms to 
the info1mation in the GRAS exemption claim (proposed 21 CFR l 70.36(c)(l)) is available for public 
review and copying at www.fda.gov/grasnoticeinvento1y. If you have any questions about the notice, 
contact me at Leah.Rosenfeld@fda.hhs.gov. 

Sincerely yours, 

Leah Rosenfeld, PhD 
Division of Biotechnology and 

GRAS Notice Review 
Center for Food Safety 

and Applied Nutrition 



 

 
 
Hard copy cc: GRN 000595 (1 copy) 
Filename: gn0595ak 
R/D:HFS-255:LRsenfeld:9/4/15 
Init:HFS-255:SCarlson:9/16/15 
F/T:HFS-255:LRosenfeld:2/26/16 



From: Rosenfeld, Leah
To: n-tani@pharmafoods.co.jp; Ashley Roberts (ashley.roberts@intertek.com)
Cc: Carlson, Susan
Subject: Summary of information from yesterday"s teleconference on GRN 000595 (GABA)
Date: Tuesday, October 27, 2015 4:01:00 PM

Dear Ms. Horie and Dr. Roberts,
 
Thank you for taking the time to have a teleconference with us. We have summarized below the
major issues that were discussed yesterday. Our review team believes that additional experimental
data, which we were unable to find, are required to adequately address issues raised and thus not
addressable within two-week timeframe. We have other items that would need to be addressed in
our review, but these could be done in a shorter time span, and we have not included them in this
e-mail. We would be happy to share the additional items with you, but for the moment, we’d like to
focus on the main two points below. After reviewing the information below, please share your
thoughts.
 
For your records, at the meeting from FDA were:
Leah Rosenfeld
Susan Carlson
Kotaro Kaneko
Tim Twaroski
Aydin Orstan
Alison Edwards
Lane Highbarger
 
Would you please provide the spelling of the names of the PFI representatives on the phone?
 
Pharma Foods International’s safety determination largely rests on several points, including the
history of safe consumption of foods and supplements, both natural and processed, which contain
GABA; as well as GABA’s presence as a naturally occurring bioactive compound in animals. 
 
The safety determinations based on experimental data rely on two critical points: 
1) oral ingestion of GABA results in low absorption into the blood stream
2) GABA does not cross the blood-brain barrier (BBB). 
 
These two critical assumptions are not yet validated in several subpopulations that are expected to
consume the foods proposed by the notifier for its intended uses. There appear to be critical data
gaps that exist to support their GRAS determination under the conditions of their intended use.
 
We note that foods ingredients need to be safe for their intended use, which includes all consumers
of those foods containing that ingredient.
PFI states on p. 4 of the notice that “GABA is not to be used or marketed in infant and children’s
food products.” The intended uses include “snack bars, breakfast cereals, processed cheese,
chewing gum, yogurts, hard and soft candies, and chocolate as well as beverages and beverage
bases including carbonated, energy, flavored, powdered and sports drinks, flavored milk and milk
drinks,” many of which are consumed by young children and pregnant women. Since the notifier’s
exposure calculation included these populations, the safety determination needs to include
information that supports safe consumption by these populations for the intended uses.
 
I) Lack of data (i.e. developmental and reproductive toxicity studies and ADME) that support
safety in pregnant or lactating women and in young children
                 i.          As is stated on p.24, no ADME study has been done in humans. Given potential



interspecies differences that complicate extrapolation of absorption data obtained in
the rat to humans (Cao et al. 2006; DeSesso and Jacobson 2001), there is currently
insufficient data to support the conclusion that oral ingestion of GABA does not result in
appreciable systemic circulation in humans.

                ii.           During development, GABA switches from depolarizing (stimulatory) to hyperpolarizing
(inhibitory) during gestation [postnatally in rodents; (Ben-Ari et al. 1989)]. Thus, GABA
has an important role in neuronal growth and synapse formation and therefore has a
much more complex role in developing fetus compared to its role in adults (Ben-Ari
2002; Kirmse et al. 2015; Kwon et al. 2014).

               iii.          GABA transporter (BGT-1) is expressed in the placenta (Kitano et al. 2004; Rasola et al.
1995). Therefore, GABA in the maternal circulation could potentially cross the placental
barrier to affect fetal development.

               iv.          Existing data suggest that transport mechanisms to support BBB function is still
developing in the late fetal/neonatal stages (Blanchette and Daneman 2015; Hagan and
Ben-Zvi 2015; Saunders, Liddelow, and Dziegielewska 2012). On pg. 25, the notifier
describes a study by Kakee et al. (2001) which showed “the efflux rate of GABA through
BBB of rats exceeded influx by approximately 16-fold”, strongly suggesting that
transport mechanisms play a key role in excluding GABA from the brain. Therefore, BBB
data of a particular substance obtained in the adult cannot necessarily be directly
extrapolated to the developing fetus. Consistent with this hypothesis, Al-Sarraf has
shown that 14C-GABA uptake in the immature rats is roughly twice that of the adult (Al-
Sarraf 2002).

 
Although there are no specific adverse effects of GABA in pregnant or lactating women and
in children reported in the literature, there clearly exists a data gap to effectively assess
safety of orally ingested GABA in this vulnerable subpopulation, related to data on uptake
across the gastrointestinal tract, crossing the blood brain barrier in fetuses and young
children, and whether this causes adverse effects.
 

II) Reported effects on the pituitary gland
                 i.          BBB does not exist in the circumventricular zone, which includes the pituitary gland;

therefore GABA in the bloodstream will have direct access to this so-called “master
gland”. This is supported by several studies that showed that parenterally introduced
14C-GABA specifically accumulates in the pituitary and median eminence (Hespe,
Roberts, and Prins 1969; Kuroda et al. 2000).

                ii.           GABA receptors are known to be expressed in the lactotrophs (prolactin secreting cells)
and somatotrophs in the anterior pituitary (Duvilanski et al. 2000), and GABA was shown
to alter prolactin secretion in human anterior pituitary tissue (Grandison et al. 1982). In
contrast to normally inhibitory action of GABA, Zemkova et al. showed that GABA has a
depolarizing effect on secretory pituitary cells (Zemkova et al. 2008). Given the existence
of GABA transport system in the rat anterior pituitary gland (Duvilanski et al. 1994),
circulatory GABA could effectively modulate its function (Kreft and Zorec 2008). 

               iii.          GABA was shown to induce GH secretion in a dose-dependent manner in neonatal rats
(Acs et al. 1987). These authors note that GABA-dependent responsiveness gradually
decreased in the second and third week post-natally, suggesting that newborn rats are
more sensitized to GABA stimulation of GH secretion compared to older rats.

These data suggest that orally administered GABA could affect pituitary and hypothalamic
function. The notifier dismisses the effects of GABA on GH based on high doses that
appeared to be required for the effect in adults; however, the notifier also states on p. 42
that “… a threshold for GABA-induced increases in GH secretion could not be determined.”



Thus, no study has been undertaken to examine dose-effects or whether such high doses are
required to elicit pituitary/hypothalamic response in children and pregnant/lactating
women. Given such an important role both organs play during pregnancy, lactation,
reproduction, and development, we were unable to find sufficient data to evaluate the
safety of chronic oral exposure of GABA to these susceptible population groups. Therefore,
there appears to be insufficient data to conclude, as stated by the notifier on p. 42, that “it is
highly unlikely that GABA, when used as an ingredient in food under the intended conditions
of use … will stimulate the release of GH.”
 

Please let me know if you have additional questions.
 
Sincerely,
 
Leah Rosenfeld
 
Leah Rosenfeld, Ph.D.
Consumer Safety Officer
Division of Biotechnology and GRAS Notice Review
Office of Food Additive Safety
U.S. Food and Drug Administration
Tel: 240-402-1386
Email:Leah.Rosenfeld@fda.hhs.gov
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From: 子
To: Rosenfeld, Leah; Carlson, Susan
Cc: Ashley Roberts (ashley.roberts@intertek.com); Winnie Y Ng Intertek; 金正元
Subject: Summary of information from yesterday"s teleconference on GRN 000595 (GABA) (GRN 000595(GABA)
Date: Tuesday, November 10, 2015 7:03:23 AM
Attachments: Letter of Withdrawal(PharmaFoods).pdf

Dear Dr. Rosenfeld and review team,

Regarding our application for GRAS, we feel we need time to conduct further studies and we
would like to withdraw it. 
We will continue to make efforts to address the concerns raised by you, eventually for our re-
application in the future. 

We believe Ashley at Intertek will arrange a meeting with you sooner or later.  
We will truly appreciate it if you could let Intertek and us know what studies need to be done.

Best regards,
Noriko Horie  

*********************************************
〜みんなにやさしいバイオの夢〜
株式会社ファーマフーズ
営業部 谷 典子
 
〒615-8245
京都市西京区御陵大原1番地49
TEL：075-394-8610（営業部）
FAX：075-394-0009（営業部）
e-mai n-tani@pharmafoods.co.jp
URL http://www.pharmafoods.co.jp/
ギャバ・ストレス研究センター http://www.gabastress.jp/
*********************************************
 



p 
PHARMA FOODS INTERNATIONAL CO.,LTD. 
1-49 Goryo-Ohara, Nishikyo-ku, 
Kyoto 615-8245 Japan 
PHONE : +81-75-394-8605 
FAX: +81-75-394-8889 

2015/11/10 

Letter of Withdrawal 

Dear Dr. Rosenfeld and review team, 

We would like to withdraw our application for GRAS on PharmaGABA as we need 

more time to conduct further studies in order to address the concerns you and your 

team have raised. 

Sincerely, 

Noriko Horie 

Director of Sales 

Pharma Foods International Co., Ltd. 



        DEPARTMENT OF HEALTH & HUMAN SERVICES                                    Public Health Service

                                                                                                                                                 Food and Drug Administration
                                                                                                                                                                     College Park, MD 20740-3835

    

     
         

Noriko Horie
Pharma Foods International Co., Ltd.
1-49 Goryo-Ohara, Nishikyo-ku,
Kyoto 615-8245
JAPAN

Re: GRAS Notice No. GRN 000595

Dear Ms. Horie:

The Food and Drug Administration (FDA) is responding to the notice, dated August 3, 2015, that you 
submitted  in accordance with the agency’s proposed regulation, proposed 21 CFR 170.36 (62 FR 18938; 
April 17, 1997; Substances Generally Recognized as Safe (GRAS); the GRAS proposal). FDA received 
the notice on August 6, 2015, filed it on September 1, 2015, and designated it as GRAS Notice No. GRN 
000595.

The subject of the notice is gamma-aminobutyric acid (GABA). The notice informs FDA of the view of 
Pharma Foods International Co., Ltd. that GABA is GRAS, through scientific procedures, for use as an 
ingredient in snack bars, carbonated drinks, energy drinks, flavored drinks, powdered drinks, sports 
drinks, flavored milk and milk drinks, yogurts, vegetable juices, breakfast cereals, processed cheese, 
chewing gum, coffee, tea, hard candies, soft candies, and chocolates at a level of 100 mg per serving 
which is equivalent to 0.0416–0.667%.

In a letter sent to us by e-mail dated November 10, 2105, you withdrew your notice. Given your letter, we 
ceased to evaluate your GRAS notice, effective November 10, 2015, the date that we received your letter.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter responding to GRN 
000595, as well as a copy of the information in this notice that conforms to the information in the GRAS 
exemption claim (proposed 21 CFR 170.36(c)(1)), is available for public review and copying via the FDA 
home page at http://www.fda.gov/grasnoticeinventory.

Sincerely,

Antonia Mattia, Ph.D.
Director
Division of Biotechnology 

and GRAS Notice Review
Office of Food Additive Safety
Center for Food Safety 

and Applied Nutrition

Antonia Mattia -S
Digitally signed by Antonia Mattia -S 
DN: c=US, o=U.S. Government, ou=HHS, ou=FDA, 
ou=People, cn=Antonia Mattia -S, 
0.9.2342.19200300.100.1.1=1300071580 
Date: 2015.11.12 10:29:57 -05'00'

.. ~ .. ~lt'l 

(~ 



Page  2 - Ms. Horie

                          Hard copy cc: GRN 000595 (1 copy)  
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From: Rosenfeld, Leah
To: "Ashley Roberts Intertek"; ???
Cc: Winnie Y Ng Intertek; ???; Carlson, Susan
Subject: RE: Withdrawal of GRN 000595 (GABA) - additional questions identified
Date: Monday, December 21, 2015 5:21:00 PM

Dear Dr. Roberts,
 
Per your request from Nov. 12, 2015, please find below a summary of the other issues identified
during our review of the GRAS notice No. 000595 on GABA.  Please be mindful that there may be
additional issues that we had not identified when we stopped our review.
 
Sincerely,
 
Leah Rosenfeld
 
Additional issues and questions are as follows:
 

1.       Effects of GABA on the enteric nervous system (ENS) and the immune system: There is a
report of GABA having secretory and motility effects on the gastrointestinal (GI) tract
through the ENS (Auteri et al., 2015). Additionally, another report demonstrates that GABA
has immunomodulatory effects in the gut immune system (Jin et al., 2013). Thus, orally
administered GABA would be expected to function as an effective neurotransmitter to
modulate GI function (Sudo, 2014). For example, Li et al. (2012) found that not only is
GABAergic signaling operational in the gut, but also its activity is upregulated in allergic
diarrhea; moreover, the incidence of allergic diarrhea is reduced when the signaling is
blocked. Furthermore, GABA signaling is involved in modulating macrophage function such
that GABA agonists may compromise macrophage function during infection (Sanders et al.,
2013). Given the developmental importance of gut microflora with respect to allergenicity
and oral tolerance in infants, the effects of oral exposure of GABA to lactating women and
young children needs to be considered. Given all of the points above, we would expect a
revised notice to include a discussion of the potential for effects of GABA from within the GI
tract with respect to the safety of the intended uses.
 

2.       Lack of data to alleviate concerns regarding the effects of GABA on patients taking blood
pressure medication: On pg. 41, the notifier discusses studies that indicate effects of GABA
supplementation on lowering blood pressure. Although the studies report modest effects on
subjects with higher than normal blood pressure, neither this study nor any other study has
been cited that examine the effects of GABA on hypertensive individuals who are taking
blood pressure medication. Approximately 30% of the United States population has high

blood pressure
[1]

, many of whom are likely taking medication to control blood pressure.
The notice should include a discussion of considerations regarding any additive effects that
GABA might have on blood pressure reduction or how GABA might interact with
angiotensin-converting enzyme inhibitors, beta-blockers, and other types of blood pressure
medication.

3. The notifier discusses two 28-day oral toxicity studies in rats; we were unable to access an
English translation of the study published by Kato et al (2005). A revised notice should
include a certified English translation of the Kato et al. study.

4. Pharmokinetic similarities between GABA and Baclofen [ß-(4-chlorophenyl)-γ-amino



butyric acid, an approved GABA derivative drug]: The notifier’s safety narrative states that
GABA does not appreciably cross the blood-brain-barrier (BBB). It should be noted that
Baclofen also does not appreciably cross the BBB and appears to have similar pharmacokinetic
properties as GABA with respect to the BBB.

a.      Deguchi et al. (1995) conclude: “The restricted distribution of baclofen in the brain
ISF (interstitial fluid) may be ascribed to the efficient efflux from the brain through
the BBB …” This conclusion was essentially the same conclusion reached by [(Kakee
et al., 2001), cited by the notifier], “The BBB acts as the efflux pump for GABA to
reduce the brain interstitial fluid concentration.”

Given the results and conclusions of these two studies, it is not unreasonable to assume
that the pharmacokinetic properties of baclofen and GABA are similar. In light of this, any
adverse effects reported for baclofen become relevant to the safety of GABA. There are
adverse effects of baclofen reported in the literature: “Baclofen and pregnancy: birth
defects and withdrawal symptoms” (Anonymous, 2015). A revised notice should include a
discussion of the relevance of these adverse effects reported for Baclofen to the safety of
GABA for pregnant women.
 

5.       Clarification of test articles cited in the notice: Is PharmaGABA, cited in the subchronic
study in Takeshima et al. (2014) the same with respect to composition and purity as the
GABA preparation (GABA and GABA 20) that is the subject in the notice?

 
6. Citations or source of information cited within the Expert Panel report: On pg. 3 of the

Expert Panel report, it states: “GABA has also been added to a number of food products in
Japan for more than 20 years at levels of up to 280 mg/serving without any reported
significant adverse effects on human health.” A revised notice should include a citation to the
source of this information.

7. Exposure estimate considerations: We note that GABA is sold as dietary supplement. A
revised notice should include a discussion and estimate of the expected cumulative dietary
exposure to GABA from all diet sources, including dietary supplements.

8.       Fermentation media composition: In a revised notice, there should be a statement as to
whether or not there are allergens present in the fermentation media.
 

9.       Definition of infants, by age: On Page 23, the term “infants” is used for children aged 0-2.
FDA has defined infants as children aged 0-1. In a revised notice, the age grouping for
infants should be clarified with respect to FDA’s definition.
 

10.   Specification for arsenic: In the table on page 9 (Table II.C-1) there is no separate
specification for arsenic. There is an arsenic specification in Appendix B, where the
Certificates of Analysis are present. In a revised notice an arsenic specification is needed
within Table II.C-1.
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