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Dr.  Linda  Kahl 
Office of  Food  Additive  Safety  (HFS-206) 
Ce"er for  Food  Safety  and  Applied  Nutrition 
Fooa  and  Drug  Administration 
2OO'C Street, SW 
Washington, DC 20204 

Re:: GRAS  Notification for Transglutaminase 

21 December 2001 

I I J 

OFFICE OF I FOOD ADDITIVE SAFETY 
Dear  Dr.  Kahl: 

The purpose  of  this letter is  to  inform  the  Agency  of  a  recent  GRAS  determination for 
transglutaminase  in  which  scientific  procedures  were  employed. 

BACKGROUND 

As  qou  know,  the use of  the  enzyme  transglutaminase  as  a  food  additive  in  various 
human  foods has been  evaluated  a  number of times  by  the U.S. Food  and  Drug 
Administration  (FDA).  These  evaluations  resulted in the  issuance  of  a  series  of  'no- 
objection  letters  including:  Rulis  to  Post (15 January  1998),  and  Rulis  to  Bernard (22 

[GRN  No. 551). 

#.. .: a' 
. -  

, ,  
x .  . .  June  1998  [GRN  No. 4],29 December  1999  [GRN.  No. 291, and 30 January  2001 

CURRENT  SUBMISSION 
-This submission  is  intended to inform  the  Agency of the  results of a  recent  GRAS 
determination for transglutaminase.  Again,  the  determination  employed  scientific 
procedures  and  addressed  three  topic  areas: 1 

1.  Expansion of Uses 

This notification  is  intended  to  alert  the U S .  Food  and  Drug 
Administration  (FDA)  to  a  recent  independent  GRAS  determination  that 
expanded  the  use  of  this  material to all foods,  and its use  at  Good 
Manufacturing  Practice  (GMP)  levels. 

. =  2. Change in the  Method of Determining  Use in Foods 

. <  In the past, use  levels  of TG in foods  have been based upon the 
I "  

*., , . amounts of  TG in  food (e.g., ppm  TG/g  of  food).  Experience  obtained in 
. -  - working  with  this  enzyme,  has  demonstrated  that  expressing use levels 

. .. based  upon the protein  content offhe food (e.g.,  mg  TG/g  of  protein) is 
, 1. .I 

2:. . l a  more  accurate  and  more  useful  method.  This  notification  is  intended 
to alert the  FDA  to  this  change. 
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3. Addition of an Alternate  Formulation 

Based upon ongoing  research, it has  been  determined  that  the  addition 
of  small  amounts  of  glutamine  peptide at two specific  steps in the 
original  TG  manufacturing  process,  significantly  increases  the  ability  of 
TG  to  resist  oxidation  when  exposed  to  air.  The  purpose  of  this 
notification  is  to  alert  the FDA to this  alternative  formulation  of an 
oxygen-stable TG (STGP). 

Three (3) copies  of  this  cover  letter  and  the  GRAS  notification  to  FDA  are  attached.  All 
data  reviewed  by  the  Expert  Panel in conjunction  with  this GRAS determination  is 
available for FDA  to  evaluate  at  the  SRA  offices  listed  below. 

If you have any  questions  regarding  the  process  employed in this  determination, the 
members  of  the  expert  panel or the  underlying  scientific  data  employed in the  decision, 
we will be pleased to assist  you. 

Sincerely, A 

Bruce K. Bernard, Ph.D. 
President, SRA International 
Authorized  Representative of 
Ajinomoto  USA 

BKB/km 

A l l :  GRAS  Notification (3) 

CC: Ajinomoto USA 
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'I. OBJECTIVE OF THIS GENERALLY RECOGNIZED 
AS SAFE (GRAS) NOTIFICATION 

A. ' Expansion of Uses 

Microbially-produced transglutaminase (TG) has been the subject of a number of 
. past independent G U S  determinations and FDA notifications. This notification 

is intended to alert the US.  Food and Drug Administration (FDA) to a recent 
independent G U S  determination that expanded the use of this material to all 
foods, and its use at  Good Manufacturing Practice (GMP) levels. 

B. Change in the Method of Determining Use in Foods 

In the past, use levels of TG  in foods have been based upon TG in food (e.g., ppm 
TG/g of food). Experience obtained in working with this enzyme, has 
demonstrated that expressing 'use levels based upon the protein content of the food 
(e.g., mg  TG/g  of protein) is a more accurate and more useful method. This 
notification is intended to alert the FDA to this change. 

C.. . Addition of an Alternate Formulation 

Based upon ongoing research, it has been determined that the addition of small 
amounts of glutamine peptide at two specific steps in the original TG 
manufacturing process, significantly increases the ability of  TG to resist oxidation 
when exposed to air. The purpose of this notification is to alert the FDA to this 
alternative formulation of an oxygen-stable TG (STGP). 

11. IDENTITY 

A. Chemical Name 

According to the Nomenclature Committee of the International Union of 
Biochemistry and Molecular Biology (IUBMB), transglutaminase has the 
following designation: 

1. Formal Name 

Glutaminyl-peptide y-glutaminyltransferase 
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2. Systematic  Name 

Glutaminyl-peptide: amine y-glutaminyl-transferase, EC 2.3.2.13 

3. Synonyms 

There are various synonyms used for transglutaminase, whose names are 
based upon the organ(s) or tissue(s) of origin (e.g., Factor XI11 in blood 
coagulating system). 

B. CAS Number 

80146-85-6 

C. Empirical Formula 

Not applicable 

D. Structural Formula 

The transglutaminase enzymes are normally identified by their activity as 
transferases. Enzymes can also be identified by their amino acid sequence. The 
amino acid sequence of the microbial transglutaminase (TG) has been determined 
by mass spectrometry and standard Edman degradation method (Kanaji et al., 
1993). The nucleotide sequence is determined after polymerase chain reaction 
(PCR) amplification (Washizu et al., 1994). The amino acid sequence deduced 
from the nucleotide sequence shows complete homology with one determined 
from the enzyme itself. 

E. Molecular Weight 

The molecular weight estimated from the 33 1 amino acid sequence is 37,863 and 
is  in agreement with the value obtained by the sodium dodecylsulfate 
polyacrylamide gel electrophoretic (SDS-PAGE) experiment (Ando et al., 1989). 
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F. Enzymatic-Properties 
See Prior G U S  Notice #4, Section 1.F 

G. Quantitative Composition 

Quality Control Data for Representative Lots Manufactured with and without 
glutamine peptide (Oxygen Stable TG Product [STGP]) 

Component Original Alternate Process 
Process Lot # Lot # 

Meant 
(TG) Mean M- 1 "2 

Moisture (%) 3.6 5.1 5.2 4.9 

Protein * 
Protein ** 
Lipid '. 

Ash, 

Carbohydrate 

Minerals 

Pb @Pm> 

As OPm> 

(%I 11.5 16.1 15.9 16.3 

(%I " 7.4 7.3  7.4 

(%> 0.2 0 0 0 

(%> 1.4 2.3 2.3 2.3 

(X) 88.5 80.7 80.7 80.7 

ND ND 

0.5 0.5 0.5 

* Value equals Total N x 6.25 
** Bio-Rad protein assay kit 
ND Not Detected 
t Mean of 5 lots 

METHOD OF MANUFACTURING 

Ajinomoto USA has determined that the addition of glutamine peptide at two points in 
the separation and purification steps of the manufacturing process imparts greater 
stability (i.e. resistance to oxidation upon exposure to air) to the final enzyme product. 
This product is designated as Oxygen-Stable TG Product (STGP). The alternative 
formulation, STGP, and the original formulation, TGP, will be marketed in the US. 
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The Source of the enzyme is exactly the same for both TGP and STGP. Detailed 
information on the enzyme source can be found in Prior GRAS Notice #4, Section I.H. 

A schematic of the processes employed to manufacture microbial TGP  is presented in 
. Figure 1. Points at which glutamine peptide is added to the process to make STGP are 

I identified. The comparative formulations for these products are presented in Figure 2. 
. .  

Glutamine peptide is a wheat protein hydrolysate manufactured using food grade 
enzymes developed for supplementation in dry and ,moist foods. Current regulatory 
approvals include: 

A. U.S. Regulations 

Peptones (protein hydrolysates) are GRAS according to the FDA (21 CFR 0 
184.1553); 

B. European Union 

Glutamine peptide was reviewed by the Ministry of Agriculture, Fisheries, and 
Food (UK) and the following statement was issued: “Glutamine peptide would 
not fall within the scope of the impending EC Regulation of Novel Foods and 
Processes” (MAFFAJK, 1996). 

IV. POTENTIAL HUMAN TOXICANTS 

A. Testing for Biologically  Active Substances (BASs) Produced by 
the Genus Streptoverticillium 

1. Literature Search 

See prior FDA GRAS Notice #4, Section IV.C.12.a 

2. Categorization of Biologically Active Substances (BASs) 

See  prior  FDA GRAS Notice #4, Section IV.C.12.b 

3. Rationale for Selection of Hazardous Macromolecular BASs 

See prior FDA GRAS Notice #4, Section IV.C.12.c 
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4. 

5. 

6. 

7. 

8. 

9. 

10. 

Selection of the enzyme preparation 

See prior FDA GRAS Notice #4, Section IV.C.12.d 

Trypsin Inhibitory Activity 

See prior FDA GRAS Notice #4, Section 1V.C. 12.e 

P-Lactamase 

See prior FDA GRAS Notice #4, Section IV.C.12.f 

Endotoxin 

See prior FDA GRAS Notice #4, Section IV.C.12.g 

Phenomycin 

See prior FDA GRAS Notice #4, Section IV.C.12.h 

Teleocidins 

See prior FDA GRAS Notice #4, Section IV.C.12.i 

a. Extraction and Mass spectrometric analysis 
See prior FDA GRAS Notice #4, Section 1V.C. 12.i( 1) 

b. Epstein-Barr Virus Early Antigen induction assay (EBV-EA) 
See prior FDA GRAS Notice #4, Section  IV.C.12.i(2) 

Specifications for Food-Grade Material 

See Prior Gras Notice #4, Section 1.H 
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IV. SELF-LIMITING USE 

Transglutaminase is  the name assigned to enzymes that catalyze an acyl-transfer of the 
y-carboxyamide group of protein- and peptide-bound glutaminyl residue to various 
primary amines.  When lysine residues in proteins are the substrate in the primary amine, 
protein cross1ir;king through E-(y-G1u)Lys bonds are catalytically formed between the y- 
carboxyamide side  chain of the glutamine residues and &-amino side  chain  of  the lysine 
residues. 

I I I I 
Glu-CONH2 + NH2-Lys Glu-CONH-Lys + NH3 

I I I I 
Transglutaminase is added to food to bring about the cross-linking of glutamine and 
lysine residues within and between proteins in  the food. As the  number  of cross-linked 

’ glutamine-lysine residues increase, changes occur  in  the  size and structure of  the food 
proteins present resulting in a meaningful and measurable modification in some physical 
properties of the  food e.g. breaking strength, texture, moisture retention, etc. These 
modified physical properties translate to changes in sensory attributes like appearance, 

.bite, ‘mouth-feel’, juiciness, etc. Use levels of the  enzyme  in  excess  of  those needed to 
produce an enhancement in the sensory quality of the food may cause untoward effects 
on  those attributes, e.g. excessive chewiness, diminished breaking strength, etc. Hence, 
like enzyme in many biological systems, there appears to be an optimal use  level  of 
transglutaminase in foods at which it functions to enhance the sensory attributes of the 
food, but above which it has a negative impact on quality. Interestingly, the  optimal use 
level (i.e. concentration of.added transglutaminase) is surprisingly consistent in different 
food systems in which it is known to function. Examples of that phenomenon are 
presented below. 

A. Seafood Product (Kamaboko [fish cake]) 

Kamaboko is a surimi-based fish cake  in which the addition of transglutarninase 
may be used to ‘firm up’ the product to enhance its ‘mouth-feel’. As can  be seen 
in  Figure 3, as the concentration of added transglutaminase increases, there is a 
corresponding increase in breaking strength and resistance to deformation, up  to a 
particular concentration. However, addition of transglutaminase above that 
concentration provides no additional enhancement of breaking strength  while 
causing a reduction in the extent to which the product may be deformed before 
‘breaking’. 

7 
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,a Based upon these data and the result of taste panel evaluations, it has  been 

food product at which firmness is increased in the absence of increased 
brittleness. 

. .  determined that there exists an optimum concentration of transglutaminase in this 

B. .Meat Products 

. 1. Sausage 

Sausage  is prepared by processing pieces of meat through a series of steps 
that include chopping, mincing, the addition of transglutaminase, cutting, 
stuffing (into the casing), heating and cooling. The  shelf life of  some 
sausage products may be dramatically extended by canning and retorting 
or by lowering its pH (e.g., by the addition of acid). Both  of these 
processes tend to soften the sausage and dramatically alter its  texture and 
mouth feel. As with the Kamaboko product described above, the purpose 
of the transglutaminase is to increase texture as indicated by  both breaking 
stress and breaking strain. Both  of these parameters increase with  the . 

addition of enzyme, but both quickly reach a plateau (at approximately 3 
U/g protein). At higher TG concentrations, the former (breaking stress) 

remains at the plateau while the latter begins to slowly decline (see  Figure 
4). Five units of enzyme/g protein produce a decrease in  the acceptability 
of  the product due to toughness and brittleness (as determined by taste 
panei evaluation). 

Hence, these data indicate that there is an optimum concentration of 
transglutaminase that can be used in sausage products to improve texture 
without makmg the product excessively tough or brittle. 

2. Pork Loin Ham 

This product is manufactured by subjecting trimmed pork loin pieces to a 
progression of steps involving pickling, tumbling, stuffing (into a casing), 
heating and cooling. The purpose of using transglutaminase is to join 
together smaller pieces of pork .loin into a larger piece (like a ham). In 
addition to the desired properties of increased breaking stress and breaking 
strain, the retention of moisture (producing juiciness)  is also an important 
variable in the acceptability of this product. With  the addition of 
transglutaminase at the 0.1 U/g protein level, all three parameters are 
altered in  the desired direction (i.e. there is a significant increase in both 
breaking stress and strain and an increase in water retention). The 
addition of 1 .O U enzyme /g protein further increases both breaking stress 

8 
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and strain, however, less water is retained than even that of tk& untreated 
product (see Figure 5). Furthermore, sensory analyses indicatb a reduction 
in product acceptance at this enzyme use level due to an increlsed product 
brittleness and a rubber-like texture. 

Thus, these data again indicate that there is  an optimum use lebel of 
transglutaminase in this ham-like product. 

! 

! 

: 
I 

3. Restructure Steak 
i 

r .  "<, 

Pork steaks can be made by restructuring pork trimmings usi& 
transglutaminase and sodium caseinate. The pork trimmings &-e mixed 
with the enzyme and sodium caseinate by sprinkling a powdeted  mixture 
of the two on to the meat pieces (Powder Sprinkle Method) or. by 
dissolving them in water and mixing the meat with the enzym /sodium 
caseinate solution (Water Solution Method). The coated mea P pieces are 
stuffed into a casing, allowed to set and frozen (before slicing]. The 
optimal use level of the enzyme/sodium caseinate mixture will bind the 
meat pieces so they remain intact during slicing and cooking without 
causing the meat  to become excessively tough. Using either the Powder- 
Sprinkle or Water Solution Methods of enzyme/sodium caseiqate addition, 
there is a concentration of the mixture at which optimal bindirig occurs 
without causing an adverse effect on  the tenderness of the meit.  Use  of 
amounts of the enzyme/sodium caseinate mixture above that lkvel 
produces no additional effect of binding but adds to the toug4ess of the 
meat (see Figure 6). Hence, there is an optimal concentration,of the 
enzyme, (2-3 U/gram protein) when it is used for binding. 

! j 

i 
i 
! 

C. Dairy Products (Yogurt) 

Yogurt may be produced using transglutaminase by addition of the  edzyme 
directly to milk at 25% for approximately 2 hours. The milk is  then beated (to 
9OoC) to inactivate the enzyme and cooled before adding standard stdrter cultures. 
The  enzyme treated milk containing starter culture  is poured into  cup$ and 
allowed to "set" (at 44OC) for a short time before being cooled in predaration for 
distribution and sale. ! 

Use  of small amounts of transglutaminase helps form the yogurt gel dy trapping 
water in the network of cross-linked milk proteins. Under usual yog4rt 
production methods (without use of transglutaminase), the mesh  of r$lk proteins 
formed by the acidity of the yogurt continues to contract causing separation  of 
some liquid from the gel (a process termed syneresis). Use  of a small amount of 
the  enzyme  in yogurt production allows development of a gel with oitimal 
textures (breaking strength) while preventing the unsightly syneresis {see Figure 

I : j  
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D. 

E. 

7). Use  of additional quantities of the enzyme contributes no added benefit to 
either product texture or the prevention of syneresis. Hence, as  in  other 
applications there is an optimum use level of  the enzyme, an amount similar to 
that seen to be optimal in other food applications. Subtle changes in  the yogurt 
productiongrocess can allow even lower  use levels of the  enzyme. 

Soybean product (Tofu) 

Tofu  is manufactured by treating cooled soy milk with  the  enzyme and 
subsequently coagulating, setting, heating and cutting the curd. Consumers prefer 
a tofu product with a texture that has a moderate breaking strength and exhibits 
some  degree  of deformation. However, they also want the product to be soft and 
smooth.  The addition of enzyme up to 4.0 U/g protein significantly increases 
both product strength and deformation resistance (see Figure 8). However, loss of 
smoothness and softness occurs as the concentration increases, and curd strength 
and resistance to deformation are al'so adversely affected. 

Hence, like other food systems, there appears to be an optimal concentration of 
transglutaminase that may be used in tofu products. 

Bakery Products (Bread) 

Bread is produced by combining a wheat flour mix with transglutaminase and 
then subjecting it to a series of processes including repeated kneading and resting, 
fermenting, molding, a second fermentation and baking. The  enzyme  has been 
shown to help increase loaf volume (a desired characteristic) but only  when 
applied in low concentrations (i.e. 0.1 U/g protein, see  Figure 9). At higher 
concentrations of enzyme use, there is actually a decrease in loaf volume. 

Hence, like  other food systems there appears to  be an optimum concentration of 
transglutaminase (although an order of magnitude lower  than other applications) 
useful for increasing bread loaf volume. Levels or enzyme higher than that 
optimal amount actually depress loaf volume. 

In conclusion, the concentrations of transglutaminase required to achieve the desired 
results, in a wide variety of foods, are remarkably similar. These  range from a low of 0.1 
U/g protein in bread to a high of 2-3 U/g protein for restructured steak and all of these 
levels are at  or below the levels presented in previous GRAS notifications (see  Table 1). 
In all cases, when  the concentration required to achieve the desired technical effect is 
exceeded, there is a decline in that or another important characteristic of the food. These 
data  demonstrate that the use of transglutaminase is clearly self-limiting in a wide variety 
of foods. 
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0 VI. BASIS  FOR  GRAS-DETERMINATION  EMPLOYING 
I .  SCIENTIFIC PROCEDURES 

A. Safety Information 

1. Streptoverticillium Mobaranese 

a. Classification 

See prior FDA GRAS Notice #4, Section 1V.A. 1 

b. General Microbiology of the Organism 

See prior FDA GRAS Notice #4, Section IV.A.2 

c. Genetic stability, Cultural purity and Strain Integrity 

See prior FDA GRAS Notice #4, Section IV.A.3 

d. Non-Pathogenicity of the Organism 

1) Search of the Literature for Pathogenicity 
See prior FDA GRAS Notice #4, Section IV.A.4.a 

2) Pathogenicity Test of the Organism 
See prior FDA GRAS Notice #4, Section IV.A.4.b 

2. TG Enzyme Broth (following organism removal) 

a. Lack of Antibiotic Production by  the Organism 

See prior FDA GRAS Notice #4, Section IV.B.l 

b. Antimicrobial Activity 

See prior FDA GRAS Notice #4, Section IV.B.2 
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C. P-Lactamase 

See prior FDA GRAS Notice #4, Section IV.B.3 

d. Phenomycin 

See prior FDA GRAS Notice #4, Section IV.B.4 

3. Transglutaminase: The entire preparation 

a. Chromosomal Aberration 

See prior FDA GRAS Notice #4, Section IV.C.l and toxicity 
summaries prepared using the JECFA method, which were 
provided to Dr. Linda Kahl October 30, 1997. 

b. Reverse Mutation 

See prior FDA GRAS Notice #4, Section IV.C.2 and toxicity 
summaries prepared using the JECFA method, which were 
provided to Dr. Linda Kahl October 30, 1997. 

C. Mouse Micronucleus 

See prior FDA GRAS Notice #4, Section IV.C.3 and toxicity 
summaries prepared using the JECFA method, which were 
provided to Dr. Linda Kahl October 30, 1997. 

d. Dermal Sensitization 

See prior FDA GRAS Notice #4, Section IV.C.5 and toxicity 
summaries prepared using the JECFA method, which were 
provided to Dr. Linda Kahl October 30, 1997. 

e. Dermal Maximization 

See prior FDA GRAS Notice #4, Section IV.C.6 and toxicity 
summaries prepared using the JECFA method, which were 

.. provided to Dr. Linda Kahl October 30, 1997. 
cB00036 
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f. . Allergenicity (Amino Acid Sequence) 

See prior FDA G U S  Notice ##4, Section IV.C.7 

g. Acute Toxicity 

See prior FDA GRAS Notice #4, Section IV.C.8 and toxicity 
summaries prepared using the JECFA method, which were 
provided to Dr. Linda Kahl October 30, 1997. 

h. One-Month Toxicity 

Since submission of previous G U S  Notifications (#0004,00029 
and 00055) relating to the use of transglutaminase in different 
foods, a 30-day assessment of potential toxicity in dogs has been 
completed. The design and results of that study are summarized 
below. 

Diets containing 0, 0.1 inactive transglutaminase product, 0.1 , 1 .O 
and 5.0% active transglutaminase product were fed to groups of 
beagle dogs for 28 days. The mean intake of enzyme during the 
administration period was 48.8 mg/kg/day for males and 47.6 
mg/kg/day for females in the 0.1 % inactive concentration group, 
48.5 mg/kg/day  for males and 50.1 mg/kg/day for females in the 
0.1 % active concentration group, 496.5 mg/kg/day for males and 
501.7 mg/kg/day for females in the 1.0% active concentration 
group, and 2410.6 mg/kg/day for males and 2380.6 mg/kg/day for 
females in the 5.0% active concentration group. Each group 
consisted of 4 animals of each sex. All animals were subjected to 
autopsy (immediate sacrifice) at the end of the 28-day test period. 

The dogs were observed for clinical signs of toxicity twice daily 
during the period of test article administration. Vomiting was 
observed once in 2 male animals from Group 5 (5.0% active 
enzyme) and soft stools were observed twice  in one male from 
Group 4 (1 .O active enzyme). The effects were not considered 
related to administration of the test material because there was no 
dose-response effect. 

Third eyelid swelling was noted in the right eye of one female 
animal fiom Group 2 (0.1 % inactive enzyme) and  two females in 
Group 5. This swelling of the nicitating membrane was present in 
the animals prior to initiation of the study and was not test 
material-related. 

13 
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Body weights were recorded pretest, approximately weekly and 
prior to necropsy. ,No significant differences in changes in body 
weight were observed between the control and treated groups over 
the 30-day duration of the study. Compared to controls, a 
significant decrease in body weight was noted in males from 
Group 5 during Study  Days 1-8, and significant increases were 
observed in males from Groups 4 and 5 during  Study  Days 22-29. 
The mild decrease in body weight changes is likely due  to  the 
slight decrease (nonsignificant) in feed consumption during  the 
same period. These effects were not considered test-material 
related. 

Feed consumption was measured daily. There were no significant 
effects of inactive or active enzyme ingestion on daily absolute 
feed consumption in males when compared to controls. However 
during Study Days 1-6, there was a trend towards a decreased feed 
consumption for males in Group 5. On  study Day 1, females in 
Groups 3 (0.1% active enzyme), 4 and 5 exhibited significant 
increases in feed consumption. A similar increase was observed 
for females in Group 5 on  Study  Day 23. This is likely due to the 
quantity of feed offered. The effect is not considered 
toxicologically significant because the overall feed consumption 
was'not different from that of the controls. 

All animals were subjected to ophthalmologic examinations by a 
board-certified ophthalmologist prior to study initiation and prior 
to necropsy. No abnormalities were observed. 

A semi-quantitative urinalysis was conducted pretest and prior to 
necropsy on all animals. Feed and water were withheld during the 
overnight collection period. Pretest urinalysis indicated the 
majority of male dogs had blood in their urine, while blood was 
less frequently noted in  the urine of females. Due to the  inherent 
false positives associated with the analysis procedure, these 
findings were not considered biologically significant. Other 
pretest findings were uniform throughout all groups. Analysis of 
the urine at the termination of  the  study revealed no test material- 
related effects. 

Hematology parameters were observed pretest and prior to 
necropsy. There were no significant differences between the 
control and treated groups in any of  the parameters evaluated. 

Clinical chemistry was performed pretest and prior to necropsy. 
Pretest analyses showed a marginally elevated creatinine level for 
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males in Group 5 and females in Group 3, globulin levels in males 
in Group 3 and phosphorus level in females in Group 4. These 
findings were not considered biologically significant. Analytical 
values at the termination of  the study showed marginal increases in 
sodium levels for males in Groups 4 and 5 .  The effect was not 
considered test-material related because there was no dose- 
response effect. There were no significant differences between  the 
control and treated groups. 

Electrocardiograms were performed pretest and near the  end  of the 
study. All dogs were within normal ranges. There were no test 
material-related effects. 

Results of serum protein electrophoresis conducted pretest, were 
remarkable for males in Groups 3 , 4 ,  and 5 .  When compared to 
control values, gamma-2-globulin was decreased approximately 
33%. The effects were not considered biologically significant. 
Results of serum protein electrophoresis at the termination of the 
study showed no test material-related effects. 

A complete necropsy was performed on all dogs. Gross pathology 
observations were limited to female dogs. Observed lesions 
included a pituitary gland cyst, discoloration and paleness of the 
lungs, an enlarged uterus, and an enlarged right eyelid. These 
finds were considered spurious and not test material-related. 

With exception of the prostate gland, there were no significant 
differences in organ weights (relative and absolute). The absolute 
weights of the prostate gland were significantly lower in all 
treatment groups than in the control dogs. However, when  the 
prostate weights were expressed as a percentage of  brain weight, 
the inactive and high-dose active enzyme group values were 
similar to control values. In addition, there was no dose-response 
relationship, and there were no microscopic correlates to suggest a 
test material effect. The reduction in the prostate weights was not 
considered test material-related. 

Histopathology was performed on all tissues from all  animals and 
all gross lesions. No treatment-related microscopic changes were 
observed in any group. Microscopic changes that were observed in 
various organs and tissues were considered to have been incidental 
and unrelated to treatment. 

The most common microscopic finding was mild to marked acute 
congestion of the spleen. This change occurred in all males and 
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female dogs of all groups and is likely related to the to barbiturate 
anesthesia used  for the euthanasia procedure. Another microscopic 
change that occurred in most dogs, including the control dogs, 
consisted of multifocal mineralization in the renal papilla. Also, 
multifocal accumulations of pigmented macrophages were seen in 
the mandibular lymph nodes of male and/or female dogs of all 
groups, including the controls. 

Microscopic examination of the lung revealed several different 
microscopic changes which consisted of chronic peribronchitis, 
foreign body granulomas, foci of alveolar macrophages, and 
multifocal chronic or focal proliferative inflammation. These 
pulmonary changes occurred at single or similar fiequencies 
among the various treatment groups and also were considered to be 
incidental and unrelated to treatment. 

The authors conclude that: “There were no transglutaminase- 
related effects established for any of the toxicological parameters 
(clinical observations, body weights, feed consumption, 
opthamological examinations, electrocardiograms, hematology, 
clinical chemistry, protein electrophoresis, urinalysis, necropsy, 
organ weights and histopathology). For the duration of  the study, 
all levels of dietary exposure to transglutaminase (inactive and 
active) were well tolerated and no treatment-related adverse effects 
were observed.” Redfield Laboratories, Study #099-00 1 , Final 
Report, Jan. 3,2001 

13-Week Toxicity 

See prior FDA GRAS Notice #4, Section IV.C.9 and toxicity 
summaries prepared using the JECFA method, which were 
provided to Dr. Linda Kahl October 30, 1997. 

Determination of the Presence of Aflatoxins 

See prior FDA GRAS Notice #4, Section 1V.C. 10. 

Antibiotics Evaluations 

See prior FDA GRAS Notice #4. Section 1V.C. 1 1. 

Antimicrobial Activity 

See prior FDA GRAS Notice #4, Section IV.C.12. 
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4. Estimated Consumption  in Intended Uses 

a. Chronology: Previous Approvals 

The use of  TG has been declared to be Generally Recognized as 
Safe Under Conditions of Intended Use (GRAS) in a number of 
food categories by a series of SRA-sponsored Expert Panels. The 
chronology of these approvals is provided below. 

1) On February 1 1, 1997, an independent panel of experts 
declared the use of TG (at specified levels) to be GRAS in 
processed meats. A notification summary of this 
designation was submitted to the US Department of 
Agriculture (USDA) on June 9,1997.  The USDA 
requested a review of this information by the US Food and 
Drug Administration (FDA). 

2) On February 2, 1998 an approval was received from 
USDA. In addition, on May 15, 1998 the USDA issued a 
“no-objection letter.” 

3) On February 11, 1997, the use of  TG (at specified levels) 
was declared GRAS in processed seafood. A GRAS 
Notification (GRN) was submitted to FDA for this use on 
March 3, 1998. That Agency reviewed the submission and 
on June 22, 1998 issued a “no-objection letter.” 

4) On May 19, 1998, the use of TG (at specified levels) was 
declared GRAS in dairy products and meat substitutes. 

. A GRAS notification for this use was submitted to the FDA 
on July 26,1999. On December 29,1999 the Agency 
issued a “no-objection letter.” 

5 )  On September 13, 1999, the use of  TG  (at specified levels) 
was declared GRAS in pasta, pastry, cereal, pizza dough 
and grain mixtures. A GRAS notification was submitted 
to the FDA for this use on August 7,2000. On January 30, 
2000 the Agency issued a “no-objection letter.’’ 
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b. Use Levels: Previous Approvals 

The previously approved food categories and usage levels are 
listed below. 

Food Category Usage Level of TG 
In Food (ppm) 

Processed Seafood - regular and low-fat 

250 Processed Cheeses 
65 Processed Meat - regular and low fat 
65 

All Natural Hard Cheeses (Domestic) 
70 Cream Cheese 
100 

Refhgerated Yogurt 

25 Pasta 
25 VegeburgersMeat substitutes 

Vegetable Protein Dishes/ 
20 Frozen Desserts 
30 

Bread 
20 Pastries (pies, cakes, etc.) 
15 

Ready to  eat cereals 

25 Grain mixtures (burritos. tortillas. etc.) 
20 Pizza dough 
45 

B. Calculation of Exposure Based Upon Food Consumed 

1. Previous Exposure Calculations: Based Upon Food Consumed 

a) Estimated Consumption Employing MRCA Data: 
Methodology 

MRCA (Chicago, IL) was retained to provide frequency 
distributions of intake of TG from all of the previously considered 
food categories. The data provided by MRCA is based on the 
Menu Census Studies of July 1993 to June 1995 and the USDA 
Survey of 1987 to 1988 for Average GramdEating Occasion, 
assuming incorporation of TG, at the maximum concentration 
levels as stated in Section A.4b, above. 
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b) Estimated Consumption Employing MRCA Data: Results 

The table below lists the previously approved food categories and 
the associated consumption levels. 

Food category 

~~ ~~ 

Processed seafood 
and meats, regular 
and low fat 
Dairy products 
Meat substitutes 

Pasta, bread, pastry, 
cereals (ready to 
eat), pizza dough, 
grain mixtures 
Total- estimated 
consumption of all 
food categories 

Mean 
consumption 
Eaters only 
(89% of the 
us. 
population) 
4.1 mglplday 

5.5 mg/p/day 
2.1 mg/p/day 

1.8 mglplday 

4.9 mglplday 

90'" Percentile 

US population consumption 
US population consumption Eaters only 
90'" Percentile Mean 

7.0 mglplday 3.8 mglplday 0.88 mglplday 

10 mglplday 

5.3 mglplday 1.4 mg/p/day 5.6 mglplday 

" 0.0052 3.0 mg/p/day 
8.2 mglplday 2.5 mg/p/day 

mglplday 

13.0 mglplday 12 mg/plday 4.2 mg/p/day 

2. Estimated Consumption Employing Protein Content of Food: 

a) Rationale 

All of the past GRAS considerations have estimated exposure 
based upon the amount (ppm of food on a weight basis) of  TG in 
the quantity of food consumed. We have always known, however, 
that the amount of TG required in particular types of foods (TG 
concentration) to achieve the desired technical effect is a function 
of the amount of protein in the particular food. As previously 
discussed in this GRAS petition, TG acts to form E-(y-glutamyl) 
lysine linkages by catalyzing an acyl-transfer of the 
y-carboxyamide group of protein- and peptide-bound glutaminyl 
residue to various primary amines. When lysine residues in 
proteins are the substrate in the primay amine, protein 
crosslinking through E-(y-g1u)lys bonds are catalytically formed 
between the y-carboxyamide side chain of the glutamine residues 
and &-amino side chain of the lysine residues (see Appendix A). 
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Thus, the greater the percentage of protein in a particular food,  the 
more TG  is required when expressed as  mg TG/g food. The 
previous GRAS approvals, although not based upon protein 
content, clearly were closely related to it (see Table 2). 

Knowing the above (i.e. TG concentration is a function of protein 
content of the food), why in  the past did we calculate consumption 
based upon food intake instead of protein intake?  There are 
several reasons. First, there was not enough experience available 
to a priori permit the prediction of the concentration required in a 
particular food based solely upon the protein content. Thus, each 
food was individually tested to determine the proper level of  TG 
required. The efficiency of  TG  is an inverted U-shaped function, 
with both too little and too much TG providing a sub-maximal 
technical effect (see Appendix A). Second, the food groups that 
were considered for ‘intended use’ contain relatively similar 
percentages of protein (i.e. generally in the 10% -30% range (see 
Table 2). Thirdly, in spite  of the fact that these calculations 
grossly over estimated consumption (and thus exposure), even this 
over estimation produced relatively small exposure estimates. 

What has changed that requires the rethinking of this type of 
analysis? First, the applicant desires to have the use of  TG 
approved for use in all remaining food groups. These food groups, 
while accounting for a significant portion of  the energy derived 
from consumed food ( 4 0 % )  have a v e v  smaZZprotein content 
(see Table 3) and, hence, collectively represent only 15% of all 
protein being consumed. In addition, future uses of 
transglutaminase will include creative new formulated foods where 
the functional benefits of  the enzyme will be delivered via protein- 
basedlngredients (e.g., soy, whey, etc.) added to the product 
formulations. Use levels of  the enzyme in these applications will 
be dependent upon the type and amount of protein used in  the 
formulation. Also, for some  of these remaining food groups, TG 
may never be employed.’ Indeed, the very nature of the function of 
transglutaminase, cross-linking proteins, programmatically 
precludes its uses in food like raw fruits or vegetables. This will 
eliminate the necessity for GRAS consideration for each of the 
remaining and all new food formulations. 
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b) Background Data 

As discussed above, the food groups for which TG is  now 
considered G U S  have a protein content generally of  10% - 30% 
(see Table 2). En toto these groups have consistently constituted 
approximately 82% - 88% of the protein consumed by the U.S. 
population (see Tables 4A  and 4B). This includes meat, poultry, 
fish, dairy foods, most grain-based products and some of  the soy, 
legume and  nut protein used in meat analogs. 

The remaining food groups, while they constitute approximately 
50% of the total food energy consumed (see Table 3), contributed 
only 12-1 8% of the protein ingested. When viewed individually, 
these food groups generally provide, on average, 5 1%  of  the total 
protein consumed (see Tables 5A and 5B). 

The overall protein intake for Americans has been well known for 
some time based upon a number of government sponsored surveys. 
These surveys indicate that the relative and absolute intake of 
protein has remained fairly constant over the last 88 years 
(see Tables 6 and 7). The results of a number of surveys (USDA, 
NHANES, etc.) evaluating protein consumption, as a function of 
sex and age has also been consistent (see Tables 8,9, and 10). 
These data indicate that the mean protein intake is approximately 
75 g/p/day while the 90th percentile for this parameter is 
approximately 140 g/p/day (see Table 11). 

c) Projecting  Use  Levels in Low Protein  Foods 

The concentrations of TG that will be required in these low protein 
foods to achieve the technical effects are not well defined. 
However, the concentrations required in the food categories that 
were the subject of previous notifications provide a good basis for 
generating such an estimate. Based upon the percentage of protein 
and the concentrations of TG required in the food groups, it can be 
observed that the range of TG concentration to protein (mg TG/g 
protein) varies from 0.16 to 0.92 (see Table 2). 

Given the paucity of knowledge regarding required use levels of 
the TG in additional (low protein) food groups, the applicant, in 
this notification, addresses levels based on the protein content of 
the food, similar to those previously approved. The TG levels in 
three previously approved categories (i.e. processed cheese, bread 
and dough) were considered inappropriate for inclusion in this 
calculation due to the issue identified in Table 2. 
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Using the amount of TG (mg) per gram of protein in all previously 
approved food categories (see Table 12) and USDA data  on protein 
content of these major food groups (see Table 6), a weighted mean 
of.the amount (mg) of  TG  per gram of protein was determined. 
This value (0.38 mg TG/gram of protein) was assumed to be the 
appropriate estimated use level of  TG  in the food categories 
contained in this notification, and was subsequently employed to 
determine the additional exposure to the enzyme from these new 
uses. 

d) Projecting Exposure Estimates in All Foods 

1) Use of MRCA Consumption Data 

As noted earlier, the protein ingested from TG-containing 
foods which were the subject of previous GRAS 
notifications is about 82% - 88% of the total protein intake 
(see Table 6) of Americans. Thus, the protein content of all 
food groups in the present notification represents only 12% 
- 18% of total protein intake. If the mean concentration of 
TG (mg/gram of protein) used in these numerous foods is 
equal to that of the foods in earlier notification (0.38 g  of 
protein), one can use earlier (MRCA generated) TG 
exposure estimates to project potential future exposures. 

I Using the aforementioned assumptions, exposure estimates 
and the conservative 18% addition to protein intake, the use 
of  TG in all protein containing foods will increase the mean 
and 90th percentile of exposure by approximately 18%. 
Under these conditions the average intake of the enzyme 

. for the entire population will be 6.5 mglpersodday (up 
from 5.5 mg/person/day in approved categories), whle  that 
of the 90th percentile of intake will be 14.2 mg/person/day 
(an increase from 12 mg/person/day). Similar estimates for 
‘Eaters Only’ change from 6.2 mg/person/day for the 
average consumer to 7.3 mg/person/day, with the 90th 
percentile of intake increasing from 13 mg/person/day to 
15.3 mg/person/day. 
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2) Use of Protein Consumption Data 

A second and distinct method for estimating consumption 
of transglutaminase, as included in all  food groups, is 
possible based upon the known distribution of protein 
consumption. 

According to a number of USDA surveys (i.e. Economic 
Research Service [1970 - 1991, 1988 - 19911, Household 
Food Consumption Survey [1994 - 1996]), the intake of 
protein in the various U.S. subpopulations ranges from 25 - 
to 11 1 g/p/day. The estimate of overall mean protein intake 
is 75 g/p/day. Estimates of the 90th percentile of intake 
based upon published surveys (USDA Household Food 
Consumption Survey [1994 - 19961, HHS-NHANES 111) 
range from 84 - 154.5 g/p/d, with an overall estimate of 
140 g/p/day. If transglutaminase were added to all food 
containing protein (1 00% of  the food consumed), an 
obvious worst case and clearly unachievable situation, total 
consumption would be 28.5 g/p/day with a 90th percentile 
consumption of 53.2 g/p/day. 

Estimates of exposure levels of transglutaminase, like most 
such intake assessments, tend to substantially over estimate 
the amount of TG ingested for a host of reasons, like that 
noted above. These overestimates are especially seen when 
use level is based on the protein content of a food. For 
example, there are a large number of protein containing 
foods consumed in which the enzyme would likely never 
be used, e.g. nuts consumed as snacks, whole cuts of fish or 
meat, etc. Hence, taking the unattainable worst case 

containing food would result in a consumption of 
approximately 50 g/p/day, a level that is clearly consistent 
(and in many cases lower) than consumption of other 
enzymes currently permitted in US foods. 

. scenario, the addition of transglutaminase to all protein- 

3) Application of Transglutaminase at Good 
Manufacturing Practice (GMP) Levels of Use 

Previous requests for determination of the GRAS status of 
TG have involved food applications in which use levels of 
the enzyme in commercial practice had been somewhat 
established by prior extensive laboratory testing, pilot scale 
implementation and full production experience in  other 

23 



Transglutaminase G U S  Notification 
December 21,2001 

countries. To date, use levels of the enzyme (e.g. 65-ppm 
in meat, etc.) in previous notifications have been shown to 
adequately achieve the functional purposes of its intended 
use. Research in some of the areas of intended use have 
uncovered methods for reducing substantially the level of 
TG required for the desired fimctionality (e.g. the notified 
use level in processed cheese was 250 ppm, processing 
methods have been devised which will permit use level of 
less than 10 ppm). 

Much of the research to identify processing modifications 
that would allow lower use levels of the TG  is being dnven 
by cost. It is currently estimated that the use of  TG  to 
restructure meat (at use levels of less than 65 ppm) adds 
$0.20 - $0.25 per pound to the cost of the meat. Like all 
enzymes used in food processing, the added product cost by 
the use of  TG will continue to drive food processors to 
identify alternative processing systems and conditions that 
will further reduce use levels of the enzyme. 

Little is known about the required use levels of TG  in a 
number of the products that are the subject of this 
notification because experience with the enzyme in these 
applications has been limited. As noted earlier, because the 
fimctionality of the enzyme relates to the protein present in 
such foods, it is possible to estimate potential use levels. 
However, as applications of the technology extend to more 
complex, multi-ingredient formulated food systems, the 
relationship between protein concentration (in the food) 
and TG use levels will vary. In like manner, other 
variables that can impact enzyme activity in a food (e.g. 

. pH, water activity, etc.) may similarly alter the TG to 
protein relationship. 

Hence, the present notification involves the use of TG at 
those amounts required by Good Manufacturing Practice 
(GMP). Currently approved use levels of  TG (meat, 
poultry, seafood, etc.) meet or exceed those which might be 
considered GMP, although as creative new applications of 
the enzyme are found in even these food categories, use 
levels may need to be modified. Approval of commercial 
enzymes at  GMP use levels is well established and 
documented. All of the more than 20 enzymes affirmed by 
the U.S. Food and Drug Administration as GRAS listed in 
Part 184 of the Code of Federal Regulations have no use 
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limits other than current Good Manufacturing Practice 
(GMP) (see Appendix B). During 200 1 , the  FDA  has 
responded with ‘no objection’ to some 13 G U S  
notifications involving enzymes proposed for use  at  GMP 
levels. 

Unlike many ingredients added to foods, the levels of 
enzymes that can  be used tend to be self-regulating. 
That is, concentrations of enzyme  in  foods that are 
inadequate to achieve the intended purpose result in quality 
attributes that make the product either undesirable or 
inedible. Conversely, addition of excessive levels of an 
enzyme to a food system  can similarly have a substantial 
and negative impact on product quality. As  previously 
discussed in this notification, a number and variety of food 
types were evaluated and demonstrate  the  existence  of a 
narrow range of optimal use levels and the  negative impact 
of enzyme concentrations in excess of those  optimal levels. 

In addition to the above noted negative impact of excess 
TG concentrations on  its functionality and product quality, 
like most microbial-derived enzymes, the high  cost  of 
transglutaminase similarly serves to limit its  over use. As 
.noted earlier, the current cost to the food processor of using 
TG  in a restructured meat product application is  in  the 
range of $0.20 - $0.25 per pound of meat. For example, for 
a poultry processor wishing to restructure chicken leg or 
thigh meat, this translates into a more than doubling of 
product cost by using TG. Hence, ingredient cost becomes 
a major driving force to insure  the  use of minimal TG 
levels that produce the  optimum functionality. Although 

. technological improvements may over time increase the 
efficiency of  TG production and potentially reduce its cost, 
for the foreseeable future, cost is anticipated to be a use- 
limiting factor. 

Estimates of  use levels (concentrations) to be employed in 
various food groups covered in previous notifications have 
proved to be  more than adequate (i.e. in some cases, 
overestimates) in actual use. 
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These food uses and related use levels resulted in the 
following estimates of consumption: 

Mean 90th Percentile 
Group (mg/p/d) lmdplday) 

Eaters and 
Non-Eaters 5.5 12.0 

Eaters Only 
(89% of the US. 
population) 62. 13.0 

Estimates of the increase in consumption posed by the use 
of transglutaminase in the remaining food groups, the 
subject of this notification (i.e. an additional 18% 
consumed protein), are: 

Mean 90fh Percentile 
Group Jmg/p/d) Jrndddav) 

Eaters and 
Non-Eaters 1 .o 2.2 

Eaters Only 1.1 2.3 

Thus, it is estimated that consumption of transglutaminase 
if employed in all food groups would be: 

Mean 90fh Percentile 
. Group Jmdp/d) (mP/p/day) 

Eaters and 
Non-Eaters 6.5 14.2 

Eaters Only 7.3 15.3 

Based upon a past history of use in 82% of the protein 
consumed in the U.S., the projections based upon 
consumption of 100% protein are likely to be very accurate. 
However, if these estimates should prove to be incorrect 
and consumption in these new groups has been 
underestimated (unlikely) by even 25% (highly unlikely), 
the resulting consumption is at the low end of the 
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consumption range compared with most other enzymes 
currently permitted in the U.S. food supply by FDA: 

Mean gofh Percentile 
Group (melpld) (mdpldav) 

Eaters and 
Non-Eaters 6.75 14.75 

Eaters Only 7.6 15.9 

3. Estimated Consumption of Possible Contaminants 
See  prior FDA GRAS Notice #4, Sections IV.A.4. and  1V.B. 

4. Cumulative Effect of TG in Diet 
TG has been found to be widely distributed in nature. A variety of TGs 
have been discovered in many tissues and organs of animals, fish, 
shellfish, plants and microorganisms. There are five types of  TG found in 
the tissues and organs of a host of living organisms. 

For instance, Factor XI11 in warm-blooded animals, including humans, is a 
TG that aid in blood clotting. Extensive studies have revealed that beef, 
pork, chicken and rabbit muscles contain fair amounts of tissue-type TG. 
In addition to blood TG (Factor XIII) and tissue type-TG, there are three 
other types of  TG in living matter. They include epidermal, keratinocyte 
and prostate TG. TG activity was also found in the floral buds of broccoli, 
leaves of silver beet, spinach and soybean, sprout apices of sunflower and 
alfalfa. TG activity was also reported in Bacillus, Streptoverticilliums and 
Physarums. ’ 
A number of foods, many of which have been consumed by humans for 
centuries, have been evaluated for TG specific activity and content (see 
Table 13). Based upon these data, it is apparent that natural consumption 
of  TG  is likely to exceed consumption of  TG employed as a food additive. 

C. Inconsistent  Reports 

There are no reports that contain conclusions inconsistent with the information 
presented in  this notification. 

27 



Transglutqinase GRAS Notification 
December 21,2001 

D. Conclusion 
In accordance with the FDA’s proposed regulation, proposed 21 CFR 170.36 (62 
FR 18938; April 17, 1997; Substances Generally Recognized as Safe (GRAS), 
this notification is hereby submitted. 

Transglutaminase has been the subject of a number of GRAS notifications 
previously submitted to the FDA and a petition submitted to the USDA. The 
FDA issued ‘no-objection letters’ to all notifications and the USDA issued an 
approval. 

The purpose of t h s  notification is to inform the Agency that a Panel of Experts 
has declared as G U S ,  a number of changes in the use  of  TG in foods (see 
Appendix C). These changes include: 

1. Expansion of Uses 

The GRAS status of TG has been expanded to encompass its use in all 
foods at the minimum levels necessary to achieve the desired effect in 
accordance with current good manufacturing practices. 

2. Change in  the Method of Determining Use in Foods 

The Panel concluded that expressing use levels based upon the protein 
content of the food (e.g., mg TG/g of protein) is more accurate and more 
useful. 

3. Addition of an Alternate Formulation 

The Panel concluded that the addition of small amounts of glutamine 
peptide at two specific steps in the original TG manufacturing process was 
GRAS . 
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Figure 1 
Production Process Flowchart for New TG 
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Figure 2 

Composition of Transglutaminase Preparation 
(Standard Process) 
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Figure 3 

Kamaboko 
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Breaking  stress  increases  with TG amount and becomes plateau more  than 2 U/g protein. 
Breaking  stress  decreases  more  than 2 U/g protein after increase. Desirable  texture of kamaboko 
is  given  between 0.7 to 0.12 U/g protein of TG addition. 
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Figure 4 
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Breaking  stress  increases  with TG amount while breaking strain  decreases  gradually at TG level 
, . more  than 3 U/gram  protein  after it reaches maximum. Although breaking  stress  does not drop 

, at 5 U/gram protein, too  tough and brittle texture  is observed by sensory  analysis  (data  are not 
shown). 

The  best  texture  can  be  obtained between 3 and 4.5 u/gram protein. Too much enzyme,  such  as 
more  than 5 U/gram protein, causes undesirable texture. 
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Figure 5 

900 
800 

v 
u) 700 
600 

$ 500 
2 400 
5 300 

100 
0 

2 200 

0 0.1 1 
TG(U/g.protein) 

0 ' 0.1 1 
TG(U/g.protein) 

1 
1 ~ 

i 
Ham 1 

0 0.1 1 
TG(U/g.protein) j 

Both  breaking  stress and strain  increase with TG amount.  Water release* can be  suppressed at 0.1 U/gram 
protein  while it increases at 1 U/gram  protein. Undesirable texture, such as too brittle and rubber-like texture, is 
observed  at 1 U/gram protein by  sensory  analysis  (data are not shown). Best  texture  can  be  obtained  between 

and 1 .O U/gram  protein. 

I, *water  release (%) = product weiiht Zk) - Droduct  weight  comDresses (g )  x 100 
product  weight (g) 
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Figure 6 
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Feasible  binding  strength is more  than 80 g/cmz,  Appropriate TG range is between 2.0 and 
2.5 U/gram protein in Powder Sprinkle Method.  In  case of Water Solution Method,  appropriate 
TG range is between  2.0 and 3.0 U/gram protein. It becomes plateau more  than 3U and 
5  U/gram  protein  in Powder Sprinkle and Water Solution Method. 
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Figure 7 
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Breaking  strength  increases almost linearly with TG amount and reaches plateau at around 
3 U/gram protein. Serum separation is suppressed completely at  more  than 3 U/gram  protein. 
The yogurt  curd  becomes  brittle and develops a rough  texture when TG is added by more  than 3 
U/gram  protein. TG addition  of 2 to 3 U/gram protein is  the  appropriate  range  for  obtaining 
smooth and good  texture.  This range is also  good  enough to suppress serum separation. In this 
procedure, material milk is heated to inactivate TG activity before  fermentation.  When TG is 
added  with  starter  culture during fermentation, greater effects can be obtained. In this case, 0.5 
to 0.75 U/gram  protein  is  large enough. 
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Figure 8 

36 



Figure 9 

Bread 
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Loaf  volume  decreases  with TG amount after it reaches maximum  at 0.1 U/gram  protein.  The 
dough  becomes hard and rough-with TG addition. Too hard and poor  ‘mouth feeling’ in the final 
product is observed by sensory analysis when TG is  added  more  than 0.1 U/gram  protein  (data 
are not shown).  Appropriate TG amount is around 0.1 U/gram  protein. 
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Table 1 :- Summary of Appropriate TG Range in  Various Food 
Items 

protein TGase item 
content (%) (U/gram protein) (ppm)* 

Kamaboko 12.0 0.7-1.2 9.2-13.8 
Sausage 13.0 1.5-2.3 20.0-30.0 
Ham. 14.0 0.7-1.5 10.0-20.0 
Yogurt 3.5  2.0-3.0  7.0-10.5 

’ <Tofu 6.0 0.5-1 .O 3.0-6.0 

a Bread 8.5 0.01-0.1 0.085-0.85 
Restructured Steak 15.0  2.0-2.5 30.0-37.5 

Restructured  Steak 15.0 2.0-3.0 30.0-45.0 
powder  sprinkle method 

water solution method 

*Amount in final product. 
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Table 2 
Q 

Protein  Content of Selected Foods or Food Groups and  Amount  (milligrams) of 
Transglutaminase  Currently  Approved  for  Use in Those Foods* 

Product 

Meats 
Beef 
Pork 
Chicken 
Turkey 

Seafood 
Fish 
Scallops 
Shrimp 

Dairy  Products 
Natural  cheese 

Cheddar 
. Brick 

Swiss 
Processed  cheese 
Cottage  cheese 
Cream  cheese 
Frozen  desserts 
Yogurt 

Protein Content  Approved TG Approved TG 
(grams/100 g) Level in Food Level in Protein 

( P P d  (mg/kg) 

13.0 - 19.0 65 0.41 
13.5 - 16.0 0.44 
23.0 - 31.0 0.25 

30.0 0.22 
65 

30.0 0.3 1 
20.0 0.33 

20.0 - 24 0 0.30 

25.0 
22.2 
27.5 
23.2 

13.5 - 16.0 
7.6 
4.5 

3.0 - 3.5 

100 
0.40 
0.45 
0.36 

250" 

70 0.92 
20 0.44 
30  0.92 

Grain  Products 
Macaroni  (pasta) 4.0 - 5.0 25 0.56 
Bread 8.7 - 9.0 15* 
Rolls 8.4 - 9.9 15 0.16 
Pastry 5.4 - 7.4 20 0.3 1 
Grain mixture (tortilla) 5.7 - 8.7 25 0.37 
Ready-To-Eat cereal 3.8 - 20.5 (8.0) 45 0.56 
Dough 9.0 20" 

Average  (weighted  for  percent of total ingested protein)  amount of transglutaminase (in 
milligrams) per gram of protein in food uses approved to date - 0.38mg/gram  protein 

0 Inappropriate  comparisons - 
000865 

A. Processed  cheese - need 250 ppm to crosslink whey proteins in cheese - 
crosslinking can be done prior to addition  of  whey  using low level of TG 

B. Bread  and  dough -by using protease enzymes  with TG, level of TG needed is 
substantially  lower than that which might be expected  (or  approved) 
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Table 3 

Nutrients  Contributed  from Major Food  Groups,  per  capita  per day, 1970 and 1994 
Source: W D A  Ccnter for Nutrition Policy md Promotion 

‘Food Group 

Meat, poultry and fish 

Dairy products 

Grain products 

Subtotal 

Legumes, soy, and nuts 

Eggs 

Yegetables 

White  potatoes 

Dark green, deep  yellow 

Other  vegetables 

Fruits 

Citrus h i t s  

Noncitrus  fruits 

Fats and oils 

Sugars and sweeteners 

Miscellaneous 

Protein 
1970 1994 

grams %total  grams YO total 

38 40.3 

20 21.2 

18 19.1 
- 
76 80.6 - 

5 .  5.4 

5 5.7 

5 5.8 

2 2.5 

- 0.4 

3 3 .O 

1 1.2 

- 1  0.5 

1 0.7 

- 0.1 

_ .  

- - 

1 1.2 

43 39.3 

21 19.3 

26 23.7 

90 82.3 

7 6.0 

4 3 .s 
5 5.3 

3 2.3 

- 0.4 

3 2.6 

1 1.3 

1 0.6 

1 0.8 

- 0.1 

” 

- 

- 

1 1.2 

Food Energy 
YO of Total  Intake 

1970 1994 

19.8 

10.6 

19.6 

50.0 

2.9 

2.0 

5.2 

2.8 

0.4 

2.1 

2.9 

0.9 

2.1 

17.8 

- 

I 

1 18.1 

0.9 

14.3 

9.3 

25.1 

48.7 

2.9 

1.3 

4.7 

2.6 

0.4 

1.8 

3.4 

1 .o 

2.4 

19.5 

18.3 

1.2 
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Table 4A 

Nutrients  Contributed  from  Major  Food Groups, per capita per day, 1970 and 1994 
Source: USDA Center for Nutntlon  Policy and Promotion 

Food Group 

Meat, p o u l t j  and fish 

Dairy products 

Grain products 

Subtotal 

Legumes,'soy,  and  nuts 

Eggs 

Vegetables 

Whlte  potatoes 

Dark green, deep  yellow 

Other vegetables 

Fruits 

Citrus h i t s  

Noncitms h i t s  

Fats and oils 

Sugars  and  sweeteners 

Miscellaneous 

r 
1970 

grams YO total 

38 

20 

18 

76 

5 

5 

5 

2 

- 
- 

3 

1 

1 

1 

1 

40.3 

21.2 

19.1 

80.6 

5.4 

5.7 

5.8 

2.5 

0.4 

3.0 

1.2 

0.5 

0.7 

0.1 

- 

1.2 

1 
1994 

prams % total 

43 

21 

26 

90 

7 

4 

5 

3 

- 
- 

- 

3 

1 

1 

1 

- 

1 

39.3 

19.3 

23.7 

82.3 

6.0 

3.8 

5.3 

2.3 

0.4 

2.6 

1.3 

0.6 

0.8 

0.1 

- 

- 

1.2 
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Table 4B 

Protein (YO) Contributed  to  Diet  from  Existing GRAS Approvals, in Selected  Years 

Year 

1909-14 
1925-29 
1935-39 
194539 
1955-49 
196569 
1970 

, .  1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

’ 1981 
1982. 
1983 
1984 
1985 
,1956 
1987 
1988 

Major Food Groups 

Meat, Fish 
Poultry 

3 1.2 
30.8 
30.5 
33.3 
37.3 
42.7 
44.0 
44.4 
41.4 
42.4 
44.2 
43.1 
44.0 
44.2 
44.0 
43.3 
43.9 
44.0 
42.9 
43.4 
43.5 
43.1 
42.6 
42.7 
43.3 

Dairy 
Products 

14.2 
- 17.0 

19.3 
22.3 
22.5 
20.2 
19.8 
19.8 
19.9 
20.3 
19.6 
19.5 
19.4 
19.5 
19.9 
19.7 
19.6 
19.4 
19.7 
19.6 
19.9 
19.9 
20.0 
20.1 
19.5 

Grain 
Products 

36.6 
32.4 
29.2 
23.9 
20.3 
15.9 
IS. I 
17.9 
17.8 
18.6 
18.3 
19.0 
18.9 
18.6 
18.6 
19.0 
19.1 
19.1 
19.4 
19.0 
19.0 
19.3 
19.6 
20.1 
20.1 

Subtotal 

82.0 
80.2 
79.0 
79.5 
80.1 
51.8 
81.9 
82.1 
82.1 
81.3 
82.1 
81.6 
52.3 
82.3 
82.5 
52.0 
82.6 
82.5 
82.0 
82.0 
82.4 
82.3 
82.2 
82.9 
82.9 

Legumes, 
soy & Nuts 

4.5 
4.9 
5.8 
5.2 
5 3  
5.0 
5.0 
4.9 
4.5 
5.8 
5.1 
5.6 
5. I 
5.2 
4.9 
5.3 
4.7 
5.0 
5.5 
5.4 
5.0 
5.5 
5.4 
4.9 
5.2 

Total 

56.5 
S 5 .  1 
81.5 
54.7 
55.4 
86.5 
56.9 
87.0 
56.9 
57.1 
57.2 
86.7 
57.4 
57.5 
57.4 
87.3 
57.3 
87.5 
87.3 
87.4 
57.4 
57.8 
87.6 
87.8 
88. I 

Data extracted from ‘Nutrient  Content of the U.S. Food  Supply,  1909 - 1988f’ N.R Raper, C. Z i m ,  and J. 
Rourke 
*Based upon USDA Food Available  for Consumption Data 
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Table 5A 
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Table 5B 
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Table 6 

Protein (YO) Contributed  to  Diet from  Existing G U S  Approvals, in Selected Years 

Major Food Groups 
Year 

1909-14 
1925-29 
1935-39 
194519 
1955-19 
1965-69 
1970 

1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 
1986 

. 1987 
1988 

. 1971 

Meat, Fish Dairy Grain 
Poultry 

3 1.2 
30.8 
30.3 
33.3 
37.3 
42.7 
44.0 
41.4 
44.4 
42.4 
43.2 
45.1 
44.0 
41.2 
44.0 
43.3 
43.9 
44.0 
42.9 
43.4 
43.5 
43.1 
42.6 
42.7 
43.3 

Products 

14.2 
17.0 
19.3 
22.3 
22.5 
20.2 
19.8 
19.8 
19.9 
20.3 
19.6 
19.5 
19.4 
19.5 
19.9 
19.7 
19.6 
19.4 
19.7 
19.6 
19.9 
19.9 
20.0 
20.1 
19.5 

Products 

36.6 
32.4 
29.2 
23.9 
20.3 
18.9 
18.1 
17.9 
17.8 
18.6 
18.3 
19.0 
18.9 
18.6 
18.6 
19.0 
19.1 
19.1 
19.4 
19.0 
19.0 
19.3 
19.6 
20. I 
20.1 

Subtotal 

82.0 
80.2 
79.0 
79.5 
80. I 
81.8 
81.9 
82.1 
82.1 
81.3 
82.1 
81.6 
82.3 
82.3 
82.5 
82.0 
82.6 
52.5 
82.0 
82.0 
82.4 
82.3 
82.2 
82.9 
82.9 

Le,mes, 
soy & Nuts 

4.5 
4.9 
5.S 
5.2 
5.3 
5.0 
5.0 
4.9 
4.8 
5.8 
5.1 
5.6 
5.1 
5.2 
4.9 
5.3 
4.7 
5.0 
5.5 
5.4 
5.0 
5.5  
5.4 
4.9 
5.2 

Total 

56.5 
85.1 
84.8 
51.7 
85.4 
86.5 
86.9 
87.0 
56.9 
57.1 
87.2 
86.7 
57.4 
87.5 
87.4 
87.3 
57.3 
87.5 
87.5 
87.4 
87.4 
87.8 
87.6 
87.8 
88.1 

Data extracted from ‘Nutrient Content of the U.S. Food Supply, 1909 - 1958*’ N.R Raper, C. Z i m ,  and 1. 
Rourke 
*Based upon USDA Food Available for Consumption Data 
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Table 8 

. e  

Protein  Intake In grams by age. sex, and  racelethnlcity: United States . 1988-91- 

Sex and age 

ralat population' 

Standard 
Sample e m r  of 

size Mean the mean  Median 

Both sexes 
A l l  ages' . . . . . . . . . . . . . . . . . .  14.  801 
2-11 months'. . . . . . . . . . . . . . .  . .  871 
1-2 years'. . . . . . . . . . . . . . . . .  1. 231 
2-5 years . . . . . . . . . . . . . . . . .  1. 547 
6-11 years . . . . . . . . . . . . . . . . .  1. 745 
12-1 5 years . . . . . . . . . . . . . . . .  711 
16-19 years . . . . . . . . . . . . . . . .  765 
20-29 years . . .  : . . . . . . . . . . . .  1. 682 
30-39 years . . . . . . . . . . . . . . .  1. 526 
4C49 years . . . . . . . . . . . . . . . .  1. 228 
50-59 years . . . . . . . . . . . . . . . .  929 
60-69 years . . . . . . . . . . . . . . . .  1.106 
70-79 years . . . . . . . . . . . . . . . .  851 
80 years  and  over . . . . . . . . . . . .  609 

. .  
Male 

AI ages' . . . . . . . . . . . . . . . . . .  7. 322 
2-11 months' . . . . . . . . . . . . . . .  439 
1-2 years'. . . . . . . . . . . . . . . . . .  60 1 
3-5 y e a n  . . . . . . . . . . . . . . . . .  744 
6-11 years . . . . . . . . . . . . . . . . .  868 
12-1 5 years . . . . . . . . . . . . . . . .  338 
16-19 years . . . . . . . . . . . . . . . .  368 
20-29 years . . . . . . . . . . . . . . . .  844 
30-39 years . . . . . . . . . . . . . . . .  735 
40-49 years . . . . . . . . . . . . . . . .  626 
5&59 years . . . . . . . . . . . . . . . .  473 
6069 years . . . . . . . . . . . . . . . .  546 
70-79 years . . . . . . . . . . . . . . . .  444 
80 years  and  over . . . . . . . . . . .  296 

Female 
AI ages'. . . . . . . . . . . . . . . . . .  
2-1 1 rnonhs' . . . . . . . . . . . . . . .  
1-2 years2 . . . . . . . . . . . . . . . . .  
3-5 years . . . . . . . . . . . . . . . . .  
6-11 years . . . . . . . . . . . . . . . . .  
12-1 5 years . . . . . . . . . . . . . . . .  
1619 years . . . . . . . . . . . . . . . .  
20-29 years . . . . . . . . . . . . . . . .  
30-39 years . . . . . . . . . . . . . . . .  
40-49 years . . . . . . . . . . . . . . . .  
50-59 years . . . . . . . . . . . . . . . . .  
60-69 years . . . . . . . . . . . . . . . .  
7039 years 
80 years  and over 

7. 479 
432 
630 
803 
877 
3 73 
397 
838 
79 1 
602 
456 
560 
407 
313 

78 
26 
48 
57 
67 
76 
89 
89 
ea 
81 
78 
73 
65 
58 

92 
27 
50 
59 
71 
89 
1 1 1  
110 
106 
96 
93 
84 
74 
69 

64 
25 
45 
54 
63 
62 
67 
69 
70 
67 
64 
64 
58 
52 

0.6 
0.7 
0.8 
0.8 
0.9 
2.0 
2.5 
1.7 
1.6 
1.6 
1.8 
1.5 
I . 4 
1.6 

0.9 
0.9 
1.1 
1.2 
1.3 
3.0 
3.8 
2.7 
2.4 
2.3 
2.8 
2.4 
2.2 
2.5 

0.6 
0.9 
0.9 
1 . 0 
1.1 
2.0 
2.2 
1.5 
1.6 
1.5 
1.7 
1.6 
1.6 
1.7 

69 
22 
45 
53 
64 

77 
77 

75 
72 
67 
60 
54 

6a 

a0 

82 
23 
47 
54 
67 
82 
100 
96 
97 
90 
88 
78 
70 
64 

60 
20 
43 
50 
60 
sa 
62 
66 
66 
64 
59 
60 
55 
49 

~ -~ 

'Indudes data for mcdeIhni6ty groups not shown separalely . 
'Exdudes nuning infants and children . 

47 



Table 9 

C 
m .- - 
a e n 

> 

m 
Q 
0 u. 

L 
0 n 

. . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . .  . . : : : i  
" .  ' '  : 
. . . . .  . . . . .  
: :  : : :  i . . . . .  . . . . . .  : : : : :  : i s ,  

L i : ' ; ? J 9 7 ? ' D T o  
i m m , o i m m o j ' o c m  
: : : : : : :  c 

; & r N m U m W F -  N O O O O O O N  

E 

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

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

. . . . .  . . . . .  . . . . .  i i : ;  

: : : : : :  i L 9  
. . . . .  I ; 9 0  

~i : ~ ~ ~ & & ~ ~ m  

~ - & O O o o o o N  E & - N m u m w l c  

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

. . . . . . .  . . . . . . .  :i  . . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  : . o u  : : : : : : :  c 

S - " N m g q ?  m 0  

LL 

000074 48 



Table 10 

Protein  Intake of Individuals in the  United  States, 1994-96 - USDA Nationwide Sumey* 
*NFS Report No. 96.2 (USDA) 

Protein Intake of Americans  (as % of RDA) by Percentile of Age and Sex Groups 

Protein Intake at Selected Percentile 
Age and Sex Protein RDA % of Sample 25' 50"' goh 

(Years)- - (grams/day) Population (%RDA) (% RDA) (% RDA) (gday) 

Male & Female 
Under 1 1.1 107.1 135.1 255.2 

1 - 2  16* 3.1 227.5 255.2 445.8 71.3 
3 - 5  24* 4.7 193.0 245.8 380.4 91.3 

5 & under 8.9 187.1 248.2 400.0 

Males 
6 -  11 

.12 - 19 
20 - 29 
30 - 39 
40 - 49 
50 - 59' 
60 - 69 

70 & over 
20 & over 

Females 
6.- 11 

1 2 -  19 
20 - 29 
30 - 39 
40 - 49 
50 - 59 
60-69 . 

70 & over 
20 & over 

28* 
451.5 9 * 
58/63* 
63 * 
63 
63 
63 
63 

28* 
44/46* 
46/50* 

50 
50 
50 
50 
50 

4.6 
5.8 
7.3 
8.2 
6.9 
4.6 
3.4 
3.3 

33.9 

4.4 
5.6 
7.0 

. 8.7 
6.9 
5.2 
4.2 
4.8 

36.8 

177.4 
132.1 
113.6 
115.6 
11 1.6 
105.7 
101.1 
87.7 

107.1 

154.1 
102.0 
96.0 
94.9 
94.8 
92.5 
91.5 
82.9 
92.7 

225.9 
172.0 
154.7 
153.2 
139.0 
135.9 
126.0 
110.4 
140.1 

196.6 
135.3 
122.0 
121.4 
121.3 
122.6 
116.3 
107.6 
119.4 

350.1 
275.4 
253.0 
238.9 
224.0 
216.4 
190.7 
165.7 
226.8 

302.6 
215.0 
196.1 
194.8 
182.6 
175.5 
172.2 
167.9 
184.1 

All Individuals 100.0  106.2  141.5 257.7 

* Agelsex categories of survey don't exactly match age categories of RDA's 

98.0 
143.2 
154.5 
150.5 
141.1 
136.3 
120.1 
104.4 
142.9 

84.7 
96. 8 
94.1 
97.4 
91.3 
87.8 
86.1 
84.0 
92.0 
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Table 11 i.l 

Protein Intake of Americans from Vakious USDA and HHS Surveys 

Mean Intake 

USDA - Economic  Research Service 1970 - 1994  (Based on production) 
Mean  Intake: 93 - 1 10 grams/day 

' . USDA- 1988 - 1991 
Mean  Intake: 

Male  and  female, all ages 78 gramdday  (range  26 - 89) 
Male  only, all ages 92 grams/day  (range  27 - 11 1) 
Female only, all  ages 64  grams/day  (range  25 - 70) 

USDA - Continuing  Survey 1989 - 1991 
Mean  Intake: 

Al1,individuals 7  1.7 grams/day 
Males  age  20 - 29 99.5 gramdday 

' e  USDA - Household  Food%onsumption Survey 1994 - 1996 
Mean  Intake: 

Male and female, all ages 75.1 grarns/day 
Males  only,  over 20 years of age 94.9  grams/day  (range 70.3 - 103.3) 
Females,  over 20 years of age 63.2  grams/day  (range 56.6 - 65.9) - 3  

ESTIMATE OF OVERALL MEAN PROTEN INTAKE 75 gramdday 

90* Percentile of Intake 

HHS-NHANES rn 1 9 g -  19 'c/ 
Value quoted 133 grams 

I USDA - Household Food Consumption Survey 1994 - 1996 
I Females  over 20 years 92.0 grams (range  84 - 97.4 grams) 

Males  over 20 years 142.9 grams  (range 98 - 154.4 grams) 
Males  age 20 - 29 154.5  grams 

~ \ ESTIMATE OF 90TH PERCENTILE OF PRO-TEIN INTAKE 140 gramdday 
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Table 12 

Previously  Approved and Proposed Maximum Use Levels of 
Transglutaminase in All Foods  (by Category) 

Product 

Meats 
Beef 
Pork 
Chicken 
Turkey 

Seafood 
Fish 
Scallops 
Shnmp 

Dairy  Products 
Natural  cheese 

Cheddar 
Brick 
Swiss 

Processed  cheese 
Cottage  cheese 
Cream  cheese 
Frozen  desserts 
Yogurt 

;Grain Products 
Macaroni  (pasta) 
Bread 
Rolls 
Pastry 
Grain  mixture  (tortilla 
Ready-To-Eat cereal 
Dough 

Previously Approved TG Uses 
Level (ppm) mg//gram protein 

65 

65 

100 

250* 

70 
20 
30 

25 
15* 
15 
20 
25 
45 
20 * 

0.41 
0.44 
0.25 
0.22 

0.3 1 
0.33 
0.30 

0.40 
0.45 
0.36 

0.92 
0.44 
0.92 

0.56 

0.16 
0.3 1 
0.37 
0.56 

Requested  Other Food Categories 0.38 

Proposed  illa?<imum TG Use 
Level  (ppm) mglgram protein 

81 

81 

125 

88 
25 
38 

31 
19 
19 
25 
31 
56 
25 

0.5 1 
0.55 
0.3  1 

0.39 
0.4 1 
0.38 

0.50 
0.56 
0.45 

1.15 
0.55 
1.15 

0.70 

0.20 
0.39 
0.46 
0.70 

0.48 

Average (weighted for percent of total ingested protein) amount of transglutaminase (in 
milligrams) per gram of protein in food uses approved  to  date - 0.38mggram protein 

*Approved  levels  significantly  exceed actual use levels 000077 
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Table 13 

I= Organ Meats 

Shellfish 

Sample 

Pork 
Beef 

Pork  Liver 
Beef Liver 

Chicken Liver 
Crab meat 

Spiny lobster 
Lobster 
Oyster 
Clam 

Scallop 
Mussel 

Sea urchin 
Sardine 
Pollack 
Surimi 

' Poultry 

Specific  Activity (mg") 

0.04 
0.04 
n.d. 
0.08 
0.13 
0.46 
0.37 
1.63 
0.56 
5.61 
2.12 
0.1 1 
1.09 
0.33 
0.07 
0.15 
0.04 

TG Content 
(mg/100g) 

2.00 
2.49 
n.d. 
4.46 
8.00 
12.0 
84.0 
55.1 

23.54 
23 2 
84.0 
3.13 
9.06 
11.7 
9.10 
24.1 
0.32 

n.d. 
not detected 
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Negative effects of high amount of TG 
o'n Processing Foods 

1. Sea  food  product 
2. Meat  products 
3. Dairy 
4. Soybean 
5. Bakery 
6. Restructured  steak 
7. Summary 
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1. S.ea  food product (Kamaboko, fish cake) 

Kamaboko manufacturing procedure 

Frozen  surimi (1 kg) 
$ Salt  and ice 

~ 

Cutting 
E TG, ice  and 

4 . additional  ingredients 
(Sugars, seasoning, etc) 

Cutting 
L 1 

till 1OC 

i---"? 
Stuffing 

Setting 

Steaming 

40 C for 40 min 

+ 
85-90 C for 30 min 

Cooling 

Product 

till 5-10 C 

overnight 
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0 1 2 3 4 
TG(U/g.protein) 

5 6 

r 
15.2 

15 
14.8 
14.6 
14.4 
14.2 

14 
13.8 
13.6 

Karnaboko I 

0 1 2 3 4 
TG(U/g.protein) 

5 6 

Breaking  stress increases  with TG amount and  becomes plateau more than 
2 U/g protein.  Breaking  stress  decreases  more  than 2 U/g protein after 
increase.  Desirable texture of kamaboko is  given between 0.7 to 0.12 U/g 
protein- of TG addition. 
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2. Meat  products 
2-1. Sausage 

Sausage  manufacturing  procedure 

Table  Ingredients for sausage  manufacturing 

ntq 

Pork  trimmings 45.00 
Pork  backfat 23.10 
Sodium  caseinate 1 .OO - 
Soy protein 1 .so 
ice 25.60 
Salt 1.70 
Sodium Nitrite 0.02 
Sodium  Ascorate 0.08 
Tripolyphosphate 0.30 

MSG 0.20 
Spice mix 0.20 

100.00 

Sugar 0.20 

Chopped pork 

+- 
1 Mincing 

Mincing 

I 
7. 

% 
I Cutting 

Salt,Phosphate,nitrite and ice 

Pork  backfat 

TG, ice  and 
additional  ingredients 
(Sugars,  seasoning, etc) 

I 
7 till 9 C 

Stuffing 

+ 
Heating 

+ 

Collagen  casing 
($ 16mrn for  wiener 
$ 2 Imm for  frank) 

Dry at 60 C for 15 min 
Smoke at 60 C for 10 min 
Steam at 75 C for 30 min 

till 5-10 C 

+ overnight 

Product 
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300 

n 250 M 
v) 

W 

g 200 
L 

3; 150 
9 $ 100 

50' 

' I  0 

Sausage 

r frank 
"wiener 

Sausage 

6 

f 5  
Y 4  .- 
E 

$ 3  

.E 2 

m f 1  

0 

M 

Y m 

0 2 4 
TG(U/g.protein) 

"e frank 
+ wiener 

Breaking  stress increases with TG amount while  breaking 
strain  decreases  gradually at TG level more than  3U/gram protein 
after  it  reaches  maximum. Although breaking stress  does  not drop 
at  5U/gram  protein, too tough and brittle texture is observed  by 
sensory anal.ysis (data is not shown). 

The  best  texture can  be obtained between 3 and 4.5U/grarn 
protein.  Too  much enzyme, such as more than 5  U/gram protein 
causes  undesirable  texture. 
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2-2. Pork ham 
Pork loin ham manufacturing procedure 

Table  Ingredients for Ham 

Ingredients  Weight(%) Weight(%) 
in pickle in product 

Salt 3.6 1.5 
Sugar 2.4 1.0 - 
MSG 0.45 0.2 
Seasoning 0.96 0.4 
Sodium Ni&ite 0.045 0.02 
Sodium Ascorate 0.192' 0.0s 
Tripolyphosphate 0.72 0.3 
Dexitorin ' 7 2  3 .O 
Sodium  caseinate 2.55 1.2 
Soy protein 4.5 2.0 
Whey  protein. 2.4 1 .o 
Egg wtiite 2.4 1.0 

. water  71.82 - 
100.00 

Trimmed  Pork loin !. 
7 - .  InJectlon 

Tumbling 

! 
Casing 

! 
Heating 

c 

Pickle 
(60% to weight of meat) 

Dry at 55 C for 120 min 
Smoke at 66 C for 60 min 
Steam at 75 C for 120 min 

till 5-10 C 

overnight 
Product 
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900 - aoo M v 700 
600 

$ 500 
400 

3 300 
m 2 200 

100 
0 

0 0.1 
TG(U/g.protein) 

1 

10 

0 
0 0.1 1 

TG(U/g.protein) 

Ham 

18 
16 
14 
12 
10 . 

6 
4 
2 
0 

a 

0 0.1 

TG(U/g.protein) 
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Both  breaking  stress and strain increase with TG amount.  Water 
release * can  be  suppressed at 0.1 U/gram protein while  it  increases  at 
lU/gram protein: Undesirable texture such as too brittle and rubber  like 
texture, is observed at lU/gram protein by  sensory  analysis  (data is not 
shown).  Best  texture  can be obtained between 0.5 and 1.0 U/gram 
protein . 

* water  release (%) = product  weiohtfe) - product  weipht  comuressed (e) x 100 
product  weight(g) 
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e 
3.  Dairy  product  (yogurt) 

Yogurt  manufacturing  procedure 

* Milk 
II TG 
f' 25C 2 h  

Heating 

Cooling 

I A  Starter  culture 

Filling 50-80rnL/cup 

1 Fermentation I 44 C till pH4.5 

Cooling 5-10 C 
I I 

1 
T 

Product 

7 1- 



Yogurt 

0 2 4 6 '  a 10 
TG(U/g.protein) 

Yogurt 

2.5 

2 

E 1.5 

a 1  
E 
$ 0.5 

0 

n a? 
8 
0 

v 

.- 
CI 

c) 

c) 
Q 

v) 

0 2 4 6 8 10 
TG(U/g.protein) 

Breaking  strength  increases almost lineally  with TG amount  and  reaches 
plateau  around 3 U/gram protein. Serum  separation  is  suppressed  completely 
more than 3 U/ gram  protein. The yogurt curd  becomes  brittle  and  rough 
texture  when TG is added more than 3 U/ gram  protein. TG addition  of 2 to 3 
U/gram protein is  appropriate range for obtaining  smooth  and  good  texture. 
This  range is also good enough to suppress serum  separation. In this 
procedure,  material  milk was heated to inactivate TG activity  before 
fermentation.  When TG is added with starter  culture  during  fermentation, 
larger effect can be obtain. In this case, 0.5 to 0.75 U/gram  protein  is  large 
enough. 

000099 
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4. Soybean product (tofzr) 

Tofu  manufacturing  procedure 

Soy milk (dry matter go/,) 

[I 0.1% 6 -Gulcono  lactone 

Setting 55C for 30 min 
L I + 

Heating Till 9OC 

c 

4 
Product 
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2 80 
60 

3 40 
M 

; 20 
* O  

Tofu 

14 
12 

10 
8 
6 
4 
2 
0 
0 2 

Tofu 

4 6 
TG(U/g.protein) 

8 10 

Both breaking  strength  and  deformation  reaches  almost  plateau  more  than 
4 U/gram  protein. Tofu is required soft and smooth texture.  Appropriate TG 
range is between 0.5 and 1 .O U/gram  protein. 
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5. Bakery (Bread) 

Bread  manufacturing  procedure 

Table Ingredients for bread 

Ingredients Weight(%) 

Wheat flour 
(Protein 12%) 100 

Salt 2 
Yeast food 0.2 
Skim milk 1 
Shortening 5 

in mix 

sugar 6 

Wheat flour mix (2508) 
TG I 

v water (1SOmL) I 

r 

I Home auto bakery 
I v 
v 

Resting 3 min 

Y . Dry Yeast ( 2.5g) I 

Kneading 

I Fermentation 

+ 
Molding 

t 
Fermentation 

c 
I Baking + 

Product 
75 

5 min 

27 C for 85 min 

38 C for 40 min 

215 C for 85 min 



e 

2500 

3 2000 
E 
2 1500 
v 

L 
3 
0 

Y- 
> 
m 
0 
-J 

- 
1000 

500 

0 

Bread 

0 0.1 1 
TG(U/g.protein) 

2 

Loaf  volume  decreases  with  TG  amount  after  its  reaches  maximum 
at O.lU/gram  protein.  The  dough  becomes  hard  and  rough  with TG 
addition. Too hard and  poor  mouse  feeling  in  final  product is observed 
by sensory  analysis  when TG is added  more  than  0.1 U/g-ram protein (data 
is not shown). Appropriate TG  amount  is  around  O.lU/gram  protein. 



6. Restructured  streak  (Restructured  pork  steak) 

Restructured  streak  manufacturing  procedure 

Pork trimmings (300g) 
cut into 2 crn-square cube 

S.TG* ' Sodium  caseinate 
Mixing 

+ 
Stuffing 

c 
1 Polyvinylidene  casing 

Setting 5c 

($45 

for 2hr 

I . Freezing 1 -2oc 
I I c overnight 

Product 

* Water  solution  method: TG is dispersed in water  and  added to meat. 
Powder  sprinkle  method:  The  meat is coated by TG as  powder state. 
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Powder   sp r ink le   me thod  

0 1 2 3 4 5 
TG( U/g.protein) 

Water so lu t ion   me thod  

II 200 

.- m 0 
0 10 20 30 40 

TG(U/g.protein) 

Feasible  binding strength is more than 80 g/cm2. Appropriate 
TG range is between 2.0 and 2.5  U/gram protein in powder 
sprlnkle  method.  In case of water  solution method, appropriate 
TG range is between 2.0 and 3.0 U/gram  protein. It become 
plateau more  than 3U and 5U/gram protein  in powder sprinkle 
and  water  solution method. 
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Table. Summary of appropriate TG range in various 
-food items. 

*Amount in final .product. 

protein  TGase item A- ~ 

content (%) (U/gram protein) (ppm)* 
Kamaboko 12.0 0.7-1.2 9.2-13.8 
Sausage 13.0 1.5-2.3 20.0-30.0 

Ham 14.0 0.7-1.5 10.0-20.0 
Yogurt 3.5 2.0-3.0 7.0-10.5 

Tofu 6.0 0.5-1 .O 3.0-6.0 
Bread 8.5 0.0 1-0.1 0.085-0.85 
Restructured  Steak  15.0 

Restructured  Steak  15.0 
powder  sprinkle  method 

water solution method 

2.0-2.5 30.0-37.5 

2.0-3.0 30.0-45.0 
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APPENDIX B 

0 Information  Related to Enzymes Considered GRAS by FDA and Whose 
Use is Limited to Good Manufacturing Practices (GMPs) Only 



PAR" 184-DIRECT FOOD SUB- 
STANCES AFFIRMED AS GEN- 
ERALLY RECOGNIZED AS SAFE 

Subpart A-General Provlslons 
Sec. 
184.1 Substance8  added  directly to h u m a n  - food  afflrmed as generally  recognized as 

3afe ( G U S ) .  - Subpart  B-Ustlng of Speclflc Substances 
.Alffrmed as GRAS 

. 184.10(35 Acetlc  acid. 
184.1007 Aconltlc  acld. 
184.1009 Adlplc  acid. 
184.1011 Alginlc  acld. 
184.1012 a-Amylase  enzyme  preparation 

184.1021 Benzoic  acld. 
184.1024 Bromelain. 
184.1025 - Capryllc  acld. 
184.1027 Mixed  carbohydrese A d  protease 

184.1033 Citric acld. 
enzyme  product. 

184.1034 Catalase (bovlne liver). 
184.1061 Lactic acid. . 

184.1065 Llnolelc  acid. 
184.1063 Enzyme-modlfled  lecithin. 

184.1069 Malic  acid. 

184.1081 Propionlc  acld. 
184.1077 P o t a s g l q   a c i d   t a r t r a t e .  

184.1090 Stearic  acld.  
184.1091 Succlnlc  acld. 
184.1095 Sulruric acld. 

184.1099 Tartaric acid. 
184.1097 Tannic  acld. 

184.1101 . Diacetyl tartaric acid  eaters of 

184.1115 Agar-agar. 

. 184.1121 Red  algae: 
184.1120 Brown  algae. . 

184.1133. Ammonium  alginate. 
184.1135 Ammonium bicarbonate. 
R4.1137 &nmonium  carbonate. 

'138 Ammonium  chloride. 
,139 Ammonium  hydroxide. 

from  Baclllus  stearothermophllus. 

d 

' mono-  and  dlglycerides. 

e 
114.1140 Ammonium  cltrate,  dibasic. 
184.1141a Ammonium  phosphate,   monobask. 

. 184.1141b Ammonium  phosphate,  dibasic. 
184.1143 Ammonium  sulfate. 
184.1148 Bacterially-derived  carbohydrase 

enzyme  preparation. 
184.1150 Bacterlally-derived  protease  en- 

zyme  preparation. 
184.1155 
184.1157 
184.1165 

. 184.1185 
184.1187 

184.1193 
184.1195 
184.1199 
184.1201 
184.1205 
184.1206 
184.1207 
184.1210 
184.1212 
184.1221 
184.1229 
184.1230 
184.1240 
184.1245 
184.1250 

184,1191 

Bentonite. 
Benzoyl  peroxide. 
n-Butane  and  lso-butane. 
Calcium  acetate.  
Calcium  alginate. 
Calclum  carbonate. 
Calcium  chlorlde. 
Calcium  citrate.  
Calclum  gluconate. 
Calcium  glycerophosphate. 
Calcium  hydroxide. 
Calcium  lodate. 
Calcium  lactate.  
Calcium  oxide. 
Calcium  pantothenate.  
Calcium  proplonate. 
Calcium  stearate.  
Calctum  sulfate. 
Carbon,  dloxide. ' 
Beta-carotene. 

rlved  from  Trichoderma  longibrachl- 
Cellulase  enzyme  preparatlon  de- 

atum. 
184.1257 
184.1259 

184.1262 
. 1265 
1zIl 

, ~04.1m 
184.12R 
184.1278 
184.1282 

Clove  and Ita derlvatlves. 
Cocoa  butter  substl tute.  
Copper  gluconate. 
Copper  sulfate. 
Corn silk and  corn silk  extract .  
Cuprous  iodide. 
LCyste lne .  
LCyatelne  monohydrochloride. 
Dextrin. 
Dlacptyl. 
Dill  and it8 derlvatlves. 

184.1287 Enzyme-modlfled fnnts. 
184.1293 Ethyl  alcohol. 
184.1295 Ethyl  formate.  

184.1297 Ferric chlorlde. 
184.1% Ferrlc ammonlum  cl t ra te .  

184.1298 Ferric  cl trate.  
184.1301 Ferrlc  phosphate. 
184.1304 Ferric  pyrophosphate. 
164.1307 Ferrlc sulfate. 
184.1307a Ferrous  ascorbate. 
184.1307b Ferrous  carbonate. 
184.1307~ Ferrous  citrate.  
184.13074 Ferrous  fumarate.  
184.1308 Ferrous gluconate. 
184.1311 Ferrous  lactate.  
184.1315 Ferrous sulfate. 
184.1316 Flcln. 
184.1317 Garllc  and lttl derlvatlves. 
184.1318 Glucono  delta-lactone. 
184.1321 Corn  gluten. 
184.1322 Wheat  gluten. 
184.1323 Glyceryl  monooleate. 
184.1324 Glyceryl  monostearate. 
184.1328 Glyceryl  behenate. 
184.1329 Glyceryl  palmitostear%te. 
184.133 Acacia ( g u m  arabic). 
184.1333 Gum  ghattl.  
184.1339 Guar gum. 
184.i343 Locust  (carob)  bean gum. 
184.1349 Karaya gum (sterculia g u m ) .  
184.1351 Gum  tragacanth. 
184.1355 Hellum. 
184.1366 Hydrogen  peroxlde. 
1842370 Inositol. 
184.1372 Insoluble  glucose  isomerase  enzyme 

preparatlons. 
184.1375 Iron. elemental. 
184.1386 Isopropyl  cltrate. 
184.1387 Lactase  enzyme  preparat:on from 

184.'1388 Lacme   enzyme   p repa ra t ion   f rom 

184.1400 Lecithin. 
184.1408 Licorice  and  llcorlcs  derlvatlves. 
184.1409 Ground  Ilmestone. 
184.1415 hntmal  l ipase .  
184.1420 Llpase  emyrne  preparat!on  derlved 

184.1425 Magnes lm  carbonate .  
from Rhizopus  nlveus. 

184.1426 Magnes lm  ch lor lde .  
184.1428 Magneslurn  hydroxide. 
184.1431 M a g c e s i ~ m  oxide. 
184.1434 Magneslum  phosphate. 
184.1440 Magneslum  stearate. 
184.1443 Magneslum sulfate. 
184.1443a Malt. 
184.1444 Maltodextrln. 
184.1445 Malt   syrup  (mal t   extract) .  
164.1446 Manganese  chlorlde. 
184.1449 Manganese  cltrate. 
184.1452 Manganese  gluconate. 
184.1461 Manganese  sulfate. 
184.1472 Menhaden 011. 
184.1490 Methylparaben. 
184.1498 Mlcropartlculated  proteln  product. 
184.1505 Mono- and  dlglycerides. 
184.1521 Monosodlum  phosphate  derlvatlves 

of mono-  and  dlglycerides. 
184.1530 Nlactn. 

184.1537 Nlckel. 
184.1535 Nlaclnnrnlde. 

184.1538 Nlsln  preparation. 
184.1540 Nitrogen. 
184.1545 Nltroue oxlde. 

184.1555 Rapeseed  oil. 
184.1553 Peptones. 

184.15M) Ox blle  extract. 
184.1563 Ozone. 
184.1583 Pancreatln. 
184.1585 Papain. 
184.1588 Pectlns. 
184.1595 Pepsln. 
184.1610 Potasalum  alginate. 
184.1613 Potseelurn  blcarbonate. 
184.1619 potasalum  carbonate. 
184.1622 Potasslum  chloride. 
184.1625 Potasalum  cltrate. 
184.1631 Pomalum  hydroxide.  

Candlda  pseudotroplcalls. 

Kluyveromyces  lactls. 

80- . 

184.1634 Potaaslum  lodlde. 
184.1635 Potasslum  lodate. 
184.1639 Potasalum  lactate. 
184.1643 Potasalum  sulfate. 
184.1655 Propane. 
184.1660 Propyl  gallate. 
184.1666 Propylene  glycol. 
184.1670 Propylparaben. 
184.1616 Pyrldodne  hydrochlorlde. 
184.1685 Rennet  (anlmalderlved) 

chymosln preparation (fermentation 
rlved). 

184.1695 Rlboflavin. 

184.1698 Rue. 
184.1697 Riboflavin-5'-phosphata  (sodium) 

184.1699 Oil of rue. 
184.1702 Sheanut  011. 
184.1721 Sodlum  acetate.  
184.1724 Sodlum  alglnate. 
184.1733 Sodium benzoate. 
184.1736 Sodlum bicarbonate. 

184.1751 Sodlum  citrate.  
184.1742 Sodlum  carbonate. 

184.1754 Sodlum dlacetate. 
184.1763 Sodlum  hydroxide. 

184.1768 Sodlum  lactate.  
184.1764 Sodlum  hypophosphite. 

184.1769a Sodlum  rnetaslllcate. 
184.1784 Sodium proplonate. 
184.1792 Sodlum  sesquicarbonate. 
184.1801 Sodlum  tartrate.  
184.1804 Sodlum potassium ta-' 
184.1807 Sodium thiosulfate. 

* " r a t a .  

184.1835 Sorbltol. 
184.1845 Stannous chlorlde  (anhydrous  a 

dlhydrated). 
184.1848 Starter dlstlllate. 
184.1851 Stearyl   c i t ra te  
184.1851 Sucrose. 
184.1857 Corn sugar. 
184.1859 Inver: sugar. 
184.1865 Corn syrup. 
184.1866 High fructose  corn s w p .  
184.1875 Thlamine  hydrochloride. 
184.1878 Thlamlne  mononltram. 
184.1890 a-Tocopherols. 
184.1901 Trlacetln. 
184.1903 Trlbutyrln. 
184.1911 Triethyl  cl trate.  
184.1914 Tr~psFn.  
184.1923 Urea. 
184.1924 Ureaae e n z m e  preparat!oz  fro 

184.1930 Vitamin A. 
Lactobaclllue  fermentum. 

184.1945 Vitamin Biz. 
184.1950 Vitamin D. 
184.1973 Beeswax  (yellow  and  whlte). 
184.1976 Candelllla wax. 
184.1978 Carnauba wax. 
184.1979 Whey. 
184.1979a Reduced  lactose  whey. 
184.1979b Reduced  mlnerals  They. 
184.1979~  Whey  proteln  concentrate. 
184.1983 Bakers  yeaat  extract. 
184.1984 Zein. 
184.1985 Amlnopeptldaae e n z m e  PrePar 

t lon  derived  from  lactococcus  lacth.  
A m o m :  21 U.S.C. 321.  342.  348.  371. 
SOURCE: 42 F R  14653. Mar 15, 1977. unle 

otherwise  noted. 



a. I .  ’ .  

4184.1012 a-by lnse  enzyme prepnra- 
tion from Bacillus 
stearothermophilus. 

(a) a-Amylase  enzyme preparation is 
obtained-  from’.the  culture Yiltrate that  
results  from a pure culture  fermenta- 
tion of a  nonpathogenic and 
nontoxicogenic strain of BaciZlus 
stearpthennophilus. Its characterizing 
enzyme activity is a-amylase (1.4 a-D 
glucan  glucanohydrolase (E.C. 3.3.1.1)). 

(b) The  ingredient  meets  the  general 
and  additional requ_irements for en- 
zyme preparations in the “Food Chemi- 
cals Codex,” 3d ed. (1981). pp. 107-110. 
which is incorporated by reference in 
accordance ’with 5 U.S.C.  552(a) and 1 
CFR part 51. Copies are available  from 
the National  Acaaemy  Press, 2101 Con- 
stitution Ave. N W . ,  Washington. DC 
20418, or may be examined at   the Office 
of Premarket Approval (HFS-ZOO), Cen- 
ter for Food Safety  and Applied Nutri- 
tion,’ Food and  Drug  Administration, 
1110 Vermont Ave. NW., suite 1200, 
Washlngton, DC, or the Office of the 
Federal  Register, 800 North Capitol St. 
W., suite 700. Washington, DC. 

(c) In accordance  with 5184.l(b)(l), 
. the ingredient is used in food with no 

limitation  other  than  current good 
manufacturing  practices.  The  affkma- 
tion of thls Ingredient as GRAS as  a di- 
rect  human food ingredient is base& 
upon the following current good manu- 
facturing  practice  conditions of use: 

(1) The ingredient is used as an en- 
zyme, as defined in §170.3(0)(9) of this 
chapter, in the hydrolysis of edible 
starch  to produce maltodextr!ns and 
nutritive  carbohydrate sweeteners. 

(2) The  ingredient is used at  levels 
not t o  exceed current good manufac- 
turing practices. . 

a 

’ [&I FR 55789, Nov. 3, 19951 
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Q 184.10% Bromelain. 
(a) Bromelain (CAS Reg. No. 9 0 0 1 ~  

7) is an  enzyme  preparation derived 
from . the  pineapples Ananas C O ~ O S Z L S  
and A. bracteatus L. It is a whfte to  
light tan amorphous powder. Its char- 
acterizing  enzyme  activity is that  of a 
peptide hydrolase (EC 3.4.22.32). 
(b) The fngredfent  meets  the genera1 

requirements and addltlonal  requfre- 
.menta  for  enzyme  preparations In the 
Food Chemicals Codex, 3d ed. (1981),  p. 
110, which is incorporated  by  reference 
in accordance with 5 U.S.C. 552(a) and 1 
CFR p a r t  51. Copies are  availabie  from 
the  National  Academy Press. 2101 Con- 
stitution  hve. NW., Washington; DC, or 
may be examined at  the Office of Pre- 
market Approval (HFS-ZOO), Food and 
Drug  Administration, 200 C St. SW.. 
Washington, DC, and  the Office of the 
Federal  Register, 800 North Capitol St. 
NW.,, suite 700, Washington, DC. 

(c) In accordance  with §184.l(b)(l), 
the  ingredient is used in food with no 
limitation  other  than  current good 
manufacturing  practice.  The  affirma- 
tion of this  ingredient as GRAS as a df- 
rect food ingredient IS based upon the 
followlng current  good  manufacturing 
practice  conditions of use: 

(1) The  ingredient is used  as  an en- 
zyme  as defined in 5170.3(0)(9) of this 
chapter t o  hydrolyze  proteins or 
polypeptides. 

(2) n e  ingredient is used in food at 
levels  not  to exceed current good man- 
ufacturing  practice. 
[M) FR 32910. June 26. 19951 

J154.1027 Mixed carbohydrase and 

(a) Mixed czrbohgdrue and protease 
enzyme  product is an enzyme prepara- 
tlon tha t  lncludes  carbohydrase  and 
protease  actlvltg. It is obtained  from 
the  culture  filtrate  resulting  from  a 
pure  culture  fermentation of a non- 
pathogenic strain of E .  lichenifomis. 

(b)  The  ingredient  meets  the  specl- 
fications of the Food Chemicals Codex, 
3d Ed. (19811, p. 107, whlch is incor- 
porated  by  reference. Copies are  avail- 
able  from  the  National Academy Press. 
21.01 Constitution Ave. W.,  Wash- 
ington. DC 20418, or avallable for in- 
spection at the Office of the  Federd 
Register. 800 North  Capitol  Street, 
N W . ,  suite 700, Waahlngton. DC 20408. 

(c) In accordance  with §184.1(b)(l), 
the  ingredfent 1s used in food with no 
lfmitation  other  than  current good 
manufacturing  practice.  The  .afflrma- 
tion of this  ingredient a9 generally  rec- 
ognized as safe as a direct  human food 
ingredient is based upon the foIlowing 
current good manufacturing  practice 
conditions of use: 

(1) T h e  ingredient is used as an  en- 
zyme,  a3 defined in §170.3(0)(9) of this 
chapter, t o  hydrolyze  proteins or car- 
bohydrates. 

(2) The  ingredient is used in  the fol- 
1o-g foods at levels  not to exceed 
current good manufacturing  practfce: 
alcoholic  beverages, as defined in 
§170.3(n)(2) of this  chapter, candgr, nu- 
tritive  sweeteners.  and  protein 
hydrolyzates. 
[48 FR 240, Jan. 4. 19831 

protease enzyme product. 
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8 184.10+ Cntnlase (bovine liver). 
(a) Catalase  (bovine  liver) (CAS Reg. 

No. 90014-2) is an enzyme  preparation 
obtained from estracts of bovine liver. 
It Is a  partially  purified  liquid or pow- 
der. Its char3cterizing  enzyme  activlty 
is catalase (EC 1.11.1.6). 

(b) T h e  ingredient  meets  the  general 
requirements  and  additional  require- 

: ments for enzyme preparations in the 
Food Chemicals Codex, 3d ed. (1981), p. 

’ 110. which is incorporated  by  reference 
in accordance  with 5 U.S.C. 552(a) and 1 
CFR part 51. Copies are  available  from 
the  National  Ac3demy  Press, 2101 Con- 
s t i tut ion,  Ave., N W . .  Washington. DC 
20418, or may  be-examined at   the  Office 
of Premarket  Approval (HFS-200). Food 
and  Drug  Administration, 200 C St. ,  
SW., Washington. DC, and  the Office of 

’ the FederalA,Reglster, 800 North  Capltol 
St. NW. ,  suite 700, Washington. DC. 
. (c) In accordance  with  §184.l(b)(l), 
the  ingredient is used in food with no 
limitation  other  than  current good 

, manufacturing  practice.  The  dfirma- , 

tio‘n of this ingredient as GRAS as a di- 
-rect  food ingredient is based  upon  the 

- .following current good manufadturing 
practice  conditions of use: 

- . (1) The  ingredient is used as an. en- 
. z$me- as defined in §170.3(0)(9) of this 

chapter - t o  decompose hydrogen Per- 
oxide. 

I (2) me ingredient is used in food at 
1evels.not  to exceed current good man- 
ufacturing  practice. 
[60 FR 32910, June 26. 19951 

- 

4 184.1148 Bacteridy-derived 
cwbohydrnse enzyme prepmation. 

(3) Bacterially-derived  carbohydrase 
enzyme Preparation is obtained &om 
the  culture  filtrate  resulting  from a 
pure  culture  fermentation of a non- 
pathogenic  and  nantoxfgenlc  strain of 
Bacillus subtiZis or B. amyloi iquefacm. 
The  preparation is characterized by the 
presence of the  enzymes  a-amylase (EC 
3.3.1.1) and P-glucanase (EC 3.2.1.6). 
which catalyze  the  hydrolysis of 0- 
glycosyl bonds in carbohydrates. 

(b)  The  ingredient  meets  the  general 
requirements  and  additional  require- 
ments in the  monograph on enzyme 
preparations  in  the Food Chemicals 
Codex. 4th ed. (19961, pp. 123-135, which 
is incorporated by reference in accord- 
ance  with 5 U.S.C.  552(a) and 1 CFR 
part 51. Copies are  available  from  the 
National  Academy Press, 2101 Constitu- 
tion Ave. N W . ,  Washington, DC 20418, 
or may be examined a t  the  Center  for 
Food  Safety  and Applied Nutrition’s 
Library, 200 C St. SW., rm. 3321, Wash- 
ington, DC, or a t  the Offlce of the Fed- 
eral  Register, 800 North Capitol  Street, 
WV., Suite 700, Washington, DC. In ad- 
dition,  antibiotic  activity is absent L;1 
the  enzyme  preparation when deter- 
mined by an appropriate  validated 
method  such as the  method  “Deter- 
mination of antibiotic  activity” in the 
Compendium of Food  Additive  Specl- 
fications. vol. 2, Joint F A O M 0  Ex- 
pert  Commtttee on Food  Additives 
(JECFA4),  Food  and  Agriculture Organi- 
zation of the  United  Nations,  Rome, 
1992. Copies are  available from B e n a n  
Associates, 4611-F Assembly Dr., 
Lanham, MD 20706, or from The  United 
Nations  Bookshop,  General Assembly 
Bldg., rm. 32, .New York, A N Y  10017, or 
by . inquiries sent to ’ “http:ll 
m . f a o . o r g ” .  Copies may be examined 
at the  Center  for  Food  Safety  and Ap- 
plied  Nutrition’s  Library, 200 C SZ. 
SW., rm. 3321, Washington. OC. 

(c) In accordance  with 5184.1(b)(l), 
the  ingredient is2 used in food wlth no 
limitation  other  than  current good 
manufacturing  practice.  The  afflrma- 
tion of this ingredient as GRAS as a di- 
rect food ingredient is based  upon the 
following  current good manufacturing 
practice  conditione of use: 
(1) The  ingredient is used aa an en- 

zyme  as defined ln 5170.3(0)(9) of this 
chapter  to  hydrolyze  polysaccharides 
(e.g., starch). 

(2) m e  ingredient is used in food a t  
levels  not  to exceed current good man- 
ufacturing  practice. 
[M FR 19894, Apr. 23.19991 
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$1&1.1160 Bncterinlly-derived  protense 

(a)  Bacterially-derived  protease en- 
zyme  preparation is obtained  from  the 
culture  flltrate  resulting  from  a  pure 
culture  fermentation of a  nonpatho- 
genic  and  nontoxfgenic  strain of Bacil- 
lus subtilis or B. amyloliquefaciens. “ h e  
preparstfon is characterized  by  the 
presence of the  enzymes  subtilisin (EC 
3.4.21.62) and  neutral  proteinase (EC 
3.4.24.281, which  catalyze  the  hydrolysis 
of peptide  bonds in proteins. 

(b) The  ingredient  meets  the  general 
requirements  and  additional  require- 
ments  in  the  monograph on enzyme 
preparations in the  Food  Chemicals 
Codex. 4th ed. (1996). pp. 128-135. which 
is incorporated  by  reference fn accord- 
ance  wlth 5 U.S.C. 552(a) and 1 CFR 
part 51. Copies are  available  from  the 
National  Academy  Press, 2101 Constitu- 
tion Ave. NW., Washington, DC 20418. 
or may be examined at the Center for 
Food Safety  and Applied Nutrition’s 
Library, 200 C St. SW., rm. 3321. Wash- 
ington, DC, or at the Office of the Fed- 
eral  Reglster, 800 North  Capitol  Street, 
NW.. Sulte 700 Washington, DC. h ad- 
dition.  antibiotic  actlvity is absent In 
the enzyrne preparation when deter- 
mined by an appropriate  validated 
method  such as the  method  “Deter- 
minatlon of antibiotic  activity” in the 
Compendium of Food  Additive  Speci- 
fications, vol. 2, Joint FAOMrHO Ex- 
pert  Committee on Food Additives 
(JECFA),  Food  and  rigriculture Organi- 
zation of the  United  Natlons,  Rome, 
1992. Copies are  available  from  Bernan 
Associates, 4611-F Assembly Dr., 
Lanham. MD 20706, o r  from  The  United 
Nations  Bookshop,  General Assembly 
Bldg., rm. 32, New York. NY 10017, or 
by  inqufries  sent  to “http:/I 
www.fao.org”. Copies may be examfned 
at the  Center  for  Food  Safety  and Ap- 
plied  Nutrition’s  Library, 200 C St.  
SW., rm. 3321, Washington. DC. . 

(c) In accordance  with 5184.1(b)(l), 
the  ingredient is used in food with no 
limitation  other  than  current good 
manufacturing  practice. T h e  affirma- 
tion of this  ingredient as GRAS as a dl- 
rect food ingredient is based upon the 
following current good manufacturing 
practice  conditions of use: 

(1) The  ingredient is used as an en- 
zyme as defined in 5170.3(0)(9)  of thls 
chapter  to  hydrolyze  proteins or 
polypeptfdes. 

(2) T h e  ingredient is used in food a t  
levels  not to exceed current good man- 
ufacturing  practice. 

enzyme preparation. 

[64 FR 19895, Apr. 23. 19991 

3184.1250 Cellulase enzyme repam- 
tion derived from Tric~odennn 
longibmchiatum. 

(a) Cellulase enzgme preparation is 
derived  from a nonpathogenic. 
nontoxicogenic  strain of Trichoderma 
Zongibrachiaturn (formerly T.  reesei). The 
enzyme,  cellulase,  catalyzes  the 
endohydrolysis of 1.4-beta-glycosidic 
linkages in cellulose. I t  is obtained 
from  the  culture  flltrste  resultfng from 
a  pure  culture  fermentation process. 

(b) The  ingredient  meets  the  general 
and  additional  requirements for en- 
zyme  preparations In the  monograph 
specifications on enzyme preparations 
in the  “Food  Chemicals Codex.” 4th ed. 
(19961, pp. 129 to 134, which is incor- 
porated  by  reference in accordance 
with 5 U.S.C.  552(a) and 1 CFR part 51. 
Copies are  available  from  the  National 
Academy  Press, 2101 Constitution Ave. 
N w . ,  Box 285, Washington, DC 20055 
(Internet  “http:llwmv.nap.edu”), or 
may be examined a t  the  Center for 
Food Safety  and Applied Nutrition’s 
Library, 200 C St. SW., rm. 3321. Wash- 
fngton, DC, or at the Office of the Fed- 
eral  Reglster, 800 North  Capitol  St. 
NW.. suite 700, Washington, DC. 

(c) In accordance  wlth §184.l(b)(l), 
the  ingredient is used in food with no 
limitation  other  than  current good 
manufacturfng  practice.  The  afffrma- 
tlon of this ingredient as generally  rec- 
ognized as safe (GRAS) as a  dfrect 
human  food  ingredient is based upon 
the  following  current good manufac- 
turing  practice  conditions of use: 
(1) The  ingredient is used in food as 

an enzyme as defined in 5170.3(0)(9) of 
thls  chapter  for  the breakdown of cel- 

(2) The ingredient is used in food a t  
levels  not  to exceed current good man- 
ufacturFng practice. 
[64 FR 28361. May 26.19991 

lulose. 
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3.4.22.3). 
(b) The  ingredient  meets  the  general 

requirements  and  additional  require- 
ments  for  enzyme  pr.eparatlons in the 
Food  Chemicals Codex, 3d ed. (19811, p. 
110,. which is incorporated  by  reference 
in accordance with 5 U.S.C. 552(a) and 1 
CFR  part 51. Coples are  available  from 
the  National  Academy  Press, 2101 Con- 
sti tution Ave., N W . ,  Washington. DC 
20418, or may be examined at the  Office 
of  Premarket  Approval (HFSL2001, Food 
and  Drug  Administration, 200 c St., 
SW., Washington, DC, and  the Office of 
the  Federal  Register, 800 North  Capitol 
St., N W . ,  suite 700. Washington, DC. 

(c) In accordance  wlth §.184.1(b)(1), 
the  ingredient is used in food  wlth no 
l imitation  other  than  current good 
manufacturing  practice.  The  affirma- 
t ion of this ingredient as GRXS as a di- 
rect  food  ingredient is based  upon  the 
following  current good manufacturing 
practice  conditiom,of  use: 
(1) The  ingredlent is used as an  en- 

zyme as defined in §170.3(0)(9) Of this 
chapter  to  hydrolyze  proteins Or 
polypeptides. 

(2 )  The  ingredient is used in food a t  
levels  not  to  exceed  current  good  man- " ~ 

ufacturing  practice. 
[M) FR 32910. June  26. 19951 

9 184.1372 Insoluble  glucose homernse 

(a) Lnsoluble glucose  isomerase en- 
zyme  preparations  are used in the pro- 
duction of high  fructose  corn  syrup de- 
scribed fn 9184.1866. They  are  derived 
from  recognized  species of precisely 
classified  nonpathogenic and 
nontoxicogenfc  microorganisms, in- 
cluding Streptomyces rubiginosus, 
Actinoplanes missounensis, Streptomyces 
oliuaceus,  Streptomyces olivochromogenes, 
and Baallus  coagulum, that  have  been 
grown in a pure  culture  fermentation 
that  produces no antibiotics.  They  are 
fixed  (rendered  insoluble)  for  batch 
production  with  GRAS  ingredients or 
may be fixed  for  further  immobiliza- 
tion  with  either GRAS ingredients or 
materlals  approved  under 5173.357  of 
thls chapter. 

(b)  The  ingredient  meets  the  general 
and  additional  requirements for en- 
zyme  preparations in the  Food  Chemi- 
cals  Codex, 3d Ed. (19811, p. 107, which is 
incorporated  by  reference. Copies a r e  
available  from  the  National  Academy 
Press, 2101 Constitution Ave. NW.. 
Washington, DC 20418. or available  for 
inspection a t  the Office of the  Federal 
Register, 800 North  Capitol  Street, 
N W . .  suite 700. Washington. DC 20408. 

(c) In accordance with §184.1(b)(l), 
the  ingredient is used in food with no 
l imitation  other  than  current good 
manufacturing  practfce.  The  affirma- 
tion of this ingredient as generally  rec- 
ognized as safe  (GRAS) as a direct 
human  food  ingredient is based  upon 
the  following  current good manufac- 
turing  practice  conditions of use: 

(1) The  ingredient is used as an en- 
zyme, as defined in §170.3(0)(9) of this 
chapter.  to  convert  glucose  to  fructose. 

(2) The  ingredient is used In high 
fructose  corn s m p .  at levels  not  to ex- 
ceed  current  good  manufacturing  prac- 
tice. 
148 FR 5720. Feb. 8. 1983. as amended a t  61 FR 
43450, Aug. 23, 19961 

enzyme preparations. 



#184.1387 h c b e  enzyme prepmation 
from Candida pseudotropicalis. 

(a) This enzyme preparation is de- 
rived  from  the  nonpathogenic, 
nontoxicogenic  yeast C. 
pseudotropicalis. It  contains  the  enzyme 
lactase (0-D-galactoside 
galactohydrolase, EC  3.2.1.23), which 
converts  lac&ose  to  glucose  and  galac- 
tose. It is prepared from  yeast  that  has 
been grown by 3 pure  culture  fermenta- 
tion process. 
' (b)  The  ingredient  meets  the  general 
requirements  and  additional  require- 
ments  for enzyme preparations  in  the 
Food Chemlcals Codex, 3d ed. (19811, pp. 
107-110. which are  incorporated  by  ref- 
erence  in  accordance with 5 U.S.C. 
552(a1 and 1 CFR part  51. Coples are "-. . 
available  from  the  National Academy 
Press, 2101 Constitution Ave. N W . ,  
Washington, DC 20dl8, or may be exam- 
ined at  the  Center for Food  Safety  and 
Applied Nutrition's  Library, 200 C St.  

, SW., rm. 3321, Washington, DC, or a t  
the Office of the  Federal  Register, 800 
North Capitol St. N W . ,  suite 700, Wash- 
ington, DC. 

(c) In accordance  with $184.1(b)(l), 
the  ingredient is used  in food with no 
limitations  other  than  current good 

. manufacturing  practice.  The  affirma- 
tion of this  ingredient as generally rec- 
ognized as safe as a direct  human food 
ingredient is based upon  the  following 
current good manufacturing  practice 
conditions of use: 

(1) The  ingredient is used as  an en- 
zyme, as defined in !j170.3(0)(9) of this 
chapter,  to  convert  lactose  to glucose 
and  galactose. 

(2) T h e  ingredient is used in food at 
levels  not t o  exceed current good man- 
ufacturing  practlce.  Current good man- 
ufacturfng  practice is limited  to use of 
thls 1njSredient to  reduce  the  lactose 
content in milk  and  milk-derived food 
products where  food standards .do dot 
preclude  such use. 
(61 FR 7704. Feb. 29,19961 

3 184.1388 Lactnse enzyme preparntion 

(a) This enzyme  preparation is de- 
rived  from  the  nonpathogenic, 
nontoxicogenic  yeast Kluyveromyces 
iactis (previously  named Saccharomyces 
lactis). It contalns  the enzyme B- 
galactoside  galactohydrase (CAS Reg. 
No. CBS 6831, which  converts  lactose  to 
glucose  and  galactose. It is prepared 
from  yeast that has been  grown in a 
pure  culture  fermentation  and by using 
materials  that  are  generally recognized 
as safe or are food additives  that  have 
been approved for thls use by the Food 
and  Drug  Administration. 

(b) The  ingredient  meets  the  general 
and  additional  requirements  for  en- 
zyme preparations in the Food Chemi- 
cals Codex, 3d Ed. (19811. p. 107-110, 
which is incorporated by reference. 
Copies are  available  from the National 
Academy Press, 2101 Constitution Ave. 
NW.. Washington, DC 20418, or avail- 
able for  inspection at the Office of the 
Federal  Register, 800 North Capitol 
S k e e t ,  W.,  suite 700, Washington. DC 
20408. 

(c) In accordance wlth §184.1(5)(1). 
the  ingredient is used in food with no 
limitation  other  than  current good 
manufacturing  practice. The affirma- 
tion of this ingredient as generally  rec- 
ognized as safe as a direct  human food 
ingredient is based upon the following 
current good manufacturing  practice 
conditions of use: 

(1) The  ingredient is used as  an en- 
zyme as defined  in §170.3(0)(9) of this 
chapter  to  convert  lactose  to g!ucose 
and  galactose. 

(2) The  ingredient is used in food at 
levels  not  to exceed current good man- 
ufacturing  practlce.  Current good man- 
ufacturing  practice is to use this ingre- 
dient  in  milk  to  produce  lactase-treat- 
ed milk,  which  contains  less  lactose 
than  regular  milk, or lactose-reduced 
milk,  which  contains a t  !east 70 per- 
cent  less  lactose  than  regular  milk. 
[49 FR 47387. Dec. 4. 19841 

from JXluyveromyces lactis. 



JlSr.1420 Lipase enzyme preparation 

(a) Lfpase  enzyme  preparation  con- 
tains lipase  enzyme (CAS Reg. No. 
9001-62-1), which is obtained  from  the 
culture  filtrate  resulting  from a pure 
culture  fermentation of a nonpatho- 
genic  and  nontoxigenic  strain of 
Rhizopus niueus. The  enzyme  prepara- 
tion  also  contains  diatomaceous  earth 
as a carrier.  The  characterizing  activ- 
ity of the  enzyme,  which  catalyzes  the 
interesterlfication of fats a.nd ofis a t  
the 1- and  3-positions of triglycerides. 
is triacylglycerol  lipase (EC 3.1.1.3). 

(b) The  Ingredient  meets  the general 
requirements  and  additional  require- 
ments  for  enzyme  preparations  in  the 
monograph on Enzyme  Preparations in 
the  "Food  Chemfcals Codex," 4th ed. 

. (1996), pp. 133 and  134, which Is incor- 
porated  by  reference in accordance 
wfth 5 U.S.C. 552(a) and 1 CFR part 51. 
Copies are  available  from  the  National 
Academy Press, 2101 Constitution  hve. 
LW.. Washington, DC 20418, or may be 
examined a t  the  Center for Food  Safety 
and  Applied  Nutrition's Libra.zy, 200 C 
St. SW., rm. 3321, Washington, DC, or 
the Office of the  Federal  Register, 800 
North  Capitol St. N w . ,  suite 700. Wash- 
'ington. DC. 

(c) In accordance  with  §184L(b)(l), 
the  ingredient is used in food wlth no 
l imitation  other  than  current good 

, manufacturing  practice. The affirma- 
' tlon of this  ingredient as generally  rec- 

ognized as safe as a direct  human food 
ingredient is based  upon  the  following 
current  good  manufacturing  practice 
conditions of use: 

(1) The ingredient 1s used as an en- 
zyme as defined in §170.3(0)(9) of this 
chapter  for  the  interesteriflcation of 
fats and  oils. 

* (2) The ingredient is used in food at 
levels  not  to  exceed  current good man- 
ufacturing  practice. 
[63 FR 24419. May 4. 19981 

derived from Rhizopua niveus. J 184.1583 Pmcrentin. 
(a) Pancreatin (CAS Reg. No. 80.194:- 

6) is an enzyme  preparation  obtained 
from  porcine or bovine  pancreatic tis- 
sue. It is a white  to  tan powder. I ts  
characterizing  enzyme  activlty  that of 
a peptide  hydrolase (EC 3.4.21.36). 

(b) "he  lngredlent  meets  the  general 
requtrements  and  additional  requlre- 
ments in the  Food  Chemicals Codex, 3d 
ed. (1981). p. 110, which  is  incorporated 
by reference  in  accordance  with 5 
U.S.C. 552(a) and 1 CFR part 51. Copies 
are  available from the  National  hcad- 
emy  Press, 2101 Constitution Ave. NV., 
Washington. DC 30418. or may be cum- 
ined at the Office of Premarket hp-  
proval (HFS-ZOO), Food  and Drug Ad- 
ministration, 200 C St .  SW., Wash- 
ington. DC. and  the Office of the  Fed- 
eral  Register, 800 North  Capitol  St. 
W.,  suite 700, Washington. DC. 

(c) Jn accordance with §184.1(b)(l), 
the  ingredient 1s used  in food with no 
l imitation  other  than  current good 
manufacturing  practice.  The affi- 
tion of this  ingredient as GRAS as 3 di- 

A ma- 

rect  food  ingredient is based  upon  the 
following  current  good  manufacturing 
practice  conditions of use: 

(1) The  ingredient is used as an en-  
zyme as defined in §170.3(0)(9) of th!s 
chapter t o  hydrolyze  proteics or 
polypeptides. 

(2) The  ingredient is used in food at 
levels  not  to  exceed  current  good man- 
ufacturing  practice. 
[SO FR 32911, June 26, 19951 

.". 
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0 1M.1686 Pnpnin. 
(a)'Papaln (CAS Reg. No. 9001-73-1) is 

a proteolytic  enzyme  derived  from 
Carica. papaya L. Crude  latex con- 
taining  the enzym? is collected from 
slashed  unripe  papaya.  The food-grade 
product is -0bta1ned by  repeated  filtra- 
tion of the  crude  latex or an aqueous 
solution of latex or by  precipitation 
from  an  aqueous  solution of latex. T h e  
resulting enzyme preparation may be 
used in a  liquid or dry  form. 
(b) T h e  ingredient  meets  the speci- 

fications of the Food Chemicals Codex, 
3d Ed. (19811, pp. 107-110, which is incor- 
porated by, reference. Copies are  avail- 
able  from  the  National  Academy  Press, 
2101 Constitution Ave. NW., Wash- 
ington, DC 20418, or available for in- 
spection at   the Office of the  Federal 
Register, 800 North  Capitol  Street, 
NW., suite 700, Washington, DC 2040& 

(c) In accordance with §184.l(b)(l), 
,the  ingredient is used in food witk no 
limitation  other  than  currect good 
manufacturing  practice.  The  affirma- 
tion of this  ingredient as generally rec- 
ognized as safe (GRAS) as a  direct 
human food ingredient is based upon 
the following current good manufac- 
turing  conditions of use: 

(1) The  ingredient is used as an en- 
. zyme as defined  in §170.3(0)(9) of this 

. chapter;  processing  aid as defined in 
9170.3(0)(24) of this chapter;  and 
texturizer  as  defined in §170.3(0)(32) of 
this chapter. 

(2) The  ingredient Is used in food a t  
levels  not  to exceed current good man- 
ufacturing  practice. 

(d) Pnor sanctions for this ingredient 
different  from the  uses  established  in 
this section do not  exist o r  have been 
waived. 
[48 FR 48806. Oct. 21. 19831 

4 184.1596 Pepsin. 
(a)  Pepsin (CAS Reg. No. 9001-75-6) 1s 

an  enzyme  preparation  obtalned  from 
the  glandular  layer of hog stomach. It 
is a  white t o  light tan powder, amber 
paste. o r  clear  amber  to brown liquid. 
Its characterizing enzyme activity is 
that  of a peptlde  hydrolase (EC 
3.4.23.1). 

(b)  The  lngredlent  meets  the  general 
requirements  and  additlonal  requlre- 
ments for enzyme preparations  in the 
Food Chemicals Codex, 3d ed. (198l), p. 
110, which is incorporated by reference 
in accordance with 5 U.S.C. 552(a) and 1 
CFR part 51. Copies are  avallable  from 
the  National  Academy  Press, 2101 Con- 
stitution  hve. NW., Washlngton. DC 
20418, or may be examined at   the  Office 
of Premarket Approval (H"S-200), Food 
and  Drug  Administration. 200 C St. 
SW.. Washington, DC, and the Office of 
tSe Federal  Register, 800 North  Capitol 
St. NW.. suite 700, Washington, DC. 

(c) In accordance wlth §184.l(b)(l). 
the  ingredient is used in food with no 
limitation  other  than  current good 
manufacturing  practice. The  affLrma- 
tion of this  ingredient as GRAS as a dl- 
rect food ingredient is based  upon the 
following c m e n t  good manufacturicg 
practice  conditions of use: 

(1) The ingredient is used a9 an en- 
zyme as defhed In 5170.3(0)(9) of this 
chapter t o  hydrolyze  proteins or 
polypeptides. 

(2) The  ingredient is used in food at  
levels  not  to exceed current good mar- 
ufacturing  practice. 
[&I FR 32911. June  26, 19951 
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9184.19W Urense enzyme  prepnration 
from LactobaciIlue fermentum. 

(a) This enzyrrle preparation is de- 
rived  from  the  nonpathogenic, 
nontoxicogenlc  bacterium Lactobacillus 
fennentum. It  contains  the  enzyme 
urease (CAS Reg. No. 9002-115), which 
facilitates  the  hydrolysis of urea to 
ammonia  and  carbon  dioxide. It is pro- 
duced  by a pure culture  ferrnentatlon 
process  and by using  materials  that  are 
generally recognized as safe (GRAS) or 
are food additives  that  have been a p  
proved  for  this use by the Food  and 
Drug  Administration  (FDA). 

(b)  The  ingredient  meets  the  general 
and  additional  requirements  for en- 
zyme  preparations in the  "Food Chemi- 
cals Codex." 3d ed. (19811, pp. 107-110, 
whlch  is  incorporated  by  reference  in 
accordance with 5 U.S.C. 5Wa) and 1 
CFR part 51. Copies are  available  from 
the  National Academy Press, 2101 Con- 
stitution Ave. NPJ., Washington, DC 
20418, or  available  for  inspection at the 
Office of the  Federal  Regfster. 800 
North  Capitol  St. Nw., suite 700, Wash- 
ington, DC. 

(c) Ln accordance  with §184.l(bXl), 
the  ingredient is used in  food with no 
limitation  other  than  current good 
manufacturing  practice.  The  affirma- 
tion of this ingredient as GRAS as a di- 
rect  human food ingredient is based 
upon  the following current good rnanu- 
facturing  practice  conditions of use: 

(1) The  ingredient is used  in  wine, as 
defined in 27 CFR 2.5 and 4.10, as an  en- 
zyme as defined in §170.3(0)(9) of this 
chapter  to  convert  urea  to  ammonia 
and  carbon dioxide. 

(2) The  ingredient is used in food at 
levels  not to exceed current good man- 
ufacturing  practice.  Current good man- 
ufacturing  practice is limited  to use of 
this ingredient in wfne to inhibit  for- 
mation of ethyl  carbamate. 
157 FR 60473. Dec. 21. 19921 

J 184.1986 Aminopeptidnse enzyme 
preparation  derived from 
nctococcus I n c h .  

(a)  Aminopeptidase  enzyme  prepara- 
tion is derived  from  the  nonpathogenic 
and  nontoxicogenic  bacterium 
Lnctococcus lactis (previously  named 
Streptococcus Zaclls). The  preparation 
contains  the  enzyme  aminopeptidase 
(CAS Reg. No. 9031-941; EC 3.4.11.1) and 
other  peptidases  that  hydrolyze  milk 
proteins.  The  preparation  is produced 
by pure  culture  fermentation. 
(b) The  ingredient  meets  the speci- 

ficatlons  for  enzyme  preparations  in 
the Food Chemicals Codex. 3d ed. (1981). 
pp. 107-110. which are  incorporated  by 
reference in accordance  with 5 U.S.C. 
552(a) and 1 CFR part 51. Copies are 
available  from  the  National Academy 
Press, 2101 Constitution Ave. N W . ,  
Washington, DC 20418, or may be exam- 
ined at the Division of Petition  Control 
(HFS-215), Center  for  Food  Safety  and 
Applied Nutrition, Food and Drug -4d- 
ministration, 1110 Vermont Ave. mV., 
suite 1200, Washington, DC, or a t   the  
Office of the  Federal  Register, 800 
North  Capitol St. NW., suite 700, Wash- 
ington, DC. 

(c) Ln accordance  with §184.Ub)(l), 
the  ingredient is used in food with no 
limitations  other  than  current good 
manufacturing  practice.  The  affirma- 
tion of this  ingredient as generally  rec- 
ognized as  safe as a direct  human food 
ingredient is based upon  the following 
current good manufacturlng  practice 
conditions of use: 

(1) The  ingredient is used as an en- 
zyme,  as defined in $170.3(0)(9) of this 
chapter, as an  optional  ingredient  for 
flavor  development in the  manufacture 
of cheddar  cheese, in accordance  with 
$133.113  of this  chapter,  and in the 
preparation of protein  hydrolysates. 

(2) The  ingredient is used a t  levels 
not  to exceed current good manufac- 
turing  practice. 
[ E 4  FR 54193, Oct. 2 0 ,  19951 
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U. S. Food and Drug Administration 
Center for Food safety & Applied Nuhtion e, * / I  

Office of PremarketApproval 

. .  Agency Response Letter 
GRAS Notice No. GRN 000043 

DEPARTMENT OF KEALTH Sr HUMXY SERVICES 

- 

Public Health Service 

Food and Drug Adminrsmtion 
Washington, DC 20203 

September 23,2000 

Ms. Lon Grezg 
Novo  Nordisk  BioChem  North  America,  Inc. 
77 Perry Chapel  Church Road 
Box  576 
Franklinton, NC 27525 

Re: GRAS Notice No. GRN 000043 

Dear Ms. Gregg: 

The  Food and  Drug  Administration (FDA) is responding  to  the  notice, dated April 25, 2000, that you 
submitted in accordance  with  the  agency's proposed regulation,  proposed 21 CFR  170.36  (62 FR 18938; 
April 17, 1997; Substances  Generally Reco,~zed as Safe (GRAS)). FDA received your notice on April 
28,20002nd designated it  as G W  No. 000043. 

The  subject  of your notice is lipase  enzyme preparation derived  from Aspergillus o&ae carrying  a  sene 
, encoding  lipase  from Thermomyces lanuginosus. The  notice informs FDA of the  view of Novo Nordisk 
that this lipase  enzyme  preparation is G U S ,  through scientific procedures, for use in dough, baked 
goods, and the fats and oil industry at minimum levels necessary to achieve the desired  effect.  The lipase 
enzyme  preparation  would be used.as a catalyst in the interesterification of glycerides  and acidolysis 
between  glycerides and fatty  acids  in.fats and oils at a  maximum  level  of  one kilogram of lipase  per ton 
of  triglycerides. The lipase  enzyme preparation would be used in the  hydrolysis  of primary ester bonds 
in triglycerides in  dough  and baked goods for the purpose of  modifjmg lipid-gluten  interactions at a 
maximum  level of one to five grams per 100 kg of flour. $00119 
In your  notice, you describe: (1) a published review article  about  the  safety of the  host microorganism, 
A. oryzae; (2) scientific  publications and recommendations issued by  international  organizations on the 
safety of enzymes used in fo,od processing, including enzymes  derived from genetically  modified 
microorganisms; (3) published scientific articles that discuss  the  safety of the  various  components of the 
pro'duction organism, including  the host organism, and the  components  of  the  genetic  material that is 
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1 into the host organism; (4) the basis  for your conclusion that the presence  of  a gene encoding 

J + Z  pro-cess, which  includes  standard  methods  for the fermentation,  processing, and 

nducted  with  the  subject lipase enzyme  preparation. 

to the,anti-biotic  ampicillin is not a  concern; (5) chapters in several  books that discuss  the 

@ he  enzyme  preparation; and (6) a  published  review  of  oral  toxicity  and senetic toxicity 

; to your notice, the enzyme  preparation  meets  the  specifications  for  enzyme  preparations 
in the  Food  Chemicals Codex (4th  ed., 1996). The  enzyme  preparation also meets the 
ions for  enzyme  preparations  provided  by the Joint Expert Committee on Food  Additives 
a joint  committee of the Food and Agriculture OrganizatiodWorld  Health  Organization). 

the information  provided by NOVO Nordisk, as well  as other infomation availabIe to FDA, the 
IS no questions  at .this t ine regarding-Novo Nordisk's conclusion that lipase  enzyme 
)n derived from-a genetically modified strain of A ,  ory,7ae that contains  a  recombinant  gene 
T. Zanrrginosus lipase is G U S  under  the  intended  conditions  of use. The  agency  has  not, 
made its own determination  regarding  the G R G  status  of the subject use of this enzyme 
In. As always,  it  is  your  continuing responsibiIity to ensure  that food ingredients  that you 
e safe, and  are  otherwise in compliance  with all applicable legal and regulatory  requirements. 

"ance with  proposed 21 CFR 170.36(f), a copy of the text of this letter, as well  as  a  copy of the 
an in your  notice  that  conforms to the  information in proposed 21 CFR 170.36(~)(1), is 
for public  review  and  copying on the  Office of Premarket Approval's  homepaze on the  Internet 
Jm.cfsan.fda.gov/-lrd/foodadd.html). 

Sincerely, 
Is/ 

Alan M. Rulis,  Ph.D. 
Director 
Office  of  Premarket 
Approval 
Center  for  Food  Safety 
and  Applied  Nutrition 

litives  and  Premarket  Approval I GRAS Notice  Summary  Table 

. e I FDA Home I SearcIdSubject Index I Disclaimers & Privacy Policy - 
c updated by saw  2000-SEP-28 
1st updated  by saw/dms 2000-DEC-06 
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Subject: 63FR12421 Direct  Food Substances Mlrmed as Generally Recognized as Safe; Ezg CVhite 
Lysozyme 

Date: 13 Mar 1998 06:35:04 -0500 
Organization: Food and Drug Administration, HHS 

Archive-Name: gov/us/fed/nardfed-register/l99S/mar/l3/63FR1242 1 
Posting-number:  Volume 63, Issue 49, Page 12421 

[Federal  Register:  March 13, 1998 (Volume 63 ,  Number 49)] 
[Proposed Rules] 
[Page 1242 1 - 124263 
From  the  Federal  Register Online via GPO Access [wais.access.gpo.gov] 
[DOCID:fr13mr9S-21] 

DEPARTMENT OF HEALTH AND ~~ SERVICES 

Food and Drug Administration 

21 CFR Part 154 

[Docket  No. 896-0393] 

Direct Food Substances Affirmed as Generally Recognized  as  Safe; 
Egg  White  Lysozyme 

AGENCY:  Food and Drug Administration, HHS. 

ACTION:  Tentative final rule. 

___"""""""""""""""""""""""""""""""""" 
SUMMARY:  The  Food  and  Drug Administration (FDA) is issuing a tentative 
final rule to amend its  regulations to affirm that egg  white lysozyme 
enzyme preparation, when labeled by the common or usual name "egg 

. white lysozyme" to identify its  source, is generally recognized as 
. safe'(GRAS) for  use in preventing  late blowing of  cheese caused by the 

I bacterium Clostridium tyrobutyricum during cheese production.  This 
action is in response to a petition submitted by Fordras S.A. (formerly 
SPA-Societa  Prodotti Antibiotici S.p.A.). FDA has tentatively concluded 

" 

92- 
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that this use of the egg white lysozyme enzyme preparation is G M S  only 
when theingredient  statement  for  both bulk and packaged food  that 
contains cheese manufactured using egg white lysozyme includes the 

the  protein. To give interested persons  an  opportunity to comment on 
this condition ofuse required for  GRAS  status, FDA is issuing this 
tentative final rule. 

0 common or usual name "egg  white lysozyme" to identify the  source  of 

DATES: Submit written  comments by May 37, 1998. 

ADDRESSES: Submit written  comments to the  Dockets  Management  Branch 
' (€€FA-3,05), Food and Drug Administration,  12420  Parklawn Dr., rm. 1-23, 
Rockviile, kD 20857. 

FOR FURTHER N F O R i i T I O N  CONTACT: Linda S. Kahl, Center  for  Food Safety 
'and Applied Nutrition (HFS-206),'Food and Drug Administration, 200 C 
St. SW., Washington, DC 20204, 202-418-3101. 

SUPPLEMENTARY INFORLMATION: 

I. Background 

In accordance with the  procedures described in Sec. 170.35 (21  CFR 
17,0.35),  S.PA-SocietaProdotti Antibiotici S.p.A., now Fordras S.A. ,  
Milan, Italy, submitted a  petition  (GRASP 9GO355) requesting  that  egg , 

prevent late blowing of  cheese  during  production be  affirmed as G U S  as 
a  direct human food  ingredient. FDA published the notice of filing for 
this petition in the Federal Register  of  October 27, 1989  (54 FR 
43 86 l ) ,  and gave interested persons until December 26,  1989, to submit 
written  comments. 

. white lysozyme used to inhibit the bacterium C. tyrobutyricum to 

, .  

11.. Standards for GRAS Affirmation 

Under  Sec.  170.30  (21 CFR 170.30),  general recognition of safety 
.may be. based only on the  views of experts qualified by scientific 
training"and experience to evaluate the safety of  substances directly 
or indirectly added to food.  The basis of such views may be either: (1) 
Scientific procedures, or (2) in the  case  of a substance used in food 
prior to January 1, 1958, through  experience based o n c o h o n  use in 
food. General recognition of  safety based upon scientific procedures 
requires  the same quantity and quality of scientific evidence as is 
-required to obtain approval of a food additive regulation and 
ordinarily is based upon published studies, which may  be corroborated 
by unpublished studies and other  data and information (Sec.  170.30(b)). 

' General recognition of safety through experience based on common  use in ' e food prior to January 1, 1958, may be determined without  the  quantity 
. ,  or quality of scientific procedures required for approval of a  food 

additive regulation, but ordinarily is based upon generally available 
'data  and information concerning the pre-1958 historv of  use of the 

93 
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substance. 
F-DA has  evaluated  Fordras  S.A.'s petition on the basis of 
scientific procedures  to  whether  the  petitioned use of  egg  white II) ' ,  ' lysozyme  enzyme  preparation to prevent  the  late  blowing of cheese 
caused by the bacterium C. tyrobutyricum  during  cheese  production is 
G U S .  In evaluating the  petition, FDA considered  published  and 
unpublished data  and  information  relating to  the identity of, 
characteristic  properties of, and  estimated  dietary  exposure  to  the 
enzyme  component  (i.e.,  lysozyme) of the petitioned  enzyme preparation 
(Refs.. 1 through  7).  FDA  also  considered  that the source of the 
petitioned  enzyme  preparation,  egg  white, has been safely consumed  by 
humans  as  a  source  of  food  protein  throughout  recorded  history,  and, 
therefore, is GlWS (Sec.  170.30(d)),  and  that  the  methods  used  for 
extracting  lysozyme  from the  egg white  source  do not ordinarily  alter 
the chemical  identity  and  characteristic  properties of enzymes  (Ref. 
8). FDA also  considered  published scientific review  articles  (Refs. 1 
and 2) and a senerally  available  trade  association bulletin (Ref.  7) 
discussing  the use of  egg  white lysozyme  enzyme  preparation for its 
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techXcal  effect ofpreventins  late blowing of  cheese  contaminated  with 
C .  tyrobutyricurn as well as  generally available information documenting 
that  this  intended use  of  the  petitioned enzyme  preparation  has  been 

, approved in several European  countries  (Refs. 9 through 13). Finally, 8 'FDA considered  generally available  and  accepted  information relatins  to 
p,rocessing aids used in the  manufacture of the enzyme  preparation  and 
generally available and accepted specifications  for food-gade enzyme 
preparations  (Ref. 14). 

. .  

I III..Safety  Evaluation 

When  present as a  contaminant in  milk used for cheesemaking, the 
pasteurization-resistant  bacterium C-. tyrobutyricum  ferments lactate to  
produce  carbon dioxide,  hydrogen,  and  volatile  organic  acids. This 
fermentation  causes  a  defect in cheese  manufacture known as  "late 
blowing,"  which is typified by abnormal levels of open  texture 
accompanied by undesirable  odors  and flavors. Late  blowing  can  be a 
serious  economic  problem in the manufacture  of  several  varieties of 
cheese  (Refs. 1, 2, and 7). 
The  contamination by C. tyrobutyricum  of milk used for 
cheesemaking,  although  reducible by good husbandry  and  hygienic  milking 
practices, is unavoidable.  Although  treatment  with  certain  chemical 
agents  has been shown to  be effective  against  the  problems  raised  by 
this contamination,  treatment  with  lysozyme  enzyme  preparation  has  been 
found to be  the  most  effective  method  of managing the  late  blowing of 

. .  

,e cheese  contaminated  with C. tyrobutyricum  (Refs. 1 and 2). 

A. The  Enzyme'Component 
94 
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Enzymes  are proteins or conjugated proteins (i,e., a  protein  that 
contains  a nonamino acid moiety such as a  carbohydrate) produced by 
plants, animals, and microorganisms  that function as biochemical 
catalysts (American Heritage  Dictionary  of the English Language).  Most 
enzymes are very specific in their ability to catalyze only certain 
chemical reactions; this high degree of specificity and strong 
catalytic activity are  the  most  important fbnctional properties of 
enzymes (Ref. 15). 
The'Commission on Enzymes of  the International Union of 
Biochemistry has devised a  systematic  strategy for naming enzymes. This 
system combines a naming system and a numbering system. For most 
enzymes, the systematic'name  is derived from the names of  the 
substrate,  product, and type  of  reaction.  The systematic number is 
based on the class and subclasses to which the enzyme belongs. The 
systematic name of lysozyme is peptidoglycan N-acetylmuramoylhydrolase. 
Its systematic number is EC No.  3.2.1.17 and its Chemical Abstracts 
Service Reg-istry Number,(CAS  Reg.  No.) is 9001-63-2. 
Lysozyme was first discovered by A. Fleming, who identified 
lysozyme as an antibacterial enzyme present in nasal mucus  membrane 
(Ref. 3). Subsequently, it was  learned that the antibacterial activity 
of lysozyme occurs  because of its ability to catalyze the hydrolysis of 

. '  the  structural polysaccharide peptidoglycan present in cell walls of 
certain bacteria (Ref. 3). Lysozyme activity has  been shown to be 
present in bacteria, fungi, plants, and almost all  animal tissues,  with 
the highestlevels found in secretions (including milk, mucus, saliva, 

. and tears) and eggs.  Lysozyme is believed to function in all of  these 
organisms and tissues as  an  endogenous antimicrobial substance  (Refs. 1 
and 2). 
Lysozyme was  the first enzyme to have the details of its three- 
dimensional structure published (Ref. 4), and it has become one  of  the 

. best characterized of all enzymes, serving as an example for studies of 
enzyme mechanism and molecular evolution (Refs. 5 and 6 ). Lysozymes 
from  various organisms are very similar to one  another, Egg white 
lysozyme differs very little in structure, amino acid sequence  and 
composition, catalytic mechanism, and substrate specificity fiorn the 
enzyme found in human milk, saliya, mucus, and tears  (Refs.  3  and 6). 
The petitioner provided two published scientific review articles 
(Refs.  1  and'2)  that  discuss the  use of egg white lysozyme in cheese 
.and  other  food.  The  petitioner  also provided a generally available 
trade association bulletin,(Ref. 7) that focuses on the  use of egg 
white l'ysozyme for its technical effect of preventing late  blowing in 
cheese.  This bulletin describes the late blowing defect and how it 
arises, traditional chemical control measures (other  than the  use of 
lysozyme) to reduce  the problem, and the increasing interest in using 
lysozyme .as a replacement for traditional chemical control  measures. In 
addition, the petitioner provided generally available information e, documenting that this intended use of the petitioned enzyme preparation 
has been approved in several countries, including Denmark,  France, 
Germany, Italy, and Spain (Refs. 9 through 13). 
FDA considered the estimated  dietary  exposure  to lysozyme for  the 

' I  

. .  
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proposed  use in cheese (Refs. 16 and 17). Lysozyme accounts  for 
approimately 3.5 percent of  the  total protein of domestic hen egg 
whites (Ref. 7). Whole eggs  contain lysozyme at a level of 
approximately 3,300 parts  per million (ppm).  The  petitioner  reported 
that cheese manufactured using egg white lysozyme enzyme  preparation 
contains a maximum of 400 ppm of lysozyme, or at least 8 times  less 
than eggs  on a weight basis. FDA has  estimated  a  long-term  mean  intake 
of lysozyme to be 74 milligrams per  person  per day (mg/p/d)  for 
consumers  of eggs and 3.8 mg/p/d  for  consumers of cheese; the 
respective  90th percentile intakes  are estimated  to be 163 mdp/day and 
8.1 msJp/day. Egg  whites  from  which lysozyme is extracted will be 
subsequently consumed in other  food  uses.  Thus,  there will be no  long- 
term net increase in lysozyme intake by the  general  population  because 
egg whites without lysozyme will replace egg whites in current  use  that 
contain lysozyme (Ref. 16). On a per eating  occasion  basis,  lysozyme 
intake  for cheese consumers may be 16 mg  on average, or 22 mg at the 
90th percentile level. For comparison,  a  per  eating  occasion  lysozyme 

~ intake for  egg  consumers may be 264 mg on  average, or 416 mg at the 
90th percentile level. Thus,  lysozyme  intake per eating  occasion  due to 
cheese consumption may constitute 5 to 6 percent of lysozyme  intake  due 
to egg consumption (Ref. 17). 
In general, issues relevant to a  safety  evaluation of proteins  such 
as the enzyme component of an  enzyme  preparation  are  potential  toxicity 
and allergenicity (Ref. 18). Proteins derived from  egg  whites do not 
raise toxicity concerns  because egg whites have been safely consumed by 
humans as  a  source of food  throughout recorded history without any 
reports  of toxicity. However,  proteins derived from  egg  whites do raise 
allergenicity concerns because, as with many common  foods, there have 
been reports that consumption of  egg whites can cause  an  allergic 
reaction in certain individuals, particularly children (Ref. 19). 
Therefore,  FDA  considered the  question  of  whether  the  lysozyme 
component of egg  whites is allergenic. 
In evaluating this question, FDA considered  a  report of an in vitro 
study  of the binding of antibodies to specific egg  proteins, where  the 
antibodies were derived from the  serum  of patients known to be allergic 
to eggs  (Ref. 20). This report  suggests that lysozyme was an allergen 
for some individuals who  became  sensitive to egg  whites.  Although  this 
study does not establish that  ingestion of  egg white lysozyme in cheese 
will actually cause a clinically 
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significant allergic reaction in such sensitive individuals, FDA is not 
aware of any data or information  that would refute  the  study's 
inference that  egg white lysozyme may be allergenic. Accordingly, FDA 
is proposing labeling, as discussed  below, to alert the  sensitive 

A related question is whether  egg white lysozyme, when present in 
cheese, is capable of inducing an allergenic response in susceptible 
individuals who have not  previously  consumed egg whites, e.g., because 

0 population to the  presence of egg  white lysozyme in cheese. 
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their customary diet excludes eggs. This  question is no different  than 
for any other  food  containing  egg  white  when  consumed by individuals 
with unknown susceptibility to  eggs.  The  proposed label declaration 

provided by other  egg-containing  products  with ingredient labeling. 
Thus, individuals who  experience  an allergic reaction to lysozyme- 
containing cheese could identify egg white lysozyme as a  possible  cause 
of  the  reaction. 

0 ' '. would  provide such individuals with  the  same  protection  as  that 

B. Enzyme  Source,  Manufacturing  Methods, and Processing  Aids 

Commercial preparations of lysozyme are derived from  domestic hen 
egg  whites using ion exchange  methods and selective  precipitation to 
isolate a highly purified protein  fraction  that  contains mainly 
rysozyme but also may contain small amounts  of  other  egg  white 
proteins. Consistent with  the  agency's finding in its G U S  affirmation 
of  microparticulated  protein product ( 5 5  FR 6354, February 33, 1990), 
FDA  finds that egg  whites  have  been safely consumed by humans 
throughout  recorded  history  and,  therefore,  are GRAS (Sec.  170.30(d)). 
The  agency evaluated the  methods  used  to  isolate  the  enzyme  lysozyme 
from egg whites. These  methods  are based on generally available and 
accepted principles of  protein  purification  (Ref. 8). Such  methods, if 
appropriately selected, do not ordinarily  alter  the chemical identity 
and characteristic  properties of  enzymes.  Therefore,  these  methods  do 
not  materia1,ly change the quality, utility, functionality, or safety of 
enzymes. Moreover,  the  retention  of  the antibacterial activity that is 
characteristic  of  egg  white  lysozyme  when egg white-derived  lysozyme 
enzyme preparation is used in cheese  evidences  that lysozyme in the 

. manufactured enzyme preparation remains unaltered  from the lysozyme in 
egg whites. Thk is corroborative  evidence  of  the fact that  the  methods 
used to isolate lysozyme from  egg whites do not materially change  the 
quality, utility, functionality or safety of  the enzyme lysozyme. 
Enzyme  preparations  used in food processing  are usually not 
chemically pure but contain, in addition to  the enzyme component, 
materials that derive from the enzyme  source. As mentioned above,  egg 
white lysozyme enzyme preparation may contain small amounts of other 
egg  white proteins. A related question is whether  such  proteins  that 
may be present in the  enzyme  preparation  are allergenic. Even  if 
present, other source-derived  proteins  would not be a  concern  because 
the  proposed 1abel.declaration for  egg white lysozyme would  alert 
individuals who  are sensitive to  egg whites to the possible presence  of 

In addition to source-derived materials, enzyme  preparations  used 
in food  processing usually contain materials that  derive  from the 

. . manufacturing methods  used to  generate  the finished enzyme  preparation. 
The egg white lysozyme enzyme  preparation that is the  subject of this 

requirements  for enzyme preparations in the  Food Chemicals Codex,  4th 
ed..(Ref. 14).  The  egg  white  lysozyme  enzyme  preparation  that is the 
subject'of this document may contain  substances that are  added to  the 

. other  proteins derived &om egg  whites. 

0 document complies with the  general  requirements and additional 
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enzyme preparation,  such as  preservatives, stabilizers or diluents,  and 
trace  amounts  of  processing  aids  that  are  used in its  preparation. 

@ and 15): 
These  substances must be  acceptable  for  general  use in foods  (Refs. 14 

C.  Labeling  as  a  Condition of  Use 

Egg  whites are  known to  be  an allergenic  food  source,  particularly 
in children (Ref. 19). There is a  literature  report  (Ref. 20) 
indicating that lysozyme may in fact  have been an allergen for  some 
individuals who  became  sensitive to egg whites.  Although the  reported 
in vitro  study  does not establish  that  ingestion  of  egg white  lysozyme 
in cheese will actually cause a clinically significant allergic 
reaction in such  sensitive  individuals, FDA is not aware of any data  or 
information that  would rehte  the study's inference that egg  white 
lysozyme may  be allergenic. Therefore,  FDA concludes  that there is 
insufficient information in the  current  record  to determine whether  the 

I ingestion of egg  white  lysozyme elicits an allergenic response  when 
. consumed by individuals who  are sensitive to  egg whites. Accordingly, 

as discussed  below, FDA is proposing labeling to alert such  individuals 
to  the presence of  egg  white  lysozyme in cheese.  Such labeling also 
would  alert  the sensitive population to the possible presence  of 
source-derived  proteins other  than lysozyme in the enzyme preparation 

1 Under  section  409(c)( 1) of  the  Federal  Food, Drug, and Cosmetic  Act 
(the  act) (21 U.S.C.  348(c)(l)),  FDA is authorized, in approving  the 
use of a  food additive, to list the conditions  under which the  additive 
may be safely used. These  conditions may include any labeling 
requirements that the  agency  deems necessary to ensure the  safe  use of 
the  additive. Similarly, under  Sec.  184.1(b)(3) (21 CFR  184.1(b)(3)), 
in affirming  a  substance as  GRAS,  FDA is authorized to  set  forth  the 
-particular  conditions of  use, including labeling, under  which there is 
general  recognition  among qualified experts  that  the  use  of  the 
substance is safe.  After carehl review  of  the evidence on the  use  of 
egg  white lysozyme enzyme  preparation in preventing late  blowing in 
cheese, FDA has tentatively  concluded  that such use is G U S  only when 
the'conditions  of  its  use  include  a  declaration on the label or 
labeling of  the  presence of  egg  white lysozyme in both  bulk  and 
packaged  food  containing  such  treated  cheese.  Therefore,  this tentative 
final rule  (Sec. 184.1550(~)(1)) establishes that the  declaration of  
egg  white lysozyme enzyme  preparation by the  common or usual  name  "egg 
white lysozyme" is a  condition  of  use required for G U S  status, so 
that  consumers who are allergic to  egg white  products can be alerted to  
the  presence  of  the  egg  white-derived enzyme in treated  cheese. 

D. Summary and Conclusions 

0" The  petitioner  provided published data and information relating to 
the identity of, characteristic  properties of, and estimated  dietary 
exposure to the enzyme component (Refs.  1  through 7). The  source of the 
petitioned enzyme preparation, egg white, has been safely consumed by 
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humans as a  source  of  food  protein  throughout  recorded  history,  and, 
therefore, i s  G U S  (Sec.  170.30(d)),  The petitioner  provided  generally 
available information  showing that  the  methods used  for  extracting 
lysozyme from  the e,og white  source  do  not ordinarily alter  the  chemical 
identity and  characteristic properties  of enzymes (Ref. 8). Moreover, 
there is comoborating  evidence  that the  extraction of egg white 
lysozyme does not  change^ its  chemical  identity or  characteristics 
because  the antibacterial  activity ,of egg  white lysozyme is retained. 
FDA  concludes  that  the  'methods  used to manufacture egg  white lysozyme 
enzyme  preparation  do  not  change  the  safety  for  food  use  of  the  enzyme 
lysozyme and -that  toxicological 
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studies  are not necessary to establish the safety of lysozyme or  other 
source-derived  proteins  that may. remain in the manufactured  enzyme 
preparation;  FDA  also  concludes  that  there will be no net increase in 
dietary  exposure  of  the  general  population to the  commonly  consumed 
enzyme lysozyme due .to the  proposed  use in cheese  because  lysozyme will 
si.mply be transferred from  eggs  to  cheese  (Ref. 16). 
The  petitioner also provided  generally available and accepted 
information relating to processing  aids  used in the  manufacture  of  the 
enzyme  preparation and generally  available  and  accepted  specifications 
for food  grade enzyme preparations  (Ref. 14). FDA co.ncludes that 
substances  added  to  the  egg  white  lysozyme enzyme preparation or 
potential residue-s of  processing  aids  used in the  manufacturing process 
do  not present  a basis for  concern  about  the safety of  the  egg  white 
lysozyme enzyme preparation.. 
The  petitioner  provided published scientific review articles  (Refs. 
1  and 2) and  a  generally  available trade bulletin (Ref. 7) that  discuss 
the  use of the e,og white  lysozyme  enzyme  preparation in cheese  and 
other  food, including its  use  for  the intended effect of  preventing 
late  blowing of cheese  contaminated  with C. tyrobutyricum. The 
petitioner also provided  generally  available  information  documenting 
that this  intended  use of lysozyme. has been approved in several 
European  countries  (Refs. 9 through 13). FDA concludes  that  generally 
available and  accepted  data  and information establish that  lysozyme 
will achieve  the  intended  technical  effect of preventing late blowing 
in cheese  contaminated  with C.  tyrobutyricum. 
Finally, information in the  petition  and  otherwise available to FDA 
raises the question  of  whether the lysozyme  component of egg  whites  is 
allergenic. FDA is proposing  labeling to alert individuals who may be 

. sensitive to egg  whites to  the  presence  of egg white lysozyme in 
cheese, including the  possible  presence of  other  source-derived 

1 proteins  that may  be' present in the enzyme  preparation. 

IV. Comments 

' FDA received two  comments in response to the filing notice.  One 
comment  expressed  agreement that lysozyme is GRAS for  use in preventing 
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* late  blowing in cheese  and supported  the  affirmation  of G U S  status by 
the  agency,. 
One  comment  stated  that  use  of  lysozyme  as  a  food  preservative may 

poisoning  agents  Listeria monocytogenes and C. botulinum,  rendering  one 
of  the  body’s main defense  mechanisms  useless against resistant 
strains.  ’The comment likened’the  potential selection of lysozyme- 
resistant  strains of bacteria to  the selection of penicillin-resistant 
bacteria  as a’.result of: its  widespread  use.  The  comment pointed out 
that the body could not readily  substitute  the lysozyme naturally 

antimicrobial. 

structural  peptidoglycan  present in cell  walls of susceptible  bacteria. 
Therefore;  development of  resistance to lysozyme would  require  that  a 
bacterium  develop  a  variant of  peptidoglycan  that is resistant to  the 
action.of lysozyme. Development  of  such  a variant peptidoglycan is, in 
principle, possible. However,  as already  discussed, lysozyme activity 
has been  shown  to be present in bacteria, hngi, plants, and  almost all 
animal tissues. If such  relative  ubiquity has not resulted in the 

. 1 clinically significant selection of lysozyme-resistant  bacteria to 
datd, the  use  of lysozyme in those  cheeses  that  are  susceptible to  late 

and adversely affect the public health. Moreover, FDA is not 
considering lysozyme for  use  as  a  widespread  food  preservative.  Rather, * FDA  is  considering  the narrow  question  of  whether  the  use  of lysozyme 
in preventing  late  blowing in cheese is generally  recognized as safe. 
FDA disagrees  that  this limited use in cheese is analogous to  the 
widespread  use  of  antibiotics  such  as penicillin and the  subsequent# 
selection of antibiotic-resistant  bacterial  strains.  Therefore, FDA 
concludes  that  the  use  of  lysozyme in preventing  late blowing in cheese 
does  not  raise  concerns  about  the  selection  of lysozyme-resistant 
strains of  L. monocytogenes or  C.  botulinum. 

0 lead to selection of lysozyme-resistant  strains of  the  bacterial  food 

’ present in secretions  such  as  tears  and saliva for  another 

. The mechanism of  action of lysozyme  involves hydrolysis of the 

’ blowini is unlikely to favor  selection of lysozyme-resistant  bacteria 

V: Specifications 

The  agency finds that,  because  the  potential impurities in the  egg 
white  lysozyme  preparation  that may originate  from  the  source  or 
manufacturing  process do not  raise any basis for  concern  about the  safe 
use  of  the preparation, the  general requirements and additional 
requirements  for  enzyme  preparations in the monograph on Enzyme 
Preparations in the  Food Chemicals  Codex, 4th ed. (1996),  which are 
being incorporated by reference in accordance with 5 U.S.C. 552(a) and 
1 CFR part 5 1, are  adequate  as minimum criteria  for  food-grade  egg 
white  lysozyme enzyme preparation.  Lysozyme assay can be performed 
using a method entitled “Lysozyme hydrochloride,  Microbiological 
Determination,” which is included in the petition (Ref 21) or by 
using any appropriate  validated  method. 

. .  

VI. Conclusions , 100 
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-. The  agency has evaluated all available information and finds, based 
upon  the published information  about  the manufacturing methods  used in --e . the  preparation  of  egg  white  lysozyme  enzyme  preparation, and published 
data and  information about  the identity and characteristic properties 
of egg  white lysozyme, that  the enzyme  component of egg  white lysozyme 
enzyme  preparation is unaltered  from  the lysozyme found in the commonly 
consumed  food,  eggs.  The  agency  also finds, based upon generally 

manufactured in accordance  with  Sec.  184.1550(c), the  source,  egg 
’ whites,  and  the  manufacturing process will not introduce impurities 

into the  preparation  that may render its  use unsafe. Further, the 
agency  finds,  based upon published  information, that egg  white lysozyme 
enzyme--preparation will achieve its intended techrucal effect of 
preventing  late  blowing in cheese contaminated with C. tyrobutyricum. 
Therefore,  the  agency  tentatively  concludes, based upon  the  evaluation 
of  published  data  and  information,  corroborated by unpublished data and 
information, that the  egg  white lysozyme enzyme preparation  described 
in the regulation  set out  below is GRAS for use by the  general 
population in preventing late  blowing in cheese. 
To give  interested  persons  an  opportunity to comment on the 

status,  FDA is issuing this  tentative final rule under 21 CFR 
10.40(f)(6). FDA will review  any  comments  that  are relevant to this 
condition of use and that  are received within the 75 day comment  period @ . and will. respond  accordingly to these comments in the  Federal  Register. 

- . available and  accepted  information,  that  when the preparation is 

. .  proposed label declaration  that is a  condition of use required for GRAS 

. VII. Environmental  Considerations 

The  agency has carefdly  considered  the potential environmental 
effects of this  action. FDA has  concluded  that the action will not have 

environmental impact statement is not  required. The agency’s findling of 
no significant impact and  the  evidence  supporting that finding, 

Management  Branch 

. .  . a significant impact on  the human  environment, and that an 

. contained in an environmental  assessment, may  be seen in the Dockets 
,~ 
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(address  above)  between 9 a.m.  and 4 p.m., Monday through  Friday 

VIII. Analysis of  Economic  Impacts 

A. Benefit-Cost Analysis 

FDA has  examined the  impacts.of this  tentative final rule under 
Executive  Order  12866.  Executive  Order  12866 directs Federal agencies 
to  assess  the  costs and  benefits of available regulatory alternatives, 
and,  when  regulation is necessary, to select regulatory approaches  that 

. maximize net benefits (including  potential economic, environmental, 
101- 
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public health and safety effects;  distributive impacts; and equity). 
Accor,ding to Executive  Order  12366,  a regulatory action is 
"significant" if it meets any one  of a number of specified 
conditions; including having  an  annual  effect on the economy of $100 
million, adversely  affecting in a  material way a  sector  of  the  economy, 
competition,  or  jobs, or if it raises novel legal or policy issues. FDA 
finds that this  tentative final rule is not  a significant regulatory 
action, as defined by Executive  Order  12866. In addition, it  has been 
determined  that this final rule is not a major rule for the  purpose  of 
congressional  review. 
The primary benefit of this  action  is to remove uncertainty about 
the  regulatory  status  of  the  petitioned  substance. FDA is tentatively 
affirming the GRAS status  of  egg  white lysozyme in cheese only when  the 
ingredient  statement of  the bulk and  packaged  food that contains  the 
cheese  includes the  common or usual name of the  substance, Le., "egg 
white  lysozyme." The labeling requirement will add a small cost to the 
future  use  of  the  petitioned  substance, and therefore, is not a 
significant action  under the  Executive  Order 12366. 
FDA  has examined the  impacts  of this  tentative final rule under the 
Unfunded Mandates  Reform Act  of 1995 (UTVIRA) (Pub. L. 104-4). A written 
statement  under  section  202(a) of the UMIW is not required for this 
rule because the rule does  not  impose a mandate that results in an 
expenditure  of $100 million or  more by State, local,  and tribal 
governments in the  aggregate,  or by the private sector, in any 1 year 

B. Regulatory Flexibility Act 

FDA  has  evaluated this tentative final rule under the  Regulatory 
Flexibility Act.  The  Regulatory Flexibility Act (5 U.S.C. 601-612) 
requires  Federal  agencies to consider alternatives that would minimize 
the  economic impact of  their regulations on small entities. 
FDA believes that  this  tentative final rule is not likely to have a 
significant economic  impact on a  substantial number of small entities. 
However,  the agency seeks  comment  on this tentative conclusion.  First, 
FDA is tentatively affirming the GRAS status of egg white lysozyme in 
cheese only when the ingredient  statement of the bulk and packaged  food 
that contains  the  cheese  includes  the  common or usual name of the 
substance,  i.e., "egg  white lysozyme." This labeling requirement will 
impose only minimal costs to  the  future use of the petitioned 
substance.  Second, FDA has  information  that  the petitioner does not 
currently sell egg  white  lysozyme in the United States (Refs. 22  and 
23). Moreover,  FDA is not aware  of any manufacture or use  of  cheese 
containing egg  white lysozyme in the United States.  If no small 
entities are currently  manufacturing or using cheese containing egg 
white  lysozyme, the  proposed labeling requirements would not impose any 
cost to small entities. However,  because FDA does not have any 
infomation on whether  other  entities in the United States  are 
manufacturing or using  cheese  containing  egg white lysozyme, FDA is 
unable to conclude, in this  tentative final rule, that there will be no 
significant economic  impact on a  substantial number of small entities. 
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Therefore,  the agency seeks  comment  on  the manufacture or use, by any 
small entity, of cheese  containing  egg  white lysozyme. In its final 
rule, the agency will, based 'on  any relevant comments received, 
determine  whether  there is a significant economic impact on  a 
substantial number of small entities. 
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- ' 'Use of Lysozyme to  Prevent  the 'Late Blowin$ of Cheese." 

Food ingredients, Incorporation by reference. 
Therefore, under the Federal Food, DIU%, and Cosmetic Act  and under 
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' authority delegated to  the Commissioner of Food and Drugs and 
: redelegated to the  Director,  Center  for  Food Safety and  Applied 

Nutrition, it is proposed  that  2 1 CFR part 184 be amended as follows: 

PART 184--DIRECT FOOD  SUBSTAVCES AFFIRMED AS GENERALLY  RECOGNIZED 
AS SAFE 

1. The authority citation for  21  CFR part 184 continues to read as 
follows: 

Authority:  21  U.S.C. 321, 342,  348, 371. 

2.  Section  154.1550 is added to subpart B to read  as follows: 

ea Sec.  184.1550  Egg white lysozyme. 

(a) Egg white lysozyme (CAS Reg. No. 9001-63-2) is the enzyme 
peptidoglycan N-acetylmuramoylhydrolase (EC No. 3.2.1.17) obtained  by 006133 
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extraction fiom egg  whites. The enzyme catalyzes the hydrolysis of 
peptidoglycan in the cell walls of  certain bacteria including 
Clostridium  tyrobutyricum. 

requirements  for enzyme preparations in the monograph on  Enzyme 
Preparations in the  Food Chemicals Codex,  4th ed. (1996), which is 
incorporated by reference in accordance with 5 U.S.C. 552(a)  and 1 CFR 
pari 5 1. Copies  are available from  the  National Academy Press,  2101 
Constitution Ave. N W . ,  Washingon,  DC 20418, and may  be examined at  the 
Center  for  Food Safety and Applied Nutrition's Library, 200  C St. SW., 
rm,. 3321, Washington DC,  or at the Office of  the Federal Register, SO0 
North Capitol St. N W . ,  suite  700,  Washington,  DC. 
(c)(l) The ingredient is used in cheeses, as defined in 
Sec.  170.3(n)(5)  of this chapter, in accordance with Sec. 1S4.l(b)(3) 
at levels not  to exceed current good manufacturing practice. 
(2)  The  affirmation  of  the  use of this ingredient as generally 
recognized as safe ( G U S )  as  a direct human food ingredient is based 
upon  the following conditions  of  use: 
(i) The ingredient is used  as an enzyme as defined in 
Sec. 170.3(0)(9) of this chapter. 
(ii) Current  good  manufacturing  practice utilizes a level of the 
ingredient sufficient to prevent the late blowing of cheeses caused by 
the bac.terium Clostridium tyrobutyricum during cheese production. 
(iii) The ingredient statement for  both bulk and packaged food that 
contains  cheese  manufactured  using  egg white lysozyme  shall include the 

the  protein. ' 

'0 ~ (b) The ingredient meets the general requirements and additional 

0 . common or usual name "egg white lysozyme" to identify the  source of 

Dated!  March 3, 1998. 
L. Robert  Lake, 
Director, Office of Policy, Planning and Strategic Initiatives, Center 
for Food Safety and Applied Nutrition. 
[FR Doc. 98-6571 Filed 3-12-98;  8:45 am] 
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DEPARTMENT OF HEALTH, AND HUMAN SERVICES 
. ,  

Food and Drug Administration 

21 CFR Part 184 

[Docket  No. 84G-02573 

Carbohydrase and  Protease Enzyme Preparations Derived From 
'Bacillus  Subtilis  or Bacillus Amyloliquefaciens; Affirmation of GRAS 
Status as Direct  Food Ingredients 

AGENCY: Food  and  Drug Adninistration, kiss. 

ACTION: Final rule. 

SUMMARY: The Food  and  Drug Administration (FDA)  is affirming t h a r  
carbohydrase enzyme prepararions derived from either Bacillus subcilis 
or B. amyloliquefaciens and protease enzyme preparations derived frorn 
either B. subrrilis or 0 .  amyloliquefaciens are generally recognizsd as 
safe. (GRAS) for use as direct food ingredients. This action is a 
partial response to a petition filed by the  Ad tioc Enzyme Technical 
Committee (now the Enzyme Technical Association). 

DATES: The regulacion is effective April 23, 1999. The Director of rne 
Office of the Federal  Register  approves  the incorporation by reference 
in accordance with 5 U.S.C. 552(a) and 1 CFR part 51 of certain 
pub1,ications  listed in 21 CFR 184.1148 and 184.1150, effective April 
23,. 1999. 
FOR FURTHER IMFORMATION  CONTACT:  Linda S .  Kahl, Center for Food Safety 
and Applied Nutrition (HFS-206), Food and Drug Administration, 200 C 
St. SW., Washington, DC 20204, 202-418-3101. 

SUPPLEMENTARY INFORMATION: 

Table of Contents 

I. Introduction 
11. Standards for GRAS Affirmation 
111. Background 

A. Identity and Technical Effect 
B. Methods of Manufacture 

A. Pre-1958 History of Use in Food 
1. Bacillus Subtilis 
2. Bacillus  Amyloliquefaciens 
B. Corroborating Evidence of Safety 
1. The Enzyme Components 

IV. Safety Evaluation 
, ,  
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2 .  Enzyme Sources, Manufacturing Methods, and Processing Aids 
V. Comments 
.VI. Conclusions 
VII. Environmenta1,Considerations 
VIII. Analysis for Executive Order 12866 

X. Paperwork Reduction Act of 1995 
XI.' Effective Date 
XII. References 

@ IX.  Regulatory Flexibility Analysis 

I. Introduction 

In accordance with  the procedures described in Sec. 170.35  (21 CFR 
;170.35), the Ah Hoc Enzyme Technical Committee (now the Enzyme 
Technical Association), c/o Miles Laboratories, Inc., 1127 Myrtle St., 
-Elkhart, IN 46514, submitted a petition (GX4SP 3G0016) requesting that 
the following enzyme preparations be affirned as GRAS for use in food:  
(1) Aiiimal-derived enzyme preparations: Cacalase (bovine liver); 
lipase, animal; pepsin; rennet; rennet, bovine; and trypsin; (2) plant- 

' derived enzyme preparations: Bromelain; malt; and papain; (3) 
microbially-derived enzyme preparations: Lipase, catalase, glucose 
oxidase, -and carbohydrase from Aspergillus niger, var.; mixed 
carbohydrase and protease from Bacillus subtilis, var.; carbohydrase 
from Rhizopus oryzae; and carbohydrase from Sacchacomyces species. 

' FDA published a notice of filing of this petition in the Federal 
. Regis.ter of April 12, 1973 (38 FR 9256), and gave interested persons an 

. 3 0 5 ) ,  Food  and Drug Administration, 5630 Fishers Lane, rm. 1061, 
opportunity to submic comments to  the Dockets Management Branch (HFA- 

Rockville, .MD 20852. The petition was amended by notices published in 
the, Federal Register of June 12, 1973 (38 73 15471) , proposing 
affirmation that microbially-derived enzyme preparations (carbohydrase, 
lipase, and prot'ease) from A. oryzae are GRAS for use in food; in the 

affirmation that the enzyme preparations ficin; obcained from species 
of the genus Ficus (fig tree), and ?ancreatin, obcained from bovine and 
porcine pancreas, are GRAS for use in food; in the Federal Register o f  
June 2 3 ,  1987 (52 FR 23607), proposing affirmation that the protease 
enzyme preparation from A. niger is GRAS for use in food; and in the 
Federal Register of August 5, 1996 (61 FR 40648), proposing affirmation 
that carbohydrase and protease enzyme preparations from B. 
amyloliquefaciens are GRAS for use in food. In the June 2 3 ,  1987, 
notice, FDA also noted the petitioner's assertion that pectinase enzyme 
preparation from A. niger and lactase enzyme preparation from A. niger 
are included under carbohydrase enzyme preparation from A. niger, and 
that invertase enzyme preparation from Saccharomyces cerevisiae and 
lactase enzyme preparation from  Kluyveromyces marxianus are both 
included under carbohydrase enzyme preparation from species of the 
genus Saccharomyces. The agency further noted that, therefore, 
pectinase enzyme preparation from A. niger, lactase enzyme preparation 
from  A. niger, invertase enzyme preparation from S .  cerevisiae, and 
lactase enzyme preparation from K. marxianus were to be considered part 
of the petition. Interested persons  were given an opportunity to submit 
comments to the Dockets Management Branch (address above) on each 
amendment. 

comprehensive safety ,review of GRAS substances, two GRAS affirmation 
regulations that covered three of the enzyme preparations from animal 
and-plant sources included 'in the  petition. These two regulations a r e :  
(1) Sec. 184.1685  Renn-et (animal derived) (21 CFR 184.1685) , which was 
published in the Federal Register of November 7 ,  1983 (48 FR 51151) and 

I .  

a 
. .Federal  Register of August 29, 1984 (49 FR 34305), proposing 

. .  

After the petition was filed, the agency published, as part of its 
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includes the petitioned enzyme preparations rennet and bovine rennet; 
and ( 2 )  Sec. 184.1585 Papain (21 CFR 184.1585), which was published in 
the Federal Register of October 21, 1983  (48  FR 48805). Thus, 
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rennet, bovine rennet, and papain are already affirmed as GRAS and need 
not be addressed further. 

In  a notice published in the Federal Register of September 20, 1993 
(58 FR 48889), the agency announced that  the petitioner had requested 
that the following enzyme preparations be withdrawn from the petition 
without prejudice to the filing of a future petition: (1) Pancreatin 
used for its lipase activity, ( 2 )  pancreatin used for its amylase 
activity, and (3) amylase derived from unmalted barley extract. In that 
notice, the agency stated that,  in liqht of the petitioner's requesr, 
any future action by FDA  on the petition would not include a 
determination of the GRAS status of these three enzyme Preparations. 

(60 FR 3 2 9 0 4 ) ,  the agency affirmed as GRAS the following enzyme 
preparations derived from animal sources: Catalase (bovine liver), 
animal lipase, pepsin, trypsin, and pancreatin (as a  source of protease 
activity). In that same final rule, the aaency also affirmed as GRAS 
the following enzyme preparations derived from plant sources: 
Bromelain, ficin, and malt. 

preparations: (1) carbohydrase enzyme preparation from B. subtilis; (2) 
protease enzyme preparation from 9. subtilis; ( 3 )  carbohydrase enzyme 
preparation from 9.  amyloliquefaciens; and (4) protease enzyme 
preparation from 9. amyloliquefaciens. \l\ The other microbial enzyme 
preparations in the petition will be  dealt with separately in  a future 
issue of the Federal Register. 

In  a final rule published in the Federal Register of June 26, 1995 

This final rule addresses the following bacterially-derived enzyme 

"""""~""""""""""""""""""""""""""~"""""~ 

\1\ Although the petition requesced GRAS affirmation for mixed 
carbohydrase and  protease' enzyme preparation from B. subtilis, the 
petitioner subsequently agreed that this enzyme preparation be 
epaluated as two separate enzyme preparations, carbohydrase enzyme 
preparation from 8. subtilis and protease enzyme preparation from 9. 
subtilis. Enzyme preparations that contain mixtures of carbohydrases 
and proteases can be used either for their carbohydrase activity or 
for their protease activity, and they are usually sold according to 
their intended use. FDA requested the petitioner's agreement to  this 
change to reflect the distinct uses of mixed carbohydrase and 
protease enzyme preparations in food depending on whether a 
particular preparation is being used for its carbohydrase activity 
or for its protease activity. 
""""~"""""""~"""""""""""""""""""""""""~ 

11. Standards for GRAS Affirmation 

Under Sec. 170.30 ( 2 1  CFR 170.30) and 21 U.S.C. 3 2 1 ( s ) ,  general 
recognition of safety may be based o n l y  on the views of experts 
qualified by scientific training and experience to evaluate the safety 
of substances directly or indirectly added to food. The basis of such 
views may be either scientific procedures or,  in the case of a 
substance used in food prior to January 1, 1958, experience based on 
common use in food. General recognition of safety based upon scientific 
procedures requires the same quantity and quality of scientific 
evidence as is required to obtain approval of a food additive and 



by unpublished studies and other data and information (Sec. 1 7 0 . 3 0 ( 5 ) ) .  
General recognition of safety through experience based on common use in 
food prior to January 1, 1958, may be determined without the  quantity 
or quality of scientific procedures required for approval of  a food 
additive, and ordinarily is based upon generally available data  and 
information concerning the pre-1958 use of the substance 
(Sec. 170.30(c) 1 .  

For'the enzyme preparations from B. subtilis and B. 
'amyloliquefaciens that are the subject of this document, the Enzyme 
Technical Association bases its request for affirmation of GRAS status 
,on  a  history of.safe food use prior to 1958. As discussed in the 
preamble to the proposed rule for the most recent amendment to 
Sec. 170.30, general recognition of safety through experience based on 
common use in food requires a consensus on the safety  of the substance 
among the community of experts who are qualified to evaluate the  safety 
of food ingredients (50 FR 27294 at 27295, July 2, 1985) . 

111. Background 

A. Identity and Technical Effect 

Enzymes are proteins that originate from living cells and prodcce 
chemical change by catalytic action (Random House Dictionary of the 
English Language, 1987). Most enzymes are very specific in their 
ability to' catalyze only certain chemical reactions; this high  degree 
of specificity and strong catalytic activity are the mostsimportan: 
'functi'onal properties of enzymes (Ref. 1). 

Commercial enzyme preparations such as those that are the subject 
of this document usually contain several enzymes that have catalytic 
activities other than those for which they are sold--i.e., other than 
their characterizing enzyme activities. As discussed in more detail  in 
section II1.B of this document, the methods of manufacture for a 

. specific commercial enzyme preparation are tailored to maximize the 
characterizing enzyme activity. The other enzymes that are present in 
the preparation generally are present at low  levels. 

whose .catalytic activity is the hydrolysis (i.e., splitting) of 0- 
glycosyl bonds in carbohydrates. The carbohydrase enzyme preparations 
that are the subject of this document each contain two or more 
carbohydrases, including: (1) <greek-a>-amylase, which hydrolyzes 
<greek-a>-lf4-glucan bonds in polysaccharides (e.g., starch) yielding 
monosaccharides, linear oligo3accharides and branched oligosaccharides 
(dextrins), and (2) <greek-b>-glucanase, which hydrolyzes 1,3 and  some 
1,4 linkages in <gr~eek-b>-D-glucans (polysaccharides that are common in 
cereals such as oats, barley, and rye), yielding oligosaccharides ana 
glucose (Refs. 2 and 3). Because the major carbohydrase in the 
carbohydrase enzyme preparations derived from B. subtilis or B. 

preparations is the hydrolysis of starch in processes such as  the 
preparation of starch syrups and the fermentation of beer (Refs. 3 
through 5 )  . 

Proteases are enzymes whose catalytic activity is the hydrolysis of 
peptide -bonds in proteins, yielding peptides and amino acids. The 
protease enzyme preparations that are  the subject of this document each 
contain two or more proteases, including subtilisin and neutral 
proteinase (Refs. 2 and 3). The primary use of the protease enzyme 
preparations derived from B. subtilis or B. amyloliquefaciens is in  the 
preparation of protein hydrolysates and the tenderizing of meat (Refs. 
3 throuah 5) . 

Carbohydrases, which are also known as glycosidases, are enzynes 

. amyloliquefaciens is.<greek-a>-amylase, the primary use of these enzyme 

h t t p : / / ~ e b g a t e 3 . a c c e s s . g p o . g o v / c g i - b i n / = 7 0 8 4 1 5 2 0 9 + 0 + 0 + 0 & ~  03/02/2001 



International Union of Biochemistry Enzyme Commission (EC) numbers of 
the.carbohydrase  and  protease enzyme preparations derived from B. 
subtilis or B. amyloliquefaciens. 

#Table 1.--Enzyme Activities  and EC Numbers Associated With Enzyme 
Preparations Derived From B. Subtilis or B. Amyloliquefaciens 

Characterizing Enzyme 
"""_"""""""""""""~""""""""""""""""""" 

Enzyme Preparation Activity EC Number 
""""""""""-"""""""""""""""""""""""""~ 
Carbohydrase 

Protease 

<greek-a>-Amylase 3.2.1.1 
<greek-b>-Glucanase 3 . 2 . 1 . 6  
Subtilisin 3.4.21.62 
Neutral Proteinase 3.4.24.28 

"""""""""""""""""""""""""""""""""""" 

B. Methods of Manufacture 

All  microbial  strains, including bacterial strains, used to 
manufacture enzyme preparations  are started from a 
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pure laboratory  culture  and grown, or "fermented," in  a sterile 
liquid nutrient medium  or sterile moistened semisolid medium. Acce?ced 
microbiological  techniques  are  used to exclude contaminating organisrns 
and to,avoid development  of substrains from within the culture itself 
(Ref. 6). Although specific conditions of fermentation vary from 
manufacture.r to manufacturer,  common fernentation procedures are: (1) 
The  submerged  culture  method, which uses closed fermenters equipped 
'with  agitators, a'eration devices, and jackets or coils for temperature 
control; and (2) the  semisolid culture method, which uses horizontal 
rotating  drums or large chambers fitted with trays (Refs.' 5 and 6). 
During fermentation by either method, the pH, temperature, appearanct 
'or disappearance of certain ingredients, purity of culture, and level 
of enzyme activity must be carefully controlled. The fermentation is 
harvested.at'the point where laboratory tests indicate that maximc;;: 
production of enzyme activity has been attained. 

preparations are produced vary widely. Each single strain of 
microorganism produces a large number of enzymes (Ref. 5 ) .  The absolute 
and  relative amounts of various individual enzymes produced vary 
markedly among species  and even among strains of the same species. They 
also vary depending upon  the composition of medium on which the 
microorganism grows, and upon the fermentation conditions. The 
petitioner  states  that for a specific enzyme preparation the production 
strain, medium composition, and fermentation conditions are optimized 
to maximize the desired enzyme activity (Refs. 7 and 8). 

The  carbohydrase  and protease enzymes from B. subtilis and B. 
amyloliquefaciens are excreted into the fermentation medium (Refs. 9 
through 11). In the semisolid culture method, an enzyme that is  present 
in' the fermentation medium  is extracted either directly from the moist 
material, or later after  the culture mass has been dried. In the 
submerged culture method, the microorganisms and other insolubles are 
removed from the fermentation medium by decanting, filtering, or 

In practice, the processes by which microbial-derived enzyme 

I centrifuging, and therefore an extraction step is  not required. In 
either method, furth,er processing steps may involve clarification, 
evaporation, precipitation, drying, and grinding (Refs. 6 and 3 through 
1 2 ) .  
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IV. Safety  Evaluation 

A. 'Pre-1958 History of Use in Food 

Enzyme preparations  have been safely used for many years in the 
production  and  processing of food, for example, in the baking, dairy, 

1.' Bacillus  Subtilis 
'The petitioner has  provided generally available information, 

inclu,ding published  reviews, showing that carbohydrase and protease 
enzyme preparations  derived from B. subtilis were commonly used in food 
prior. to 1958  (Refs. 4 and 5 ) .  This information is summarized in Table 
2 .  

. and.brewing industries (e.g., see Refs. 1, 4, and 13). 

Table  Z.--Applications  of Bacterial carbohydrase and Protease Enzyme 
Preparations  in Food Prior to  1959 

"""""""""""""""""""""""""""""""""""" 

Technical 
Enzyme effecc  or 

preparation  Food categories industry References 
application 

"~""""""""""""""""""""""""""""""""""~ 

Carbohydrase Beer Mashing<SUP>1</SUP> 4 and 5 
Syrup  for cocoa Reduction of 4 and 5 
and  chocolate viscosity 4 and 5 
Sugar Xecovery fron 4 and 5 
Distilled scrap candy 4 
beverages Mashing 
Precooked Modification of 
cereals cereal stazches 

to improve 
cnaracterisrics 

Beer Chillproofin; 4 
Condiments Not reported 5 
Milk Drotein 5 

hydrolysis 
""""""""""~""""""""""""""""""""""~""" 

Protease 

\l\ Mashing is the  conversion of starch to sugars. 

In the  published  article by Underkofler et al. (Ref. 5), the 
authors use the general  terms "bacterial amylase" and "bacterial 
protease" to refer  to bacterially-derived carbohydrase and protease 

' enzyme preparations  used in food at the time of the article. However, 
the article  also  includes  a table in which the source bacterium for 
bacterially-derived enzyme preparations is identified as B. subtilis. 

In the  published  article by Underkofler and Ferracone (Ref. 4 ) ,  the 
authors use the general  terms "bacterial carbohydrase" and 
"bacterial protease" to  refer to bacterially-derived carbohydrase and 
protease ,enzyme preparations used in food at the  time of the article. 
Unlike the Underkofler et al. article, however, the Underkofler and 
Ferracone article does not identify the source bacterium for these 
enzyme preparations.  Although it  is  not possible to determine 
conclusively whether-the descriptor "bacterial" in the Underkofler 
and Ferr,acone article  refers to B. subtilis, the use of this term by 
the same principal author  in two scientific articles published in 
consecutive years to describe the source of  protease and carbohydrase 
enzyme preparations used  in the food industry, coupled with the 
identification of the source bacterium for these enzyme preparations as 
B. subtilis  in  the Underkofler et al. article, makes it likely that the 
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9. subtilis. 

reference(s), were documented in articles that  were published before o r  
during  1958; the cited references demonstrate that the use of these 
enzyme preparations in a variety of  foods  was widely recognized by 
1958. Therefore,  the  agency concludes that carbohydrase and protease 
enzyme preparations  derived from B. subtilis were in common use in food 
prior to  January 1, 1958. 
2 .  Bacillus :Amyloliquefaciens 

species 8. amyloliquefaciens was not classified under the name B. 
amyhliquefaciens until it was taxonomically separated from the  species 
B. subtilis  in  the  late 1980's (Refs. 17 and 18). Therefore, the 
petitioner  asserts,  references in contemporaneous scientific literature 
to  pre-1958 food use of enzyme preparations from B. amyloliquefaciens 
occur  under  the name .B. subtilis. 

The food uses shown  in Table 2, using terminology from the  cited 

According  to the petitioner (Refs. 8 and 14 through 1 6 ) ,  the 

With re3pect to  carbohydrase components of  the petitioned enzyme 

[[Page 198901 1 

preparations,  the petitioner cites scientific literature describing a 
distinctive group of bacteria, within the  group originally considered 
to be B. subtilis,  that are known to  possess a high level of <greek-a>- 
amy->ase activity  and  are currently designated as 8. amyloliquefaciens 
(Refs.  19  through 22). The petitioner also cites a scientific review 
article (Ref.  23) that states that the source organism for commercial 
preparations of <greek-a>-amylase from B. amyloliquefaciens was  called 
B. subtilis prior to its current designation as B. arnyloliquefaciens. 
With  respect to,the procease components of  the petitioned enzyme 
preparations, the petitioner cites a statement in the same scientific 
review  article (,Ref.'23) t-hat  most  bacterial protease preparations 
produced before 1960 were derived from 8. amyloliquefaciens. 
. As  FDA'noted in the preamble to  another  final rule affirming an 
enzyme preparation as GRAS (58 FR 27197 at 27199,  May 7, 1993), the 
taxonomic placement and  name of an organism may chanqe as a result of 
scientific  advances.  If internationally accepted rules of nomenclature 
are observed, references to  a particular organism can be followed 
historically  in  the scientific literature. Thus, changes in the 
taxonomic placement of an organism should  not affect the ability to 
identif,y,scientific references to the organism, including scientific 
references to its toxigenicity, pathogenicity, or use in the production 
of food  or  enzymes.In reviewing the  petition, FDA has evaluated whether 
the scientific information documenting pre-1958  food use of 
bacterially-derived carbohydrase and  protease enzyme preparations 
pLertains to -carbohydrase and protease enzyme preparations from B. 
amyloliquefaciens. Although it is not  possible to determine 
conclusively whether any  one reference to 8 .  subtilis in the scientific 
literature refers to the species now referred  to  as B. 
amyloliquefaciens, the totality of the scientific evidence supports a 
determination that some carbohydrase and some protease enzyme 
preparations that were descrjbed in scientific literature documenting 
their  common use in- food before 1958  as  derived from B. subtilis were 
in fact  derived from B. amyloliquefaciens. Therefore, the agency 
concludes that carbohydrase and protease enzyme preparations derived 
from B. arnyloliquefaciens were in common use in food prior to  January 
1, 1958. 

B. Corroborating Evidence of Safety 

Because enzymes are highly efficient  catalysts, they are needed in 
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only  minute  quantities t.0 perform their function. When used in 
accordance with current  good manufacturing practice (CGMP), the  amounts 
added to 'food represent  only a minute fraction of the total food mass. 
FDA  estimates  dietary exposure to enzyme preparations derived from a. 
subtilis or E. amyloliquefaciens at 200 mg/person/day (Ref.  24). This 
estimate is exaggerated because the agency used the total consumption 
of  microbially-derived enzyme prep.arations in fo'od as an approximation 
for  the consumption of enzyme preparations derived from B. subtilis or 
B. amyloliquefaciens.  Thus, the estimate relies on the worst-case 
assumption that all microbially-derived enzyme preparations that  are 
consumed'in food are derived from E. subtilis or E. amyloliquefaciens. 
This  assumption  is'extremely conservative because there are numerous 
microbially-derived enzyme preparations that are GRAS for use in food 
(see, e.g.,  21  CFR 184.1012, 184.1027, 184.1387, 184.1388, 184.1924, 
and  184.1985) . 
1. The Enzyme Components 

.preparations that are  the subject of this document, are naturally 
occurring  proteins that are ubiquitous in living organisms. A wide 
variety of enzymes has always been present in human food.  Many 
naturally  occurring enzymes remain active in unprocessed food and 
therefore  are  consumed as active enzymes. For example, active enzymes 
are  present in fresh fruits and vegetables and are not inactivated 
unless  the  fruits  or vegetables are cooked (Refs. 1 and 25). 

foods  that have been  safely consumed as part of the diet throughout 
human  history (Ref. 26). For example, such common foods as bread and 
yogurt  are  produced using enzymes derived from microorganisms (Refs. 26 
and  27) . 

The carbohydrase  and protease enzymes in the enzyme preparations 
that are  the subject of this document are substantially equivalent \2\ 
to carbohydrase  and  protease enzymes from other microorganisms tnac FD.\ 
has evaluated  and  found  to be safe and.that are routinely consumed as 
parf of ,a normal diet in the United States. For example, FDA has 
affirmed 'the use of a mixed carbohydrase and protease enzyme 
preparation  derived  from Bacillus licheniformis is GRAS (see 21 C 3  
184.1027). In addition, carbohydrases derived from various fungi (e.g., 
Rhizopus  niveus, Rhizopus oryzae, and A. niger) are approved for use as 
.secondary  direct food additives (see 21 CFR 173.110, 173.130, and 
173..'120, 'respectively).. 

Enzymes,  including carbohydrase and protease enzymes in the enzyme 

Enzymes  derived from microorganisms have been used as  componer,ts of 

"""1"""""""""""""""""""""""""""""""""" 

\ 2 \  A 1996 report of the joint  Food and Agriculture Organization 
and  World Health  Organization (FAO/WHO) consultation group (Ref. 28) 
stated  that "[slubstantial equivalence embodies the concept that if 
a new  food  or food component is found  to be substantially equivalent 
to  an existing  food or food component, it can be treated in the same 
manner  with  respect  to  safety (i.e. the food or food component can 
be  concluded to be as safe as the conventional food or food 
component).  Account should be taken of any processing that the.'food 
or  food component may undergo as well as the intended use and the 
intake  by  the population." As discussed more fully in FDA's 
proposal to amend  the agency's regulations pertaining to substances 
that are generally recognized as safe ( 6 2  FR 18938 at 18944, April 
1 7 ,  .1997), international expert groups such as the FAO/WHO 
consultation  group  and the Organization for Economic Co-operation 
and.Development  (OECD) consultation group have recommended that the 
concept of "substantial equivalence" be applied to the safety 
assessment of foods and substances intentionally added to food. 000142 
"""""""""""""""""""""""""""""""""""""~ 
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In general, issues relevant to  a safety evaluation of proteins such 
as  the enzyme component of  an enzyme preparation are potential toxicity 
and allergenicity. Pariza and Foster (Ref. 1) note that very few toxic 
agents  have enzymatic properties, and those that  do (e.g., diphtheria 
toxin and certain enzymes in the venom of poisonous snakes) catalyze 
unusual  reactions that are not related to the types of catalysis that 
are  common  in food processing and that are the  subject of  this 
document. Further, as the agency has noted in the context of guidance 
to  industry regarding the safety assessment of new plant varieties, 
enzymes do not generally raise safety concerns ( 5 7  FR 22984 at 23000, 
May  29,  1992). Exceptions include enzymes that catalyze the formation 
of toxic  substances  or substances that are  not ordinarily digested a d  
met"abo1ized. The catalytic activities of the enzymes  that are the 
subject of this document are well known; they  split proteins or 
carbohydrates  into smaller subunits that  are  readily metabolized by t3.o 
human  body  and that do not have toxic properties. 

According  to Pariza and Foster (Ref. l), there have been  no 
confirmed  reports  of allergies or primary irritations in consumers 
caused  by  enzymes used in food processing. There have been, however, 
some  reports of allergies and primary irritations from skin contact 
with  enzymes  or inhalation of dust from concentrated enzymes (for 
example,  proteases used in the manufacture of laundry detergents) 
(Refs. 29 through 31). These reports relate primarily to workers i~ 
production plants (Ref. 30) and are not relevant to an evaluation of 
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the  safety  of  ingestion  of such enzymes in food. 

concerning the plant enzyme papain (Ref.  29) supports the view that che 
ingestion of an active protease at levels found  in  food produccs is noc 
likely to affect the human gastrointestinal tract, where many proteasos 
already  exist at levels adequate to digest food: 

mucosa  and musculature of tissues in contact with  the active enzyme 
for  an appreciable period. Because there is no  food use of papain 
that  could result in the enzyme preparation occurring in sufficient 
amount in foods to produce these effects, this property does not 
pose  a  dietary hazard. 

FDA concludes that generally available and accepted data and 
information corroborate the safety of the enzyme components of the 
enzyme preparations that are the subject of  this document by 
establishing that these enzyme components are identical or 
substantially equivalent to enzymes that  are  known to have been safely 
consumed in the diet for many years. FDA also concludes that generally 
available and accepted data and information corroborate that the enzyme 
components of the enzyme preparations that  are  the subject of this 
document are nontoxigenic and nonallergenic when ingested. 
2. Enzyme Sources, Manufacturing Methods, and Processing Aids 

chemically pure; in addition to the enzyme component(s), they may 
contain  other components derived from  the  production organism and the 
fermentation medium, residual amounts of processing aids, and 
substances added as stabilizers, preservatives, or diluents. The agency 
has  concluded that the enzyme components of the carbohydrase and 
protease enzyme preparations derived from B. subtilis or B. 
amyloliquefaciens do not raise safety concerns; therefore, the 
remaining  safety issue is whether other components of the enzyme 
preparations are toxic or raise other safety concerns. 

The 1 9 7 7  report of the Select Committee on GRAS substances 

In common with other proteolytic er.zymes, papain digescs the 

Enzyme preparations used in food processing  are usually not 
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a. Antibiotics. Some microorganisms are capable of producing 
antibiotics, which are a  special class of metabolites that can inhibit 
the growth of, or  kill,  other microorganisms. Some microorganisms have 
genetic traits that make  them resistant to one or more antibiotics such 
as  penicillin, tetracycline, and kanamycin. These traits or markers are 
often located on  plasmids (extrachromosomal pieces of deoxyribonucleic 
acid  (DNA) that are easily transferred to other microorganisms in the 
environment (e.g., in the gastrointestinal tract). The presence of 
antibiotics  in the food supply would be expected to favor the growth of 
microorganisms resistant to the antibiotic, and thus could accelerate 
the spread  of antibiotic resistance among microorganisms, including 
human  pathogens, rendering them resistant to therapy with antibiotic 
drugs. Therefore, experts have recommended that microbial-derived 
enzyme preparations that are intended for  food use not contain 
clinically important antibiotics (Refs. 1 and 32). 

protease enzyme preparations derived from  B. subtilis or B. 
amyloliquefaciens to contain antibiotics as contaminants derived from 
the  bacterial source. Although Bacillus species are capable of 
producing  a number of linear or cyclic polypeptide antibiotics 
following the exponential phase of growth as part of the process of 
spore formation (Ref. 331, the production of antibiotics can be 
repressed  by selection of strains that produce low o r  undetectable 
levels  of antibiotics as well as by  strict control of the growth 
conditions.  In addition, the enzyme preparations can be tested for the 
presence of antibiotic activity by  routine methods (Ref. 34) to enscre 
that they  do not contain antibiotics. Because of safety concerns abouc 
the  presence  of antibiotics in substances added to food,  a conditior. of 
agency affirmarion of GRAS status for the enzyme preparations that a r e  
the subject  of this document is that  the enzyme preparations not 
contain antibiotics.. 

b. Toxicity  and pathogenicity. A published scientific review 
article  (Ref. 23) states that Bacillus species, with the exception of 
the B. cereus group (which does not  include B. subtilis or B. 
amyloliquefaciens) do not produce toxins. Another published scientific 
review  article on the safety of a .  subtilis and B.  amyloliquefaciens 
(Ref. 35) notes that B. subtilis is consumed in large quantities in the 
Japanese food natto. Further, according to a monograph on microbial 
enzymes that was prepared under the auspices %of the agency-initiared 
review .of GRAS substances conducted during  the 1 9 7 0 ' ~ ~  there had been 
no 'reported problems of pathogenicity or toxicity with enzyme 
preparations derived from B. subtilis for use in food as of the time of 
that review' (Ref. 12). 

More recently, de Boer and Diderichsen (Ref. 35) searched the 
scientific literature for references that might implicate B. subtilis 
or B. amyloliquefaciens as a cause of human disease. These authors 
characterized B. subtilis as an opportunistic microorganism with no 
pathogenic potential to humans. Although they reported that cultures 
from some patients with opportunistic infections have revealed the 
presence of B. subtilis along with other microorganisms, they 
attributed the presence of B. subtilis in these cultures to the virtual 
ubiquity  of this microorganism in the environment (e.g., B. subtilis 
commonly occurs in the soil and can be isolated in the home environment 
from  sites such as t,he kitchen and  bathroom). De Boer and Diderichsen 
also  noted that only patients treated  with immunosuppressive drugs 
appeared to be susceptible to such infections. Moreover, viable cells, 
which  are not present in finished enzyme preparations, would be a 
prerequisite for any opportunistic infection i r l  dn immunocompromised 
patient. De Boer and Diderichsen also reported that their search for 

Accordingly, FDA has evaluated the potential for carbohydrase o r  

e 

references  on B. amyloliquefaciens infections revealed no such cases 
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As  discussed  in  section I V . A . 2  of this document, any references to 9.  
amyloliquefaciens prior to the late 1980's would be expected to occur 
under  the name 8 .  subtilis. 

A few reports have implicatad B. subtilis as a potential Source of 

However, a,particular stratin of virtually any microorganism may, under 
certain circums'tances, mutate -to become an opportunistic pathogen. 
Therefore, FDA considered.these reports in the context of: (1) The 
information summarized in the monograph on microbial enzymes (Ref. 12); 

. (2) the' scientific review article describing Bacillus species other 
than  those  in the B. cereus group as nontoxigenic (Ref. 23); (3) the 
documented consumption of B. subtilis bacteria in the Japanese food 
natto  (Ref. 35); and (4) the characterization by de Boer and 
Di,derichsen of B. subtilis as an opportunistic microorganism with no 

FDA  concludes that nontoxigenic and nonpathogenic strains of 9. 
subtilis'are widely available and  have been safely used in a variety of 
food applications. Because an enzyme preparation derived from a 
toxigenic .or pathogenic source would not be GRAS, a condition  of age-cy 
affirmation of GRAS status for the enzyme preparations that are the 

. subject of this document is that  the bacterial strains used as a source 
of  these enzyme preparations be nontoxigenic and nonpathogenic. 

0 food poisoning when present as a contaminant in food (Refs. 36 and 37) . 

I _  . pathogeni-c potential to humans (Ref. 3 5 ) .  Based on this information, 

c. Manufacturing methods and processing aids. Enzyme preparations 

. ,  [[-Page 198921 ] 

that arG manufactured in accordance with CGMP using the methods 
described-in section 1II.B of this document meet the general 
requirements and additional requirements in the monograph on enzyme 
prep,arations in the Food Chemicals Codex, 4th ed. (Ref. 3 ) .  Such enzyme 
preparations are produced using substances that are acceptable for use 
in  foods  and under culture conditions that ensure a controlled 
fermentacion,  thus preventing the introduction of extraneous 
microorganisms that could be the source of toxic materials and ocher 
toxic substances (Ref. 31. 

FDA concludes that 'benerally available and accepted data ana 
1 information corroborate the safety of carbohydrase and protease enzyme 

preparations  derived from nontoxigenic and nonpathogenic strains of 3. 
subtilis, or B. amyloliquefaciens and manufactured in accordance with 
CGMP by establishing that any added substances or impurities derived 
from .the enzyme source or introduced during the manufacturing of such 

- enzyine preparations would not  be expected to present health concerns. 

Vi Comments 

FDA received seven comments in response to the filing notice and 
none in response to  the amendment notices. Of these, FDA received two 
comments  from food manufacturers, two from trade associations, one from 
a manufacturer  of enzymes for use in animal feed, one from a 
pharmaceutical manufacturer, and one from a consumer group. Six 
comments supported the petition for GRAS affirmation, stating that the 
enzyme preparations included in the petition have a long history of use 
in  foods  such  as cheese, bread, and corn syrup. 
' .One comient stated that B. subtilis has a history of use in animal 
feed and requested GFhS affirmation for this use. However, the petition 
is  for  the use of  certain.enzyme preparations in human food, and not in 
animal  feed.  Therefore, the agency finds that this comment is not 
relevant to the petit' Lion. 

. One comment asserted that enzyme preparations should not be 
considered G ~ S .  The comment further asserted that the use of enzyme 

000145 
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preparations should be declared on the label of foods and that 
consumers  should be warned about hazards inherent in their use. The 
comment  stated that enzyme preparations are rarely purified to any 
significant degree and contain a variety of cellular constituents and 
metabolic debris. The comment further argued that, although enzyme 
preparations are used at low levels and are inactivated after the 
treatment of food, they may elicit allergic reactions and other 
biological activities which could be detrimental to human health. In 
support of this statement, the comment cited a published scientific 
article  (Ref. 38) that reported that enzyme preparations from E?. 
subtilis  caused temporary weight loss and aggravatad infection in mice 
when  injected into the abdominal cavity and caused hemolysis and 
hemagglutination of sheep erythrocytes in in vitro studies. 

following  two reasons, FDA concludes that the study cited  by the 
comment  is not relevant to food uses of the bacterial enzyme 
preparations that are the subject of this document. 

subtilis enzyme preparations, tested. The preparations were intended for 
use in laundry detergents; such nonfood grade enzyme preparations need 
not,conform to specifications for enzyme preparations used in food 
processing. For example, nonfood grade enzyme preparations may include 
processing aids that are not acceptable for food use. Because of such 
differences, the results from the testing of laundry cleaning enzyme 
preparations have little value in the safety assessment of food- 
processing enzyme preparations. 

after.the intraperitoneal adninistration of 3 .  subtilis autolysates. 
However, exposure to enzyme preparations in food occurs by ingestior. 
and  not  by injection. The difference in the route of exposure is 
par,ticularly significant for assessing the significance of 
immunological effects. With intraperitoneal adninistration, the 
components  of  the immune system are directly exposed to  a high level of 
the test compound. This contrasts with exposure to enzyme preparatiozs 
in food, whereby low levels of the enzyme preparations are ingested and 
,undergo hydrolysis by digestive enzymes before an.y interaction with che 
immune system. Pariza and Foster (Ref. 1) note that there are no 
confirmed reports of allergic reactions in consumers caused  by enzp.es 
used in food processing. 

Wor.ld Health Organization Expert Committee on Food Additives ( J E C F A )  
corroborates the safety of food uses of enzyme preparations from B. 
.subtilis (Ref. 3 9 ) .  This report concluded that results from a 90-day 
feeding  study  in rats showed no adverse effects. The test diet was neat 
protein-based and supplemented with a protease enzyme preparation frorn 
B. subtilis at a l-percent level (equivalent to approximately 1 gram of 
enzyme preparation per kilogram of body weight per day). This level is 
more than 300 times greater than the highest level that would be 
expected in the human diet (200 mg/person/day, or 3.3 mg/kg body weight 
per day for a 60 kg person), as estimated in section 1V.B of this 
document. 

With respect to the comment's assertion that enzyme preparations 
should'be declared on the label of foods in which they are used, the 
agency notes that under certain circumstances, applicable regulations 
already require use of an enzyme preparation in a food to be declared 
on 'the label, depending upon the nature of  the enzyme preparation's use 
and technical effect in the .food. Section 403(i) ( 2 )  of the Federal 
Food, Drug, and Cosmetic Act (21 U . S . C .  343(i) ( 2 ) )  requires that all 
ingredients  of multi-ingredient foods be listed on the label of the ooO146 
food. By regulatson, FDA has exempted certain ingredients that are used 

FDA.has evaiuated the comment and the article it cited. F o r  the 

First,  the paper did not identify the composition of  the E. 

Second,  in the cited study, adverse effects were observed in mice 

. .  Moreover, a report of the Joint Food and Agriculture Organization/ 
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only as processing aids, from this requirement. Section 
101.100(a) ( 3 )  (ii)  (a)  and (a) ( 3 )  (ii)  (c) (21 CFR 101.100(a) (3) (ii)  (a)  and 

. (a)(3)(ii)(c)j provides an exemption from the ingredient listing 
requirement for processing aids that are added to  a food for their 
technical or functional effect during processing, but are  either 0 removed from the  food before packaging or are present in  the finished 
food at insignificant levels and do not have any technical or 

preparations are used as processing aids in food (e.g., amylase 
preparations used in the manufacture of glucose syrup and  protease 
preparations used in the manufacture of protein hydrolysates),  other 
enzyme preparations that are added during processing (e.g., protease 
preparations used ln tenderizing meat) are not processing aids  as 
.defined in Sec. 101.100(a) ( 3 )  (ii) because they remain  active in the 
finished food product. For example, enzymes used in the manufacture  of 
swiss and cheddar cheese remain active in the finished cheese, 
enhancing body, flavor, and aroma (49 FR 29242, July 19, 1984). 3ecause 
such effects in the finished food remove the enzymes from  the 
ingredient listing exemption for processing aids in 

the label. Therefore, whether a label declaration is needed for the use 
of an enzyme preparation in  a food will depend upon its  function and 
effect in the food. 

' functional effect in the finished food. Although many enzyme 

...- Sec.  101.100(a) (3) (ii)  (c) , the use of such enzymes must be  declared on 
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VI. Conclusions 

pr 

The petitioner has provided generally available evidence 
demonstrating that carbohydrase and protease enzyme preparations from 
B. subtilis were in  common use in food prior to 1958. FDA has 
determined, .under Sec. 170.30 (a) and (c) (1) , that this information 
provides an adequate basis upon which to conclude that the  safety o f  
these en.zyme preparations for use in food is generally recognized  among 
the community  of experts qualified by scientific training and 
experience to evaluate the safety of food ingredients. 

The petitioner has also provided generally available  evidence 
demonstrating that the bacterium now known as B. amyloliquefaciens was 
formerly included within the B.*subtilis classification. Based on its 
'analysis of the data submitted, the agency concludes that the  evidence 
of  common use in food pertains to carbohydrase and protease enzyme 
preparations from the bacterium now known as E. amyloliquefaciens as 
well ashto carbohydrase and protease enzyme preparations from E. 
subtilis .. 

This evidence of common use in food prior to 1958 is  corroborated 
' by information that the enzymes themselves and the sources from which 

~ they are derived are nontoxic and nontoxicogenic, and that 
.manufacturing will not introduce impurities that would adversely affect 

I the safety of t-he finished enzyme preparations. Moreover, the 
carbohydrase and protease enzyme preparations from B. subtilis  and B. 
:amyloliquefaciens are substantially equivalent to enzymes naturally 
present in foods that have been safely consumed in the  human  diet for 
many years. 

Having evaluated the.information in, the petition, along with other 
available information related to the use of these enzyme preparations, 
the agency concludes that carbohydrase enzyme preparation and protease 
enzyme preparation derived from either E. subtilis or B. 

CGM?. The agency is basing its conclusion on evidence of a  substantial 
history of safe consumption of the enzyme preparations in food  by  a gB()@14y 

0 ' amyloliquefaciens are GEAS under conditions of use consistent with 
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significant number of consumers prior to 1958,  corroborated by the 
other evidence summarized in section 1V.B of this document. 

FDA is affirming that the use  of these bacterially-derived 
carbohydrase and protease enzyme preparations in food is GRAs with no 
limits othe,r than CGM? (21 CFR 184.l(b)(l)). To clarify the identity of 
each enzyme preparation, the. agency is including in Secs.  184.1148(a) 
and 184.1150(a) the EC numbers of the enzymes that supply  the 
characterizing enzyme activities of each preparation. In order to make 
clear that the.affirmation of the GRAS status of these enzyme 
preparations is based on the evaluation of specific uses, the agency is 
including in Secs. 184.1148(~) and 184.1150(c) the technical effect and 
the specific substances on which each enzyme preparation acts, although 
the data show no basis for a potential risk from any foreseeable  use of 
these enzyme. preparations. 

carbohydrase enzyme preparations in  a single combined regulation that 
describes the source of the enzyme.as B. subtilis or B. 
amyloliquefaciens, rather than affirming the GRAS status  of 
carbohydrase."derived from B. subtilis separately from that of 
carbohydrase' derived from B. amyloliquefaciens. Likewise, FDA is 
affirming the GRAS status of both protease enzyme preparations in a 
single combined regulation that describes the source of  the  enzyme as 
B. subtilis or B. amyloliquefaciens. 

To ensure that the enzyme preparations are of  suitable purity for 
use in food, FDA is including in the regulations the general 
requirements and additional requirements for enzyme  preparations in :-;:?e 
monograph,"Enzyme- Preparations" in the  Food Chemicals Codex, 4th eC.  
(1996) as general specifications for these enzyme preparations. 
Furthermore, to ensure ,that the use of these enzyme preparations does 
not promote the development of antibiotic resistance, the agency is 
specifying that the enzyme preparations must be free of antibiotic 
activity as determined by a suitable method (e.g.,  the  method described 
in Ref. 34). 

VII. Environmental Considerations 

For simplicity, FDA.is affirming the GRAS status of both 

The agency has determined under 21 CFR  25.32(f) that this action is 
of a type that does not individually or cumulatively have  a significant 
effect on the human environment. Therefore, neither an environmental 
assessment nor an environmental impact statement is required. 

VIII. Analysis for Executive Order 12866 

FDA has examined the impacts of this final rule under Executive 
Order.12866. Executive Order 12866 directs Federal agencies to assess 
the costs and benefits of available regulatory alternatives and, when 
regulation is necessary, to select regulatory approaches that maximize 
net benefits. (including potential economic, environmental, public 
heal'th and safety effects; distributive impacts; and equity). According 
to Executive Order 12866, a regulatory action is significant if it 
meets any one of a number of specified conditions, including having an 
annual effect on the economy of $100 million, adversely affecting in a 
material way a sector of the economy, competition, or  jobs, or raising 
novel legal or policy issues. FDA finds that this final rule  is not a 
significant regulatory action as defined by Executive Order 12866. In 
addition, the agency has determined that this final rule  is not a major 
rule for the purpose of Congressional review. 

the regulatory status of t.he petitioned substances. No compliance costs 
are associated with this final rule because no new activity is required 

The primary benefit of this action is to remove uncertainty abzut 000148 
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and no current or  future activity is prohibited by this  rule. 

IX. Regulatory Flexibility Analysis 

FDA has examined the impacts of this final  rule  under the 
Regulatory Flexibility Act. The Regulatory Flexibility Act (5 U.S.C. 
601-612) requires agencies  to consider alternatives that would minimize 
the economic impact of their regulations on  small entities. No 
compliance costs are associated with this  final rule because  no  new 
activity  is required and  no current or future  activity is prohibited. 
Accordingly, under the Regulatory Flexibility Act (5 U.S.C. 605(b)), 
the agency certifies that this final rule will not have  a  significant 
economic'impact on a substancial number of small entities. 

X. Paperwork Reduction Act of 1995 

This final rule contains no collections of  information.  Therefore, 
clearance  by the Office  of E!anagement and Budget under  the Paperwork 
Reduction Act of 1995 is not required. 

XI. Effective  Date 

As this rule recognizes an exemption from the food  additive 
definition  in the Federal Food, Drug, and Cosnetic  Act,  and  from the 
approval requirements applicable to food additives, no delay  in 
effective date is required by  the Administrative Procedure  Act, 5 
U,S.C. 553(d). The rule will therefore be effective  immediately ( 5  
U . S . C .  553(d) (1) 1 .  
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' List of Subjects in 2 1  CFR Part  184 

Food additives, :Fo'od ingredients, Incorporation by reference. 
Therefore, under the Federal Food, Drug, and Cosmetic Act and under 

authority delegated to the Commissioner of Food and Drugs, and 
redelegated to the Director, Center for Food Safety and Applied 
Nutrition, 2 1  CFR part 184 is amended as follows: 

PART 184"DIRECT FOOD SUBSTANCES AFFIRMED AS GENERALLY RECOGNIZED 
AS SAFE 

. 1. The authority citation for 21 CFR part 184 continues to read as 
follows : 

Authoritx:. 21. [J.S.C. 321, 342, 348, 371 .  - 
2.  Section 184.1148 is added t o  subpart B to read as follows: 000151 
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Sec. 184.1143 32::2r:~Lly lezived carbohydrase enzyme preparation. 

e "(a) Bactezialll- Ctr1vt~  zarbohydrase enzyme preparation is  obtained 
from the culturs f:lrrt:e rssulting from a pure culture fermentation of 
a nonpathogeniz a?.: ?-s:-rox:;enic strain of Bacillus subtilis or B. 
amyloliqo?facis?.s: :?e Zrtzzration " is characterized by the  presence  of 
the enzymes < g r ~ e k - z > - ~ ~ y l r s t  (3C 3.2.1.1) and <greek-b>-glucanase (EC 
3.2.1.6), which cazz1yzs r2-s hydrolysis of 0-glycosyl bonds in 
carbohydrates. 

requirements in c k t  ?.cr.lqrz;:l on enzyme preparations in the Food 
Chemicals Codes, 4:: tz. ;13?6), pp. 129-135,  which is incorporated by 
reference in B Z C D Z - = " =  "_." wL" _.. 5 U.S.C. 552 (a) and 1 CFR part 51. Copies 
are 

(b) The i:.grtc:s.?r  ?,et:: the general requirements and additional 

([Page 1 9 9 5 1 :  

available frcr rhe X;az:=?-al .l.cademy Press, 2101 Constitution Ave. NW., 
Washington, DC 2 0 3 1 3 ,  :r 7.2;- be examined  at the Center for Food  Safety 
and Applied N."- ---i~~:r-'s L L Z T Z T ~ ,  200 C St. SN.,  rm. 3321, Washington, 
DC, or at t'ne 3Efi:s ST ;:-E iederal Register, 800 North Capitol Strsec, 
NW., Suice  70:, Nas?.l:-;ra:, X .  In addition, antibiotic activity is 
absent ir. the enzy-e ;rt~~rz:ion when determined by an appropriate 
validated mec?-zc s.:z:? - 3  r?-+ xe:hod "Determination of antibiotic 
activity' ' in :ne -X-.;E~-C:L;. o f  Food Additive Specifications, vol. 2, 
Joint FAC/WHC Z:x?er: C::z.i::st on Food Additives (JECFA) , Food and 
Agricultcze Oz;anF~zz::?. 2: rhe United Nations, Rome, 1992. Copies are 

20706, o r  fro:. The Yzi:?? ?:z.i-ions Bookshop, General Assembly Bldg., rm. 
32, New ' i o rk ,  ?I'i L:2:7, o r  2 y  izquiries sent to "http://www.fao.ors". 

' Copies may be txar.:?.=d zi ::--e Center for Food Safety and Applied 
Nutritioc's LL5zaz;, 2 : )  Z 3:. SW., rm. 3321, Washington, DC. 

(c) In accDrdzrzt -A:::- ztc. 184.1 (b) (1) , the ingredient is usec in 
food wit;? no li?.iczrLc:. c=:-.ez than current good manufacturing practice. 
.The  affi-rnatizn or 2x;raditnt as GXAS as a.direct food ingredient 
is based upon ::?e :~-LZ-,<L?-;  zurrent good manufacturing practice 
conditions of use: 

Sec. 170.3(0):3) ci =:?is t???ter to hydrolyze polysaccharides (e.g., 
starch) . 
good manufactzrinq ?rzz:i=e. 

- . .  
- .  

. -  . .  

' . available frcz  3err.a~ -~~ss=zlaces, 4611-? Assembly Dr. , Lanham, MD 

. -  

- . .  . 
- " . 

(1) The ixgrec:e-= :s ,std as  an enzyme as defined in 

. ( 2 )  The ir.grecre2t I s  .:zsd in food at levels not to exceed current 

3.. Sectior.'185.11:5: is zdded to subpart B to read as follows: 

Sec. 1 8 4 . 1 1 5 0  3acttrially-5srived protease enzyme preparation. 

(a) Bacterially derived ?rotease enzyme preparation is obtained 
from the cultcre f:lzr;"e rrsulting from a pure culture fermentation of 
a nonpathogenic ar.=  3or-roxi;enic strain of Bacillus subtilis or B. 
amyloliquefaclsns. The zrtczration is characterized by the presence of 
the enzymes sc5tilisi.r. (ZC 3 . 4 . 2 1 . 6 2 )  and neutral proteinase (EC 
3 . 4 . 2 4 . 2 8 ) ,  w?.ich zazalyze :he hydrolysis of peptide bonds in proteins. 

requirements ix tkz mcr.35rz~h or! enzyme preparations in the Food 
Chemicals Codsx, Crh e-. ,(1296), pp.  128-135, which is incorporated by 
reference in zccoriancs wizL-. 5 U.S.C. 552(a) and 1 CFR part 51. Copies 
are available f r o c  rhe YarL-nal Academy Press, 2191 Constitution Ave. 
NW., Washingtsn, CC: 20418, ;r may be  examined at the Center for Food 

" 

(b)  The ixgrecitzt :.ee:s the general requirements and additional 

e 
Safety and Apsliec Xutritic:- 's Library, 200 C St. SW., rm. 3321, 
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’ - Wa’shington, DC, or at the Office  of the Federal Register, 800 North 
Capitol  Street,  NW.,  Suite 700  Washington,  DC.  In  addition, antibiotic 
activity  is absent in the enzyme preparation when determined by  an 
appropriate validated method such as the method “Determination of 

Specifications, vol. 2, Joint FAO/WHO Expert Committee on Food 
Additives  (JECFA), Food and Agriculture Organization of the United 
Nations, Rome,,: 1 9 9 2 .  Copies  are available from Bernan Associates, 4611- 
F  Assembly Dr., Lanham, MD 20706,  or from The United Nations Bookshop, 
Genera’l . .  Assembly  Bldg., rm. 32, New York, NY 10017, or by inquiries 
sent-to “http://www.fao.org”. Copies  may be examined at the Center 

3321,  Washington, DC. 
(c) In accordan’ce with Sec. 184.l(b)(l), the ingredient is  used in 

food  with no limitation  other  than current good manufacturing practice. 
The  affirmation  of this ingredient as GRAS as a direct food ingredient 
is based  upon  the following current good manufacturing practice 
conditions  of use: 

Sec. 1 7 0 . 3 ( 0 ) ( 9 )  of this chapter to hydrolyze proteins or polypeptides. 

good manufacturing  practice. 

antibiotic  activity’ ’ in  the  Compendium  of Food Additive 

. I  for Food Safety and Applied  Nutrition’s Library, 200 C St. SW., rm. 

(1) The ingredient is used as  an enzyme as defined in 

( 2 )  The.ingredient is used  in food at levels not to exceed current 

Dat,ed: March 26,   1999.  
L.  Robert Lake, 
Director, Office  of Policy, Planning and Strategic Initiatives, Center 
f o r  Food  Safety  and Applied Nutrition. 
[FR Doc. 9 9 - 1 0 0 1 1  Filed 4-22-99;  8:45 am] 
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APPENDIX C 

Panel  Members  for  Transglutaminase  GRAS 
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Dr. Jay Goodman 
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University of Minnesota 
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Minneapolis, MN 55455 

Dr. William Waddell 
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Massachusetts Institute of Technology 
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Cambridge, MA 02 139 

Panel Coordinator: 

Dr.  Bruce  Bernard,  President 
S ~ A  International, Inc. 
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Officeaf Fiiod-Addititre Safety (HFS206) 
Center for Food safety and Applied Nutrition 
Fbod and.Mg Administration 
200 c met, sw " '  

Wastrington;-DC 20204 

Rk G R A S ' M k  for Trimsglutaminase 
, ,  

Dear Dr. K a t :  

On behalf of AjimotnUSA (AJ), SRA International Inc. .(SRA) is providing this 
Generally Recognized as Safe (GRAS)  Exemption Claim. AJ is hereby notifying FDA 
that fhe use of transghstaminase in food (in general) is exempt From the prernarket 
approval requirements of the Federal Food, Drug, and Cosmetic Act (FFDCA) because 
'AJ has determined thaa such use is GRAS. Specifically, with regard to this claimed 
exemption: 

1. Name and Address of Notier 

Ajinomoto USA 
1120 Connectiart Avenue, NW Suite 416 
Washington, DC 20036 

Transglutaminase 

3. Acmlicable Conditions of Use 

a. Applicabk Foods 
The notified substance, transglutaminase, may be added to any protein- 
containing food to bring about the cross-linking protein residues. 

b. Levels d Use 
The n M h d  substance is to be employed at the lowest levels necessary 
toacftieuae the desired technical effects (Le. governed by Good 
Manufacturing Practices (GMP). 



4. Basis for GRAS Determination 

The use of the notified substance in all protein containing  foods  consistent with 
GMP is GRAS thmughdentific procedures. 

5." - Availabilitv of Data and Information 

The data and information that are the basis for the noiifier's GRAS determination 
are available for the FDA to review and copy during reasonable times at the 
offices of SRA h"tiOn8l. Inc. 1920 L Street, N.W. Suite 420, Wash. DC , 
20036 or wiil be sent to FDA upon request. 

Sincerely, 

Bruce K. Bernard, Ph.D. 
President, SF?A International Inc. 
Authorized Representative for 
Ajinomoto USA 

BKB/km 
cc: AJ (USA) 

800157 
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1. Name and Address of Notifier 

a AjinOmoto USA 
1120 Conneckt Avenue, NW Suite 416 
W a s h i m ,  DC 20036 

2. CbmmonlUsual Name of the Notied Substance 

Tfansghrtaminase 

a 

3. ADPlicable Conditions of Use 

a:: Applicable Foods 

1920 L'Sbet,-N.W., suite 420, Washington, D.C.20036 
Telephone: (202)'72&.1400 . Tdefax; (202) 331-3393. 



4.;. J3asis forGRAS Datemination 
. .  

, . .  

Yiie.use-of the .ded substance in all protein containing foods consistent with 
. GMPis GRASthargh-scientific procedures. 

? '  

a . .  
5.:. AVailabiiitv of Dada and Information 

The data and irdwmation that are !he basis for the notifier's GRAS determination 
are available forfhe.FDA to review and copy during reasonable times at the 
offices of SRA-International, Inc. A920 L Street, N.W. Su-b 420, Wash. DC 
20036 ,or will be sent to FDA upon request; 

Sincerely, 

BKBHrm- 
cc: AJ (USA) 

. , 1  - 

Bruce K. Bernard, Ph.D. 
President,.SRA International Inc. 
Authorized Representative for 
Ajinornoto, USA 



Dear Or;. Kahl: -. I .<- .' 

On behatf of Ajinomotu USA (AJ), SRA International Inc. (SRA) is providing this 
Generally Recognized as Safe (GRAS)Exemption Claim. AJ is hereby  notifying FDA 
that.the:use.of transghrtaminase in food.(in general) is exempt from the premarket- 
approval requirements of the Federal Food, Dmg, and Cosmetic Act (FFDCA) because 
AJ has detefmined that such use is GRAS. Specifically, with regard to this claimed 
exernpti#1: 

1. N-arne and Address of Notifier 

Ajinomoto USA 
1120 Connecticut Avenue, NW Suite 416 
Washington, DC 20036 

2. CliimmodUsual Name of the Notifed Substance 

Tiansgkttaminase 

_ I  3. Amlicable Conditions of Use 

a. Applicable Foods 
The notified substance, transglutarninase, may be added to any protein- 
"g food to bring about the cross-linking protein residues. 

b. Levels of Use " 

The notified substance is to be employed at the lowest levels necessary 
to achieve the desired technical effects (Le. governed by Good 
Manufaduring Practices (GMP). 

1920 L Street, N.W., Suite 420, Washington, D.C- 20036 
Telephone: (202) 728-1400 Telefax; (202) 331-3393 



d::. C6nsuming PQwlations 
Tli"e notihd substance may be consumed by all subgroups within the 
U.S.. 

4. Basis for GRAS Determination 

The use of the notified substance in all protein containing foods consistent with 
GMP .is GRAS..thugh scientific procedures. 

e, 5;: Avaiiabilihr of Data and Information 

The data and information that are the basis for the notifier's GRAS determination 
are available for the FDA to review and copy during reasonable times at the 
offices of SRA IntematiOnd. Inc. 'I920 L Street, N.W. Suite 420, Wash. DC 
20036 or will be sent to FDA upon request. 

Sincerety, 

Bruce K. Be&rd, Ph.D. 
President, SRA International  Inc. 
Authorized Representative for 
Ajinomoto USA 

BKMctn 
cc: AJ(usA) 

. " 
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0 SRA International, ~nc. 

2 April 2002 

Lane lighbarger, Ph.D. 

5100 Paint Branch Parkway 
College Park, MD 207403835 

CFSAN, FDA, HFS -255 

Re: FDA GRAS Notification Number 000095 
Transglutaminase from Streptoverticilliurn mobaraense 

Dear Dr. Highbarger: 

Per our ‘I2 February 2002 telephone conversation, there were four (4) areas for 
which the U S  Food and Drug Administration, Center for Food Safety and 
Applied Nutrition (FDA, CFSAN) was seeking additional information. We have 
previousfy provided the requested information for one of these items. Enclosed 
please find information on the remaining three (3) items. 

By way of summary, below please find an enumeration of the four (4) items 
together with a short explanation of their disposition. 

ITEMS IDENTIFIED BY TH E AGENCY 

1. Twouraphical Frror 

Subject: The Agency noted typographical errors on p.23 of our 
submission (i.e. use of g [grams] instead of mg 
[milligrams]). 

Resolution: Page 23 was corrected and the revised version received 
by the Agency on 12 February. It is our understanding that 
this item is resolved. 

I920 L Street, NW, Suite 420, Washington, DC 20036 
Telebhone: (202) 728 1400 Telefax: (202) 331 -3393 

800166 



RPR-02-2002 15:27 SRR INTERNRTIONRL 202 331 3393 P.03/36 

Bernard to Highbarger 
FDA GRAS Notification No. 95 
Transglutarninase 
2 April 02, page 2 

2. Nature of the Added Peptide 

Subject: The Agency would like more information provided 
regarding the nature of the peptide that is added to the 
‘revised process’ (employed for the oxygen-stable 
transglutaminase only). 

Resolution: A variety of information is provided as an attachment to 
this letter (Appendix A). 

Name and Manufacturer 

The additive is known as ‘DMV Glutamine Peptide’ and is 
marketed by DMV International Nutritionals (1 712 Daltown 
Plaza, Frasar, NY. 607.746.6473). The FDA knows this 
company. 

Current Use in Human Food 

It is currently used in a variety of nutritional products 
including clinical nutrition, sports and functional foods. In 
point of fact, DMV Glutamine Peptide is used in the enteral 
nutrition product ”Novasource” manufactured by Novartis 
(Appendix A, A I  ). 

Reaulatorv Status 

EU Regulations: 
Reviewad in 1996 (MAFF)/UK - “Glutamine peptide is not 
considered a novel food“ (Appendix A, A I  ). 

US Regula frons: 
21 CFR 5 484.1553 - peptones (protein hydrolysates) are 
Generally Recognized as Safe (GRAS) (Appendix A, A2). 

Food Chemicals Codex (Fourtb Ed. and First Supplement 
to Fourth Ed.): 
DVM Glutamine Peptide meets all the Codex requirements 
for a hydrolyzed protein (Appendix A, A3-AIO). 
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Bernard to Highbarger 
FDA GRAS Notification No. 95 
Transglutaminase 
2 April 02, page 3 

Manufacturina information 

ProCeSs. 
Wheat protein is hydrolyzed using both acidification and 
enzymatic processes. A process flow diagram is provided 
in Appendix A (AI I). 

CeMicate of Manufactum: 
The manufacturing process complies will all FDA food 
regulations (Appendix A, A I  2). 

Absence of GMO (Cedificate): 
The peptide and all ingredients employed are produced 
without the use of genetically modified organisms 
(Appendix A, A I  3). 

Product Characterization 

Hydmlysis characteristics: 
Analysis of the product demonstrates that the average 
molecular weight is 770D, the degree of hydrolysis is 1 1 %, 
the ANTTN-ratio is 13 and free amino acids account for 2% 
(Appendix A, A I  4). 

Molecular weight profile: 
Analysis of the hydrolysate demonstrates that *O% has a 
MW of 400. The entire distribution is presented in 
Appendix A (A14). 

Chemical Analysis: 
Analysis of the product demonstrates that peptide bonded 
glutamine accounts for 2 27% of the product (Appendix A, 
A1 5). 
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Bernard to Highbarger 
FDA GRAS Notification No. 95 
Transglutaminase 
2 April 02, page 4 

Amino Acid Pmfi/e: 
Results of analyses are presented in Appendix A (A1 5). 

Elemental Analysis: 
Results of analyses are presented in Appendix A (A1 5). 

Microbiological Analysis: 
Results of analyses are presented in Appendix A (A1 5). 

Vnhydmlyzed protein (gluten) content: using an AOAC 
approved method (AOAC 991 -1 SI), the peptide was 
determined to contain less than 40 ppm of unhydrolyzed 
gluten (Appendix A, A I  6). 

3. Request for Additional Name 

Subject: Due to the unknown potential for an allergic reaction from 
the addition of unhydrolyzed wheat protein to the 
fermentation step of transglutaminase production, the 
Agency requested that the product produced using the 
‘revised process’ (oxygen-stable TG) be labeled in a 
manner that identifies wheat derived protein as a possible 
constituent. 

Resolution: The members of the GRAS Panel and the manufacturer 
were independently contacted regarding the issue, While 
the manufacturer agreed to a name change and ingredient 
label change, the Pawl was concerned about the scientific 
implication-of this change. After extensive discussion they 
approved the fallowing addition to the GRAS certificate: 
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Bernard to Highbarger 
FDA GRAS Notification No. 95 
Transglutaminase 
2 April 02, page 5 

The following will be added to the GRAS certificate: 

"CONDITION OF SAFE USE 

while some experts believe that an allergic 
reaction to wheat protein is a 'threshold 
phenomenon', the GRAS Panel agrees that 
conclusive scientific information quantifying this 
threshold level is not currently available. In the 
absence of these data, the Panel is unable to 
determine if a level of 5 3.0 ppb,* which is the 
maximum level of hydrolyzed wheat protein 
that would result @om the use of 
transglutaminase as stated, is below that 
threshold. 

Under these conditions, the Panel 
recommends two labeling requirements 
as a condition of safe use. 

1. The manufacturer bas been requested to 
employ a different name for this product in 
order to distinguish it from the TG product 
that does not contain glutamine peptide. 

2. The manufacturer has been requested to 
identify, in the ingredient section of the 
label, that the product contains 
"...hydrolyzed wheat protein.. .". 

* Based on analyses of glutamine peptide product in use, the actual 
maximum concentration of wheat protein present will be < 1.0 ppb 
(Appendix A, A I  7). 
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Bernard to Mighbarger 
FDA GRAS Notification No. 95 
Transglutaminase 
2 April 02, page 6 

RESPONSE OF THE MANUFACTURER 

The manufacturer was contacted and agreed to comply 
with both of the Panel’s labeling requests in the following 
manner: 

I, 

2. 

The label for the product containing glutamine will be 
given the name Stabilized Transglutaminase, 
abbreviated STG, to distinguish it from the product 
that does not contain glutamine (is. 
Transglutaminase, abbreviated TG). 

The ingredient section of the label for the product 
containing glutamine (STG) will state that the product 
contains ‘. . . transglutaminase (contains hydrolyzed 
wheat protein) ...’ whereas the label for the now 
stabilized product will state contains 
‘transglutaminase’. 

In addition, the manufacturer wifl advise its cfisnts that the 
use of STG in foods, requires that the ingredient labeling 
of those foods must include a statement that this food 
contains glutamine peptide (hydrolyzed wheat protein). 

Attached please find signatures from the Panel members 
supporting the requirements and accepting the 
manufacturer‘s suggestions for meeting those 
requirements {Appendix E, Bq-BIO). 
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Bernard to Highbarger 
FDA'GRAS Notification No. 95 
Transglutarninase 
2 April 02, page 7 

4. , Reuuest for TelaDhone Numbers of.GRAS Panel Members 

Subject: 

Resolution: 

The Agency requests the tglephone numbers of the GRAS 
Panel Members. The Agency wishes to directly obtain 
their opinions regarding the addition of the wheat-derived 
protein. 

The names and telephone numbers are provided below: 

Jay Goodman, P h.D. 

Philip Portoghese, Ph,D. 612.624.9174 

William Waddell, M.D. Ph.D. 502.228.4220 

Bernard Wagner, M. D. 973.467.81 32 

Vernon Young, Ph.D. 61 7.253.5801 

51 7.353.936 

We trust that this submission provides all the information the Agency requires 
to complete its evaluation of our GRAS Notification submission. If additional 
information is required, please contact us at the telephone number listed on the 
first page of this submission. 

Sincerely, n 

. 
Bruce K. Bernard, President 
President, SRA International Inc. 

BKB/km 

CC: R. Bursey 

Attach. A, A l  -Al7 
B, 87-610 

(b)(6)
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Prqduct Description - DMV Glutamine 
Pepkide 

GIulslTalne Peptjde is a wheat protein hydrolysate mnnubcturcd under carefully conuolled 
cooditijns king food grade enzymes. Based on the application mads, h e e  types of &lutamine 
Deprides have been developed 

I. GluCpni~e Peptide 
Appbtions: G l u t d n e  Peptide is speddly developed for supplemensation im dry and moist foods+ 
Benefits: I1 has a high content of mural, peptide bonded gtutamhe (28%) and fcarurcs a good 
pnce / p t r f o r m c e  ratio. It has a very goodunrroric pmfjlc and e~ermely low in bittcmss as 
obserued in htunans. 

-. 

Ma$ket 

Humam #?ustition 
a CIin$cal Nuuition Market Stprncnt 
b. Sports and Functional Food Marker Segment 

Both in *pan and Europc glutamine enriched TEN-fbrmuk have been introduced in the market 
using Glpammc Peptide as chc glutamine socrurcc. 

a Val added producrs for general nutn'u'on ' 
b. Conc)rpc of Functional foods 

In Japan ind Eusopc GIurmine 10 laws rhc risk for viral infections and improve work activity in 
Elacing horses is being vigorously exptored 

Regalatory In for ma tion 
EU Regulations 
Mid 1996; Glu&GPepride w rwicwd by the Mink6 o f  Agjcdture, Fisheries and Food 
( M A F W  reorrldng in the fallowing stntmcnr..,, ,. Qlutamine Pepride would nai fall Within the 
scope of impending EC Regdado& on NoveI Foods and Proccsscs'. Glutamine Peptide i s  
rhertfbrc sot considered a novel food, 

US Regulanons 
21 CFR sdction 184.1 553 of die FDA replations dedms pepiohes (prorein hydrolysates) RS 

as Sak (GMS). Glvtamine Peptide may be regarded as GRAS. In addition, 
not contain geneticalIy modi&d ingredicsrts. 

~ 

A-1 
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Code of Federal Regulations 
Title 21 - Food and Drugs 
Revised as of April 1,2001 

[Code of Federal Regulations] 
[ T i t l e  21, Volume 31 
[Revised as of April 1, 2001) 
From the U.S. Government Pr in t ing  Office v i a  GPO Access 
[CI!l?E: ZlCFR184.15S31 

[Page 524-5293 

TITLE 21--FOOD AND DRUGS 

CHAPTER I--FOQD AND DRUG ADMINISTRATION, DEPARTMENT OF HEALTH AND HUMAN 
SERVICES [CONTINUED) 

PART 184--DIRECT FOOD SUBSTANCES AFFIRMED AS GENERALLY RECOGNIZED As SAFE--Table of 

subpart B--Listing of Spec i f ic  Substances Affirmed as GRAS 

Sec. 184.1553 Peptones. 

( a )  Peptones are a v a r i a b l e  mixture of polypeptides,  o l igopept ides ,  
and amino acids t h a t  are produced by p a r t i a l  hydrolysis of casein, 
animal t i s s u e ,  soy protein isolate, ge la t in ,  defatted fatty tissue, egg 
albumj.n, or  lactalbumin (whey protein). Peptones are  produced f r o m  these 
proteins using proteolytic enzymes that either are considered t o  be 
g e n e r a l l y  recognized as safe (GRAS) or axe regula ted  as food addi t ives.  
Peptones are also produced by denaturing any of t h e  pEoteins l is ted i n  
t h i s  paragraph w i t h  s a f e  and s u i t a b l e  acids ox heat. 

(b) FDA is developing food-grade s p e c i f i c a t i o n s  fo r  peptones in 
cooperation with the National Academy of Sciences. I n  the inteEim, these 
i n g r e d i e n t s  must be of a p u r i t y  s u i t a b l e  f o r  their intended use. 

( c )  I n  accordance with Sec. 184.l(b) (11, these ingxedients  are used 
i n  food w i t h  no limitation other than cu r ren t  good manufactucing 
practice. The affirmation o f  these ing red ien t s  as GRAS as direct human 
food i n g r e d i e n t s  is based upon t h e  following current good manufacturing 
practice conditaons of use: 

Sec. 170.3(0)(20) of this chapter; as processing aids as defined in 
Sec. 170.3 (0.1 (24) of 

(1) These Ing red ien t s  are used as nutrient suppkements a8 defined i n  

this chapter; and a s  surface-active agents as defined in 
Sec. 170.3(0) (291 o f  t h i s  chapter. 

(2) These i n g r e d i e n t s  are used in food a t  levels not t o  exceed 
current good manufacturing p r a c t i c e ,  

(d) Prior sanctions for these Ingredients different from t he  uses  
established i n  this section de n o t  e x i s t  o r  have been waived. 

LU.9 FR 25430, June 21, 1984, as amended at 5 0  FR 49536, D e c .  3, 19851 

A-2 
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282 I PCC IV 1 Munograph Spccifican'ons 

Parsley Seed Oil Partially Hydrolyzed Proteins 
Empc-Hydrolyzed (Source) €'rote Partially Hydrolyzed 
( S o w )  Pro& (Sall1f4) Peptone; Enzyme-Modiied 
(Source) Protein; Parrial Enzymatic Digest of (Source) 
Protein; Partial Acid Digest of [Source) Protein 
INS: 429 

, 
DESCRIPTION 
The oil obtained by atcam distillation of the ripe aced of Perrosel- 
i n m  crirpum Pm. Umbellifcme). It is a yellow right brawn 
liquid having a rather harsh odor. It is soluble in most bed 
oils and in m i n d  oil. It is slightly soluble in propyIcno glycol, 
but it is insoluble in glyccin. 

' Functional Use in Foods Flavoring agent. 

REQUIREMENTS 

Identification The infrared absorption spectruxn of the cample 
exhibits relative maxima (that may vary in intensity) at the same 
wavelength (or ftequencies) 89 those shown ia the respective 
speceum in the section on Infmred Speczm (Series A: Essential 
Oils), using rhe same test conditions as specified therein. 
Acid Value Not more than 4.0. 
Angular Rotatioa 3ehvcen -4" and -10". 
Henry Metab (as Pb) Passe8 test. 
Rd'mctive Index Between 1.513 and 1522 at 20'. 
Sapodficatlon Value Between 2 and 10. 
SohrbUty in Alcohol Passes tcst 
Specmc Gmvlty Between 1.040 and 1d80, 

TESTS 

Add Value netennine 8% directed for Acid V a l u  under Fats 
and Related Substances. Appendix W. 
hgular Rotation Determine in a 100-mm tube as directed 
under Optical (S'cifi) Rotation, Appendix II3. 
Heavy Metals Shake 10 mL of the oil with an quat volume 
of water to which 1 drop of hydrochloric acid has been added, 
and pass kydmgen sulfide through the mixture until it is saw 
rated, No darkening in colar is produced in cithw the oil or the 
w a r .  
Refractive Index, Appendix IIB Detennine with an Abb6 or 
other nfractometer of qual or greater accmcy. 
Saponilkation Value Dckrmhe as dirtctcd for Sopon$cu- 
rion Value UadexEsSenrial Oils and Flavors, Appendix ?!I, using 
about 5 g, accurately weighcd. 
Solubility ia Alcohol Proceed BS directed in the g c n d  
method, Appendix W. One mL dissolves in 6 mL of 80% 
dcohol, d o n a l l y  With slight haziness. 
Specific GrnVity Determine by any rcliable method (sae Gen- 
eral Provisiow), 

Packaging add Starage Store in full, preferably glass, tin- 
lined, or d e r  suitably lined containers h a cool place protected 
from light 

DESCRIPTION 

Partidy Hydrolyzed Proteins 8rr composed of peptides and :: 
polypcptidas resulting from the parrial or inco 
(breakdown) of peptide bonds present in 
maictials catalyzed by heat, food-grade proteolyric enzymes, 
andor suitable food-pdc acids. Their degree of hydrolysis 
typically range from 3% to 8% on the basis of peptide bond 
cleavage. During processing, the proteinaceous raw material 
may be seated with safe and suitable alkaline materials. ThC 
rdiblc proreinaceom materials used as raw matcrials are derived 
from casein and other milk products such as whey prorcin; from 
animal tissue, including gelatin, defatted nnimal tissuc. and ogg 
albumen; and from soy protein products, yeast, wheat protein 
products. or other suitable and safe plant sources. Panidly Hy- 
drolyzed Proteins may bo available in liquid, paste, powder, ot 

Note: Depending on the protein source and the degree of 
bydrolysis, Pardally Hydrolyzed Rot& may present au 
allergenic risk to sensitized individuals, 

gtanular form. 

Punctiollal Use In F W  Binder, dough conditioner, e 
fier ad emulsifier sdt: davorihg agent; flavor enhancer; n 
supplement: fermentation aid; proceasing aid; surface 
agenr, formulation aid; tuxttuizer. 

REQUIREMENTS 
CalcuIatc all analyses on the dried basis. In a sui 
container, evaporate liquid and paste 
steam bath, then, as for the powdered 
to conslant weight at 105" (sec General Provisiutu). 
Labeling Indicate the source of pmein, including type. 
Assay (Total Nitrogen; TN) Not lcss than 7.0%. 
a-Amlna Nitrogen (AN) Not less than 90.0% and not 
than 110.0% of the amowt.claimd on the label. 
a-Adno Nitrogea4'otal Nitrogen (ANm Percent 
tlo Not less than 2.0% and not mpre &an 620%. when c 
taccd on an ammonia nitrogcn-fice basis, 

Ash ("oral) Not more than 
Clutadc Add Not more 
more than 35.0% of the total amino acids. 
Heavy M e a  (as Pb) Not more than IO mg/kg. 
h a d  

Ammonia N iboga  ("3-N) Not XU= than 1.5%. 

Not more than 3 m a .  
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PCC xv I Monograph Specij'icwiow I283 

TESTS 
A m y  (Total Nitrogen) Proceed as directed under Ninogen 
Detemtna~oion, Appendix mC. 
a - M o  Nitrogen Proceed as directed under a-Amino Nitro- 
gen in the monograph for Acid Hydroiysam of Proteins. 
a-AmZno Nitrogeflotal Mhgen  (ANm Percent Ratio 
Calculate by dividing the pctcont a-amino nitrogen c4N) by he 
pcrccnr total nitrogen (2") as comctcd for ammonia nimgca 
("3-N) according to the formula 

Ammonia Nitrogen Proceed as directed under Ammonia Ni- 
trogen in the monograph for Acid Hydrolysutes of Proteins. 
Ash (Total) Proceed as directed in the gcntd method, Appcn- 
dix IIC, using a 1-g sample. 
GIutamic Add proceed as directed under Glutnmfc Acid in 
the monograph for Acid Hydrolysates of Profsins. 
Heavy Metals Propare and test a 2-g sample 88 directed in 
Method J7 under the Heavy Meraik Tat, Appendix I3J.B. using 
20 pg of lead ion Pb) ia the control (Solufiotr A). 
Lead ASample Solm-on prepand as directed for organic corn- 
pounds meets the rquirernas of the LendMt Tesr. Appendix 
HIE, using 3 pg of lead ion (Pb) in the control, 

Packaging and Storage Store in tight containers. 

Peanut Oil (Unbydrogenated) 

DFS'CRDPTION 
A pale yellow oil with a bland flavor obtained from the kzmel 
of rhe pcanut plaatcltacis hypopea by mechanical expression 
or solvent cxtractian. It is rcdncd, bleached. and deodorized to 
substantially remove frcc fnay acids, phospholipids. color, odor 
and flavor components, and miscellaneous other noasil materi- 
als. It is a liquid at 21" to 27'. but solidifies to a gct-like 
consistency at refrigerator ternperarurrs (2" to 49. It is frce 
drom visible foreign matter at 21" to 27', but sometimes c1louds 
al tempcrahues above 21*. 

REQUIREMENTS 
Identification Unhydrogenated Peanw Oil exhibits the fob 
lowing composition profile of fatty acids as determined under 
Fatty Acid Cornpodion, Appendix W: 

Fatty Add: 4 4  14Sl 16:O 1 6 1  18s 18:l i8:z 
wcight % 

(Radgc): Q.1 Q.2 6 1 5  -4 .0  13-62 36-72 1 M 5  

Color (AOCS-Wesson) Not morc than 5.0 red. 
Free Fatty Acids (as oleic acid) Not more than 0.1%. 
Iodine Value Between 84 and 100. 
Lead Not more than 0.1 mg/kg. 
Linolenic Add Nor m e  than 2.0%. 
Peroxide Value Not more than 10 meqkg. 
Unsaponifiable Matter Not more than 1.5%. 
Water Not more than 0.1%. 

TESTS 
Color Proceed as dircctod for Color (AOCS-Wcsson) under 
Fats and Related Svbstunccs. Appndix VIL 
Free Fatty Acids Proceed BB directed under Free Fa@ Acids, 
Appendix W, using the following equivalence factor (e) in the 
fornula given in &a procedure: 

Free faw acids as oleic acid, e = 28.2. 
Iodine Vdue Proceed as directed under Iodine V a h ,  Appcn- 
dix w. 
Lead D e t d e  85 directed under M e r M  IJ in the Atomic 
Absovtion Spccrrophorumrric Gmphile Furnace Method un- 
der L u d  Limit Test. Appendix mB, using a 3-g sample. 
Linolecrlc Add Proceed as directed udder Fatry Acid Compo- 
sirion, Appendix VI€. 
Peroxide Vduo Proceed as dincted under Perarlde Value in 
the monograph for Hydfa*yfrred Lrclthfn. However, after the 
addition of saturartd potassium iodide and mixing, instead of 
dlowing the solution to stand for 10 min, mix the solution for 
1 min and begin the titration immediatdy. 
Unsaponifiablle Matter Proceed 89 directed under Unraponi- 
$able Matter, Appendix W. 
Water h c c c d  as directed under Ware? Deteminatlon. A p  
pcndix II8. However, in place of 35 to 40 mL of mcthanal, use 
SO mL of chloroform to dissolve the sample. 

Packaging and Storage Stort in well-closed containers. 

Pectins 
INS: 440 CAS; [9000-69-5] 

Pectins consist mainly of the panial methy! wters of polyga- 
lactumaic acid and tb& bodium, potesdm, calcium, and m- 
monium salts. It is obrained by extraction &an qumus medium 
of appropriate edible plant material, usl)(Llly citrus fndrs or 
epplm. No organic precipitants sbd be uscd other.chan metha- 
nol, ethanol, and isopropanoL b some types, a portion of the 
methyl esters may have been convened to primary amides by 
maanent with ammonia under alkatine conditipns. It u s m y  
occurs as a.white, yellowish, light grayish, or fight brownish 
powder, The commercial produn i s  n o d y  diluted with sugars 
for standardization purposes. In addition to sugars, pectins m y  
be mixed with suitebla food-grade salts requirud for pH control 
and desirable scDing charactuiStica. 

A-5 000178 
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2 1 Monograph Specijhtium 

Acid Hydrolysates of Proteias 
Acid-Hydrolyzed Proteins; Hydrolyzed Vegetable Protein 
OIVp); Hydrolyzed Plant Protein (HPP); Hydrolyzed (Sourcc) 
Protein Extract; Acid-Hydrolyzed Milk Protein 

DESCRWI'XON 
Acid Hydrolysates of Proteins arc composed primarily of ammo 
acids, small paptides (peptide chains of five or fewer amino 
acids), and salts resulting from thc essentially complete hydro- 
lysis of peptide bonds in edible proteinaceous materials cata- 
lyzed by heat and/or food-grade adds. CIca~agt of peptide 
bonds typically ranges from a low of 85% to essmtidly 100%. 
In processing, the protein hydrolysates may be trtatcd with safe 
and suitable alkaline materiala The edible protcinaecous mate- 
rials used 8s raw materials are derived from cain, soy, wheat, 
ycaa, paanuts, rice, or other safe and suitable vegctablc or plant 
sources, or from milk. Individual products may be in liquid, 
pas& powder, or granular fona 

Functionel Use in Foods Flavoring agent; flavor enhancer; 
adjuvanr. 

REQUWMENTS 

Calculate all anaIyses on the dried basis. In a suitable tand 
container, evaporatt liquid and pasrt samples to dryness on a 
slram bath, then, as for the powdered and granular forms, dry to 
constmt weight at 105O (SK the General Prorisionr). 

1 A-7 

Assay (Total Nitrogtn; TN) Not less than 4.0% total nitrogen, 
a-Amino Nitrogen (AN) Not less thM 3.0%. 
a-Amino Nitrogen/Total Nltrogen (ANITN) Percent Ratio 
Not less than 62.0% and not more thnn SS.O%, when calculated 
on an ammonia nftrogen-frcc b,es. 
Ammonia Nitrogen (NH3-N) : '  Not more than 1.5%. 
3-Chloropropane-l12diol (3%Pb) Not more than 1 m a g ,  
calculated on the dried basis. . !. 
1,3-Dichlorb-2-propono~ W P )  Not more than 0.05 m@g, 
calculated on the dried basis. ._: 
Glutamic Acid 'Not more than 20.0% as CsW9NOq and not 
more than 35.0% ofthe total h i n o  acids. 
Heavy Metah (85 Pb) Not rqkre than 10 mglkg. 
Insoluble Matter Not more than 0.5%. 
Lead Not more than 5 rnflg. 
potassium Not more than 3@O%. 
Sodlum Not morc than 20.qX 

TESTS 

ASBUY (Total Nitrogen) cocked ~ts directed under Nitrogen 
Determinattlhn, Appendix 1ITC.l 
a-Amino Nitrogen Transfer' 7 to 25 g, accurately weighed, 
fnto a 500-mL volumetric flask with thc aid of several SO-mL 
portions of warm ammonia-frce water, dilute to volume with 
water, and mix. N e M i z c  209 mL of the solution with 0.2 N 
bdum hydroxide or 0.2 N sodium hydroxidc, using phcnol- 
phthalein TS BS indicator, ed add 10 rnL of ftcshly prepared 
phenolphthalein-form01 solution (50 mL of 40% formaldehyde 
containing 1 mL of 0.05% ,phenolphthalein in 50% alcohol 
neutralized exactly to pH 7 with 0.2 N barium hydroxide or 
0.2 N sodium hydroxide). Tim= with 0,2 N barium hydroxide 
or 0.2 N sodium hydroxide tp a distinct red color, add a smdl, 
but aavmtdy measured, volwnc of 0.2 N barium hydroxide or 
0.2 N sodium hydroxide In excess, and back titrate to neuaality 
With 0.2 N hydrochloric acid. Conduct B blank titration using the 

. .  

~001810 . .  
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sme rengents, with 20 mL of water in placc of tho tcst solution. 
~ a c h  mL of 0.2 N barium hydroxide or 0.2 PI sodium hydroxide 
is equivalent to 2.8 mg of a-amino nitrogen. 
a-Amino NitragedTotal Nitrogen (ANRN) Percent Ratio 
Calculate by dividing thc percent a-amino nitrogen (Ah') by the 
percent total nitrogcn (nv) BS corrected for ammonia nitrogen 
(NN,-N) according to the formula 

100[(AN - NH,-Ny(TN - NH,-N)]. 

Ammonia Nitrogen (Cnution: Provide adequate ventilation.) 
(Note: All reagents should be nitrogen free, where wailable, or 
otherwise vcry low in nitrogen content,) Transfer from 700 mg 
to 2.2 g of tho sample to a 500- to 800-mL Kjeldahl d i g d o n  
flask of  hard, moderately thick well-annealed glass, wrapping 
the samplc, if solid or semi-solid, in nitrogen-free filter papcr to 
facilitate the transfer ifdcsircd. 

Add about 200 mL of water, and mix. Add a few granules 
of zinc to prevent bumping, tilt the flask, and cautiously pour 
sodium hydroxide pellets, or a 2 in 5 sodium hydroxide solu- 
tion, down the inside of the flask so that it forms a layer under 
the solution, using a suficient amount (usually about 25 R of 
solid NaOH) to make the mixture strongly alkaline, Immediately 
connect the flask to a distillation apperatus consisting of a 
Kjeldohl connecting bulb and a condenser, the delivery lube of 
which extends well bcncath thc surface of a mtanrrcd exct~s of 
0.5 N hydrochloric or sulfuric acid contained in a 500-mL flask. 
Add from 5 to 7 drops of methyl rcd indicator (1 g of methyl red 
in 200 mL of alcohol) to the receiver flask. Rotate the Kjeldahl 
flask to mix its contenrs thoroughly, and then heat until all of 
the ammonia has distilled, collecting at least 150 mL of distil- 
late. Wash the tip of thc dolivery tube, collecting the washings 
in the rccciving flask, and titratc the excess acid with 0.5 N 
sodium hydroxide. Perform a blank determination, subniNhg 
2 g of sucrose for the sample, and make any neccswy corn .  
tion (see the General Prouislanr). Each mL of 0,s N acid con- 
sumed is equivalent 16 7.003 mg of ammonia nitrogen, 

Note: If it is known that the substance to be deter- 
mined has a low nhrogen content, 0.1 N acid and d- 
kali may be used, in which cast each mL of 0.1 N acid 
consumed is equivalent to 1.401 rng of nitrogen. 

Calculate the percent ammonia nitrogen by dividing the weight of 
ammonia nitrogen, in mg, by the weight of the sample, in mg, 
timcs 100. 
3-Chlorapropsne-1,2dlol(3-CPD) 

3-CPD Stock Solution T m f e r  12.5 mg, accurately 
wcighcd, of rcagcnt-grade 3-~hl0ropropantl,2diol (3-CPD) 
into a 100-mL volumctric flask, dilute to volume with ethyl 
acetate, and m i x  

Dilute PCPD Solution Dilute S mL of 3-CPD S m k  So- 
lufion to 100 mL with ethyl acetate to yield a solution contain- 
ing 6.25 pglmL. 

Internal Srandard Solution T m f c r  50 mg of l-chlom- 
temdecane into a 50-mL volumetric flask, and dilute to volume 
with cthyl acetate. Dilute 1 mL of this solution to lob mL with 
ethyl Bcetate to yield B solution contcdning 10 pglmL. 

Standard Soltdonr 
A, Pipet 2 mL of Dilute 3-CPD Solution and 2.5 mL of 

hternol Stundard Solution into a 25mL volurndric flask, dilute 
to volume with ethyl acetate, and mix. The resulting Stundwd 
Solution contains 0.5 pg/mL of 3-CPD. 

Infernu1 Stundurd Solutfon into a 25-mL volumetric flask, dilute 
to vofume with ethyl acetate, and mix. The resulting Stundud 
SoluNott contains 2.0 pg/mL of 3-CPD. 

C. Pipct 16 mL of Dilute 3-CPD Solution and 2.5 mL of 
Internal SfandardSolution into,a 25-mL volumetric flask, dilute 
this mixture to volume with ethyl acetate, and mix. The result- 
ing StundardSolurlon contains 4.0 pglmL of J-CPD. 

Chromatagruphi'c Syarem Use a gas chromatograph 
quipped with M elccuolytic conductivity detector operated in 
the halogen mode. The gas chromatograph is fitted with either a 
capillary injcctor operated in the splitlcss modc or a purged, 
packed injector with a glass insch Use a 30-m x 0-53-mm id 
fuscd silica column coatcd with I-pm Supclcowax 10 or an 
equivalcnt bondcd carbowax coIumn. Thc column is fitted with 
a 50-cm retention gop of 0.53 mm deectivated. fused silica. Use 
helium as the carrier gas at a flow-rate of 8 mL,/min. Stt thc 
column temperatun SO 170" for 5 min, then mise the tcmpcra- 
tun  at a rate of S"/mh to 250", and hold it at that temperatun 
for 10 min. The iqjector temperature is maintahcd at 225". 

Use hydrogen as the r e t  gas at a now-rate of 30 mllmin, 
and use 1-propanol as the solvent at a flow-rate through the cell 
of 0.5 mL/min.or the mufacturer's specified flow-rate for the 
optimum operation of the electrolytic conductivity detector. The 
reactor temperature should be 900°, with a base temperature of 
275". Minimize contamination of the reaction rube by venting 
flow from the column at all times, except for the time during 
which compounds of interest elute. 

CullbrofJon Inject 1 pL each of standard solutions A,  B,  
and C into thc gas chromatograph. Calculate the response area 
ratios of 3-CPD to the Internu1 Standard for each standard solu- 
tion, Plot the response area ratios versus the gg of 3CPD in 
each standard solution to obtain the standard curve. 

Prucdum Adjust an accmtcly weighed sample of Acid 
Hydrolysates of Proteins, as needed, with 20% aqueous sodium 
chloride to obtain a solution with a solids content of36% Weigh a 
20-g aliquot of the solution directly into a 20-mL Extrelut col- 
wnn (EM Science, Gibbstown, NJ, or equivalent1 and allow it 
to equilibrate for 15 min. Elute the column with 150 mL. of ethyl 
acetate, coItecting the eluent in a 250-mL, shon-neck, round- 
bottom flask with a 24/40 joinr Conccneatc the elucnt to a vot- 
w e  of approximately 3 mL using a rotary cvaporator at SO". 
Add 0.5 mL of Internal Srrrndard Solution to the eluent, transfer 
this mixture to a 4dram scrtw-cip vial, and dilutt to a volume 
of 5.0 mL. Inject 1 pL into the gas cbromatograph. m e m f e  its 
response area ratio of 3-CPD to the Internal Sfuadord, and dr- 
tennine from the standard curve the pg of 3-CPD in the 20-g 
diquot taken. 
WDich lo ro-2-props no! (PCP) 

EIUMI Tmnsfer 850 mL of chromatographlugrsde pen- 
tane and 150 mL of chrornatographic-grade diethyl h e r  into a 
suitable container, and mix well. 

B. Pipct 8 mL of Dilute 3-CPD Solufion and 2.5 mL of ' 
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DCf Stock Solurlon Transfer 50 mg, accurately weighed, 
of reagent-grade 1,3dichloro-2-propmol @CP) into n 50-mL 
volumetric flask, dilute to volume with Eluent, and mix. 

DfItrrs DCP Solurion Stcpwisc and quantitatively dilute 
the DCP Stock Solullon with Eluent to abtain a fiod solution 
containing 1 p g / d  of DCP. 

Internal Shdard Solutbn Transfer 50 mg of bichloro- 
benzene into a SO-rnL volumefric flask, dilute to volume with 
Uuent, and mix. Use a 1 in IO00 dilution af this solution BS the 
Intgmal Standard Solurion. 

Srondard Solurjom Inta separate SO-mL volummic flasks 
pipet I-, 2-. 3-, and b m t  portions of DiIufe DCP Solution, TO 
each add 1 .O mL of Ihlernof Standard Solution, dilute to volume 
with Eluent, and mix. 

Sample Preparation Dissolve 5.0 g ,  accurately weighed, 
of Acid HydroIysatcs of Protein3 in a rnin~mum volume of 20% 
aqueous sodium chloride solution. Transfer this solution qwtb 
tativcly to an Extrelut coltlmn (eM Science, Gibbmwn, NJ, or 
cquivdcnt). After IS min, duts the column with three 2bmL 
portions of Eluen;, collecting all the eluate, Carefblry cvaporatt 
the eluate to Iess than 4 mt. Add 1 .O mL oflnterml Stundad 
Solulfufi, and dilute with Eluent, as ncccssmy, to bring rbe final 
volume to 5.0 mL. 

7 Chromdo~uphic System Use a gas chromatograph 
equipped with a split injector and a nickel electron-capturc dc- 
tcctor. T h e  gas chromatograph i s  fitted with a 50-rn x 02-mm id 
fused silica column coated with dhethylpdysiloxane (Car- 
bowax 20M. or quivalent). Use nitrogen as tbe carrier gas at R 
flow-ratc of 8 mL/min. Before use, precondition the coltunn by 
heating it at 2000 nad the detector at 30P for 24 h Set the in- 
jector temperature at 250" and the clectmn-capture detector at 
300", and program thc column temperature ILS fo!hWS: hhhtab  
for IO mid at 1 1 5 O ,  raise rapidly at 3O0/min to 2000, and main- 
tain at 200° for 12 min. ' 

cnllbrorlon Inject 1.0 pL of tach of the four S&&d 
Soltttionp into the gas chromatoppb. Calmlatt the response 
area ratios of DCP to the Inrerwl Studard Solutfon for each 
Srandurd Solution. Plot the response area ratios versus the pg of 
DCP in each Srundrrrd Solution to obtain the standard curve. 

Procedure Similarly, inject 1.0 pL of Sampls P ~ e p w -  
rlon. Measure its mponsc ratio. a d  determine from the stsd. 
d d  curve thc pg of DCP in the sample taken. 
Glutamic Acid 

Appamtrcs Use WI ion-exchange amino acid analyzer, 
equipped with sulfonated polystyrcnc colkns. in which the e€- 
fluent from tbe m p l e  is mixed with ninhydrin reagent and the 
absorbance of the resultant color is measured continuoudy and 
automatically at 570 and 440 nm by a recording photometer. 

St&d Solution Weigh 1250 i 2 mg of glutamic acid, 
reagent grade, and place in a SOO-mL volumetric aask. Fill the 
f l a k  half-fill with w r ,  and add 5 mL of hydrochloric acid to 
help dissolve the amino acid, dilutc to volume with wtcr, and 
mix. Prepare the standard for analysis by diluting 1 mL of this 
solution with 4 mL of 02  N sodium citrate, pH 2.2, buffkc. This 
StddSolu t ion  contains 05  mg of glutamic acid per mt (Ct). 

Sanple Prepwarion Accuratdy weigh 5 mg of the sun- 
plc and dilute to exactly 5 mL with 0.2 N sodium citmte, pH 2.2, 

A-9 

202 331 3393 P.18/36 

FCC IV-FIRST SUPPLE& i Monograph Specflcatiow I 3  

bufFer. Remove any insoluble material by centriagation ar fil- 
tratlon. 

Procedure Using 2-mL aliquots of the Standard Solution 
and Sample Prepurafion, proceed w directed according to the 
appmtus manuhcturcf s instructions. From the chromatograms 
thus obtained, match the retention times produced by the Stun- 
dard Solurion with those produced by the Sample Solution. and 
identify the peak produced by glutamic acid. Record the area of 
rhc glutamic acid peak from the sample 85 A ,  and that from the 
standards as A,. 

Cdcdprlons Calculate the concentration, CA, mglmL. 
of glutamic acid in the Sample Preparation by the formula 

Au x C&,, 
in which C, is the concentration, in mg/mL, of the gIutmic acid 
in the Standard Solution. 

Calculate the percentage of glutamic acid, on the basis of 
total amino acids, by the formula 

1 OOC~J&25N~, 

in which NT is the percentage of total nitragcn determined in the 

Calculate the percentage of glutamic acid in the samplc by 
ASXUY. 

thc fomula a 

in which S, is the weight ofthe sample taken, in mg. 
Heavy Metals Prepare and test a 2-g sample as dircctcd in 
Method JI under the H e w  M ~ t a &  Test, Appendix 1118, using 
20 pg of lead ion (Pb) in the conml (Solufion A). 
Insoluble Matter Transfer about 5 g, accurately weighd, into 
a 250-mL Erfenmeytr flask,,add 75 mL of watcr, cover the flask 
with a watch glass, and boil gently for 2 min. Filter the solution 
through a tared filtering crucible, dry at 105" for 1 h. cook and 
weigh. 
Lead A Sample Solution prepared as directed for organic 
compounds meets the requirements of the Lead LlnrSi Tept, Ap- 
pendix IIIB. using 5 pg of lead ion (Pb) in the control. 
Pot~~asium 

S,clrophotometer Use my suitable atomic absorption 
spctrophotometer. 

Slndurd Solution Transfer 38.20 mg of reagent-grade 
potassium chloride, accurately weighed, into a 1OO-mt volu- 
metric flask, dissolve in and dilute to volume with deionized 
water, and mix. Transfer 5.0 mL of this solution to a 100O-mL 
volumetric flask, dilute to volume with deionized water, and 
mix. Each mL contains 1 ,O pg of K 

Sample So/tWt~ Transfer 1.00 * 0.05 g of previously 
dried sample, accumtely weighed, into a s i W  or porcelain dish 
Ash in II mufnc furnace at 550" for 2 to 4 h. Allow the ash 10 
cool, and dissolve in 5 mL of 20% hydrochloric acid, wanning 
the solution if necessary to complete solution of  the residue. 
Filter the solution through acid-washed filter paper into 8 
1000-mL volumetric flask. Wash thc filter paper with hot waw. 
dilute to volume, and mix. Use a 1 to 300 dilution as thc SOmpJe 
Solution. 

Procedure Determine the absorbance, of each solution at 
766.5 MI, following the manufacturer's instruction for optimum 
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opcration of the spectrophotometer. ?hc absorbance produced 
by the Sampl~ Solution docs not exceed that of the Standard 
Solufion. 
Sodium 

Specrr&horometer Use any suitable atomic absorption 
spectrophotometer. 

Standard Solution Transfer 25.42 rng of reagent-grado 
sodium chloride, accuratcly wcighcd, into a 100-mL volumetric 
flask, dissolvc in and dilute to volume with deionized water, and 
mix. Transfer 5,O mL of this solution to a 1000-mL volumetric 

. flask, dilute 10 volume with deionized water, and mlx. Each mL 
of the final S c d a ~ d  Sulurlon contains 0,5 pg of Na Using 
watcr as thc solvenf prepare a 1 in 100 dilution of this solution 
to obtain the final working Stmdurd Solvrlon. 

Sample Sofufion Transfer 1.00 * 0.05 g of previously 
dricd samplc, accurakly weighed, into a silica or porcelain dish. 
Ash in a mufflo furnacc at 550° for 2 to 4 h. Allow the ash to 
cool, and dissolve in 5 mL of 20% hydrachloric acid, w w h g  ' 
the SOhtiOA if necessary to complete solution of the residue. Fil- 
ter thesolution through acid-wash4 filter paper into a l O O = m L  
volumetric flask. Wash the filter paper with hot water, dilute to 
volume, and mix. Using water as the solvent, prepam a I in 4000 
dilution of this solution to obcain the final Sample Solutiarr, 

Proadwe Dctmine the absorbance of each solution at 
589.0 nm, fallowing thc mantifactuds i m c t i o n s  for opti- 
mum operation of thc spcctropbotomcttr. The absorbance p m  
duccd by the Simple Solution does not exceed that of the Stun- 
diwd Solusiota. 
Packaging and Storage Store in well-closed containers. 

I Revision: Delete Trunsdfance specification. J 
Aspartame - 
N-~d-Aspartyl-~-pht~ylal~ine 1-Methyl Estcr, APM 

C14HItN10J Fomula wt 294.3 1 
INS: 951 CAS: [2283947-0] 

I 

DESCRIPTION 

A whitc, odorless, crystalline powdu having a sweet taste, It is 
sparingly soluble in water and slightly soluble m alcohol. The 
pH of a 0.8% solution is between about 4.5 and 6.0. 

Functional Use in Foods Swectcncr; sugar substitu* flavor 
enhancer. 

202 331 3393 P.19/36 

REQUIREMENTS 

Identification Tha infrared absorption specvum of a potas- 
sium bromide dispersion of Aspartame exhibits maxima only at 
the same wavelengths as that of a similar preparation of USP 
Aspartame Reference Standard. 
Assay Not less thm 98.0% and not more than 102.0% of 
CI4Hl8N2OS, calculated on the dricd basis. 
5-Beny13,6-dloxo-2-pIperazineacetic Acid Not more than 
lS%. 
Heavy Metbls (i%s Pb) Not morc than 10 rnglkg, 
Loss on Drying Not more than 45%. 
Other Related Substancct Not more than 2.0%. 
Residue on Ignition Not more than 0.2%. 
Specific Rotation 
lated on the dried basis. 

[a]r : Between +14.5" and +16.5", calcu- 

TESTS 

Assay Transfer about 300 mg of the smplc, accurately 
weighed, to a 150-mL btaker, dissolve in 1.5 mL of formic k i d  
(96%), and add 60 mL of glacial acetic acid. Add crystal violet 
m, a d  titrate imrncdiatcly with 0.1 N perchloric acid to a green 
endpoint. Perform B blank determination, and make any neces- 
sary correction. Each mt of 0.1 N perchloric acid is cquivalcnt 
to 29.43 mg of C,,H,,N,O,. 

Note: Use 0.1 N perchloric acid prtviously standard- 
ized to a green endpoint A blank titration exceeding 
0.1 mL may be due to excessive watu content and 
may cause loss of visual endpoint Smitivity. 

5-8enyl3,&diox~t-piperazineacetle Acid 
Mobile Phase Weigh 5.6 g of potassium phosphate mon- 

obasic into a 1-1, flask, add 820 ml, of water, and dissolve. Ad- 
just the pH to 4.3 using phosphoric acid, add I80 mL of metha- 
nol, and mk. Filter through a 0.45-pm disk, and de-gas, 

Diluting Solvent Add 200 mL of m e 0 1  to 1800 mL of ' 
water, and mix. 

lmpuri@ Standard Prepmation Transfcr about 25 mg of 
USP S-Benyl-3,6aioxo-2-piperazineacetic Acid Refcrsncc 
Standard, accuratcly weighed, into- a 1ObmL volumetric flask. 
Add 10 mL of methanol, and dissolve. Dilute to volume with 
water, and mix. Pipet 15 rnL of this solution into a 50-mL 
volumetric flask, diluk to volume with Dliutitg Solved, and 
mix. Use a freshly prepared solution. 

Sample PrepaJation Tmnsfer about 50 mg of thc Aspar- 
tame sample, accurately weighed, to a IO-mL volumetric flask. 
Dilute to volume with Dilurlng SalVenl, and mix. Use a freshly 
prepared solution. 

Chrotnatogrophic SjMm Use a suitable high-prcssurc 
liquid chromatograph equipped with o detector measuring at 2 IO 
nm and a 250- x 4.6-mm columa packed with octadtcyl silm- 
izod silica ( I O - p  Partisif ODs-3, or equivalent) and operated 
under isocratic conditions at 40". The flow ratc of the Mobile 
Phnse is about 2 mumin. 

System Suitubil@ Thc arca rcsponscs o f  three replicate 
injections of thc Impwiq Stnndurd Preparation show a relativc 
standard deviation of not more than 2.0%. 

A-10 
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WGEBOGPA -Process Flow Diagram 
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DMV J A P A N  

CERTIFICATE 

To NDIOMOTO CO, INC, 
%.+, 

Glutamine peptide WGESOCSPA is  rnanufaclmd under food grade conditions and com$lies with 
all FDA food regulations and is food grade. 

- ,/-**a .r 

Norihito Twahuchi 
Branch manager 
bMv JAPAN 
Brand bf Cnmpina Mek&ic EV 
March 17, 2000 
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DMV I N T E R N A T I ' ~ O N A 1 .  

Nutritionah 

-...-. . .. 

CERTIFICATE 

TO WHOM IT MAY CONCEKN: 

DMV International Nutritionals does not use Ingredients, enzymes nor 
in the manufacture of WGE80GPA, whlch have been produced using 
modified organisms. 

Nevertheless,'we are aware of the increaslng us6 Of these organisms for the 
manufacturing of pharmaceutical Ingredients, and for enzyme producti n, such as 
chymosine, as well as Increasingly in certain agricultural products sucAas soy, corn, 
and wheat. 

* I  

We, therefore, cannot guarantee wholly in the complete production chap, starting at 
the farm and ending at DMV In?ernational Nutritionals premises, that thgse 
organisms are not used. 

1 St veBtaun 
Technical Director 
September 8,7 999 

...*, . ..... -. ."I---- 

.. . 

... . 
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Bppfiea tionr 
Glutamine Peptide It specially devsloped for wppfemcntation 
d nuhitionel beveruger such os sports, Iundonal drinks und 
enteral nuidtion supplemenb, but eon t h o  be applied for 
glutornine enrichment 01 tablet and hitant drink formulations. 

Prodwd descriptiwi 
Glutamine Peph'dc is o low pH, clerified &hear prolein 
hydrolysate rnonufaetured under ca&lly controlled conditiens 
using bod grade enzymes. 

Propesrtiu 
Ben&s of glwtontina supplementalion in nuttilion focus on on 
improved immune response, foster recovery Pher exercI~a or 
injuv, prevsntion of fatigue and the overtraining syndrome, 
ma;n~nance/rerrora,ion of he nltragen baloncc and glycogen 
replenishment. 
Glutamine Peptide has a numbsr of benefilr: it has u high 
contsnt of nolural, pepride bonded glutarnim ond is torrlpleteiy 
stabtr in solutlonr, even a? high bmpemturet [porteuri*udon, 
rstork and UHT-inrilizotion) and low pW. In oddition, 
Glutomins Peptide is  eosy to dtrsolvc, yields cornplsiely cleor 
solutions and  OS o very good renaorie profile {law in 
bitfernert]. 

ydralyris tharclc9erisfiu 
' Mo~cculor weigh! profite: . 
% 

f 

,10,600 10,?00 5,@0 . 2,060 i,OOO 4 0 0  
5,000 2.000 1,000 300 

Dalton 

. Averuge rnolecylor weight (W) 770 0 
1 1  x 

. 2 %  

Degree 4f hydrolysis lbH] 

frsu Amino Acids [FAA). 
AN/TN.ratio [ x  100) 13 

* for use in nuttibjonal beverages such QS 

spa*, funclianel end enteral drink 
fsrmulations geared ?awards support of 
the imrnuoe system und recovery 

0 natural source of pepvide bonded 

0 hcot and acid stable source of gtutomine 
compfepely soluble, high clarity in 

0 bland teasfa, very law biwerness 

glummine 

solution 

Paclruging 
T h b  product is pockaged in o multi-wall paper bog with o 
double potye~hylene h e r  with a net conten! of 20.0 kg. 

Storage Conditions 
Prolein hydrolyoier are hygroscopic ond con obsorb adom. 
Therefore, adequati protection ir essential. Temperaturer 
below W C ,  relative humidities IR.H.1 below 65 %, ond on 
odaur-free environment wlll exlend the storage life, 

5 helf lite 
In the originoi sealed packaging, Glutamine Peptide has o 
shelf lih of at leurt 2 years. 

, 

road teg;olation 
All the ingredients to moke Glulomfne Peptide are food grade. 

Litercrurc 
AdditionaI idormotion will be supplied on request, Technical 

various product pcrometets mentioned in this doto sheor and 
our .methods of onalyris used, 

' bdielinr ore owailable which explain the background 01 tho 
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13.5 Y 
78.3 ?: 
82,d % 

27 x 
< f X  

0.2 x 
13.5 % 
3.0 Y. 
5.0 x 
3.9 

ma*. 5.000/0 
m u .  IO& 
neg. in I 1  Q 
neg. in IO0 g 
mox. 1 W g  

white 
faid whib 
200 9/t 

clear 
400 g/l 

HYDROLYSIS C W A U C I E  RISTICS 
AN/YN.ro!la C IO01 
Oqrm 01 hydrolysis [OH 
hloculor weight Vdik > 10,000 0 

10,000 - 5,000 D 
5,000 * 2,000 0 

. 2,000 - 1,000 D 
1,.000 - 500 0 

< so0 0 

Averoar mdocular weight lMWl 
Free Amino h l d r  (FW 

13 
I 1  y. 

1 %  
1 %  
5’6 

I 1  % 
21 x 
81 ‘I: 

770 D 
2 :: 

PER G Or PROTEIN 
23 mg 
20  mg 
25 mg 
16 mg 

406 mg 
345 mg 
36 mg 
16 mg 
32 mg 

IJmg 
Id mg 

. 53mg 

Ad mg 
23 mg 

m9 
30 ma 
36 mg 

1,600 ms 

6’4 m9 

137 VI# 

To101 Branchrd Chain m i s o  &Ids (BCAA) 172 mg 
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DMV I N T E R N A T I - I O N A L  

Nutritioncls 

TO WHOM IT' MAY CONCERN: 

DMV INTERNATIONAL Nutritionals has analyzed WGE80GPA, &ymatlcally 
Hydrolyzed Wheat GIuten, for gluten content. the method of analysis, AOAC 
991.19, .is a oalorimetric monoclonal antibody enzyme lrnrnu-noassay. lUsing AOAC 
991.19, WGE80QPA has tested less than 40 PPM glutan. 

Technical Director 
DMV INTERNATIONAL Nutritionals 

August 26,1999 

(b)(6)
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- @) SRA International, Inc, 
1 

29 March 2002 

Jay 1. Goodman. Ph.D. 
Michigan State Universfty 
Dept. of Pharmamlogy and Toxicology 
8-440 Life Sciences Bulldlng 
East Lanslng, MI 488241317 

Re: Addition to GRAS certificate 

Dear Dr. Goodman: 

You ware a member of the expert panel, which on IS February 2001 determlned tl'y? 
above-identified enzyme to be GRAS under apecified concfltions of intended uae. 

At the request of the U.S. Food and Drug Admlnlstration, you recently approved a 

panel member on this change to the GRAS certificate, Theref --?, below plr3aSe fln 
the statement you approved and a spaw for your signature. \ ! appreciate your 
assistance in this matter. 

modification to the original GRAS cenfflcata. The FDA requiras the slgnatures of 

The followlng will be added to me GUAS certificate: 

CONDtTlON OF $ M E  USE 

Whlle some experts belleve that an allerglc readion to 
wheat proteln Is 8 'threshold phenomenon', the GRAS 
Panel agrees that conclusive scientific Information 
quantifying thls threshold level Is not currently available. 
In the absence of these data, the Panel is unable to 
determine If a level of5 3.0 ppb, Which is the maxlmum 
level at hydrolyzed wheat protein that would result from 
the use of transglutaminsse a6 steted, is below that 
threshold. 

Under thew conditions, the Panel recommends two 
labellng requirernentd as 8 condition of safe Use, 

1, The manufacturer has been mquested to ernploy a 
different name for this product in order to 
distinguish it from the TG product hat doe3 not 
contain glutemlne peptide. 

. , *B-1 . 000191 
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Bernard to Goodman 
TG GRAS Panel ( I 5  Feb, 2001) 
Modification of Cerb'ficate 
29 March 2002 p. 2 

2. The manufacturer has been requested to identify, in 
the ingredlent sectlon of the label, that the product 
contalns "...hydrolyzed wheal protein,..". 

RESPONSE OF THE MANUFACTURER 

202 331 3393 P.28/36 

The menufaclurer agrees to comply with both of the Penel's lebellng requests. 

1. The label for the product containing glutamlne Will be given the name Stabilit .d 
Transglutsminase, sbbrevlated STG, to distingulsh It from the product thet d d 6 
not contain glutamine (Le, Tmnsglutamlnrrse, abbreviated TG) 

The Ingredlent section of the label for the product contalnlng glutamins (STG: 
will state that the product contains '...transglutaminsse (contalns hydrolyzed 
wheat proteln) ...' whereas the label for the non-stabilized produd wlll state 
'conteina..,trensglutamlnaee., .'. 

2. 

In addition, the manufacturer will advlse b clients that the use of STG In foods, 
requires thet the lngredlent labeling of those foods muat include a statement thet thib 
food contains glutamine peptlde (hydrolyzed wheat protein). 

Slncerel y, 

Bruce K Bernard, President 
Staff Offlcer, GRAS Panel 

&')!Goodmen, PkD. 
dkAS Panel Member 

0001.92 

(b)(6)
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~ L@J SRA International, tnc. 

29 March 2002 

Philip S. Portoghese, Ph.D. 
Distinguished Professor 
Dept. Of Medicinal Chemistry 
College cf Pharmacy 
University of Minnesota 
308 Harvard Street, SE 
Minneapolis, MN 55455 

Re: Addition to GRAS cedficate 

Dear Dr. Partoghese: 

You were a member of the expert panel, which on 15 February 2001 determined the 
above-identified enzyme to be GRAS under specified conditions of intended use. 

At the request of the US. Food and Drug Administration, you recently approved a 
modification to the original GRAS certificate. The FDA requires the signatures of each 
panel member on this change to the GRAS certificate. Therefore, below please find 
the statement you approved and a space for your signature. We appreciate your 
assistance in this matter. 

The following will be added to the GRAS cedificate: 

CONDITION OF SAFE USE 

While some experts believe that an allergic reaction to 
wheat protein is a 'threshold phenomenon', the GRAS 
Panel agrees that conclusive scientific information 
quantifying this threshold level is not currently available. 
In the absence of these data, the Panel is unable to 
determine if a level of 5 3.0 ppb, which is the maximum 
level of hydrolyzed wheat protein that would result from 
the use of ttansglutaminase as stated, is below that 
threshold. 

Under these conditions, the Panel recommends two 
labeling requirements as a condltlan of safe use. 

1. The manufacturer has been requested to employ a 
different name for this product in order to 
distinguish it from the TG product that does not 
contain glutamine peptide. 

000193 
B-3 
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Bernard to Portoghese 
TG GRAS Panel (15 Feb. 2001) 
Modification of Certificate 
29 March 2002 p. 2 

2. The manufacturer has been requested to identify, in 
the ingredient section of the label, that the product 
contains ". , , hydrolyzed wheat protein. .. ". 

RESPONSE OF THE MANUFACTURER 

The manufacturer agrees to comply with both of the Panel's labeling requests. 

'l, The label for the product containing glutamine will be given the name Stabilized 
Transglutaminase, abbreviated STG, to distinguish it from the product that does 
not contain glutamine (Le. Transglutaminase, abbreviated TG) 

2. The ingredient section of the label for the product containing glutamine (STG) 
will state that the product coniains '.., transglutaminase (contains hydrolyzed 
wheat protein) ...' whereas the label for the non-stabilized product will state 
'contains,. .transgtutaminase...'. 

In addition, the manufacturer will advise its clients that the use of STG in foods, 
requires that the ingredient labeling of those foods must include a statement that this 
food contains glutamine peptide (hydrolyzed wheat protein). 

Sincerely, 

Bruce K. Bernard, President 
Staff Officer, GRAS Panel 

(gJ hilip S. Portaghese. ( p f l i i  Ph.D. 

GRAS Panel Member 

E 4  

(b)(6)
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SRA International, lnc. 

29 March 2002 

William J. Waddell, M.D. 
14300 Rose Wycarnbe Lane 
Prospect, KY 40058 

Re: Addition to GRAS certificate 

Dear Dr. Waddell: 

You were a member of the expert panel, which on 15 February 2001 determined the 
aboveidentified enzyme to be GRAS under specified conditions of intended use. 

At the request of the U.S. Food and DCUQ Adrnlnisuation, you recently approved a 
modification to the original GRAS certificate. The FDA requires the signatures of each 
panel member on this change to the GRAS certificate, Therefore, below please Rnd 
the statement you approved and a space for your signature. We appreciate your 
assistance in this matter, 

The following will be added to the GRAS cartlflcate: 

CONDITION OF SAFE USE 

while some experts believe that an allergic reaction to 
wheat protein is a 'threshold phenomenon', the GR4S 
Panel agrees that conclusive scientific information 
quantifying this threshold level is not currently available. 
In the absence of these data, the Panel is unable to 
determine if a level of 5 3,O ppb, which is the maximum 
level of hydrolyzed wheat protein that would result frum 
the use of transglutarnlnase as stated, is below that 
threshold. 

Under these conditions, the Panel recommends two 
labeling requirements as a condition of safe use, 

1. The manufacturer ha5 ken requested to employ a 
different name for this product in order to 
distinguish it from the TG product that does not 
contain glutamine peptide. 
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Bemard to Waddell 
TG GRAS Panel (15 Feb. 2001) 
Modification of Certificate 
29 March 2002 p. 2 

2. The manufacturer has been requested to identify, in 
the ingredient section of the label, that the produd 
canbins ".,.hydrolyzed wheat protein ... ", 

RESPONSE OF THE MANUFACTURER 

The manufacturer agrees to comply with both of the Panel's labeling requests. 

1. The label for the product contalning glutamine will be given the name Stabilized 
Transglutaminase, abbreviated STG, to distinguish It from the product that does 
not contain glutamine (Le. Transglutaminase, abbreviated 'YG) 

2. The ingredient section of the Label far the product cantaining glutamine (STG) 
Will state that the product contains '.., transglutaminase (contains hydrolyzed 
wheat protein) ...' whereas the label for the non-stabilbed product will state 
'contains.. . transglutaminas e., . '. 

In addition, the manufacturer Will advise its clients that the use of STG in foods, 
requires that the ingredient labeling af those foods must indude a statement that this 
food contains glutamine peptide (hydrolyzed wheat protein). 

Sincerely, 

Bruce K. Bernard, President 
Staff officer, GRAS Panel 

J GRAS Panel Member! 

B-6 
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- SRA International, Inc._ 

28 March raaZ 

Dear Or. Wagner. 

B-7 
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Bsmard lo W m o r  
TG GRAS Panel f l S  Fob. 2001) 
M o d i i d c e r t M a e *  
29 Mam2oM 0.2 

2 Tho mmuforaHer has been RquaJbsd tu lasntg, In 
the ingmdknt sodion of the lebel, that the p d u d  
@rrbinS .... hydro- *sat ptotein.. .’. 

RESPoNSe Of THE MANUFACTURER 

GRAS P i n e T h b e r  

000198 
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.. @J SRA International, Inc. 

29 March 2002 

Or. Vernon Young. Ph.D. 
Nutrition Department 
Massachusetts Institute of Technology 
50 Arnes Si., Bldg. 17434, Room E 
Cambridge, MA 02139 

Re: Addition lo GRAS cenificate 

Dear Dr. Yaung: 

YOU were a member of the expert panel, which on 15 February 2001 determined the 
above-identified enzyme to be GRAS under specified conditions of intended use. 

At the request of the US. Food and Drug Administration, you recentty approved a 
modification to the original GRAS certificate. The FDA requires the signatures of each 
panel member cm this change to the GRAS certificate. Therefore, below please find 
the statement you approved and a space for your signature. We appreciate your 
assistance in this matter. 

The following will be added lo the GRAS certificate: 

CONDlTlON OF SAFE USE 

While some experts believe that an allergic reaction to 
wheat protein is a ’threshold phenomenon’, the GRAS 
Panel agrees that conclusive scientific information 
quantifying this threshold level is not currently available. 
In the absence of these data, the Panel is unable to 
determine if a level of 5 3.0’ppb, which is the maximum 
level of hydrolyzed wheat protein that would result from 
the use of transglutarninase as stated, is betaw that 
threshold. 

Under these conditions, the Panel recommends two 
labeling requirements as a condition of safe use, 

q .  The manufacturer has been requested to employ a 
different name for this product in order to 
distinguish it from the TG produd that does not 
contain glutamine peptide. 

B-9 
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Bernard to Young 
TG ORAS Panel ( I S  Feb. 200 
Modification of Certificate 
29 March 2002 p, 2 

2. The manufacturer has been requested to identify, in 
the ingredlent section of the label, that the produn 
contains ',..hydrolyzed wheat protein...", 

RESPONSEOFTHEMANUFACTURER 

The manufacturer agrees to comply Fith both of the Panel's labeling requests. 

1, The label for the product containing glutamine will be given the name Stabilized 
Transglutaminase, abbreviated STG. to distinguish it from the producl that dees 
not contain glutamine (Le. Transglutaminase, abbreviated TG) 

2. The ingredient section of the label lor the product containing glutamine (STG) 
will slate that the product contains '... transglutaminase (contains hydrolyzed 
wheat protein),.,' whereas the label for the non-stabilized product will state 
'contains. .. lransglutaminase.. :. 

In addition, the manufacturer will advise its clients that the use of STG in foods, 
requires that the ingredient labeling of fhose Foods must indude a statement that this 
food contains glutamine peptide (hydrolyzed wheat protein), 

Sincerefy, 

Bruce K. Bernard, President 
Staff Officer, GRAS Panel 

Vernon Young, Ph. DIP 
GRAS Panel Member 

00302048 
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AM I lllllll llllll II 1111 
*- SRA International, Inc. \ , 

FAX 
To: Lane Highbarger, Ph.D From: Bruce K, Bernard, Ph.D. 

company: CFSAN, FDA 
__ -~ . ~~~ ~ 

Fax: 202.418.3131 mt0Z 12 February 2002 

Phon.: 202.41 8.3032 Pagar: 2 

Re: FDA GRAS Notification GC: 

SRA for Ajinomoto USA 

Transglutaminase 

0 Urgent x For Rovlew PIB~SO Comment Please Roply 

Comrnsats 

Dear Dr. Highbarger, 

Thank you for pointing out the three (3) places on page 23 of the original 
submission in which grams (9) was typed instead of milligrams (mg), 

Attached please find a corrected page 23 for y w r  substitution in this 
notification. 

Sincerely, J3 

Bruce K. Bernard, Ph.D. 

1920 L Street, NW, Suite 420, Washington, DC 20036 
TeleDhone: (202) 728 1400 Telefax: (202) 331-3393 

(b)(6)
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2) Use of Protein Consumption Data 

A second and distind method for estimating consumption 
of wansglutaminase, as included in all food groups, is 
possible based upon the known distribution of protein 
consumption. 

According to a number of USDA surveys (ie. Economic 
Research Service [I970 - 1991, 1988 - 19911, Household 
Food Consumption Survey [1994 - 1996]), the intake of 
protein in the various U.S. subpopulations ranges from 25 - 
to 1 11 g/p/day. The estimate of overall mean protein intake 
is 75 g/p/day. Estimates of the 90* percentile of intake 
based upon published surveys (USDA Household Food 
Consumption Survey 11994 - 19961, HHS-NHANES In) 
range from 84 - 154.5 g/p/d, with an overall estimate of 
140 g/p/day. If transglutaminase were added to all food 
containing protein (100% of the food consumed), an 
obvious worst case and clearly unachievable situation, total 
consumption would be 28.5 mg/p/day with a 90* percentile 
consumption of 53.2 mg/p/day. 

Estimates of exposure levels of transglutaminase, like most 
such intake assessments, tend to substantially over estimate 
the amount of TG ingested for a host of reasons, like that 
noted above. These overestimates are especially sen when 
use leveI is based on the protein content ofa food. For 
example, there are a large number of protein containing 
foods consumed in which the enzyme would likely never 
be used, e.g. nuts consumed as snacks, whole cuts of fish or 
meat, etc. Hence, taking the unattainable worst case 
scenario, the addition of trmsglutaminase to all protein- 
containing food would result in a consumption of 
approximately 50 mg/p/day, a level that is clearly 
consistent (and in many cases lower) than consumption of 
other enzymes currently permitted in US foods. 

3) Application of Transglutaminase at Good 
Manufacturing Practice (GMP) Levels of Use 

Previous requests for determination of the GRAS status of 
TG have involved food applications in which use levels of 
the enzyme in commercial practice had been somewhat 
established by prior extensive laboratory testing, pilot scale 
implementation and fill production experience in other 

TOTFlL P.02 




