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Alan Rulis, Ph.D. 
Office of Premarket Approval (HFF-200) 
Center for Food Safety and Applied Nutrition 
Food And Drug Administration 
200 C Street SW 
Washington, DC 20204 

Dear Dr. Rulis, 

In accordance with proposed 21 CFR 9 170.36 (notice of a claim for exemption based on 
a GRAS determination) published in the Federal Register (62 FR 18937-18964), I am 
submitting in triplicate, as the representative of the notifier, Fuji Foods Inc., 6206 
Corporate Park Drive, Browns Summit, NC 27214, a GRAS notification of Laminaria 
japonica .broth and extract powder for use as a flavoring agent at levels up to 0.8% in 
marinade or at final level up to 800 ppm in meat products, poultry, fish products, soups, 
gravies and seasonings. A GRAS panel report, setting forth the basis for the GRAS 
determination, and CV’s of the members of the GRAS panel for review by the agency are 
also enclosed. 

Michael Russell 
Chief Operating Officer 
Fuji Foods USA 

00800% 

Fuji Foods Inc. 6206 Corporate Park Drive * Browns Summit, NC 27214 * USA 

tel: 336.375.31 1 1  - fax: 336.375.3663 + email: infoQfujifoodsusa.com 



1. GRAS Exemption Claim 

A. 
I 

Claim of Exemption From the Requirement for Premarket Approval 
Pursuant to Proposed 21 CFR Q 170.36 (c)(l) 

9 
Laminaria japoni,ca broth and extract powder has been determined to be generally 
recognized as safe, and therefore, exempt from the requirement of premarket approval, 
under the conditions of its intended use as described below. The basis for this finding is 
described in the following sections. 

r Signed, 

e 

Michael Russell 
Chief Operating Officer 
FujiFoods Inc., 
6206 Corporate Park Drive, 

’ Browns Summit, NC 27214 
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(i) Name and Address of the Notifier 

e 

Michael Russell 
Chief Operating Officer 
Fuji Foods Inc., 
6206 Corporate Park Drive, 
Browns Summit, NC 27214 

Telephone: 3 36-3 75-3 1 1 1 
Facsimile: 3 3 6-375-3 663 

(ii) Common Name of the Notified Substance 

Laminaria japonica (Kelp; Brown kelp) broth, extract 

(iii) Conditions of Use 

Laminaria japonica liquid broth is intended to be used as a flavoring agent and adjuvant 
[defined in 21 CFR 8 170.3(0)(12)] as part of marinade system for meat products, poultry 
and fish products. L. japonica extract powder will be used as part of soup mix or liquid 
soup base and in gravies. Additionally, the liquid broth will be used as seasoning and 
flavor. The purpose of these additions is to enhance the flavor. The liquid broth 
concentration in the marinade flavoring will be used at levels up to 0.8%. The USDA) 
allows 8% marinade flavoring in meat and poultry products. In the 8% marinade 
flavoring, a maximum of 1% of kelp broth will be used. This would result in 0.08% of the 
broth in the final 100 g soaked product. For other uses such as soups, gravies and 
seasonings & flavors a maximum of 800 ppm of the extract will, be used in the final 
product. The estimated mean and 90* percentile intake of L. japonica broth and extract 
by the total population from all proposed uses at the maximum use levels as a broth and 
extract in the United States was determined to be 50 and 150 mg/person/day, 
respectively. 

&) Basis of GRAS Determination 

Pursuant to 21 CFR tj 170.3, Laminaria japonika broth and extract has been determined 
GRAS by scientific procedures for its intended conditions of use. The safety of L. 

for millennia and animal and clinical studies. This determination is based on the views of 
experts who are qualified by scientific training and experience to evaluate the safety of 
substance used as ingredients in food. 

japonica is supported by its use as a foodstuff in Far East countries (particularly Japan) I 
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(v) Availability of Information 
The data and information that serve as a basis for this GRAS determination are available 
for the Food and Drug Administration's (FDA) review and copying at a reasonable time 
at the office of: 

Michael Russell 
Chief Operating Officer 
Fuji Foods Inc., , 

6206 Corporate Park Drive, 
Browns Summit, NC 272 14 

J 

Telephone: 336-375-31 11 
Facsimile: 336-375-3663 

Alternatively, copies of data and information can be provided to FDA upon request, by 
contacting Mr. Russell. 

2. Detailed Information About the Identity of the Notified Substance 
5 

A. Identity 

L. japonica liquid broth and powdered extract is prepared from dehydrated seaweed 
(kelp) obtained from the species L. japonica by extracting in water. The product contains 
only the soluble solids from the kelp. The kelp broth is a brown liquid and has a 
characteristic salty taste. General description of L. japonica broth is presented in Table 1. 

Common or Usual Name: Laminaria japonica BrothExtract 

Table 1. General description and analytical information of L. japonica broth 
Botanical source Laminaria japonica 
Physical description 
Packaging 
Storage 
Labeling Kelp broth, salt 
Functional use in food 

Kelp broth is a brown liquid 
37.47 pounds (17,kg)/plastic bag in a plastic &be 
Store in a cool, dry environment at a constant temperature 

Flavoring ingredient 

B. Composition 

Approximately 1 kg of dry leaves of L. japonica will yield about 0.876 kg of the 
product at about 39% soluble solids and 61% moisture. The browextract contains 
approximately 13% inorganic salts. The remaining soluble solids (26%) of the total liquid 
are composed of amino acids, sugars and other organic and inorganic materials. But, it is 
emphasized that all constituents are also present in edible L. japonica used generally as 

' 
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food. Chemical composition of the broth is summarized in Table 2. Amino acid 
composition of the broth and extract is presented in Table 3. Among the amino acids, 
glutamate and aspartate are found in relatively high concentrations. Although these levels 
are relatively high, their consumption from the proposed use levels of broth and extract is 
very small compared to current permissible levels. 

Table 2. Chemical analysis of L. japonica broth 
Chemical analysis Value 

Moisture 61.0 f 2.5% 
Salt 13.0 f 3.0% 
PH 5.2 f0.5 
Protein NIA 
Fat NIA 
Iodine '. 1607 ppm 
Sodium 1.60% 
Potassium 6.71% 
Calcium 940 ppm 
Magnesium 1852 ppm 
Iron 1.85 ppm 

' zinc 0.88 ppm 

Table 3. Amino acid composition of L. japonica broth and extract 
Amino acid Broth (mg/100 g) Extract (mg/100 g) 

609 Aspartate 906 
Serine 
Glutamate 
Alanine 
Ammonia 
Proline 
Threonine 
Serine 
Glycine 
Valine 
Cystine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Ornithine 
Lysine 
Histidine 

0 
2276 

107 
12 

237 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

, 

Arginine ~ 0 
Subtotal 3538 2662 
Other amino acids 44 21 
Total all amino 3582 264 1 

14 
719 

82 
8 

230 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

e o  
0 
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C. Method of Manufacture 

e 

The broth and powdered extract is prepared by extraction of dehydrated seaweed (kelp) 
from the species Laminaria japonica in water. The kelp is soaked in water for at least 16 
hours. The soaked solution is heated to approximately 190°F for a short while. The broth 
is drained, filtered and centrifuged. The time of centrifugation is approximately 10 
seconds and the gravitational-force applied for centrifugation is approximately 5500 G. 
The broth is heated to 185°F for at least 5 minutes and salt is added, if necessary, to 
adjust the salt percentage to approximately 13%. The product contains only the soluble 
solids from the kelp. The kelp leaves are discarded. For some uses the kelp broth is used 
to make kelp extract powder. This is done by mixing a carrier such as malto-dextrin into 
the broth and then spray dried. 

. 

Figure 2. Manufacturing Scheme for L. japonica Broth 

Soak Kelp (L. japonica) in water 

.1 
Heat the solution 

3. 
Drain the Broth 

Filter & Centrifuge the Broth 

.L I Adjust the salt percentage to 13.3% I 
4 

Fillin flacking 
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D. Specifications for Food Grade Material 

Specifications and Analytical Methods 
Specification Parameter Specification Analysis Method 
Appearance Brown liquid 
Arsenic <3 mgkg (as As, inorganic) FCC (1996) 209, 

756 (modified) ii 

Ash (total) 14-18% 
Heavy metals 0.61 mgkg (Pb+Hg) 
Iodine content Not more than 1607 mgkg Internal HPLC 
Lead 0.56 mgkg AOAC 984.27* 
Mercury <0.05 mgkg EPA 7471 
Cadmium 0.34 mgkg AOAC 984.27" 
Salt 13-14% AOAC 935.47* 

Specific gravity 
Brix 36-3 8% 

9.99 - 10.06 lbs/gallon 

Microbiological analysis 
Aerobic Plate Count <1 00,000 
Coliform -4 0 

*Official Methods of Analvsis of the AOAC International 
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I11 Self Limiting Levels of Use 

At high levels (exceeding 800 ppm) certain food items may acquire an undesirable taste. 

IV Basis of GRAS Determination 

The determination that Laminaria japonica brotwextract is G U S  is on the basis of 
scientific procedures. See attached- EXPERT PANEL REPORT ON THE GENERALLY 
RECOGNIZED AS SAFE ( G U S )  STATUS OF Laminaria japonica AS A 
FLAVORING AGENT 
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EXPERT PANEL REPORT 

ON THE GENERALLY RECOGNIZED AS SAFE ( G U S )  STATUS 

OF Laminaria japonica BROTH AND EXTRACT POWDER 

AS A FLAVORING AGENT 

January 06,2003 

Panel Members 

Joseph F. Borzelleca, Ph.D., F.A.T.S. 

George A. Burdock, Ph.D., D .A.B.T. 

W. Gary Flamm, Ph.D., F.A.T.S., F.A.C.T. 



1. INTRODUCTION 

The undersigned, an independent panel of recognized experts (hereafter referred as 
Expert Panel)’, qualified by their scientific training and relevant national and international 
experience in evaluating the safety of food and food ingredients, was convened to determine the 
Generally Recognized As Safe (GRAS) status in accordance with 21 CFR 3 170.30, 21 CFR 8 
170.35 and proposed 21 CFR 0 170.36, of Laminaria japonica broth and extract powder for use 
as a flavoring agent at levels up to 0.8% in marinade flavoring or at final level up to 800 ppm in 
meat products, poultry, fish products, soups, gravies and seasonings. A comprehensive search of 
the scientific literature for safety and toxicity information, specifically on Laminaria japonica 
and on’ Laminaria spp. in general, was conducted through November 2002 and made available to 
the Expert Panel. The Expert Panel independently and critically evaluated materials submitted by 
the Fuji Foods USA and other materials deemed appropriate or necessary. Following an 
independent, critical evaluation of the data and information, the Expert Panel concluded that L. 
japonica broth and extract, meeting appropriate food grade specifications and produced in 
compliance with current Good Manufacturing Practices, is “Generally Recognized As Safe” 
(GRAS) based on scientific procedures for the conditions of intended use described herein. A 
summary of the basis for this conclusion is provided below. 

1.1. General Backgroudd 

e. 

0 

4 

Laminaria japonica is also known as “giant sea kelp” or kombu (Kiple and Ornela, 2000). The 
giant kelp is a perennial plant with an average life of 8 to 10 years. The mature stipes range in 
length from 50 to 200 feet. It grows in water 25 to 80 feet deep in areas having a rocky bottom 
and strong currents and is attached to the ocean floor by a hold-fast or root-like structure 
(Burdock, 1997). Laminaria species are prevalent in the cold waters of the North Atlantic and 
North Pacific oceans (Burdock, 2002b). In recent years, L. japonica has been extensively 
cultwed and different strains are bred for strain selection to improve its production for 
commercial uses (Li et al., 1999). The entire plant, except the root, is used. General descriptive 
parameters and properties of kelp and L. japonica are summarized in Table 1. 

In the informational database (Everything Added to Food in the United States) maintained by the 
FDA, CFSAN has assigned two numerical code numbers (assigned to those substances that do 
not have a CAS Registry Number) to additives or preparations of this type: one for Kelp 
(977001-75-4) and other for Brown Algae Extract (977161-38-8). These products also have 
separate FEMA numbers, 2606 and 2014, respectively. Neither of these two numbers (CFSAN as 
well as FEMA) cites L. japonica specifically, but references all Laminaria species as “Laminaria 
spp”. Although not specified, Laminaria spp. in general, are included under the name “brown 
algae extract” (Clydesdale, 1997) and “algin” (Hall and Oser, 1965; Burdock, 2002b). In 

Modeled after that described in section 201(s) of the Federal Food,, Drug, and Cosmetic Act, As Amended. 1 

See also attachments (curriculum vitae) documenting the expertise of the Panel members. 



addition, FDA has recognized several forms of alginates (derivatives of kelp) for specific food 
uses, including ammonium alginate, calcium alginate, potassium alginate, sodium alginate and 
propylene glycol alginate prepared from brown algae, for specific food uses. Algin is a collective 
term for the hydrophilic colloidal substance isolated from certain brown algae, including 
Laminaria. 
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Table 1. General description of Laminaria japonica extract or kelp 
Botanical source Laminaria japonica 
Botanical order Laminarials 
Botanical family Lam inariaceae 
Synonyms 
CFSAN No. 
NAS No. 2606 
FEMA No. 2606 (kelp) 
Storage 
Labeling Kelp broth, salt , 
Functional use in food 

Kelp; Brown algae; Giant sea kelp; Horsetail; Sea girdles 
977001-75-4 (kelp) or 977161-38-8 (brown algae extract) 

Store in a cool, dry environment at a constant temperature 

Dietary supplement; Flavoring ingredient 

Bhattacharya et al. (1 99 1) conducted restriction enzyme analysis of ribosomal DNA sequence 
variation in Laminaria spp. to differentiate among various species of this genus. In a previous 
study, these authors found that genotypes are quite similar as DNA reassociation kinetics are not 
effective in discriminating species of Laminaria. Further studies with restriction fragment length 
polymorphism (RFLP) analysis of nuclear DNA could discriminate the genotypes, with 
differences in restriction sites occurring in the gene and spacer regions of rDNA from six 
Laminaria species. In this study, identical RFLPs were observed in half of the species. These 
studies indicate that many of the Laminaria spp. are virtually indistinguishable by RFLPs. 

1.1.1. Chemistry of kelp 

In the crude state, Laminaria spp. dry matter contains approximately 8% protein, 8% crude fiber, 
55% nitrogen free extract (carbohydrates) and 27% minerals (Adrian, 1985). Kelp contains 
several polysaccharides such as algin, lamanarin and fbcoidans. Only 4-5% of these 
carbohydrates are simple glucosides (glucides) that can undergo hydrolysis. Algin 
(approximately 1525% dry weight), a high molecular weight polysaccharide forms viscous 
colloidal solutions or gels in water. Sodium alginate has been isolated fiom Laminaria japonica 
(Abdussalam, 1990). Elyakova and Zvyagintseva (1 974) studied the structure of laminarins [p- 
(1 -+3)-linked D-glucans] from some Far-Eastern brown seaweeds, including L. japonica. 
Inagawa et al. (1992) reported detection of lipopolysaccharide (LPS) (14 pg/g) in L. japonica 
thallus. L. japonica is very sensitive to environmental temperature. Sanina et al. (2000) reported 
a relation between thermotrophic behavior and the fatty acid unsaturation of lipids of L. 
japonica. 

I' 2 
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Figure 1. Chemical structure of alginates from brown algae. 

Alginate (Fig. 1) is the main cell wall component of Laminarials. Alginates are linear 
unbranched polymers containing p-( 1+4)-linked D-mannuronic acid (M) and a-( 1+4)-linked L- 
glucuronic acid (G) residues. These monomers may be arranged in homopolymeric 
lpolymannuronate (M block) or polyglucuronate (G block)] or heteropolymeric block (MG) 
structures. Kupper et al. (2001) reported oligosaccharides derived from alginate elicit a marked 
oxidative burst in the cortical cells of L. digitata sporocytes, sufficient to control populations of 
epiphytic bacteria. Honya et al. (1 993) investigated the monthly variations in alginate content 
and D-mannuronic acid (M) and L-glucuronic acid (G) residues ratios along with the variations in 
mannitol and some minerals such as calcium, magnesium, iron and phosphorus in Laminaria 
japonica cultivated at Date Bay, Hokkaido. The relative content of the MG block of alginate 
varied only slightly from March to October in pattern similar to the total alginate content. During 
summer, the M block increased with the growth of kelp, while G block was reduced. The 
variations in mannitol content resembled that of the M block. Inorganic elements varied with 
characteristic patterns, except for calcium, which resembled changes in M block towards 
autumn. 

a 

Kajiwara et al. (1988) studied the volatile components of L. japonica by gas chromatographic 
mass spectra. The major components detected were cubenol (sesquiterpene alcohol), myristic 
acid and palmitic acid. Flavor evaluation determined that sesquiterpene alcohol was an important 
contributor to kelp flavor. The composition of volatiles identified in L. japonica essential oils is 
presented in Table 2. Patterson (1 968) repoi-ted detection of fucosterol, 24-methylene cholesterol, 
cholesterol, saringosterol and desmosterol in two species of Laminaria (L. faerosensis and L. 
digitata). 

Yoshida et al. (1983) reported that arsenic present in L. japonica can be easily extracted (>90%) 
with water:methanol (4:l) mixture and the arsenic soluble compounds in this extract have low 
molecular weight (MW 500-1000). The arsenic compounds in L. japonica were eluted in 
activated charcoal chromatograpliy with water:methanol(4: 1) mixture, but not with water (article 
in Japanese with English abstract). 
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Table 2. Volatiles identified in Lamriizariajaponica essential oil (Kajiwara et al. 1988) 
Compound Peak area (YO) Compound Peak area (%) 
Hexanal 0.05 P-Cyclocitral 0.06 
(E)-2-Hexenal 0.13 P-Homoc yclocitral 0.03 

Hexanol 0.03 (E,E)-2-4-Decadienal 0.13 
Xylene 0.06 p-Ionone 0.66 
1 -0cten-3-01 0.05 Pentadecane 0.45 
(E,E)-2,4-HeptadienaI 0.07 Epicubenol 0.05 
Butylbenzene 0.03 Cubenol 16.10 
(E)-2-Octenal 0.10 Myristic acid 38.40 
(E)-2-Octenol 0.05 Dibutyl phtalate 0.99 
(E,E)-2,4-Octadienal 0.02 o-Hexadecenoic acid 3.10 
(E,Z)-2,6-Nonadienal 0.18 Palmitic acid 10.79 

a-Terpineol 0.04 P-Homocyclocitral 0.03 

(E)-2-Hexenol 0.07 (E)-a-Decenol 0.12 

(E)-2-Nonenol 0.19 Phytol 2.11 

1.2. Identity, Composition & Manufacturing Process 

L. japonica liquid broth and powdered extract is prepared from dehydrated seaweed (kelp) 
obtained ftom the species L. japonica by extracting in water. The product contains only the 
soluble solids from the kelp. The kelp broth is a brown liquid and has a characteristic salty taste. 
Approximately 1 kg of dry leaves of L. japonica yields about 0.876 kg of the product at about 
39% soluble solids and 61% moisture. The brotwextract contains approximately 13% inorganic 
salts. The remaining soluble solids (26%) of the total liquid are composed of amino acids, sugars 
and other organic and inorganic materials. But, it is emphasized that all constituents are also 
present in edible L. japonica used generally as food. Chemical composition of the broth is 
summarized in Table 3. Amino acid composition of the broth and extract is presented in Table 4. 
Among the amino acids, glutamate and aspartate are found in relatively high concentrations. 
Although these levels are relatively high, their consumption ftom the proposed use levels of 
broth and extract is very small compared to current permissible levels. 

Table 3. Chemical analysis of L.japonica broth 
Chemical analysis Value 

Moisture 61.0 5 2.5% 
Salt 13.0 k 3.0% 
PH 5.2 M.5 
Protein NIA 
Fat N/A 
Iodine 1607 ppm 
Sodium 1.60% 
Potassium 6.71% 
Calcium 940 ppm 
Magnesium 1852 ppm 
Iron 1.85 ppm 
zinc 0.88 ppm 

Dehydrated seaweed (kelp) obtained from the species L. japonica is soaked in water, heated and 
the broth is drained, filtered and centrifuged.. The broth is heated and salt is added, if necessary, 
to adjust the salt content to approximately 13%. The product contains only the soluble solids 



from the kelp. The kelp leaves are discarded. The kelp broth is a brown liquid and has a 
characteristic salty taste. For some uses, the kelp broth is dried to a powder (Kelp Extract 
Powder) and mixed with maltodextrin. 

a 

Table 4. Amino acid composition of L. japonica broth and extract 
Amino acid Broth (mg/100 g) Extract (mg1100 g) 
Aspartate 906 609 
Serine 0 14 
Glutamate 2276 1719 
Alanine 107 82 

Proline 237 230 
Ammonia 12 8 

Threonine 0 0 
Serine 0 0 
Glycine 0 0 
Valine 0 0 
Cystine 0 0 
Methionine 0 0 
Isoleucine 0 0 
Leucine 0 0 
Tyrosine 0 0 
Phenylalanine 0 0 
Omit hine 0 0 
Lysine 0 0 
Histidine 0 0 
Arginine 0 0 

Other amino acids 44 21 
Total all amino 3582 2641 

Subtotal 3538 2662 

acids 

i 

'Specifications of kelp from FCC (1996) and of Laminaria japonica extract from Fuji Foods USA 
are summarized in Table 5. 

Table 5. Kelp and Laminaria japonica broth specifications . ,  

Characteristic FCC (1996) Fuji Foods USA 

Appearance Brown Brown liquid 
Arsenic Not more than 3 mgkg <3 mg/kg (as As, 

Ash (total) 
Heavy metals Not more than 0.002% 0.61 m a g  (Pb+Hg) 

Iodine content Between 0.1 and 0.5% Not more than 1607 

Lead Not more than 10 0.56 mgkg 

Loss on drying 
Mercury <0.05 mgkg 
Cadmium 0.34 mg/kg 

Brix 
Specific gravity 

(as As, inorganic) inorganic) 
Not more than 45% 14-18% 

(20 mgkg) (as Pb) 

(1 000 - 5000 mg/kg) 

mgkg. 

ing/kg 

Not more than 13% 

Salt 13-14% 
36-3 8% 
9.99 - 10.06 lbdgallon 
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1.3. Summary of Approved and other Uses 

1.3.1. Approved uses of kelp 

L. japonica is also used in the production of alginates, which are cell-wall constituents of brown 
algae. Alginates are frequently used as stabilizers in ice cream, giving a smooth texture and 
body, and also as a suspending agent in milk shakes. The Flavor and Extract Manufacturers' 
Association (FEMA) has approved kelp Laminaria spp. (L. digitata; , L. saccharina and 
Macrocystis pyrifra) (FEMA No. 2606) as Generally Recognized As Safe (GRAS) for use in 
food as a flavoring ingredient (FEMA, 1965). FEMA has also recognized algin (FEMA No. 
2014) from Laminaria spp. and other kelp as GRAS. 

The FDA has approved brown algae, including Laminaria japonica, as GRAS for use as a 
flavoring agent and adjuvant in spices, seasonings and flavorings at levels not to exceed current 
good manufacturing practice under 21 CFR 5 184.1120. This regulation refers only to dried, 
chopped and ground Laminaria japonica. In accordance with 0 184.1 (b)(2), the ingredient is used 
in food with the following specific limitations: Category of food: Spices, seasonings, and 
flavorings as cited under 170.3(n) (26); Maximum use level: not to exceed current good 
manufacturing practice; and Functional use as flavor enhancer as cited under 170.3(0)( 11) and 
170.3(0)(12). The proposed use does not exceed Good Manufacturing Practice. 

r 

Kelp is used in food as a source of the essential mineral iodine (21 CFR 0 172.365). The 
intended use of Laminaria japonica in this submission is not supported by this regulation, it is 
included to show that other species of Laminaria are accepted. Secondly, this regulation is cited 
in support of the amount of iodine intake permitted and that the proposed use of Laminaria 
japonica would not result in those limits being exceeded (Refer to section 1.7 Iodine Exposure). 

In addition to these uses of kelp, Laminaria spp. is also GRAS for animal use (21 CFR 3 582.30 
and 582.40). Approvals for use of kelp and brown algae extract by FDA and FEMA are 
summarized in Table 6. Laminaria japonica is also listed in Herbs of Commerce (HOC, 1992). 
FEMA reported approved uses of algin are summarized in Table 7. 

Table 6. Regulatory status of kelp and brown algae extract 
Agency CitatiodComments Food category Permitted Use limits ' 

FDA 21 CFR 0 172.365 Food additives See below* (20) Nutrient Confined 
permitted for direct addition to food for supplements to species 
human consumption. Subpart D - 
Special dietary and nutritional additives 

FDA 21 CFR 5 184.1120 Direct food (26) Spices, (1 1) Flavor enhancer cGMP** 
substances affirmed as GRAS seasonings and (12) Flavor adjuvant 

functionality 

listed 
below" 

flavorings 
FEMA 2606, GRAS 3 Flavor ingredient 
*Keh mav be safelv add'ed to a food as a source of the essential mineral iodine, urovided the maximum intake of the L . .  

food as may be consumed during a period of one day, or as directed for use in the case of a dietary supplement, will not 
result in daily ingestion of the additive so as to provide a total amount of iodine in excess of 225 pg for foods labeled 
without reference to age or physiological state; and when age or conditions of pregnancy or lactation are specified, in 
excess of 45 pg for infants, 105 pg for children under 4 years of age, 225 pg for adults and children 4 or more years of 
age, and 300 pg for pregnant and lactating women. The food additive kelp,is the dehydrated, ground product prepared 
from Macrocystis p r i f r a ,  Laminaria digitata, Laminaria saccharina and Laminaria cloustoni. 
**See above text for other limitations. 



Table 7. PEMA reaorted uses of algin. 

Use Level (ppni) Use Level (ppm) 
Food Category Usual Max Food Category Usual Max 
Fats, oils 10 10 Gelatin, pudding 4000 4000 
Frozen dauy 1100 2400 Nonalcoholic beverage 50 240 

1.3.2. Other uses of kelp 

L. japonica is a major species of marine algae and has been utilized as a foodstuff for 
millennia. It is one of the most popular seaweed foods in Japan and is regarded as a “healthy” 
ingredient in Japan because of its low fat content and low caloric value and high fiber value 
(Teas, 1983; Ohkawa and Suzuki, 1992; Jurkovic et aZ., 1995). Traditionally, L. japonica fronds 
are cut into small pieces and dried over fire until they become crisp, yielding kombu. Kombu is 
considered as an important food and has a long history of use, particularly in Eastern Asia. In 
food, L. japonica extract is used for its characteristic flavor. It is especially important in making 
stocks for savory dishes. L. japonica is also used as green kornbu and is consumed like other 
vegetables or used pulverized for addition to soup or as a spice. It is also used for wrapping dried 
fish. Tea may also be prepared from kornbu. The active ingredient responsible for the flavor of L. 
japonica is thought to be sodium salt of the amino acid glutamic acid, or monosodium glutamate. 

I) 

Nutritionally, seaweed (including Laminaria spp.) are low caloric foods with a high 
concentration of minerals (Mg, Ca, P, K and I), vitamins, proteins and indigestible 
carbohydrates, and a low content of lipids (Jimenez-Escrig and Goni Cambrodon, 1999). Rauma 
et aZ. (1995) suggested use of seaweed, including Laminaria, for vitamin B12 deficiency, but 
others questioned the bioavailability and bioactivity of vitamin B12 from plant foods (Dagnelie, 
1997; Davis, 1997). Jurkovic et al. (1995) recommended use of algae (L. japonica) as food 
additives to improve the nutritive value of traditional diets and for health benefits. These 
investigators studied the chemical composition of L. japonica and determined the energy value 
and energy share from L. japonica diet. These results are summarized in Table 8 and 9. 

Table 8. Chemical and mineral compositions of L. japonicn. 
Adapted from Jurkovic et al. (1995). 

Constituents Amount (g/lOO g dry weight) 
Crude protein 
Fats 
Cellulose 
Ashes 
Carbohydrates 

13.00 
2.01 

16.20 
31.00 
37.10 

Nucleic acid 0.67 
Minerals (mg1100 g) 
Lead 0.087 
Cadmium 0.0 17 
Copper 0.247 
Iron 1.190 
Zinc 0.886 
Manganese 0.294 
Magnesium 484.00 
Calcium 805.00 
Phosphorus 444.00 
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Table 9. Nutritive value of L. japonica. Adapted 
from Jurkovic et al. (1995) 
Component Energy valueIEnergy share 
Total 95.6 Kcal(401 Kj) 
Protein 54.5 % 
Fats 24.6 % 
Carbohydrates 20.9 % 

Laminaria japonica is approved for use as an obstetrical and gynecological prosthetic 
device. A hygroscopic laminaria cervical dilator is a device designed to dilate (stretch open) the 
cervix by cervical insertion of a conical and expansible material (tent) made from the root of 
seaweed (Laminaria digitata or Laminaria japonica). 

1.4. Proposed uses for L. japonica broth and extract 

Laminaria japonica liquid broth is intended for use as part of marinade flavoring system 
for meat products, poultry and fish products. L. japonica extract powder is proposed for use as 
part of a soup mix or liquid soup base and in gravies. Additionally, the extract will be used as a 
seasoning and flavor component of foods. The purpose of these additions is to enhance the flavor 
of the food. The liquid broth concentration in the marinade flavoring liquid will be used at levels 
up to 0.8%. The USDA allows 8% marinade flavoring liquid in meat and poultry products. In the 
8% marinade flavoring, a maximum of 1% of kelp broth will be used. This would result in 0.08% 
of the broth in the final 100 g soaked product. For other uses such as soups, gravies and 
seasonings & flavors a maximum of 800 ppm of the extract will be used in the final product. The 
proposed use levels of the broth are presented in Table 10. 

1.4.1. Estimated daily intake from the proposed use 

Daily estimated intake of L. japonica was calculated, using the proposed maximum use 
level values of the broth or extract and the published information on the mean consumption of 
the foods (USDA, 1998) to which the broth or extract is added. Mean consumption of these 
foods is determined using the USDA 1996 Continuing Survey of Food Intakes by Individuals for 

values for users only by the percent of individuals reported consuming the food item. Proposed 
use levels and the resulting possible daily intake of L. japonica broth and extract are presented in 
Table 10. While all of the extract in a soup and gravies would be consumed, only a portion of 
marinade flavoring actually adheres to the meat. Hence, instead of the entire 800 ppm adhering 
to the meat, it i s  likely that only 25% of the marinade actually remains on the meat, poultry and 
fish products and the rest is discarded. In order to estimate 90th percentile consumption of broth 
and extract, corresponding mean values were multiplied by three on the grounds that 90th 
percentile consumption rarely exceeds the mean by more than a factor of three.! As L. japonica 
broth or extract is used at a maximum level of 800 ppm, the estimated mean and 90th percentile 
consumption of L. japonica broth and extract in the United States is determined to be 50 and 150 
mg/person/day, respectively. 

users only data. Mean consumption per person is obtained by multiplying mean consumption I 
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Table 10. Proposed use levels and Possible Daily Intake of L. juponicn broth and extract 
Food Category Mean Maximum Use Daily Intake of Corrected Daily 

(number) Consumption$ Level (ppm) broth/extract Intake“ 

e 
(g/person/day) (mg/person) (mg/person) 

Meat products 47.35 800 37.88 9.47 
Poultry 27.43 800 21.94 5.48 
Fish products 10.5 800 8.40 2.48 
soups 31.7 800 25.36 25.36 
Gravies 8.3 800 6.64 6.64 
Seasonings & flavors 0.0 I 800 0.008 0.008 

Total daily intake (mg/person) 100.23 49.44 
*It is estimated that only 25% of the marinade actually remains on the meat, poultry and fish products. 
$CSFII 1994-96 (1998) database was used for the analysis. As several different kinds of soups, gravies and 
seasonings were reported in USDA data, for these calcuIations, available MRCA mean frequency of eating 
and USDA mean portion size data were utilized. 

1.5. Estimated intake of Kelp and Brown Algae Extract 

1.5.1. Theoretical Added Maximum Daily Intake (TAMDI) 

As discussed above the proposed use of L. japonica broth or extract will result in the 
estimated mean and 90th percentile consumption of 50 and 150 mg/persodday, respectively. In 
order to compare these values with other applications, daily usual and maximum intake of algin 
was calculated. The TAMDI is calculated on the basis of upper use levels and the estimated daily 
intakes of foods. For example, FEMA G U S  is for two levels of use, the “average usual” and 
“average maximum” (Burdock, 2002b). The TAMDI would be determined using the “average 
maximum” level times the estimated daily intake of the food to which the substance is added. 
The estimated daily intake would presumably be maximized as well, using the 90th or 95* 
percentile consumption. 

The FEMA PADI (Possible Average Daily Intake) is similar to the TAMDI concept, 
using “usual” use level values and mean consumption values (based on Market Research 
Corporation of America mean frequency of eating and USDA mean portion size of 34 general 
food categories) (MRCA, 1965). FEMA has provided maximum and usual daily intake of algin 
Table 7) (Burdock, 2002a). Therefore, the FEMA PADI (115.13 mg/person/day or 1.92 
mg/kg/day of algin) is the mean consumption of foods containing the usual amount. The 
conservatism of the PADI method assumes that the usual amount of substance is added to the 
entire food category, not just the substance within that category. 

A possible maximum daily intake (PMDI) can be calculated using the mean consumption 
of food and the maximum levels proposed by FEMA (Table 7). The PMDI calculated theoretical 
value for algin is 168.19 mg/day or 2.80 mg/kg/day for an average indhidual weighing 60 kg. 

1.5.2. Other Consumption Reports 

Laminaria japonica is a major species of marine algae that has been consumed as a 
foodstuff (Ohkawa and Suzuki, 1992; Jurkovic et al., 1995). Because L. japonica is a widely 8 
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used food source in Far and Middle East countries, Jurkovic et al. (1995) studied the chemical 
composition of L. japonica and determined the energy value and the energy share from a L. 
japonica diet. These investigators recommended a maximum daily intake of approximately 300 g 
dry weight of L. japonica. 

In Japan, seaweed is a popular food and estimates of seaweed consumption in Japan 
range &om 4.3 to 7.3 g/person/day (Toyokawa, 1978; Teas, 1981; Fujiwara-Arasaki et al., 1984) 
to 25% of the diet (SCOGS, 1973). Some form of seaweed is used with almost every meal: as a 
garnish, in soup, as a vegetable, in sweet cakes and jellies, in sauces, as a tea and in salads. It is 
also incorporated into flour, which is used to make noodles, a common dietary item in Japan. 
Among the seaweeds, Laminaria is most often used to make stock for miso soup, which is 
normally eaten as a part at least two meals each day. The ubiquity of Laminaria in the Japanese 
diet makes actual seaweed consumption difficult to measure (Teas, 1983). 

Consumption of seaweed was determined in a study of 3,609 households from three 
districts in Japan. The reported daily range for the amount of seaweed consumed per person 
varied between 0 to 5 g per person to 65 to 70 g per person. The average daily per capita 
consumption was 7.3 g (with a standard deviation of 11 g) (Toyokawa, 1978; Teas, 1981). As L. 
japonica is the primary species of seaweed consumed in Japan, it is estimated that approximately 
50% of all consumption of seaweed will be from L. japonica. Hence, the daily consumption of L. 
japonica in Japan is estimated to be approximately 3.65 g/day. 

In a recent report by FAO, the state of world fisheries and aquaculture, trends in 
production, utilization and trade, is summarized. According to this report, L. japonica (kelp), 
ranked number one by volume in world’s cultured aquatic production. In 1996, the production of 
kelp (L. japonica), totaled 4.17 million tonnes (9193 million lb). FA0 states that in terms of 
volume, production of L. japonica made it the most important aquaculture product for the year 
1996 (FAO, 1999). Therefore, if the entire world’s population of 5.8 billion (in 1996) consumed 
the 4.17 million tonnes, the consumption of L. japonica will be approximately 1 g/person/day 
and will be much greater in areas where it is regularly consumed as a foodstuff. For the year 
1997, FA0 reported that the highest global production among cultured aquatic organism was the 
kelp (L. japonica); totaling over 4.4 million mt. The farming of L. japonica is rapidly growing 
and the annual production rate of this seaweed during 1990 and 1995 has increased by 20% over 
that during 1984-1990 (Pedini and Shehadeh, 1997). These reports document that L. japonica is 
highly produced and commonly consumed food. 

P- 

1.6. Consumption summary 

The proposed mean (50 mg/day) and 90th percentile (150 mg/day) consumption of L. 
japonica is approximately 100 and 30-fold less compared to the estimated daily current intake of 
kelp (4900 to 7300 mg/day) in Japan. Because L. japonica is the primary species of seaweed 
consumed in Japan, it is assumed that about 50% of all consumption of seaweed will be from L. 
japonica. Based on these assumptions, the daily consumption of L. japonica in Japan is 
estimated to be 3.65 g/day. The proposed estimated consumption of 50 mg/person/day of L. 
japonica is approximately 70 fold less than the current consumption of L. japonica in Japan. As 
L. japonica brotldextract contains approximately 1 % aspartate and 2% glutamate, the proposed e 
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consumption of brotwextract will result in approximately 0.5 mg and 1 mg of these amino acids, 
respectively, which is very small and meets the current approved levels. 

1.7. Iodine Exposure from Kelp, Algin and Laminarin japonica 

The primary source of data for per capita estimates are the swveys conducted by the 
National Academy of Sciences under contract to FDA which were used by Clydesdale (1997). 
According to the available per capita consumption data, the amount of kelp consumed per day is 
0.5109 mg/person/day. As kelp contains approximately 1607 ppm iodine, the amount of iodine 
coiisumed fiom kelp is 0.82 micrograms/day. Three other possible sources of kelp (algae) that 
may contain iodine are Algae red, extract (Porphyra spp., Gloiopel tisfurcata and 
Rhodymeniapalrnata); Algae brown, extract (Macrocystis and Laminaria spp.); and Algae, red 
(Porphyra spp., Gloipel tisfurcata and Rhodymeniapalmata). While these three sources might 
contribute to iodine consumption, FDA notes there were no reported uses of these ingredients as 
late as 1987. (A fourth possible sowce, Dried algae meal, is approved for animal food use only). 
Lucas et al. (1999) conducted the FEMA 1995 Poundage and Technical Effects Update Survey. 
Based on the Lucas et al. (1999) reported consumption of 0.0568 mg algidday (applying FDA 
assumption), the amount of iodine consumed from algin is 0.09 microgrdday. FEMA approved 
PAD1 and PMDI of 1-1 5.13 and 168.19 mg, respectively (see section 1.5. l), would result in daily 
'iodine intakes of 185 and 270 microgram/day, respectively. 

The proposed maximum use level (800 ppm) of Laminaria japonica extract results in 
daily intake of 50 mg/day of the broth and extract as a flavoring agent. This will result in daily 
iodine intake of 83 microgrdday. The proposed consumption of the broth is less than the 
FEMA approved intake of 115.135 mg/day of algin. The other sources of kelp may contribute to 
the iodine intake, but the total intake fiom all sources, including that fiom L. japonica as a 
flavoring agent, will not be above the FDA approved intake of 225 microgrdday. 

Although FDA has proposed a maximum daily intake of 225 pg iodine from kelp, the 
Japanese have a comparatively very high average urinary iodine concentration (3400 pg/day) 
compared to Americans (209 &day). The high excretion of iodine in Japanese is attributed to 
dietary use of seaweed in soups, salad and sushi and as a powdered condiment (Abascal and 
Yamell, 2001). The daily iodine intake of the Japanese varied between 200 pg to 20 mg. The 
average daily intake was 500-1000 pg (Teas, 1981). 

A recent study comparing the results of the National Health and Nutrition Examination 
Survey I ("ANES) and NHANES I11 shows urinary iodine concentrations have dropped 
dramatically (>50%) among US residents during the last 20 years. Hollowell et al. (2002) found 
the urinary iodine concentration decreased f?om 32 yg/dL in NHANES I (1971-1974) to 14 .5 
pg/dL in NHANES I11 (1988-1994). These investigators also noted low urinary iodine 
concentrations (4 pg/dL) were 4.5 times more common in 1988-1994 population than in the 
1971-1974 group (1 1.7% vs 2.6%). Urinary concentration of less than 5 pg/dL in 20% or more 
population is considered as a sign of iodine deficiency and a public health concern. 
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2. Toxicological Studies 

f 

As L. japonica is considered foodstuff, standard toxicity studies were not found in the 
literature. Several investigators have studied the beneficial effects of L. japonica. These studies 
on beneficial effects are included here to demonstrate,that consumption of L. japonica does not 
result in any adverse effects. Totality of these studies provides evidence against any toxicity 
fkom consumption of L. japonica broth and extract. 

Lamela et al. (1989) studied the effects of several seaweed extracts, including Laminaria 
ochroleuca, on glycemia and triglyceridemia in male New Zealand rabbits. Oral administration 
of ethanol extracts of Laminaria did not affect the blood glucose levels, while administration of 
20 g/kg Laminaria extract produced a statistically significant 20% reduction in serum 
triglyceride at 4 hours. At 6 hours after the administration, triglyceride levels were 18% below 
the control value, but were no longer significant compared to the control value. 

Maruyama et aZ. (1991) studied the effects of dietary kelp (L. religiosa) on lipid 
peroxidation and glutathione peroxidase activity in the liver of rats. Female Sprague Dawley rats 
were given DMBA (20 m a g )  on day 27 of feeding with a diet containing 2% kelp. The 
experiment was terminated on Day 210. In the same report, a short-term exposure experiment 
was conducted using female Sprague Dawley rats, where DMBA was given on Day 7 from the 
start of feeding of a kelp diet and the expen'ment was terminated on Day 14. At the end of the 
studies, livers were processed for quantitative determinations and histological observations. 
Lipoperoxide in animals receiving kelp and DMBA was significantly lower than in animals 
treated with DMBA alone. A marked fatty change in livers of rats given DMBA alone compared 
to kelp + DMBA was noticed in the long-term experiment, but not in the short-term study. The 
amounts of glutathione peroxidase and selenium in livers of rats fed kelp (210 days) and treated 
with DMBA were higher compared to animals given only DMBA. These results suggest that 
kelp mitigates the DMJ3A toxicity. 

SCOGS (1973) report summarized a study by Tsujimuro et al. (1953) describing effects 
of L. japonica on growth in rats. The details of the study, such as sex and species of the animals 
used and duration of feeding were not available. Tsujimuro et aE. (1953) fed rats with either 
flavin-deficient or flavin-deficient supplemented with powdered L. japonica at levels of 1 g/day. 
Animals receiving flavin-deficient diet showed poor growth and roughing of the fur, some 
animals died. However, animals treated with flavin or receiving L. japonica diet both showed 
normal growth and smooth fur. Furthermore, the animals maintained on L. japonica diet grew 
more rapidly than the flavin group indicating that L. japonica contained nutritional factors in 
addition to flavin. 

2.1. Anti-carcinogenic studies 

Several animal studies show that seaweeds and seaweed extracts, including L. japonica, 
inhibit carcinogen-induced tumorigenesis or growth of tumorigenic cell implants in rodents. 
Although the exact mechanism of anti-tumorigenic effects of seaweed remains to be 
investigated, the lack of cytotoxic action of seaweed suggest that it is not related to cytotoxicity. 
Yamamoto et al. (1987) evaluated the effects of six different seaweeds, including L. japonica 
(fed 2% of diet), on 7,12-dimethylbenz[a]anthracene @MBA)-induced mammary tumorigenesis 
in rats. Female Sprague Dawley rats (2O/group) were fed diets containing 2% powdered L. 
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japonica for 152 days and a basic diet for 60 successive days. DMBA (20 mg/kg) was 
administered to all rats on Day 27 after the start of the experiment. L. japonica had a strong 
inhibitory effect on tumor initiation, with the incidence of cancer in animals fed L. japonica 50% 
compared to 69% in the control group. Feeding of diet containing 2% L. japonica powder for 
152 days did not affect mean body weight, body weight gain or food intake. 

e 

In another study, 2 1 -day-old female Sprague Dawley rats were fed sun-dried seaweed 
(Laminaria angustana) at a level of 5% in semipurified diet. The controls were given the same 
amount of cellulose. At 55 days of age, both groups were given DMBA (5 mg by gavage). The 
median time of appearance of palpable tumors was 77 days in control rats, whereas it was 139 
days in seaweed fed rats. The control animals had a higher number of adenocarcinomas initially, 
but at the end of experiment, both groups of rats developed similar numbers of adenocarcinomas 
(Teas et al., 1984). Yamamoto and Muruyama (1 990) reported inhibition of intestinal absorption 
of DMBA by dietary kelp (L. religiosa). Maruyama and Yamamoto (1993) reported that algal 
dietary fiber such as L. religiosa minimizes the retention of orally ingested carcinogen N- 
[methyl-'4C]-nitrosodimethylamine (DMNA) in the liver, possibly as a result of reduced DMNA 
absorption from the intestinal tract. These studies indicate that oral ingestion of seaweed inhibits 
absorption of carcinogen and also minimizes retention of carcinogen in liver. 

Chida and Yamamoto (1987) investigated the antitumor activity of a crude fucoidan (a 
complex polysaccharide, one among many polysaccharides found in kombu) fraction prepared 
from the commercial root of kelp, including Laminaria spp. Sarcoma-180 ascites cells, Ehlrich 
ascites tumor cells, L1210 leukemia cells or P-388 leukemia cells were inoculated 
intraperitoneally in to ICR, ddY or CDFl mice (n = 7/group). Intraperitoneal injection of the 
crude facoidan in 0.1 ml of distilled water at a dose of 100 mg/kg was started 24 hours after cell 
inoculation and was continued for a total of 6, 8 or 10 successive days. The control animals 
received a daily intraperitoneal injection of distilled water. A marked antitumor activity against 
Sarcoma-180 and Ehrlich ascites tumors with an increase in life span of over 99% and over 55%, 
respectively, was noted in mice implanted with these tumor cells. However, no activity of 
fucoidan extract was found when tested against L-1210 and P-388 leukemias (Chida and 
Yamamoto, 1987). In another study, Jolles et al. (1 963) reported a tumor growth inhibitory effect 
of sulphated degraded laminarin, a polysaccharide obtained from Laminaria spp. injected at the 
transplant site of Sarcoma-180 cells and into already established and growing tumors. 

a 

0 

Yamamoto et al. (1982) studied the antitumor activity of L. japonica extract in CDFl 
mice inoculated with L-1210 leukemia cells. The brown algae was dried, extracted in boiling 
water for 4 hours, concentrated by freeze-drying and dialyzed. The concentrated non-dialyzable 
fraction was injected intraperitoneally to CDFl male mice inoculated 24 hours previously with a 
suspension of L-1210 leukemia cells. The experimental animals received 400 nig/kg/day of 
extract for six successive days. The control animals received water instead of the extract. The life 
span of L. japonica extract treated mice was 39% longer than control animals. Similar results 
were obtained with extracts froin. other Laminaria spp. (L. angustana and L. religiosa). These 
results support anti-tumor activity of L. japonica. 

In another study, feeding of a diet containing powdered seaweed or hot water extract 
from L. japonica to male ddY mice inhibited the growth of Sarcoma-180 tumors (Yamamoto et 
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al., 1986). Different preparations of L. japonica including powdered seaweed, hot water extract, 
non-dialyzable fraction and the residue of hot water extraction were fed to male ddY mice (7 
animals/group) starting 24 hours after Sarcoma cell implantation at a level of 0.7, 0.2, 0.1 and 
0.4%, respectively, in the diet for 35 days. Control animals received basic diet. At the end of the 
experiment, animals were necropsied and tumor growth was determined. No changes in body 
weight and food intake were noted except a decrease in body weight in animals fed 0.7% 
powdered L. japonica, which appeared to be because of the difference between tumor weight in 
the two groups. Feeding of the powdered weed, hot water extract and residue of hot water were 
effective in inhibiting the growth of Sarcoma-180 cells with inhibition ratio ranging from 56 to 
81%. Similarly, intraperitoneal injection of hot water extract (200 mg/kg/day for 9 days) and 
non-dialyzable fraction (I  00 mg/kg/day for 10 days) prepared in distilled water also inhibited the 
growth of Sarcoma-180 cells by 52 and 68%, respectively. This study shows antitumor activity 
for L. japonica extract. 

Yamamoto and Maruyama (1985) also studied the effect of dietary L. japonica 
preparations on lY2-dimethylhydrazine (DMH) induced intestinal carcinogenesis in rats. Male 
Sprague Dawley rats were injected subcutaneously with DMH at a dose of 20 mg/kg/week for 12 
weeks. Rats were fed diets containing, either powder (2%), hot water extract (0.5%) or residue of 
hot water extract (1.5%) of L. japonica for 12 weeks. Animals receiving basal diet and DMH 
served as controls. The experiments were terminated at 20 weeks (8 weeks after the cessation of 
both experimental diet and DMH administration). At the end of the experiments, animals were 
autopsied and the intestinal tumors were confirmed histologically. A statistically significant 
decrease in the number of tumors (approximately 50%) per rat was noted in animals fed 
powdered and hot water extract of L. japonica. Feeding of the powder, extract or residue did not 
affect the food intake or body weight compared to respective controls. In another study, Yo0 et 
al. (2001) reported a decreased incidence of DMH initiated aberrant crypt foci in the colon of 
mice given a traditional Chinese medicine composed of eight crude drugs including Laminaria. 

Reddy et al. (1985) studied effect of dietary L. angustata (brown seaweed) on 
azoxymethane induced intestinal carcinogenesis in male F344 rats. Five-week-old rats were fed 
semipurified diet containing 0 and 10% seaweed. Two weeks after the initiation of the seaweed 
feeding, animals (n = 30/group) received weekly subcutaneous injections of azoxymethane (20 
mg/kg/body weighb'week) in normal saline for two weeks. Vehicle treated animals in each group 
(12/group) received an equal volume of saline. All animals were fed the experimental diet for 28 
weeks after the last injection of azoxymethane. The incidence (percent of animals with tumor) 
and multiplicity (tumors/animal) of small intestinal tumors did not differ between the seaweed 
fed animals and controls. However, in contrast to most studies suggesting an anti-tumorigenic 
activity for seaweed diets, the incidence and multiplicity of colon adenomas and the size of colon 
tumors were significantly increased in rats fed the seaweed diet compared to rats fed control diet. 

Ohigashi et al. (1 992) studied the in vitro anti-tumor promoting activity of several marine 
algae, including L. japonica. Fresh marine algae were extracted with methanol and each ethyl 
acetate soluble part of the methanol extract was tested for the inhibition of Epstein-Barr virus 
(EBV) activation induced by a tumor promoter, teleocidin B-4. In the case of commercially 
obtained dried algae, dichloromethane extracts were used directly for the assay. 3 -0xoursolic 
acid, a potent inhibitor of EBV activation, was used as a positive control. The inhibitory action 
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l e  of the algae extract (4 pg/ml medium) on EBV-early antigen induction by teleocidin B-4 (20 
ng/ml medium) were expressed by the relative inhibitory rate. Extracts of L. japonica and one of 
its var. ochotensis showed a “shong antitumor” activity in this assay. 

Noda et al. (1989) studied the antitumor activity of 56 species of marine algae, including 
L. japonica in mice. Male mice were orally administered 1600 mglkglday powdered L. japonica. 
On Day 14 of administration, mice were inoculated with Ehrlich carcinoma and the feeding was 
continued further for 14 days. The antitumor activity was evaluated by comparing the turnor 
weight of the test group with that of control. L. japonica feeding resulted in a statistically 
significant inhibition (68%) of the growth of Ehrlich carcinoma. 

A study reported in Russian with an English abstract investigated the long-term dietary 
effects of L. japonica on radiation injury. Rats were irradiated by 1311 (10 Gy) incorporated in the 
thyroid and by 137Cs external source (6 Gy). Part of the animals were fed a L. japonica 
containing diet. Feeding of the Laminaria diet “reduced” the frequency of leukemia and other 
malignant tumors and increased the latent period of tumor formation (Knizhnikov et al., 1993). 
In another study, Maruyama and Yamamoto (1992) reported that dietary seaweed (L. religiosu) 
rich in iodine and in dietary fiber suppresses uptake of radioactive iodine by the thyroid and may 
prevent internal radiation injury of the thyroid by radioactive iodine. 

2.2. Allerginicity and Sensitivity 

Laminaria tents used as medical devices for cervical dilation have been involved in six 
cases of anaphylaxis (Nguyen and Hoffinan, 1995; Chanda et al., 2000; Cole and Bruck, 2000) 
The allerginicity or sensitivity noted in all these reports is a result of use of intra-cervical tent 
and is not expected from proposed oral consumption of L. japonica. Secondly, no report of 
anaphylaxis from ingestion of L. japonica has been found in the literature, in spite of high 
consumption of L. japonica in Far East countries. 

2.3. Genotoxicity 

Okawa and Suzuki (1992; 1993) studied mutagenic and antimutagenic activity of L. 
japonica by Ames assay. Dried leaves were pulverized and both boiling water extract and 
insoluble fractions were prepared. Additions of both the fractions to the assay plates in the 
presence or absence of S9 fraction from rat liver did not cause an increase in the number of 
revertant colonies of S. typhimurium strains TA98 and TA100. The insoluble fraction reduced 
the numbers of revertant colonies induced by known mutagens such as dinitropyreneTrp-P- 1, 
Trp-P-2,2-aminoanthracene, benzo [alpyerene and crude coffee extract. 

Okai et al. (1993) studied antimutagenic activity of hot water soluble extract of L. 
japonica against typical genotoxic substances by the umu gene expression assay in S. 
z’yphinzurium (TAl535/pSK1002). The extract showed a highly significant antimutagenic activity 
against 2-acetylaminofluorene (2-AAF) or 3-amino-l,4-dimethyl-5H-pyrido[4,3-b]indole (Trp- 
P-1) induced mutagenesis in the presence of S-9 liver fraction. A weak but significant inhibitory 
effect was noted against N-methyl-N’-nitro-N-nitrosoguanidine (MNN.G) or fbrylfuramide (AF- 
2) induced mutagenesis in the absence of S9 fraction. The polysaccharide fraction of the extract 
showed a minor, but roughly equal activity against all four mutagens. The nonpolysaccharide 
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e fraction exhibited a relatively strong activity against 2-AAF or Trp-P- 1 induced mutagenesis and 
a weak activity against MNNG or AF-2 induced mutagenesis. Further separation of non- 
polysaccharide fraction into high and low-molecular weight fractions and antimutagenicity 
studies showed strong activity from the low weight fraction. The results of this study suggest that 
hot water soluble extract of L. japonica contains antimutagenic activity against typical genotoxic 
substances. 

In another study, Okai et al. (1994) investigated the antimutagenic and anti-tumor 
promoting activities of methanol-soluble extracts of Japanese edible seaweeds, including L. 
japonica, on Trp-P-1-induced umu C gene expression in SOS response of S. typhimurium (TA 
153 5/pSK 1002) and TPA-dependent ornithine decarboxylase (ODC) induction in BALB/c 3T3 
fibroblast cells. L. japonica extract showed a significant inhibitory activity against TRP-P-I- 
induced umu C gene expression in S. typhimurium in the presence of liver metabolizing enzymes. 
In the TAP-dependent ODC activity assay in 3T3 fibroblast cells, L. japonica extract showed a 
strong inhibitory activity towards ODC. 

Reddy et aZ. (1 984) investigated antimutagenic effects of acetone, ether, chloroform, 
chlorofonn + methanol, hot water and cold water extracts of Japanese seaweed extract (L. 
angustana) on the mutagenicity induced by DMBA, a breast carcinogen and 3,2’-dimethyl-4- 
aminophenyl ( D U B ) ,  a colon and breast carcinogen, using Salmonella typhimurium strains 
TA98 and TAIOO. The extracts were not mutagenic in either tester strains. The addition of 10- 
100 mg solvent extracts of seaweed/plate greatly inhibited DMAB-induced mutagenicity in both 
the tester strains (80-96% inhibition) and DMBA-induced mutagenicity in TAI 00 (-82%). Cold 
and hot water extracts of Laminaria produced a moderate i&bition in a dose-related-manner in 
both strains. In another study, Lau et al. (1992) reported antimutagenic effects of kyo-green, a 
mixture of edible plant extracts containing Laminaria spp. in the Ames SaZmoneZZa assay. 

2.4. Other studies 

Tang and Shen (1989) studied changes in lipid profiles in rabbits fed Laminaria (L. 
digitata). Rabbits (1 O/group) with “experimental hyperlipoproteinemia” (details not available) 
were given either Laminaria powder (1 g daily) or “routine menu” for 14 days. Rabbits given 
Laminaria powder showed a significant decrease in total cholesterol, total lipoprotein, 
triglyceride and an increase in HDL-c and HDL2-c (Article in Chinese with English abstract). 

2.5. Observations in humans 

Kaneko and Koike (1984) studied the effect of protein intake level from various sources 
including L. japonica on urinary energyhitrogen ratio (the ratio of heat of combustion of urine to 
nitrogen) in Japanese. A total of 179 female and 14 male college subjects were divided in to 
twelve groups and the subjects were given different test diets. Five female subjects were given a 
diet composed of cornstarch, sucrose, shortening, mineral mixture, vitamin mixture, agar and 
ma-konbu (L. japonica) at 20 or 40 g dry weightlday (0.7-1.2 g/kg body weight) as a source of 
protein. Subjects were given the diet “for more than seven days.” Urine was collected “for the 
last three days” of each experimental period. Urinary nitrogen was determined by the Kjeldahl 
method and gross energy of lyophilized urine was measured with a bomb calorimeter. Urinary 
energy/nitrogen ratio for subjects given L. japonica was 14.4 kcal/g nitrogen. For the control 
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group receiving conventional diet (protein intake 1 g/kg), the ratio was 9.2 kcal/g nitrogen. The 
urinary urea excretion was almost the same in both groups. The high ratios of urinary 
energy/nitrogen in L. japonica consuming subjects suggest that urinary energy originates not 
only from nitrogen-containing compounds, but also from other organic compounds containing no 
nitrogen. 

In an early study cited in SCOGS report, Iino et al. (1958) investigated the effects of L. 
japonica intake on thyroidal uptake of iodine in human subjects. Ten normal subjects ingested 7 
to 16 g of L. japonica (0.31% iodine) for 1 to 14 days. A marked decrease was noted in the 24- 
hour thyroid uptake of l 3  ‘iodine. Preingestion values returned within two weeks after termination 
of the intake of L. japonica. These investigators also reported that ingestion of 10 g of L. 
japonica per day by four patients with exophthalmic goiter resulted in a marked suppression of 
thyroid uptake of 13’iodine. This response returned to preingestion values within two weeks of 
termination of the intake. Other details of this study were not available (summary given in the 
SCOGS report). 

(I) 

Ishizuki et al. (1988) reported 8 patients (1 male, 7 female) with transient 
“thyrotoxicosis” in Japan with increased serum levels of inorganic iodine, T4, T3 and r-T3 with 
normal T3/T4 ratio. These patients had taken 8.3 mg or more iodine in kombu every day. These 
cases were diagnosed as T4-predominant toxicosis with negative thyroid stimulating binding 
inhibitor immunoglobulin. Prohibition of consumption of kombu-rich diet resulted in normal 
serum levels of thyroid related parameters. Okmura et al. (1978) reported a case of Hashimoto’s 
thyroiditis with thyroid immunological abnormalities manifested after habitual ingestion of 
seaweed. The details of the amount and specifics of the seaweed were not reported by the 
authors. However, iodine restriction resulted in normal levels of T4 and TSH in three months. 
The authors suggested that congenital or acquired predisposition for abnormal imnune response 
may play an important role together with excess iodide in this particular case of Hashimoto’s 
thyroiditis. 

8 

Teas (1 98 1 ; 1983) reviewed the biological properties of seaweed, including Laminaria, 
and its possible role in prevention of breast cancer. Teas (1981) proposed several mechanisms of 
action of seaweed protection such as reduction of plasma cholesterol, binding of biliary steroids, 
inhibition of carcinogenic fecal flora, binding of pollutants, stimulation of the immune system 
and the protective effects of p-sitosterols responsible in the prevention of breast cancer. The 
author suggested that low breast cancer incidence in Japan may be related to a high intake of 
seaweed. 

Abascal and Yarnell (2001) also suggested that low incidence of breast cancer in some 
countries is related to the high intake of seaweed. In a review article on prevention of cancer by 
vegetables and plants, Hocman (1989) reported a correlation between the consumption of 
seaweed (Laminaria) and decreased incidence of breast cancer in Japanese women compared to 
US women. Based on the results of major dietary findings derived from a quantitative food 
frequency technique in a case-control study in Kyoto, Japan, Ohno et al. (1988) reported that p- 
carotene as well as vitamin A consumption from seaweed and kelp were c‘suggestivelyy’ 
protective against prostate cancer. 6 
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3. DISCUSSION 

Laminariajaponica is one of the major species of seaweed and has been consumed both 
as a food ingredient and foodstuff for millennia as a result of its nutritive value and technological 
effects as a flavor-enhancer and as a thickening agent. It is one of the most popular edible 
seaweeds in Japan. The source of kelp and brown algae for use in food may include L. japonica 
as well as other species. FDA has approved brown algae as GRAS for use in food as a flavoring 
agent and adjuvant in spices, seasonings and flavorings. Kelp is also permitted as food additive 
for direct addition to food for human consumption. Similarly, kelp as well as brown algae is 
recognized as GRAS by FEMA. 

Per FDA regulations? use of kelp is allowed in food as a source of the essential mineral 
iodine, provided the maximum intake of the food consumed during a period of one day, or as 
directed for use in the case of a dietary supplement, should not result in daily ingestion of the 
additive so as to provide a total amount of iodine in excess of 225 pg for foods labeled without 
reference to age or physiological state. Using conservative estimates, the proposed consumption 
of L. japonica as a flavor ingredient in the form of broth and extract in the foods Included in this 
G U S  document will result in a maximum daily intake of 50 mg. The proposed consumption of 
L. japonica (50 mg/day) is 100 fold less compared to the estimated daily current intake of kelp 
(4900 to 7300 mg/day) in Japan. The proposed use level will result in iodine intake of 88 pg/day 
and is also well below FDA guidelines for iodine intake. While the use of L. japonica may add to 
the other consumption sources of iodine, a recent epidemiological study clearly shows 
considerable decline in urinary iodine levels in US. As the trends of urinary iodine declining the 
proposed use of L. japonica may be helpful. It is noteworthy that Japanese have very high 
average urinary iodine concentration (3400 pg/day) compared to Americans (209 pg/day). 

Toxicological and other studies described here on brown algae are relevant to safety 
evaluation of L. japonica broth and extract as the extract and broth does not contain any 
component other than those found in brown algae. As 1 kg of L. japonica produces 0.876 kg of 
extract or broth, the possibility of concentrating a particular ingredient is minimal. Secondly, the 
broth and extract contains several ingredients. The extent of concentrating is minimal In 
mutagenicity studies, extracts of L. japonica were negative. In several in vitro and in vivo 
studies, L. japonica and other seaweeds showed anti-mutagenic effects against a number of 
known carcinogens. In vitro immunological studies show immuno-stimulatory activity of L. 
japonica. Several animal studies demonstrate that L. japonica &bits experimentally induced 
tumorigenesis. In these tumorigenesis studies, feeding of L. japonica did not affect food intake or 
animal weight. Epidemiological studies also indicate an association between the reduced 
incidence of breast cancer and consumption of kelp (L. japonica). A few cases of reversible 
thyrotoxicosis are reported in the literature, but these patients consumed 8.3 mg or more iodine 
from konzbu (Laminaria) every day. The iodine consumption from the proposed use of L. 
japonica would not result in an exposure producing this type of effect. 

The consumption of L. japonica in Japan is relevant to establish its safety in US. There 
may be some minor differences between populations in Japan and US, but given the differences 
in consumption of 100-fold for kelp and 70-fold for L. japonica, the proposed consumption of 50 
mg/day/person in US is considered safe. A long history of safe consumption and limited 
epidemiological and clinical studies also support the safety of L. japonica. 
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In 1973, Select Committee on GRAS evaluated health aspects of certain red and brown 
algae as food ingredients (SCOGS, 1973). Since the evaluation in 1973 by the Select Committee, 
additional and relevant information on safety and consumption of kelp, including L. japonica has 
appeared in the scientific literature (including the study by Kaneko and Kaike in 1984). 

In summary, on the basis of the data presented above and a substantive history of 
consumption and use, consumption of Laminaria japonica broth and extract as an added food 
ingredienvflavoring agent is considered safe at levels up to 0.8% in marinade flavoring liquid or 
at level of 800 ppm in fmal products in meat products, poultry, fish products, soups, gravies and 
seasonings & flavors. The proposed uses are compatible with current regulations i. e., the extract 
is used as a seasoning [17O.3(n)(26)Iy hctionality is as a flavor enhancer [170.3(0)(1 l)] and the 
maximum use level does not exceed current good manufacturing practice. e 
4. CONCLUSION 

Based on critical, independent and collective evaluation of the available data and 
information, the Expert Panel has determined that, based on common knowledge throughout the 
scientific community knowledgeable about the safety of substances added to food, Laminaria 
japonica broth and extract, meeting appropriate food grade specifications and produced in 
accordance with current Good Manufacturing Practice (cGMP), is Generally Recognized As Safe 
(GRAS), by scientific procedures, when used as a flavoring at levels not to exceed 800 ppm in 
the following foods: meat products, poultry, fish products, soups, gravies and seasonings & 
flavors, resulting in a total mean and 90th percentile consumption of 50 and 150 mg/person/day, 0 respectively. 
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Journal of the American College of Toxicology, 1982- 
Journal of Toxicology: Cutaneous and Ocular Toxicology, 1982- 1992 
Journal of Applied Toxicology, 1989- 
Pharmacology, 1978- 
Pharmacology and Drug Development, 1980- 
Toxicology and Applied Pharmacology, 1975-1 978 

Consultantships (Past, Present) 

Governmental 

Food and Drug Administration 
National Institute of Mental Health 
National Cancer Institute 
Environmental Protection Agency 
Department of Labor - OSHA (Chairman, Carcinogens Standards Committee) 
U.S. Army - Research and Development Command 

Non-Governmental 

National Academy of Sciences - NRC 

Health Hazards 
Committee on Toxicology (Member, Chairman)/Board on Toxicology and Environmental 

Safe Drinking Water Committee 
Evaluation of Household Substances Committee (1 138 Committee) 
Food Protection Committee 
Food Additives Survey Committee 
Committee on Risk-Based Criteria for Non-RCRA Hazardous Wastes 
Committee on Risk Assessment of Flame-Retardant Chemicals 

Federation of American Societies of Experimental Biology 
Select Committee on GRAS Substances 
Flavors and Extracts 
Biotechnology Product Safety 
Caprenin GRAS Committee 

Joint Meeting on Pesticide Residues (JMPR) (Member, Chairman) 
World Health Organization 

NATOKCMS Drinking Water Committee 

Industrial 

Chemical Companies; Trade Associations 
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University Activities 
Related to Instruction 

Prepared a laboratory manual in pharmacology (animal and human studies) (1 960) 
Introduced the use of closed circuit TV and TV tapes in pharmacology (1960) 
Introduced clinical pharmacological experiments into the medical and dental 
programs (1960) 
Planning and participation in continuing education program 

Planning and administering each of the three major efforts in pharmacology 

Graduate Program - assisted in developing graduate training program in toxicology 

(Schools of Dentistry, Medicine and Pharmacy) 

(dental, medical, pharmacy) since 1960. 

Current Teaching Activities 
Presents lectures on Toxicological Issues, Food Intake and Control 

Not Directly Related to Instruction 
Elected senator from the graduate school, then vice-president of the 
University Senate 
Served on various committees (e.9. Curriculum, Search, Animal Care, ) in each 

of the four major schools (Dentistry, Graduate, Medical, Pharmacy) 

Research 

Research was continuously funded from 1956. Sources of support included 
governmental (U.S.P.H.S.; N.1.H; E.P.A.; N.I.D.A.) and non-governmental (industrial). (A list of 

publications is attached). 

Awards 

DOD - US Army - Chemical Research Development and Engineering Center 
Distinguished Service Award, 1986 

National Italian - American Foundation Award 
Excellence in Medicine and Community Service, 1987 

Thomas Jefferson University 
Distinguished Alumnus Award, 1987 

Virginia Commonwealth University - School of Basic Health Sciences 
Outstanding Faculty Award, 1987 

Virginia Commonwealth University - School of Basic Health Sciences, Dept. of 
Pharmacology and Toxicology 

Professor of the Year- 1992 

American College of Toxicology 
Distinguished Service Award- 1997 

Virginia’s Life Achievement in Science Award- April 2001 

Bernard L. Oser Food Ingredient Safety Award by the Institute of Food Technologists- June 2001 

International Society for Regulatory Toxicology and Pharmacology’s International Achievement Award for 
2001- December 2001 

Society of Toxicology- Education Award- March 2002 
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PUBLICATIONS 

Borzelleca, J.F. and Manthei, R.W.: Factors influencing pentobarbital sleeping time in mice. Arch. Int. 
Pharmacodyn. 111: 296,1957. 

Borzelleca, J.F.: Studies of the contribution of bladder absorption to the physiological 
by pentobarbital. J. Pharm. Exp. Ther.129: 305, 1960. 

Borzelleca, J.F.: The absorption of nicotine from the urinary bladder of the dog. Arch. Int. Pharmacodyn. 
- 133: 444,1961. 

Borzelleca, J.F., Bowman, E.R. and McKennis, H., Jr.: The cardiovascular and respiratory effects of (-)- 
cotinine. J. Pharmacol. E X ~ .  Ther. 137: 313, 1962. 

Borzelleca, J.F.: Drug absorption from the urinary tract of the rat. Nicotine. Arch.Int. Pharmacodyn. 143: 
595,1963. 

changes induced 

Borzelleca, J.F.: Influence of saline and glucose infusions on the course of barbiturate intoxication. Arch. 
Int. Pharmacodyn. 146: 163, 1963. 

Larson, P.S., Borzelleca, J.F., Bowman, E.R., Crawford, E.M., Smith, R.B., Jr. and Henningar, G.R.: 
ToxicoIogic studies on a preparation of p-tertiary octylphenoxy-polyethoxy ethanols (Trition X-405). Toxicol. 
Appl. Pharmacol. 5: 782, 1963. 

Borzelleca, J.F., Larson, P.S., Henningar, G.R., Hug, E.G., Crawford, E.M. and Smith, R.B., Jr.: Studies on 
the chronic oral toxicity of monomeric ethyl acrylate and methyl methacrylate. Toxicol. Appl. Pharmacol. 6: 
29, 1964. 

Borzelleca, J.F. and Cherrick, H.: The excretion of drugs in saliva. Antibiotics. J. Oral Therap. Pharrnacol. 
- 2: 180, 1965. 

Borzelleca, J.F. and Lester, D.: Acute toxicity of some perhalogenated acetones. Toxicol. Appl. Pharmacol. 
- 7: 592, 1965. 

Borzelleca, J.F.: Drug movement from the isolated urinary bladder of the rabbit. Arch. Int. Pharmacodyn. 
- 154: 40, 1965. 

Borzelleca, J.F.: Rabbit urinary bladder potentials. Invest. Urol. 3: 77, 1965. 

Borzelleca, J.F.: Studies on the mechanisms of drug movement from the isolated urinary bladder. J. 
Pharmacol. Exp. Ther. 148: 1 11,1965. 

Lowenthal, W. and Borzelleca, J.F.: Drug absorption from the rectum. I. J. Pharm. Sci. 54: 1790, 1965. 

Ambrose, A.M., Borzelleca, J.F., Larson, P.S., Smith, R.B., Jr. and Hennigar, G.R.: Toxicologic studies on 
monochloroacetaldehyde: 2,4-dinitrophenylhydrazone, a foliar fungicide. Toxicol. Appl.Pharmacol. 8: 472, 
1966. 

> 

Borzelleca, J.F. and Doyle, C.H.: Excretion of drugs in saliva. Salicylate, barbiturate, sulfanilamide. J. Oral. 
Therap. Pharmacol. 3: 104, 1966. 

Borzelleca, J.F. and Lowenthal, W.: Drug absorption from the rectum. II. J. Pharm. Sci. 55: 151, 1966. 

Wooles, W.R. and Borzelleca, J.F.: Prolongation of barbiturate sleeping time in mice 
the reticuloendothelial system. J. Reticuloendo. SOC. 3: 41, 1966. 

Wooles, W.R., Borzelleca, J.F. and Branham, G.W.: The effects of acute and prolonged salicylate 
administration on liver and plasma triglyceride levels and dietary-induced hypercholesterolemia. Toxicol. 
Appl. Pharmacol. 10: 1,1967. 

Borzelleca, J.F., Harris, T. and Bernstein, S.: The effect of DMSO on drug movement through the wall of 
the urinary bladder of the rabbit. J. Invest. Urol. 6: 43, 1968. 

Borzelleca, J.F.: The excretion of glucose in saliva. Dog. J. Oral Therap. Pharmacol. 4: 338, 1968. 

by stimulation of 
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Kim, K.S., Borzelleca, J.F., McKennis, H. and Bowman, E.R.: Pharmacological effects of some nicotine 
metabolites and related compounds. J. Pharmacol. Exp. Ther. 161: 59, 1968. 

Marcus, S. and Borzelleca, J.F.: Observations of reserpine-induced bradycardia. Arch. Int. Pharamacodyn. 
174: 12,1968. 

Schwartz, S.L. and Borzelleca, J.F.: Adrenergic blood pressure response in the shark. Science m: 395, 
1969. 

Ambrose, A.M., Borzelleca, J.F., Larson, P.S. and Hennigar, G.R.: The toxicology of a foliarfungicide, GC- 
4072. Toxicol. Appl. Pharmacol. 17: 323, 1970. 

Borzelleca, J.F. and Putney, J.W., Jr.: A model for the movement of salicylate across the parotid 
epithelium. J. Pharmacol. Exp. Ther. 174: 527, 1970. 

Borzelleca, J.F. and Putney, J.W., Jr.: Studies on the biotransformation of salicylic acid by the salivary 
gland. Arch. Int. Pharmacodyn. 188: 127, 1970. 

Lowenthal, W., Borzelleca, J.F. and Corder, C.D., Jr.: Drug absorption from the rectum. Ill. Aspirin and 
some aspirin derivatives. J. Pharm. Sci. 59: 1353, 1970. 

Putney, J.W., Jr. and Borzelleca, J.F.: A method for the determination of small quantities of salicylate 
metabolites in the presence of a great excess of salicylic acid. Arch. Int. Pharmacodyn. 188: 119, 1970. 

Wynn, J.E., van't Riet, 6. and Borzelleca, J.F.: Excretion and toxicity of EGTA and EDTA after oral 
administration to rats. Toxicol. Appl. Pharmacol. 3: 807, 1970. 

Ambrose, A.M., Larson, P.S., Borzelleca, J.F., Smith, R.B., Jr. and Hennigar, G.R.: Toxicologic studies on 
2,4-dichlorophenyl-p-nitrophenyl ether. Toxicol. Appl. Pharmacol. 19: 263, 1971. 

Borzelleca, J.F., Larson, P.S., Crawford, E.M., Hennigar, G.R., Jr., Kuchar, E.J. and 
Toxicologic and metabolism studies on pentachloronitrobenzene. 
1971. 

Klein, H.H.: 
Toxicol. Appl. Pharmacol. 18: 522, 

Putney, J.W., Jr. and Borzelleca, J.F.: On the mechanisms of I4C- salicylic acid distribution in rat 
submaxillary gland in vitro. J. Pharmacol. Exp. Ther. 117: 263, 1971. 

Putney, J.W., Jr. and Borzelleca, J.F.: On the mechanisms of 14C-nicotine distribution in rat submaxillary 
gland in vitro. J. Pharmacol. Exp. Ther. j: 180, 1971. 

Ambrose, A.M., Larson, P.S., Borzelleca, J.F. and Hennigar, G.R.: Toxicologic studies on 3'9'- 
dichloropropionanilide. Toxicol. Appl. Pharmacol. 23: 650, 1972. 

Egle, J.L., Jr., Putney, J.W., Jr. and Borzelleca, J.F.: Cardiacrate and rhythm in mice affected by 
haloalkane propellants. J.A.M.A. 222: 786, 1972. 

Putney, J.W., Jr. and Borzelleca, J.F.: On the mechanisms of 14C-salicylic acid excretion by the rat 
submaxillarygland. J. Phamacol. Exp. Ther. 182: 515, 1972. 

Putney, J.W., Jr. and Borzelleca, J.F.: Active accumulation of 14C-salicylic acid by rat kidney cortexb m. J. Pharmacol. Exp. Ther. 186: 600,1973. 

Borzelleca, J.F.: Safety evaluation and toxicological' tests and procedures. J.A.O.A.C. 58: 692, 1975. 

Adams, M.D., Wedig, J.H., Jordan, R.L., Smith, L.W., Henderson, R. and Borzelleca, J.F.: Urinary excretion 
and metabolism of salts of 2-pyridinethiol-I-oxide following intravenous administration to female Yorkshire 
pigs. Toxicol. Appl. Pharmacol. 3: 523, 1976. 

Allen, M.A., Wrenn, J.M., Putney, J.W., Jr. and Borzelleca, J.F.: A study of the mechanism of transport of 
diphenylhydantoin in the rat submaxillary gland in vitro. J. Pharmacol. Exp. Ther. 197: 408, 1976. 
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Ambrose, A.M., Larson, P.S., Borzelleca, J.F. and Hennigar, G.R.: Long-term toxicologic assessment 
of nickel in rats and dogs. J. Food Science and Technology 13: 181, 1976. 

Egle, J.L., Jr., Long, J.E., Simon, G.S. and Borzelleca, J.F.: An evaluation of the cardiac sensitizing 
potential of a fabric protector in aerosol form, containing 1 ,I ,I -trichloroethane. Toxicol. Appl. Pharmacol. 
- 38: 369, 1976. 

EGLE, J.L., Jr., Fernandez, S.B., Guzelian, P.S. and Borzelleca, J.F.: Distribution and excretion of 
chlordecone (Kepone) in the rat. Drug Metab. Dispos.G:91, 1976 

Munson, A.E., Barrett, B.A. and Borzelleca, J. F.: In vitro experimental approaches to detection of sensitive 
agents. In: Cutaneous Toxicity, (V. Drill, ed.), Academic Press, Inc., San Francisco, p. 175, 1977. 

Weinberg, A.D., Dimen, E.M., Borzelleca, J.F. and Harris, L.S.: Weight and activity in male mice after 
daily inhalation of cannabis smoke in an automated smoke exposure chamber. J. Pharm. & Pharmac. 29: 
477,1977. 

Weinberg, A.D., Dimen, E.M., Simon, G.S., Harris, L.S. and Borzelleca, J.F.: Measurements of weight and 
activity in male mice following inhalation of cannabis smoke in a controlled smoke exposure chamber. 
Toxicol. Appl. Pharmacol. 42: 301, 1977. 

Allen, M.A., Wrenn, J.M., Putney, J.W., Jr. and Borzelleca, J.F.: A study of the mechanisms of transport of 
benzylpenicillin in the rat submaxillary gland. Arch. Int. Pharmacodyn. 233: 180, 1978. 

Bowman, F.J., Borzelleca, J.F. and Munson, A.E.: The toxicity of some halomethanes in mice. Toxicol. 
Appl. Pharmacol. 44: 213,1978. 

Egle, J.L., Jr., Fernandez, S.B., Guzelian, P.S. and Borzelleca, J.F.: Distribution and excretion of 
chlordecone (Kepone) in the rat. Drug Metab. Dispos. 6: 91, 1978. 

McConnell, W.R. and Borzelleca, J.F.: A study of the mechanism of transport of A94etrahydrocannabinol in 
the rat submaxillary gland in vivo. Arch. Int. Pharrnacodyn 235: 180, 1978. 

McConnell, W.R., Dewey, W.L., Harris, L.S. and Borzelleca, J.F.: A study of the effect of delta-9- 
tetrahydrocannabinol (delta-9-THC) on mammalian salivary flow. J. Pharmacol. Exp. Ther. 206: 567, 1978. 

Schumann, A.M. and Borzelleca, J.F.: An assessment of the methemoglobin and Heinz body inducing 
capacity of pentachloronitrobenzene in the  cat. Toxicol. Appl. Pharmacol. 44: 523, 1978. 

Simon, G.S., Tardiff, R.G. and Borzelleca, J.F.: Potential mutagenic and adverse male reproductive effects 
of 1,2,3,4-tetrabromobutane. A dominant lethal study in 
1978. 

Carmines, E.L., Carchman, R.A. and Borzelleca, J.F.: Kepone: Cellular sites of action. 
Pharmacol. 49: 543,1979. 

Egle, J.L., Jr., Guzelian, P.S. and Borzelleca, J.F.: Time course of the acute toxic effects of sublethal 
doses of chlordecone (Kepone). Toxicol. Appl. Pharmacol. 48: 533,1979. 

Larson, P.S., Egle, J.L., Jr., Hennigar, G.R. and Borzelleca, J.F.: Acute and subchronic toxicity of mirex in 
the rat, dog, and rabbit. Toxicol. Appl. Pharrnacol. 49: 271, 1979. 

Larson, P.S., Egle, J.L., Jr., Hennigar, G.R., Lane, R.W. and Borzelleca, J.F.: Acute, subchronic and 
chronic toxicity of chlordecone. Toxicol. Appl. Pharmacol. 48: 29, 1979. 

Simon, G.S., Kuchar, E.J., Klein, H.H. and Borzelleca, J.F.: Distribution and clearance of 
pentachloronitrobenzene in chickens. Toxicol. Appl. Pharmacol. 50: 401,1979. 

Simon, G.S., Tardiff, R.G. and Borzelleca, J.F.: Failure of hexachlorobenzene to induce dominant lethal 
mutations in the rat. Toxicol. Appl. Pharrnacol. 47: 415, 1979. 

Borzelleca, J.F. and Skalsky, H.L.: The excretion of pesticides in saliva and its value in assessing 
exposure. J. Environ. Sci. Health, B15(6), 843, 1980. 

the rat. Toxicol. Appl. Pharmacol. 44: 661, 

Toxicol. Appl. 
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Borzelleca, J.F., Egle, J.L., Jr., Hennigar, G.R., Klein, H.H., Kuchar, E.J., Lane, R.W. and Larson, P.S.: 
A toxicologic evaluation of 5-ethoxy-3- trichloromethyl-I ,2,4-triadiazole (ETMT). Toxicol. Appl. Pharmacol. 
- 56: 164, 1980. 

Carmines, E.L., Carchman, R.A. and Borzelleca, J.F.: A method for the evaluation of dose-effect data 
utilizing a programmable calculator. J. Environ. Path. and Tox.fl:23, 1980. 

Kessler, F.K., Laskin, D.L., Borzelleca, J.F. and Carchman, R.A.: Assessment of somatogenotoxicity of 
povidone-iodine using two in vitro assays. J. Environ. Path. and Tox. 3: 327, 1980. 

Skalsky, H.L., Wrenn, J.M. and Borzelleca, J.F.: In vitro and in vivo evaluation of the movement of Kepone 
in the rat submaxillary gland. J. Environ. Path. and Tox. 3: 529, 1980. 

Smith, L.W. and Borzelleca, J.F.: Excretion of cadmium and mercury in rat saliva. Toxicol. Appl. 
Pharamacol. 3: 134, 1980. 

Smith, L.W. and Borzelleca, J.F.: In vitro stimulation of oxygen consumption in rat submaxillary gland by 
pilocarpine. J. Dent. Res. (59)9: 1531, 1980. 

Smith, L.W. and Borzelleca, J.F.: Movement of cadmiun in rat submaxillary slices. Toxicol. Appl. 
Pharrnacol. 55: 403,1980. 

Smith, L.W. and Borzelleca, J.F.: Movement of mercury in rat submaxillary slices. Toxicology 18: 169, 
1980. 

Borzelleca, J.F.: Report of the NATOKCMS drinking water pilot study on health aspects of drinking water 
contaminants. Sci. of the Total Environ. 18: 205, 1981. 

Carmines, E.L., Carchman, R.A. and Borzelleca, J.F.: Investigations into the mechanism of paraquat 
toxicity utilizing a cell culture system. Toxicol. Appl. Pharmacol. 58: 353, 1981. 

Simon, G.S., Borzelleca, J.F. and Dewey, W.L.: Narcotics and diabetes II. Streptozotocin-induced diabetes 
selectively alters the potency of certain narcotic analgesics. 
interaction. J. Pharmacol. Exp. Ther. 218: 324, 1981. 

Balster, R.L. and Borzelleca, J.F.The behavioral toxicity of trihalomethane contaminants 
Of drinking water in mice. Environ. Health Perspec. &: 127, 1982. 

Kauffmann, B.M., White, K.L., Jr., Sanders, V.M., Douglas, K.A., Sain, L.E., Borzelleca, J.F.and 
Munson A.E.: Humoral and cell-mediated immune status in mice exposed to chloral hydrate. 
Environ. Health Perspec. 44: 147, 1982. 

Lane, R.W., Riddle, B.L. and Borzelleca, J.F.: Effects of 1,2-dichloroethane and l , l , l -  
trichloroethane in drinking water on reproduction and development in mice. Toxicol. Appl. 
Pharmacol. 63: 409,1982. 

Munson, A.E., Sain, L.E., Sanders, V.M., Kauffmann, B.M., White, K.L., Jr., Page, D.G., Barnes, 
D.W., and Borzelleca, J.F.: Toxicology of organic drinking water contaminants: 
trichloromethane, bromodichloromethane, dibromochloromethane and tribromomethane. 
Environ. Health Perspec. 46: 117, 1982. 

Sanders, V.M., Kauffmann, B.M., White, K.L., Douglas, K.A., Barnes, D.W., Sain, L.E., 
Bradshaw, T.J., Borzelleca, J.F. and Munson, A.E.: Toxicology of chloral hydrate in the mouse. 
Environ. Health Perspec. 44: 137, 1982. 

Mechanism of diabetes: morphine 

Sanders, V.M., Tucker, A.N., White, K.L., Jr., Kauffmann, B.M., Hallett, P., Carchman, 
R.A., Borzelleca, J.F. and Munson, A.E.: Humoral and cell-mediated immune 
trichloroethylene in the drinking water. Toxicol. Appl. Pharmacol. 62: 358, 1982. 

Borzelleca, J.F.: A review of volatile organic contaminant data. Proc. AWWA Water Quality 
Tech. Conf. 225,1983. 

Charles, J.L., Kram, D., Borzelleca, J.F. and Carchman, R.A.: The kinetics of in vivo sister 
chromatid exchange induction in mouse bone marrow cells by alkylating agents. I. 

status in mice exposed to 
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Cyclophosphamide. Environ. Mut. 5: 825, 1983. 

Borzelleca, J.F., Condie, L.W. and Hayes, J.R.: Toxicological evaluation of selected chlorinated 
phenols. Proceedings of the 5th International Water Disinfection Conference, Williamsburg, VA, 
1984. 

Borzelleca, J.F.: Food safety: regulations, research, and results. Va. Med. l,lJ: 390, 1984. 

Seyler, D.E., East, J.M., Condie, L.W. and Borzelleca, J.F.: The use of in vitro methods for 
assessing reproductive toxicity of dichlorophenols.Tox. Letters 20: 309, 1984. 

Shopp, G.M., White, K.L., Jr., Holsapple, M.P., Barnes, D.W., Duke, S.S., Anderson, A.C., 
Condie, L.W., Jr., Hayes, J.R. and Borzelleca, J.F.: Naphthalene toxicity in CD-1 mice: general 
oxicology and immunotoxicology. Fund. Appl. Toxicol. 4: 406, 1984. 

Borzelleca, J.F. and Hogan, G.K.: Chronic toxicitylcarcinogencity study of FD&C Blue No. 2 in 
mice. Food Chem. Tox. 23: 719,1985. 

Borzelleca, J.F., Hayes, J.R., Condie, L.W. and Egle, J.L., Jr.: Acute toxicity of 
monochlorophenols, dichlorophenols and pentachlorophenol in the mouse. Toxicol. Letters 29: 
- 39, 1985. 

Borzelleca, J.F., Hayes, J.R., Condie, L.W. and Egle, J.L.: Acute and subchronic toxicity of 
2,4-dichlorophenol in CD-1 mice. Fund. Appl. Toxicol. 5: 478, 1985. 

Borzelleca, J.F., Hogan, G.K. and Koestner A.: Chronic toxicity/carcinogencity study of FD&C 
Blue No. 2 in rats. Food Chem. Tox. 23: 551, 1985. 

Hayes, J.R. and Borzelleca, J.F.: Nutrient interaction with drugs and other xenobiotics, J. Am. 
Dietetic Assoc. 85: 3 335, 1985. 

Lane, R.W., Simon, Glen, S.S., Dougherly, R.W., Egle, J.L. and Borzelleca, J.F.: Reproductive 
toxicity and lack of dominant lethal effects of 2,4-dinitrotolune in the male rat. Drug and Chem. 
Tox. 4: 265, 1985. 

Borzelleca, J.F., Goldenthal, E.I. and Wazeter, F.X.: A multigeneration study of FD&C Blue No. 
2 in rats. Food Chem. Tox. 3: 159, 1986. 

Charles, J.L., Jacobson-Kram, D., Condie, L.W., Jr., Borzelleca, J.F. and Carchman, R. A.: The 
kinetics of in vitro sister chromatid exchange induction in mouse bone marrow cells by 
ethylnitrosourea and methylnitosourea. Toxicol. Appl. Pharmacol. 84: 56, 1986. 

Hayes, J.R., Condie, L.W., Jr. and Borzelleca J.F.: The subchronic toxicity of 
tetrachorethylene (perchloroethylene) administered in the drinking water of rats. Fund. Appl. 
Toxicol. I: 1 19, 1986. 

Hayes, J.R., Condie, L.W., Jr. and Borzelleca, J.F.: Acute, 14-day repeated dosing and 90-day 
subchronic toxicity studies of carbon tetrachloride in CD-1 mice. Fund. Appl. Toxicol. z: 454, 
1986. 

Hayes, J.R., Condie, L.W., Jr. and Borzelleca, J.F.: Acute, 14-day repeated dosing, and 90- 
day subchronic toxicity studies of potassium picloram. Fund. Appl. Toxicol. 7: 464, 1986. 

Hayes, J.R., Condie, L.W., Jr. and Borzelleca, J.F.: Toxicology of haloacetonitriles. Environ. 
Health Perspec. 69: 183, 1986. 

Lane, R.W., Sturm, R.J., Borzelleca, J.F. and Carchman, R.A.: Effect of in vitro differentiation 
on phorbol diester receptor number in human prornyelocytic leukemia (HL-60) cells. Cancer 
Res. 46: 3782,1986. 

Simon, G.S., Egle, J.L., Jr., Dougherty, R.W. and Borzelleca, J.F.: Dominant lethal assay of 
chlordecone and its distribution in the male reproductive tissues of the rat. 
Tox. Letters 30: 237,1986. 
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Tarka, S.M., Jr., Applebaum, R.S. and Borzelleca, J.F.: Evaluation of the perinatal, postnatal 
and teratogenic effects of coca powder and theobromine in Sprague-DawleylCD rats. Food 
Chem. Tox. 3: 375,1986. 

Tarka, S.M., Jr., Applebaum, R.S. and Borzelleca, J.F.: Evaluation of the teratogenic potential 
of cocoa powder and theobromine in New Zealand white rabbits. Food Chem. Tox. 3: 363,1986. 

Borzelleca, J.F., Capen, C.C. and Hallagan, J.B.: Lifetime toxicity/carcinogenicity study of 
FD&C Red no. 3 (erythrosine) in rats. Fd. Chem. Toxic. 25: 723, 1987. 

Borzelleca, J.F., Capen, C.C., and Hallagan, J.B.: Lifetime toxicitylcarcinogenicity study of 
FD&C Red No. 3 (erythrosine) in mice. Fd. Chem. Toxic. 25: 735, 1987. 

Hayes, J.R., Condie, L.W., Jr., Egle, J.L., Jr. and Borzelleca, J.F.: The acute and subchronic 
toxicity in rats of trans-I ,2 dichloroethylene in drinking water. J.Am. Coll. Toxicol. 6: 471, 
1987. 

Borzelleca, J.F. and Hallagan, J.B.: Chronic toxicitykarcinogenicity studies of FD&C Yellow 
No. 5 (tartrazine) in rats. Fd. Chem. Toxic. 26: 179, 1988. 

Borzelleca, J.F., Condie, L.W., Jr. and Egle, J.L.: Short-term toxicity (one-and ten-day 
gavage) of barium chloride in male a'nd female rats. J. Am. Coll. Toxicol. 1: 675-685, 1988. 

Condie, L.W., Jr., Hill, J.R. and Borzelleca, J.F.: Oral toxicology studies with xylene isomers 
and mixed xylenes. Drug and Chem. Tox. 11: 329,1988. 

Borzelleca, J.F. and Hallagan, J.B.: A chronic toxicitylcarcinogenicity study of FD&C yellow 
no. 5 (tartrazine) in mice. Fd. Chem. Toxic. 26:189, 1988. 

Borzelleca, J.F., Clark, E.C. and Condie, L.W., Jr.: Short-term toxicity (1 and 10 days) of 
cadmium chloride in male and female rats: gavage and drinking water. J. Am. Coll. Toxicol. 8: 
377,1989. 

10 

Borzelleca, J.F., Condie, L.W., Jr., Clarke, E.C. and Egle, J.L.: Short-term toxicity (one and 
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