


RESEARCH OFFICE

3COGS II-23

EVALUATION OF THE HEALTH ASPECTS OF OAT GUM,
OKRA GUM, QUINCE SEED GUM,  AND PSYLLIUM SEED HUSK GUM

AS FOOD INGREDIENTS

1982

Prepared for

Bureau of Foods
Food and Drug Administration
Department of Health and Human Services
Washington, D.C,

Contract No. FDA 223-78-2100




'SCOGS 1I1-23

EVALUATION OF THE HEALTH_ASPECTS OF OAT GUM,
OKRA GUM, QUINCE SEED GUM, AND PSYLLIUM SEED HUSK GUM
AS FOOD INGREDIENTS

1982

Prepared for

Bureau of Foods
Food and Drug Administration
Department of Health and Human Services
Washington, D.C.

Contract No., FDA 223-78-2100

Life Sciences Research Office
Federation of American Societies

for Experimental Biology
9650 Rockville Pike
Bethesda, Maryland 20814




NOTICE

This report, one of a series concerning the health aspects
of using the Generally Recognized as Safe (GRAS) or prior-sanctioned
food substances as food ingredients, is being made by the Federation
of AMmerican Societies for Experimental Biology (FASEB) under con-
tract no. 223-78-2100 with the Food and Drug Administratiom (FDA),
U.S8. Department of Health and Human Services. The Federation recog-
nizes that the safety of GRAS substances is of national significance,
and that its resources are particularly suited to marshaling the
opinions of knowledgeable scientists to assist in these evaluations.
The Life Sciences Research Office (LSRO), established by FASEB in
1962 to make scientific assessments in the biomedical sciences, is
conducting these studies.

Qualified scientists were selected as consultants to
review and evaluate ‘the available information on each of the GRAS
substances. These scientists, designated the Select Committee on
GRAS Substances, were chosen for their experience and judgment
with due consideration for halance and breadth in the appropriate
professional disciplines. The Select Committee's evaluations are
being made independently of FDA or any other group, governmental
or nongovernmental. The Select Committee accepts responsibility
for the content of each report. Members of the Select Committee
who have contributed to this report are named in Section VII,

Tentative reports are made available to the public for
review in the office of the Dockets Marnagement Branch, Food and
Drug Administration, after announcement in the Federal Register,
and opportunity is provided for any interested person to appear -
before the Select Committee at a public hearing to make oral pres-
entation of data, information, and views on the substances covered
by the report. The data, information, and views presented at the
hearing are considered by the Select Committee in reaching its
final conclusions. Reports are approved by the Select Committee
and the Director of LSRO, and subsequently reviewed and approved-
by the LSRO Advisory Committee (which consists of representatives
of each constituent society of FASEB) under authority delegated by
the Executive Committee of the Federation Board. Upon completion
of these review procedures the reports are approved and trans-
mitted to FDA by the Executive Director of FASEB.

While this is a report of the Federation of American
Societies for Experimental Biology, it does not necessarily
reflect the opinion of all of the 1ndiv1dua1 members of its

constituent societies.
.FiaL--.

Kenneth D, Fisher, Ph.D,, Director
Life Sciences Research Cffice
FASEB : 5
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I. INTRODUCTION

. This report concerns the health aspects of using oat,
okra, psyllium seed husk, and quince seed gums as food ingredi-
ents. It has been based partly on the information contained in a
scientific literature review (monograph) furnished by FDA (Handler
and Bauer, 1978), which summarizes the world's scientific litera-
ture from 1920 through 1978. To ensure completeness and currency
as of the date of this report, this information has been supple-
mented by searches of over 30 scientific and statistical reference
gources and compendia that are generally available; use of new,
relevant books and reviews and the literature citations contained
in them; consideration of current literature citations obtained
through computer retrieval systems of the National Library of
Medicine; searches for relevant data in the files of FDA; and
by the combined knowledge and experience of members of the Select
Committee and the LSRO staff, In addition, announcement was made
in the Federal Register of April 21, 1981 (46 FR 22810) that oppor-
tunity would be provided for any interested person to appear before
the Select Committee at a public hearing to make oral presentation
of data, information, and views on the health aspects of using oat,
okra, quince seed, and psyllium seed husk gums as food ingredients.
No requests were received for presentations on oat, okra, or guince
seed gums. A request was received from one company to present a
statement on psyllium seed husk gum and the Select Committee held
a hearing on this gum on September 14, 1981, The individual who
presented a statement is identified at the end of this report.

. The material presented at the hearing has been considered by the
Select Committee in reaching its final conclusions.

As indicated in the Food, Drug, and Cosmetic Act [21 USC
321(s)], GRAS substances are exempt from the premarketing clearance
that is required for food additives. It is stated in the Act and
in the Code of Federal Regulations (Office of the Federal Register,
1980b) [21 CFR 170.3 and 170.30] that GRAS means general recogni-
tion of safety by experts qualified by scientific training and
experlence to evaluate the safety of substances on the basis of
scientific data derived from published literature. These sections
of the Code also indicate that expert judgment is to be based on
the evaluation of results of credible toxicological testing or,
for those substances used in food prior to January 1, 1958, on a
reasoned judgment founded in experience with common food use, and
is to take into account reasonably anticipated patterns of consump-
tion, cumulative effects in the diet, and safety factors appropriate
for the utilization of animal experimentation data. FDA recognizes

further [21 CFR 170.30] that it is impossible to provide assurance

that any substance is absolutely safe for human consumption,

The Select Committee on GRAS Substances of LSRO reviewed
and evaluated the available information on ocat, okra, psyllium

seed husk, and quince seed gums in full recognition of the fore-




Committee, in accordance with FDA's guidelines, relied primarily
on the absence of substantive evidence of, or reasonable grounds
to suspect, & significant risk to the public health. While the
Committee realized that a conclusion based on such reasoned judg-
ment is expected even in instances where the available information
is qualitatively or quantitatively limited, it recognized that
there can be instances where, in the judgment of the Committee,
there are insufficient data upon which to base a conclusion. This
report is intended for the use of FDA in determining the future '
status of these substances under the Federal Food, Drug, and Cos-
metic Act. The Committee anticipates that its conclusions will
be reviewed as new information becomes available.




II. BACKGROUND INFORMATION -

‘ Gums have been broadly defined by Whistler (1973) as
"hydrophilic or hydrophobic high-molecular-weight molecules
usually having colloidal properties, that in an appropriate sol-
vent or swelling agent produce gels, highly viscous suspensions

. or solutions at low dry substance content." .Substances meeting
this definition and having application in food processing are
hydrophilic plant or microbial polysaccharides or derivatives
of such complex carbohydrates. The four gums evaluated in this
report are from oat, okra, quince seed, and psyllium seed husk,

Information on oat, okra, and quince seed gums is sparse,
and there are large gaps in knowledge commonly regarded as important
in the evaluation of the health aspects of such products. Whistler
(1973) reviewed the available data, but both chemical and biological
studies are limited for each of these three gums. In contrast,
considerable information.on the biological properties of psyllium
seed husk gum was available to the Select Committee. The Select
Committee on GRAS Substances has considered the health aspects of
use of gums from other vegetable sources in the following reports:
carob bean gum (SCOGS, 1972a); gum tragacanth (SCOGS, 1972b); gum
arabic (SCOGS, 1973a); sterculia gum (SCOGS, 1973b); carrageenan
(SCOGS, 1973¢c); gum ghatti (SCOGS, 1973d); guar gum (SCOGS, 1973e);
agar-agar (SCOGS, 1973f); and gum guaiac (SCOGS, 1975).

. GRAS Status

The vegetable gums addressed in this repert have been
accorded GRAS status as food ingredients, by virtue of a GRAS let-
ter or by being an optional ingredient in the identity standards of
processed foods (Senti, 1980). Oat gum is listed in the 1980 Code
of Federal Regulations (Office of the Federal Register, 1980a) as an
‘optional ingredient in standards of identity for pasteurized cheese
spread [21 CFR 133.175], pasteurized cheese spread with fruits, vege-
tables, or meats [21 CFR 133.176], pasteurized neufchatel cheese
spread with other foods [21 CFR 133.178], pasteurized process cheese
spread [21 CFR 133.179], and pasteurized process cheese spread with
fruits, vegetables, or meats [21 CFR 133.180]. 1In the 1974 Code of
Federal Regulations (Office of the Federal Register, 1974) oat gum
and psyllium seed husk gum were listed as optional ingredients in-
frozen desserts [21 CFR 20]. Okra gum was given GRAS status by FDA
letter (Wulfsberg, 1960), and quince seed gum received GRAS status
under the category of natural extractives (solvent-free) used in
conjunction with spices, seasonings, and flavorings [21 CFR 182.40]
(Office of the Federal Register, 1980b).

Composition

Oat gum is 'a component of the flour and bran of ocats
(Avena sativa) Extraction of oat flour under alkaline cond1t1ons

Glucose was the major_monosaccharide component with
- 3 -
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small amounts of arabinose, xzylose, and possibly uronic acid (Wood
et al., 1977). Earlier studies also indicated the presence of a
water-soluble glucan composed of f-1,3- and R-1,4-glucopyranosyl
units in aqueous extracts of oats (Acker et al., 19855; Morris,

1942; Peat et al., 1957), and small amounts of xylose and arablnose
in & hydrolyzate of an unpurified aqueous extract (Preece and
Mackenzie, 1952), Component sugars of water-soluble and water-
insoluble, nonstarchy polysaccharides of oat flour and bran were
identified by MacArthur and D'Appolonia (1980). The water-soluble
portions of both flour and bran were predominantly B-glucans. Glu-
cose (89% in flour and 93% in bran) and small amounts of arabinose
(7 and 5%) and xylose (4 and 3%) were present following hydrolysis.
The water-insoluble, nonstarchy polysaccharides also contained
glucose as the principal monosaccharide (63% in flour and 67% in
bran), but larger amounts of arabinose (23 and 19%) and xylose
(14%) were detected in this fraction.

Okra gum is a complex polysaccharide obtained from okra
(Hibiscus esculentus), a plant widely grown in the southern United
- States for food. A unique property of okra gum is the ropiness or
stringiness it .-gives to water solutions. Large molecular aggregates
present in okra gum dispersions were shown by electron photomicro-
graphs to be branched-chain structures more than 4p in length
(BeMiller, 1973). Published reports do not fully agree as to the
composition of okra gum. Whistler and Conrad (1954a,b) found two
disaccharides, 4-0-D~galactopyranosyl-D-galactose and 2-0-(D-galac-
- topyranosyluronic acid)-L-rhamnose, and two trisaccharides, D-ga-

lactopyranosyl-(D-galactopyranosyluronic acid)-L-rhamnose and
(D-galactopyranosyluronic acid)-L~-rhamnopyranosyl-D-galactose, in
& partially hydrolyzed water extract of fresh okra., 4An alkaline-
soluble preparation of okra gum was reported to contain D-galac-
fose, L-arabinose, L~rhamnose, and D-galacturonic acid in a molan
ratio of 80:3:10:6 (Amin, 1956). Methylation analysis revealed
only methylated products of galactose and rhamnose (Amin,. 1956).
In contrast, Kelkar et al. (1962) found a nitrogen-containing
"fraction composed of amino acids and an ash portion containing
calcium and phosphate that seemed to be integral parts of the gum.
Other workers (Kishida, 1969; Kishida and Fukui, 1967) found that
the'gum contained D-glucose, D-fructose, amino acids and a
glycopeptide. _

Psyllium seed husk gum is obtained from the husk of a
variety of species of the genus Plantago. The plant is . grown
mainly in countries bordering the Mediterranean and in India. A
limited amount is found in the southwestern United States. The
gum content of the plant is about 12-30% (BeMiller, 1973) and com-
positions of polysaccharides in a number of Plantago species have
been characterized. Gum from these species appears tc contain

varying proportions of D-xylose, D-arabinose, D-rhamncse, D-galac-
tose, D-galacturonic acid, 4-O-methyl-D-glucuronic acid, and 2-0-
(e-D-galactopyranosyluronic acid)-L-rhamnose (Anderson and Fireman,
1935; Erskine and Jones, 1956; Laidlaw and Percival, 1949, 1950;
NEISon and Perclval 1942). Determinations of the exact composi-




Quince seed gum is a water extract of the seed of the
quince (Cydonia oblonga), a fruit widely cultivated in temperate
climates throughout the world. The gum content of the seed is
about 20% by weight, but labor costs have prevented production of
the gum in the United States (BeMiller, 1973). Quince seed gum
consists of cellulose microfibrils embedded in an amorphous poly-
saccharide matrix (Husemann and Kelich, 1969). Mild hydrolysis of
the gum produces cellulose, L-arabinose, and two aldobiouronic
acids: D-xylose combined with mono-O-methylhexuronic acid or hex-
uronic acid (Bailey and Norris, 1932; Renfrew and Cretcher, 1832).

. Specifications for food grade products, such as those
furnished in the Food Chemicals Codex (National Research Council,
1981), have not been found for any of these gums. In 1978, the
Joint FAO/WHO Expert Committee on Food Additives (1978) stated
that information on oat gum was insufficient to allow evaluation
of the substance as a food additive.

Uses

Oat gum is not produced on a commercial scale because of
low yield and difficulty in extraction (Andersorn, 1980a). Although
it has received GRAS status for specified uses, it appears to have

- no commercial use at present.

Okra gum is not commercially available (Anderson, 1980b;
BeMiller, 1973) and thus bhas no established uses in the United
States. Among potential applications cited by BeMiller (1973)
were use as a whipping agent for reconstituted dried egg white,
an inhibitor to sucrose crystal formation, a component in adhe-
sives, a deflocculant in paper or fabric production, a brightening
agent in electroplating, and a component of a plasma replacement
preparation.

Although the primary use of psyliium seed husk gum is
as a bulk-type lazative and has been used for this purpose since
1930 (BeMiller, 1973; Fingl, 1975) this report considers only its
use as a food ingredient. Psyllium seed husk gum has also been
used in cosmetic products such as hair-setting lotions, in paper
and textile manufacture as a deflocculant, and as an emulsifying
agent. Possible uses of the free acid form of the gum include
treatment of gastric hypoacidity, in enteric coating materials, or
in sustained-release drug preparations, removal of exogenous -
sodium from the gastrointestinal tract, and inhibition of bacter-
ial growth by its pH effect (BeMiller, 1973).

Quince seed gum is used primarily by the cosmetics indus-

try in such products as wave-setting lotions, mascara, and cleans-
ing creams (BeMiller, 1973). It has few food applications, and
its high cost would probably make such uses uneconomical. Experi-
mentally, the gum has been used successfully as a stabilizer in
chocolate milk and ice cream (Hadary and Sommer, 1943).
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III. CONSUMER EXPOSURE DATA

Surveys by the Natioral Research Council--Phase II in 1972
and Phase III in 1979--on the usage of food additives in processed
foods yielded no information on okra gum, oat gum, psyllium seed
husk gum, or quince seed gum (Committee on GRAS List Survey--Phase
III, 1979; Subcommittee on Review of the GRAS List--Phase II, 1972).

The Select Committee has also learned that there are
apparently no current food uses of psyllium seed husk gum (Meer,
1980; Peterson and Johnson, 1978) and no commercial production
of oat gum (Anderson, 1980a; Meer, 1280) or okra gum (Anderson,
1980b; BeMiller, 1973). Glicksman (1969) stated that "although
psyllium seed gum and quince seed gum have also been utilized
to some extent in the food industry, they still find their most
extensive uses in the related pharmaceutical and cosmetic indus-
tries." Young (1981) reported that approximately 4 million people
of the U.S. use a commercial pharmaceutical formulation of psyllium
seed husk gum and 4% of these users have taken 1-3 doses (contain-
ing about 1.8-5.3 g psyllium seed husk gum) daily for more than
20 yr. Estimated sales of this formulation in 1980 were about
33 milliorn kg (950 million doses). In a comprehensive review of
industrial gums (BeMiller, 1973), no food uses were included for
psyllium seed husk, quince seed, or okra gums.




Iv. BIOLOGICAL STUDIES

Absorption and metabolism

The Select Committee is not aware of any information on
the absorption and metabolism of any of the vegetable gums included
in this report.

Acute toxicity

Fraschini (1978) reported acute toxicity and other toxico-
logical studies (discussed in other sections of this report) with
three commercial (Metamucil®) formulations of purified psyllium
seed husk gum (Plantago ovata, Forsk). The formulation designated
"powder" contained 49% psyllium seed gum, 492.7% glucose, 0.6% citric
acid, 0.25% monobasic potassium phosphate, 0.3% sodium bicarbonate,
and 0.04% benzyl benzoate. A second, designated "instant dose," con-
tained 56% psyllium seed gum, 16% citric acid, 14% sodium bicarbon-
ate, 13% sucrose, 0.5% lemon flavoring, and 0.2% sodium saccharin,
The third, designated "without sugar," contained 45% psyllium seed
gum, 22% glycine, 21% sodium glycinate, and 12% citric acid.

The formulations, in aqueous suspension, were administered
by gavage to groups of five male and five female Swiss mice (20-23 g
body wt) or Sprague-Dawley rats (120-140 g) in doses of 1.5, 3.0,
and 6 g/kg body wt. No deaths occurred within the 7-4 observation
period. Slight sedation during the first few hours was observed
in animals after administration of the highest dosage. Diarrhea
occurred in mice given 6 g/kg body wt of the "powder" formulation.
This effect was attributed by the 1nvestigators to the high per-
centage of glucose in the formulation.

No information on the acute toxicity of oat, okra, and
quince seed gums was available to the Select Committee.

Short-term studies

One laboratory has reported that a water-soluble fraction
prepared from defatted fresh okra, with sodium chloride added to a
~concentration of 0.85%, can serve in hemorrhaged dogs as a partial
replacement for blood plasma (Benjamin et al., 1951). The prepara-
tion had a solids concentration of 2%. The authors stated that
urinary output was not affected and there appeared to be no adverse
reaction to the okra preparation following infusion., None of the
product was detected in tissues, but refined methods for detection
were apparently not used (Benjamin et al.,, 1951).

In an early study, MacKay et al. (1932) reported a gray-
black color in the kidneys of rats and dogs fed diets containing
25% Plantago psyllium for 125 and 30 d, respectively. The epithe-
1ial cells of the kidney tubules of the rats contained fine brown
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granules, but those of the dogs showed no similar changes. Thienes
and Hall (1941) observed a dose-related brown pigmentation in kid-
neys of rats and cats fed diets containing 0, 4, or 19% crushed
‘ psyllium seed in the form of psyllium-agar fla.kes. Urea clearance
of rats was not affected by psyllium feeding. :

Coulston and Seed (1956) also carried out feeding experi-
ments with ground psyllium seed, commonly called blond psyllium
seed (P. ovata) and certain fract1ons of the seed. One prepara-
tion, Mucilose®, a commercial product, apparently was essentially
psyllium seed gum, although the purity was not established.
Sprague-Dawley rats fed for 28 wk a commercial laboratory ration

“to which the gum fractions were added at the 10% level were normal
in growth, appearance, and behavior as compared with controls fed
the basal diet alone, The rats given Mucilose® exhibited a mild
laxative effect. Upon macroscopic examination, the investigators
observed a dark brown color only in the kidneys of rats fed the
fraction of the seed hulls from which the mucilaginous (gum) frac-
tion had been removed. No pigment was found upon histologic exam-
ination. The authors speculated that pigmentation of the kidney
might be related to a fraction of the hull. They concluded that
the lack of reports of kidney pigmentation in necropsies of per-
sons who had ingested psyllium is good evidence that humans are
not affected, or that pigmentation is so minimal that it is not
recognizable histologically.,

Ershoff (1977) examined effects of addition of 10% (10 g/
. kg body wt) blond psyllium seed powder, carrot root powder, alfalfa
‘ leaf meal, or wheat bran to low~fiber purified diets containing 5%
(5 g/kg body wt) tartrazine (FD§C Yellow No. 5) or Sunset Yellow FCF
{(FD&C Yellow No. 6). Each of these diets or the basal low-fiber
purified diet was fed to groups of six male weanling Sprague-Dawley
rats for 14 d. Weight gains, general appearance, and mortality
rates of the groups fed the food dyes were improved when psyllium
seed powder, carrot root powder, alfalfa leaf meal, or wheat bran
was incorporated into the diet. Ershoff (1977) did not identify
a substance in any of these materials that was responsible for the
improvements in weight gain, appearance, and mortality rates, but
speculated on several possible mechanisms of action.

Groups of three male and three female beagles, 10-12 mo
old, were fed 250 or 750 mg/kg/d of purified psyllium seed husk
gum (P. ovata) for 6 mo; results of examinations at 1, 3, and 6 mo
were reported by Mercatelli et al. (1979a,b,c). The gum was -
described as a granular powder, light brown in color, containing
dark brown particles and 3.5% impurities. The desired dose was
soaked in water and then mixed w1th a portzon of the food given to

ducted at 0, 1 3, and 6 no. There were no statistically s1gnifi-
cant differences in body weight gains or food consumption between
‘the treated and control groups at 1, 3, or 6 mo. No changes related
to treatment were observed at these time intervals in hematological




urinalysis of samples taken at 0, 8, and 16 wk. Blood cholesterol
levels were lower in the treated groups at 16 wk. The investigator
reported that histological examination revealed no changes of im-
portance in the heart, lungs, liver, spleen, kidneys, adrenals,
thyroid, pancreas, testes, ovaries, or gastrointestinal tract.

Effects of psyllium seed hydrocolloid on bile composition
in rats and hamsters have also been investigated. Beher and Casazza
(1971) added 0 or 4% of a bulk laxative, Metamucil®, containing
about 50% psyllium seed hydrocolloid (20 g psyllium seed hydro-
colloid/kg diet; about 0.9 g/kg body wt/d) to stock diets contain-
ing 5% fiber of an unspecified source. These diets were fed to
groups of eight rats for 3 wk before intraperitoneal injection
of [!*Clcholic acid or [ Clchenodeoxycholic acid. Addition of
psyllium seed hydrocolloid increased the turnover rate of both
deoxycholic and chenodeoxycholic acids and increased the size of
the chenodeoxycholic acid pool. Groups of 18 hamsters fed a gall-
stone-inducing diet with the addition of 5% psyllium seed hydro-
colloid (2.25 g/kg/d) developed no gallstones, whereas those whose
diets were not supplemented with psyllium seed hydrocolloid had
seven gallstones at the end of 1 mo (Bergman and van der Linden,

1 1975). The concentration of deoxycholic acid and the ratios of

cholic :chenodeoxycholic acid and cholic:deoxycholic acid were
increased in hamsters fed the diet supplemented with psyllium

_ seed hydrocolleid.

Long-term studies

Lifetime feeding studies in rats of several "bulk-formers"”
(Carlson and Hoelzel, 1948) included diets containing miztures of
psyllium seed husks (3.3% or 5%) and semi-fibrous cellulose flour
or ground kapok. The authors reported that these diets "appar-
ently introduced nothing of a deleterious nature."” Rats fed these
diets had longer lifespans than rats fed the basal low-residue
diet, but the number of rats (2-3 of each sex fed each diet) was
too small to provide conclusive data.

Human studies

Meyer and Calloway (1977) observed gastrointestinal re-
sponses of six healthy women 65-73 yr of age following administra-
tion of low-residue formula diets alone or with the addition of
wheat bran, oat bran, cat gum, or raffinose. Oat gum was added
in amounts (6.2 or 12.4 g) to supply 5 or 10 g/d (90 or 180 mg/kg)
of indigestible carbohydrate. Elimination was somewhat more fre-
gquent and fecal weight and percentage dry solids were slightly
increased over control observations after consumption of the diet

culated by difference between wet and dry fecal weight was less
for oat gum than for oat or wheat bran., Breath hydrogen produc-
tion was increased, although not significantly, following the oat
gun treatment, Because the time when hydrogen production started

- 10 =



to increase was similar to that of the control diet, the authors
reported that oat gum did not appear to have a short-term ferment-
able component (Meyer and Calloway, 1977).

Thienes and Hall (1941) observed nine persons who had
taken 7-14 g psyllium~agar flakes daily for 2-7 yr. Urea clear-~
ance tests and chemical analysis and microscopic examination of
urine samples were within normal limits, and the authors reported
no clinical evidence of kidney dysfunction. More recently, Spiller
et al. (1979), in a double-blind experiment, studied effects of
psyllium seed hydrocolloid, a cellulose-pectin mixture, or a
placebo (corn syrup solids) in 50 healthy adults aged 26-65 yr who
were known to have low average daily fecal weights. The psyllium
seed preparation consisted of 50% psyllium seed hydrocolloid and
50% glucose. Following a 14 d baseline period 12 subjects were
given 20 g of the psyllium preparation daily for 20 d (intake of
psyllium seed hydrocolloid 10 g/d or approximately 140 mg/kg/d).
Feces were collected on the last 7 d of the baseline and experi-
mental periods. A low-residue diet was fed throughout the study.
Fecal calcium, magnesium, and nitrogen excretions did not differ
significantly for subjects given either treatment or placebo.
Hematologic and blood chemistry values were within normal limits
and occurrence of flatulence, gastrointestinal cramping, abdominal
fullness, nausea, urgency to eliminate, headache, tiredness, weak-
ness. Hunger was similar for all ETOUpPS.

Brydon et al. (1979) administered 30 g/d (approximately
210 mg/kg/d) of a preparation containing about 50% psyllium seed
hydrocolloid (Metamucil®) for 3 wk to 11 adult patients with uncom-
plicated gallstone disease. No changes were observed in concentra-
tion of lithocholic, chenodeoxycholic, deoxycholie, or cholic
acids in bile or in acid-cholesterol ratios., In contrast, Beher
et al. (1973) reported that administration of 12 g/d (approxi-~
mately 200 mg/kg) of psyllium seed hydrocolloid to six post~chole-
cystectomy patients for 6-29 d gradually increased the concentra-
tion of deoxycholate in the bile.

Mazzola and Cappuccilli (1978) administered formulations
of purified psyllium seed husk gum (P. ovata) described in the
Acute toxicity section (see p.7) to 31 patients for the treat-
ment of chronic constipation or bowel irregularity. The patients
were hospitalized for bronchopulmonary and cardiac diseases, gen-
erally complicated by other pathology such as diabetes or hyper-
tension. Diabetic patients were given a formulation not containing
sugar., In.severe cases of constipation, 12,8 g of "instant dose"
formulation providing 7.2 g psyllium seed husk gum was given three
times 8 day for 7-14 d. As a maintenance dose, or in less severe

given three tlmes daily. Treatment durlng hospitalization_ranged
from 11-59 d, and during outpatient treatment from 15-59 d. Aver-
age number of days to restore normal bowel action was 4.4 t 0.37.
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Mean cholesterol level of 13 patients with hypercholesteremia de-
creased from an initial level of 329 mg/dl to 239 mg/dl at the end
of the treatment. Mean cholesterol level of the other 18 patients,
210 mg/dl, was not significantly changed by the treatment. No ad-
verse changes attributable to treatment were observed in hemato-
logical indices (hemoglobin, red or white corpuscle count) or
blood chemistry (glucose, urea, serum glutamic oxalacetic trans-.
aminase, serum glutamic pyruvic transaminase, bilirubin, alkaline
phosphatase).

Davi and Straro (1978) administered 7 g, three times
daily for 10 d, of psyllium seed gum formulations described in
the preceding paragraph to 15 patients (average age 3.7 + 3.2 yr)
with chronic constipation. Five patients had diabetes mellitus or
fasting hyperglycemia and were given the psyllium gum formulation
not containing glucose. Regularity of bowel action was induced in
all patients. Levels of plasma cholesterol and triglycerides were
reduced at 10 d, but the decrease was statistically significant
(P <0.05) only for triglycerides. Levels of serum glutamate oxal-
acetic and serum glutamic pyruvic transaminases were significantly
lower (P <0.05) after treatment, but no statistically significant
changes were noted in hematological parameters or in blood glucose,
urea, bilirubin, or nonprotein nitrogen concentrations.

Giovannini and Careddu (1978) administered psyllium seed
husk gum formulations to 10 patients with constipation (group 1),
average age 13.5 mo (range, 2 mo to 4 yr) and 10 with diarrhea
(group 2), average age 9.9 mo (range, 1 mo to 2 yr), for periods
of 10-14 d. Composition of the formulations administered are
described in the Acute toxicity section (see p.7).  Five of the
patients in group 1 received 3.2 g (1.8 g psyllium seed husk gum)
doses of the "instant dose" formulation twice daily; the other
five received two 4 g (1.8 g psyllium seed husk gum) doses of
the formulation not containing sugar. All patients in group 2

‘received two 4 g doses of the latter formulation daily. The

treatment produced & marked euperistaltic effect, bowel action
being normalized in both groups. No statistically significant
changes occurred in mean values of hematological. or blood chem-
istry parameters. _

Allergic symptoms (rhinitis, sneezing, conjunctival
itching, and dermal itching) were reported in two nurses dispens-
ing a bulk laxative powder containing psyllium seed husk gum and
in 8 of 20 subjects challenged with psyllium seed hydrocolloid
(Machado et al., 1979). Asthma and rhinitis were also noted in
three workers in a pharmaceutical plant where psyllium seeds were

processed (Busse and Schoenwetter, 1975).

Reproduction and teratogenicity

Studies on embryo-fetal toxicity and teratogenicity of

the "powder“ and "instant dose" formulations of purxfied psyllium




were reported by Fraschini (1978). The formulations, in agueous
suspension, were administered daily by gastric intubation to 10
gravid Sprague-Dawley rats and 10 gravid New Zealand white rabbits
on days 6 to 15 and 6 to 18 after conception, respectively. Dosages
of the "powder" formulation were 0.5 and 1.0 g/kg body wt and 0.5 g/
kg body wt for the "instant dose" formulation. Necropsy of the rats
on day 20 and the rabbits on day 30 of gestation revealed no signif-
icant differences between treated and control groups in the number
of implantations or resorptions, or in number and weight of live
fetuses. There were no dead or underdeveloped fetuses in the
treated animals and no external, internal, or skeletal malfor-
mations were found in the live fetuses. .

Psyllium seed (P. ovata) husk gum was administered by
oral intubation to New Zealand rabbits from the 6th to 18th days
of gestation (Mercatellil et al., 1978). The animals received O
200, or 400 mg/kg body wt/d of the gum suspended in a 1/3 v/v
mixture of water and polyethylene glycol 400, The dams were sac-
rificed on the 30th day of gestation and fetuses and reproductive
organs were examined. No differences were noted in food consump-
tion and body weights of the gravid females. No differences were
reported in numbers of live young, stillbirths, abortions, resorp-
tions, or external, skeletal, and visceral abnormalities of the
fetuses. One fetus in the high-~dose group had a small tail and
bifurcation of the sternebra (an indicator of variation in ossifi-
cation), an abnormality occurring at the frequency of 0.5 per 1000
in the rabbit.

carcinogenicity and mutagenicity

The Select Committee has no information on the possible
carcinogenicity or mutagenicity of okra, oat, quince seed, and
psyllium seed husk gums.
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V. OPINION

Psyllium seed husk gum has been widely used in this
country as a bulk laxative since approximately 1930. The acute
toxicity of the gum is very low. Short-term animal feeding
studies, including reproduction and teratogenicity studies, have
demonstrated no adverse effects. Clinical studies on the efiect
of the gum on bowel action have revealed no significant side
effects. There are no official specifications for a food-grade
product and little, if any, appears to be used as an ingredient in
processed foods.

The Select Committee has considered the foregoing and
concludes that:

There is no evidence in the available infor-
mation on psyllium seed husk gum that demon-
strates, or suggests reasonable grounds to
suspect, a hazard to the public when it is
used at levels that are now current or that
might reasonably be expected in the future.

Three vegetable gums under consideration, oat gum, okra
gum, and quince seed gum, are derived from products that have been
used in human dietaries for many generations. The Select Committee

“has located one report concerning gastrointestinal response of women
to oat gum, but has been unable to locate other reports of relevant
experimental studies on the biological effects of ingesting these
gums. No official specifications for food-grade products appear to
exist for any of these vegetable gums and it appears that little,
if any, are used as food ingredients in this country.

In light of the foregoing, the Select Committee concludes
that:

In view of the deficiency of relevant biological
studies, the Select Committee has insufficient
data upon which to base an evaluation of oat gum,
okra gum, and guince seed gum should they be used -
as food ingredients. _

- 14 -



VI. REFERENCES CITED

Acker, L.; Diemair, W.; Samhammer, E. 1955. {ber das Lichenin
des Hafers. 1I. Eigenschaften, Darttellung und Zusammensetzung
des schleimbildenden Polysaccharids. Z. Lebensm. Unters. Forsch,
100:180-188.

Amin, E.S. 1956. The mucilages of Hibiscus esculentus (okra or
bamla fellahi) and Corchorus olitorius (mulukhia). J. Chem. Soc.
1956:828-831,

Anderson, E.; Fireman, M. 1935. The mucilage from psyllium seed,
Plantago psyllium, L. J. Biol. Chem. 109:437-442.

Anderson, S.,A. 1980a. Federation of American Societies for Experi-

mental Biology, Bethesda, MD. Memorandum, dated July 31, of tele-
phone conversation with J. Gould, Quaker Oats Company, Barrington,
11,

Anderson, S.A. 1980b. Federation of American Societies for Experi-
mental Biology, Bethesda, MD. Memorandum, dated July 31, of tele-
phone conversation with R L. Whistler, Purdue University, lafayette,
IN.

Bailey, K.; Norris, F.W. 1932, The nature and composition of the
mucilage of the seed of white mustard (Brassica alba). Biochem. J.
26:1609-1623.

Beher, W.T,; Casazza, K.K, 1971, Effeots of psyllium hydrocolleid
on bile acid metabolism in normal and hypophysectomized rats. Proc.
Soc. Exp., Biol. Med. 136:253-256.

Beher, W.T.; Schuman, B.M.; Block, M.A.; Lin, G.J.; Casazza, K.K.
1973. The effect of psyllium hydrocolloid and cholestyramine on -
hepatic bile lipid composition in man. Henry Ford Hosp. Med. J.
21:21-30.

BeMiller, J.N. 1973. Quince seed, psyllium seed, flax seed, and
okra gums. In: Whistler, R.L.; BeMiller, J.N., eds. Industrial
gums: polysaccharides and their derivatives., 2nd’ed. New York:
Academic Press. p.339-3867. :

Benjamin, H.B.; Ihrig, H.EK.; Roth, D.A. 1951. The use of okra as
a plasma replacement. Rev. Can, Biol., 10:215-221,

Bergman, F,; van der Linden, W. 1975. Effect of dietary fibre on

gallstone formation in hamsters._ Z. Ernshrungswiss., 14:218.-224,

Brydon, W.G.; Borup-Christensen, S.; van der Linden, W.; Eastwood,
M.A., 1979, The effect of dietary psyllium hydrocolloid and lig-
nin on bile. Z. Ernahrungswiss. 18:77-80.

- 15 -



Busse, W.W.; Schoenwetter, W.F. 1975. Asthma from psyllium in
laxative manufacture. Ann. Intern. Med. 83:361-362. _

‘ Carlson, A.Jd.; Hoelzel, F. 1948, Prolongation of the life span
of rats by bulk-formers in the diet. J. Nutr. 36:27-40.

Committee on GRAS List Survey-~Phase III. 1979. The 1977 survey
of industry on the use of food additives. Prepared under DHEW
Contract No. FDA 223=-77-2025 with the Food and Nutrition Board,
National Research Council. Available from: NTIS, Springfield,
VA; PB80-113418.

Coulston, F¥., Seed, J.C. 1956. The relationship of psyllium seed
and various fractions of the seed to kidney pigmentation. J. Am.
Pharm. Assoc. Sci. Ed. 45:716-719.

Davi, G.; Strano, A. 1978. University of Palermo, Palermo, Italy.
Sperimentazione clinica controllata su Metamucil. Report and its
English translation submitted to Pederation of American Societies
for Experimental Biology, Bethesda, MD, by G.D. Searle & Company,

- Chicago.

Ershoff, B.H. 1977, Effects of diet on growth and survival of
-rats fed toxic levels of tartrazine (FD&C Yellow No. 5) and Sunset
Yellow (FD&C Yellow No. 6). J. Nutr. 107:822-828, .

Erskine, A.J.; Jones, J.K.N. 1956. Practionation of polysac-
‘ charides, Can., J. Chem. 34:821-826. '

Fingl, E. 1975, Laxatives and cathartics. In: Goodman, L.S.;
Gilman, A., eds. The pharmacological basis of therapeutics. ©5th
ed. New York: Macmillan Publishing Co., Inc. p.9276-986.

Fraschini, F, 1978. Milan University, Faculty of Medicine and
Surgery, Institute of Pharmacology and Therapy, Milan, Italy.
Toxico-pharmacological tests on Metamucil (in Italian). Report
and its English translation submitted to Federation of American
Societies for Experimental Biology, Bethesda, MD, by G.D. Searle
& Company, Chicago.

Giovannini, M.; Careddu, P. 1978. University of Milan, Milan,
Italy. Efficacia e tollerabilita di una mucillagine di plantaginis
ovatae (Metamucil) nelle turbe della peristalsi intestinale in
pediatria. Report and its English translation submitted to Federa-
tion of American Societies for Experimental Biology, Bethesda, MD,
by G.D. Searle & Company, Chicago.

i — . tmotogy Inm the food industry. New
York: Academic Press. p.152-158.

Hadary, G.; Sommer, H.H. 1943. Quince seed extract as an ice
cream stabilizer. Ice Cream Rev. 26:22—29.

‘ o _.-_16-



Handler, R.; Bauer, W. 1978. Monograph on vegetable gums. Pre-
pared under Contract No. FDA 223-76-2001 with Informatics, Inc.,
Rockville, MD. Available from: NTIS, Springfield, VA; PB-289
412, _

Husemann, E.;.Keilich, G, 1969. Characterization of quince
slime cellulose. Cellul. Chem, Technol. 3:445-453. (Chem.
Abstr. 72:123086b; 1970).

Joint FAQ/WHO Expert Committee on Food Additives. 1978, Evalua-
tion of certain food additives. Twenty-first report. WHO Tech. .
Rep. Ser. 617:27,

Kelkar, G.M.; Ingle, T.R.; Bhide, B.V. 1962. Mucilage from the
fruits Bhendi. J. Indian Chem. Soc., . 39:557-558.

Kishida, T. 1969, Biochemical studies on food gums. III. Car-
" bohydrate-containing peptide. . Kaseigaku Zasshi 20:397-402. 1In
Japanese. (Chem, Abstr., 72:107134k; 1970).

Kishida, T.; Fukui, H. 1967. Biochemical studies on the muciiage in
foods. II. The mucilage in okra (Hibiscus esculentus). Kaseigaku
Zasshi 81(2):71-74. 1In Japanese. (Chem. Abstr. 67:70558v; 1967).

Laidlaw, R.A.; Percival, E.G.V. 1949. Studies on seed mucilages,
Part III. Examination of a polysaccharide extracted from the seeds
of Plantago ovata Forsk. J. Chem. Soc. 1949:1600-1807.

Laidlaw, R.A.; Percival, E.G.V. 1950. Studies of seed mucilages.
Part V. Examination of a polysaccharide extracted from the seeds
of Plantago ovata Forsk by hot water. J. Chem. Soc. 1950:528-534.,

MacArthur, L.A.; D'Appolonia, B,L. 1980. Comparison of nonstarchy
polysaccharides in oats and wheat. Cereal Chem. 57(1):39-45.

Machado, L.; Zetterstrom, O.; Fagerberg, E. 1979. Occupational
allergy in nurses to a bulk laxative, Allergy 34:51-55.

MacKay, E.M.; Hall, E.M.; Smith, F.M. 1232. BHenal pigmentation
following ingestion of psyllium seed, Proc. Soc. Exp. Biol. Med.
30:152-155.

Mazzola, C.; Cappuccilli, P. 1978. I.N.R.C.A, (National Institute
for Research of a Scientific Nature), Milan, Italy. Controlled
clinical tests of the clinical efficacy and tolerability of Meta-
mucil. Report submitted to Federation of American Societies for
Experimental Biology, Bethesda, MD, by G.D. Searle & Company,

Chicago.
Meer, W.A. 1980. Meer Corporation, North Bergen, NJ. Letter,
dated March 31, to F.R. Senti, Federation of American Societies
for Experimental Biology, Bethesda, MD.

- 17 -



Mercatelli, P.; Storino, A.A.; Nunziata, A. 1878, CRF Centro
Ricerca Farmaceutica S.P.A., Roma. Relazione sull' attivita
_ teratogena del prodotto Metamucil nel coniglio "New Zealand."
. Report and its English translation submitted to Federation of
American Societies for Experimental Biology, Bethesda, MD, by
G.D. Searle & Company, Chicago.

Mercatelli, P.; Storino, A.A.; Salerno, R.0O.; Nunziata, A.; Perri,
G.C. 1979a. CRF Centro Ricerca Farmaceutica S.P.A., Roma Tos-
sicitd cronica nel cane "beagle" del prodotto Metamucil; report a
1 mesi. Report and its English translation submitted to PFedera-
tion of American Societies for Experimental Biology, Bethesda, MD,
by G.D. Searle & Company, Chicago. :

Mercatelli, P.; Storino, A.A.; Salerno, R.0.; Nunziata, A.; Perri,
G.C. 1979b. CRF Centro Ricerca Farmaceutica S.P.A., Roma. Tos-
sicita cronica nel cane "beagle" del prodotto Metamucil; report a
3 mesi. Report and its English translation submitted to Federa-
tion of American Societies for Experimental Biology, Bethesda, MD,
by G.D. Searle & Company, Chicago.

Mercatelli, P.; '‘Storino, A.A.; Salerno, R.0Q.; Nunziata, A.; Perri,
G.C. 1979¢. CRF Centro Ricerca Fkrmaceutica S.P.A., Roma Tos-
sicitd cronica nel cane "beagle" del prodotto Metamucil; report a
6 mesi. Report and its English translation submitted to Federa-
tion of American Societies for Experimental Biology, Bethesda, MD,
by G.D. Searle & Company, Chicago.

. Meyer, S.; Ca.llowa.y, D.H. 1977. Gastrointestinal response to
oat and wheat milling fractions in older women. Cereal Chem,
54:110-~119.

Morris, D,L. 1942. Lichenin and araban in oats (Avensa sativa).
J., Biol. Chem. 142:881-891.

| NationallResearch Council. 1881. Food chemicals codex. 3rd ed.
Washington, DC: National Academy Press.

Nelson, W.A.G.; Percival, E.G.V. 1842. Studies on seed mucilages.
Pert II. The seed mucllage of Plantago arenaria. J. Chem. Soc.
1942:58-61.

Qffice of the Federal Register, General Services Administration,
1974. Code of Federal Regulations. Title 21: food and drugs,
parts 10-129 rev. Washington, DC: U.S. Government Printing
Office.

ffice of the Federal s nera rvi j nistration

1980a. Code of Federal Regulations. Title 21: food and drugs,
parts 100-169 rev. Washington, DC: U.S. Government Printing
Office. '




Office of the Federal Register, General Services Administration.
1980b. Code of Federal Regulations. Title 21: food and drugs,
parts 170-199 rev. Washington, DC: U.S. Governmeni Printing
Office. '

Peat, S.; Whelan, W.J.; Roberts, J.G. 1957. The structure of
lichenin. J. Chem. Soc. 1957:3916-3924.

Peterson, M.S.; Johnson, A.H. 1978. Colloidal dispersions:
polysaccharide gums. In: Encyclopedia of food science. Vol. 3.
Westport, CT: The AVI Publishing Company, Inc. p.172-173.

Preece, I.A.; Mackenzie, K.G. 1952, Non-starchy polysaccharides
of cereal grains, II., Distribution of water~soluble gum~like
materials in cereals. J. Inst. Brew. (London) 58:457-464.

Renfrew, A.G.; Cretcher, L.H. 1832. Quince seed mucilage.
Ju Bi°1| Cheln- 97:503-5100

Salerno, R.0Q.; Bianco, T.; Nunziata, A. 1978. CRF Centro Ricerca
Farmaceutica S.P.A., Roma. Studio farmacologico nel cane "beagle"
del Metamucil. BReport and its English translation submitted to
Federation of American Societies for Experimental Biology, Bethesda,
MD, by G.D. Searle & Company, Chicago.

SCOGS (Select Committee on GRAS Substances). 1972a. Evaluation
of the health aspects of carob bean gum as a food ingredient
(SCOGS~3). 10p. Available from: NTIS, Springfield, VA; PB-221
952, _

SCOGS (Select Committee on GRAS Substances). 1972b. Evaluation
of the health aspects of gum tragacanth as a food ingredient
(SCOGS-4). 10p. Available from: NTIS, Springfield, VA; PB-223
835,

SCOGS (Select Committee on GRAS Substances). 1973a. Evaluation
of the health aspects of gum arabic as a food ingredient (SCOGS-1).
17p. Available from: NTIS, Springfield, VA; PB-234 904.

SCOGS (Select Committee on GRAS Subsfances). 1973b. Evaluation of
the health aspects of sterculia gum as a food ingredient (SCOGS-5).
14p. Available from: NTIS, Springfield, VA; PB-234 905.

SCOGS (Select Committee on GRAS Substances). 1973c. Evaluation
of the health aspects of carrageenan as & food ingredient (SCOGS-6).
16p. Available from: NTIS, Springfield, VA; PB-266 877.

SCOGS (Select Committee on GRAS Substances). 1973d.  Evaluation -

of the health aspects of gum ghatti as a food ingredient (8COGS3-12).

- Tp. Available from: NTIS, Springfield, VA; PB-223 841,

- 19 -



SCOGS (Select Committee on GRAS Substances), 1973e. Evaluation -
of the health aspects of guar gum as a food ingredient (SC0GS-13),
12p. Available from: NTIS, Springfield, VA: PB-223 836.

8COGS (Select Committee on GRAS Substances). 1973f. Evaluation
of the health aspects of agar-agar as a food ingredient (SC0GS-23).
14p. Available from: NTIS, Springfield, VA; PB-285 502.

SCOGS (Select Committee on GRAS Substances)., 1975. Evaluation of
the health aspects of gum guaiac as a food ingredient (SCOGS-64).
16p. Available from: NTIS, Springfield, VA; PB-274 474,

Senti, F.R. 1980. Federation of American Societies for Experi-
mental Blology, Bethesda, MD. Memorandum of telephone conversation,
February 22, with L. Mansor, Food and Drug Administration, Washing-
ton, DC.

Spiller,~G.A.; Shipley, E.A.; Chernoff, M.C.; Cooper, W.C. 1979.
Bulk lazative efficacy of a psyllium seed hydrocolloid and of a
mixture of cellulose and pectin, J. Clin., Pharmacol. 19:313-320.

Subcommittee on Review of the GRAS List--Phase II. 1972. A com-
prehensive survey of industry on the use of food chemicals gener-
ally recognized as safe (GRAS). Prepared under DHEW contract FDA
70-22 with Committee on Food Protection, Division of Biology and
Agriculture, National Research Council. Available from: NTIS,
Springfield, VA; PB-221 921 through PB-221 929, or PB-221 520

for the set.

Thienes, C.H.,; Hall, E.M. 1941, On pigmentation of kidneys
by psyllium and its effects on excretion. 4Mm. J. Dig. Dis.
8:307-308.

Whistler, R.L. 1973, Factors influencing gum costs and applica-
tions. In: Whistlér, R.L., ed. Industrial gums: polysaccharides
and their derivatives. 2nd ed. New York: Academic Press. p.2-18.

Whistler, R.L.; Conrad, H.E. 1954a, A crystalline galactobiose
from acid hydrolysis of okra mucilage. J. Am. Chem. Soc. 76:1673-
1874,

Whistler, R.L.; Conrad, H.E. 1954b. 2—9§(D-ga1actopyranosy1-
uronic acid)-L-rhamnose from okra mucilage. J. Am. Chem. Soc,
76:3544-3546.

Wood, P.J.; Paton, D.,; 8iddiqui, I.R. 1977. Determination of g-
glucan in oats and bharley. Cereal Chem. 54:524-533.

Wbod, P.J.; Siddiqui, I.R.; Paton, D. 1978. Extraction of high-
viscosity gums from oats. Cereal Chem. 55:1038-1049.

- 20 -



Wul fsberg, E.T. 1960. Food and Drug Administration, Washington,
DC, Letter, dated April 11, to L.J. LaBrie, Morningstar-Paigley,
Inc., New York. o

Young, J.G. 1981, Report on safety of psyllium seed husk gum to
Select Committee on GRAS Substances. Written statement submitted
at: Public hearing on evaluation of the health aspects of psyllium
seed husk gum as a food ingredient. Available from: G.D. Searle

& Company, Chicago.

- 921 -



1.

VII. SCIENTISTS CONTRIBUTING TO THIS REPORT
Members of the Select Committee on GRAS Substances:

Joseph F. Borzelleéa, Ph.D., Professor of Pharmacology,
Medical College of Virginia, Health Sciences Division,
Virginia Commonwealth University, Richmond, Virginia.

Harry G. Day, Sc.D., Professor Emeritus of Chemistry,
Indiana University, Bloomington, Indiana.

Samuel J. Fomon, M.D., Professor of Pediatrics, College
of Medicine, University of Iowa, Iowa City, Iowa.

Bert N. La Du, Jr., M.D., Ph.D., Professor, Department
of Pharmacology, University of Michlgan Medical School,
Ann Arbor, Michigan.

Jobhn R, McCoy, V.M.D., Professor of Comparative Pathol-
ogy, New Jersey College of Medicine and Dentistry, ‘
Rutgers Medical School, New Brunswick,,New Jersey.

Gabriel L. Plaa, Ph.D., Professor and Chairman, Depart-
ment of Pharmacology, University of Montreal Faculty of
Medicine, Montreal, Canada.

Michael B, Shimkin, M.D., Professér Emeritus of Community
Medicine and Oncology, School of Medicine, University of
California, San Diego, La Jolla, California.

Ralph G.H. Siu, DPh.D., Consultant, Washington, D.C.

Marian E. Swendseid, Ph.D., Professor of Nutrition,
School of Public Health, University of California,
los Angeles, California.

John L. Wood, Ph.D., Professor Emeritus, Department of
Biochemistry, University of Tennessee Center for Health
Sciences, Memphis, Tennessee.

George W. Irving, Jr., Ph.D., (Chairman), Life Sciences
Research Office, Federation of American Societies for
Experimental Biology, Bethesda, Maryland. :

- 929 -



2. LSRO staff:

Kenneth D, Fisher, Ph.D,, Director

Frederiec R. Senti, Ph.D., Associate Director
Richard G. Allison, Ph.D., Staff Scientist

Sue Ann Anderson, Ph.D., Staff Scientist

Herman I. Chinn, Ph.D., Senior Staff Scientist
John M. Talbot, M.D., Senior Medical Consultant

Report submitted by:

%gﬂﬂﬂ / 4 A p % 'v %’
Dafe George V. Irving, Jr., -

Select Committee on GRA Su tances

- 23 -



PUBLIC HEARING ON PSYLLIUM SEED HUSK GUM
September 14, 1981

A presentation was made by James Young, Ph.D., Searle
Research and Development Division, G.D. Searle & Company, Chicago,
IL.

- 24 -



LITHO BY FASEB



