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FOREWORD

The Life Sciences Research Office {(LSRO), Federation of American Societies for Experimental Biology
(FASEB), prnwdes scientific assessments of topics in the biomedical sciences. Reports are based nupon
literature reviews and the scientific opinions of knowledgeable investigators engaged in work in
specific areas of biology and medicine.

This report i one of a continying series concerning the healf.h aspects of food mgredlenhs that may
be Generally Recognized as Safe (GRAS) food substances. The Federation recognizes that the safety
of GRAS substances is of national significance and that its resources are particularly suited to
marshalling the opinioas of knowledgeshle scientists to assist in these evaluations,

The LSRO convened an ad hoc Expert Scientific Panel to conduzt an evaluation of the health effects
of peyllium seed husk (PSH), This report was prepared for the Kellogg Company, Battle Creek,
Michigan, by an ad hoc Expert Scientific Panel and edited by John M. Talbot,-M.D,, Senior Medical
Consultant, LSROQ; Sue Ann Anderson, Ph.D., R.D., Senjor Staff Scientist; and Kenneth D. Figher,
Ph.D., Director, LSRO, in aceordancs with a coniract betwesn the Kellogg Company and the LSRO,
FASEB. Scientists selected as members of the Panel were chosen for their scientific qualifications,
experience, and judgment, with dué consideration for balance and breadth in appropriate professional
dmtnplmes Members of the Panel and cthers who asgisted in the preparation of this report are listed

_ in Chapter VIL ,
'. ‘The Panel and LSRO aclmowledge the assistande of Victor Fulgond, I, PhD,, of the Kellogg Company

and Michael ‘P. Lehmann, Furth, Fahmer & Mason, San Francisco, Celifornia, who provided

. information; date, and background material on PSH. Speciﬁcaﬂy,the?analandlﬁROthankDr

Falgoni and. M. Lehmann for identifying materials in the several supplements to the Kellogg
Company's submissions to the Food and Drug Administration that were perkinent to the Expert
Panel’s questions dixing’ 1\}3 evaluation.

' The Expart Prinel met in January and April 1993 {o obtain background information, identify and

annlyze pertinent literature and experimental studies, develop drafa of the report, and reach an
opinion as to whether the available information and data oxn the health effects of PSH are sufficient
to meet the reguldtory requirements of sefety as & GRAS food ingredient. The Expert Panel's
evaluation wes made independently of the Kellogg Company or of any other gevernmental or
nongovérnmental groups. The Expert Panel and LSRO acespt responmbﬂlty for the study conclusions
and the aceuracy of the report. -

This final report was reviewed and approved by the LSRO Advisory Committee (which consigts of
representatives of each constituent Somety of FASEB) under authority delegated by the Federation
Board. Upon completion of these review procedures, the report was a.pproved and transmitted to the
Kellogg Company by the Executive Director, FASEB.

While this is a report of the Federation of American Societies for Experimental Biology, it does not

necesgarily reflect the opinion of each individual member of the constituent Sorieties.

TWL;.j 19?% T/Ai—-ﬁ?%

~ Director
Life Sciences Regsearch Office
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I. INTRODUCTION

This report addresses the safety aspects of the use of peyllium seed hugk (PSH) as a food ingredient
in grain-basged foods. The report is baged on evaivation of information published in the scientific
literature as well as data and informatjon provided by the Rellogg Company (Clark, 1992a,b; Clark
et al., 1990a,b,c, 1981; Furth et al., 198%a,b,c).

To ensure completeness and currency of the evaluation of safety of PSH, this information has been
supplemented by the use of generally available scientific and statistical reference sources and
compendia; new, relevant books and reviews and the literature citations contained in them; current
" Hterature citations obtained through computer retrieval systems of the National Library of Medicine;
relevant data in the files of LSHO; relevant regulatory documents of the Food and Drug
Administration (FDA); and the éambined knowlédge and experience of members of the Expert Panel
and the LSRO staff.

As indicated in the Food, Drug, and Cosmetic Act [21 USC 321 (s)] (U.S. Congress, 1993), GRAS
substances are exempt from the premarketing clearance that is required for food additives. This Act
and the Code 'of ngér"a_l Regulations [21 CFR 170.3 and 170.30] (Office of the Federal Register,
1993a,h) state that'GRAS can mean general recognition of safety by experts qualified by scientific
training and experience to evaluate the safety of substances on the bagis of scientific data derived from
published literature. Thiese sections of the Code aleo indicate that expert judgment is to be based on
" evaluation of results of publicly avsilable credible toxicological testing, which may be corroborated by
unpublished studies and data. Further, the Code specifies that axpert;udgment is to take into
account-reasonably anticipated- patterns of consumption, curmulative effects in ﬁhe diet, and safety
- factors appmpriate fur the utxhzatmn of animal experimaentation data.

TheFDA a]su spemﬁes thatpereoua seeking affirmation of GRAS statnsofsuhstancesmustsubmit
apeﬁmnﬁrGRASamrmahmMmMaﬂMcthphymmLandhohgmnlﬂm
related to the intended uses [21 CFR 170.35] (Office of the Federal Register, 1993c). These data fnust
include a deseriptionof the physical and chemieal properties of the substance, past, current, or
intended use in foods, methods for detecting the substance in foods, information that supports safety
and functionality; a statement attesting to the balance and representative nature of the submitted
iriformation, and a statement affirmoing that pon-clinical laboratory studies were comducted in
compliance with Goed Manufacturing Practice (GMP) regulations (Oifice of the Federal Register,
1983d). The pehtlon must algo include an environmental assesement or justification for exclusion.
Finally, the FDA recognizes [21 CFR 170.30] (Office of the Federul Register, 1993b) that it is
impossible to provide assurance that any substance is absolutely safe for hunan copsumption.

The.LSRO ad hoc Expert Panel reviewed and evaluated the available information on the safety of PSH
in full recognition of the foregoing provisions. In resching its conclusion of safety, in accordance with
FDA "8 gunideliives, the Expert Panel relied primarily on directly related published data as well as on
unpiblishéd studiés that are in préess and other information and data. This report was prepared for
use by the Kellogg Company in submitting a GRAS affirmation petition to FDA on PSH under the
Federal Food, Drog, and Cosmetic Act. The Expert Panel anticipates that its conclusions would be
reviewed if new information on safety of the substance becomes available.




IL BACEGROUND INFORMATION

A SOURCES OF PSYLLIUM PRODUCTS

Psyllium seed, the seed husk, and the husk gum are derived from several specieg of herbaceous plants
of the genus Plantago (BeMiller, 1978). Numerous species of Plantaga occur worldwide as
domesticated and wild plants and weeds. Several species are cultivated in the Umted States,
Mediterranean countries, and India pmnanly for the seed and seed components ‘ .

The produr.t used by the Ksllogg Company is blond psyllium, derived from P. omzta (Fnrskzﬂ) Erown
in India (Furth et al., 1989a). P. ovatc is the species of choice because seed of this speties contain a
‘higher percentage of gum (approximately 30 percent) than do seed of other cultivated gpecies, ‘because
the blond seéd yield a practicelly colorless mucilage, and because the seed cost of P, ovata can be more
reauhly separated from the seed mechanically (BeMiIler 1973). _

'I‘he psylhum seed husk (PSH) used as a food ingredient by the Kellogg Company is denved from
P. gvata geed grown in India, imported into the United States by J.B. Laborataries, Inc. (Holland, ‘
Mmh:gan), and t'xn'l:her refined by J.B. Laboratories and the Kellogy Company prior to use.

E B mocnssm& OF PSYLLIUM SEED

. Ha:cveshng and prodnstaon of PSH anﬁ PSH gumi are mulhstep procssses Mature plants are
Harvested in India from March through April or May (BeMiller; 1973). Plants are pulled or cut and
winnowed to Separate seeds, The seeds are subsequently sieved to remove chaff and foreign matter.

'Punﬁedaeeds are then ground in a traditional atmmnmﬂlwhmhsepnrates the husk from the seed
by grinding off the cracked seed husk in a sequential series of emery wheels or the equivalent(Furth
et al,, 1989a;: Van Brunt et al, 1989). The husk fractions are removed in the sequential prinding
process, leadingito a series of products of successive pm'ity The first cut is 99 peresnt pure husk; the
second cut, 95 parcentpure hugk; and so on. PSH is then bagged for, tra.uspnrtﬁ'om Indm bygrade.
(99 pement, 95 percant, 90 percenia etc) ‘ :

'Lllggg aaed husk ;mz

Aceording to information pmv:daé by the Kellogg Cnmpany (Fulgum, 1993&), the zmporbed PSH is
further pmcesaed in the United Staj:es as outlined in Figure 1 and as ex:piamed below.

Lnts -are recezvedby J.B. Laboratories, Inc. repalletized and atored in trailers, Tynilers are fumigated
with'methyl bromide and subsequently pallets are removed and stored in a warehouse until used (see
Appendix A iz Clark et aki, 1991) J.B. Lahoratonea, Inc; also takes. lot samples for pnnty and T S
Bharmacopem tests.

- Priorto shipping to the Ke_lln‘:gg Cbmgany. jute bags of PSH aré opened and screened to remove foreign
material. Raw PSH at ambient temperature is introduced in dry form through a feed hopper

—! Definitions of varivus terms are provided in Appendix A, In this report psyllum is used as a
generic term. -
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FIGURE 1.| Harvesting and Processing of Psyilium Seed Husk.

‘A) Harvesting Fd Froceseing in india

Harvast I\Ju March and April { — Sapa.raﬁqﬁ of PS4 from seed by gliﬁdfﬁg miiland -.,sfavlné :

~ .Pmductién of succes__s'l'v'o grﬁdés of purlty of PSH in altrifion mills
- T ,

Bagged for shipment
B) Processing In the United States R .
Inspacﬂnn' for Insact contamination
Fumigate i necessury .fpf fhseci comaminailon; :raal"fdf microblal conléfiﬁiﬁaﬁ'nﬁé'if nscessary
" Test for specifications compliancs; grind fo parlicle siiv.q‘:s‘pa"—élﬂééti!pnw L
P
N orage Pracessing
1 . . |
i
Samgpting for USP tesls and gesticide residues

4

: 1 | water
. Faed Hopper !—L, - Acld":

L | .
Twin Screw Extruder |- | Diyer | | Chilter |-

‘Quialfty contral check and refease | . .

Waler 'C;.I'Ir!q Acid Solutlon Mix}ng_lntu psyllium preb!énd lorKellogg | - A

Medified from Fuljon), 1993a




into the baxrel of & twin screw extruder: Ambient water and an ambjent homogeneous solution of
citrie acid and water are injected into the barrel of the twin serew extruder to coat the peyliium husk
uniformly. No precipitation or setiling out occurs. The pH of t.he PSH coated with. r.ntnc aud at th:s
point is approximately 4.8. g

‘ The PSH-citric acid mixture is heated in the barrel of thi¢ extmder toa temperaxum of at least 240“
for a period of about 10 seconds, Becauae of t.he hlgh preseure in thas elosed system t.he slmy doeis
not reach boi]mg temperature. .

The extmdedmatenaixsthenconxeyedthroughadryerat150°1"+15°Ffurapenodof
appmnmately!iﬁsemndstnlmmﬂe Thepurpusaafthadryermwdnveoﬁ‘theemesmmomture
mthepmdm 3 e _

.Thecnnﬂxhonsofextmmonareasfnlluwsmehmam, 1993)

Parmeter o L o
uchempera’a:re e s T Mindtsusn 2400 F
s e e s e Tavget 250 Fpil ™
-~ Produiet Feod Rite. -~ - - 16 legheain # 5% SR
g---::‘WaterLeveliﬁfExemﬁ““ er - 0 1BELTEH <o S T
DryarSethng ;.;--f,:..]_5[ij+309..F’: : N R

Finjshed Product Momhme ' 6-10%

| Y PRy WA L Ml e e T e mtﬂ pelyethylene-hneﬂ ﬂoﬂ.m&rﬂ

' o -=-2Fu110m.ng & qnéhty contml check for:: mxm;abmbeontammatwn and umfonmty of particie size; the

7 ekteuded PSH i -mixed inta: pre-blan ith other: grmns (e:g.y rice flour or oat brin) to Kellogg

- . “specifications. - The: pre-blejid. js" sh:pped o' Keﬂugg in 1300 lh polyathy]sn&hned contmners (see
-AppendnAmClark etal. 1991)

Dnce recmve& by the K.ellogg Company at xts Battle Creek Mn:h:gan plant, the pre-blend is prucessed :
inte the ready-to-eat cereals in'a closed systom:- The pre-blend is trazsferred to a hopper, conveyed

. to an’extruder,  and pelletized: - Moistened- pellets -are- transported to- silos, mixed' with basic
ingredients, flaked and then tossted in an oven. The resultant cereal flakes are emled -and packed
m:medlaxely (see Append:x A in C?xark et al 1991)

: 2. e Pulhum seed husk m

= Acmrdmg bo tha mformmon reoe:ved ﬁ.'mn the KeIIogg Company (Fulgnm, 1.99311), thr. produnt for
which they seck GRAS status:sPSHthSngm. However; the:gum or mucilage itself is:contained
within the husk and the gum is typically produced by a separate process. Gum production in India
and other countries nsually proceeds by extraction of the seed {without the husk rexnoved) with beiling
water (BeMiller, 1973). The dispersed gum in water solution is then aeparated f:om cellulose and
of.her mseluble matenals by g.raﬂty {settling), by dilution in water, or frequen ; :

entrifup persed gum solution is an alternate methnd ufgumpunﬁcaﬁun
The ﬁﬂuted soluhan or centnfuged product is fnrhher ried to produce PSH gum.

5




C. PHYSICAL AND CHEMCAL PROPERTIES
A 1. PSﬂ_J;u___m' seed hus

Thegra&enrptmtyofthePSHdepandsupnn the extent to which the seeds ere ground in the attyition .

" mill. The commercial grade PSH used by Kellogg is at least 85 percent pure husk with.5 percent

extraneous material, including minuie fragments of the seed endosperm and material external to the -

husk (seed mat}.

. PSH, powder:s paleto buﬂ'cnlor, with a ahghtpmk:sh tmge PSHca.nbe zdentlﬁed by the. pz-esence
‘of large transparent cells that microscopically appear polygonal to slightly rounded (U.S.
Pharmacopeial Convention, 1989), When mounted in cresol, PSH is composed of polygonal prismatic
cells with 4 to 6 straight or slightly wavy . walls.. Mounted in ethyl aleohol and irrigated with water,
the mucilage in the onter portion of epidermal cells swells rapidly. Microscopic preparations are
frequently viewed with ruthenium rgﬁ}lead acetate mwhzch themum]ageatmnarei Cell wall
ruthenitm red/lead acetate stain (U.S; FPharmacopeial Convention, 1989).. PSH and PSH powder are
further identified by a standard. tegt for'swell volume (U.S. Pharmawpeml Convention, 1988). After
24 hours, the volume of gel.for PSH.i8 not less than 35 mi/g for. PSH and not less than 40 ml/g for
_PSH powder Using the same standard test for psylliann hydmphihc mut:ﬂlmd (I\IEtamncﬂ'), the gel

volume is nibt less than 110 m]/3.5g 31 4 ml/g. PR ‘

According to Kan.nedy (1979) samples uf powdered PSH yxelded two fmctxons whan treated with mild
alkali (1.2 M NaOH, 5g PSH powder/L alkali): the mucilaginous polysaccharide guri (85 percent) and
. the non-polysaccharide component (15 percent) {The mucilage polysaccharide appears fo be a highly
. branched: aridic- arabinoxylan;- “The: . mongsaccharides. of PSH.gum- are D-xyiose and

. Learabinoge, Laidlaw,and Pércival, (1'949) extracted psylllum seed with. cold water and found. the

In snbsequent stiadies using ‘a hot water exkrachon, La:dlaw and Permval (1950) obtamed a
. mumiagmous solution contedning. 80.pervent D-xylose and.14 percent L-arabinose, but no rhamnoge.
.. Using various techmr;ues of e::t:ractaon, several investigators have determined that the psyllium aead
. mucilage compositipn was: snmlar to theabove and included D-rhamnoge, D-galactose; D—gnlactuxomc
" acid, 4-0-methyl-D-glacuronic acid, anﬂ 2-0 {0-D-galactopyranosyluronie acid)-L-thamnose as minor
constituents (Anderson and Fireman, 1935; Erskine and Jones, 1956; Laidlaw and Percival 1949, 1950;

Nelson and Percival, 1942). It should be noted that these early investigations invelved extraction of
both peyilium.seed and PSH.. Congequently, it may be presumed that isclated PSH polysaccharide
is a highly branched acidic arabmnxylnn The insoluble component of PSH apparently contains no
. polyaaechande material (Kennedy et al. 1979)' it reporl:edly contains 0.3 percent mtrogen (Van Brunt

Accordmg to information in Appand:x Eofa letter to LSRO dated Febmary 5, 1993 (Lehmann., 1993)
the mucilage of PSH is referred toc as an arabanosyl (galactosylummc acid) rhamnosylxylan. This is
consistent with the compositional data cited above. It is of note that the presence of xylnse and
rhamnose is unique. to the pulysacchande derived from psylﬁum ag both are present only in trace
amounty in wheat bran, .oat- bz'a.n, and rice hulla : -
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2. . Peyllitm sedd husk gum -
Ancordmg to BeMiller (1973), purxﬂed psylhum see& gnm is:

"a white, fibrous matenal that hydrates slowly to form viscous d:spersmns at.
concentrations up to 1 percent. At 2 percent solids, a clear, gel atinous mass i5 formed.
The dispersions are clear, even though golution is incomplete. Portions of the gum that
have hydrated but not disgolved ‘cannot be removed by filiration in the usual manner =
buteanhebycentnfugatmn. When seeds are placed in 25 times their weight of water

- and left overnight, a denae gel settles out thh the seed and the clear solution cin be
removed by decantation or centnﬁ:gahon.

Pgyllinm seed g-um dmpermons are ﬂnxotmp:c- that is, they show' a decrease in’

viscosity as shear rate iz increased; a decrease in viscosity with time at a constant rate

of shear, a recovery of viscosity when the shearing stress ceases, and a yield value or

o fome requmd tn produce _;govement. They are relatively little affected by temperatare

e en20° ‘and "50° [Centigrade] and are unaffected by sodium.

akion 0:15M:" There is little change in viscosity with pH in

' "NomureasemviscnmtyofP ovate gum dispersions occurs at

~ lowpH values becausg miz'anmlemlarhydrogen bonding, which persists up to the point
' at“whith jotization of 20" percent of the’ earboxyl groyps is auppresaed, ‘prevents

“-""‘expanﬁinn ‘of the miolecular’ mnformatmn.

: 'Accordmg o BeMi]ler (1973} the exact compomt:on of purified PSH gum hed not been determined.

Itis presumed to be predominately the acidic highly branched arabinoxylan polysaccharide as the gum
constitutes 85 percent of the PSH extractives (Kennedy et al., 1979). _

D.  FOOD GRADE SPECIFICATIONS AND RESIDUE ANALYSES

1. Payllium seed husk
Specifications for PSH have been published by the U.S. Pharmacopeial Convention (1989) (Table 1).

- In addition, the Kellogg Company has provided more detailed information on the PSH product for

which GRAS status is being sought (Table 2) (Fulgond, 1993a,bh). These spem:ﬁcahons apply to the
material provided by J.B. Laborateries to the Kellogg Company for use in ready-to-eat cereals,

While the Kellogg Company has provided av data on heavy metal and pesticide residues, there are
data available in the GRAS petition of General Millg, Ine. (Van Brunt et 2., 1989). The General Mille
petition reférences the U.S: Pharmacopeia/National Formulary spemﬁcahona (1984 edition, shmilarin
content to the 1989 edition). Data in this petition indicate thet General Mills, Inc. was using PSH
powder in their ready-to-eat cereal, presumably derived from the 85 percent pure PSH imported from
India, This assumption is based upon the General Mills, Inc. indication of foud grade specifications
being  those of the- U.S. Pharmacopeia.. General Mills, Ine. contracted with Twin, City Testing.
Corperation, St::Paul; Miinesota; o measure heavy metal concentrations and. gilica -content in the
PSH. Analysis of the PSH powder was conducted between October 4 and 6, 1988. Analytical results
mdlcated the following heavy metal and silica contents of PSH powder




Table 1. United States Pharmacopeia Specifications for Peyllium Seed Husk,

Total Ash
Acid-ingoluble Ash
Water o
Swell Volume

Insect Infestation

not more than 4.0 percent

not more than 1.0 'peri:’emt o

'nutmorethan 12.0 pereent :

_ .nutlesathan40m]lgofpowderedPSHandnntlesathan35

light - not more than 15 percent

o .':heavy ~'not more t.han 11 percent

for powdered PSH nut more t.ha.n 400 msect ﬁ-agmenta per 5.5

- grams mz:ludmg mites and psocids for powder; no eggs, larva,

.- or ‘whole insects present; for PSH, not more than 100 insect
f &agments mnludmg mites aud psecids, - -

' mold and yeast does not exceed IOGﬂ!g (combmed)
"Saimomzlla species - negat:ve, Eschmchwmh - negative




Tahle 2. Gnmpanson of United States Pharmacopeia and Kellogg Compsny Specifieations for
Ppyllivm Seed Husk.

Kellogg Company - 3
{Fﬁlg;@ﬁ,..1993#.b). L

Form . -~ - T Fowder : Fréé‘ﬂowmg powder

Color ~© | Pole to medium buff . '“Paletnmadmmbuﬁ'mthfew i

Odor = % | Weak charécteristic odor .NQ oﬂ'odor.Fa_:int, o I

L . o characteristic odor of peylliom

- "Flavor. . . | Very mucilaginous taste Nooﬂ'ﬂavur Bland

Particle ize -~ '~ s b . U.BS; sereengi:.=.‘_..‘."
P O P e on. #30 maximum 8.0%

Fre e e e s L i #40- maximum 25%
S ' ' through #100 maximum 25%

Bulk Density (tapped) . loss- 0.78 gl
Swell volume . Minfmum 40 ml/g (for minimum 55 milg
powder PSH), minimum :
_ , 35 ml/g (for whole PSH) o
Extraneous matter Light - Maximum 15% Light -~ maximumn 4.6%
Heavy - Maxiraum 1.1% | Heavy - maximum 0.5% (total
: not to exceed 4.9%)

Foreign Materials Free of all substunces
degrading physical
characteristics or deleterious
to consumption
Allergenicity : Appropriate assay to ensure
removel of protein fractions

Ingect Infestation , Maximum 400 insect
fragments including mites
and psocids for PSH
powier; meximum 100 : , )

fragments for whole PSH




Table 2. (Continued)..

Specification -

U.S. Pharmacopeial

. - - W‘ )

Kellogg Company

. Microbial limits . _

Convention (1989) - -

(Fulgond, 1993a,b)

count .

Standard acrobic plate - |

Maximam 15,000/g

Yeasts

Maximimm 1,000z

L Max:mum 200/g

Maximurm ‘-2(‘10!3‘

- Salmoriella spoces . .

None detected in 25.g

| Negative.. ... .

None detected in 25 ¢

i'\fl"':::":l:""i&-:}h':‘E fon ‘ S

T None detected ln25g B

Negafive

None detected in 25 g
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Atsenic - ~ < 02 - ‘ppm

» Cadmium | ' < 0.3 ppm |
» Copper ~ = =~ . 44 - ppm
» Lead... - - o< 3.0  ppm
. Mercury &= <.0.02 ppm
. Silicon (S1) .. .830 ppm
. SﬂJcon(SxO,) , : 2000 ppm

General Milis, Ine. also con‘hracted with Twm Cxty Testing Gorporahon to_measure. mﬂﬁte -
concentration in 2 sample lot of powdered PSH, using the Monier-Williams method: it was < 10 ppm
(less than detection limit). . General Mills, Inc. screened 2 separate lots of PSH for measurable
residues of a select list of 20 pesticides conmdered to be of greatest potential public health concern,
as well as ethylene oxide and methyl bromide. Analyses were performed on October 4 and 20, 1988
Analyﬁcalmsultsarenotemeablea o

The pashmde levels detected (alpha BHC, hndane, DDT), as indicated in Table 3, would be mnmstent
with levels generally found-i the commercially available PSH powder, imported from Indin at that
tims,  These levels -are wellbelow the action levels established by the EPA for cereal grain foods
(0.05 ppm, 0.01 ppm, 0.5 ppm, respectively). The action levels are established by the EPA in: order
to limit residues of canceled-pesticides to the extent necessary to protect the public health, while
-taking into account the extent to which the residuea in food cannot be avoided by good manufactaring
practices.  The action levels mted above are published in the 1988 FDA Camphance Pohcy Glndea
Mannal, Chapter 41, Number 7141.01 (Food and Drog Administration, 1988) s
It iz well knnwnthat these pestundes persist in the environment, and therefore may be presantm food
crops long after field usage has stopped. The PSH powder previously marksted in a ready-to-eat
cereal product by General Mills, Inc. contained ggpesﬁmde at a level greater than the EPA—appmved
tolerance or action level.

2. - Payllium seed husk gum

TherearennfoodgradespeciﬁcahonsfanSngmasxtm appnrenﬂynotusedasafuodmgredmnt
(See dmm:ssmnmnext section.) . S

E 'Fo'oD AND ‘ZBE‘VEHAGE tJSEs'
1. Péylliumseed husk

The GRAS petﬁaons of both the Keﬁogg Cumpany (Clark, 1992a,b Clark et al,, 1990a,b Clark et al.,
1981; Furth et al,, 1989a,b,c) and General Millg, Inc. (Van Brunt et al., 1989) note little use in fonds
at that time, bitt cite'and document long history of use of peyllium seed, PSH, and presumably PSH
gum as foods and beverages Montague (1932) makes reference to several centuries of use of psyllitm
seed and mucilage for pharmacologmai ‘purposes. a8 well ag- thetary and beverage ingredisnts. Chopra
et al. (1958) and. the Indian"Couniil of ‘Medical Research (1987) cite even earlier references
(10th century) to use of the mucilage of various Plantago. species seeds for various dxetary ‘and
phiarmacological properties,
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Table 3. Pesticide Residual Levels (ppm} in PSH Powder.

- R De%eﬁzon
-~ Lot #1 Lot #2 Limit (ppm)
Alphe BHC 0.013 ~0.010 0.008
HCB “ND ~ND- 0.008
Lindane 0.003 . 0.008 0.003
Heptachlor - "ND “ ND 0.003
Aldrin . ND ND 0.003
Heptachlor Epoxide - ND ND - 0.003
Esdn’ - - < ND© ND 0008
DpD - T'ND _ND - 0.003 -
" p-p’ DDT 0.017 ©0011" - 0.008-
Methnxychlor ND ND 0.003
Bﬁrex T - 'ND-" - ND - 0003
Maiath:un " -ND - ND - - 0.063
Parathion ~“ND - ND - -~ 0.008
Méﬂx’yl‘l?arath:on _ - ND- "ND - -0.008
Ethylens Onde “NT - - ND- - 0010
"NT ~ND - 0.010

Methy! Brumide

In 1982 -the Selact Committee on GRAS Substances (SCOGS) ennmdared the food uses of several
Vegatable gums; inclndirig PSH gum (Select Cofomitteeon GRAS Substances, 1982), 'The report of the
Select Committee indicated that the primary use was as a bulk-type laxative, and it had been used
for that purpose since 1930 (BeMiller, 1973; Fingl, 1975). The Select Committee noted that PSH pum
was also used in cosmietic products such as hair-setting lotions, in paper-and textile manufaciuring
as a deflocenlant, and as an emulsifying agent. Additional uses of the PSH gum rited by SCOGS
(Select Committee on GRAS Substances, 1982) included treatment of gastric hypoacidity, in enteric
coating materials, or in sustained-release drug preparatiens, removal of exogenous' sodium from the
gaatromtestinal tract, and mlnbmnn of. bautenal growth by :ts pH eﬁ‘ect (BeMJBar, 973)

The Select Cﬁmmxttae réported mo dnmest:lc usés i food, “Later, Chin and Wyhyszyk ( 1988) repnr!:ed
thit PSH powdér-had been used’ expenmantaliy insuch products as beverng’es ‘a fiber source for
bakery pruducﬁs angd. coohes ‘cereals; binders in processed and synthétic meats, ice creams, yogurba
BAGCES; gravies, “andi ‘BOUpS. They also: pomted out that Butamcals Intérnational of Long Beach,
Califsrnia, was manufacturing products mntaxmng PSH which are used in cake itings 2od in instant
fruit fillings. Chan and Wypyazyk (1988) also stated: "Some pharmaceutical firms heve coniverted
medicinal psyllium products into conventional foods like instant beverages, cereals, and candy.”
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Table- 4 summerizes data- presented-in the Kellogg Cnmpany B 5th Supplement (Clark et-al.;1001)
to its GRAS petition (Furth et al., 1989&) on repcrted food uges of psylhum seed PSH, and PSH g'um

from the- early 1900 B.

Tam 4 aeporeed"uses of Pjllivm in Foods® . oo o

Uses in Foods

Mixed in water as é.‘ coohngdrmk

Mlxed with ﬁ'mt exlz'acts

Substxtutedformnwmutm mngee
(atypeafAmannceormﬂletgmelJ

As a spread o brend
Mumd w:th hunay, mnrmalade,
stewed’ fn:uts _ .

~ Used in soup

Mixed with wheat flour as.a thickener

An ing odient i e ] chnmlate :

In confecl:ioﬁer’y bages

‘As-aniée cream stabilizer:

. American Medical Association, 1927
. Bntmh Phamaceuncal Godex, 1911

F‘Jgg 1931

'Smgh and Vinnam, 1982

i i i, 27
" Figg, 1931; Montague, 1929

' Singh and, Virmani, 1982 .

Solig-Cohen and G-lthsns, 1928
Montagne, 1929
Kumar, 1973

' Smgh and Vinnn.m, 1982

' —‘Kumar, 1973 . S
Smgh and V'mnam, 1982:

Kumar, 1973

British Pharmaceuhml Codex, 1911
Singh and Virmani, 1982

Kraemer, 1910
Kumar. 1973

EKuthat, 1973 Snnxmer, 1951
Singh and Virmani, 1982
Upadhyay et al., 1978
Ancnymous, 1990. -

* Derived from Clark et &l (1991). -
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In addition to its Tecent or current uses in certain Kellogg and General Mills ready-fo-eat cereals,
psyllium. is reportedly sold in bulk as a food ingredient in health food stores in the Uniteéd Stites
{Van Brunt et al., 1889). In the United States PSH has been consumed as part of a beverage, as a
bulk grain, in soup and ice cremm, and as a component of cake sizings and fruit fillings. Limited
amounts of husk-free psyllium seed are marketed as "health food," but most seed are used as a source
of PBH or for animal feed in India (Chan and Wypyszyk, 1088). :

2. Peyllium geed huskgg o .
As rigted previously, SCOGS réviewed the uses and safety of PSH ginn (Select Committee o0 GRAS
Substances, 1982).. Similarly; as cited above, Chan and Wypyszyk (1988) reported various food uses

of the megdicinal. peyilium: mueilloid, "heatth food,” but most seed are used as a source of PSH or for
animal feed in India (Chan and Wypyszyk, 1988},

Based upon a reemmmahnn of the eaxly scientific Hterature conducted for thls stndy by the Expert
Panel and LSRO:staff; it -appéars that the original product of commerce was a mucilage prepared from
psyllium seed or PSI-I by soaking or hot water extraction. More recent. investigations:have been
conduocted umng PSH powder, the commercially available product for use in medicinals, and more
recently in- ready-ho—eat .cereals;” Thus, in retrospect, it appears that. SCOGS (Select
Committee on GRAS: ‘Siibstanices; 1982) as well as Chan and Wypyszyk (1988) were referring
to extracts of PSH and not the pure PSH gum. For these reasons, it would appear that
contemporary uses are based upon a preparation of PSH itself which in reahty 18 85 or more
percent PSH gum

T Iuscnjzgtréinrsnugrug;.,,H

Psyllium seed huskwashstedas an optmnal ingredient in the standards of identity for ice cream and
other frozen deaserba [21 CFR Parh 20 1 (f) (2)] (Oifice of i‘he Federal Regmter 1974) In 197 5 PSH

(2)] and ice cream [21 CFR 135.30 () (2)] and was permitted in ice milk [21 CFR 135.40] (Office of the
Federal Register, 1875a,b,c). In 1978, Title 21 of the Code of Federal Regulations no longer listed PSH

as an optional mgredlent for ice cream, frozen sheﬁ:et, or ice milk (Office of the Federal Reglster
1978). _ o o

SCOGS reported that ﬂiare were nb'appmnt uses of PSH pum in foods (Select Committee on GRAS
Substances, 1982); however, the Select Committee noted that PSH gum had been widely used in this
country as a bulk laxative since approximately 1030 and relied npon many of the studies with
laxatives to reach a conclusion that PSH gum conld be GRAS. The Select Coramittee was aware of
food: uses of psyllium aeed and PSH gum-as animel feed and as food or food ingredients in India and
other countries. -

In 1986, the FDA, ina rewew of laxa!:we drug products for over-the-counter human use, pubhshe.d a
notice of proposed rulemaldng in regard to PSH-econtaining laxatives (Food and Drug Administration,
1986). The proposed rule recommended doses of over-the-counter laxatives (containing PSH) of up to
80 g/day in divided dosen of 2.5 {0 7.5 g/duse for adults and children 12 years of age or clder, and oral
doses of up to 15 g/day in divided doses of 2.5 to 7.5 g/dose for childven 6 to 12 years of age. For
children under 6 years of age, physician consultation was recommended. The final monograph on
aver-the-counter laxatives with these proposed rules has yet to be published by the FDA,
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At the present time, thers are no provisions of the Code of Federal Regulaﬁoné' governing food uses
of PSH. The FDA has recently published regulations on warning statements for over-the-connter bulk
laxatives containing water soluble gums such as PSH (Food and Drug Administration, 1993a).

G. KELLOGG PRODUCT

The petition for GRAS statlm of PSH and its aupplements, submitted by the Kellngg Company (Clark
et al., 19908,b,¢; Clark et al., 1991; Clark et al., 1992a,b; Furth et al., 1989a,b,c) suggest that PSH
might be used in 11 of the 43 general food eategunes listed in 21 CFR 170.3 (n). These include baked
goodsandbahngmaa,beveragea,breakfmtmeals, confections and frostings, Jcecreama,pze fillingn
and puddings, grain products and pastas, gravies and sauces, candy, soups and soup mixes, and meat
products (Clark et al., 1990b; Furth et al., 1989a,b,c). However, more recently the Kellogg Company
has indicated that it currently contemplates use of PSH in ready-to-eat cerenls, breakfast bars,
poptarts, bread-based products, and pasta (Fulgoni, 1993b). The General Mills, Ing, petition

- (Van Brunt et al., 1989) requested GRAS use of PSH in ready-to-eat cereals.

As noted previously, despite the different method of preparing PSH (that is grinding and extrusion
-versus hot water exiraction), the Kellogg petition is for use of PSH. Further, it is evident that -
.scientific information on PSH gum is relevant to the safety evaluation of PSH because this material
is in essence at least 85 percent PSH gom, Fimally, in this report the term "Psyllium Seed Husk
(PSH)" is used to denote the Kellogg product. It appears likely that references to products or studies
on psyllium seed extract, psyllium seed mucillaid, psyllium seed gum, and "psyllium” in the early
scientific and herbal lterature are in fact, references to some type of PSH preparation of unknown
purity, somewhat similar to the Keliogg product in chemical composition but variable in regard to
physical characteristics,
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m._ CONSUMER EXPOSURE

Psyl]mm seed huak has been proposed fur use in various grain-based foods by the Kellogg Compa.ny
The maximum usage levels of PSH songht for approval by the Kellopg Company are 15 perceat by
weight in ready-to-eat (R-T-E) cereals, 10 percent in breakfast bars, and 7.5 percentin poptarts, bread-
baged products, and pasta {Fulgoni, 1993b). The Expert Pixiel considered bread-based products to
include breads and rolls, muffins, doughnuts, biscyits, tortilles, waffles, pancakes, pizza crust, and
stuﬂing Estimates of the amounts of PSH per serving of foods in these product categories are shown
in Table 5. These values were calculated from the maximum levels of use requested by the Kellogg
Compuany and the serving sizes used for the product categories specified in the final rules on food
labehng {Food and Druy Admlmstratmn, 1993b).

For R T-E ceresls, an additional source of information on serving sizes (Anonymous, 1992) was used
This report indicated that persons usually poured "a bowlful; averaging hetween 1 and 2 ¢ups, no
matter how dense or weighty the cereal was." An alternate set of amounts of PSH per serving was
caleulated for R-T-E cereals based onthe R-T-E cereal density categories. These amounis:spanned
thewmghtforone cup of cereal at the lower end of the deneity range to two cups of cereal at the
upper end. As shown iri Table 5, the amounts of PSH per serving of food, based o the final rules for -
food labeling (Food and Drug Administration, 1993b), would range from 2.3 g for cereals weighing less
than 20 g/cup to 8.3 g for a serving of pancakes. However, if the alterdate serving sizes for céréals
(Anonymous, 1982) are used, PSH intakes of 12.8 g and 30 g would be expected for persons con.summg
2-cup servmgs of cereals weighing 20 ‘< 43 g/eup and 2 43 gfeup, respectively,

A USUAL PSYLLIUM SEED HUSK EXPOSURE

In this. report the term "uigal expisure” refers to- mean and. selected percentﬂes of mtake of
individials over extended, but indefirite, periods of time (Anderson, 1988). Usnal expésire to PSH
was estitnated by a food consumption inodel based upon consumption of foods by eaters oxly in' food
categories requested for PSH use by the Kellogg, Company and the maximim PSH level of addition
- requested for those foods. The maximtum value for PSH concentration in each food categnry was used
to calcnlate usual exposure estimates to ensure a conservative estimate. Usual consumption of foods
was estimated by 3-day consumptmn of foeds commonly eaten by individuals participating in the
1977-78 Nationwide Food Consumption Survey (NFCS) as reported by Pao et al. (1982). In the
1977-78 NFCS, food consumption data were: collected for 3 consecutive days during 4 consecutive
seasons. from. 37,874 persons. in. about. 15,000 households (U.8. Department of Agriculture, 1984).
Whenever possible, data on 3-day intakes of 200 commonty used foods and foed groups included in Pao
et al. (1982) were matched as closely as possible with the food categories for PSH use specified by the
Kellogg: Gompany Pao et al. (1982) estimated: consumption of R-T-E cereals on the basis of density
and sugar content: L' this report: two density categories of R-T-E cereals were included because the
" amount of PSH.consumed in: R-T-E cereals will be greater in more dense cereals with a constant
(15 percent) level of addition. . Although pasta was included in the compilations of Pao ‘et al. (1982),
dry weight of one-serving of pasta was used as the basis for the consumption companent becauge data
on; the- amount of PSI-I ‘added to-pasta were ‘given ona dry-weight basis. :

Matc-hes were not possible for Some. of the products hsted by the Kellngg Company Int.hese m,
the serving sizes designated in the finsl rules on food labeling (Food and Drug Administration, 1993b)
were used as a basis for approximate usual mean intakes of PSH for age/sex groupe 4 years of age and

older. For 1- to 2-year01d e.h;ldren, servmg mzes nne-half of those listed were used, Data from
Continuing i: ak y tals (CSFII) and NFCS 1977-78 suggest that children

" lto3 years of age conguroed about halfas much f'ood energy ag aduit males (U.S. Department of
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Table5.  Amounts of Psyllium Seed Husk in Product Categories Specified for Use.

Produet Category ... Level of Ugel Serving Size® Amount per Serving
‘ % by weight - B .. -4

‘Bread-based products -

Bread and rolls 75 50 ' 38 -
Muffins . S TBe 55. . - 4l
Doughnuts. .o .. 1B .- . BB .. N g
Biscuits - . .18 . . .85 - 4l
_Tortillas - . ... . . .. 88 S 4l

 Waflles:. ... . .T5. .. - - 8 . - . 6.4
. Pantakes = - S - TS F: | PRI -

Pizza crust s e . o BB L .4l
Stuffmg . .. ... T . 100. . R £

Pasta . .75 . 88 . a4l

Breakfastbars . 100 . 40 . 4.0

R-T-Ecereala" . : .
<20 gleip . L1800 . .. 18- . .23
20 - < 43 gfeup s X 1 < 1 L 48 .

gy 380 . o S 88
.R-T.Emenw O LTI T - .

<20geup. . iéh_f_. T aeia U so-s0
20 - <43glcup - . - 150 T 20 -85 . - 30-128
2430 - 15D 43-200 . §5-300

! .Muﬁmmkuhofmdesigndedbyﬁexeﬂogg&mpmy

":Smgmduﬂmdfarpruductcmmiumﬂwﬁudmhlmlﬁ)ndlubelmgﬂ?oodmdﬂrug
Admmiatru!imu,ﬂ?&?b) .

' Dry beightﬁrmnrviﬁgofpm&v Cdbbéﬂ*wigﬁtafbﬁ:emﬁgbfphlhislﬂg

* Fm-rvudy-h-eatcamab, madditumnl loururaf mfamnnmonurnmg nizes (émmymom, 1892) was used. This
repnr!mdicmdtfmtpenmmuﬂypolwd “a bowlfiily voeraiing betivesn.one and tico cups, no niaitér how
denge or weighty the cereal wos!" A rangé of serving wizes-wair-caléulated based on the B-T-E eereal categories,
apanning the weight for 1 cup of cereal at the lower end of the ronge to 2 cupe of cereal ot the upper end. - .
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Agriculture, 1985, 1986). For estlmates of ihean usual mtake the serwng size hsted in the ﬁnal fules
was multiplied by a factor of one-third. These values were conmdered a redsonable approximation of
usual intake becanse 1) data from the 1977-78 and 1987-88 Nationwide Food Consumption Surveys
were used to develop the serving sizes (refersnce’ amounts per eating oreasion) published in the final
rules on food labeling, and 2) it was assumed that these products would be constmed, on average, 1
time during a 3-day period. Intakes of 90th percentile consumers typicaily have been reported to be
2 to 3 times the mean intake (Food and Drug Administration, 1993b). For estimates of intakes of 90th .
percentile consumers, it was assumed that twice the mean cnnsmnphnn ‘woild be a reasonable
approximation of heavy consumers, part:u:ularly since the maximum level of PSH addition was used
for the estimates, The one-third factor was sgain applied under the assizmption that 90th percentile
_consumerswouldalsoconmetheaepmductsoncedurmga&daypermd. o _

Estimates of usual exposure for 11 agelsax groupe are shown in Table 6. Values reparted ars mean
and 50th and 90th percentiles for eaters only. In Table 6, the 50th percentile intake was usually
considerably lower than the meai intake for sach of the age/sex groups, suggesting that a few very
high intskes resulted in skéwed diftributiozns of intakes. For Some age/Séx groups, fewer than
50 partidipants reported consuming a' food or constituents of a food group. In these cases, no vaiue
was repo:tad for 50th and 20th. percenhle intakes. Because each value for consumption of items in
the various food categoriesiis based on'a'differént groap of consumers mthm the total group of survey
parn(apants values m.nnnt be’ added across foud mtegnnes : . : , _

Thus, an estimate of total’ cheta.ry exposure bo PSH cannnt be calculated frnm these data., . However,.
inspection of the values in. Table 6 indi¢ates that consumption of a praduct in a single food category
would contribute, on average, 0.7 to 2.73‘/639' anSHforcnnsumersmthe i~ to 2-year-old ags pgroup
and 1.3 to 5.7 giday for 90th- percenhla consumers in'this group.- For 15 to 1B8-year-old males (often
the proup with the highest food mtnlces), consumpizon of ‘a product:in a single food category would
contribute 1.3 to 5.4 p/dayof PSH, on average,. and 2.7 to 11.3 g/day for 80th percentile consumers in
this group. As a point of reference, the recommeénded dosage nmge for PSH taken as Metmnml"
3.4 to 10.2 g/day (Phymcmna ‘Desk: Reference 1992) . A

B. PSYLLIUM SEED HUSK EXPOSURE PE.R EATING OCCASION s

Estimates of consumer exposum per eatmg oceasion were prepared to prmde an indication of the
amount of PSH to which consumers might be exposed when consuming a. s:ngle product contmmng
PSHona smgie eating occasion such as a meal or snack. PSH exposure per eating occasion was
calenlated in an analogous manner to the usual exposure except that quantity consimed per eating
occasion was substituted for the estimate of usual intake approximated by 3-day food consumption
data. These values are shown in Table 7. Agam, the values cannot-be added across foed categories
to-arrive at 'a total intake per eating occasion. These estimates indicate that 1- to 2-year-old children
consuming &n average-size serving of one food. containing PSH per eating cccasion would consume
1.9t053gofPSH for the 90th percentile consumers in this age. group, intakes from: one food per
eating. occasion would range from 3.8-to 11.0 g of PSH. Adolescent males (15 to 18 years old)
consuming an average-sized serving of one food contazmng PSE per eating occasion would consume
4.0 to 12.1 g, whereas the 90th percentile conswmers in this group would have intakes ranging from
7.5 to 21.9 g per eating. occasion,
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Table 8 Estimates of Ymuzal Psyl!jum Seed Huak!ntnkeﬁ from Food Categories Specifiad fqg Use by the Kéllngg Company.

Food|category -~ | Muxmumlewl | | Usual Intake (g/d by Eatars Only) by Selected Aga/Sex Groups®
ofl‘lseinifnuds ) : S S - AR R _
SR ,

' lamolddand# | 3Syrcldoandd | GEyulddand ¥ | . Bleyrolde | - Sl4yreld ¥

' suth -90th " SOl eowh | | . s0th SOtk | . BOth 8O | 5Oth © B0tk
| mean ' percentiles | mean  “percentiles - fmean’  percentiles” ] mean percentiles mean  percentiles
Poptarts' | 4 rs ffer | o Prafua boxbias baa | = lasi{xa | x2a [ e | x| 28
Bread and rqlls"? R T D S O ) L T S D YT A A T e
Muffias and Houghautat® | a8 o bor | Fra e b owiboslta | « {28 Taa | x-J'28 [1a | = J2s
Biscuits® | 1 15 " pos | - o~ o8 J {020t 10 F20 [18 | 14 ) 50 | 15 | 1e | 30
| Tortiilas* b s e = — .26 | ve 'sr.faz | raifirs {ar | so |8 | 38 | 33 | 6s
Wales® | {7 16 e | <} —~ Jas [ 1w sofas {20 a0 ar ] 20 [ o8 |24 ] 17 ] 58
Pancakes? [ 1 a5 bwa | wé Farlea a8 faalza L soi 65 [ ad | 27 { 680 29 | 20 | 64
Pizza® " 7 07 Jooo L2311 |os Va5 lira ]l i Fas|ite | 14 Var |16 | 1201
Pasta’ 15 - tor |ox |14} 1e §ox Paa e [ e {2e i ] x f 28 faa x 2.8
Brekfast baxg! 100 07 t 2 13 )13 ) x barlfaa ] x Varfam ] x {27 Jiia x | 27
R-TE cereal® ‘ T : S 1

25-32 gloup, < 16% sugar T 1712 sz 22 |15 b as')2e | 20} 45 )20 | 28 [ 57 f 23} 204

0o

levels

50-75 gleup, all sugar 15 27 | 28 | 67 [ 32 | 28 | v1 ['as | 26 |reo |la7 | 38 [ 50 | a9 | 28 [.v5

| Bee footnotes a—t the ond of Table, -




Tabla B. {continue

d).

Food category

Maxinum
levels
of uge

in foods

Usual Intake {(g/d by Eatexrs Only) by Selected Age/Sex Groups®*

15-18 yrold &

15-18 yr-uld #

10-34 yr-old &

19-84 yr-0ld §

3564 yrold @

85-64 yr-old #

| 50t DOtk 50th  90Lh 50th  90th SOt 90th BOth 90t §Oth  OOth
mean  perceniiles mean  percentiles mean  percentiles mesn  percentiles mean  perceniiles mean percentiles
Poptarts’ 7.5 14 = 28 14 x 2.8 . 14 x | 28 14 X 2.8 14 x 28 {14 X 2.8
| Bread and 1% a1 | 2] - 80 | — }— a4 {3s }ao 23 | 18 | 49 37 {34 | 66 jaz |u7 | a4
| rolts®? . ‘
 Muffing and 1.5 14 x 2.8 1.4 x 2.8 14 x |28 14 % 28 14 x 25 |14 x | 28
. doughnutat? . } . .
15 22 | 15 | 50 L5 e — 26 | 25 ) a6 | 14 | 10} 27 22 | 20| 43 |16 | 10} 30
14 47 ~ b - 36 | 28 | a2 ] e1 |85 {wol 41 23 ] se 57 | 35 { 113 {395 } 238 | 98
.75 . | a8 — — .20 | - 36 | 25 | 75| 28.) 20 ] s0 92 25 § 60 |22 | 20 { 48
75 47 38 | 83 35 | 25 | 13 44 J a7 | 73 27 | 20 | 54 41 28 | 81 29 | 201 &5
15 26 | 21 ] 48 ] 17 | 14 | 87 ) 28 ) 29 | 51 19 | 16 } 34 28 24 | 62 {17 | 14 | 33
7.5 14 28 14 x 28 14 | x| 28 14 28 14 28 {14 | x | 28
100 13 = |23 3 | = | 27 ha { o x baa | 13 ) = § a7 { 13 27 |13 | = | a7
150 35 | 28 78 22 ] 20 | 45 58 | 26 | 87 20 § 18 | 32 27 20} 50 {20 | 14 | 38
5.0 5.4 38 | 1L3 88 | 28 15| 48 | a8 s.'rd‘ 35 26 | 78 41 g0 | 75 [a5 | 268 | 69

Seie fvotnotes at tha land of Table,




Tahkle 6. (coTlinued).

Foghm!eg

1]

¥

The moximum levels of use cfpuymum seed husik l'n foods designoted by the hﬂogg Campany, T!uu ual'nu werd m.nl for caleulotions of vasal intake.

Frtimades oertime thaf eniers ecnuumd onl,r products cantalning peyllitim seed husk.

Vealues are hot udditive gcros foad cntegm'in.

Estimates B

nsad on quantlily eunﬂmulf ini eerving u]'produnl oz designated by "le Foud mul Dmg Admim'llmt!on masa;. Il frm cayuzed l’mt llw orage ¢ consumer constrmed 1 serving of product during
a 3-day per{fod and that the .DDM puunﬂh comunm! twice oy much (3 eervings) I{un‘n[ a deypedod, ? .

An 'S" indicgles thot no nfl’mou was mmh

Estimates bnaed on quanfitles consumed b; indtuiduuls who repnrfed eating these pruducu at hml‘ ongé iu L] Jayt in the USDA 1877-78 Nuﬂmwﬁh Food Consymption Survay ﬂ'm «t ol 1982).

Euimu!e based on assumption of.hi’gh fiGar; wheud germ, bron, catmenl, and mu!ﬂgrhin breads EPM ot uI., 1eag). ) ,: LT ’ ' . ;

Cell siza tog vmall to permil umliabh nﬂmnk.

Mupfins and doughhts were camli’ned for purposes of!hi: evtimate becnune they were cm:tdend cu ﬂ‘ernl that: um'! eufen i'ulemhangeahly.

The proporion of eruat in pl'uu wa canddzr«l 4 be la percent by ueiglu. In t-'a! ﬂmﬂ ﬂg'u!ummc on ﬁ:od laﬁclfng I'Faod and Dmgaldmhl'ltmﬂnn. 1993L), Hu' weights 0! ane sorving 0.f}“'==ﬂ crust end pizza
ewere 56 and 10 g, vesp zd‘iwl_y. . S .
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Takle 7. ETimam of Payllium Seed Husk Intakes Per Eating Occasion from Food Categuries Specified for Use by the Kollogg Company.

Food dategory Maximum Jevel of usa Intake (gfeating vecasion by Eaters Only) by Selected Age/Sex Groupeg™*
in fouds (%) R S
12yrolddand 8. | 35yroldsandy | 68 ml'q vand @ . . Bl4yrold ¢ 14 yrold ¢
H0th 90tk 5Gth  90th HOoth  9ath- " §0th  BOth. 50th  80th
) mean percentiles - | mean - percentiles © |mean  percentiles mean  percentiles mean  pevcentlles
Poptarts’ 15 2.1 141 ) 43 | x 8a | 41| «x 83 | 41 x G| 41 x 8.3
" Breud and ralls™ 7.5 29 { ~* | — |32 | a8 | 43 | 44 § 23 | 86 | 50 | 43 | 66 | 44 | 43 | 8s
‘Muffin and 75 ‘a2t U ox bar e oz {vealar | oxife3 far ] x [ea | x |83
doughnats}’ . LI S G .. . ; . . ‘ -
Biscuite® 15 19 | —~ |~ 1a¢ a2a |sa |27 fao | 45.] a0'} a0 ) 6o | a5 | a0 | en
Portillas® 15 20 | — — a7 Fasg Vab a1 | a3 | es'{ 65 | a6 | 90 | 50 § 45 | 79
Waflles® 15 42 | — | —~ |52 |88 |85 } 52 J-a8 | 75 | 66 | 65.] 13| 60 | 43 [110
Pancakes® 15 44 | 38 Joolsr V41 ba130 {72 Y61 ) 1a2 ) 8o | '7s § 180 } 78 | 81 Y141
. Pigza® 1 15 23 | 20 {38 131 | 26 {64 |35 |82 ] 65 )47 | a7 | 92| 41 | 9¢ | 73
| Pastat 75 21 x |4t |41 | x [83 | a2 x | 83 | 413 ] x {83 ) 41 ] x |83
Breakfast Barg* 10.0 2.0 x | 40 | 40 x 80 ‘| 48 x 80 |40 } «x a0 | 40 = | 80
R-T-E ceregl® . ' } 1 ) T _
25-92 g/eup) < 16% 150 29 ) 28 [ 45 ! 36 38 1 651 | 41 38 78 [°58. | 45 90 | 49 {1 38 | 75
eugaz 5 . : ) I it . ; ” e
50-75 g/cup, all sugar 15.0 6. | 45 [ 76|88 | 67| 9o J2a |76 | 18| 98 [ 75 | 150 ] 81 | 75 [150
levels : - L . . e

Hee footmotes st end of Table.
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‘Table 7. (Continued),

Food category | Concentration Tateke (g/per aating cecasion hy Eaters Oxly) by Sslected Age/Sex Groups?
in fuods (%)’ o - _ .
' 15-18 yr-old & 1618 yr-old $ 1934 yr-old & ' 19-34 yr-old ¢ 35-64 yr-cld ¢ 85-64 yr-old ¢
T 50th  90th 50t 80th GOth 80t 60th  90th B0th  90th 50th 90t
- menn  percentiles menn percantiles ‘miegn  percentiles mean , percentiles | mean percentiles meaq - percentiles
Poptartst 15 - 41 < | 83 41 x 183 | 41 | =« 188§ 43 | x | 83 |42 | =x 8.4 41 | x | sa
Bread and 15 69 | 43 {88 | 48 | 43 | 78 | 48 [43 {88 | 44 | 43784 |44 |43 | 75 | 89 |43 | a3
rolls ®* . . B A _ : :
- Mufflos and 15 41 | x | sa3 a1} x |as |61 |« [saf a3 ['x |83 far | x | as a1 |x 8.3
li(llighnﬁtﬁ Ld . - . N S . PR P H ) N N ) . ' -
 Bisouita® 7.8 47 | 45 { 15 38 | - ~ o6 a5 | so] 34 |80 [ 60 laz |45 | us a1 js0 | 45
} Tortillas® 7.5 78 |~ | ~ ] 52 | 45|90 {72 j79 [wr ]| 60 | 45 |18 |73 |68 | 195 48 | 46§ 79
Walkles® 15 94 | — | — 69 1= ). — 1784 180 |1s0.] 70 |: 60 {150 {83 | ea | 160 g | 6.9 (1.8
 Pancakes® 75 121 | 1o [2e g1 |61 |164 119 hos. |m9 | 74 {61 | 130 o1 | 81 | 164 77| 61 |184
Pizza® " 75 63 | 55 |114 44 § 87| 97 |78 68 [148 | 62 | 46 | 85 [71 |68 | 127 48- | 41 | 82
Pasta’ T4 a1 | x | 83 41 | x |83 {41} & [es) 41 | x |'ss Ja1 | = | ea 41 | x | 83
|| Breakfast bhes 10.0 40 | x | a0 40 | x 180 | 0 | x [6o| 40 | x |80 a0 | x { 80 40 | = | a0
R-T-E cereel® IR IIERE GRERE 3 N T T . : : .
25-32 g/enp, 15.0 60 | 45 | 8.0 45 | 38 |75 | B4 [ 45 f o0 | 42 | 38 |75 |47 | 42 90 | 59 | 38 | 68
< 15% Bugss T . - - o v : .
' 60-75 gleup, 150 w1 | 75 [0 |- 76 |v76 [1a [Fea']| vs [0} es | 15 |1es |76 | 75 | 125 g3 | 65 | 9.0
ali sugar levels ' R . . ; . i

See footnotes at end of Table.




Table 7. {Conlinued),

Foatnotes
1 The moaxin

weLim l-rulu of uee of paylilum sred Kk in fnod: designated by she Kellogg Compnu’ Tlcuc vuluel Illcl"l wred ﬁn' Iculations of exp
! Batimotes| casnme thad edters

)

=p'ur¢-ulinguauinu.'r S

1 only pr ts conduining piyltium ceed huek, -

Values are not additine across food talegaries te nﬂnm:e total u-pamu pel- soting oecauian. -

¢ Estimatesibosed on guantity conrumed tn gne rerving of product ax dcdg:mud by ke Fond uud' Dmgddnin&tmlian (IDB.%J I‘i way casumed tfml the ummgc em:mmreamumm! I uﬂring n,'pmc!uet per euﬂng
oceasion quf ihat the B0th pement&k consumer tamumd Faice o much, . . .

¢ An ‘%" indj m-!ﬁmuo«ﬁm-mm«h

Estimates [bared on qucmmiet consumed prrmﬂng ocecslon In the USDA 1977.78 Naﬂamcido M Camumpfian Sumqr (Pua wtal, 1932)

T EeHmate Based on ca:m-lllnption of kigh fiker, twheat germ, bran, aatmenl, and mnl‘ﬂgmin brzndn (Pno gl nl 1332)

* Cell alze fopo imall o permit a reliable nﬁmu#c.

¥ Muffine aved dough were bi:

I for purposes of this extimaie & they wore conuidered as inml ihuz twere auhn iuﬁamhrmgnbly

The propottion of cruxt in pizza wos cun-iduud to 5.40 pemn!b’ weight. In the flm:l r!gulaﬂom on fnod Mcltng (Ffmd :lm:l Drug Admlmsimtmn. 19936} the w:.lghu -fmu uruing of przzu erust and puzn
were 55 anid 140 g, unpnﬁu{ﬂ .
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C. POTENTIAL INTA.KE OF CONSUMERS PREFERENTIALLY SELECTING PRODUCTS
CONTAINING PSYLLIUM SEED HUSK

90th percentils consumers; however, the Expert Panel congidered an estimate of consumption by beavy
consumers necessary for the safety evaluation of PSH. As an alternative to use of the food
consumption survey data, a hypothetical set of foods was used to calenlate the potential daily intake
by consumers who might preferentially select products containing PSH. Such a dietary pattern is
possible if consumers select products on the basis of dietary fber content if PSH is included as a
dietary fiber source for nutrition labeling. It was calculated from the maximum level of use of PSH
specified by the Kellogg Company and the serving sizes designated in the final rules on food labeling
{Food and Drug Administration, 1993b) except for R-T-E cereal for which an 85-g {2-cup) serving of
& medium-density cereal was used. (See Tabie 5.) Food categories included in the calcnlation were
gingle servings of R-T-E cereal. As shown in Table 8, a consumer selecting foods because they
contained PSH could consume nearly 25 g PSH per day.

‘ - Aggregate food consumption data could not be used to caleulate total exposure to PSH for mean and

D.  EFFECT OF PSYLLIUM SEED HUSK INTAKE ON TOTAL DIETARY FIBER INTAKE

Estimates of total dietary fiber intake in the United States have been compiled from several sources.

Marlett and Bokram (1981) estimated mean fiber intskes for 200 college men and women to be 20 and

13 g/day, reépectively. Lanza et al. (1987) eatimated mean fiber intakes of 16 angd 11 g/day for men

and women from a nationally representative sample of the United States popula.tmn participating in

- the Second National Health and Nutrition Examination Survey.” Anderson et al. (1989) calculated a

. total dietary fiber content of 5.6 g/1000 kcal (11.2 g for a 2000 Jecal diet) for a simulated American diet

baged on the 1977-78 NFCS household food consomption data. Food consumption data from the 1985

and 19868 Continuing Survey of Food Intakes by Individuals suggest mean intakes of 17.5 and

10.8 g/day of dietary fiber, respectively, for men and women 19 to 50 years-of-age (U.5. Department

of Agriculture, 1985, 1986) Children 1 io’5 years-of-age in this survey had a mean intake of 10.2

g/day of total dietary fiber (U.S. Departmeit of Agriculture, 1985). Economapoulos (1993) estimated

_ dietary fiber intakes of 14.5 g/day for men and 10.8 glday for women from the 1987-88 Nationwide
Food Gonsumpinon Survey. - ) ,

Many of the foods in the categuries proposed fnr PSH addition (e.g., poptarta breskfast bars, and
many bread-based products) do not, presently represent mgmﬁcant dietary sources of fiber.
Incorporation of PSH into these prodnc\‘. categories may be viewed as supplying additional fiber
souxces to the diet. PSH added to cereal products was regarded by the Expert Panel as a possible
replacement for other fiber sources. Addition of PSH to products that have not previcusly contained
appreciable amounts of fiber would add 0.7 to 2.7 g of soluble fiber per day, on average, for 1- to

2-year-old children, assuming intake from consumption of only one product category of food containing
PSH. (See Table 6.} For-the heavy 1- to 2-year-old consumer (90th percentile) soluble fiber intake
could increase by 1.3 to 5.7 g, with this same assumption. For adolescent males, the mean increase
in soluble fiber intake from consumption of g single product from only one category of food would
range from 1.3 to 5.4 g/day and for the heavy consumer in this age range from 2.7 to 11.3 g/day.

Although the data in Table 6 should not be added to estimate total exposure because of differences

in groups of consumers for each food category, an estimate of PSH intake was made for consumption

of multipte products containing PSH. These food categories (R-T-E cereal, poptart, pizza, and bread)

were chosen because they probably would not be substituted for one another by consumers, and they

nght reasonably be expected to be consumed on a regular basig, It is recognized that thisepproach
may nverestimate copsurs [rom thiese food categories, but it should not overestimate PSH

mtake from the numher of foods in which PSH is proposed for use. Consumption of the average

26




Table 8. .~ Potentisl Dally Intake: of. Psy]hum Seed Husk: for a Hypot.hetzcal Consumer -
: Preferenizally Seiectnng Products. Conta:mng Psylhum Seed Husk. ,

" Food Category’ . = Amount Consumed . Level 6fUsg? - - .- Husk Intake =
. .. .- B - %byweight- . .. giday. - .-

RT-E cereal 85 1o 128
Poptart | 55¢ 5 41
Pima 140%° 75 S aa
Bread 55 15 . 38
Total . 248

! Selected from food cntegories designated for payllinm seed husk addition by the Kellagy Compony.

*  The maximum level of use designoded by ihe Eellogy C'ampuuy was used for colculations of pryllium seed husk .
intake.

’ !ﬂnumlueuﬂlemmumwe:ghtofzeupanfcmdmthewelghtcmgmyﬂﬂ < 43 gleup,

*  Berving sizes designuted for product cotegories in the final rules on food labeling (Food ond Drug
Administrotion, 1993b).
:  Estimpte oesumes that Mpmmtofpizzn weight (55 g per serving) s coniribuied by crust.
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arounts of products containing PSH in these types of products could reasonably be ‘expected to result
in usual PSH (additional soluble fiber) intakes as high as 5.2 g/day for average consumers in the i-
to 2~year-old group a.ud 13.4 g/day for average male consumers 15 to 18 years of age.

Ingeneral,:t hasbeenreporbed that sbout two -thirds of total dzetaryﬁherm the NurthAmeman diet
is insoluble fiber with the remaining one-third sgluble fiber (Stephen, 1990) which suggests that mean
soluble fiber intakes might typically range from about 4 to.7 g/day for adults in the United. States.
Additional soluble fiber intakes from PSH might reasonably be expected to double or txiple the average
usual intake of soluble fiber, resulting in soluble fiber making a preater contribution to total dietary
fiber intake of the United States population than it has in the past.
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™. BIQ}:Q(‘)G;GAL E_FFECTS :

Y-V DIGESTION ABSORPTION METABOLIC EFFECTS, FERMENTA’I‘ION S

EXCRETICON .

T D;@snunandabm""*

Little is Imown abnut the d:gestmn and abaorphon of psylhmn by 'humans.'--Although mnst mﬂies "
suggest that various forms of psyﬂnnn are not absorbed from the small intesting, Andersen et al.
(1988) found thit 1-6percent of PSH was hydrolyzed in the stomachs of healthy mal€ volunteers, with
formation of free atabinose. Intéstinal absorption of the free arabinose was 85-93 percent. These
investigators concliided: thiat PSH is hydrolyzed solely in the stomach in human’ subjects and that no
further decomposition oeeurs in the: smaﬂ bowel Stuthes of fementaﬁon ot' PSH in human subjects
arerewewedeechonA. 3b; belbw S

2, Metabohceﬁ'ects

The pnncxpal reported metahnhc eﬁ'ects of PSH concern carbahydrate and llplﬂ metaboham Table
9 lists examples of studies that have-demonsirated postprandial reductions in serum glucose and
insulin responses ag a result of psylliutn administration. Other studies have examined whether
psyllium preparations influence serum lipid levels and/or serum levels of minerals, vitamins, and other
components (Abraham-and Mehta, 1988; Anderson et al., 1988; Bell et al;, 1988; Burton and
Manninen, 1982; Danielsson et al., 1979; Enz: et al., 1980; Fagerberg 1982 Fratl-Munan etal. 1983;
Kies, 1983; LiberthalandMarbens 1975). ; Lo

In 7 of 10 stud:es wh:ch mvolved cu;nmnnptnon of supplements of PSH or payl]mm hydroph:lhc
mucilloid by healhhy adult volunteers or patients with NIDDM or; unclassxﬁed diabetes, efc.,
postprandial glucose’ ‘and’insulin-lévels were significantly reduced. Two studies’ on the effects of

" psyllium in hypercholestemlemc subjects revealed rio effect on serum gltwose 1aveis as did one study

in healthy volunteers

Table 10 lists examples of studJes of the eﬁ'ects of paylhum ‘ori sertm hplda pi.t general., these double-
blind, placebo-contyolled humian studies have shown a total cholesteral lowering of 4 to 6 percent
compared with controls-and include a reduction. of LDL-cholesterol of 5 to 9 percent {Schaller, 1990).
Carlson. (1987) reported that psyllitm in bulk laxatives cmused -reduction m to\‘.al cholesterol of
10-15 percent.

a. Effects on biliary ﬁmcﬁoh

Beher and: Casazza (1971) added 0 or 4 pement Metamuml@ (abont 50 percent peyllium seed
hydrocolloid (20 g psyllium seed hydrocolloid/kg diet) or about 0.9 g/kg body weight/day) to stock diets
vontaining 5 percent fiber of an unspecified source. These-diets were fed to groups of eight rats. for
3 weeks before intraperitoneal injection of [*Clcholic acid or {“Clchenodeoxycholic acid. Addition of
psyilium seed hydrocolloid increased the turnover rate of both deoxycholic and chenndeaxychnhc acids
and increased the size-of the chenodeoxycholic acid pool, Groups of 18 hamsters:fed-a gallstone-
inducing diet with the addition of 5'percent psyllium seed-hydrocolloid (approximately 4.2 g'kg/day)
developed no gallstones, whereas 7 of 12 surviving hamsters whose diets were niot supplemented with
peyllium seed hydrocolloid had gallstones at the end of 1 month (Bergman and van der Linden, 1975).
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‘Fable 8, Effscts of Eyyllium on Pngifl?rgx_;qjgl_glygemla and Inaul_iq.;l_lespgnsaa.*. } :
: AT SE i T 55 i e
i ‘. OV .,-'-f - 'V : ., ‘57;5. ro . i V ‘ - i e _
" 3pIacebo_ ntrqlled 18 noninsalin- psyllium hydrnphilic 2 doses of peyltium’ mived {~15h for tepulated .- |postprandial ghicase [evel 4
trial égphngi_gxl_t_diubetics muicillaid: ‘inhH,O per erussm'er . edch of 2 NIDDM d:eta' 14% aftar breakfast; 20%
e ; I_Met.am;:q}l@) ‘| period, ane before - - |erossover ptd toak aral. " | after dinner; 31% after lunch;
. RN " ) breskfast, one bel'ore -, | betiods hypngiyemﬂc . {insubin level J 12% after .
; - D .- | dinner, i f . drogs * ybreakfast
‘i Vukean et al,, ucnte test meal | healthy voluntears; |PSH (in psyllium- - {4 ta 16 g/d PSHin ceraa.l not stated not at_ai:ed . progressive; doge-related
1980a bio effects - number aot stated  [eariched ceresl}) - L T A decline in blood plucose
. - : - . 1 g j resposse
Vuksan et el., | dietary test of, 10-normal PSH (in psyllium- ~ il0g PSH ot statad ngt stated . markedly radnced gljrueuﬂc
15306 paylijum and 6 diabetic subjects | enriched cereal) S L Sl ‘reeponses in normal and
glycemic iridex T ’ dj:getie subjects, authors say
' reduced rate of digestion is
I ) -} key factor
Bell et ol,, 1983 | DB, PC, parallel |75 hyyerchnlestaml- ‘payllium hydmphﬂlc 184 ¢ PSH, tid, ac,oral [8wk Step 1diet (5 : |mo effect on serum glucose -
| S emic pts (384, 37%) muc:lloiﬂ : R N 300 g Chol,’ lovals; this was a cholestergl
30es%F, ~ ° |study (see Tablo 10},
o { : _ - t5% CHO, 16% P |-
Watters and ‘subchmnic. di/dh diabetic mice | “soluble psyllium - | 2.6% of defined mouse diet {18 wk | Quildford Moase: | fasting serum glucose
‘Blaisdell, 1989 placebo-controlled : Rber* B T & Breeder Chow- - | reduced; insulin levels
dietary test : : S . L s : -elevated
Andezson etial, |DB, PC, paralld |26 hyperchalesterol- | pesilium hjdmphilic 34 g PSH, t4d., ae, oral |8 wh usial diet (<300 no effect on serum glucose
1988 emie T _mumlloid T . : mg Chol, - ;[ levels; this was a chelesteral
20 en% B " Fetudy (see Table- 10},
40% CHO, o ‘
P . 40% F.
Abraham and dietary trial 9 healthy adult men [PSH . 2 gfd muorpnrat.ed inte 21d controlled diets, - | mean plasma values for G, I,
Mehta, 1985 b SRR N - ﬁ:ud : o . en.= 20% P; 35% .and glucagon after 2 meal
F. 45% CHO tolexance tests ware within

* See code for| abbreviations ak enq of table.

normal ranges
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Table 9. (continued).

- Frati-Munari, GITwith PSH ™ |8 heuil:hy adult men |PSH GTT, G mixed with 10 g ~i6h fasting.. GIT, G and PSH together = | ||
b al., 1885 ’ PEH - including 12- . peak serum @ and I; no effect
|GIT, 10 g I’SI-I .':IO min h fast : ' . when PSH, g-hreu 30 min
- ) . before G- . R LT before G : ‘
Frati-Munaci, clinjcal trial 8 adult pts with psylliam hydmplulie_ 15¢ tid., ac. 104d "usual diet" fagting blood glumse in
et al, 1983 - NIDDM - mueilloid o : o . NIDDM pts 4 (mean = 27.6
19 overweight adults { - : mog/di); in overweight subjects
Lo (mean = 5.8 mg/dl); 'N'IDDM
pts afeo received -
. . | hypoglycemic dmgs
Fagerberg, 15582 open controlled |37 adult cutpatients- | payllim h]rdmphll‘lc 36-72 g/d uf PSHfpr2 |4mo - “regulated” diet - {long acking') i fagting blood
clinjeal trial with NIDDM muclliold - . - ey 10.8 /0 thr 2moremo [ - aa .- | glnecse Jevels; pts alsa™ °
- ” . . _ received hypoglycemic drugs
Capani, eb ul clinical trial @ hosp diabetic pts | purified axtract of - 1€ psyllium pmduct" 9d 1600 - 2000 progressive | in blood glmme
1980 paylium seed tid. a.c., oral Xkealfd levels after 3'd of treatment;
’ : : pis alsa recalved insulin or a
. hypoglycemin drug )
CODE FOR ARBREEVIATIONS iN TABLE 9§ -
ag. = hefore meals hosp = hospitalized
CHO = carbohydrate 1 © o+ = insulin
Chol = ~chalesteral NIDDM = noo-insulin dependent rliabates mellitua
DB = double-blind ... P = -  protein
en " ‘energy - PC - .= placebo controlled _
F = - fak - PSH = peyllium soed. h'l.lak
G = glucoga - pts = patients a
GIT = glucosg tnieram:a tast “eid = three times a day
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Table 10.

Effecis of Payllium on Serum Lipids.*

SR i i b BRI e, ; X ;
Jenkins ¢t sl., 1993 | randomized, 44 healthy:adults (289, 2 mehahnlically ad libitmn 2 fuur-mn Co NGEP Step 2 with the seluble Gber diet,
.| erossover, fon-blinded [ 154) with history of contyolled low-fat, cnnaumpﬁon of the |dietary panurla el menn changes were: total
dietary trial mild to severs Tow-cholesterol dieta |test diets separated by. . Chol, LDL, and HDL } 48 &
hyperilpidemia high in eoluble Bher 2moona 09,48+1.5, and 3.4 %

. o ‘1{¥ soluble, ¥ NOEP Step 2. 1.3 percent respecl:ivety,
ingoluhle) or diet . compared with concentrations
insofuble fber (Y, . in the ingoluble fiber diets; no
.solubls, ¥, inuoluhlei. o significant changs in total
Diet high in soluble chol: HDL between the 2 diet
fber fncluded a perivde; and loss of bile acids
payllivm-containing 83 4 14 percent greater with

{rereal soluble. fber, Authors
eoncluded ecluble fiber lowera
blood chol even when intake
of diatary fat and chot s

: . }markedly yestricbed
Stoy et al., 1993 randomized, DB, 24 hypercholesterol- . YSH vs wheat bran - | RTE cereat with 15 |4 wk baseline, |NGEP dict plis * | in baseline periods 6% | in
. dietary intaks of RTE | emic male volunteers | . ’ - g suluble Gber and - { then double. 2 oz RTE ceresl - | Chol-and L'DL, ne changs in
cerenls and NCEP 22.2 g total fibex/d | croseaver 8, 6, 5 |in am, 1 oz 4 pm | PT or HDL of PSH; 4.3% lin
diet ; weeks " | Chol and 6.1% 4 in LDL over
|18 wk on PEH .
Anderson et al, 1892 | randomized, DB 44 hypercholesteral- PSH-enriched RTE | 5.15 g psyllium/d” |7 wk American Heart - | serura Chol and LDLJ
dietary tesk emic ambulatory pta: - careal : Association. Sl:ep compared with controla; HDL
S - R ° . 41 diet and PT unchenped
Bell et al., 1989 randomized, DB, PC |76 pls with mild to psylhum hydmphﬂic 102gd Bwk ' American Heart" 48% | in Chol; 8.2% 1 in
- parallsl study - maderate mucilleid .- e e Azsoclation Step- | LDL-Chal; 8. 8% Lin
[ hypercholeaterolemia 1 diet for 12 wk. - |apotipoprotein B. -
. ] before PSH AR
treatment

* See code for abbreviations at ead of table,




Table 10. {cantinued).

Taneja et B-i 1989  |dietary test of PSH, |11 healthy adnhacant YPEH.... . L7 lesgdomal . T |iwo 3wk first pefod: o }in second period fecal
lipid abeorption end | girls K ’ . e e perlods low-fiber diet; excretian of total F T; serum
excretion . 1. T * [decond perlad: * |levels of total hplds Chul P,
diet frea fatty. acida a.nd -
| supplementad ]:huﬂphohpida l
; with PSH_
Abraham and Mshta, | distary test of 7 adult male volunteers § ground PSH f1gd: . 3 wio controlled diet aﬂ‘.ar lﬂ d and 3 wk total
1088 metabalic efects of a ‘ ' ; . o Chol; LDL-Chiot avid FDL-
: payllium supplement Chal §; PT; retinyleaters, -
) glisgase, ingylin, ard glucagnn
unchnnged at end of test
. . period.” .-
Anderson ef al,, 1988 | DB, PC dietary trial {28 hypercholesterol- PSH : 3.4 g tid, ac, oral |8 wk veual diets. (<300 | Chol 1 fromi 247 to 211 mgfdl
emic men . o K : myg Chob/d) in PSH supplemested gronp;
% . : lnii:.m;ly 8 mgfdl in placebo
. . - o . groug e
Carlson (Rydelle DB, crussover study of | 36 healthy adulte (29%, | FSH * T 102 g/d oyal 6wk Jusual American | mean sexnm Chel » 218.10g/d1
Laboratorigs), 1887 | PSH and'serum C | 749, yagular veera of 2 | - R " 1 diet : comparad with 241 mg/dl at -
bulk laxative . ] o start of study
Abraham and Mehta, { distary trial @ healthy adult men {PSH ~ 21 p/d incorporated 21 d . | contrelled dists, [fasting plasma Chol 4 >30%
1586 ' ' 3 _ t R : into food S en = 20% P, in'7 of 9 pubjects . .
' ' . ) : - : 35% F, 46% CHO Co R .
Borgia et al., 1903 clinieal test of PSH 65 adult pts with PBH 3.5 gtid, oral 4wl usual diets ne gignificant changes in
butk-forming laxative |chyonic constipation : ) IR : . sernm Chol, PT, and HID_L—
. ' : ' Chol compared. w:lth
pretreutment values

* See code fgr abbreviations ak end of table,




Table 10.

{continued),

Fagerberg -10 wnsﬂpated d.mbetin psyll:lum hydrophilic |20 pts = 3.6 gd - |e0d "regulated det” {Chol 1 PT and BZDL—Chul
¢ pat.ienta coliold . Wpta=72gd end unchanged; pts wers on.
all 'pta =‘10.8 gid G_l) mors 4 regulated dlets and oral
- 3 . T hypoglycemic agents’
Enzi ot al., 1980 28 healthy but cbese ysyllim bydrophlhe _ﬂ ga’d in HO hafnre 30 d per 800 keal plasma Chol and PT 1; body
. women mumluge ; meals Jerossover period | hypoplucidic diet [wtd .
Daoielsson ebal, guif-cnntm]led dietery 110 healthy volunteers -psyll.ium hydmphillc_ 7.2-10.6 gid 4wk " {normal diets ne reduction in Chol or PT- -
1979 : Fervestion ™ " | . | collaid, B SRR B i : A
13 pta with essontial | payllium hydropiulin 72108 gfd 2-99 mo nommnsl or 16.9% { in Chol and 52% 4 in
hypexlipaproteinemia ::ollnid (average: 8 mo) | specific Hpid ) 3 .
o . 1 . .. : - . }lowering diets . |
Licbeithall and * [dietary test of PSH | 10 bosp pts with serum | PSH aBSgtid,orel - |5wk usunl diets sarum Chat | in 8 of 10
Martens, 1976 and gerunn Chol Chol »280 mg/dl; 9 pts’ ‘hypercholesterclemic pés and
: - | with noninal serum in’ 6 of 9 pts whaeee initial
Chol Chol levela.were in normal
: . Tange . -
Garvin ¢t al,, 1985 dietary test of PSH 14 healthy adult men {PSH 32g t.i d, w‘lth B wk aelf-pelected: mean serumi Chol | 9% betaw
aad serum Chol ‘ mau,ls - normal dists ~ | levels'in control peciod; 4 7%
R * | for ubjects on agg-
* |supplementad diet (4-5
aggufd]
COPE FOR Anng_qmﬂg SINTABLE10 L
Chol =  cholesterol HDL (HDLChol). = - high density lipoprotetn-Chal
DB = doubla-hlind LDL (L.D1-Chol) = - low density Upoproteln-Chel
4l = deciliter NCEF" ' o National Cholestercl Education Progrmn
en = energy FC = placeho contralled
r = fat PT w plasma triglycerides
hosp = hoepitalized pts = patients
RTE = ready-to-eat




"The. concentrauon of deexyehuhc acid- and the ratios of ehohc.nhenodeoxychth acid and
cholic:deoxychalic acid were increased in hamsters fed the diet supplemented mth peylhum eeed
: hydroco]lold .

' Watters and Bla:sdell (1989) fed dB/dB dlabe’m: nnce saluble pEylhum ﬁbez' at2.5 percent of a deﬁned_
mouse dlet for 18 weeks and cbserved a reﬂuchon in serum glueose levele but an increase in msu]:m
levels e : Ll . RSO

3. : _.: Fermentahon

'Thn-teen studies on the fermentability of PSH were selected for review. These stud:es ¢an be dlvzded
into three general categories: (1) animal studles (2) human studxes, and (3) in vitro studies with
human or ammal mxcroﬂora . , oo ‘ .

a An:tmal smdms

Leng-Peeehlow (1991) reported higher levels of total acetate in cecal centente and feces of rats fed
supplements of peyllium seeds or PSH compared with rats fed wheat bran. ‘Fecal bacterial mass was
increased by psylhmn seed and PSH to a greater degree than with- wheat bran supplementation.
Edwards et al. (1892) repoited up to 50 percent fermentation of psyllium in the intestines of rats fed
0.5, 1.5, or 5 percent psyllium added to the basal diet. The basal diet contained about 4 .5 percent fiber
from nnnpunﬁe& sources (corn flour).

Aﬁncan gzeen menkeys fed supplemente of PSH or eellulose and twu levels of cheleeterol for3.5° yeare
showed fiber-related ¢ differences in cilonicmicrobial metabolism {Costa et al., 1989a): Compared with
cellulose,. PSH. 1 dmg decreased percentage of dry matter, bete-gluenmmdase activity; and pH and
increased ammonia nitroges and short-chain fatty acids (SCFA) output in feces and colon contents.
The ratio of anaernblc to; aerebzc bacteria: was lower in_colons of. PSH—fed annnale. The authors
luggeeted tht:lte chmmc mtake ef PSH reenlted in greater colonic m:crobml metabohem compared with
cellulose in ‘

In summary two m 'nvo studxes in rats an& one long-term study in monkeye revealed substanhal
: degeee of psyllmm fermentahon based on mereased colonie production- of SCFA. . .

o “b. . Human studies

Four huma.n subJecbs on stncl:ly cnntro}led chete were g:ven a fiber supplement, 25 gldey of mpaghula
husk (Isogel-PSH) for two 5-day experimental periods (Prynne and Southgate, 1979), Three subjects
showed considerable increase in fecal bulk; very little change occurred in one subject.. During the
5-day expenmental periods in which complete metabolic-balance studies-were conducted, apparent
digestibility of- the supplement was generally high; one subject- .appeared to-ferment the Isogel
completely. Only one subject showed distinet decreases in the apparent digestibility of energy,
nitrogen, and fat in the diet.

In a donble-bhnd eroesover study with 7 healthy human volunteers reeemng eupplemantal PSH
(ispaghula) 9 g three-times daily during two 12-day periods, Marteau et al. (1990) reported that
ispaghiula was poorly fermented and did not promote. gas formation.

In a study of the effect of ﬁlﬁ'erent modes of administration of PSH on glycenne respense and
ca:bohydrate digestibility in normal human subjects, Wolever et al. (1991) found that mixing PSH

with of mcorporanng it into a flaked bran test meal reduced the rate of digestion of the bran flakes
in vitro. There was no increase in breath hydrogen levels in vivo (an index of rapid colonic
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‘fermentation). - However, the lack of an increase of breath hydrugen does not mdmate a lank of
microbial degradation of PSH. : .

Wolever and Robb (1992) studied the effects of 156 g PSH and four other pu.riﬁed ﬁbers 'on bre_ath
hydrogen and methane over a 12-hour penod in 8 healthy subjects.” None of the fibers had a
significant ‘effect compared with fasting in control subjects. - Bight healthy subjects consuming - a
polysaccharide-free diet were fed supplements of gnar or PSH in random order over a 3-day stady -
period (Wolever et al., 1992), Twenty grams of guar or PSH taken at breakfast had no effect on breath
hydrogen levels over 14 hours. Guar, but not PSH, inereased breath méthane dnd serum acetate

concentrahnna

Ome of the five studies rewewed here revealed a high apparent d:gesﬁbihty (fermentability) of PSH
supplements. The remaining four studies showed no evidence of psyllium fermentability in the human
 bowel, based on breath hydrogen and methane and serum acetate. However, the abgence of an
increase in breath hydrogen does not necessarily indicate a lack of mitrobial degradation of PSH,

In summary, the results of the in vive studies described above suggest that; although some breakdown
of PSH occurs in the intestine; the available data are msuﬂiment to: quanhfy the overall extent of PSH
fermentatmn in the human colnm e _

Inv:ﬁrn studms '

Costa et al. (1985b) compared the effects of PSH or eellulose on the metabohmn of colomc microflora
from African green- monkeya using: 2 continnous- cultisre “system; - The monkeys had been fed
suppletients of PSH dr cellulose formiore than 8 years.” Ciltures from PSH-fed animals had lower pH
and higher SCFA conceritrations and B—giucuromdasa activity than cultures from cellulose-fed antmals.
The ratio of anaerobes to dervbes was lower in the cialtures from the PSH-fed gnimals. The lower pH
and higher SCFA concentrations i the cultures from PSH-fed andmils compared with thnse from
cellulose-fed animials sojgjgests that, in this model; PSH i§ nibre fermentable than cellulose

Psy]]mm ig fermented in vitro by bacteria of the hurman fecal and mtestznal m:m:ﬂora {Clatmen et al.

1991; Gibson et al., 1990; Horvath et al., 1983; McBurney and Thompson; 1989; Salyers et dl., 1978;

Tomlin. et al., 1988)." In contrast to the findings of McBurney and Thompsos (1989), compared with
other polysaccharides, the in vitro fermentability of PSH by human fecal bacteria is slow (Gibson
et al, 1990; Horvath et al., 1983). Tomlin et al. (1989) reported that, while in vitro fermentation of
PSH produced significant amounts of hydrogen and methane, these amounts were much lower than
. those generated by 6-other polysaccharides. Hayres and Lupton (1989) investigated the effect of
supplements of psyllium snd cellulose on food intake, fiber fermentabﬂ.lty, pH, and types and amounts
of SCFA produced. in healthy women, For the SCFA, the test fibers were anzerobically fermented
using fecal inocila, SCFA production from péyllium weis 1.8 times greater than with cellulose, and
post-fermentation pH values were lower with psylhum, which corresponded to a decreased rewvery
of peyllium as compared with celluloge,

Jenkins et al. (1993) tested the fermentative ability of human colonic bacteria abtmned ﬁ-om sub]ects
who had eonsumed high-fiber diets for periods of 4 months. The substrates for these tests were wheat
bran, PSH, lactulose, and amylose starch. Consumption of high-fiber diets was associated ‘with
increased in vitro methane production ‘and reduced hydrogen production. PSH was unusual in
producing a significant amount of SCFA with minimal hydrogen and overall gas produmon. The
. recovery of PSH was greater than with wheat bran.
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In summary, psylhum is fermented in. vitro-by bacteria of the human fecal and intestinal Imcroﬂora,
and in vitro fermentation of psyllium exceeds that of cellulose excepf. for one study in whmh remvery

‘of psy]lmm was gre.ater than with wheat ‘bran. |

4;' B Excrehun

In the mtestme psylhum becomes an:; mtegral part of the fecal ‘mase, {Atal a.nd Kapur, 1963) ;
According to BeMiller (1973), when taken with:an adequate amount of water, payllinm "..not only -

swells and increnses the size of the fecal mass; but its murilagirious dispersions have a lubricant
effect....” Prynne and Southgate (1979) reported that 3 of 4 buman suhbjects who consumed 25-g/day

of PSH for 8. weeks showed- a cons:derable increass in fecal bulk, and total fecal weight was more then - '

doubled i in 2 of ‘the 4 snbjects The: abil:ty of PSH. to increase. fecal bulk has been described by
numergus authontxes on gastromtestanal physmlngy For example, Jenkins (1990) noted: " .psyllium
appears to be fermented slowly in the colan .and the slow rdte of. fermentahon may-account. for its
ability to increase fecal bulk.”. . As noted by Friedman; (1975) * . hiydrophilic colloids- derived
pnmnpa]ly from the: mdigestxble husk of the psﬂ]ium seed are the natural vegetable substances which
prcmde to the mtestmal contenta the non-absorbable and water-reta:mng bulk that diet does nnt."

Cummmgs (1993) hsted the results nf selected human studies of the eﬂ'ecta of gums and mucxlages,
mcludmgPSHlispaghula, on focal autput. The average increase in feeal output was 3.7 g (0.5 g SEM)
per. g of fiber fed.  For Wheat fiber the i increase was 5.4’ g (+0.7 g SEM) anti for cellulose it was 3 5 g
(+0.8 g SEM). : ; . SRR ‘ .

Stevens et al, (1988) compared the effects of dletary supplemants of whaat bran, PSH, wheat branand
PSH combmed, and a low-fiber diet on transit time and stool characteristicain 12 female subjects over
a period of 2 weeka. .Fiber supplents decreased transit.time, increased. the number of daily bowel
move eﬁts -and incressed the wet and dry weights of stools.. PSH affected transit time less than bran
but mcreased the amount uf water m sbools ‘and the i'oeal stool welght more than bran -

B, EVALUATION FOE 'rox:{cm i
1 L - " Animal studles

Frasch:m (1578) conducted acnte toxmty a.nd uther tumolog:cal st:udles w:th 3 cummerc:al

formuiatmns of purified PSH Q(etamuml@} .The. fnmulatlons, Jin agueous - suspension, . were
administered by gavage to groups of 5 male, and 5 female Swiss mice (20-23 g body weight) or Sprague-

Dawley rats (120-140 g) in doses of 1.5, 3 0, and 6 glkg bﬂdy weight. No deaths occurred within the
7-day observation period. . Slight sedation during the first few hours was observed in animals after
adminigtration of the highest dosage.. Diafrhea. oecurred in mice given 6 g/kg body weight of the
formmulation that contained 49.7 percent. gluwse.

MacKay et al. (1932) repurted a gray-black wlnr in the lndneys of rats (number not stated} -and
2 young dogs fed diets containing: 25 -percent. finely. ground: psyllium. seed. for 125 and 30 days,
respectively. “The: ep:thehal cells of the kidney tubules of the rats contained fine brown: granules, but
those of the dogs shiowed no’ s:mﬂar changes,: Various tests failed io identify the chemieal nature-of
the pigmert, and the authors Teached no cam:lusmns about possible mechanisms. Rets and cats fed
diets containing 4 and 19 percent,’ respectrvely, of powdered psyllium seed exhibited marked -dark
lnH;ngentahon of the kidneys. Urea clearance was not diminished in the psyllium-fed rats (Thienes and
1941)
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Coulston and Seed (1956) fed rats varidus fractions of P. ovata eiid P. grenaria at 10 pereont of the

basal diet for 28 weeks to examine possible renal effects, Thi ]ﬂdnzys of rats fed tailings (PSH treated
to remove mueilage fractions) of PSH were brown, but no mieroscopic pigment was observed. Welght
gain and behavior were normel in all test groups. ‘

In rats, 10 percent psyllium seed powder in the diet exerted a protective eﬁ"ect agamat toxie dosas of
sodmm cyciamate; 2.5 or 5 percent in the diet protected- rats” agamst to:v_nc eﬁ:‘acts uf Tween 60

(polyoxyathlene sorbitan’ munnstemte) (Ershoﬂ‘ and Marshall, 1975)

Groupa of. 3male and 3 female benglea, 10-12 mnaﬂ)s old; were fed 250 or 750 mgfkg{day of pnnﬁed

PSH for 6 months (Mercatelli et al., 1979a,b,c). There were no statistically gigmificant différences in

body weight guins or food constimption between the' ‘treated and contidl g grunps at 1, 3, or'6 months,
No changes related to treatment were observed at thiese: tirne intervals in hematdlogical or urinary
parameters ‘orin"hepatié’ function. At 6 months, statistically’ sigriificaiit- dose‘dependeiit ‘chariges
(P <0.05)-in the blood chemistry of malés ‘were lower levels of total protein; toal cholestérol, and
glunuse, and hxgher levéls of nonestérifiéd fatty acids. ‘Total clislésterol and glucose' levels in fomales
receiving -the higher tréatment level were significantly lower than thoge in coritrols. Ino¥ganic
phosphorus concentrations were significantly greater in both females and males given 250 mg/kg/day
of PSH, and both sodium ‘and potmmmm don’ levels: Were thher in females given 750 mgfkgfday No
agmﬁmt differerices between the mean ofgin weights of the treatad anid contzol groups were found
on necropsy at 6 months.: Histopathological examination of 31 organs and other hsaues showed Bo
changes attributed to treatment (Mereatelli et al,, 197%a,b,e).

Psyl]mm seed husk (800 mglkg body wexghtlday) was fed to 2 g'mups  of 4 male ‘and 4 fermale ‘beagles,
10-12 months old; in’ their reglar d:et (Salerto et ali; 1978),  The PSH was fed tb-each group for
15 deys of the 80-day studyin ¢rossover deaign; The'study wasYepeated with thé saine animals fed
diets . containing' 5 percesit ‘cholesterdl’ and 20 percent pork fat:: Transient:decreases (P<0.05) in
plasma-free and ‘total cholestaral’'in aniald given PSH- mim were noted in both trials.- No'changes
were reporied in-food consumption; growth, or general behavior or in blood hiochemisiry values
{glucose, nnnesteriﬁed faity acids, plesma albumin, and plasma globuhn wmponents)

Fraschini (1978) admzmstered daily doses of 2 formulations of PSH 49 and 56 pemant psylhum) to
groups of 10 male and 10 female Sprague-Dawley rata (120 g average ‘body: wt), 6. days each week, for
25 weeks, The 49 percent formulation, in aqueous suspension, was given by gavage in doses of 0.5 and
1.0:g/kg body weight; thé 58 percent forinulation was administered similarly at the h:lgher dosage.
No statistically significant differenteés were observed between the' tieatad and éontrol groupsin results
of hematological; hematochemical, and urine tests, in mean body weiglits; or in organtbody weight
ratios of ‘the heart; liver, spleen; kidneys, adrenals, and testés. The inveatigators reportéd that no

changes attributable to tredtynent were obsérved on. nncroscoplc examnahnn of ths heart, Iungs hver

spleen, Kidneys, adrenals, testes, ovaries, or gasmmteshnal tract.

Fraschini (1978) also administered-ths; 49 percent psylhum formulahon to groups uf 2 male and
2 feniale adult-beagles in daily doses of 0.5 or 1.0 p/kg body weight; 6 days each week, for 16 weeks.
The ' peyllivm formulation: was: miized  with' a. portion-of the daily food: A 56 percent psyllium
formulation: was: administered’ in: ddses: of 1.0 g/kg: body: we:ght following -a " similar protocal. No
significant ‘différences wére: observed:in-bbdy:: -weight - gains” of treated andcontro} groups; or in
hematology, blood chemistry, and unnalyms of samples taken at 0, 8; and 16 weeks. The investigator
reported that histological examination revealed hg' changes of importance in the heart, lungs; liver,
spleen, kidneys; adrenals, thyroid, pancreas, testes, ovaries, or gastrointestinal tract. = -
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In summary, results of short- and long-term feeding studies in mice, rats, and dogs suggest an sbsenca
of significant adverse effects. ' In-some’studies; dark pigmentation of the:kidneys,ws_a&;répprted;its-

origin.was not determined, but rexal function was nob impaired. =~ . ¢ oo

2. ' Human studies

Thicnsn aidFiall (1941) cbacrved:9, poranne who hadtaken:-L4 g pyllinmvagar flakes daly Tor .
' 9.7 years. Urea clearance tests and chemical analysis and microscopic-examination of arine samples - -

were within normal limits, and the authozs reported no clinical evidence of kidney dysfunction, Ina
double-blind éxperiment, Spiller et al.:(1979) studied effects of psyllium seed hydrocolicid;-a ceilulose-
pectin mixturs; or a placebo (corn syrup solids) in 50 healthy adults aged 25-65 years-who were known
to have:low-average ‘daily: fecal weights.:: The psyllium seed: preparation consisted of:50 percent
peyilium seed hydrocolloid and 50 percent glucose. Following a 14-day baseline period 12 subjects
were, given 20 g of the psyllium’preparatiosi-daily for 20-days (inteke of psyllium:seed hydrocolloid
10. g/day or-approximately 140 ‘mpg/kg/day). Feces were collected on.the last 7 days of the basgeline and

‘experimental periods:. A low-résidue diet was fed throughout the study. Fscal caléium; magnesium,

and nitrogen excretions did ot differ significiintly for' subjects given either treatment or ‘placebo,
Hemiatologic-and blood chemistry values were within normal limits and-occurrence of {latulence,
pgastrointestinal .cramping, abdominal. fullness; nansea; urgency to eliminate, headache, tiredness,
weakness, or hunger was similar for all groups. ‘

Brydori'et aL. (1978) administered:30 g/day (approximatsly 210 mg/kg/day of psylliuin hydrocolloid) of
a:prepatation containing abort 50 percent payllium hydrocolloid (Metamucil®) for 3:weeks to 11 adult
patients’ with uncoinplicated galistone disease. No changes were observed:in:conrentration of
lithochiolie, chenodeoxychiolic, dsoxyeholie, or chelic acids in bile or in bile acid-cholesterol ratios. In .
contrast, Beher et al. (1978) reporied that, administration. of 12 giday.of peyllivm hydrocolloid to
6 post-cholecystectomy patients for 6-20 days gradusily increased the concentration of deoxycholate
in the bile but had little or no‘effect oxi the concentrations of cholesterol and phospholipid in the bile.

Mazzola and ‘Cappuceilli. (1978) administered: formuletions . of -purified- psylium : seed: husk - to
31 patients for the; treatment; of; ¢hronig: constipation or bowel irregularity. . The. paiients- were
bospitalized for a variety of illnesses,: An average dose of 6.4 of the formulation (3.6 g psyllium seed
lusk) was-given three:times daily.” Treatment during hospitalization ranged.from: 11-59: days.and
during outpatient treatment from 15-58 days. Mean cholesterol level of 13 patients with
hypercholesterclemia_decréased. 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 adverse changes. attributable to-treatment were observed.in hematalogical
indires Chemigiobin, red or white corpusicle eount).or blood chemistry (glucose, urea, serum giutaimic
oxaloacetic transeminase [AST], serum:glutamic pyruvic transaminase [ALT], bilirubin, or alkaline

bl_lfbsp]iata'se)is-- S

Young (1981) reportéd.to SCOGS (Select Committee on:GRAS Substances, 1982) that "spproximately
4 million people of the U.S. use a commercial pharmaceutical formulation of psyllium seed husk gum
and: 4 perceut of these have taken 1-3 doses (containing about 1.8 t0.5.3 g payllium seed: husk gum)
daily for more than 20 yr". The level of exposure established as safe for over-the-counter drug use of
psyilitun:firl week:or-lessis approximately-428 mg/kg/day or about 20-25-g/day for adults (Food and
Drig-Administration; 1985).. Geherai Mills scientists have proposed an Acceptable Daily Intake for
payllium’ of 200 mg/kg (10-12 g/day) (Van Brunt et al;, 1989). . L T

Stlter and Lorenz (1988) reported. n tliical safety and effivacy study of the laxation effects of a

peyllium-eontaining bulk laxative. Seven-day trials invelved 15 centers and 669 patients (266 males
and 408 females) ranging in age from 13 to 90 years. Subchronic trizls (up to 12 weeks) involved
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3 centers and 139 patients (59 males and 80 females) raziging in age from 9'to: 80 years. The standard
dosage of psyllium was 2 tsp or 114 mg/kg/day based on a 70-kg individnal: Reported sids effécts were |
gaseous distension, abdominal pain, and occasional diarrhea. These symptoms regressed over time
and diarrhea conld be confrolled by dosage adjustment, ,

Stoy et al. (1993) recently reported similsy gastrointestinal symptomsmssubjecta consummg PSH
and wheat bran co.’nta:.mng'R-T‘E cereals over an 18-week penod Symptoms were class:ﬁed as mild
humodmtemﬁofl&mb;ects.

Pmctnaeopy was conducted on R randnm aample of subchromc tnal patlents and retrealeﬂ no
macroscopic evidence.of éhanges in the rectal mucosa, Microscopic examination of saxnples revealed
nnmal rectal mucoss., . Electrolybe levels {potassmm, sodmm, and calmmn) were, un.changed

In adéhtmn, d:arrhet.zc patlents and pahents w1th thn 8 d:sease were stuﬂ:ed un&er a snnﬂar
dosage regimen.: Nd significant effecis:were observed. in: bedy weight, bleod:pressure; or biochemical
parameters (total: protein, ALT; AST, gamma-GT ‘alkaliné’ phosphatase, -sodium, potassiurn) of
Crohn s disease patients. . The results revealed no adverse efferts associated with psyllium ingestion
under the aforementioned: expemnental conditions, other than those transient episodes of gaseous
distension and. abdommal ‘pain, wh:ch tended to aubmde aa treatment Was contmued. :

\_

In summary, short- as s well as long-tem ah:d;es of ‘\‘:he effects of orally admm:stered PSH or PSH

mucilloid iy healthy human subjects, patients with chronic:constipation, and-patients with galistones

revealéd no significant untowardrespnnses exnept far trans:ent ep:sudes of gastrmntesianal mde-eﬂ'ects
suchasg&sandahdommalcmmm. .

Né: reportsof studiesspemﬁcally des:lgnad to-teit PSH for carmnngemmty were fmmd. 1513 ‘reports
of animal studies involving psyllium feeding in different species for periods of 5 months to lifetimes,
tumorigenesis was not mentioned; however, these studies were simed at other endpoints (Bath-and

Mehta, 1983; Carison and Hoelzel, 1948; Costa et dl:; 1989a;b; MéCall ef al.; 1992a,b; Méreatell ot al.,

: 1979&,b,c, Pauhm et al 1987‘ Rmhter and Schnean, 1990 Séhneemtm and Rlchtm' 1990 1993

Several abudnes have exammed the eﬁ‘echs nf psyl]mm on the tumungemmty nf carmnogens One study
suggesi:ed an:increase in namnogemmty of 1;2-dimethylhydrazine dihydiochloride (DMH), i male
Swise mice: fed: Metamuml@ in: their diet; but not in femules (Toth, 1984). ‘Roberts-Andérson et al.
(1987): questicived ‘the. validity ‘of Toth's conclusicns; noting that "Toth actually found ‘o rediced
incidence. of colon tumorsi(8:50):in. the Metamucil® and. DMI group versus 19:50 in the DMH alone
group.” Intheir experimiental'study, Roberts-Anderson et al. (1987) fed rats a 10 percent psyllivin diet
for 22 weeks and’intubated- DMH:weekly for 8 weeks. They concluded that psyllium reduced the
tumerigenicity of DMH.. Wilpartrand; Roberfroid:(1987) fed male DMH-treated Wistar rats 5 and
15 percent paylium in 5 and 20° ‘percent:weight/weight fat diets for up to 45 weeks. The peyllium
pmduct shnwed antanamnngemu e&'ects A tarn:is of. the,mmﬂence nf mtestmal and colomc tumors

The mdﬁ'cti‘dﬁ' of cuion tmnom in chher-344~ratséfollowmg nibititdneous ngecnons of azoxymethane
(AOM): was stidied-in relation’ to’ the* infliienés-of ‘high-fat, low-calcium diets conteinirig 1, 4; or
8 percent weight/weight wheat bran, peylliam (PSH provided by the Kellogg Compény), or combined
wheat bran and psylium. The rats were fed the experimental diets for 2 weeks, then received 2 ACM

' m;ectmns 1 week apart. Twenty-three waeks aﬁer the ﬁrst m;ectmn, tumor mmdence was_ aasessed

d:ﬁ‘erence in pmtectwe aﬁ'ect. of wheat bran or- psylhm (Alabaster et al. 1993)
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Some studies have shown that cnnsumptlon of readily. fermentable soluble ﬁbers érich as gums and-

'pectm, is associated with increased twmior developrbent: in- an:mals receiving: doses of known
carcinogens (Jacobs, 1989; Schneeman’and-Tietyén] 1954).  Jacobs (1990) anid Lupton et al. (1985) " -

showed that addition of fiber to the diets of rits modified the colonie epithelial cell cycle; that is, the:
fraction of replicating cella mcreased as did differentistion of poblet snd columnar'cells: Jacobs et al.
(1989) reported that rats fed payllium fiber supplements ‘éxhibited acidified ‘luxiinal contents and’
stimulation of eolonic erypt growth in the dista] colon. On the other hnnd, Sakata (1987) showed that
SCFA inhibited eplt.hehal prohferahun m’mniated mt cecal hssues in wtm ; .

Other investigators have suggested that the: SCFA ma;,r exert a protectnve e:&'ect agamst. eolonic
neoplasia. Cummings and Macfarlene (1991} reviewed peveral studies that showed a protective effect
of butyrate against neoplastic processes in 4 variety of cell typés: mcludmg human eolorectal cells. In
addition, Sakata (1987) showed that butyrate; can réversibly alter the in vitro properties of human
eolorectal cancer cell lines by prolongmg doybling time and slowmg growth rates 1

The Expert Panel estimated that consmnptmn of food pruducts conta:mng PSH mght reasonably be
expected to increase total dietary fiber intakes of adults in the United States by about 1.3 to 5.4 g/day.

Whether this would result in a significant iricrease in SCFA production is questionable. Consequently,
the possible relevance of these studies to human colon cencer is far from cdear, However, their
possible relevance mey be of interest in view of current suggestions to increase consumption of soluble
forme of dietary fiber as a means of reducmg serum cholesterol and of managmg dxabetes

SCOGS (Select Committse on GRAS Substsncea, 1982) fmmd no mformahon -on. the possible
mutagenicity of psyllium seed husk gum, ner have -studies of posaible mutagemmty appeared
subsequently. Short-term animal feeding studies incliiding repmductmn and f:eramgemmty studies

" have shown no adverss eﬁ'ects (Select Comnuthee on GRAS Substnnces, 1982)

Table 11 lists examplen of stndms of tomty and otherbmlnglc eﬂ'ecbs of psyllmm I‘h:ee st:ud:lea Tisted
in Table 11 (but not treated in the text) compared the effects of different dietary ﬁbers on cholesterol
absorption and metabolism (Axjmand et &l., 1992; Redard et al:, 1992; Vahouny et al:, 1988). Ons
study compared the effect of different fibers and aging on blood lipids, bawel histology,: and pancreatic
amylase activity (Schneeman and Richiter, 1993), and two studies examined the effects of various fibers
on growth and structure of the small bowel (Calvert et al., 1985; Sud et al, 1988) and sma]] intestine
enzyme activity (Calvert et al., 1985),

C. POSSIBLE ADVERSE REACTIONS '

Three main categories of comcern about consuming PSH are evident from the scientific lterature;
(1) possible malahurptmn of vitamins, a:nd minprals; (2) gastrointestinal obstnmnon, and {3) aHergic
reactions.

1. Effects-on vitamin and mmeral ghsorption

Table 12 lists examples of gtudies on the influence of peyllium on vitamin and mmeral absorption.
Most studies have focused on mineral absorphon, fow.reports were available on the éffects of psyltium
on vitamin absorption and metaboliam, ‘Abraham and‘Mehta (1988) examined the effeits of 3-week
psyllium supplementation on plasma total and LDL chiolesterol conicentrations, fecal stercid excration,
and lipid and carhohydrate absorption in heelthy adults. Among other findings, retinyl esters
qnanhbnted after pay]lmm supplementaﬁon were not dszerent from valnes dunng the control dmt
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Schneeman and . |long-term study of DF { weanling male PSH, WB, 0B~ .~ 40 g PSH per 960 g L .‘-] E 18. B mo snimals sucrificed sfbar 3.5 10, 18, or 18 5 mo
Richter, 1993 and aging on lipide, Wistar rats LT daﬂnad hnsn.l dtul: - on the:test diets. Plasme Chiol end PT T at 18.5
: buwal h!sznlngy, - mo cnmpmd with younger rats. DF did'not -
i . pancreahc enzymes ‘prevent age-related T in plasmia and lve lipids
i except:that i¥er Chol was ot affected;
| pancraatic nmylnss ¥ with- ‘age in alt groups; in
J 'PSH.and OB groupe eecsl wt md ilenl smout.h
i ) : R N P : : - muscle 5 io controls- ..
Arjmundi et/al., feedmg tduls to Sprague-Dawley PSH added Chel . '/ 7.5% uf diet” - 3wk rats fed added Chol: ver nnd gerpm Chal in
1892 : ) cum_;mm ‘binlogie efects rats, 172-178 g Coowe T 03% of diet N PSH group,> in pectin groups PSH group feeal
of su'l"_ Ie ﬂbem ' 'neutral aterol > in celluloge controls; all gmupu
= liad-T bile ucid excrotion compared with
: . - o Lo - C ‘vellulose controls not given added Chal -
‘Redard et ali, 1993 'feeding trinl of DF and [male Wistar rats 260 [ PSH, CL, 0B " - | 5g/100g of defined’diét . [4 wk  fasting plasma Chol and HDL-Chat in PSH
- o puatprandlal lipid € R R S :  group < in OL and OB groups; plasma PT Tin
; responses . all' grogpe; postprandial T in HDL fraction in
i o PSH group; in- 12-h fanted ammaia. ver and
| ,mtenhna apa ATV mHNA > in CL gruup, apo B
3 : - -l -RNA > in- OB group :
Turley et al.| 1991 |a study to compare the {male Golden PRH; nhelea&yrmﬁne, 15% ni‘ semi-synthehc “l14-21d- L all B teut ugents lowamd plasma total Chel and
i | eifects of PSH, hamsters mu'fnmer o : diet o LIDL-Chal; Chol synthesis T in livers (but not
chalestyramine and : ) ‘ ‘other Baauea) of PSH group; when Chal and
aurfomer on stercl satyrated TAG added to diet, PSH faeding
metabellam

Blogked T in plasme and hepatic Chol levels;
intestinal bile:acid pool T by PSH and

chalestyramine and wes marmy absorbed in

PSH animals -

* Seas code for|gbbreviations at end of table.
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Tuble 11. {continned),

s
i
Sud et al,, /1588 & study of DF and [ weanling rats nnd 551 T ) AR PEH- mgfmug deﬁned >4 wk - increased leugth and weight of small iuteat'iue
small intestine hamstexs - - o T diet - " - |in PSH group 3 in CL group > in fiber-free diet
structure CL - 10g/100g defined group; mucosal thickness and villus height § in
’ . dief - - prnximal but T in dlstal small intestine; these
’ ’ changes were greater in the PSH group
Vahouny et at., subchronic stady of adult wale rats distary fiber derivatwan | 10g/100g diet; oral 4wk After 4 wk, lymphatie catheters installed and
1988 § fiber sispplements and inﬂuding PSH - . b e - animals starved overnight, Chol abgurption { at
chalesterol ’ 24 h; sbsorption of cleic acid delayeﬂ but not 4
abgorption/metabolism )
Calvert etjal., 1985 | a study of DF and ‘| male Wistar rata, - |rsH, cL, alfnlfa. pe{:{m PEH 10g/100g defined 4 wk ) m&gmﬂl_igﬂ_@_gg invertass T in CL,
" | digestive enzyme 200g “|guer gum. s T diek . guar, PSH groaps; alkaline phosphatase Tin
activities Y P aifalfa, guar, PSH groupe; dlstal 35 of small
’ intestine: thymidine kinase activity fin guar -
and PSH groups; M&lﬁ@&:
mucosal protains T in PSH and guar gronps;
-pancreatic enzyme activilies were pimilar to
- - : . thoss in control group
Mercatellilet al,, chronie toxicity 6 beagles purdfied PSH- - . [ 260 or 760 6 mo - | no.gignificant effects on food consumption, body
1979 abe! . J3rag . o | mpkpd; oral : weight, hematalogy, renn! or hepatie funckion,
o ' - | groes.and microgeopie anatomy of 31 organs and
Hesues; st 8 mo.there were differences hetween
contrals and treated animals in sérum total
protain, lipids, glucose, inorganic P, Na*, and K
however, t.hese wers appuently of ng binlag‘ic
. s . . cnnsaquanca ) .
Froschind,|1978 aeute toxicity ‘| Bwiea mice purified PSH - 15,3, 6gkghwhy - |74 sl sedation at 6 pkg '
Sprague-Dawley rate | (Metamucil®) . grvags : ' | diarthes in mice at B gfkg
Fraschini,| 1978 subchrenic toxicity - | Sprague-Dawley rata |"powder” (49% PSH); - |0.5-1.0 gkg bw by gavage 6 d'wk for | nv gross, microscople, hematdlogice, or
B - © |'instant dose®(56%  {10pkgbw - 26 wk - biochemical changes atiributable ta the
| ) ) PSH), . : ; treatment . .

* See code éor abbreviations at e:nd of table,




Table 11. (metlnan).

Fraschini, 1978 - aubchmmc toncity no signifieant changes in body wi, hemntnlngy, .
: urinalyses or blood chemistry except lower blood f.
. R cholegternl’
| l Coulaton and Heed, | cubchionic study of - - Bpraguo-Dawley rats va.rioua &ar.hons nl’g -} 10% of the basal dist - 28 wk kidneye of rats fad tmlingn of PSH were groasly
| 1956 ! repal’ eﬁ'enta ! gveta end P. g__g_ig brawndeh, iio microscopic pigment; appearancs,
; weight gain, and behavior nnmal in all Eroups
‘ "Thienes and Hali, gubchriziv study of ral:a pulverized psyllinm §% und 26% of basal diet | 1604 dark brown or lﬁar.k kidneys; pigment in renal
1541 i renal eﬂ'wta o ratx and kittens paylium-sgar/ilakes 6% wod 26% of bagal diet |52 d tubufes; urea clearance norma] na m!crnacnpic
‘ : long-term lmman | (76%-26% respectively) el S renal pigment -
8 human subjects psyl]iu.m-agnr Hakes Tl5gd. . . 2t by mamml urina.lyses and nnmal PS‘P aliminatinn
‘MacKay ef al., mbchmnic gtudy of G-X {'ilbine rats ﬁnaly ground payllium | 26% of basal diet 125d renal tubula epithelium eontained brown
1932 effecti’'of divtary "] ¢ geed : ' pig'ment., kldneys graus'ly black
ronghaps 1 : .
18 young doga whole peyllivm seed (3 | 25% of basal diet 30d oo mnal pigmant
T~ doges) . 26% of baaal diet | 30d Yidneys gray-bluck' no pigmenl.' g-ranulas an
ground psyllium aeed (2 T : mlcmncopic cxamiual:iun
rluga) R
CODE FOR ABBREVIATIONS IN TABLE 11

Chol = -cholesteral PSP = phannlnu!l‘nnphthale!.n

CL = celluloge FT = plasma triglyceridea- -

DF ] = distary fiber TAG C= triacylglyeerald -~ - i

HDL-Chal = high density lipoprotsin-Chol tailings. = PSH treated to remove mm:l.!age Factions

mRNA = MESEENESY ! riboum:lem add - WB- ‘= . whenbbran

OB N vat bran . .

PSH = payllmm seed hual:
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Table 12, Effects of ngl]i_qm_op Vitamin and Mineral Status.

'La'wrem%a st al,,

| no. apparenb effect on Na and K status; urinary .

B e

:Ffascwn&;‘ 1978

rats

and urine values

1-6% of dlet . - 91d- - | Fischer 344 rats
1890 -supplemented with PSH : -+ oo - F P and Mg 4 as psyllium T; serum and bone Mg
and P status unchanged; no apparent ndversa
_ ' . ‘ 1 | effect on other mineral status - : ’
- Jacobs and Domek ‘|1-5% of diet 14wk - o =Sprajgue-l)zmrltay _hepatic and seram Cu T; hepatic and serum Zn
- 1989 : supplemeni;ed with PSH | | rats - . { unchanged; mt,estmal abgorption of Zn and Gu
i ‘ | ‘| unchanged
‘Jacobs et al., 1989 11-5% of diet 14wk Sprague-Dawley .. "facal concentrations of Cu, Zm, Mg. Mz, Ca, and:{|
| : supplemented with PSH rats .| Fa'were diluted dose-responsively; serum Cu
' levels mcraased whilte Mg,:Zn; and Ca’ were ;
| unthanged: ‘payllium’ mmiiﬁes intastmal
) : _ 'mineral metabolism
Paulini et al., 1988 | 8.7% of diet 3 y (monkeys) | African green in monkeys, no effect on Zn status; gerum Cu ||
' . " supplemented with. PSH |10 wk (rats) | monkeys, | {; liver and kidney Cu unchanged; tibia Zn l«
: I e .Sprague—Dawley' .s]ightlymrabs on marginal Zn intake; PRH
- rat-s - -| had no adverse effect-on Zn ancl Cu status with
. 1 § non-margmal diets o
Vahouny et al., 1987 | 5% of diet supplemented |4 wk '3 Wiatar rats - - [positive balances of intake vs. t‘ecal output for
| with PSH : L ¢4, Fe, Mg, and Zn- _
Mehta and Poetter, | 5-10% of diets - 110 wk weanling rats - | with marginal Zn diet, slight offoct on tbia Zn;
1984 supplemented with PSH hut none on absorption
‘Buth and Mehta, . |9.7% of diet 16 mo Africen green Fe utilization increased and fecal losa
1983 | | supplemented with PSH | = }monkeys - decreased
Mercatelli et al,,. . {260-750 mg PSH/kg/d |6 mo.. - - [beagles | serum P T at 250 mgil:g dose, Na and K T in®"
1979abe | S . e at 7560 mg/kg dose ... -
- 10.5-1.0 g/kg/d of PSH 25wk | Sprague-Dawley | no changes in hematuloglcal hematochemical
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Table 12. (continued).

Essuenm ot al 1973

+

‘HUMAN STUDIES

' Lev‘m et al,, 1990 . 102 g/d of Metammcil® {16 wk - - -‘i96‘~u'f'and--9: ‘ne stgmﬁcant diﬂ'erencea in indicators of
o ’ o |:vitamin K status

;Ganj: a;gd Kies, 1990 | not reported 104 ‘25 subjects Zn ‘q]_ance not adversely aﬁ'ected by combined
. !_ : ‘sex not reported mtake of psyllium and Fe lupplements

‘Bell et al., 1989 10.2 g/d of Metamucil® |8-16 wk 384,379 .. |no effect on serum Fe levels

:iin;lerseh et al., 10.2 g/d of Metamucil® {Bwk- 269 "no eﬁ'ect oir senu'n levels of Fe and Zn’’ “

988 | S : .
Abrahani and 300 mg/kg/d PSH 3wk T | noeffect on fecal ateroid excretion or levels of
Mehta, 1988 : : | plasma-trigtycerides; retinyl esters, glucose,
ingulin; and: glucagnn qua.ntatal:ed during mneal
| tnlerance tests :

Roe et al|, 1988 2.3-5.7 g of PSH/d 1d 128 Teduced absorption of pharmacological doses of

: : - vitamin B;"

Gillooly et al., 1984 |5 g of Mucilose 1d 62 Feo absorption decreased

Rampton et al,, 1984 {7 gid 19 wk I uremic pt fecal excretion of N; K, Ca, and Mg mcreased
' : while that of P. decreased no apparent effects ||
- - _ on plasma P, Ca, and K d i
Sélter and Lorenz, |2 tsp Prodiem/d (active [7d-12 wk 266 o, 403.92 - - 'no sigmﬂcant. effect on serum Na and K levels
1983 : ingredient is PSH) ) . C 1

Kies, 1983 14-20 g PSHA not specified | not specified increased fecal loss of Cu, Zn, Ca, and Mg.
Burten and [ up to 25 g PSH/ 18 wk {669 serum Ca | after PSH supplement, st.opped
Manninen, 1982 AR A N BErum Fe unchanged -

Enzi et 81 1980 6gPSHA 301504~ {229 ‘% |plasma Fo'and Calevels ! shghtly during first

30 d, but gtabilized thereafter
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Table 12. {continued),

- fecal excretmn of Ga and Mg unchanged no
L H R :» . | abnormal changes in plasma chemistry
McHale et al., 1979 [ 10-20 gfd of PSH-derived |21d = - ‘log,de 'aerum Ca unchanged serum Mg  at 20 g dose
| ' | hemicellulose o A =
Drews et al., 1979 | 142 g/d of PSH-derived |4d - - |8 young boys fecal excretion of Zn, Fe, and Mg T.
B hemice]luloae S B )
Kies et al., 1979 . 142,42, and 242 @/d, = |50d tofal = {1Ze . -fecal Zn Tin duse-dapenden!: manner, 10 el’fect i
L - 14 d at each dose, PSH- | = - ST . nn serum and urine Zn : .
derived hemigellulose | . . .. o 1 L
‘Giovannini and 3.6 g/d of PSH - 10-14d - { humans I no clianges in mean valuea ef blnnti chemlst.ry
Careddu, 1978 ' o S 1 - | parameters
Davi and Strano, 7 gd of PSH 10d - TJhumans . no, cha.nges in hematulogical parametera
1978 SR R R
Kies and Fox, 1976 |8 or 23 g/d of -  |42dtotal - [4Lloand® - [fecal Zn excra‘l:mn T w1th hlgh dase nf
hemmelluluse derived - | . ° A R ' hemicellulosa
from PSH o B | I : ' ‘




in subjects given a test meal contmmng 7.5 g payllitm denreased fromi about 32 percent to about .
25 percent (P < .01), o

In studies of the effects of a daily supplement of 5.1 g PSH in hypercholesterolemic pahents Levm
et al. (1990) included messurement of prothrombin time and partial thrombopiastin’time. These
indicators of changes in vitamin K absorption did not differ between the PSH:fed and the: control
groups. Testimony before the Setect Committes on’ GRAS Substarnices (Young, 1981) included an
estimate that approximatety 4,000,000 people in the United States had used psyllium-containing bulk
laxzatives safely; of these, approximately 160,000 had taken 1 to 3 doses (containing ~1.8 - 5.3 g PSH)
daily for more than 20 years. These 160,000 consumers were not subjects of any epxden:nolog:m surveys
of vitamin status. The Expert Panel &xsenvered no repo:rts of posmble av:tammnsls that cnuld be
attributed to consumption of PSH. : U )

In snmmary, there is a paucity of repnrts of stnd:es demgned to assess the posaible eﬂ'ects of PSH on
vitamin absorption; however, the absence of reports of effects of 1ong-term mnsumphon uf payﬂmm-
containing laxatwes suggests that this possxb:hty is mmmal ‘ _

In addition, Table 12 lists 10 animal and 18 human stndles that mcluded data on mmeral absurptmn
and metabolism. Seven of the animal stnﬁ:.es and nifie’ ‘of the human studies reported soine effect of
PSH or purified hemicellulose derived from. PSH on miherals; the Femaining three snimal studies
(Fraschini, 1978; Salerno et al., 1978; Vahouny et al., 1987) and human studies (Davi and Strans,
1978; Giovannini and Careddu, 1978; Solter and Loranz, 1983 Spiller et al., 1979) reported 1o effects
on minerals, y

Of the mmnai studies that revealed snme mﬂuem:e of pay]]mm on mmerals, the reported eﬁ‘ects were
trivial in one (Lawrence et al., 1890) and, in two studies, significant ohly when d:eharymtakes were
marginal (Mehta and Poetter, 1984; Paulini et al., 1988). .Jacobs and Domelk (1989) reported ‘that the
increased levels of sérum and hepatic Cu in their rats may reflect a méchanism (unspecifiéd) by which
psyllium lowers serum cholesterol levels. Jaccobs et al. {1989) fiad no explanatmn for mt:reased serum -
Cu levels in their PSH-supplemented rats. :

In their long-term study of the effects of a PSH-supplemented diet, in Afnca.n green monkeys, Buth
and Mehta (1983) escribed the observed decreased fecal loss and increased metabolic utilization of Fe
to the effect of psyllium in pmlongmg initestinal transit time. Mercatelli et al (1979a,b,c) reported
increases in serum P, Na, and K in beagles fed PSH for 6 months, There were xg. assmatad
phyziclogical or histopathological abnormalities. -

In a series of human studies, Kies and: associates reported incresses in fecal and urinary mineral
losses and altered mineral absorption in 5 separate investigations (Drews et al., 1979; Kies; 1983; Kies
and Fox, 1976; Kies et al., 1979; McHale et al., 1879). In general, these studies suggested that, with
adequate dietary intakes: of minerals, the reported alterations were’ of no physiologic mgmﬁcance,
however, caution was recommended. against; overuse of fiber supplements in: mrcnmstances where
dietary intakes of minerals are marginsl or madequate ‘ o

Gillooly et al. (1984) concluded from-a- study of Indmn women in South Afncn that hemlcellulose
derived from PSHinay act as an inhibitor of F& abgerption compared with celliilose;” Serimn Ca levels
decreased in subjects following 16 weeks’ treatment with PSH for constipation (Burton. and
Manninen, 1982). The authors had no ‘explanation for this phenomenon, Enzi et al. (1980) fonnd
slight but eignificant, decreases in plesma Fe and Ca levels during the first 30 days of treatment of

obese patients with an 800 keal diet plus 8 g PSH/day. Further decreases in Fe and Ca de not oceur

~——When-treatment-was-continued beyond 30-days (up to-6-months insome patients). —
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The. results of the animal and human studies on the influerice -of PSH on mineral aosolphon and
metabolism suggest that, at psyllium intakes contemplated for its use as a food mg:rechent. no
gignificant advarse effects wmﬂd be likely uniess d:etary mtakes of mmerals were margmal .

2f | Gas{:romtestmal and esophapeal obstructlon :_ ' v

Bowel or esophageal obsirructmn assoniated with psyllmm mgest:on hns occurred a]most oxclumvely
in individuals with existing intestinal or esopliageal abnormalities who' ingested ‘peyllimn i bulk
laxatives without proper hydrataon (Van Brunt et al., 1989).- Data ﬁ-om published: casé’ reporﬁs are
shown in Table 13. There are no reports of gastrointastinal or esophageai obstruction associated with
consymption of Heartwise®; wh::ch according fo the Kellogg Company, is intended to be consumed
with milk and in which: the PSH is a]ready pari:lally hydrolyzed in ths produchon process (Fulgom,
1993a; Furth eb al. 1989!:) - L

On t'.he oth.er hand, dunng the penod 19804988 there were 61 epusodes-*of esophageal obsi:mctzon
associated with use of the bulk laxative Perdieni®, Pu’&:em@ is’ 82 percent psyllinin and 18 percent
senna. ‘Whether or not watér was: ‘taken with the Perd:em@, as recomimended by the manufacturer
was not reported in all but 13 of the 61 cases. Of these 13-cases, 5 patients took & full glass, 7 took
a little or an msufﬁment amount, and I'took nong, Twenty-nme of the: gixty-one’ pahenta reported
pathologic, anatom:c, or functional abnormahtles of the esophag'us (Gﬂberbson, 1990).. The FDA has
recently pubhshed régulations on witing statements for'over-the-counter bulk laxahves conta:.mng
wa.tar aoluble gums smﬂx ag PSH (Food anﬂ Drug Admimatratxon, 1993&) T _

No data ‘are ava.ﬂ.alble on the questlon of poasible allmentary tract obstruct:mn that eould be aasnclated
with fubire consumptlon 'of PSH-containing- produots such-as poptarts; waﬂles, breads; Tolls, and
muffing, ‘While inoderate amonnts:6f PSH conitained in those products would not be expected {0 cause
gastrmntestmal obsﬁ'uctmn, this’’ posmb:hty would be reduced by siitable’ suggestxom ‘that these
. products be cansumed mth ﬂuxds such as mi]k ‘eocoa, ooﬁ'ee, tea, Jmce, soft drmks or: water :

E 3 ' Allerggmmi_;_y_ :

As of Mamh 1991 32 chmcal or epldem:ologm reports of psylhnm senmtmty were pu
(Table;14);". Most of the. reported individuals were nirses or pharmaceutical wuorkers. apparently
genisitized by occupational exposure to peyllium by inhalation rather than ingestion. Reactions have
beér. reported both after inhalation and after ingestion of peyllium-containing products. The severity
of ¥eported reactions ranged from relatively mild episodes to hfe-threatanmg anaphylaxis; Symptoms
deseribed included rhinitis, sneezing, wheezing, dyspnea, conjunctival pruritus, lacrimation, urticaria,
angioedema, gastrointestinal distress, hypotension, tachycardia, and anaphylaxis. In meny subjects
IgE-mediated sensitivity to psyllium was demonstrated by skin testing, pass:va transfer,
raﬂmallergosorbont testing, or mhalanon or oral challenge.. o

In 1990, two cases of anaphylaxis follomng thie ingestion of Heartwise® cereal were reported (Kaplan
1990; Lantner et al., 1990). Both women were nurses who had been exposed to psyllium by dlspenmg .
psyl]mm—oontammg bulk laxatives to patients: . They had not experienced symptoms upox exposure
to psyllium at work and did ‘not previously consider themselves to be psylliim-sensitive, 'In 1991,
James-et-al. describéd their evaluation of 20 of 24 cases.of allergic reactions tb psylhmn-contmnmg
cereals reporteﬁ to the Kellogg Compaiy betvween Augist 1989 -and March 1990 AII'20 of the' subjects
were women and 14 were niirses. Three of the six women who were not nurses had either dispensed
or taken psyllium-containing laxatives. Eleven of the fifteen women who had dispensed psyllivm-
containing products had experienced allergic symptoms while dispensing psyllium prior to. their

reactmn caused by psyllium ingestion. Eighteen of the women were atopic,
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TABLE 1'3 Case Reports gf Gastrointestinal and Esupi;ag_ea_’l_ Obstructinxg‘,&gadci;i_t;ed with Ingestion of Psyllium-containing Buik Laxatives.

Roden. 1 951 ]

. | Berutang
Hinkel, 1951 | esophagus . -, | Serntan®
Melamed and - _eaophagu_s' | Berutan® - .hmtory of g_uhtutal ‘g ;"'tractomy and hmJted foad intuke capacity;
Marck, 1953 A STy took tep dry Semtan i with. "gwaliow of water" . -
J ohmar.un,.i 1953 esophagis - | Seruten® : jency”; put 2 tsp dry Seruta.n@ in glass of
_ . N R Fwa r'and Bwallowed immediately S
| Lyall and Akﬂ)'. ~ *feecum and ascending colon Serutah® Seriitan® aceumulated fn ceciim and ascending colon proximal to an ||
1957 ‘ ) R annulsr barcinomia; enetas resulted in excess water i in proximal :
: o ,colun and enormous swel.hng of the Serutan@ o
Souter, 1965 - :_three cases: - | X-so-gel® ' T
T 1. cociun ‘and ascendlng e 1 perforated dlverhctﬂihs traated by mloscopy, I-sn-gel@
'f 1 coloni " given:to control diarrhea . -
i B 2. Bepatic flexure and _2 diverticulitis: t.reated by colustnmy, I-m—gei@ given to
} - proximal transvarse - control diarrhaa ; . .
! eolon . - N
? 3. ascendmg culon 3 f'ecal ﬁa&ula t.reated by colastomy. I—sn-gel@ given to~
' _ cantrol diarthea” . -
Berman and At;hroughm_lt,small’ i'nteatine bulk laxat:ve ) patnent laook excesmve dcsea overa long period of t:ime
Schultz, 1980 1 o ;- , e
‘Noble and Grannis, esophagus - . " Perdxem@ ; hisbnry nf mild epilodic dyaphagla patient took "heaping" tsp with ||
1984 | "some” water - . :
Agha et al, 1984 right col{m" ' unreﬁned PSH history of chrnmc constlpatson and. consumptinn of large amounts ot‘
o | vegetable pulp -~ -
Olinde mid Maher, | mid-ifeum psy]li_,mn' hjstory of subtntal gast.rectomy, ‘took 2 tbsp psyllium twice daﬂy
1886 o hydrophylic
o mucilleid S R S : .
‘DiPalma and esophagus - tonk 1 thsp. Perdien;@ n':ixgd with water : .

| Perdiem®

Brady, 1987



19

‘ Ascher_, 1941

" TABLE 14. Survey of Clinical and Epidemiological Reports of Payllium Sensitivity.

1 pharmacy worker

USA ! D . o : ,test immﬁve
Berntom, 1970 1 1 peyllium handler (dispenser to-spouse) | asthma
USA SR o Bpos

Busse and Schoenwetter, 1975
USA '

3 pharmacy _work_er:s '_ ]

asthma, wheezing, sneezing, itching; skin

‘test positive id aII, bronchza.l provocatmn
(BPC) positive in 2° - :

’ Goransson and Mmhaelson, 1979
' Sweden '

27 pharmscy workers

' & nurses who dispense psyllium -

'asthma, rt_siniﬁs, cnn]unctivitis:-BPG' positive |

Macha&o, Zetterstrom, and Fagerberg,

2 nurees who dmpense paylhum

1k flﬁnitis,'sneeziq‘g;’and Bkin and oye -

1979 8 pharmacy workers it:itation:vﬂtﬁ‘pogitivefskjn: and/for -
Sweden -radioallergosorbent (RAST) tests
Guoss, i979 { 1 nurse who dispensed psylhum . '-'ast:l.xma,'-wheezing', shortness of breath = Ii
UsA | 2 others who reporl;ed similar symptoms |- - R
Nelﬂon,e 1980 - 1 user X eDBinophﬂiﬁAf'l :
2 nurses who d_ii;péﬁséﬁ psyl!ium ) " asthmatic reactmns; posxtiva sk.m and RAS’I‘
' C bests - .
(as cited in Suhnnen et al., 1983) 7 .
Zetterstrom et sl., 1981 5 pharmac.sr workers {survey) _'ﬁosit‘.ive RAST festps' i

Sweden

Rosenberg et al 1982
USA

1 pharmacy worker

coughing, wheezing, shortness of bréath; -

| ) pns:tnve RAST and skm tests

Machadu et al 1983

Terho and Torkko, 1980 .
Finlangn

6 nurses

: rhmitia, wheezwg, shurtness of breath,
: itching; pos:t:ive RAST and akm tasts

Sweden

9 pharmacy workers B
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TABLE 14. (continued).

| Suhon n, Kantola, and BJDrkBten, 1983

lean

| .1 nuree who dl,spenaeﬂ psyllmm

| anaphylactic shock ﬁ-nm ingaatmn, pumtwe

i RAST a.nd skin tests -

Machado and Stalenhelm 1984
Sweden

| 6 nurses. who 'd:iﬁpgixsed:payllium e

respirnbory pmblems and gaatromteshnal
" symptoms fnllowmg ingestion; pomtwe RAST
“and:skin tests

- USA

Zaloga, Hierlwimmer, and Engler, 1984

1 nurge who disﬁéﬁéé& psylhum T

anaphylaxis, facial éﬁeﬂing;, urticana,
; Wheezing fnﬂowmg ingesﬁun pusltive RAST
¢ and-skin’tests -

- Beggev, Ohta, and Tipton, 1984
- USA TR

| 1 nurse whé'éisﬁensed.psjlﬁt'i;: -

. hypotension, wheezi.ng, and urticaria :
) ’following ingestmn, positive RAET and gkin

‘tents

‘ Gauss, Alarie, and Karol, 1985
i USA

- 1 pharmacy- ﬁ'ofker

wheemng. ‘sneezing, shortness of breath,
Jtchmg, dennaﬁtls, RAS’I‘ test _positive

' Schoenwetter, 1985
- USA-

2 nurses who disp‘ex‘laed-‘ paylinm

' rhr.ﬂtis, larynge.al eﬂema hypotensmn,

‘ agthmatic symptoms, gkin and RAST tests
poaltiva s

If

Drewes] 1985
Sweden :

' 1 pharmacy worker -

astlunainc symptoms, posltwe skin’ and
~“RASBT tests - :

James e{: al. 1991

| 20 women report;mg reactions to

gwheezing;:chpgt tight;xes_@; urticaria. -

USA ’ - | Heartwise®
"} 14 nurses and 3 who had- dmpsnsed'or
. used bulk laxatives C e
 Arlian et al., 1992 11 payllium RAST-pomlnve individuals - IgE reactive bands detected; found .
USA ' : .contaminating sesd-compenents other then

th submitted to. ggtpenments_

psyﬂmm seed huak itself cauaed reactions

Ma.rks et al.; 1991
" Australia

125 pharmaceut:mgl workers g'nren

skmpnck test;s

| ‘'mediated allergic response mechanism

7 6 percent tested a]Iergm w pny]hum, IgE- :

deemed present




To demenstrate immunologic sensitization of the subjects to psyltium, James et al. (1991) extracted
protein fractions from the psyllium-containing cereal as well as from psyllium mucilloid and the
psyllium-containing bulk laxative, Metamucil®. A number of protein fractions ranging from 12 to
66 kilodaltons were identified in the extracts. Immunoblotting techniques were used to demonstrate
the presence of IgE and IgG antibodies to psyllium antigens in the sera of the subjects: In an attempt
to remove the allergenic portion of crude psyllium, psyllium powder was mechanically purified by

passage through a series of mesh screens, and the retained material was found to contain-less -

allergenic material. James et al. (1991) concluded that individuals sensitized by occupational exposure
to peyllium dust are at high risk for allergic resctions to ingested psyllimmn-containing products. They
suggested that increasing the purity of the psyllium mucilloid powder might result in a decrease in -
the allexgenicity. However, studies using PSH preparations of higher purity to challenge known
peyllium-sensitive individuals have not beer performed under controlled conditions to confirm this.

Sixty-two allergic reactions were reported between August 1989 and May 1990. During this time
about 6.08 million packages of Heartwize® were produced yielding a rate of 10.2 reactions per million
packages. In June 1990 the Kellogy Company increased purity of the PSH used in the preparation
of Heartwise® from 85 to 95 percent. Three allergic reactions were reported and about 4.25 million
packages of the reformulated Heartwise® (Fiberwise®) were produced from June 1990 to September
1992, yielding a rate of 0.7 cases per million packages. However, in the summer 01980, Kellogg also

added an information statement on its packaging for Heartwise® which read: '

"NEW USERS: A very small percentage of individuals, particularly some nurses and
other health care providers who have been occupationally exposed to psyllium dust,
may develop a sensitivity to psylliurn. This sensitivity may result in an allergic

" Thius, although the nuniber of reported reactions decreased after the reformulation, it is difficult to
discern whether the decrease in reported reactions resulted from the reformulation, the warning label,
both, or neither. : _ _

Using purer preparations of psyllium seed husk and adding warning labels might lead to fewer allergic
reactions to psyllium-containing, ready-to-eat hreakfast cereals, However, isolated reactions, inciuding
enaphylaxis, would be expected to ocenr in extremely sensitive individusls unless all of the allergen
were removed. A lower limit of exposure that is safe for exquisitely sensitized individuals who might
have anaphylactic reactions has not been detérmined, |
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. V. OPINION OF THE EXPERT PANEL . .

A . CONCLUSIONS. = = -

Psyllium seed husk (PSH) contains a mucilaginous polysaccharide that is a highly branched acidie
arabinoxylan. The predominant monosaccharide components are Dayloae-and L-arabinose. PSH as
& product of commerce is-derived from Plantago oveta:and relatéd -species grown primarily in India
and other subtropical and températe regions. The mmnlage demred from the aeed husk has beenuséd
for food, feed, and as a bulk laxative for many years. - S

* This report concerns.the safety of a PSH product: proposed for-use as a food mgred:ent in gram—based
foods by the Kellogg Company. The Kellogg PSH is blond payllium derived from P. ovate seed grown
in India, imported into the United States by J.B. Laboratcries, Inc., and further refined by them and
the Kellogg Compeiny prior to use. According to the information received from the Kellogg Company,
the product for which they seek Generally Recognized as Safe (GRAS) status is PSH, not PSH pum;
however, the gum or mutilage itself is contained within the husk and the product of interest is at least
85 percent .; pure - PSH;. ‘containing -about 85 percant arabmoxylan gum and 15 percent
nonpulysacchande plant cell and cell wall matena]. . ,

In 1982 the safety of PSI-I gum was consldered by the Selecb Commlttee on GRAS Substames The
Select Commlttee stated. ---- e , LT .

"Psyllmm seed husk gum has been mdely used in th:s wuntry as g bulk Iaxaizve since.. .
approximately 1930. The acute toxicity of the gum is very low. Short-term animal
.- ‘feeding ptudies, including reproduction and teratogenicity studies; have demonstrated -
_ - ::"no-adverse: effécts;. Clinical'studies on the effect:of the gum'on bowel: action. have . -
-+ revealed no significant side effécts.: Thers are no official specifications for a food-grade -
; product and- Little, if any, appears to- be used as an ingredient in processed:foods.”

‘Basied. onthe evaluatmn of amenta.ﬁc data md mformahon ava:lable at that txme the Select Commitiee
cnnciuded s, ‘ . i PR

"There is no evxdence in tb.e availabla mformahon on psy]hum see.d husk gum thai:
demonstrates, 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
futnre." s : . e
However, ginece- that tlme, various food uses of the psyilmm mumllmd hnve been repnrted Two
manuficturers, the Kellogg, Compary and General Mills, Inc., petitioned the FDA for GRAS status of
an 85 percent pure PSH product in 1989, The GRAS petmons of both companies note little. usein
foods at that time (1989) but cite and document a long history of use of psyilium seed, PSH, and FSH
g'um -a8-foods-and- beveragea in several countries throughout the world.

The Kellogg Company reqneste& that i'.he Expert Panel- evaluate the’ ava;llable mfnrmai:mn and data
on safety of the recently:modified PSH product; derived from psylliim seed by a modified extraction
protess which yields a 95 percent pure PSH product. The Kellogz Company proposes {6 use this
product in varions grain-b ased foods s a food ingredient in the following concentrations and types of
foods; 15 percent by weight in ready-to-eat cereals, 10 percent in breakfast bars, and 7.5 percent in
bread-baged products and pasta.
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The Expert Panel has established that consumption of one food item containing PSH ox a single eating
occagion would result in mean intakes ranging from 1.9 to 5.8 g per eating occasion for 1- to 2-year-old
children and 4.0 {0 12.1 g for 15~ to 18-year-old males. For 90th percentile consumers, intakes would
range from 3.8 to 11.0 g per eating occasion for 1~ to 2-year olds and from 7.5 to 219 g per eatmg
occasion for 15- to Is-year—old males.

On the basxs of usual cnnsmphun, consumphon of one mm cnntainmg PSH would result in mean,
intakes of 0.7 to 2.7 g/day for 1- tv 2-year-old children and 1.3 to 5.4 g/day for 15- t0.18-year-old males.
For 90th percentile-consumers, PSH intake from-one food item wonld z'ange from 1.3 to 5.7 g?’day for
1- to 2-year-old children and 2.7 to 11.3 p/day for adolescent males _

" Incorporation of PSHinto cereals would probably not increase total fiber intake apprecmbly, asammng
that PSH zeplaces other fiber scurces in cereals and:thiat individuals consume the same size servings
of cereals containing PSH as they do of other cereals.. However, addition of PSH to products that have
not previously contained: appreuable emigunta-of fiber-could-add a mean intake of 1.3 t0.5.4 g of PSH
per day for' adolescent males- consuming: a single product from only one fond ¢éatégory.: Persons in the
various-age/sex categories. who'tisuslly consume ready-to-eat cereals could consume 1.7 to 5.4 g/day
of PSH onthe bamis of mean intakes and as-mich. as 1.3 g/day for the S0th: perceninle eaters. The
Expert Panel ‘also found it ressonsble to expect:that persors:preferentially. constwming: products
containing PSH might ingest about 25 g/day of PSH. Total dietary fiber intake is estimated to range
from 11 te 20 g/day for adults: and:comes.from: multiple sources.  -Based on: the estimated intake of
PSH by 15- to 18-year-old males, consumption of mean amounts of foeds containing PSH might
reasanably be expected to mcreaae total d:etary ﬁber mmke by abnut 1.3 to 5 4 g/day fnr adulta in the
United: States 1 _ .

In rewewmg themformatmn and'data on: safetyof the PSH prnduct, the Expert Pa:nal oonduded that
desplte differences ifi; -processing. methodology; the information: and data on PSH gum; while limited,
is relevant to the:safety:of the PSH-product of the Kellogg. Company because its major- eomponent is
the mucilicid. arabmoxylan polysaccharide:component extracted from the seéd husk. ... -

Pryllhiin seed hrisk appears tohave no nutntnonal value but exerts a bulk-forming and lubricant effect-
on intestinal contents. Animal and human studies indicate it is nontoxic, as does its long history of
safe uge as an over-the-countér bulklaxative. There have been numerous studies of the consequences
of cnnsmnptmn of various furms of- paylhum mucﬂlold, however, data on safety are fragmentary.

For example, few studles have focused on posaible eﬁ‘ects on ntamm absorptaon, huwaver, there are
. 1o anecdotal or clinical observations of possible effects from a long history of use- of. psyllium-
containing laxatives. While there have been seversl studies on the effects of psyllium consumption
on mineral abgorption and metabolism, the data siggest that, at psyllium intakes contemplated for
tge as-a food: mgredlent, no slgmﬁcant adverse effects would be likely unless consumptmn of dxetary
mnerala waa marguml _

Results of shorb- and hng-term feedmg studms in: mn:e, razs, and dogs suggest an’ abaence of
significant adverse effects'from consumption of various forms of peyllium. An exception may be the
observation :in. rats - that-the: SCFA: from fermenteation of soluble fibers; including. PSH;: stirnulate
growth: of colonic-epitheliuma: . THe signifieanice.of this. observativn and’its relevance to the safety of
consuming; soluble fiber-are uncleay.. In-sddition, in some studies, dark p:gmentanon of the kidneys
was reported, but renal fimction. was not impaired. -Short- as well as long-term studies of the effects
of orally-administered- PSH or PSH murilloid in - healthy human subjects, patients with chronic
constipation, and patients with gallstones, revealed no significant untoward responses except for

___transient episodes of gastrointestinal side effects such a5-gns-and abdominal cramps.——
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Some instances of ezophageal and intestinal obstruction have been reported when PSH w‘aéfingested
without adequate fliiid. While the moderate amounts of PSH that are contemplated for use in
poptarts, bread-based producis, breakfast bars, pasta, and R-T-E cereals would not be expected to
cause gastrointestinal obstruction, this possibility would be redneed by suitable suggestions that these
products be consumed with flaids such as m:lk, coma, cofﬁae, tea, Jmce, soﬁ; drmks or watar -

The most sxgmﬁcant unxoward reacﬁon to mgestmn of PSH has been allergy, usually in persons who
were cccupationally sensitized by PSH dust. As-of March 1981, 32 clinical or epidemiologic reports
of psyllium sensitivity were published. Reactions have.been reportéd both after inhalation and after
ingestion of peyllium-containing products.. The sevérity of reactions ranged from relatively mild tolife-
threatening anaphylaxis. In many subjects, IgE.mediated sensitivity to psyllium has been
demonstrated-by: skin tésting, passive transfer, radioallergosorbent testing; or inhalation, or oral
challenge: . In 1991, 20 of 24 cases of allergic reactions. to psylhum-contaimng cereals réported to
Kellogg between Abgust 1989 and Mirch 1990 were evaluated in -a seties of dinical investigations.
Eleven of the fifteen women who had dispan.sed payllium-containing products had experienced allergic
symptoms while dispensing psyllium prior to their reactions caused by psyllium ingestion. Eighteen
cf the ‘women were:atopie;: Protein fractions from the psyllium-containing cersal.as well as from
yl]mni ‘mucilloid -and - the: psylliuin-containing bulk .laxative, Metamucil®, -wers. extracted: to
demonstrate- nnmunolog:lc sensitization- of the subjects: to-payllium. ' Immunoblotting :techniques
demonstrated the presence of IgE and IpG antibodies to payllium ani:ig'ens in the sera’ uf the subjects

In June 1920 the purity of the PSH used in the preparation of Hearthsem was mcreased from 85 to
95 percent. Prior to that time, the rate of reactions was 10.2 per 1 million packages of Heartwise®,
From June 1990 to September 1992, 95 percent PSH was used in the reformulated cereal, and the rate
of reactions dropped to 0.7 per million packages. However, in the summer of 1990, Kellogg added a
warning label about possible allergic reactions on its packaging for Heartwise®. Thus, although the
number of reported reactions decreased after the reformulation; it is diffienit to determine conclusively
whether the decrease in reported reactions remﬂted from the reformulation, the warning label, both,
or neither.

To place the issue of allergenicity in perspective, the Expert Panel considered psyllium allergy in
relation to other food allergies such ag peanut and grain allergies. Fatal and nonfatel anaphylaxis
has been reported in people who are hypersensitive to peanuts; however, such reactions to other
* grains, with the exception of wheat gluten are exiremnely rare. The availeble data suggest that the
85 percent pure PSH is leas allergenic than the 85 percent product that was used formerly.

Based upon all the evidence considered, the Expert Panel concludes that:

There is no evidence ir the availeble information on PSH that demonstrates or suggests
rensonable grounds to suspect a hazard to the public when it is used in a number of food
categories and at levels of addition that would result in total consumption of as much
as 25 g/day of PSH. However, it is not possible to determine without additional data
whether g significant increase in consumption above 20 to 25 g/ day would constitute
a dietery hazard. In maoking this conclusion, the Expert Panel is not endorsing the
consumptwn of high levels or a single source of dietary fiber nor the use of fiber as a
supplement in foods that are otherwise low in fiber.
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B. RECOMMENDATIONS - .

The Expert Panel has reviewed most critically the reports of and investigations on allergic reactions
to PSH by a small, but identifiable, segment of the U7.8. population. The Kellogg Company has
addressed this issue by development of a PSH product of higher purity (85 percent) and use of warning
labele o sensitive persons on ready-to-eat cereal packapes. Using purer preparations of PSH and
adding warning labels appear to have led to fewer allergic reactions to psyllium-containing, ready-to-
eat breakfast cereals. However, isolated reactions, including anaphylaxis, would be expected to occur
in extremely sensitive individuals unless all of the allergen were removed: Determination of a lower
limit of exposure that is safe for exquisitely sensitized individuals has not been investigated.

Based on these considerations, the Expert Panel recommends that the Kellogg Company continue to
label PSH-containing produets appropriately in arder to alert psyllium-sensitive individuals and that,
 in due course; additional studies be undertaken to determine the lower limit of exposure for psyllium-
sensitive individuals,. . -.- . . -. - . . .. S

Further, the Expert Panel reconimends that if PSH is marketed for its proposed uses, a mechanism

should be provided for consymer comment via labeling information. Consumer comments to the

manufacturer, which are also made available to the Food and Drug Adminigtration, would provide an

edditional follow-up- meéasizre to the assurance of safety evidenced by the information and data
-evaluated by the Expert Panel.
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Apparent digestibility

Atopy/atopic

Commereial grades of PSH

Isapgol

Ispaghula huek
NIDDM

Plantago ovata

PSH (psylliim seed husk)
Paylliom

Psyllium mucilleid
Payllium seed husk gum

Payllium seed husk powder
. Purified peyllium mucilloid

APPENDIX

GLOSSARY

the balance between intake of unavaileble
carbohydrate and its loss in feces when the
balance is expressed as a fraction of
unavailable carbohydrate intake (Livesey,
1990) -

a genetically dstermined disorder featuring an
increased capacity to form reagin (IgE)
antibodies and to acquire certain allergic
diseases, especially asthma, hay fever,
urticaria, and atopic dermatitis

85 to 95 percent pure PSH

Common name for Plantego ovatz and the
derived mueilloid product

the same as PSH _
non-insulin-dependent diabetes mellitzs
the plant from which PSH ig derived

the geed coat (epidermis) of Planiago ovaix; the
epidermis i composed of large cells with
transparent walls and filled with mucilage (the
product vsed by the Kellogg Company in grain-
based products) '

as used in this report, a peneric term for all
Plantago species and the derived mucilaginous
products .
a fiber obtained by extraction with cold or hot
water from the seed husk of plants of the genus
Plantago '

the mucilaginous, principal component of PSH
(85 percent mucilage polysaccharide plus leaser
gmounts of D-xylose and D-arabinose and small
amounts of other monosaccharides) and
15 percent non-polysaccharide components

finely ground PSH
a white, fibrous, slowly hydrating material that .

forms a clear gelatinous mass at 2 percent in
water



