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AI3 STRAC T

The punpose of the study was to docurnent paroti d
saf ivary zi nc concentrat'i ons of monbìd1y obese and jeju-
noileal bypass subjects and to exam'i ne the relationship
to sweet and bitten taste function. St'imulated parotid
sa'l i vary (SPS ) zinc concentrat j on was quanti tated by f I ame
atomic absorption spectnoscopy in 12 monbidly obese sub-
jects, 17 bypass pati ents and 24 nonmal wei ght control s.
Total SPS pnote'i n was quant'itated f or al I sal i va sampl es
and fl ow nate was recorded. Sampl es were col I ected at the
same tìme of day. The slope of magnjtude estimation data,
frorn a concurrent study on taste functi on in the same sub-
jects, was the parameter used for taste percept'i on. The
molar concentratìon of the tastant after which p'l easantness
decreased was the parameten used for taste preference.
No relationsh'i p was found in any subject group between SPS

ztnc and taste percept'i on or pneference for sweet and bjtter
tastants" fvlean SPS zinc concentration of the morbidìy obese
sulrjects (35 + 20 nglmL) vvas significantìy lowen.than that
in matched nonmal weìght controls (41 I 20 ng/nrL) but the
mean SPS zinc concentration of the bypass patients
(4I t 24 nglmL ) d'id not d'i f f en f rom that of normal wei ght
contFol s. Iviean SPS zinc I evel s of 12 bypass pati ents were
found to be correl ated wì th postoperati ve t'i me 'i n months
(r = 0.74). As postoperative t'ime increasedo the SPS zinc
concentrat.i on increased, Flow rate and total SPS protein
were not rel ated to SPS ztnc 'i n thi s study. The neduced
amounts of SPS zinc for morb'idly obese subiects and the
obsenved 'i ncrease jn SPS zinc concurrent with postoperat'i ve
tìme suggests that the zinc nutrìtional status of morbjdly
obese subiects and bypass patients should be jnvestigated.
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INTRODUCTION

There i s evidence 'i n both animal s and humans that

an assoc'i ation exists between zinc and gustatory function

(Cataìanotto,197Sb). Henkin and coworkers (1975b) have

shown that oral admi ni strati on of ztnc to zinc -def i ci ent

human subjects was associated wìth ìmprovements'i n taste

functi on. A proteì n presen'[ i n parotì d sa'l ìva, gust'i n, has

been shown to conta'i n zinc (Henkin, et al 1978). Subiects

wi th normal taste acui ty have been reported to have hi gher

parotid salìvary zinc concentrations than subiects w'ith

i d'i opathi c hypogeus'i a. Al though ztnc suppl ementat j on has

improved taste function, researchers have not been able to

correlate changes 'i n biologìcal zìnc concentrations to

changes in taste function (Catalanotto, 1978b). Altered

taste response has been suggested as a causati ve f actoli n

obesity. An increased preference for sweet solut'i ons has

been documented in obese subiects (Rodin, et â1, 1976) but a

decreased pref erence f or SWeet sol ut'i on s Was reported af ten

j ej uno j I eal bypass surgery (Bray, et âl , 1976 ) . S'i nce

wei ght I oss fol 1 owì ng surgery i s not. total I y expì ai ned by

malabsorptìon, altered taste responsiveness could be a con-

tributi ng factor'leadìng to clecreased food'intake (Rod'in,

1980)" Pl asma zi nc concentrat'i ons wene f ound to be I ow j n

morbidly obese and bypass subjects (Atkinson, et âl , 1978)
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but the ztnc concentrat'i ons of sal iva ìn these subiects

has not been documented' Thus, indjvidual s who have

jejuno.i leal bypass surgef'y present an interesting group

whjch to study the relatjonship between taste function

sal ìvary zinc"

1n

and
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RTVIThl OF LITTRATURT

Role of Saliva, Zinc and Gustjn 'i n Taste

Taste is defined as detect'i on and necognition of

a liquìd phase stimulus and can be separated into neural

and preneural events. The preneunal events of taste in-

vol ve 1 ) the taste bud suppont system 2) the character-

ist'i cs of the taste bud receptors and 3) the mechanjsm

of tastant receptor binding" It is wjthin these thnee com-

ponents of the taste process that saliva and zinc p'l ay a

role, although relativeìy I ittle ìs known about the specific

b j ochemi cal mechani sms (Henk'i n, 1978).

Pensons wi th decreased sa1 ivary fl ow (xerostomi a )

exhibjt hypogeusia and demonstrate destnuction or modjfì-

cat'i on of the taste buds (Henkin, 1978), The return of

sal ivary fl ow i s fol I owed by the reappearance of the taste

buds, which supports the hypothesìs that saliva in man

and anìmal s contains a stjmul atory factor which may be

necessar"y to mai ntai n normal taste bud anatomy and functj on 
"

0n the other hand, persons wi th normal sal 'ivany f I ow, who

have low ztnc concentrat'i ons in parot'id sal'i va, whole sal iva,

serum, p'l asma and hai r al so exh jb'it hypogeusìa (Catal anotto,

1978b) . The al tenat'i on i n taste nesponse was shown to be
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cornected after treatment w'ith zinc (Atk'in-'[hor, et â],

1978; Hambidge, et â1, 7972; Henkin, et â1, 1975c; Majahan,

et âl , 1980 ). Therefore, Henki n and co-workers ( 1975a )

sought to 'i dentify a zinc contajnìng protein 'i n human

parot'id saliva. A low molecular weight protein (3.7 x iO-4)

was identifìed which contaìned 2 moles of zinc pen mole of

prote'i n " The proteì n was named gust'i n " Thì s protei n

djffened from previously described zinc protejns on the

basi s of chemi cal and mol ecul ar analysì s.

A taste f unct'i t¡n vvas suggested f or gustin f rom the

observation that patients with hypogeusìa exhibited de-

creased levels of zinc in the fract'i on of the saliva wh'i ch

conta'i ned the zjnc protejn, gustin (Henkìn, 1978)"

Langnryhr and coworkers (i979) studjed the distribut'i on of

zinc in human parotid saliva and concluded that the frac-

ti ons w'i th the hi ghest zinc concentrat'i on coul d conta j n the

sanìe zinc proteìn as that ident'i fied by Henk'in and co-

workers (1975a) as gustin"

S'i nce taste function appeans to be assocjated with

zinc nutritjonal status, the potentjal of sa1ìvary ztnc as

an inclicator of zinc nutrit'ional status has been stud'ied.

Ztnc has been quantitated for whole sal'iva, the supernatant

of whole saliva, the sediment of whole sal jva and whole
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parot'id sal'iva. The zinc content of whole saliva and the

supernatant of whol e sal iva were not correl ated with the

ztnc corlcentrat'i on in hair or SerUm for adolescent females

(Gregor and S'i ckles, L979)" lloweverr sìgnificant'ly lower

ztnc concentratjons were found 'i n the supernatant when the

subjects were consuning a diet which conta'i ned 11.5 mg Zn

daì1y rather than 14"7 mg Zn daììy. Fneeland-Graves and

coworkers (1981), who studìed young females, also found

that whole sal'iva did not reflect a low ztnc intake, al-

though the zinc concentration of the salivary sediment had

decreased significantly. Plasma zinc had decreased after

22 days when subjects consumed a low zinc (3.2 mg/day) dìet,

but the change was not significant. Earlier, Freeland-

Graves and coworkers (1980) had'investigated the ztnc status

of vegetarians. Serum zinc levels djd not correlate w'i th

zinc concentratjons in the diet or sal'iva (whole saliva and

saì ivary sed'iment), l-lowever, vegetar jans showed decneased

z-inc concentrations jn ha'i r and salìvar.y sed'imentn which

cons'i sts ma'i nìy of ep'i thel'ial cells. Mathup and coworkers

(1977) ìnvestigated the zinc content of whole b1ood, plasma,

unstimul ated whol e sal jva ând st'imul ated paroti d sal iva f or

healthy human adults, The zjnc concentration found jn

parot'id saliva was only one tenth the concentrat'i on 'in

unstimul atecl whol e sa1 iva; whereas, p1 asma and whol e bl ood

had higher zinc concentratjons. Prior to thjs, Henk'i n and
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cowonkers (1975b) had reported lower serum and parotid

zinc I evel s i n patì ents wi th hypogeusi a as compared wi th

subj ects wi th nonmal taste acui ty. [,Jhen one subj ect wa s

admin'i stered an jntravenous 'i njection of uuZn, the 65Zn

appeared jn the panot'id saliva in 20 minutes and continued

to ri se for 6 - B hours, whi I e the serum ztnc I evel was

fal ì i ng. Therefore, one woul d expect absonbed dì etary zinc

to appear jn parotid saliva relatively quìck1y" Yet the

c'i rcad j an rhythm observecl f or zinc concentnat'i on i n whol e

sal iva (Snowden and Freel and , IgTB) does not appear to be

a response to the usual mealt'imes.

Thus, the evidence support'i ng the use of sal'iva

as an indicator human zinc status is inconclusive"

Also, a study with rats (tverett and Apgar, 1979) indìcated

that zinc concentratjon in whole sal jva does not appear to be

a rel'iable index of zinc status in that species. A corre-

I ati on between sal 'ivary and di etary zinc or other bi ochemì cal

parameters has not been f ound. However the improvement 'i n

taste function wì th z'i nc supplementatjon and the identjfj-

cati on of gustì n i n sal i va su.ggests f urtheli nvestì gati on s

on the rel ationshi p of sal ìvary zinc and taste function ane

merited"
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Compos'iti on and Analvsîs of Saliva

Although parotid sal'iva contains rel at'i vely low

concentrat'ions of zinc,'it p¡esents a more homogeneous

sampl e than whol e sal'iva wh'i ch can be contam'i nated wi th

food deb¡i s , bacteri a and desquamated epi thel i al cel l s

(Dawes, 1978), In additj on the sampl ìng procedure, whi ch

invol ves the p'l acement of a col I ecti on device over stenson's

duct, is paìnless and noninvasìve. If the sampìe of parotid

sal.iva ìs collected without further st'imulation'i t is termed

unstinrulated; whereas, a sample elicjted with the use of a

stimul us, such as citr'i c ac'id or sour I emon drops, i s

descri bed as stimul ated. The durat'i on of stimul ati on and

the saì ivary flow rate are known to affect the composition

of parotid sal iva (Dawes, 1969). However, the effect of

flow rate on ztnc concentratìon jn st'imulated parotid

sal iva was only recently reported (lnlarren, et âl , 1981)'

but the nature of the effect was not detenmi ned " 0ther

investigators (Henk'i n, et âl , 1975b; Langmyhr, et ôl , 1979;

Mathur., et ôl , Lg77 ) have not attempted to control fl ow

rate when collecting stimulated parotìd saliva' since

parotjd salìva js a more homogeneous sample and since it is

possible to majntain a constant salivary flow rate from the

paroti d g'l and w'i th wel I -trai ned sub j ects (Dawes, i969) ' i t

is a preferred biolog'i ca1 sample. Control of the flow nate
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would minimize the changes

variation 'i n flow rate and

'i n zinc concentrat'i on due to

duration of st'imulation.

The z'tnc content of whol e sal iva fol I ows a

cjrcad'ian rhythrn (Snowden and Freeland, 1978)" An

jnìt'i al decrease 'i n zinc concentratjon upon rising is

fol lowed by a peak before noon. By I ate afternoon and

even'i ng, ztnc had returned to morning levels. A simìlar

pattern was shown i n parotid sal iva by hlarren and coworkers

(1981). The zinc concentratìon of samp'l es collected jn

the late afternoon were s'i gnificantly lower than that in

fasti ng mornì ng sampl es. No cornel ati on was found between

d'ietary zinc and stimul ated parotid saì ivary zinc concen-

trations. Tinc concentnation did not change sign'i ficantly

over consecuti ve days or months but wi de subiect vari abi ì ity

vrras observed. llenkin and coworkers (1975b) d'id not find any

sign'i fjcant changes jn parotid salivary z-tnc concentratjons

due to age or sex, but the time of sample collection was

not a controllecl variable. As welln the other reports on

ztnc concentration in parotìd saliva (Langmyhr, et â1,

lg79; Mathur, et â1, I977) djd not specify the tlme of

sampl e col I ectj on. 0n the basi s of pubf i shed data, the

diurnal varia'L,ion in zinc concentration should be taken

into account 'i n any study of ztnc levels in parotid sal jva.
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0ther secretable proteins and glycoproteins are

found in whol e parot'i d sal iva in add jtion to the z'i nc-con-

taìning protejns discussed by Langmyhr and cor,lorkers (1979).

The concentnat'i on of total proteì n ì n paroti d sal iva 'i s

i n fl uenced by fl ow rate, durati on of stìmul atì on, the

natune of the st'imul us, the time of day at wh j ch sampì es

are col I ectecl , pl asma compos'i ti on and the serì al dependancy

of sal jva sampling (Dawes, 1978). The protein concentration

ri ses f aster and to a h'i gher I evel at h'i gher f I ow rates;

whereas, the prote'in concentrat'ion decreases jnitially

and then ri ses aga'i n when f l ow rate i s ma j ntai ned constant

(Dawes, 1967 ). Gregor and Si ckl es (I979 ) invest'i gated zinc,

proteì n and the zinc:prote'i n rat'i o i n whol e sal jva, but

sanrples were obtained at different times of day and whole

saliva can con'bain non-salivany proteìns. As for parot'i d

sal iva, zinc and protei n have not been reponted for the same

samples. W'i de ìndividual djfferences in total pnotein

concentnatj on of stimul ated panoti d sal iva have been obsenved

and range from 0,025 to 1.0 gm/100 mL (Dawes, 1978). Sìnce

zinc jn sal iva may be bound to saf ivary protein, analysis of

prcltein woul d be a useful parameter to ìncl ude in the study

propclsed here.

Zinc ìn panotid sal jva of healthy adults has

recent'ly been anal yzed usi ng f I ame atomi c absorpt'i on
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spectrophotometry (AAS) by two I aboratories (Mathur, et âl ,

I977; hla rren, et âl , 19Bl ). The resul ts are not comparabl e

s'i nce sample preparation was different, Mathut" and co-

workers analyzed the sampl es d'i nectly after d'i I ution wìth

deionìzed water and found that mean zinc concentrat'ion Was

0.046 ppm. tlrJarren and coworkers treated the parotìd sal iva

with 20% trìchloroacetic acid (TCA). D'i fferent volumes

had been collected from the subjects, so the supernatant

was di I uted to a 25 mL vol ume af ter centrì f ugat'i on. The

results, wh'i ch were expressecl as the zinc concentnatjon in

25 mL diluted supernatant, cannot be compared w'ith zinc

concentnations reported for a known volume of saliva.

Pri or to thi s, Henkì n and coworkers ( 1975b)

determined the zinc content of stìmulated parot'i d sal'iva

usì ng both f I ame and f I amel ess AAS. Samp'l es vvere analyzed

dì rectly and the sa1 ivary zinc concentnatìons wene cal -

culated from the calibrat'i on curVe of aqueous zinc standardS"

|lJith flamelesS AAS, the mean zinc concentrat'i on for the

subjects with normal taste acuìty was 51 ppb wh'i ch was

sirn'i I ar to the resul ts f ound by Mathur and coworkers (1977)

when fl ame AAS Wa s used " !úhen twenty randoml y sel ected

sanìpl es wef-e anal yzed agaì n usi ng f I ame AAS, the mean

si gned di fference between the two methods was 'I5%. Thj s

indicated a hì gher mean est'imate of sa'l 'ivary z'i nc con-
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centration when the flame techn'i que was used.

coworkers (1975b) concluded that the flameless

was more accurate with samples conta'i ning 'l ess

Henkin and

techn'i que

than 20 ppb.

A parotid saf ivary zinc concentrati<ln of 49 ppb

ztnc fo.r one female subject vvas reported (Langmyhr, et â1,

I979) using the flameless technique and dìrect ana'lysis of

the sampl e. Thi s compares wel I wì th the mean zinc con-

centrati ons ( 51 ppb ) reported by Henkì n and coworkers

( 1975b). However, the standard additi on techni que was used

nather than the standard calibration curve. But the method

of standand add'itions i s cumbersome and I ess accurate due

to the non-linearity of the cal jbrat'i on curve, so the use

of aqueous zinc standards j s a s'impl er, more d'i rect method

of cal ibration.

The fi nal choj ce of anal yti ca1 method j s dependent

on the concentration range expected in the samples, Saliva

sampl es can be ana'lyzed dj rect'ly with a graphlte furnace,

but treatment with TC/\ to release the zinc from sa'l ivary

proteìns js preferable when usìng the flameless techn'i que"

Associatìon of Taste Alterations and Bioloq'ical Zinc

Taste djsondens, which have been reported 'i n a
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broad spectrum of cl in'ical states, have been assoc'iated

wjth decreased z'i nc concentrations in bìological tissues

and fl uì ds. Laboratory studi es wi th rats have supported

the hypothesis that zinc-deficiency may be assocjated w'ith

decreased taste acuity. tood intake and feeding patterns

of rats fed a zinc-defjcient d'i et (1ess than 3 ppm Zn) were

stud'i ed by t¡lill'iams and M1 lls (1970). The voluntary food

intake of zinc-deficient rats decreased and a cycìical

feeding pattenn was observed. hlhen the d'i et was suppl e-

mented wjth ti, 9 or 12 ppm ln, food 'i ntake increased and the

cycl i cal feedi ng pattern vvas dimi ni shed. Simj I ar obser-

vat'ions were reported in a second study with zinc-deficjent

rats (Chesters and Quarterman, 1970).

A speci fi c al tenati on 'i n sod'i um chl ori de ( NaCl )

preference and anorexia was exhi b'ited by ztnc-def ìcient
weanling rats (McConnell and Henkìn, I974)" Zinc replete

rats, which were fed ad libitum or paìr-fed with the zinc-

deficient rats, did not demonstrate anonex'i a or an altered

preference for NaCl . Si nce al tered pneference for NaCl

may be nef I ective of a pathophysì o'l ogical process,

Catalanotto and [-acy (I977 ) investigated the response of

zinc-deficient vveanling rats to other taste solutions.

tJsjng the two bottle preference test, ztnc-def jcient rats

sltowed an increased pref erence f or NaCl , sucrose, qu'i n'i ne
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sulphate and hydrochloric acid when compared with zinc-replete

paì r^-fed control s. Thi s was con sì dered to be supportj ve

of the hypothesis that ztnc-deficient animals have altered

taste acuity.

Tinc-deficient rats develop acanthosis and mild

parakeratos'i s of the tongue epi thel i um wh'i ch may prevent

the tastant from react'i ng with t.he taste bud. In orden to

study thjs possibilìty, Catalanotto and Nanda (I977) nepeated

the investigation of the taste nesponse of zinc-defìcjent

weanìing rats and'i ncluded hjstologìca'l examìnation of the

tongue. Aga'i n the zinc-defic'ient rats exhibited s'i gnjfi-

cant'l y 'i ncreased preferences for NaCl , qu'i nì ne su1 phate and

hydrochl oric acid. The preference for sucrose dìd not

change; however a I ower concentrati on (2.0 x 10-2 vs
c

3.0 x 10-¿ M) was used in thìs experiment and this may

account for the differences in the results fnom the init'i al

study" The histology of the tongue epithel ium 0f the zinc'

deficient pats showed the characterist'ic changes but the pore

region of the taste bud did not appear to be covered w'ith

parakeratot'i c epì thel j um. Th'i s suggests that bl ockage of

the taste bud pores is not the explanat'i on for impaired

taste in z'i nc-deficient rats.
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Sjnce z'i nc-deficient weanlìng rats may not be

capabl e of performi ng the two bottl e preference test,

Catal anotto ( 1 978a ) repeated the two bottl e prefer ence

test wi th adul t rats. The adul t rats woul d be I ess

debilitated by 'i nduced ztnc defjc'iency. Again, the zinc-

def j ci ent rats exhi b'ited i ncneased pref enence f or NaCl ,

quì n i ne and hyd rochl on'i c ac i d. The two bottl e pnef erence

test is accepted as a val'id method for testing taste

pneference of rats. Analysi s of water and fl uj d i ntake

supported the conclusions of the prev'i ous experiments"

Thus a rel ati onsh'i p has been shown i n rats between zinc

def j cì ency and taste pref erence whi ch 'i s assumed to be

indicative of taste acuìty in these an'imals.

Idiopathic hypogeusìa was descrjbed by Henkìn

and coworkers (197i ) as a syndrome 'i n humans w'i th assoc j ated

dysgeus'i a, hyposmi a and dysosm'i a. No cause was apparent

for the compì exìty of symptoms observed i n 35 patì ents,

wh'i ch jncluded decreased taste and smell acuìty, wìth or

wi thout abnormal taste and smel I . In a subsequent study

by Schecter and coworkers whi ch was revìewed by Catal anotto

(1978b) , i00 patì ents wi th a s jm j I ar syndrome were tr"eated

w'ith ztnc sulphate supplements 'i n a singìe blind study.
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After treatment, sìgn'i ficant improvements wene found'in all
subjects whose taste thresholds had been affected" However,

the same 'i nvestigators (Henk'i n, et â1, I976) failed to

confirm the prevìous results in a random'i zed double bljnd

crossover stud.y, for a second gnoup of subjects with taste

and smell dysfunction, The results indicated that zinc

sulphate was equivalent to placebo in the effect on taste

function. But not all cases of hypogeus'i a ane related to

ztnc deficiency and the subjects 'i n the study had rnore than

25 different clin'i cal cond'it'i ons. As well, the parameters

used to i ndicate zinc status (serum zinc and al kal ine phos-

phatase act'ivìty) may not be the approprìate b jol ogicaì

zinc measunes to j nvestì gate the rel ati on shi p of zinc to

taste f unct'i on.

0then researchers have reported decneased taste

function'i n humans jn conjunctìon w'ith low zinc concentrat'i ons

'i n biologìcal t'i ssues and flu'ids. Solomons and coworkers

(I976, 1977 ) f ound that pati ents w'i th cel i ac d'i sease and

Crohn's disease, nespectjvelV, had p'l asma zinc and taste

detectìon scores that were signjficant'ly lower than those in

control subjects. No correlatìon was found between plasma

zinc and the taste detecti on scores. School chi I dren wi th

hypogeusia were reported to have s'i gnificantly lower ha'i r

ztnc concentrati ons than those i n chi I dren w'ith normal taste
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âcuìty (Buzina, et âl , 1980). llypogeusìa was defined as

the failure to detect and recognìze any of the four taste

qual ìti es at three I evel s of concentrati on. Pl asma z'i nc

was not correl ated wì th m'i I d, moderate or severe hypogeusi a,

although low values Were rnore frequently observed jn the

children w'i th hypogeusia.. However, nejther ha'i r zjnc

(<i0 ppm) nor pl asma zinc (<70 AS/dL) for the childnen w'ith

hypogeus'i a were below values commonly consjdered to be.'

borderl jne zinc deficjency. 0asper and coworkers (1980)

neported s'imilan results for plasma zinc and taste acuity

wjth anorex'i a nerVosa subjectS, but haìr ztnc levels were

normal 'i n tl'rese Subi ects. Bj tter and sour taste were most

severe'ly affected; whereas, sweet and salt taste were more

easiìy recognized" Plasma z'i nc levels of the anonexia

nervosa patients were signifjcantly lower than those jn the

control group but pìasma ztnc djd not correlate with taste

recognìtion scores. The mean detection threshold for

cirrhotjc pat'i ents was sìgnjficant'ly lower than that in

control s for salt and bitter taste, but not for sweet

and sour" taste (Burch, et â1, 1978)" Serum ztrtc con-

centrations of the c'i rrhotic patients were sign'i ficantìy

I ower than those i n the control s, but no correl at'i on WaS

found between zinc and taste threshol ds " Cj nrhot'i c pati ents

woul d not be an 'icleal model to study the r el ati on sh'i p be-

tween zì nc and taste since the taste alteratjons may be a
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resul t of other metabol'ic abnormal it'i es common to the

d'i sease.

The taste changes reponted for patì ents wi th

chnonic renal fa'i lure are not consistently related to zinc.

Burge and coworkers (1979) observed an impnovement in mean

necognitìon thresholds fon all four tastants when pre and

post dia.lysi s measures were compared. Mean serum zinc

concentnatjons clid not change with dialys'i s, so the impnove-

ment in taste acuity did not appear to be related to zinc"

Vreman and coworkers (1980) measured pl asma, red blood cel I

and ha'i r zi nc and mean detecti on threshol ds f or four tastants
j n pati ents wi th chroni c renal fai I ure. Mean detecti on

threshold fon sour was signjfìcantly lower than that jn the

control s for both mal e and femal e dìa1ysì s patìents but

sucrose and urea were only s'i gnificantìy lower for male

dìaìys'i s patients. No significant change was found for the

salt taste. The zinc concentrations in red blood cells and

hair rl'rere sign'i ficant'l y higher and plasma zinc levels were

significantly lower fon male dja'lysìs patients as compared

wjth contnols, Females did not show signifjcant differences

when plasma, red blood cell and hair zinc concentrations

Were compared wi th control s. No correl ati on WaS found fot

any group between plasrna, red blood cell and hajr ztnc con-

centratjons and taste detection levels. 0n the othen hand,
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Majahan and cor,vorkers (1980) demonstrated an ìmprovement in

urem'ic hypogeusi a by ztnc suppl ernentati on. In a doubl e

bl i nd study, taste detecti on and recognj ti on threshol ds for

sal t, sweet and b'itter tastants were improved 6 weeks aft.er

suppl ementation equivalent to 50 mg elemental z'i nc in the

form of zinc acetate. Mean p'l asma zinc levels were signi*

fjcantly higher after the dia'lysìs patìents hacl been treated

with zìnc. No improvernent in taste was shown in the patients

tak'i ng the placebo" Similar results were found jn a pre-

vjous double bl'ind crossover study with dialysis patìents

treated wi th 440 mg z'tnc su1 phate three times per week

(Atkin--lhor, et â1, 1978). Pat'i ents who received the zinc

suppl ement showed marked irnprovement i n taste detect'i on and

recognìtion scones aìong wjth an increase in hajr zinc con-

centrat'i on. Again, the metabolic abnormal jt'i es conlmon'ly

present ìn dìalysis pat'ients make'it difficult to jsolate

the effect of zinc on taste functj on " Yet the ìmprovement

of taste acuity followìng ztnc supplementation js support'ive

of a rel ati on shì p between taste and zi nc.

0ther i nvest'i gators have shown an improvement 'in

taste function 'i n response to zinc supplementation" tarl'ier,
Hambidge and coworkers ( 1972 ) had reported an lmprovement i n

taste function for school chjldren after zinc supplements

were given. In a survey of I32 school chi I dr^en, I ow hai r
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zinc concentrat'i ons were noted in 10 ch'i ldren who exhìbited

.poor appetì te and pool" g rowth. Appet'i te, taste acui ty and

hair zinc concentnatjons all improved after 1 - 3 months of

ztnc suppl ementatjon wi th I-Z rng ZnS0 4/Kg body weì ght/day.

More recently, Friedman ancl coworkers (1980) l'nvest'i gated

the effect of zinc supplementation on taste acu'ity jn healthy

young vvomen. Zinc concentratìons in plasma, hair ancl sal'i -

vary sediment were measured and taste acuìty was measured

for sweet, sour e sal ty and bjtten tastants. After 60 days,

subjects who receìved 50 mg zinc showed a si gni fi cant

increase in taste acuìty for sucrose. Plasma zinc showed a

tnans'i ent increase at 35 days and no sìgnjfìcant change

was observed in sa'l ìvary sed'iment and hair zinc concen-

trations.

The methodoì ogy f or these stud ies wh'i ch i nvest'i -

gated the assocjat'i on between bìological zinc and taste

funct'i on ì s varì abl e wì th respect to 1 ) the ti ssues and

flu'ids jn which zjnc was quant'itated,2) the methods used

to assess taste functìon, 3) the use of supplemental zjnc

and 4) the ages and health of the subjects studjed,

A1 though this l'imìts comparìsons of the resu'l ts, there ìs

strong evjdence, in both anjmals and humans, that a relatìon-

shì p between zinc and taste exi sts 
"
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Je j unoi I eal Bvpass

Al tenati ons i n taste and decneased serum and

pìasma zinc have been neported in separate studies for

morbidly obese subjects and subjects who have had jejunoj I eal

bypass surgery. The altered taste response in morbid obe-

sìty was exhibìted as an 'i ncreased preference for sweet

solutions (Rodìn, et â1, I976). Fol'l owing jejuno'i leal

bypass, a dìslìke for sweet tastes developed in most pat'ients

(Bnay, et âl, I976). The ratings of perceived jntensity

d'id not change, but rathen the change was apparent in pre-

ference rat'i ngs" A rev'iew of approximately 15 diet records

of monbidly obese subjects accepted for surgìca1 treatment

by Dr. Thorlakson (Department of Surgery, Winnipeg Cì in'i c)

showed that ìntake of bitter-tasting sol utions (coffee,

tonìc, soda) vvas of hìgh frequency. This observat'i on

suggested that bitter tastants should be stud'ied"

Faber and coworkers (1978) evaluated the zinc

status of B pati ents after bypass surgêr"y, usì ng serum zinc

as the pararneter. Sjx subjects had serum ztnc concentrations

bel ow the normal range (80 - 1.10 g/clL)" Di etary i ntake of

zinc was calculated from 3-day food records orì a 24 hour

necal I and was found to be adequate (B, B - 29"7 mg/day).

Statistjcal analysis was I imited by the small subject



2T

numbers but the two subjects who had the I owest serum zinc

did not have the lowest est'imated z'i nc jntake. Although the

number of observati ons was mi nima'l , the authors concl uded

that mal absorpti on of zinc was the 1 i kely expl anati on for

the I ow serum zinc. Sim'i I ar resul ts were reported by

Atkinson and coworkers (1978), who measured p1 asma zinc

concentrations of 15 morbidly obese patients before bypass

surgêf.y, 27 pat'i ents after bypass surgery and 52 lean

controls. Mean p'l asnra zinc concentration of the bypass

patients r,vas sìgnificantly lower than that of the lean

controls and the morbidly obese subiects. Again, this

nesul t was assumed to be a consequence of mal absorpti on

jnduced by jejuno'i I eal bypass sungêrY, as def iciencies of

magnesiunt, potassjum and calc'i um had been neported previously.

However, the unexpected resul t was the s'i gni f i cantl y I ower

mean plasma zinc concentrat'i ons jn the monbidly obese group

when compared wi th normal wei ght control s. No data was

col I ected on dì etary zinc i ntake, but the authors suggested

that alterat'i ons 'i n zinc metabolism may occulin obesity"

Al though taste al terati ons and decreased z'i nc

concentrati ons have been reported for morblclly obese and by-

pa ss patì ents n an assoc'iat j on between taste f uncti on and

zinc has not been 'i nvest'i gated jn these subjects" In

addition, parotid sa'l ivary ztnc, wh'i ch has been shown to be
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associ ated w'i th hypogeus'i a, has not been quanti tated 'in

morbidly obese on bypass pati ents. Therefone, thi s subject

group was sel ected f or study. The purpose of th'i s study lvas

to document the zinc concentratjon of parotìd saliva and to

examine its relationsh'i p to the taste response to sweet and

bitter tastants.
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E XPER IM ENTAL METHODS

Subjects

The physì cal character j st'i cs of the sub jects o who

were all whìte Caucas'i ans, appear in Table 1. Twelve monbid-

1y obese subjects formed the untreated group and 17 sub-

jects, who had undergone surgery for jejuno'i leal bypass,

comprised the tneated group" Each subject was paìred w'ith a

normal weìght control of simjlar âgê, sex and smoking habit.

The subgroups A and B wene 5 subjects who were i ncl uded j n

both the untreated and tneated groups. These subjects

served as matched pai rs to compare treated and untreated

groups directìy" Morbid obesìty was defined as 45 Kg jn

excess of i deal body weì ght I and normal weì ght was defi ned

as within 20% of ideaì body weìght.

Al I sub jects vol unteened foll"he study and sr'gned

the consent form (Appendix A). Al I but two of the untneated

and treated subjects were from the surg'ica1 pnactjce of

Dr. K, Thorl akson, t,Ji nni peg C1 ì ni c, W j nn'i peg. The other

subjects were obtained by persona'l contact. The study was

approved by the Ethics Committee, Faculty of Medicine,

Univensity of Manitoba.

1 M*tnopolitan Life Insurance Height and l,rle'i ght Tables, Ig75"



GROUP

Untreated
Subgnoup A

Treated
Subgnoup B

Contnol s

TAB LE 1

PHYSICAL CHARACTERISTICS OF THE SUBJECTS

NUMB TR SEX AGI RA NGE

yea r s

12 9F
4F

23
26

-47
-47

13F
4F

20
26

MEAN h'TIGHT

kg

3M,
1M n

4M,
1f'1,

6M, 1BF

122"4
136.0

97 .0
i17.3

2I"7*
24"6

+
+

+

1
+

l\)

5

I7
5

24

-49
-47

2T 50

22"2
15. 3

60 .7 IL"4

* Gnoup mean we'ight jn kilograms + S"D
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Saliva Collection

Parotid sal jva was collected us'i ng a steri le

teflon Lashìey cup? placed over Stenson's duct. Proper

p'l acement of the Lashley cup was indìcated when clean fluid

appeaned in the plastìc tub'ing. Placement was fac'i l'itated

when subjects were instnucted to pu1 1 thei r cheek outward

with the jndex f inger and to brìng the upper and lower tooth

surfaces together before releasing the cheek. Gentle suction

was appl i ed to keep the Lashl ey cup 'i n posi ti on and sa'l ivany

fl ow was st'imul ated wi th sour I emon drops3. The stimul ated

panotid (SP) sal iva was col I ected in a graduated 15 mL poly-

styrene vial with a conical bottom and a plastic screw
A

cap.* The col I ection vial s were checked for zinc contam'inat j on.

By atom j c absorptì 0n5, 5 vi al s wi th d'i sti l l ed water or tri -

chloroacetic acid (TCA) and dist'i lled water (2 mL:5 mL)

showed no detectabl e z'i nc and af ter 9 months v'ial s wi th 5 mL

di sti I I ed water and 2 mL TCA showed trace amounts of z'i nc.

Therefore zinc contam'i nation was minimal "

2 tl.t. Harvey, 186 Auchinairn Road, Bishopbrjggs, Glasgow,
Scotland, U.K., G64 1NQ

3 Regal Crown Sour Lenton, Trebor Ltd., London, England.
4 Zogs tube, Becton, D'i ck'i nson and Company, Parsìppany,

N.J. 07054
5 Vuri an Techtron Model AA5



26

During the initjal collectìon, the subject was

'i nstructed to observe the f I ow rate w'i th the a'id of a mi nnor

and stop watch and to keep jt constant at 1 mL/rnìn. by

suckì ng more or I ess vigorous'ly on the I emon drop. Three

replicated 5 mL samples were collected on separate days

from each subject and the duration of the collection (mìn)

was recorded. Al I sampl es were col I ected between 1330 and

1700 hours and the sampìes from each'i ndiv'idual subject were

col I ected wj thi n the same hour whenever possi bl e" Both the

time of day and the time of ri s'i ng f or that day were reconded

when a sampl e was col I ected. The sampl es were frozen for

later analysis"

To assemble the collection unit, a 20 cm ìength of

po'lyethyl ene tubi ng6 was pl aced on the col I ecti on openi ng of

the sterile Lashley cup (Figure 1) and a 40 cm length of the

same tubing was pl aced on the suction openìng. Care was

taken to avoid zinc contam'i nat'i on durìng assembìy and the

assembled unjt was p'l aced in a plastjc bag untjl used" Just

pnion to use, a rubben bulb was attached to the suctjon

tub'ing us'i ng a steri I e # 16 needl e wi th a bl unted end.

After each use, the p1 astic tubing was d'i scarded and the

6 Intramed'ic PE

Parsippany, N

, Becton , D j cki n son and Cornpâfl.y,
07054

190
.J"
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il

Figune 1 Lashley cup w'i th tubing and needle adaptor
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Lash'l ey cups were washed with soap and djstjlled water and

rinsed with d'i st'i lled water. The needle adaptors and the

Lashley cups were pìaced 'i n a g'l ass Petri dìsh and auto-

clavecl 20 m'i n. at B4 kPa. The rubber bulbs were washed,

rinsed and air dri ed.

Sal'ivary Zinc Anal vsi s

Al I equì pment was acid washed bef ore use. Samp'l es

Were thawed at room temperature and each vi al Was vortexed

before removìng 10 ¡tL of sampl e for protein analys'i s" The

total weìght of each vial and sampìe was necorded. The

samples were prepared for anaìysis usìng a mod'i ficatjon of

the method described by 0l son ancl Haml in (1968) for serum

zinc detenminations" Instead of a 1:1 d'i I ution of sal iva

and TCA, 5 mL of sal iva was diluted wjth 2 nL TCA (20%).

Trichloroacetic acid (Fìsher TCA, Heavy Metals

0.00003%) was prepaned in a 20% solutlon and, when analyzed

using atomic absorpt'i on spectrophotometry6 (AAS), zinc con-

tamjnation was found to be 40 ng/m'l . To clean the TCA,

2 mL - l% APDC (1-amnronium pyrrol jdine d'ithiocarbamate) was

added to 500 ml 20% TCA i n a separatory funnel and shaken

wel I . After i0 seconds carbon tetrachl oride ( 10 mL) was

added and the mi xtune shaken wel I " The bottom I ayer was
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drawn off and thi s procedure wa s repeated three times. The

TCA was heated gentl y to evaporate any remai nì ng organì c

solvent and this TCA showed no detectable zinc when analyzed

directly by AAS. The carbon tetrachloride solution t^tas

dried and the dìgested extract showed (13 n9/mL zinc. by. AAS'

Thi s method was repeated when add'iti onal 20% TCA was pre-

paned, but f on th'i s sol ut'i on , zinc contami nati on coul d not

be corrected. To prepare the zrJ% TCA f or the rema'i nder of

the analyses, Baker TCA (Heavy Metal s 0.00006%) was anaìyzed

usìng AAS and less than 10 ng/ml z'i nc was found to be pre-

sent. Th'i s was diluted with distilled water in the same

ratio as fon the samples to be ana'lyzed. In thjs dilutìon,

zinc was not detectable using AAS.

Sal jva sampl es wene prepared for analysi s 'i n the

original collect'i on v'i al and zinc levels in the supernatant

were determi ned d'i rect'l y by f I ame AAS, usì ng a I ean air /
acetylene flame at a wavelength of 2I3"4 flfi, a lamp current

of 5ma and a sl it w'i dth of 100 nm. Af ter dupl'icate neadings,

all vjals were washed, air dried and weighed. Blanks,

pnepared for each day of anaì ysì s wì th 5 mL di stj I I ed water

and 2 nL TCA, did not have detectable amounts of zinc" An

'i nternal control was pnepared f or^ each analysi s wi th 5 mL

diluted human contnol serum (F'i sher D'i agnost'i cs) and 2 nL TCA.
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D'i fferences between

however, r"epf icates

in Table 2"

h uman con t rol se r um we re noted ;

same vial wene simìlar as shown

v'ial s of

from the

Aqueous zinc standards, containing 50, 75,100,

150 and 200 ng/nI ztnc were prepared from a stock solution.
A few drops of nitric acid (HN03) were added to prevent the

zinc from adhenìng to the glass container" Later, these

aqueous standands were compared with standards contaìning

TCA and d'i st'i lled water in a 2:5 ratìo (F'i gure 2)" To

further veri fy the results of the z'tnc analysis, 15 samples

lvere taken to a second labonatory and analyzed by flame AAS

(Perkin E'l mer 4000) us'i ng ztnc standards prepared wjth TCA

and distjlled water (2:5).

Sal'ivary Protein Analysis

Total prote'i n was determ jned by the Lowry Method

(1951) wìth human control serum (F'i sher Diagnost'i cs,

6" 0 + 0" 3g/dL total pnoteì n ) as the standard. Standard

sol uti ons were prepared as f ol l ows - 100A1, 1b0 7-cL, 200 ¡r_1,

250¡¡Land 500 4L of reconst'i tuted senum wene p1 aced 'i n separate

10 mL volumetlic fìasks, and distilled waten ù'las added to

vol ume. These standards contajned 60, 90, I2A, 150 and

300 mg/dL, respectìvely. The Lowry method has been modi fjed
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TAB LE 2

Z INC CONTINT OF HUMAN CONTROL SERUMA

Date

Ana'l ysed
Zinc (C¿sldl )

Vi al 1 Vi al 2 Vi aì 3

Nov. 4

Nov. 9

Nov. 16

Nov. 23

Nov. 25

Nov. 30

Dec. 2

17I
189

186
186

26t
26r

255
255

r23
134

105
115

r07
110

114
r2?_

a Fisher Diagnostìcs
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60

50

40

30

20

Aqueous Standands
Standards w'ith TCA(2:5)

u)
F
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=
É.

ú.
F

êâ
æ.

z.

llJ
C-)
z.
cô
É.
a
U)
cô

10

50 75 100

ZINC C0NCENTRATI0N (ng /nL)
A compar''i son of aqueous standards and
standards prepared w'i th TCA(2):water(5)

Fi gune 2
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for ana'lys'i s of parotid sal iva (personal commun'i cation,

Dr. C. Dawes, Faculty of Dentìstry, University of Man'itoba).

A 10 711 sampl e of sal'iva was di I uted wi th 200 ILL di sti I I ed

water. 0ne mL of the alkalìne copper solutjon was added to

each sampl e and al lowed to stand for 10 minutes" To each

sample, i00711 d'i luted Fol'i n-ciocalteu reagent was added

rapidìy and the mixture was vortexed 5 seconds to mjx well "

After 30 mìnutesn the optìcal density of the mixtures were

read at 600 rìrn, using 10 mm light path cells. The recon-

sti tuted serum was stored i n the refrì gerator and new standarcls

were prepared each day of proteìn anaìysìs.

Taste

Magnitude estimati on and hedonj c response to two

tastants, sweet and bìtter, were eval uated ( unpubl i shed

data, V. Murray, Dept. of Foods and Nutrjtion, Univensity

of Manitoba). Sjx serjal djlutjons of each tastant, which

differed from one another by a factor of two, wene presented

to each subject on three occasions, The concentratjons

of the six sweet (sucrose) solutions were the Same for all

subjects; whereas, four serjes of concentnations Were used

for the six b'itter solutions (Append'ix B). Each subject

r.ece'i ved a bitter series which vvas w1 th'i n theì r sensìtìvity

range 
"
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The magn'itude estimatjon data was analysed (un-

pubì i shed data, V. Murray, Dept. of l-oods and Nutri t j on,

Univers'ity of Manjtoba) . Sweetness exponents (sìopes) and

bitterness exponents (sl opes) from thi s analysi s were used

to examìne the relationshì p of perceived intensìty unä

concentration to stjmulated parotìd saliva (SPS) ztnc. The

scores f rom hedon jc scal ing were exanrined to select the most

concentrated prefenred solution of sweet and bitter for each

subject. The dj str"i butj on of the pneferred concentrati ons

'i s shown i n Appendìx B. The h'i ghest mol ar concentrati on of

sweet and bìtter, which was scaled as most p'l easant and

after wh jch a consistent decrease 'in p1 easantness occurred,

was taken as the po'i nt of change in preference. The actual

molar concentrat'i ons of the most p'l easant solution of sweet

and bjtten for each subject vúere plotted against SPS zìnc to
determine the relationshìp of SPS zìnc to taste preference

(p1 easantness) for sweet and l¡itter"

Statistjcal Analysìs

Pai red comparì son t-tests were emp'l oyed to analyze

the d'i fference between matched groups for zinc and prote'i n.

The two sampl e t-test wa s used to compare g roup nìean s for

f I ow rate and protei n " S'imp1e I inean regress j on tlvas appl ìed

to detenmi ne the correl ati on between SPS zinc and prote'i n ,
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f I ow rate, months after surgeny, sweetness (sucrose ) s'l ope,

b'itterness (caffeine) s'l ope, preferred sweet (sucrose)

concentration and preferred bitter (caffeine) concentrat'ion.
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RESULTS

SPS Zinc and Taste Perception

There was no rel ati onshi p between SPS zinc and the

perceived intensity and concentnation of sucrose and caffeine

solutions for any subject group, when tested by regress'i on

analysi s. The regressi on equat'i ons of mean SPS zinc on the

sweetness and bìtterness slopes derived from the magnitude

est'imation data, for each subject group, ane shown in Table

3. The small conrelation coeffìc'ients (r less than 0.365),
'indicates that a rel ati onsh'i p between SPS zinc and taste

penception does not exist for the subjects in this stucly.

The mean sì opes f on each group ane shown 'i n Tabl e 4 f or both

svveet and bitter taste"

SPS Zinc and Taste Preference

No relatìonshìp vvas found between SPS zinc and the

prefenred concentrat'i ons of sweet and bitter solutions for

any subject gnoup, when tested by regnessi on anaìysì s" The

regressjon equat'i ons for each subject group of mean SPS

zinc on the highest molan concentration of sucnose and

caffei ne pneferred by each subject are shown i n Tabl e 5.

0n the basi s of the smal I correl at'i on coef f i cients (r I ess



REGRESS ION EQUATIONS BY GROUP
AND BITTERI\ESS SLOPTS DERIVED

Gr^oup

Untreated
Treated
Control s
0veral I

Untreated
Treated
Control s
0venal I

SPS Z INC 0N THt Sl¡JEETNESS
MAGN ITUDI ESTIMATION DATA

b

TAB LE 3

FOR MEAN
FROM THE

Equat'i on

a

Tastant

Sucrose

Caffeine

Y-
Y-
Y-
Y-
Y-
V-
Y-
v=

43.63
54"92
43.84
47 "25

36.79
37 " 59
39" 69
39"62

3. 4i
6.68
1" 16
3 .28

- 1" 35
+ 4.48
+ 1.70
_ n 9a

X

X

X

X

(
(
(

\

t

0.365
0.338
0. 084
0. 230

0"t52
0.138
0. 071
0"014 C¡J

!

a

b

Unpubl'i shed data, V. Murray, Dept. Food and Nutrition, U" of Manitoba.

Y - a + b (X) where Y - zinc concentration
f rorn magn'itude estimati on data.

(nglmL) and X sl ope derived



TAB LE 4

GROUP 14EANS FOR SPS Z INC AND TASTE PTRCEPTION AND PREFTRENCT

Ta ste Pe rce af,10n Taste PreferenceSub j ects

Untreated

Treated

Control s

Mean SPS
Zi nc
nglmL

Sucrose
moì /L

b

Caffei ne
mmol / L

Murnay, Dept.

2"48
(1"11)

magnjtude estimatìon derived
and Nutrition, Un'iversity of

ucrose a e ne
S1 ope Sl ope

from unpublìshed dat,a, V

l4anitoba.

35
(i6)c

4I
(?4)

1

0

2"46
(i " 33 )

0. 63
(0. 64 )

2.13
(1.06

0.59
(0. 63 )

0"52
(0. e2 )

f . i3
(1.08)

0"74
(0"5e)

0. 32
(0. 58 )

1. 14
(1.41)

0.69
(0"82)

4
2

f.i0
(1"10)

C'
oo

a Sì ope of
of Foods

b Molan concentration
V. Murray, Dept. of

t Standard devìat'i on.

of sol ut'i on above wh'i ch pl easantness decreased,
Foocis and Nutritìon, Universìty of Manitoba"



REGRESS ION EQUATIONS BY GROUP
PREFERRED CONCENTRATION OF

TAB LE 5

FOR MEAN SPS Z INC ON

SUCROSE AND CAFFEINE
THE HIGHEST
SOLUTI ONS

Tastant

Sucrose

Caffeine

Y - a + b (X) where Y

of the solution"

+ 0. 59
- 7. 03
+ 6.44
- i.39

0.045
0.3i9
0.263
0. r22

0.032
0.235
0" 395
0.095

Group

Untreated
Treated
Control s
0venal I

Untreated
Treated
Control s
0veral I

Â
Lquati on r

(x)
(x)
(x)
(x)

Y-
Y-
¡-
t-

38"8
44"0
39"7
43.2

= 34.9
= 45.3
= 47.7
= 40 " I

+ 630,9
- 4406 "2- 5189"7
- 2"0

X

X

X

Y

Y

Y

Y

C.)
(C

a zinc concentrat'i on (ng/nL) and X mol ar concentrat'i on
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than 0.395), the rel ationshi p between sal ivary zinc and

preference for sweet and bitter tastants i s poot for these

subjects. The group means of the preferred concentratìons of

sweet and bitter sol uti ons ane shown i n Tabl e 4.

Saf ivary Z'inc

The nesul ts of the pai red compali son t -tests are

shown ì n Tabl e 6" The SPS zinc for the untreated subjects

is s'i gnifican'L1y lower than the SPS zjnc for normal we'i ght

controls. The SPS zinc for treatecl subjects is not s'i gnifi-
cant'ly d'i f f erent f rom that of the normal wei ght control s 

"

The SPS zinc for the subgroup, was not si gnì fj cantl y di fferent
bef ore (A) and after (B) surgery. hf hen the subgnoup was

removed from the treated gnoup, the 12 subj ects who had

neceived surgery prior to the study did not have signifi-
cantly d'i f f erent SPS zinc val ues as compared wj th the normal

weìght controls.

The zinc content of st'imulated parotìd saliva

ìncreases as the post operative months jncrease, for subjects

who wene surgical ly treated within the preced'ing 1B months"

Fìgure 3 shows the rel ationshi p between mean SPS zinc and

the number of months f o'l I owì ng surgery. The regnessi on

equation 'i s Y - 9"?-L + 3.78 (X) w'i th a correlation coefficjent

of 0.86. The 4 treated subjects who had received surgery



TAB LE 6

PA IRED COMPAR ISON t-TESTS FOR MEAN SPS Z INCA

Nurn be r þiean of the
Di ffenence

Pa i red Groups

Untreated : Control s

Tneated : Controls

Subgroup A : SubEroup B

Treated : Cont nol s

a

t2

T7

5

1.2

-9.9

1.3

8" 1

8"2

(3.e)

(4.6)

(7.6)

(5.2)b

t-val ue

-1.g9c

0. 32d

1.75d

L.08d

b

Mean of three repl i cates for each subject

Standar0 error of the mean di fference

t Using one tailed probabil ìty, p(0.0b

d Using two tajled probabjlity, p)0.05

{.1

;â
.çñ
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to the'i r pantìcìpation ìn the

relationship.

0ne subject'i n subgroup B was consuming a vitamin-

mineral supplement, postoperat'ively, wh'i ch cont.ajned the

equìvalent of 25 mg zinc per capsule. Preoperat'ive

mean SPS zinc r,rras 33 ng/nL f or thi s sub ject. Two rnonths

aften surgerye mean SPS zinc was 66 ng/mL; whereas, the

other" 4 subjects'in the subgroup had postoperatjve SPS z'inc

values below 25 nglmL" Since the other treated subjects

were not rece'i vìng a ztnc supplement, this subject was not

j ncl uded when the rel ati onshi p of SPS ztnc to postoperati ve

t'ime r¡as exami ned.

The g noup means for SPS zinc are shown i n Tabl e 7 .

The SPS zinc values are variable w'i thjn each subject group.

The mean SPS zinc for the twelve treated subjects, who had

recejved surgeny 6 - 36 months pr-ior" to the study 'i s greaten

than the mean SPS ztnc for subgroup B, who had recei ved

sungeny duri ng the study.

Fl ow Rate

The mean fl ow rates for the treated

subj ects are not s'i gni fi cant'l y di fferent, but

and

the

untneated

cont rol
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group had a mean flow rate that was signifjcantly lower than

that in the treated and untreated subjects" The group mean

flow rates are shown in Table B. There was no relationshìp
between sPS zinc and fl ow rate, when tested by negressi on

ana'lysis" The regression Iines for sps zinc relative to
flow rate are shown in Fìgure 4 and the regression equatjons

are found in Appendix C1.

Sal ivar Protei n

The group means for total prote.i n jn stìmulated
parotid sal'iva are not sìgn'i ficantly djfferent as shown jn

Tabl e 9. lrjhen pai red companì son t-tests were appì ied to
matched groups (Table 10), no significant d'i fference was

found between tneatecl and untreated subjects and matched

control s. Nor was there a significant difference jn total
sPS proteì n between subg roup A and u. The reg ressj on of
sPS ztnc on total sPS protei n 'i s shown i n Fi gur^e b, and the

negression equatìons for thjs data are shown jn Appendix cz.

The smal I correl at.ion coeffic'ients (r I ess than 0"386)

suggests that th'i s rel atì on shi p may be non-ex.i stent.



MEAN SPS
TREATED

TABLE 7

ZINC FOR
SUBJECTS

UNTREATTD AND
AI,ID CONTROLS

Group

Untreated

Subgroup A

Treated

Subgroup B

Tneated

Control s

Number Mean SPS Zi nc
nglmL

I2

5

t7

5

t2

24

35

28

4T

30

45

41.

(16)a

( 7)

(24)

(1e)

(18)

(20 )

(tl

a Standard deviation of the group mean



TAB LE 8

MEAN SALI VA FLOt^JRATT FOR UNTREATED AND
TRIATED SUBJECTS AND CONTROLS

Group

Untreated

Treated

Control s

Num be r Mean Flow rateâ
m L/m'i n

b

t Uring two tail ed probabil ìty, means with
si gnificantìy d'iffenent (p<0.01).

b Standard dev'iation of the group rnean

0.80* (0.32)

0.87* (0.26)

0"62 (0 "24)

the same superscli pt ( *) are not

L2

T7

24
Þ
<t)
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TAB LT 9

MEAN TOTAL SPS PROTE I N

AND TREATTD SUBJECTS

Number Mean Total SPS Protei n

rng/dL

FOR
AND

UNTREATED
CONTROLS

Group

Untneated

Treated

Control s

a

b
L2

T7

24

154*

r4 4*

15 1*

(57 )

(54)

(48 )
co

a Using two ta'i led probab'iìity, means with the
are not sìgnificantiy diffenent (p<0"0i)"

same superscript (*)

b Standard deviaticn of group mean.



TABLI 1O

PAIRID COMPARISON t.TESTS FOR N4EAN SPS PROTEINA

Number Mean of the DiffenenceGnoups Pa i red

Untreated : Controls

Treated : Cont rol s

Subgnoup A : SubEroup B

L2

T7

4

(10.4)b

(13.4)

(30.e)

-5.0

-0.5

-i5.6

t-va'l ue

-0.48c

-0.04c

-0.51c Þ
(o

â Muan of three neplicates for each subject

Standand error of the mean differ"ence

Using two tailed probabi'l 'ity, not signjfìcantl.v different (p>0"05).

b

c
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DISCUSSION

There are I jmited pubf ished reports (Henkin, et â1,

I976; Shatzman and Henkì n, 1980) whi ch j ncl ude a study of

both panotid sal'ivary zinc and taste, although an associat'i on

between zinc nutritional status and taste function is

well documented in the I itenature (Catalanotto, 1978b)" 0ne

patìent w'ith hypogeusia, Iow parotid sa'l ivary zinc and Iow

gusti n I evel s responded to treatment wj th exogenous zinc

(Shatzman and Henki n, 19tì0). After nj ne days, taste thnesh-

olds and magn'itude est'imation improved and salivary zinc and

gustin level s increased. Henkin and coworkers (1975b) had

prevìously reported sign'i fjcantly low concentrations of SPS

zinc f or pati ents wi th hypogeus'i a when compared w j th control s

having normal taste function. The control subiects exhibited

detect j on and necogni t'i on threshol ds and f orced scal i ng

measurements which were within normal 1 imìts; whereas'

patìents with hypogeusia exh'i bited abnormal jties for two ol^

more threshol d measurements and/or abnormal'it'i es j n f orced

sca'l ing for one or mone taste qual ities. In th'i s study, no

rel ati onshi p was found between SPS zinc and percepti on of

sweet and bitter taste for any subject group. The SPS zinc

concentrations vúere higher than the mean SPS zinc concen-



52

tration (10 ppb) which Henkin and coworkers (1975b) reported

for patients with depnessed taste function. Zinc suppìe-

mentati on was not 'i ncl uded i n the expelimental desi gn. It

i s poss'i bl e that the SPS ztnc concentrat j ons were not de-

pressed to a level which would have an effect on perceived

intens'i ty and concentratjon.

In oun study, no correl ati on was found j n any

subject group between SPS zjnc and the molar concentratjon

of sweet and bitter solutions above wh'i ch p'l easantness de-

creased" Rodin and coworkers (1976) 'Found that obese sub-

jects rated jncreasingìy stnleet solutions as more p'l easant

than did normal wei ght control s " Af ter bypass surgêf .y, the

p'l easantness ratings for sucrose solutions were more similar

to those of normal weì ght control s. Perce'i ved i ntensi ty

d j d not dl'f f en between obese and bypass pati ents and normal

weight controls. From the results of th'i s study, it does not

appear that the preference for sweet and bitter sol utions

shown by untreated, treated and normal wei ght subjects ì s

dependant on saì'ivany zinc,

Subject varjabil ìty in sa1 ivary ztnc concentrations,

whi ch has been di scussed by hlanren and cowonkens ( 19Bi ) rnay

be the conf ouncli ng f acton i n stat j sti cal s'i gni f i cance. 0n

the other hand, 'i t 'i s feasi bl e, despì te the i dent'i fj cat'i on of
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gustin, that some other biologicaì ztnc component may be

more functi onal j n the taste process. The zinc content of
whole saliva'i s ten times the concentrat'i on in parotid
sal iva (Mathur, et âl , IgTl ) and taste bud membnane i s

rich in alkal'i ne phosphatase, a z'i nc metalloenzyme (Henkìn,

1978). sjnce saliva and alkaline phosphatase are present

duli ng the preneural events of taste, the zinc fronr these

sources may be i nvo,l ved ì n the taste process. The rel atj on-

shì p between ztnc and taste may wer r rema j n unexpl a'i ned

untìl the biochemjcal mechanìsms of taste, relatjve to zinc,
ane i nvestì gated more extensj vely.

Parotid Salivary Zinc

The increase in SpS zinc concurnent with an in_

crease in postoperative time (Fìgure 3) is an jnterestìng

observation" Three poss'i ble sounces of ztnc could be dietary
ìntake, improved absorptìon and/or a redistribut.i on of endo-

genous ztnc" The djets of both the treated and untreated
subjects 'included 6 - 9 ounces of meat prote'irr daily
(personal commun'i cat'i on, L, sìnabaìcli, Djet jt jan, wjnni peg

clìnìc, winnipeg) so jt 'i s unlikely that the d.i ets wene

def ic'ient in ztnc " |\,ial absorption of nutrìents, other than

zinc, has been reported (Delnli nd and payne , rgl6) for bypass
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pat'i ents, and low serum (Faber , et âl , IglB) and pìasma

(Atkjnson, et â1, 1978) zinc have been reported forìowing
jejunoil eal bypass surgery. However", the sps zinc for the

subject who was consuming a zinc suppl ement postopenativeìy

was tw'i ce the concentration in sal iva col I ected before the

sungery. The SPS zinc for th'i s subjecL was al so greater

than the mean SPS zinc of the control group. Thì s suggests

that thi s subject was absorbi ng di etary zinc. The thj rd
poss'i bìl'ity, redjstrjbut'i on of endogenous ztnc, could only

be determi ned 'i n humans usì ng stabl e i sotopes " A nutr j ti onal

assessment study of zinc nutritjonal status after jejunojl eal

bypass woul d be of ì nterest 'i n onder to conf i rm the observed

postopenat'ive increase for SPS zinc concentratjon.

Since taste altenation has been documented in

obese subjects, and ìf low parotìd zinc'i s assocjated w'ith

impaìred taste, the low sPs zinc reported for" the untreated

subjects in this study would be expected. However these

sub jects were consumi ng dì ets wh'i ch appeared to be adequate

i n zinc " Yet, Atk'i nson and cowonkers (1978) f ound .that

p'l asma zinc levels of obese subjects were significantly
I ower than those of normal wei ght control s " In the study

neported here, the subgroup of 5 untreated subjects had a

I ower mean sPS zinc concentrati on than that of the total
untneated gnoup" It was noted that the subjects ìn the sub-
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group had highen percent ìdeal body weights than the other"

untreated subjects. These observations ane suggest.i ve of
alterations in ztnc metabolism jn obesity and merit further
study.

sPS ztnc has limitat'i ons as an 'i nd'icator of zinc
nutrit'i onal status (So'l omons, rglg) but low concentratjons
are suggestjve of poor ztnc nutritjonal status. Although

the contro'l group ì n the study had a mean sps zinc con-

centnat'i on simìlar to values reported jn the I jterature,
many of the indivjdual subjects had sps ztnc concentnatìons

below the range reported in the riterature for nonmal hea'l thy
subjects. An assessment of addit'i onal zinc-contaÍning
bjol ogical fl uids of these jndividual s woul d be necessary to
determìne whether or not zinc deficìency was present.

Fl ow Rate and Pa roti d Sa'l ivary Zinc

It has been reported that flow rate affects the
zinc concentratjon of parotid saljva (warren, et â1, 1981)"

Howeven, the flow nate was exarnined in relation to sps zinc
concentnati ons i n a 2b mL di I uted vol ume wh.i ch conta.i ned

different amounts of sal'iva from each subject. This is not

a val j d way to express ztnc concentrat'i on i n sa'l i va o theref ore
the reported results do not have any meaning. protein,
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chl oride, sodi um and bjcarbonate concentrations of stimul at-

ed parotid saliva ìncrease at higher flow nates; whereas,

potassium and'inorganic orthophosphate concentratìons de-

crease at hì gher f I ow nates (lJavves, 1978). No rel ati onshì p

between SPS z'i nc concentrati ons and fl ow rate was found for

the subjects reponted here. 0ther i nvesti gators have

analysed parotid sal'iva for z-tnc (Henk'i n, et â1, 1975b;

Langmyhr, et âl , I977 ) but d jd not document saì'ivary f I ow

nate. Mather and coworkers (1977 ) i nd'i cated that saf ivary

flow rate lvas necorded, when collect'i ng panotid sal'iva

samples for zinc analysìs, but the data was not reported.

Salivary flow rate vvas not related to age in that study

(Mather, et â1, I977).

A constant flow rate can be ma'i ntained 'i n well

trained subjects (Dawes, 1969). l,rl'i th the trainìng t'ime

available, some subjects in our study wene able to ach'i eve

the desired flow rate; whereas, othens had mone difficulty

I earnì ng to control the f I ow nate. l¡Jarren and coworkers

(1981) descri bed a tra'i nìng effect for t'imed colIect'i ons

(10 mjn.) of stimulated parotid saliva. This was evidenced

by an increase in saì ìvary fl ow for day to day and month

to month collections as the subjects adiusted to the pre-

sence of the Lashley cup oven the parot.id duct. Consìden-

i ng the effect of fl ow rate on sa1 ivary cornpositì on, it
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would be useful to study the nelatìonship of SPS zinc and

sal'ivary flow with a sel ect group of wel I trained subject,

and methodology similar to that r"eported by Dawes (1969) for

otlier cornponents of parot'id saliva.

Protein and Zinc'i n SaIîva

No nel ati onsh'i p was f ound between SPS zinc and

total protein ìn parotid saliva'for the subject.s 'i n this
study. Prote j n concentrat j on i s known to 'i ncrease wi th

duration of stimulatìon and at hìgher flow rates (Dawes,

1969). The sensit'ivity of protein to flow rate and st'imu-

latjon may account for the poor correlat'i on in these sub-

jects. The quantitatjon of total protejn and zinc in

stimul ated parotid sal iva, obta'i ned f rom a subject at

specjf ic flow rates, could be an indirect way to measure

changes jn the major zinc conta'i nìng protein, gustìn.

The prote'i n concentnatjons for the subjects in

this study wene sim'i lar to values reported by Dawes (1969)"

The Lowry method tntas used to quanti tate proteì n and spectro-

photometric readings lvere obta'i ned at a min'imum time of 30

minutes following treatment of the standards and sampìes

wìth the phenol reagent. The pr"ote'i n standards showed some

vaniabìl'ity which was thought to be due to readìngs ob-

Paiotid
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tai ned I ater than 30 mi nutes, rather than exactl y 30 m'inutes

follow'i ng treatment wjth the phenoì reagent. In an analysis

of mjlk protein conducted in the Nutritìon laboratory, it

was found that mone consistent nesults vvere obtaìned with

the Lowry method when the samples and standards were read

at exactly 30 minutes followìng the phenol treatment. The

published method indicates that samp'l es should be read

after 30 minutes but mone pnecise timing 'i s required.

Anal ysi s of Parotîd Salivarv Zinc

The SPS zinc concentrati ons of the subiect groups

(Tabìe 7) are s'imilar to results reported in the Iiterature,

but compari son ì s I 'im j ted by the f act that rnethodol ogy

di f f ers 'i n the stud j es reported. Mathur and coworkers

(I977), who used flame AAS, reportecl a mean value of 46 ppb

SPS zinc for 36 hea'l thy subjects whjch is sjmilar to that in

the normal wei ght control s 'i n thi s study " However, the

sal iva sampl es were analysed djrectly after dil ution with

deionì zed water. t,.larren and coworkers (1981) al so used

fl ame AAS and neported hiç¡her val ues for SPS ztnc (73 and

111 ppb) for 10 heal thy subiects " However, the methodoì ogy

used 'i s not valj<l . Yet, an eanlier compan'i son of flame and

fl amel ess AAS (Henki n, et âl , 1975b) jndjcated that fl ame

AAS gaVe an j ncreased mean estìmate of sa'l ivary zinc con-
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centrat'i on. The SPS zinc concentrati on of 51 ppb reponted

by lienkin and coworkers (i975b) for 34 subjects and 49 ppb

neported by Langmyhr and coworkens ( 1979) for one subject

were both obtaì ned by fI amel ess AAS. These ¡esul ts are

sjmìlar to the gnoup mean SPS ztnc concentratjon fon the

heal thy normal wei ght control s i n thi s study.

l-he choice of f I ame AAS f or thi s study was jn-

f I uenced by the f act that f I amel ess AAS requ'i red mone pre-

paration of the sample and increased the poss'i bi1ìty of

zinc contami nat j on. The optimum wopki ng range f or" the

Valian Techtron wìth the graphite furnace was 1 - 20 ppb

and the standard curVe Was nonl'i near for concentrations

greater than 30 ppb ztnc (personal communicatìon, A. Lutz,

Freshwater Instjtute, |,rljnnìpeg). The controls and treated

subjects were expected to be well ahtove thjs range and jt

WaS not known how low the zinc concentrations would be 'i n

the untreated subjects. Therefore, all samp'l es vvere analysed

by f I ame AAS. The I ìmit of detect'i on was determined to be

5 ng/mL and sensitivity, wh'i ch is the zinc concentratjon

necessary f or 0.0044 absorpt'i on un jts, was cal cul ated as

16 pg Zn. It'i s preferab'l e, ìn quantjtatjve analysìs' to

specify a lower concentrat jon l'imjt of 10 times the detectìon

I jm'i t, s'i nce the relative stanclard dev'i atjon at the limjt of
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detecti on can be 25 - 100% (Ing1e, 797 4) . Yet many samp'l es

from the subjects ìn this study were in the 20 - 50 ng/mL

range. Therefore, ttre experimental error would be expected

to be gneater for the subjects who had SPS zinc concentrations

less than 50 nglmL, although all rep'l ìcates of the samples

we re j n ag reement .

Duning SPS zinc analysìs aqueous standards were

used but the sal iva sampl es were tr"eated with TCA. lnJarren

and cor^rorkens (1981), who anaìyzed parotid saliva, treated

the samp'l es wj th TCA, and 0l son and Haml i n (1968 ) , who

anaìysed serurn zinc after treatment with TCA, both used

standands prepared ìn a w/v TCA solution. 0then laboratonies

used aqueous standards (Henkin, et â1, 1975b), method of

addjtìons (Langmyhr, et dl , 1979) or did not report the

treatment of the standards (Mather, et âl , I977). Standards

and solutions analysed should be treated the same way" In

retrospect, the choice of aqueous standards was prompted by

a concern wi th zinc contami natj on from the TCA. A compari son

of aqueous standards acidified w'ith HN03 and standards jn a

TCA (2): water (5) solutìon js shown in figure 2" which

ìndjcates that the calibratìon cur"ves are comparable.

However, a compari son of resul ts f or samp'l es anal ysed w'ith

both aqueous and TCA:water standards (Appendix D) indjcates

that hìghen zinc concentrations are obtaìned with the



standards contaìnjng TCA.

centrati ons reponted here

concentnat'i ons due to the
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Ther efore, the SPS zinc con-

rnay be higher^ than the actual

treatment of the standards.
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CONCLUSION

In thi s study, no rel ati onshì p was found between

zinc concentration 'i n parot'id saliva and taste for àny sub-

ject group. Taste perceptìon (the slope of magnjtude esti-
mation data) for sweet and bitter did not correlate wìth sps

ztnc for the untreated, treated and nonmal weì ght subjects.

A poor correlatìon was also found ìn these subject gr0ups for

SPS zinc and taste preference for sweet and bj tten tastants.
However, mean sPS ztnc concentrati on for the untreated groups

was s'i gn'i fìcantìy lowen than that for normal weight controls.
The mean SPS zinc concentration of the treated subjects djd

not di ffer from the normal wei ght control s. Fl ow rate was

not nel ated to sPS zinc concentrati on. However, i t 'i s necess-

any to confirm this nesult with a selected group of welI

trained subjects" No relat'ionship r,las found between sps zinc

and total sPS pr ote'in, but the sensitiv'ity of protein to flow

rate may have been a confounding factor. The concentnation

of SPS zinc was found to i ncrease concurrent wj th post oper-

ative t'imes in months. In addition, the low SPS zinc in the

untreated group 'i s suggestive of altened zinc metabol jsm ìn

obesjty" A nutritjonal assessment study of zinc nutritional
status before and after jejunoileal b.ypass would be of

interest to confinrn these observations"
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APPEND I X A

CONSE NT F ORM
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CONSENT FORM

I agree to be a subject in a reseanch study
to nelate sweetness and bitterness to the amount
saliva. I will be asked to taste six solutìons
tastant (caffeine) and six solutions of a sweet
(sucrose) and rate them accordìng to two scales.
asked to do this at three different times, This
I/2 hour each time.

desi gned
of ztnc in

of a bitter
tastant

I will be
wi I I requì re

I will be asked to supply the investigators with some
sal jva" A small suct'i on cup will be fitted on one of the
salivary g'l ands 'i n my cheek and the saliva suctioned into a
test tube. I understancl that the jnvestigatons will need
three different samp'l es of sal'iva. Each sampl e col lection
will requ'i re about 20 minutes.

If I decide to wi thdraw from
to receive the nonmal services of

the study, I wìll continue
my physicjan.

Interviewer Subject:

Address:

Tel ephone:
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APPENDIX B

MOt-AR CONCENTRATIONS OF TASTANT SOLUTIONS

AND DISTRIBUTION OF PREFERRED CONCTNTRATI()NS
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MOLAR CONCENTRATION

EACH SOLUTION IN

CAFFEINT I()R

FOUR SERIES

a
OF

THE

Series Sol ut'i on

1 2 65J 4

A

B

c

D

0.06

0.09

0.L2

0. 15

0.96

r"44

r .92

2"40

I .92

2"BB

3. 84

4"80

0.r2

0.18

0 .24

0. 30

0. 24

0.36

0.48

0" 60

0.48

0"7 2

0.96

7 .20

a Expressed as mmol/L

MOLAR CONCENTRATIONA

IN EACH SOLUTION OF

OF

THE

SUCROST

SERIES

Sol uti on 1 2 3 4 5 6

0"093 0. 185 0.370 0.740 1.480 ?_.960

a txpressecl as mol /L
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FRTQUENCY DISTRIBUTION OF PREFERRID BITTER

c0NCËNTRATI0N BY CASta, SER ItSb AND NUMBER

Senies
Sol ut'i on
Number

A B c D

CTUCTUCTUCTU

111

3

1

1

1

I

I

2

1

I

2

4

2

3

2

2

2

5

I

?

3

4

5

6

1

1

1

1

1

2

1I

2

1

1

1

1

1

acase: 
c

b

contnol , T = treated, U untreated

Series = A, B, C or D
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FRTQUENCY DISTRIBUTION OF PRËFERREI)

SUCROSE SOLUTION BY CASE AND SOLUTION NUMBTR

Sol utìon
Number

Control s Treated Llntreated

1

4

2

3

1

1

5

7

3

0

0

2

1

2

J

4

5

6

I
10

4

1

0

1
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APPENDIX C

TQUATIONS FOR SALI VARY FLOt,\,RATE

TOTAL ST IMULATTD PAROT ID

SALIVARY PROTEIN



APPENDTX C1

REGRESS ION EQUATIONS BY
ON SALI VARY

GROUP FOR SPS ZINC
F LOl,{ RATE

aGroup

Un treated

Treated

Control s

Regressjon Equation r

Y

Y

Y

28.80

64"2r

53.42

(x)

(x)

(x)

0. 158

0"308

0"386

+ 7 "70

- 27"42

- 23.28
!
(']

a Y-a+b (X) where Y zinc concentration (ng/nL) and X f I ow rate (mLlm'in )



APPENDIX C2

RtGRtSSI0N EQUATI0NS F0R SpS ZINC 0N
TOTAL SPS PROTEIN BY GROUP

Regression Equatjon a
t^Gnoup

Untreated

Treated

Control s

+ 0.05

+ 0.16

+ 0.10

(x)

(x)

(x)

Y

Y

Y

27 .44

i6.33

24"15

0.148

0.381

0. 381 .{
Or

u Y=a+b(X)wjereY zinc concentration (ng/mL) and X proteìn (mg/dL)"



77

APPEND I X D

c0MPAR IS0N 0F AQUt0US STANDARDS

AND STANDARDS CONTAINING TCA



7B

ANALYSIS OF ZINC

STIMULATTD PAROTID

CONCENTRATION

SALI VA BY TI.lO

IN

METHODS

1 2
Sampl e Varian Techtron AA5 Perkin Elmer 4000

1

?

3

4

5

6

7

oo

I
10

11

T2

13

I4
15

nglmL

62

T7

T7

19

22

178

24

19

19

18

7I
101

51

1B

61

ng/mL

77

2B

23

26

30

188

29

i9
20

22

76

r?_5

57

i8
70

1 Uring aqueous standards, acjdif ied w'i th HN03

2 tJring standards con'bajn'i ng TCA and dist'i lled water (2:5)




