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SINTESIS

Se hln usado los sistenas infiarojo y ultravioleta para la
dcteirri.aci6n de glicerol€s y polif€nole cn cerveza y vido. Se ha.€ una
.onDaraci6n con ld hitods estdndar (Soxhlet, p€so extnfile coD a.e'
rody c borinetilcelulosa), y se presentan los rdultado$ paa todos los

Los ault.dos con l,a Jndtodos lnftarojo y Ulhavioletason nds bsjtrs
debido ala prc$ncid{,lM,ent€ d€ glic*oles y fcnoler.

Se hs. cncont ndo dileren c l.$ .ndnti tati vas en estos conponent es que
depedden dc lat cantidades de nlterias pdms y enzimus en h cery€za
Se repo(dron glicerol, polifeioles y comgEstor nnrogehads d€ b8jo

leso moleculd en relacl6n d las pnpiedades ft1licds, q(rinlcas y oF
gutuldptic8 y con rcspcoto a lu estabilidad d€ la 6P!oa, ls viscosidNd

I ld €stahilidsd ale rlAnicnk) delproducto nnal.

METHOD

ApparatuB and Roagenls
Tbe enzymes (Novo-Induqtria/s, CopenhageD, Den'

mark) emDloved for difierent biochemical reactions werel
Termarnvi 60|,-for the li(Nefaction of adiuncts; Neutras€
I.5s-to; the hreakdown ,if Fr,'teins ro p;ntidesi Cereflo
2{)ol--for snlittins rhc B-gliean in mali aid h.rrley: and
Fungamyl Shol-ior lhe liydrolyri' of starqh dnd dcxtrin
b fertnentable sugars.

All the experiments were carried out on Lager type Lr-
raeli beer m;de urder normal processing conditions using
the followinq materials:
Control 1- fu% malt + 40% sorghumi
Control 2- 100 malt, This sample was introduced for ob-

taining comparative data on nitrogeD content;

Test I- 65% matt -+ 35% sorghum with4 enzymesi
Tost 2- 60% malt + 40% sorghum with 4 enzyrnesi
Test 3- 50% malt + 5070 sorghum with 4 enzymes

The investigation aIsD included some Israeli Semillon
musts and wiDes ard other trade beer samples

Standard solutios of glycerol in aceton€ were prepared
thu!: 2,5,10,15,20,25 & 30mg glycerol/ml acetone.

StaDdard sotutions of potyphenols in methanol were
prepared 0.01, 0.02, 0.03, and 0 04ng resorcinol/ml

Ihe ulrr-rol  and Fol\  phen',1 r  omporrnds wern er
ra.tedi ;n '  b"er ar j  qi i 'eryuphi l i /d ie '  wirh d'etone
ind extracts assayed by IR rrd try spectrometry. IR mea-
sfements were made on a Perkin-Elmer Model 257 in-
frared spectrophotometer. UV measurements were canied
out witn a sp;ctrophotometer Vadan Techtron. Model
635.

The analyses of total polyphenols in beer has lten de-
scribed.o6) The visc\rsity of the samptes (a Property which
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AESTBACT

T[c tnhared d'd (ntlaviolet slstcns vere 8cd for $e det€rninatioD
o l  ! | \ (p ro l \mJ r l  ' h .n , l . inher '  Mdw.nc  Co 'nurn \on  b  rn0de qrh
Lt'- iaura meihcitl r.\hl.r, $"r' n. w4ahr e\ln' raLh. {o q'uo}
ymetlrylcellulosc), &d resulk for dl n€thods {! pre$ented

Ite{nti ft.h rhe Inftared ud Ultrnviolet methods drc low€r dle to
thc prusence oI onl/ glyco ols or phcnols

Quintitdtlve difierenc€s in drese codpodedk thrt lre depcndcnt on
the mounts oI d{ natcddls dnd enztmcs b lter hrvc beqr fornd,
Cb' "' L p llpl'enol., rlil I' w Nol.cnlLr wet8ht nikoeen ronpound"

";re 
. ponil n. kLrion ro the physnal. !hdn''. ;J m6"n,lcttk

pat*t,6. ord qnh '$p! r t the f .m .t0hlny. "i,-6,rv. ond chll
proohl€$ , { tue lndr proo!(r

INTRODUCTION
The r je of enzymic preparations such as d-amylase,

proteaee. and glycanase a. hydrolyz'ng agents ol trn-
malted cereal compound' h*\ heen the {rbject of several
ctudies.or) The s€quence of [hese enzymatic reactions be-
qrns witb thc bredkdo$n of phospholipid5 of glycerides in
[eer and leacls to the formation oi fre6 fattl ;cid.. x"' The
fatty acids and glycerid€s destroy the colloi&l system, and
this factor decreases th€ foam stability of the ffntrl prod-
uct.(ld) Th€ enzymatic reactions taking place during beer
preparation change the xmouDt ol nitrogenotrr anLl Poly-
;henolic rul^lancer and alio tlvcerol whiuh infl,rence lh€
ir0pertiesof heer.r?al

Thr$, it is important to determine the various constitu"
ents of lreer, espicially glycerol ald potyphenols. The mars
soFctrdl idenl'fication of elycFrol in ltPt ha beerr re
jorted.,,',' Cxs chromatol.raphy' r.rr', di\tilldtiun and co-
iuimetry"r ' 'o ' ,  ̂. " ,o, ' .  

-  
d carbon tptrachlor iLle weighl

€xtractable Inethods(1i' 1'J), spectrophotometry CMC/
EDTA(1o, Aaminoantipyrine0o have been tlsed for the de-
tennination of glyceml and polyph€nols. But these )neth-
od! aro very complicated.

lnfraredipectrixcopy has not been used extensively {or
qrLantjtahve gly!erol determinatioD.

In lhi ,  {uay a simple rn. lhod for glye"rol  ud pol l
' ,henol dcterminarion in lhe acer"ne-rr  r lctable l r . i f r  

"c-
iion by inlrared (lR) ancl uttraviolet (Uv) spectroscoPy ,s
reported. This method has also been applied to wine nusts
In comparison to other methods this procedure is {airly
rapid.

"The Hebeu Unixe"sitrt of lerusale\ Depaltnent of
Phamnceutical (hemistw, Sclunl of Phamaca, Ietu:a'
Ien, tsnel.

Rec.?ire(I March 28, 1980.
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detertnnrcd tiltcrlll)ility) was measued with an Ostwald
viscosimcteflJ'1s) .rnd calclrlated on the basis of one pa|tic-
ltlar coDcentlati()lr of wort andbeer.

AlhDmose was detennined by the reported method
bas€d on ZnSo{ precipitatioD,(1e) The nilrogen cont€nt
wr$ deten ned in par^llei samples before and after pre-
cipitatioD l)y Kieldahl analysis(re ?0) (Buchi Nitrogen De
termiDation Systemr Digestiqi Apparatus, Buchi r95i Dis-
tillation Unil, Buchi 320).

Chill haze (physical stability) was ne}s]]red wfth dle
EB(l hazemeter after one day's storage at 40'C. followed
by chilliDg to 0"C for 2'1.

The foafir stability was determinod iry Dodiffed Carls-
berg method as sigma value ofbeer.el)

The determination of peptide nitrogen was carried out
by the glyoxal or methylglyoxal method at 321 or 335 nn.

Preparatlon ol Samples
IDitially the beer sample wa! degassed by shaking and

clariffed by ceDtritugation. The 100 ml o{ each beer or
lvine samples were lyophilized. The beer or wine lyophy
lizaies were exlracted with three 10O ml portions of dis-
tiled acetone. The solvents were then evaporated to dry,
ness. Each of the samples wa' prepared by dissolving t}le

lR and UVdelermlnatlon
The determination of the glycerol conteni in beer and

wine was made by conparison of the IR absorptioD spectra
of the sample widr ilat of glycerol staridard solutions at
10'10 cm 1. The glycerol was quantified by conparisoD of
the IR suetching bands at 1040 cn 1 based on the experi-

0 . 0 5  0 . 1

CoNCENIMTIoN oF RESoRCI]{OL, mglDl

Fig. 2. Calihration clune fot rcsorcinal.

mental data.@3) This band is repo$ed according to the
characteristics to primary and secondary alcohols (isopro,
pyl alcohol. cyclohexanol, aM t-But}lyl alcohol). Substi-
tuents shift the band to a higher ftequencies.e3)

For polyphenol detennination the sanples ald stand-
ards were disolved ir nethanol, and the spectra were re
corded against methanol at 275nn l-* for phenols.ea)

Calibration curves {or glycerol Dd resorcinol are shown
in Figures r and 2.

RESULTS AND OISCUSSION
The spectral data of b€er sanple, glycerol, polyphenols

andacetone are shown in Figure 3.
Acetone extractable beer and wine fractions give dis-

tinctive absorption pattems simild to dnt of glycerol.
These bands did not change in all beer and wile sanples
with regard to standards. The broad band at 3600-3200
cm-1 is aqsum€d to be th€ result of absorytion ofhydrorylic
gloup, including water, therefore this region cannot be
used for a quantitative glycerol determination. C-O ab
sorption is seen at 10,10 cmr in all beer ard wine sarnples,
in standard glycerol, but was not detect€d iD acetone when
u5ed as a solvenl. This wa5 the region used for quantiiative
glycerol determination.

Spectnun of a beer sample showed the only glycerol
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TASLE I,
c0MPoslll0l! lllD PR0PtRTIES 0t livasTtctTED saMPtEs

I
Test Cmlrol Cmlrol TNI Tsl
r 1 2 t 2 32!!9,, t 2

g/100 ml

m8/100 n

mg/100 ni
Vismslty cP I 79

9.8 2 0 232
52 l9 0 t4.2

1 4 9  1 4 4  r 3 . 4
I  34 154 1.52

5 0  8 7  8 . 6
?0.9 ?? 0 20.5
0 7  0 8  0 . 8

125 100 l l4

?.93 83 53.3

t5. l

31 3 4

i 7 l

2 t t.6

4 0 5  2 4 0 0
? 7 5  1 3 0 0

29.8
24.4

1 9 2  l 4 l
9.3 00

152 14.7
7.1 lt.2

15.4
l . 6 l  1 6 8

12l

l 7 l
3 4

1.64
3.2

1 4 0 D O

1 6 0
1 3 0
1 6 0

4 5
r6. l

91

6. t
1 8 5
0.8

i22 t02

ch,rractcfislic bauds aDd N al,v,+tnm peaks f()L poly-
pherols. Thc hniintg la.tor nt this cde was the lo$,con-
ceDtraiion of polyphenols h thc acekDe extraclablc hac-

The results of the chemical analvses are sunmarizcd nr
Tr ' ,1( |  icv.rxl  sr, ' ,phr ol  L,c.n Jn, l  w,r,o.  J ' , r i rq pr,"
r s n r $ e r F , F . b u , F J .  \ l l  l \ ,  . i , n l l . \ . \ , . t r l  $ i n e  t s a v e
ih€ salne anrolurt of lyophiliate. 'l']rcse runqedfrom 2.9 to
4.1 g/100 nrl.'nre icctone lmctions vrie.l ftom l0 n) 30
nig/100 d although wine gave r verv high conteni (240
mg/100 ml). CoDsi.lering thal wc started with tho same
:mounis of lyopliylizate iD Control and Test samples, wc
sa\r thrt dre i crc.tse in the i$out ofacetone extraciable
ftactioD hnd ari nrcreased elycerol content. In Tests 2 arld
3 beers more glycerol thaD nr (inrtrol I beer rvas found,
but the dnoult of gllcerol inTest I was low compared to
Control L Enzymatic reactions led to norc glyceLol nl
beer (Tests2 ed 3)l,€cnuse the hy.Lolysistook place du
i g processing stagc. Iligher proportions of adjuncts iD
Tcst 2 bccr showcd an increase in glycerol |n co Fared to
Test l. bL,t rvith increase of sorglrum conicnt !p to 50%
(Ten 3) had similar efie.t as 40% sorghum (Test 2). The
higher glycerol content in Tesis takes fioni dle acetone e\
tractrble ffactnD are reflected iDhigher levels of liscositv

of the corrcsFnidiDg l)ee$, but this tacior dightly de
cre$ed the foan stability. Howevef, the viscosity ol wort
and Leer Tests was l{rwer than in Conirol 1. and the rrash
filtratidr tnnc $'as also reduced.

Furtber exalnnrtion of the Table r showed only small
diGerences in polyphenols between ihe Control d Tcst

Uornpa. tn " l  rh"  o , , r r . r . id l  '€Pr-  \ ' lh ,1 i l , rF uK.
.urd ,{m*el) showed ar nrcrease in the giycerol content
(Table r), a d itwas proportioDnl to the viscositv andfoan
siaLility.

Precision data n,r glycerol at di{Terent concentration
levels are sumnarized in Trble 2. It shows the resulis of
lweDty determinaiioDs ai each offour difttrent conccntra

TABLE 2,
Prccision ol neasmDent at Difi{enl Concdtdtion Levels

lof lR Sp!ch6.op. iletiod

ii a*loie Meli abstirelor Veiat m i-20;

!!l!!r r!.91!!ryr4
5

t0
t 5
?0

0 4 6
0 6 2
0 8 7

0.012
a a 2
0.03
0 0 7

2 6 7
3 3 0
3 5 4
4 6 6
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Trou 3.
Conpa sonolSbnderd Sorhhl dellod lor iatty $bdam6, rcelme qthclable nsthod,

ard lR specnc6lic nlthod forst.erul,

mgl100m W,e!  ms/100m wl

O K

2 0  8 1 0  6 2 2 0 r  0 6

2 9 8 + 0 8
l l ? 1 0 3  3

The coefiicient of variatior for all teD analyses \rith IR
spectroscopic rethod c(mrpntc lavournbly \vith tne.rce
tone and Soxhlet exiractnble method-i as sliowD tu Table 3.

Table 3 slnxvs dre resrrlts of comp.dson .m. yses for
somc Leal s.unplcs of lrcrs bctwcen drc soxhlet nrethod,
weight extrrctablc method, and IR spcctroscopic method
for glycerol. Ten a,r. yses werc carricd out on cach of the
8 samplcs ofbeers shown at Trble 3.

As eipected, results with tbe llt spcctmscopic incthod
are lowcr th.llr the resrltr wilh wcigh! cxtractablc mcthod
And Soxhlet rncthod bcclusc thc rcetonc an(l carbon tet-
rachloride cxtrrctal)lc liac&)ns contain r)ot or y glvcerol
br.rt: so phenols ̂Dd other ldly snl)strrccs, srch .L\ glycer-

A J J i t j  , r i  a l  ' 1 / ) , , , (  i , ' r l x  r n " . h r , r ' L r ' " ' ^ . \ r v . r ' i L -
nificant nrcreasc h low nnnec[L\f $,cighl nitrcgcn conr
pourd! nr albunroses .llrd pcprklcs in'rost sa.rt)lcs $ co,D
pared k) Control L This d.'tr dctcnDnrcd lhc changes nl
proteinproperticssuch Nfbau)ability.rndviscosity which
influence tlre qualiiy ch.uactcristics of thc l)eer aDd ̂ lso
relatc to its tAsie. foaDr aDd chillproolness. Such .h.rDges
resuit fronr thc nction of cnzyNcs and $c a'no,lllts of ad
juDcts. AD acetone extrrct.rlte fuction of beverages was
chrracterized by spectroscopic D)cthods. Co'nparivD of
lhe .pp. t l . ,  ' .v .a l .d  mxrnlv  qrdrr i l r l iv .  d t / lerer(es i r '
g lvcero l  and polypherol  coDicnt .  Bccr  samples vary
widcly intheircontent of tliese conrpouDds. Beer prepared
wi$ supplemeDtal enz)'nres was observedto contah more
glycerol in the acetone extrrctablc fraciioD ihaD h lEer
without eDzynres. The arnount of slycerol h thc acetoDe
extractable tuaction coul.l be nsed to detecl ihc clegree of
erzymatic hydrolysis of fatty conipouids i,i beer produc-
tion and to predict lter charactedsti.s such a! viscosity

ACKNOWLEDGEMENTS
Tl1e arthors are gratefi to ihe Ministry of lndustry,

Trade ard Tou|ism (Olnce of t]le Chiei Scicntist, Israel)l
Labatt Brewing Comprry,l,td., Ontario, Canadai and the
National Brcwery Ltd.lsrlel. Nathanya. The autho are
very gLateft,l to S. Sarel (The Hebrew university) for his
interest in ihis work. Nlan)' thar*s are due to A. Conway
andM. weiz(TheHebLew Universty, h|ael) for technical
a-ssisiance in obtaining results; to O. Berman. M. Berlher
and C. Popovich for technological a.ssistancei nDd to S.
Melzer ard G. Krupnik (NaUoDal Brewery Israel, Na-
tharya) for assisiance ni obt:rnnng rcsults.

REFERENCES
L C,nnNsrlr!, S., Kror. S. Srn.L, s, BrFr$N, O.. B.turNrH, \ ., Po.

pov'cr. Cr.. a.d v M, s. Y. (lr+i0)./ A,,. sn. ,,fBtu . (rldn.33(1).

l i r 2 u
2. wlxn,*Art. J.l). (1978) lt1c Dre 5j(5), | 38,39.,12-,1.1
il. DoruNLLirz. x,,(: r A.. rr(l crN^Lrs, r\nNUL.o M. ( 19?1) rr.o. rig

'19(7), p ,10, 42,11, tG4?
4. sEn(;Etrv1, N.lvl , Nd t.rR^Novsxrr, I N 11978) ntridrlt Ardl. (,r.

t lw l.irl1. lwl l<hnn l'r.r, tit ll l3 (ilrrn.. Al,rt/ (19?8), ijg.
1,18.186w. p I I ll

5. lorrs, Ij.o., (in+i, I\, rd ltrNro*. C. 119?5) Dur. B'cN. Co.gr,
I'o.. r5, p 6ri9.68l. (l/,.,, A?,r1r (1976)81. 8?9!5n)

6. Jn,! (l r,, U.D. I r si6) illordt$t ht. )r1rt. 29161, | 218, lr?51,2lli
2m ()n, ,,1r,r/. (rliir 85,61ll:l2nl

i S{xqLDr^(,l. rl 1t971) trtu Dig.5tl2),.12.41,5t)
I rl^( v^R,v. v.(]tr.. nrd NtosD'{, J. il978l^od$q /"u,, ,.J(3). p 19-

li'r. ()nr /\/rr,r (l97lr), 8t), 5ilrl034
I N u7r$. L (l97rJ) tn?rd:// i / !(r0), | 688-4192. (rlor. r\rrri (19?81

r l )  ( i { r r !s1Hr .  S . . l ) r  r : rv r r ,1 . .  Kd) ! ,  s , .  s r tu i , ,  s , I ru t r t ^N.  o . ,8E^-
L ' r '  n ,  \1 . ,  r t rn  l ln r )v r r ' ,  ( l  ( l !8o) i l t l r ^ , l? . .1 ( ) ro1 . l7 , t )08

l l .  s lKr r {^ r . l l rD  ) .  dd  oxr r r rM,  ] \ ( 'n^  (19?7)Ni | l l , '  s i , r / (  ( t , l r -
rtD Zd$,ri rl(6),I21)0 291 arl,,, .Ursr, {1078) 89, 1616060

rir Nl\xofshr^. NV (1978) M.t ria Annl. k.nh.Uu Knh lirl
d,rrr. t',Lni 5( l). I t6, Cir.D' ,1rJr,. (10i8) 8C, | 4mI$

13 K.v^1. v,c , tso,{o. 1,.N , nnd (o!^r,itrn:(, E P (10i8) Ii,.,rDo'
?irur rirt sr.:si,tr Lik,r vod.t:lt. )'tdn st. (,I), p 12-16. C/p,
/lrr/r (1978) 89, 1411)3rr

l4 LL.tD. 8., BuMrN, J., SMrrtsH. P,. ud ALi.nrr, K.(1.Nl.v. (1s78)
(-ili,L C[.,'.2J, ]0, p 1721 l92s

l5 (Ar"-, W., Rrri:H.1, C. n.d NI^vn. Fi. (1978)M,,. it .,pra!arnl6'
/dr-v.^r.lunJr W.itr Onrrrdr, xn,rrrtrcr],urg 9d(3.1). !]9t.
ChlD Al,rr. (1978),89r 1?801?in

rO An.LUti.! I,B(: ill (10?tl0??) schscizer Braufr.j nnnllschan,
alH 80.{? Zuicl,. Switzeddd, n14'F:16, Ellr E37r E l',r EG]aE

l? F.!vh,N., J.E.. JosnFUR{,1.B., and (.',rHE|' P.N (]9?,1)  nd/
CIer'.16. l, p 62 66

r8. KRlGtrl, E, and B'rlrc, E.l. (1976) Bcttrnil\ nnd Qullitiitsl<on
irolle i! Brancrci und Alkoholtrcier (lct,anle lndr*rie, venag
P.nl P.kcI, Bcrlin nod lln.ib(rg, p 14$1,16

19. Bllca(ov, N. (l!59) Puzv..Litvemy], i L^boratoiriU, (oDtrol' So-
lodor.!.hcniya i Pilovve.iF, Pinr.hcpro'ni?dat, Moscow, p 211
2r8, 262, 2U, 26G287

t0. Dr C' rR.,K (1965)Lelnn'.h der nrar.rei,9 Andagc, vesucn\ nnd
i,elrraNtalt tu Brruerei i Berli., l9erlin 65, seestr$sc 13, t 3l3

2 L Q A I Analyti.al \'lethod ll t72) John Labatt r, Lu m Odttrio, p
92 9.1

22. P.,rnirorm,C.,d lBFy, v. (1069). vilrr]Irnna.{.td lt{iunl.5,
p 98r 988.47p! .1l,rr, (1969), ?1, ll9,ui6n

23. R{o, C N.R Chcnj.al Applicriions ol l.Iinrcd Spc.hoscopy (1963)
,{.ade.ricPre$, New Yort and London. ! 177, t88

2,1. Jalr.,EH., a OFCEIN, M. (1962)Theory a.d Applicdtions ol Ul-
trlvnnct spectrosropy. John wilcy ord s.ns.ln.. p.ri.179


