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ASSTFACT

. ChmgB.in tbc nnrogen sd polyphenol contenr in bcer smpld\ were
detemined by spe.bd\.opic tecbni$6 .Iter the lildftior oi varying

The low md.shr qeight nnroAFh d,nDounds d. dccFpe h delcF
miniog the frurctimal rh-nE$ in prolejb;rch 

". 
olubitiry rd oagrt.

ability whnh influ.ncc lhe qudlry chaloden{n. of rhr bee, rdreij ro

Tlo atten&uon limit of felmenistion can be red to deteot $ne
hr rc t lon i l  ,h6nges in  $ , r (h  a . .  n . ih .  quchry  ond qran . i ry  o f

. An s(erone.$lulle fhLtun oI l,ee, .anpt.s hc\hcco exMined by 6J\cnron'Blogapny-narrpdtronerrv usine rhe trlmethyl.ilytalton in,-
der to ineresc the volatilrty of the Lomporhds,

Mss sp€ctromehy wN \$ed ro detdnine the *nEture of ihls frac-
tlon which was identined.s n.inly glycelol,

INTRODUCTION
Inbeer th€ change in nikogenonq. polyphenotand tutty

suDslances cluing tbe termentalion proce(s is very impor-
tant becsuse of its ellect on the c6lloidat system ofthe
product. (Bellmer, 1976r Dadic, 1976i Daiber, 1975i Cor-
instein, 1971 and 1978; Codnstein, et al.. I978r Narziss and
Bellmer, 19761 Vrtelova and Dolesalova, 1976).

Such change relult'' from tle action of enzymes. either
enclogenous or srrpplemenrary (Heberl anJ Scnban, 1976;
Knoepfel and Pfeminger, 1976i Krauss and Eifl€r, t976l
Sfat, 1975).

The acetone or methanol extractable fraction was the
s$ject of several studies which reported in polyphenols
and latty acids (Drost et at., l0Zr; Cracey i-d narter,
1976; Jacobsen, et al., 1974j Mac Pherson alld Buckee,
1S74; San&a, et al., 1C75).

Orrr rpsear, h aimed at studying dre, banges D nil rogen-
polyphen^l content :rnJ idenrifying Ue "t;chre of ;r
tone extractable fraction of beer sanples.

MATERIALS, APPARATUS AND PROCEDURES
All the experiments were carried out on Laser Israeti

Bepr mder procp*ing, ondir 'oh. Enz) mes (\OVO Indu\
tries, Denmark) were enployed for difierent biochernicat
reactions: Ternamyl 60L for liquelaction of adiuctsj

tDepatuvnt ol Ptutmace tict'I Chmist|, StLaoI of Phar
macg, The Hebreto Uniaetsit| of Ierusalzn, kmel.
z National beuery Ltd., Nattunid. lsmel.

StNTEStS

Se delelnrnrron pr mFdro de ldcni.r\ e.pectro(6nnd\ lfu cambic
Fn elcorrlennloJ-_nir,oseno ) polilenal cn 'ni'eirra{,t (..czn rc.pue.
de lu ddicl6n de diferent€s .an t idnd6 de 6zih.\.

t-' &npueno: de nirro6eno de Ldjo f.,o molecrldr {n d(sivo.
para determlnrr los coml,hs firncjonole. en proloDb.nno lo joluLjli-
datl ) ra codg tabrlidrd,ine Ddu€nc'rn tAJ,screnlrjLa{ dc catjdad de
la cencz, (laconods (,n el g'610 y lo e\tJ,ilidAd.

. Ell,mit- Je "te_nuacionde Id fr''nenrdci6o prude u{Fep*o <terectar
algun,\ ranb.6lunci rat6 en et dthidon (on,a.dn la (aijdrd y canh_

sc hd dninado nM tracolh solulie €n &erona de ts nuest!.$ de
( *vc70 po' ( onatografih y .specsonetr (a de nnu\ n$ndo L ktrne-
hhild(l6D (on ol'jero de aumentor lsvul,t id0ddet."!ompuc\ro{.

5e s6 elpeotrom€tria de n!sa! pala 8i8ndr lo 6rlucnrr6 d€ esta
Iiaccidn qrc sc id€n ti nc 6 princi pal'nent e como gticerol.

Neutrase 1.5 S forbreskdown ofproteinsto p€ptides; Cer-
eflo zr)ul- for rphrring P.glucaDln malt, Fingamyl 800L
for hydrolysis olstarch aria aexrrtn to fermentitrte,rrsars.

, The,following are lhe compo'itiuN ot the sampteiem-
Proyeo rn urr *ruy:

Control I-60% malt + 40% s<xghrm;
Test I-Control I + Neutrase + C€reflo + Termamyl;
Test II-Test I + Fungamyl
TestUI-50%malt + 50%sorghum + Neurrase + Cer"

eflo + Termamylj
Test IV-Test IU + Frugamyli
Control II-100% ftalt, this sample was introduced for

ohtaini l |q co'nparal i \  e data on ni truscn (Ln,en(.
The a,,alyse. ot Lire malr, worr, ald lrir were can,eo

oDt by the EBC method (European Brewery Convention,
Analytica EBC, 1975) and by otl'er methods (Amcrican
Society of Brewing Chemists, 1977; Knger and Bietig,
1976).

Coagulable and albumose nitmgen was treated accord-
ing to the methods of Koblach, Wilharm and De-Cl€rck
(De,Clerck, 1964 and 1965) md then as for toral nitrogen
content, the nitrogen content of rhose sanptes was deler
nined by the Kjeldahl or Dumas Dethods (Bll.hi Nillogen
Determination System: Digestion Apparahs, Buchi, 425,
Distilation Unit, Buchi 320).

Both total protein ud albumin were detennined by di-
rect spectrophotonetric nethodr lrorn the lyophiiized
sample. For eaci determiDation the concentration of 100
mg/ml oflyophilized sanple was used.

Total pmtein was determined by the precipitation wfth
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TABLE I.
Contositio ald Proesdi6 ol ton a &er Samql6

9 1 0  1 l  1 2
Tst TAi Tesl T*t

I lll lv

1

I

3 4 5 6
Tst T6t Tesl Ten

l l l  l l l  v

I

I

? 8

L

Appdeol atleimiion linit

foms oi n trogen, (ngl]00 m)

Globu i
ch  l lh&6,  EBCln i i s

78.9
150
31.2
4.8

65.4
16.6

14.6
i40
30.0
4.6

1 9 1
139
2 6 8
5.2

71.4 76.3 76,3 71.0
18.6 t89 18.1 17,9
2 4  3 6  2 . 2  3 . r

168
4 5 4
1.7

t73.2
18.0
t21

37.1 83.3
5.4 12
2.3 1.8

48.1 656
r i .4  309
30 i  341
l , t  0 .8
9.0 0.0

77.9 781 72.1
160 I58 154
35.8 34.8 32.8
4.5 4.5 4.1

79.3
t30 16l
24.t 30.0
5.4 53

81.5 18.2 80.6
144 t34 125
21 .6 25.2 23.8
5.2 5.3 53

6.8
1 6

7 0 0
4 9 0
?l .a
0.8

15.0

49.0
6 6
2,3

83.1
60.0
23.1
0.8

t 4 0

4 9 0

2.4
65.0
45.4
20.2
0 8

1 9 0

5.9
2.3

56.9
3i .6
19.3
0 7

20.0

10% tdchloroacetic acid. The nitrogen content of the pre-
cjp'tatc, deteDnined hy the Kjeldahl melhod. wa. mulh-
Dliedby 6.25 and reDorted ar cmde protein.' 

Totai alburnin waldeteDnined by the react!)n l etween
albrmin and bromoresol green in a suitahle b ter to form
rlbumin-Boc complex with a blue colour at aD absorytion
maximum of630 nrn (Douma{ €t ol., I971).

Total gloln in was oalo\ ated us a dillerence between
the total-protein and the all)umin,

d-amino nitrcgen was determined specirophotometri_
cally on a LIV-VIS Spectrophotomeier Vafion TechtroD,
Model635 irr lhe 570 nm region (Analytioa EBC, 1975)

Chill haze (proteh stability) wns mersured with the
EBC hrzem€ter a.fter one day at 400(1, followed by chill-
in{ to OoC for 24hours.

thc oolvohenol. and anthocvanoeenr were determined
accordr'n,: i;' gBC and rSBC.

The amoult of glycerol wru €stimated by weight after
extraction with acctonc from lyophilized samPle ofbeer'

Th€ mass spectra of thc cmde oils werc measuled with
a Vadan MAT CH-s DF mass spectromctcr, rl$ing direct
iulet,70 eV aDd240'C ion sol[ce.

The gas chrDnratography |!ass spectra were m€asured
with a LKB-2091 GC nass sPectrometer, rNing a 2 nm x
2 m slass SE 30 CC column with a 10 ml/min carrier gas
The ienperatrue of dre co\lnn was incLeased from 100 -

I60'C, 10"/nin ni o|der to obiani shary peaks, whereas
rh€ gas-separator was 260'C. and dre ioD souce 240"C at
70 eV.

The TMS deriv:rtizntion was carded out by allowing to
stand ovcrniSht, about 10 mg crude oil with 03 n BSA
(Bis-Trimethyl-silyl Acetamide).0 5pl or $e riixrnre was
injected to GCMS.

RESULTS AND DISCUSSION
Fmn the aralytical data obtiircd in Table I for Control

and Test samples ol wori aDd beer in this strdy the follow-
nrg obseNations can be made:

l The mdi uln atteDMtion limii of beer {ermentation
with addition of Funganyl was al,out 80.6 - 81.570
(Tests II and IV, in colulff$ 10,12) u,npare to Con
trol I (cotmn 7).

2. The 'rruntily nl polyphenul. snd hence rhat of re'
duciru .rrbstarrces. war highe.l in all malt 'ample

CoDtral n lcolumns 2 and 8) arrd decreased with in-
creAine rse of 

"orEhum 
a' raw material Lcontrol I _

Test l\"in c,)hunDiT rJ9-12J. The pol)merizalion
index (P,I.) a, determhed by the ratio of dnthocyan-
oeeDs io Dolyphenolr dttair(d ri!nildr rulucs for all
sinplcs aIter iech'rol,,gi(al Processmg lt has been
{rsiested thrt tltc p,)lyphenol level.an be rcgrrlNted
I'y ihe ch"ree ot raw m.rtcnali This n, hrrD cuuld bc
u5ed t" adjust $e P-r"potlron of Polyphcnols to pro-
tcin content and dllccl h) sume extcnt Ue colloidal
siability of the product.)

3. The us; of enzimes tended toward increases in all
nitroeen-containing substances Addition of Neu-
traje-durnrq mnshi;g increased the a.nount of d-
amino nitr,igen. thrr. nrereasing the ratio ol d-aminu
nitrusen to i,)tal nihl)Aen and the anrount of 'ohrble'
componenti. Thi5 indiaatr. thal the exteut ol proteo-
l lL is i  nr\h ( , t , taining (nzyrncs cohrrmrs 3'6 n di f-
f;)ent ftom that h Control I mashos (coluln r)

4. The dillerence between the alnount of d-amino Di-
I ru':en n' wort dnd in lltcr r'"n l,e 'r'ed a'ar urJex nrr
thc-extent,,l fermertahon within l-he s:rmple' This
difierence is the larsest for Tcst Il milhes (coltmn a),
and indeed. the app.rrent attenuation limit of fcr-
lnentation in tiesi-sanples is drc highest (colDlnn
t0r.  Thp avdi lal t i l r ry o{ a ' imi lable qi l rogPn i .  re-
. l  red lor l lF lPr 'nenlal ion and.r,raqe process. ' .

5.  4lrhon' lh lhc hiAhcsl sohrhl"  ni l rogcn conlenl i '
t " 'u ' r i  in rh. al l  Tr l l  . rmple Conlrol  U n, ,  olutnn
2t,  t l r  deerep of protpol ls i{  $ sFcn in lhe d amino
nltroe"n ronter ' r  i i  larger i '  lh.  mjxed mahcs w\e'"
enzvmes have heen added (Tests I - IV, in columns 3-
6). Since d amho nitrogen is a nutdent for yeast, the
de$ee of fermentation will be increased by enzy
matic reactions.

6. Soluble Diirogen content decreased when the pro-
portion of sorghum wis increased comparedto Con-
i" , l  U Lcormtu 2 and 81. rho,rgh 'hi ' .onler, l  $a.sl i l l
larg.r  $ i lh aJded en/) me..Te. l  l -  lV in culmn\J-
6 and9-r2), than in Control l.



r00 CJIANGES AFTER ENZYMATIC ACTION
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Figure L The Mass SpecfiMn of ttis-tinefiwbilql faund in the acatane ertractabk frtLction of beer.

7. There were no &amatic ellects oD coagulable nitro-
geD by enzyrne addition. The decrease in coagrlablc
nitrogen in the all malt srrnple (CoDtrcl ll in cohlrnns
2 and 8) from wort to beer is the largest single factor
in its loss of total sollrl)le nitrogen coDt€nt.

8. The conte'r t  of  proteins of di f iereDt molecr lar
weights was difiereDt in each tAmple but there was
a tendency towards increases in alburnin and reduc-
ti N ilr gloln in conteDt botb in wort and beer
wherc enzynes were added (oohrnDs 9-12). As a re-
sr t of ihe hcreased albumin compared to globulin
these beer sarnples do have higher stability (chill
hazenr columns 9- 12) than the Control samples (col-
umn 7).

9. Dillerent samples of b€ey after lyophilization to &y-
ness feld a powder. Further extraction of th€ pow-
der with acetone or alcohol gives an oily product (6-
20 mg/100 ml).

lR measurements of this oil showed a large peak core-
sponding to hydroxyl group and only small absorbtion
pedks at the rest of th€ IR speclrum. Mass spectral nrea-
s renrents by direct injection of this oil show a promnient
peak at m/e 6l srggesting ioge$er with the IR spectnm
an alcohol type compourd. The CC,MS of ihe silylated oil
showed tnat about 90',6 of ihe silylated material is in oDe
peak at the gas chromatogram. Th€ Mass spectrum of tbe
compouxl represented by their peak is shown b Figrue 1.

The peak with the highest mass ratio is at m/e 293 aDd
Do nolecular ion was observed, a chdacteristic of polygly-
cols due to loss o{ a methyl radical (Dieknan, et al., 1968).
This obse ation led to a silylated polyglycol with a mo
lecular weight of 308, coresponding to tris-trimethyl si-
lylated glycerol. The ftagmentati(n paitern correspon&
to that o{ synthetic silylried glyceml fouid in tlle litera
tule (SteDhagen et al., 1974).

The hagtnertation mechanisn is shown ni the scheme
1 .

ID the light of above results, tle ioD r€presented by m/
e 61 iD the mass spectrum o[ Ihe crude oil is formed by a
carbon-carbon bond cleaveage of $e glycerol as is shown

CII, - OHf t
t..1
cI{ - oH
I

LcH, - oH
M t  m / c 9 2

cH, -o-s i (cHt3

cH,o ,s i (cHr3  -

cH , -o -s (cH3)3 ,

Mt n/e 308

I
I

cH, o sitcHl)l -
l *
cn= 6 - s(cnt"

n/e 205

Schane 1.

lM - clLlt

n/e 218

(cHt3si o: si(cHr'

n/e147

+
C I I - O H
I

ctr? - oH

rn/e 6l

+ .cH! - oH

\ 
m /e 2e3

\ lM _ (cHt3sioHlt
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The a.rnount of glycerol in beer is similar for each test
sanple (coltunDs 9-12), but js slightly less in Controls I and
II (Colunns 7 and 8). We believe that this glycerol is a
prodrct of hy&olysis of lipi& and glycoproteins dudng
the enzvmatic action and misht be a cnterion for t}le es-
timatioi of these conpoundsi
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