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ABSTRACT

In the present study the nutrient content of wines and beers was deter-
mined after the enzymatic degradation of starch through the metabolic
effects of these beverages when supplied in the diet of rats. Control
animals [Contral, Control (1) and Control (2)Iwere given a beverage-
free diet and experimental rats were fed purified diets supplemented
with beverages equivalent to 3 1 beer/day or 1 1 wine/day for a 60 kg
man. The beverage supplemented diets appearsd to stimulate growth
during the experimental perjod. Serum analysis showed some differences
in the concentration of total serum cholesterol, high density 1ipoptro-
teins (HDL) and low density lipoproteins (LDL), as well as in alkaline
phosphatase levels and urea. These data indicate that beverages may
have an influence on the nutritional process particularly with regard to
protein and vitamin [0 metabolism.

INTRODUCTION

There are implications in the literature that beverages may be nutri-
tionally beneficial (1-6). Beverages can form an important part of the
energy supply of the diet, It is important to determine the effect of
different nutrients present in beverages such as supars, tatty acids and
alcohol on metabolism. since the quantities of these compounds can be
varied during the malting and fermentation processes by regulation of
enzymes and hence improve the nutritional value of the final product
(2.7,8). However, no major research has been preported on the enzymes in
connection with the degradation of starch and the nutritional value of
beverages after such enzymatic treatment(2,3).

In this study, fermentation and post-fermentation were conducted to
estimate the relationship between polysaccharides and fatty acids with

a view to it's significance for the nutritional and metabolic value of
beverages. It was done through the indices of cholesterol levels, urea,
amylase, alkaline phosphatase, mineral content and electrophoretic
protein patterns in serum of rats fed beverage supplemented diets as
well as through the measurements of food consumption and body weight
gains(2,3).

MATERIALS AND METHODS

The nutrient content of Israeli beer samples after enzymatic reactions
and South African wines (dry white, low alcohol dry white, dry red and

OCTOBER 1986 VOL. 34 NO. 4 329




NUTRITION REPORTS INTERNATIONAL

semi-sweet white) was determined and an assessment made of the nutri-
tional and metabolic effects of these beverages when supplied in diet
af rats.

The present investigation was carried out on four types of wine from
grapes grown in the Cape Pravince, South Africa and were made by
Stellenbosch Farmers Wineries. The experiments were conducted alse on
lager beer (10 OB) under processing conditions at the National Brewery
Ltd. MNetanya, lsrael. Six thousand kilogram of raw materials, compri-
sed of 50% malt and 50% sorghum in addition to 240 h1 (hectoliter) of
water were used in the mash. Enzymes were used to assist in the wtili-
zation of adjuncts (Termamyl 60L. Movo-Industria/s; Convertases 70SC

& SA, Schwarz) and to supplement the malt quality (Fungamyl 800 L, Novo-
Industria/s). Termamyl 60L, Convertases 70SC & SA, This c-amylase
Tiguefies adjuncts. Fungamyl 800 L. This a-amylase hydrolyzes starch
and dextrins to fermentable sugars (2,3].

The National Brewery Ltd. wused a mash decoction system. One mash was
100% malt, the other was comprised of th sorghum and 10% of the total
weight of the malt and contained the Termamyl, Convertases 705C & 54
respectively. Both were mashed at 509C, and the all-malt mash was
retained at this temperature during the liguefaction of the sorghum.

The twa mashes were then mixed and heated to 76°C after saccharification
steps at 60-62°C and at 71°C (1).

Contral 1 was this regular product of National Brewery Ltd. but with-
out the enzymes added. Control II was the all-malt mash, used to obtain
comparative data on nutritional and metabolic value. Four test samples
were used. Test I, Test II and Test 111 contained each of 50% malt and
50% sorghum respectively with 0.1% Convertase 705C, D.1% Convertase 5A;
0.1% Termamyl 60L based on the weight of the sorghum and 0.3g of
Fungamy] BOOL per hectoliter of wort. Test IV was made also from 502
malt and 50% sorghum plus 0.1% Termamyl 60L based on the weight of the
sarghum and 0.4g of Fungamyl BOOL per hectoliter of wort(l},

For all samples, the wort was boiled for 1,5 hr with the hop extract
added in three portions (110g/h1). After being boiled, the wort was
pumped inte a settling tank and cooled by means of a plate heat exchan-
ger to a pitching temperature of 109C. It was pitched with Saccharo-
myces Carlsbergensis yeast, with 50% {v/v) solid content of yeast slurry
in a proportion of 0.5 1/h1. At this point enzyme Fungamyl 800L was
added to the test wort. The maximum temperature reached during 7-8 days
of fermentation was 120C (1).

Male wistar rats [120g) were housed individually in stainless steel
metabolism cages and fed on diet consisting of 70.5% starch, 18.0
ovalbumin, 5.0% salt-mix, 5.0% sunflower oil, 1.0% cod Tiver oil, 0.35%
choline chloride and 0,25% vitamins. Beer-supplemented animals were
fed the same diet supplemented with Tyophilized beer at a concentration
corresponding to an intake of 6.0 ml original beer/day/rat. Wine
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supplemented animals were fed also the same diet supplemented with lyo-
philized wine at a concentration corresponding to an intake of 2.0 ml
wine/day/rat, Therefore one rat of 120 g in one day receives 6.0 ml of
beer or 2.0 ml of wine, This corresponds approximately to 3 1 of beer
or 11 of wine for a 60kg man. A1l animals received the alcohol equi-
valent of this beverage fntake at a rate of 1.0 ml of 24% ethanol per
day by stomach intubation. Food consumption and body weight were moni-
tored. After four weeks on these diets, the animals were sacrificed and
blood samples withdrawn from the heart. Control animals [Control,
Contrel (1)1 and Contral (2)] were given wine-fres or beer-free diets in
two separate groups. MNormal rat serum was taken from the serum bank as
a standard for comparison of results received during the experiments (2,3).

Serum samples were taken at the end of the experiment period and
analyzed for total protein, albumin, globulin, urea, alkaline phospha-
tase and amylase. Serum mineral concentrations were determined by
atomic absorpticn spectroscopy. Total, HDL and LDL cholesterols were
determined by the methods of Epstein (28) and Ononogbu and Lewis (10).

Sodijum Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
in 5, 7 and 10% (Poly) Acrylamide Gel I{F?AAE] for Protometer [ Protein
Monomer_ (subunit)]l with Molzcular Weight {apparent Md) in Kilo-Dalton,
unit 103 of MW (kD) and Coomasie Briliiant Blue 250R{CBER) for staining
as well as conventional methods for wine and beer compositions were
used in this study {11). The chloroform and acetone extracts of lyophi-
Eiz?d samples were used for glycerol determination by IR spectroscopy
12]).

RESULTS AND DISCUSSION

fnalysis of the nutrient and chemical composition showed that the wines
differed with regard to alcohol, reducing sugars, caloric content and
glyceral in original wine samples as well as in lyophilized ones {Table
1A} (3).

The beer samples after enzymatic reactions with a-amylases differed in
some indices (Table IB), Wines with low-alcohol content had less amount
of alycerol, which is due to the length of fermentation, as well as
alcohol content (Table IA)., With the regulation of attenuation limit
of fermentation it is possible to produce noncarbohydrate beer, or a
beer with a reduced or controlled carbohydrate content (13.14). These
differences in the nutrient content of the various wines and bears may
indicate a difference in nutritional value when forming part of the
diet (Table IB).

Animals fed diets supplemented with dry and semi-sweet white wines
particularly showed significantly more body weight gain than the control
animals, This is probably the result of increased food consumption in
the case of those animals fed dry white wine, but not in the case of
those fed semi-sweet white wine {Tab]e IIA) (3].
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Teble I. COMPOSITION DF WINMES AMND BEERS
18
Types ol wine
Indices . Low slgahol Sami-
[§} y
atyil diy whibe Bryted sw il
Lyophilized weighl,
g/1n0 ml 1.50 1.74 Z.80 G50
Alcohol, % wolume 11.538 $.09 T1:85 10.50
Medusing SUQETs,
L welght 1.70 2.0 2.0 a2
Glycoral
mg/ o0 mi 130.0 67.0 102.0 9.0
Reducing GUGQaLh,
% lyopnilized weight 850 18.00 7.00 45,00
Caloric content
Keal/l 45,65 38.67 48.04 83.65
13
| FdlEas Contral Contral Test Test Tast last
I ] I 1 11 I
Lyaphilized weights
g/1n0 ml 2.0 3:70 3.50 .50 3.50 2.0
Attepuation limit of
jermentation, % 4.0 Ba.9 15.0 Ti.9 B8.5 H9.8
Suger spoctrum, %
Glucose 1 b 1 1 1 ia
MulLose 41 50 1] L3 33 1]
Mualtotriose 29 21 27 30 2] 9
Duexliins 25 Y 26 2T 1 3
Glycerol,
mg/ 100 ml .0 7.1 5:2 6.0 15.0 17.0
Aleohol,
% woluma 4.05 513 4.0% 4.0% 4.0% 22U
Culoric sontrnl,
Keal/l 16,73 23.90 17,45 18.160 21,27 932
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Takla [I BODY WEIGHT GAINS, FOOD COMSUMPTION, AND ANALYSIS
OF SERUM OF RATS FED ON DIFFCRENT TYPES OF WINI
ANDOD BEER
1A
Lo
Wines Control Dry Control SEmi=sweet
Component Hormial (1} white uﬂ-ﬂ:::te 12 Dry. red while
Foud
cursumption,
gl 3576 405.4 3gh 5.7 1L ER
WL gaim, L) g0 1124% 1086 B7.5 a2 s *
Total protain,

9/l &850 &6 615 filL6 fit1.2 5.5 a1.3
Albumin, g/ 1 352 34.8 4.2 4.6 J5.3 4.0 M.
Glabuling g/ 1 33 RS 213 2.0 0.2 28.0 i
Lires,

m mol/ 1 550 40 il il LEL st LEL
Amylese,

(T G4AT.0 6837.0 A&270.0 5810.0 GR2L0  e2180 BauL
Alkaline

phosphalase,
lud 1 195.0 1802 1615 147.8 185.7 171.4 1644
o< 001 g < L5

Growth of the rats fed beer diets was not significantly different firom
that of control animals, given a beer-free diet, Threa of 1_:]1E bear-
supplemented diets had 1ittle effect on body weight gain while the other
two (Control 1 and Test I} resulted in a reduced body weight gain during
(Table 1IB).

the experimental period when compared with the Controls

g
Beers Caontrol  Contral  Conlrol Tesl Tesk Test Test
Camponeni lor rats | i | n I v
T ood

:wlrrq:l.l'an‘

(_g:l 35584 339.2 3515 3353 JE5.0 3540 B[R]
Wt. gsln, (g) 954 7.8+ 100.7 Tea Ll Le.a B2
Tuolel protain,

:;.-"]_ G512 7.3 A2 T4 LT fille d “ifite
Albwarming g/l 3.4 35.3 Sk 337 LR LR il
Lalotukbing g_.l'l 31,3 24.3 2H.% 5.2 Sd.G LG 247
e,

m matf 1 .39 243 240 a.50 5,54 210 5,00
Amylose,

a1 &794.0 53040 GEO0.0 AFZEND A8NLD  eRGUD 1L
Alkaling

pi:u:phut&se,

lu/ 1 1814 175.4 17LY. 171 . T {1 S

*p <001
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Therefore the beverages supplemented diets appeared to stimulate
grawth which was shown in the increased food consumption and in the
differences of carbohydrate content in cereals for beer samples (Tests
II1, IV) and grapes {Low alcohol white wine).

The concentration of total serum cholesterol as well as HOL and LOL
cholesterol were significantly different in groups fed different wine '
diets. The concentration of high density 1ipoproteins (HDL) was
increased by feeding the rats dry white and Tow alcohol white wines,
Tests I-IV and low alcohol white wine but dry red and semi-sweet white
wines, Control I and Il decreased the concentration. The concentra-
tion of Tow density lipoproteins {LOL) was increased with semi-sweet
white wine and significantly increased with a Tow alcohal wine as well

as with Test III and IV, while dry white and dry red wines, Controls

I and II had no effect. (Fig. 1, pos. a,b).

1.2+ 14
8 b

5 1.04 g 1.3
E E
T 094 d 124
B B
= 2
E o
d &
- o
2 0B g

aoT 1.0 :

1 23468 7 89107111213 i 23465878 910111213

Flg_l Tha diffarer baverage supplamaniod diets on the HOL {a)
ared LOL ib} levals in rag sarum

(1 - 13} raspoctively — Coatrol {1} {or rais: dry white: low nicohol
dry white; Control {2} for ra1s; dry rod,. semi-seent white wines:
Contreé for rats: Contral & Cantral 1; Test L Tast |1 Test 0 Test V.

The total cholesterol concentration was significantly increased by low
alcohol wine and Test IV. It was also increased by dry white and semi-
sweet white wines and all beer samples, but decreased with dry red wine.
The total triglyceride concentration was increased by dry white wine and _
Control 11, but decreased by the other beverage diets, especially low
alcohol white wine and Test IV. (Fig. 2, pos. a,b).
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1.4 7 a 134 b
= 1.3 1.3
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T 3
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Fjg.z The ddigrant baverage supalemented diots on the tatal
chalasterol (a) and iotal tnighyceride (b] levels in rag s=rum.

|1+ 13) respectrvely — Cantrod | 1) foe rats; dry white; low alcohol
try white; Cantral (2] 107 rats; dry red and semi-swael white wines:
Cortral fer rats: Controd L Control B Test I Test 1L Tastill and Test
1’8

Total protein albumin and globulin concentrations showed very slight
differences (Table 1IBE}. Serum urea was significantly lower in animals
fed the dry white and semi-sweet as well as for low alcohol dry white
wine diets; Test III and Test IV indicating a beneficial effect of
these beverage diets on protein catabolism (Table 11).

Considerably elevated serum amylase is used as an indication of
pancreatic related disorders. While the beverages supplemented diets
result (Table IIB) in depressed, diminished amylase activity for dry
white, semi-sweet and low alcohol dry white wines, Tests III and IV,

the reduction is not large enough to indicate a protective effect on the
pancreas.

Since alkaline phosphatase is an indication of vitamin D status the
results of lowering in all groups fed beverage supplemented diets for
different wines and for different beers point to a beneficial effect of
beverages on bone metabolism and structure (vitamin D metabolism).
Table TIA and B}.

Consumption of beverages resulted in very little effect on the mineral
balance for wines and for beers in the experimental animals (Table IIC).
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L

Lo

Wines nirol i Cantrol armi=nwee |
Companiznl hermal CDIII . W|Ii.::.l':' al{uhu.l I Dry: red wlhidle
dry white

pinerals,

mgd 100 m 1
Ca 220 100 TeALEY THiLL £a0.0 Z0mn Iina
kg 148,45 4.7 1A 145.5 158 14.% R
e Y2 51 52 il 31 33 LRI
&n 160.0 157.0) 1550 155.0 165.0 159700 157,00
i 107.0 2A.0 W50 10H.0 2.0 3.0 w10
feers Combial  Contrnl Control Tost Tasl Tast | st
Componsnt Tar thts | Il 1 i 1] IV
Minerals,

may 1] m]
Ca 147.4) 1547 [ 1490L4 141.3 1495 TibL 4
Iy 16.3 15.3 15.0 LER] 15.9 -] | 4a,
Fe 4.5 St a0 i) 4.3 59 4.1
Zn 1554 164, 5 1604 160.3 1631 1674 1544
Cu 1064 100Y 107.4 1av.e 1443 1092 IEIE L

Isoelectric focusing (PAGIF) and SDS-PAGE from whole serum of rats fed
the beer samples with different enzymes revealed very slight differen-
ces and showed some major bands in the range of Mi's (molecular weights)
- 17.0 - 169.0 kD. The most prominent fraction was at 169.0 kD for all
enzyme-treated samples, except Test IV (Fig. 3,1) and for wines (27.0 -
168.0 kD) (Fig. 3,I1).

Received data of HOL and LDL, total cholesterol and trialyceride levels
indicate that the beverage supplemented diets significantly effect the

concentration of serum cholestercl in different bloocd fractions. LDLhas a
detrimental effect on heart disease by promoting artherosclerosiz, while
HOL beneficially influences by helping to prevent artherosclerosis (15).

Serum analysis showed no differences in total protein, albummin or
globulin concentrations, but SDS-PAGE and PAGIF revealed slight diffe-

rences in serum protein composition. Serum analysis also showed signifi-
cantly lower alkaline phesphatase levels in rats fed beverage supplemen-

ted diets indicating a possible beneficial effect of beverages on vita-
min D status in these animals. Serum urea was significantly lower in
groups fed certain wine and beer diets indicating a possible influence
of beverages on protein catabolism. Serum mineral concentrations were
similar in all groups (2,3).
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Bands
MW, Kd | ——— =
169.0 &
1410 5
100.0 L
55.0 . 3
417
28.0 2
17:00 | .l- i -8 1

Bands
MW, kD
224.0
168.0 &
5
112.0 4
3
56.0 2
27.0

Fig. 3. SDS-PAGE in 5% (P)AAG at pH 7.0 of rat serum
proteins (ug protein) from the following samples:

| {a - g) — fractions from Rat Contral, Contral |, Control |l
Jest |, Test |, Test I, Test IV; h — normal serum: a! —
standard protein calibration mixture.

Il A, B, C, D, EF, G, respectively molecular marker, normal,
semi-sweet white, dry red, low alcohol dry white, dry white -

wines and control (3).
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The possibility of individually dosing the o-amylases will lead to a
good and reproducible balance of saccharification. Corresponding to
the apparent attenuation limit of fermentation, the content of
digestible carbohydrates, dextrins, sugars and alcohol can be reduced.
Because of the degradation of the carbohydrates and the fermentation
of the resulting sugars, the Tinal beer ends up with an increased
alcohol and reduced caloric content, the original gravity of the wort
has to be reduced, and thus the caloric value of the beer is reduced
by 20-30%, as well as in the same way for wines (2,3},

The caloric content of wines and beers s of interest to the wineries
and breweries as it is one of the factors which can be altered by the
choice of cultivar (grapes or cereals) and the fermentation process.
However, the caloric content of the different wines and beers studied
varied significantly, there was no apparent effect of this factor on
the overall metabolism of the experimental animals as determined by
the various physiological parameters. measured in this study.
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