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Zinc is an essential trace element participating in many physiological functions and notably an im-
portant function for sperm physiology. Zinc-enriched yeast strain, Saccharomyces cerevisiae, isolated
from tropical fruit rambutan. This strain contained 306 ppm zinc concentration and other components
contained by K 28,640 ppm, Mg 2,342 ppm, Na 1,048 ppm, Ca 366 ppm, Fe 236 ppm and Mn 4 ppm.
The serum concentration of testosterone was decreased in ethanol treatment rats. As compared with
ethanol treated control rats, the zinc-enriched yeast strain supplementation showed significantly in-
creased the testosterone concentration in serum. In addition, zinc concentration in serum was de-
creased in alcohol treatment, but this reduction was significantly increased by zinc-enriched yeast
strain supplementation in ethanol feeding rats. These results indicate that zinc-enriched yeast
Saccharomyces cerevisiae strain could play an important role in the sperm physiology by the marked

elevation of serum testosterone concentration,
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Introduction

Bioaccumulation capacity in microorganisms, mushrooms
and plants has been studied for the purpose of obtaining
organisms enriched in certain essential minerals for human
health [11,26]. The high bioactive components producing
yeast strains have been found in some species of yeast, such
as Saccharomyces cerevisine and Candida utilis [22,23]. The de-
termination of various inorganic elements in yeast is useful
in pharmaceutical industry and is useful for biological, nutri-
tional and toxicological studies [12]. S. cerevisiae strain con-
tains a number of the essential trace elements, mainly sele-
nium, zin, glutathione and beta-glucan [23,30,35]. Recently
our study demonstrated that dietary supplemented with glu-
tathione- and zinc-enriched S. cerevisiae strains protected
against carbon tetrachloride- and alcohol-induced hepatotox-
icity and oxidative stress in rats [4,29].

Zinc is an essential mineral participating in many physio-
logical functions in human [14]. Zinc is involved in lipid
metabolism, insulin resistance, hepatoprotective effect and
body weight loss, and then also plays an important role in
sperm physiology [8,13,14,33]. As a consequence, nature has
developed an array of elaborated processes for the absorp-
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tion, storage, and transport of zinc within the body, and a
homeostatic balance between these mechanisms is essential
for good health [17]. It was reported that alcoholics fre-
quently showed zinc deficiency [28]. Zinc deficiency de-
creased serum testosterone levels in rats [25], Recent studies
have been shown that zinc supplementation to the diet was
significantly increased plasma testosterone concentrations in
animals [1,16]. Therefore, we expected that a highly zinc-ac-
cumulating yeast supplementation in the diet would en-
hance plasma testosterone concentrations in ethanol feeding
rats. Our present study reported that zinc-enriched yeast S.
cerevisiae was isolated from the juice of the rambutan fruit
[5]. Thus, the objective of this study was to investigate
whether the administration of the zinc-enriched yeast S. cer-
evisiae causes an increase of serum testosterone concentration
in ethanol feeding rats.

Materials and Methods

Isolation of zinc-enriched yeast strain

Highly zinc-containing yeast strain, S. cerevisige, was iso-
lated from the juice of tropical fruit rambutan used in this
study. Yeast strain was aerobically cultured in the YM me-
dium containing glucose 1% (w/v), peptone 0.5%, yeast ex-
tract 0.3% and malt extract 0.3% at 30°C under the agitation
at 200 rpm for 48 hr. The harvested yeast cells were lyophi-
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lized to prepare experimental diet.

Animal and experimental design

Sprague-Dawley strain male rats were purchased from
the Hyochang Science Animals Co. (Daegu, Korea) and was
housed individually in the suspended wire-mesh stainless
steel cage under room temperature (21~24°C) and lighting
(12 hr). Animals were allowed to access freely to semi-puri-
fied basal diet for 1 week before the experiment. Animals
were then randomly divided into three experimental
groups based on dietary categories: the normal rats fed
with water and basal diet, the ethanol control rats fed with
ethanol and basal diet, ethanol+yeast feeding rats fed with
ethanol and 5% (w/w) zinc-enriched yeast strain contained
basal diet. A normal diet consisting of (% by wt) casein 20,
corn starch 15, sucrose 55, cellulose 5, corn oil 10, AIN 93
G-MX mineral mix (MP Biomedicals, Germany) 3.5, AIN 93
VX vitamin mix (MP Biomedicals, Germany) 1, DL-methio-
nine 0.3 and choline bitartrate 0.2. The equal amount of
zinc-enriched yeast strain supplementation was replaced
with casein into the ethanol+ yeast feeding rats. Overall,
each group consisted of six rats that were fed appropriate
diet for a 4-week period.

Zinc determinations in yeast strain and serum

Zinc concentrations in yeast strain were analyzed by
ICP-AES (Inductively coupled plasma-atomic emission spec-
trophotometer) [39]. Zinc concentrations in the serum were
analyzed by a Perkin-Elmer (Uberlingen) Model 300 Atomic
Absorption Spectrophotometer [39]. The determination con-
centration was shown as ppm.

Testosterone determination in serum

Total testosterone analyses in the serum were conducted
using the commercial test Immulite (Catalogue no: L2KTT2)
in accordance with competitive immunoassay method in
Neodin Medicinal Institute (Seoul, Korea). The results were
shown as g/l

Statistical analysis

The data from animal experiments are presented as the
meantS.E, and were analyzed using one way analysis of
variance (ANOVA), with the differences analyzed using
the Duncan’s new multiple-range test [10]. A p value
<0.05 was accepted as being a statistical significance of
difference.

Results and Discussion

Isolation of zinc-enriched yeast S. cerevisige strain

Our previous study reported that highly zinc-containing
strain, yeast S. cerevisige strain, was isolated from the juice
of tropical fruit rambutan, because zinc shows hep-
atoprotective effect and also plays an important role in
sperm physiology [14,18]. The zinc concentration in yeast
strain was 306 ppm (Table 1). Other components contained
by K 28,640 ppm, Mg 2,342 ppm, Na 1,048 ppm, Ca 366
ppm, Fe 236 ppm and Mn 4 ppm (Table 2). The zinc content
in zinc-enriched yeast strain was comparatively higher than
other results obtained previously that the zinc concentration
was active dry yeast by 52~67 ppm [39], beer brewing dried
yeast by 40 ppm [31] and yeast S. cerevisize strain by 5.5
ppm [3], and waste brewery yeast was identified as a trace
element [6]. In addition, zinc concentrations in other plants
was wheat germ by 135~191 ppm [20], wheat by 51.1~131
ppm [15], wheat flour by 14.6~21.2 ppm [15] and rice by
145~48.6 ppm [32]. Therefore, we expected that a highly
zinc-accumulating yeast supplementation in the diet would
enhance serum testosterone concentrations in ethanol feed-

ing rats.
Changes of body weight gain and total and relative
testis weights

As expected, ethanol treatment showed a significant

Table 1. Zinc concentrations in various yeast and cereal food-

stuffs
Foodstuff Zinc (ppm) Ref.
Zinc-enriched yeast 306 This study
Active dry yeast 52~67 20
Yeast Beer brewing dried yeast 40 23
S. cerevisiae 5.5 24
Waste brewery yeast trace element 25
Wheat germ 135~191 26
Cereal Wheat 51.1~131 27
Wheat flour 14.6~21.2 27
Rice 14.5~48.6 28

Values are means of the duplicates.

Table 2. Concentrations of minerals in zinc-enriched yeast
strain used in the present study
Ingredients K Mg Na Ca Zn Fe Mn

Concentration

(ppm)

28640 2342 1,048 366 306 236 4
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Table 3. Changes of the body weight gain, testis weights and serum zinc concentrations in ethanol feeding rats receiving zinc-enriched

yeast strain
Ethanol feeding
Group Normal
Control Yeast
Total body weight gain (g) 69.2+2.12° 31.0:2.61° 15.9+1.89°
Testis weight (g) 3.31:0.08" 3.48:0.10 3430.12
Relative testis weight (%, g/100 g b.w)) 0.79+0.02° 0.93+0.05° 0.96+0.04"
Serum zinc concentration (ppm) 0.0238+0.00° 0.0197+0.00° 0.0290+0.00°

Yeast: Zinc-enriched yeast strain.

Values with different letters are significantly different at p<0.05. (meantS.E,, n=6),

NS: not significant differences.

decrease in body weight gain compared with normal rats
(Table 3). However, zinc-enriched yeast strain supplementa-
tion in ethanol feeding rats was significantly lowered the
body weight-gain. The physiological effects of Brewer’s yeast
were observed previously that feeding of a diet containing
5% levels prevented obesity in mice [38]. It was also reported
that dried yeast dose-dependent reduced in body weight
[31]. Thus, a significant decrease in body weight gain by
zinc-enriched yeast strain supplementation was more pro-
nounced, in comparison with the ethanol feeding rats (Table
3). Both ethanol treatment rats resulted in a significant in-
crease of the ratio weight between testis and whole body
weight (Table 3). But total testis weights were not statisti-
cally significant different in the experimental groups.

Changes of zinc and testosterone concentrations in
serum

The adults recommended daily dosage of elemental zinc
for healthy subjects is 1.5~1.7 pM/day (100~150 pg/day)
[24]. Zinc, an essential trace element, is found in almost all
enzyme classes [34] and is involved in lipid metabolism,
insulin resistance and body weight loss [833]. Zinc is
linked to important functions for sperm physiology [1,3].
Zinc is also a micronutrient crucial for normal growth and
development. Alcoholics frequently show zinc deficiency
[25]. Zinc deficiency decreased testosterone levels in rats
[25]. Ethanol feeding showed a significant decrease in the
values of serum testosterone in rats [21]. In the present
study, ethanol treatment was also significantly reduced se-
rum testosterone level (Fig. 1). However, zinc-enriched
yeast strain supplementation was significantly increased
testosterone concentration in alcohol feeding rats. Recent
studies have been shown that zinc supplementation to the
diet was significantly increased plasma-free and total tes-
tosterone concentrations in rat and camel [1,16]. Yeast S.
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Fig. 1. Changes of the serum testosterone concentration in etha-
nol feeding rats receiving zinc-enriched yeast strain.
Values with different letters are the significantly different
statistically at p<0.05 (meaniS.E.,, n=6).

cerevisige feeding was also slightly increased by the action
of the antiandrogen moiety present in serum testosterone
levels in rats [27].

It was previous reported that the highest concentrations
of zinc was found in the cell wall and membrane debris in
yeast Yarrowia lipolytica by electrochemical methods [30].
Present study also used the whole cell containing the highest
concentration of zinc. It is well known that ethanol con-
sumption damages the gastrointestinal tract and influences
absorption of various metals. Dinsmore ef al. reported a low-
er absorption of zinc in alcoholic patients [9]. Wilson and
Hoyumpa also observed in chicks that ethanol decreased du-
odenal absorption of zinc [36].

Serum zinc concentrations were slightly lowered in rats
fed ethanol compared to the normal rats, but this reduction
was significantly increased by zinc-enriched yeast strain
supplementation in ethanol feeing rats (Table 3). The concen-
trations of serum zinc in healthy subjects have been reported
to peak 4 weeks after administration of a daily zinc supple-
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ment of 23~7.7 yM/day (150~500 pg/day) and then de-
creased to initial values after ceasing supplementation [37).
Recent rat studies reported an increase in serum zinc due
to an increase in the zinc absorption values [21}. Zinc absorp-
tion from a supplement administered three or more hr after
ingestion of a meal has been shown to range between 40%
and 90%, while a supplement administered with a meal re-
sults in an absorption rate of 8% to 38% [19]. The average
daily intake of zinc in a well-balanced American diet is ap-
proximately 1.8 to 2.3 yM/day (120 to 150 pg/day), assum-
ing a 40% absorption rate from food [24]. Zinc metabolism
is altered by ethanol at several levels, including reduced di-
etary zinc intake and increased zinc excretion in urine [7].
Lower plasma zinc levels are also present in infants with
fetal alcohol syndrome, and increased urinary zinc excretion
appears to be responsible for decreased plasma zinc concen-
trations [2],

In summary, we expected that zinc-enriched yeast strain
isolated from tropical fruit rambutan could play an im-
portant role in the sperm physiology by the marked ele-
vation of serum testosterone concentration.
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