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Changes in Serum Metabolites and Growth Characteristics of Korean Native
Steers Fed Alcohol-fermented Feeds*

G Z. Lin', B. W. Kin%, C. H. Kim®, H. S. Kim®, K. L Sung, S. .J. Ohh**, B. J. Hong® and JI. §. Shin’
Dept. of Feed Science and Technology. College of Animal Resources Science
Kangwon National University, Chuncheon 200-701. Korea

ABSTRACT : This study was carried out to assess whether feeding of alcohol-fermented feeds (AFF) affects the nutritional
metabolism and growth charactenistics of Korean native steers. Ten steers were randomly assigned to ons of two treatment groups. The
dietary treatments were AFF (50% commercial beef cattle feed-30%0 alcohol-fermented sovbean curd dreas+20% rice straw) and control
(80% commercial beef cattle feed+20% rice straw). The change of serum metabolites and growth characteristics were measured every
two meonths during the whole twehve months experimental peried and the relationships between serum metabolites and growth
characteristics were simultancously analvzed. Four hours after feeding AFF, serum alcohol concentration reached its peak with a
signiticantly higher value than that after control feeding (11.9 and 4.9 mg:dl. respectively). Serum glucose and norganic phosphorus
{IP) concentrations (63.1 and 8.4 mg:dl. respectively) of steers ted AFF were higher than thoss (56.6 and 7.0 mg:dl) fed the control diet,
In both treatments. the serum glucose concentration rapidly increased when body weight {(BW) of the steer reached about 600kg, whils
[P concentrations were rapidly diminished at that BW. Lower concentrations of both blood urea nitrogen (BUN) and cholesterol were
observed in steers fed AFF up to 450 kg of BW. The IP concentration was correlated with concentrations of BUN. cholesterol and
glucose in AFF fed cattle but not in the cattle fed control dists. Average daily gain was higher in steers fed AFF than steers fed control.
particularly during the growing stage of cattle, These findings indicated a capability of AFF to improve BW gain of Korsan native steers

by decreased protein degradation as well as increased tat synthesis. (Asian-duse S Anim. Sei 2004. Tol 17, No. 5 - 648-654)

Key Words : Alcohol-fermented Feeds. Korean Native Steers. Serum Metabelites. Growth Characteristics

INTRODUCTION

Alcohol 1s known to produce NADH through oxidation
by aleohol dehydrogenase (ADH) in the liver. This pathway,
in tum, suppresses Krebs cvele activity and oxidations of
glucose and fatty acids via the Krebs cvele. but stimulates
the hepatic syntheses of fatty acids and triglyceride {Day
and Yeaman. 1994; Lieber, 1994). Thus, the addition of an
adequate amount of alecohol to beef cattle diets has been
known to be desirable to improve feed efficiency and
carcass traits. But 1ts use has been hnuted due to its oft-
flavor. refusal of eating by the animal. and difficulty of
preparing alcohol included feedstutts. Shin (1993) solved
these problems bv adding veasts that mduce alcohol

beneficial etfects of alcohol- fermented feeds for improving
the marbling score of beef. However, a logical explanation
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tor the improved meat quality by dietarv alcohol has not
been reported.

In addition to alcohol, organic acids such as lactic acid®
are also produced during alcohol fermentation of feedstutfs.
which resulted in low pH of the diets. Lin (2001) abserved
there 15 a clear difference in alcohol related metabolism
between alcohal-added feed and alcohal-termented feed.
Total volatile fatty acid (VFA) production increased
whereas propionic acid production decreased with alcohol-
added teed but vice versa with the alcahol-fermented feeds.
This result indicates that the effect aof alcohal-fenmented
teeds on meat quahity is not only due to alcohol itself, but
also due to the change in rumen termentation metabalisni.

Alcohol increases the concentrations of serum glucose
oxidation of glucose and fatty acids is suppressed by
aleohol in smgle stomach animals (Erkki et al.. 1998). In
runinants, energy metabolism and serum metabalites can
e atfected by alcohals, because mast alcohols are absarbed
through the rumen wall mnto the blood (Burming and
Yokovama, 1988; Anbarasu et al., 2002: Chen et al.. 2002).
Sano (1997) reported increased blood urea mitrogen (BUN)
concentration in beet cattle fed alcohol-added diet. Higher
concentrations of serunm glucose and cholesterol in Karean
native steers fed alcohol-fermented feeds were also reported
by Yan (1998). Serum norganic phosphorus (IP) 1s also
closely related ta energy metabalism of beef cattle (Wata,
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Table 1. Chemical composition of experimental diet
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[tem Commercial feed AFS Rice straw
DAL % 86.6-0.1 52.4+1.1 3.1-2.0
¢y of drv matter
Crude protein. %o 13.2-0.3 15.5+0.1 3.1-0.1
Ether extract, %o 32401 3.7+0.2 4.2-0.1
Crude tiber, % 3.0+0.2 10.0+0.4 a0.4-1.2
NDF, % 30.7+0.7 40.2+0.4 64.7-0.2
ADF, % 10.7+0.1 14.2+0.4 41.7-0.2
ADL. % 2.0+0.6 2.8+0.1 8.5-0.3
Ash. %o 7.0£0.1 6.8+0.2 6.5-0.1
Aleohol, %e - 3.2+0.4 -
Lactate. % - 3.5+0.5 -
Ammonia. mg 100 g - 65.2+2.0 -
pH - 4.7+0.01 -

- Not detected AFS- Alcchel-termented soyhean curd dreg. NDF- Neutral detergent hiher. ADF- Acid detergent fiber. ADL - Acid detergent Lignin

1990: Chandramoni et al.. 2001). These results implied that
aleohol related metabolism i beef cattle could be evaluated
by examining the change ot serum metabolites.

So far, only a limited number of studies has been carried
out to evaluate the ettectiveness of alcohol feeding in terms
of serum metabolites as well as carcass quality and BW of
Korean native steers. Therefore. the objectives of this study
were to evaluate the eifectiveness of feeding alcohol-
fermented teeds on nutritional metabolism and growth
characteristics in steers. To understand the metabolism.
serum alcohol concentration, serum metabolites and their
interrelationships were also analvzed.

MATERIALS AND METHODS

Experimental design and feeding management

A feeding expernnent was carried out for 12 months on
a beef farm located in Jung Sun, South Korea, Ten Korean
native steers, weighing average 328.8 ke in BW were fed
one of two diets, control and alcohol-fermented teeds (AFF)
diet. Chemical composition of experimental chet mgrechents
15 shown i Table 1. Alcohol-fermented soxvbean (AFS) curd
dregs were prepared by mixing 50% commercial beef cattle
feed and 50% sovbean curd dregs that had alreads been
supplemented with 2% molasses and 0.3%¢ veast. Then the
whole mixture was fermented at 30°C for 72 h. The AFF
diet was prepared bv mixing 50% commercial beef cattle
feeds—30% AFS+20% rice straw. whereas the control diet
was prepared by imxing 80% commercial beef cattle feeds
and 20% rice straw. Ten steers were assigned randomly to
one of two expernmental groups and expernimental diets
were given dailv at approximately 20 g per kg of BW.
Expenmental chets were given twice (9 am and 6 pm) a
day, and the amount of daily feed gradually increased as
BW increased. The steers were managed according to
commercial feeding practices recommended by the Animal
Farming Association of Kangwon Province, Korea.

Body weight of steers was measured every 2 manths*
and average daily gain (ADG) was calculated from BW
gains divided by number of feeding davs. Every 2 months.+ |
blood samples of each steer were collected 0, 2, 4 and 6 h
atter teeding by 10 ml Vaccutainer (Becton Dickinson Ca,
USA) and serum was separated by centrifugation (3,000
mm for 15 min at 4°C) of whole blood. Serum alcohol
concentration was measured using a glucase analyzer (YSI
2700. USA). Three replicates of each serum sample were
frozen at -25°C until analvsis, then BUN, calcium.
creatinine, cholesteral. glucase. and IP were analyzed using
an automatic blood serum analvzer (Express Plus. USA).
The chenucal composition of experimental diets was
analvzed by AOAC methods (1990). The AFF samples for
alcohol determination were abtained after dissolution at 4°C
tor 30 min followed by 5§ X dilutions with distilled water.
Then, the samples were centrifuged at 3,000 rpm for 5 min
and supernatants were collected. Alcahol cancentration in
the supernatant was analyzed by glucose analyzer (YSI
2700, USA) with YSI 2386 alcohol oxadase membrane. The
ammonia content of the samples was determined according
to the method of Chaney and Marbech (1962) whereas
lactic acid content was analvzed by UV spectrophatometer
{Hitachi, Japan).

Statistical analyses
The data were analyzed using the ANOVA pracedure af
SAS (SAS, 1990) with the following madel:

Y, =n+T—ey

where Y, =dependent variable, u=averall
T,=eftect of th treatment. e, =residual eror. The carrelation
among blood metabolites. BW and ADG was calculated
using the Pearson correlation with the following model:
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Figure 1. Post feeding changes in serum alcohel concentrations of
the steers ted either AFF or control digt. AFF: aleohol-fermented
feeds. *" Mean value with different superscript in the same hour
differ significantly (p-=0.05). "* Not significant.
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Figure 2. blood urea nitrogen concentrations of the steers ted
gither AFF or control digt by increasing body weight. AFF:
alcohol-fermented feeds.

Cov Nj;

vVarN; x ¥Var X

where : r— Correlation coetlicient

Cov X;=Sample covariance between th and ;th
treatments

Var X;=Sample variance of jth treatment

Var X;=Sample variance of jth treatiment

RESULTS

Change in serum alcohol concentration

Eftects of AFF feeding on the alcohol concentration of
serum  are presented in Figure 1. Serum alcohol
concentration was Ingher m steers ted AFF, with a greater
diference in the serums obtained 1 and 2 h after teeding.
The highest alcohol concentration in the serum, obtained 2
h atter teeding. resulted from the peak absorption of alcohol
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a Control y=1E-0.6x-0.0015x>+0.8066x+8.0383
50 w AFF  y=-6E-0.7x*+0.0016x+0.8364x+272.88
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Figure 3. Serum cholesterol concentrations of the steers fed either
AFF or control diet by increasing body weight. AFF: alcohol-
fermented feeds.
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Figure 4. Serum glucose concentrations of the steers fed either
AFF or control diet by increasing body weight. AFF: alcohol-
fermented feeds.

through the rumen wall during that penod. The
concentration of serum alcohol rapidly decreased 4 and 6 h
after feeding AFF.

BUN concentrations (Figure 2) decreased as BW of
steers mcreased up to 450 kg whereas cholesterol
concentration (Figure 3) proportionally increased with
mereasing BW. However. above 430 kg BW. concentrations
of both BUN and cholesteral in both treatments increased
along with BW. with relatively higher values in steers fed
AFF than steers ted cantral diets.

Changing pattern of both serum glucose and IP
concentration was similar between steers ted AFF and those
ted the control diet. Serum glucose cancentration (Figure 4)
increased as BW ot the steer increased up to approximately
400 kg. then decreased during 400-600 kg BW and finally
increased when BW exceeded 600 kg. With over 600 kg ot
BW, the higher concentration of serum glucose was
remarkable in the steers fed AFF. Serum IP concentration
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Figure 3. Serum inorganic phosphorus concentrations of the steers
fed cither AFF or centrol diet by increasing bodv weight. AFF:
aleohol-fermented feeds.
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Figure 6. Serum creatinine concentrations of the steers fed either
AFF or control diet by increasing body weight. AFF: alcohol-
fermented feeds.

(Figure 3) was higher in steers fed AFF than control diet
regardless of BW. However. the serum IP values in both
treatments rapidly decreased with increasing BW once it
approached the tattening stage.

No statistical difference was observed in
creatinine concentrations (Figure 6) between the two
treatments, but those values were increased as BW of steers
increased up to 600 ke, Total protem (TP) concentration
(Figure 7) in the serum mcereased as BW mcreased
regardless of the expenimental diets. But the concentration
was alwavs less in the steers fed AFF than control steers
during the whole experimental period.

The serum caleium (Ca) concentrations (Figure 8) m
steers fed either AFF or control diets tended to decrease at
early growimg stage until approxamately 450 kg BW. but
then mereased during the rest of feeding period. There was
no ditference in serum Ca concentrations due to the type of
chet.

During the growing stage. steers fed AFF diet grew

Serum
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Figure 7. Serum total protein concentrations of the steers fed
¢ither AFF or control diet by incrsasing body weight. AFF:
aleohol-fermented feeds
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Figure 8 Serum caleium concentration of the stesrs fed either
AFF or control digt by increasing body weight. AFF: aleohol-
fermented feeds,

significantly (p=0.03) faster than steers fed control diet,
while ADG of steers fed AFF tended to be less than steers
fed control diet after the growing stage (Figure 9). The
above tindings indicated that the AFF feeding resulted in a
decrease in concentrations of serum BUN, chaolesterol and
Ca but an increase in ADG during growing stage of steers.
However. these effects were reversed during the fattening
stage of the steers.

Correlations between serum metabolites and  body

weights (Table 2)
Recardless of the <het, concentrations of serum
cholesterol, creatinine and TP were highly (p<:0.01)

correlated with the BW (r=0.72. r=0.79 and r=0.69 for AFF.

But there were differences due to dietary treatments in the
degree of correlation between BW and serum metabolites.
Serum [P was correlated (p0.05) with BW of steers fed
AFF diet but not with steers fed control diet. BUN was only




652

correlated with BW of steers fed control diet. In general. no
significant correlations were observed between serum
metabolites and ADG with the exceptions of serum
cholesterol (r=-0.68) and Ca (r=0.61) that were correlated
with ADG. These results showed that AFF affects not onlv
fat metabolisim but also BW gain in the steers.

BUN was correlated (r=-0.51, p=0.03) with serum TP in
control, but not in AFF treatment. Higher correlation (r=-
0.60. p=0.05) between serum BUN and IP in steers fed AFF
diet indicated that protein metabolism in the liver can be
changed by AFF feeding. Concentrations of both serum
cholesterol (r=0.32. p=0.03) and Ca (r=0.30. p=0.03) were
also correlated with BUN in steers fed AFF diet.

In steers fed AFF diet. a significant correlation (r=-0.64.
p=0.01) was observed between serum cholesterol and serum
IP. but there was no such correlation in steers fed control
diet. While serum glucose and creatinime were lighly

LIN ET AL.

correlated (r=-0.71. p=0.01) in steers fed contral diet. na
such relationship was observed in steers fed AFF diet. High
correlation (r=-0.63, p=0.01) between serum IP and serum
glucose was observed anly in steers fed AFF diet.

DISCUSSION

Alcohol, introduced in the rumen by diets, 1s known to
be onlyv partially (about 20%) transformed to VEA by the
rumen nueroorganisms (Andree et al.. 1991). Most alcohol
15 known to be absorbed through the rumen wall (Burning
and Yokovama. 1988). Since a higher alcohol concentration
was observed in steers fed AFF diet, it was speculated that
there was a significant amount of alcohol absorption from
AFF diet into the blood via the rumen wall. This result also
mdicates that the alcohol-fermented teed can be equally
effective as alcohol-added diet in terms of the absorbed
energy to steers,

Changes in the cancentrations of serum metabolites and
the degree of carrelations among serum metabaolites were
greater in steers fed AFF diet than contral diet. The net
concentrations of both serum IP and glucose and the
magnitude of relationship between serum glucose and
creatinine were alsa more remarkable in AFF treatment
compared to the contral. This is probably related to the
decreased Krebs cvcle activity induced by alcohal trom
AFF diet. Increase in serum glucase concentration is knawn
to be responsible for the decreased activity of pyruvate
dehvdrogenase via NADH which. therefore, prevents
zlucose from entering to Krebs cvele (Wata, 1990, Lieber,
1994; Day and Yeaman, 1994: Erkki et al., 1998). Increase
m serum [P concentration is also closelv related to the
merease in body fat svnthesis. Yu and Cronholm (1997)
reported that tracviglveende (TAG) concentration was

Table 2. Correlations among serum metabolites, body weight and average daily gain of steers

Items BUYN Chol (Crea Glu P TP Ca ADG
BW AFF 0.30 0.72%% 0.79%* -0.19 -0.53% 0.69** 0.37 -0.60%
Control -0.54% 0.72%% 0.69%* -0.36 -0.28 (.73%* 0.04 0.17
BUN AFF - 0.52% 0.04 0.28 -(.60* -0.22 0.50* -0.49
Control - -0.36 -0.39 0.33 -0.16 -0.51* -0.09 -0.12
Chol AFF - 0.51* 0.35 (.64 0.42 0.79%* -(0.68%*
Control - 0.57* -0.43 -0.24 0.57* 0.18 0.38
Crea AFF - -0.03 -0.20 Q.77+ -0.18 -0.47
Control - Q.71 -0.08 Q.73%% -0.05 0.19
Gl AFF - (.63 -0.17 0.46 -0.21
Control - 0.22 -0.41 -0.29 -0.05
P AFF - -0.07 -0.39 0.37
Control - -0.18 -0.57* 0.41
AFF - 0.18 -0.42
™ Control - 0.19 -0.16
Ca AFF - -0.61%
Control - -(0.38

BV, body weight. TP. total protein. BUN. blood urea mitrogen. Ca. caleium, Chol. cholesterol, Glu. glucose, Crea. creatinine. ADG. average daily pan
from previous blood collection dav to current blood collection day, IP. momeanic phosphorus, AFF. alcohol-fermented feeds.

*11{1) <pe (15, * Pl
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increased in the liver with increasing GTP. for which
NADH was used through the oxidation of alcohol. Although
we could not contirm the report because TAG concentration
was not analyzed in this study. Yan (1998) had already
reported that TAG concentration had signiticantly increased
in steers ted alcohol-termented teeds.

Adenosine triphosphate. required as the constant energy
source for the muscle contraction-relaxation evele, can be
generated by glveolvsis and oxidative phosphorviation of
either creatine phosphate or two ADP molecules (Murray et
al., 2003). The concentration of serum creatimine 15 closely
related to the exploitation of serum glucose in muscle, even
though some creatine phosphate 15 excreted as creatinine n
urime after 1ts degradation into phosphate and creatimme.
This was contirmed by tlus study since a significant
correlation (r= -0.71, p=0.01) between serum creatimne and
glucose was observed in the control steers. The correlation
between the above two metabolites, however. was not
observed in steers ted AFF diet. These results enable us to
speculate that the energy source tfor creatine phosphate
synthesis may not be generated tfrom the oxidation of serum
glucose. Theretfore, it is believed that the teeding of AFF
diet can increase tat synthesis in Korean native steers by
decreasing the oxidative phosphorvlation of glucose
through the Krebs cycle.

Change in correlations among the concentrations of
BUN. cholesterol. TP and P atter teeding AFF diet implies
the possible alteration of protein metabolism in the body.
Since BUN is generated dunng the excretion of ammoma n
urine through the urea cvele (Dawvid et al.. 1983), the lower
correlation between serum BUN and TP in steers fed AFF
could primanly result from the merease of BUN and the
decrease of protein  svinthesis  (Charles, 1999). No
significant chiference was observed between treatments m
serum TP concentrations, although the concentration n
steers fed AFF diet was generally higher throughout the
entire expernmental period. This mav suggest that steers ted
AFF diet were able to grow faster due to enhanced fat
synthesis by increased ATPE which origmated from the
increased Krebs cycle activity upon degradation of amino
acid.

The strong correlation between hepatic serum glucose
and serum IP in AFF treatment could result from decreased
glucose utilization. increased glucose synthesis and
increased ATP production through the Krebs cycle. Yan
(1998) evidenced the higher proportion of imen propionic
acid that was induced by the increased glucose
concentration that resulted trom alcohols provided by AFF
diet. The results may actually be due to both increased
activity in the svinpathetic nervous svstem and increased
cortisol secretion (Grogan and Kochar, 1994). although 1t
could not be confirmed n this studv. The higher serwn IP
concentration in AFF treatment 15 thought to be induced by
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the dietary alcohal that can increase fat svnthesis in the
body (Wata. 1990).

From 430 to 600 kg of BW. body protein depasition
gradually decreased, whereas the body fat deposition
increased. This is consistent with the increase of BUN and
decrease of serum glucase during the above fattening stage.
Body growth rate decreased as both serum BUN and
zlucose increased but as the serum IP decreased. This seems
to be related to the decrease of both protemn and fat
metabolisim as well as to the increase of energy metabolism
tor mamntenance. Generallv. the growth of steers was
accelerated by AFF feeding compared to control diet
teedimg, with greater effects during the growing stage.
These results reveal that AFF feeding can be applied to

modulate  the nutritional  metabolism  and  growth
charactenstics of Korean native steers. |
CONCLUSIONS

Results of this study indicate that the AFF feeding can
not only improve weight gain of Korean native steers but
also change the concentrations of serum metabolites.
Relatively stronger carrelations between serun metabalites
such as creatinine, total pratein, chalesterol, inarganic
phosphorus and BW of steers were abserved in steers fed
AFF diet. The improvement in ADG of steers ted AFF diet
can be explained bath by the decrease in pratein
degradation and by the increase in fat synthesis. Further
research 15 needed to confirm whether AFF atfects the
hormonal  metabohism  that is responsible for  the
mmprovenent of BW gain in Korean native steers.

ACKNOWLEDGMENTS

The assistance and contnbution from Animal Resources
Institutes. Kangwon National University, Korea is greatly
appreciated.

REFERENCES

AOQAC. 1990, Official Method of Analvsis {15th «d). Association* |
of Official Analytical Chemists. Washington. DC.

Anbarasu, C.. D. Naravan. K. Shama and U. Naulia. 2002. Blood |
Biochemical profile and rumen fermentation patter of goats
fed leaf meal mixture or conventional cakes as dietary protein
supplements. Asian-Aust. J. Anim. Sci. 15(5).:665-670.

Andree. D. C., H. Jean-Blain. P. Sallmann and J. P Jouany, 1991. |
Use of a semi continuous culture svstem (RUSITEC) to studv
the metabolism of ethanol in the rumen and its effects on
ruminal digestion, Can. I. Anim. Sci. 71:115-123,

Burning. C. L. and M. T. Yekoeyvama. 1988, Characteristics of live |
and killed brewer's veast slurries and intoxication by
intraruminal administration to cattle. I. Anim. Sci. 66:385-591.

Chandramoni. S. B.. C. M. Jadhao, N. Tiwari. M. Haque and M. Y. |




654

Khan, 2001. Energy metabolism and methane production in
faunated and detaunated shegp fed two dists with same
concentrate to roughage ratio (70:30) but varving in
composition. Asian-Aust. J. Anim. Sci. 14(9):1238-1244.

Chanegy, E. L. and E. P. Marbach. 1962, Modified reagents for
determination of urea and ammonia. Clin. Chem. 8:130.

Charles. 8. L. 1999. Microsomal ethanol-oxidizing system
(MEOS): The first 30 vears (1968-1998)-A Review. Vol 25.
No. 6.

Chen, K. I, D. F. Jan, P. W. S. Chion and D. W. Yong. 2002,
Eftects of dictary heat extruded soybean meal and protected fat
supplement  on production, blood
characteristics of holstein cows. Asian-Aust. J. Anim. Sci.
15(6):821-827.

Day, C. P and S. J. Yeaman. 1994, The biochermstry of alcohol-
induced tatty liver. Biochim, Biophys, Acta, 1215:33-48,

Erkki. H., Y. Reino, R. Risto, V. Matti, H. Matti and S. Mikko.
1998. Effect of alcohel on exercise-induced changes in serum
glucose and serum tree tatty acids, Aleoholism, 22 (abstr.).

Grogan, J. R, and M. S. Kochar. 1994, Aleohol and hypertension.
Arch. Fam, Fed. USA. 30:1063-3987 (Abstr.).

Lieber. C. S. 1994. Alcohol and the liver. Gastroentersology
106:1085-1105.

the and  ruminal

LINETAL.

Lin. G Z. 2001. Nutritional mstabolism of alcohol-fermented
feedstuffs in the umen of Korean beef cattle. Ph. D.
Dissertation, Kangwon National University, Chunchon, Korsa.

Murrav, R. K., D. K. Granner, P. A. Maves and V. W, Rodwell.
2003, Harper's Biochemistry. 26th Ed. MoGraw Hill, New
York.

Sano, H. 1997, Centrol ot sscrstion and action of insulin by
volatile tatty acids in ruminants. Animal Sciencs and ‘lechnol.
{Jpn.) 68(10):993-1002.

SAS. 1990. SAS/STAT guide tor personal computerd@6.08. SAS
Inst., Inc. Cary, NC.USX. - "~~~ "~~~ ~""~"7-7-=-7~-

________ 1995, Effect _of fermented alcoholic  fesdstutf,
recombinant bovine somatotropin and castration on  high
quality  beet production. Ph. D. Dissertation. Kangwon
National University. Chunchon, Korea.

Wata, H. 1990, Physicology of beef marbling. Research report of
Kyushu National University.{Jpn) No 9.

Yan, C. G, 1998, Effects of alcohol-fermented tesdstuff on quality
meat production in Hanwoo. Ph. D. Dissertation. Kangwon
National University. Chunchon. Korea.

Yu. B. Y. and T. Cronholm. 1997. Coupling of ethanol metabolism
to lipid biosynthesis: Labeling of the glvesrol moistiss of sn-
glycerol 3-phosphate, a phosphatidic acid and a phosphatidyl
choline in liver of rats given [1.1.°H.] ethanol. Biochim,
Biophys, Acta, 1244:164-170. “

-~
o
Pt

Mz



mailto:computer@6.08

