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To develop the surplus cucumber as a high value produce, cucumber vinegar

was producted on the optimal fermentation condition. Physiochemical component of

the cucumber vinegar was analyzed, and the biological activities such as

antioxidative activities and alcohol hangover prevention were examined in vitro

and in vivo. In the alcohol fermentation, the optimum condition for maximum

alcohol contents were 15°brix of initial sugar concentration, 28 of temperature,℃

and 5 days of fermentation time. The optimum condition for the acetic acid

fermentation was over 12 days at 30 , 200 rpm with 7% alcohol and 1% initial℃

acidity. The contents of glucose, maltose and sucrose of cucumber juice were

11194.74, 2629.85, 2794.04 mg%, respectively. The contents of sugar decreased

significantly during alcohol fermentation. During acetic acid fermentation, the

concentration of acetic acid, succinic acid, malonic acid and were found. The

concentrations of succinic acid and acetic acid as major organic acid increased.

Other organic acid contents such as malonic acid was higher than in cucumber

juice. The content of total amino acid in commercial vinegar was higher than in

cucumber vinegar. The content of amino acids was high in order of leucine, valine

and aspartic acid in cucumber vinegar. The contents of total free amino acids in

commercial vinegar and cucumber vinegar were 36.1180 mg% and 4.2246 mg%,

respectively. The contents of Ca, Fe, K, Mg, Mn, Cu and Na were 6.586, 0.266,

153.150, 7.010, 0.068, 0.001 and 2.755 mg/100g. The cucumber vinegar contents of

total polyphenol compound was 40.14 mg/100ml. DPPH radical and ABTS radical

scavenging of cucumber vinegar was approximately 68% and 79%. -caroteneβ

bleaching activity showed also significantly antioxidant activities. On the study of

ethanol induced hangovers in rat, alcohol and acetaldehyde concentration of the

cucumber vinegar-treated group was significantly decreased in blood and liver

tissue compared with that of the control group. Therefore, these results indicate
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the cucumber vinegar may be used as functional vinegar which has not only

antioxidant activity but also prevention effect of alcohol-induced hangover. Also,

this study was performed to investigate the effect of hangover drink containing

cucumber and SK mixture (SKM group) and marketing hangover drink(MHD group)

supplement on the alcohol, lipid, and antioxidant metabolism in ethanol-treated

rats. There were no significant differences in the food intake, weight gain or

organ weights among the ethanol or pair-fed groups. Among the ethanol treated

groups, the MHD group significantly lowered the plasma ethanol concentration, and

SKM group reduced the plasma ethanol concentration. MHD and SKM group

significantly lowered the plasma acetaldehyde concentration when compared among

the ethanol-treated groups. Among the ethanol-treated groups, there is no

significant difference in hepatic alcohol dehydrogenase (ADH) activity, but MHD

and SKM group tended to significant increase the aldehyde dehydrogenase (ALDH)

activity. However, MHD and SKM group significant lowered the CYP2E1 activity

when compared among the ethanol-treated groups. MHD and SKM supplementation

significant lowered the AST and ALT activity in plasma. MHD and SKM

supplementation significantly increased the HDL-cholesterol and HDL-C/total-C

ratio in hepatic lipid, but triglyceride ratio was significantly lowered in MHD group

when compared with ethanol-treated groups. Hepatic lipid accumulation was also

significantly reduced in the MHD and SKM group compared to the ethanol-treated

groups. Among the ethanol-treated groups, the MHD and SKM supplementation

resulted in a significant increased in the levels of SOD and CAT activities, and

there were no difference on GSH-Px activity in the liver. Among the

ethanol-treated groups, the MHD and SKM supplementation resulted in a significant

high in the GSH ratio, but TBARS significant lowered in the liver.
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1

1.

.

1)

(Cucumis sativus L.) 2009 2010∼

warning blender .

2)

Saccharomyces cerevisiae(KCTC 7904) YPD

, YM 24 24 ,℃

Acetobacter sp. PA 97 Table 1 30 72℃

.
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Table 1. Cultural medium composition of acetic acid bacteria

Liquid Medium

Components Ratio(%)

Yeast extract 0.5

Glucose 0.5

Glycerin 1.0

MgSO4 7H∙ 2O 0.02

Ethanol 5.0

Acetic acid 1.0
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.

1)

30%

, 30%

.

. 30%, 40%,

50%(v/v) , 5

,

30% .

2)

(3.7°Brix) . 14-15°Brix

.

.

3)

)

(72°brix) 15°brix

Saccharomyces cerevisiae 28 72℃

.

)

30%

(72°brix) 16.42% 53.58% 15°brix

10% 28 6 24℃



- 21 -

.

4)

)

,

Acetobacter sp. PA97 30 200 rpm 72℃

.

)

1% 30 (200 rpm)℃

.
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5)

(72°brix) 15°brix 10%(v/v) 28℃

incubator(IB-600M, JEIO TECH, Korea)

. (KF-5L, Korea

fermentor Co., Korea) 10%(v/v)

.

Fig. 1. Production of cucumber vinegar.
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1.

2.

3. Jar fermenter Scale-up

Fig. 2. Manufacturing process of fermented cucumber vinegar.
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< > < >

Fig. 3. Scale-up of fermentation process for the production of cucumber vinegar.
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2.

.

1)

, ,

,

15°brix Saccharomyces cerevisiae

28 6℃

Fig. 4 . 1

7.8% .

5.8°brix . 6

5.8°brix

6 .

Fig. 4. Effect of fermentation times on alcohol production.
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2)

Fig. 5 1%

.

12 5.8% ,

4 12 0% .

2

.

Fig. 5. Effect of fermentation times on acetic acid production.



- 27 -

3)

1, 1.5,

2% 30 200 rpm .℃

Fig. 6 .

,

.

Fig. 6. Effect of initial acetic acid concentration on acetic acid production.
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4)

15°brix Saccharomyces cerevisiae 28℃

.

6 .

, ,

Acetobacter sp. PA97 1% 30℃

200 rpm .

12 5.8%

12 .

.

Fig. 7. Changes in pH, acidity, sugar and alcohol contents during fermentation.
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2

1.

.

100 mL 70 mL 100

mL (alcohol hydrometer) Gay-Lussac

15 . 300 L (ATAGO :℃ μ

PAL-3, Japan) °Brix(%) .

. pH

pH 10 mL pH meter(720p, Istek, Korea)

, 0.1 N NaOH .

.

Sep-Park C18 cartridge(Water Associate, U.S.A)

0.45 m membrane filterμ

, Table 2 .

.

10 mL sulfosalicylic acid 25 mg

4 4 (50,000 rpm, 30 )℃

, 0.22 m membrane filterμ

Table 3 .
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.

. 100 mL

(HCIO4 : H2SO4 : H2O2 = 9 : 2 : 5, v/v) 25 mL

hot plate

(Whatman NO.2) 100 mL , atomic absorption

spectrometer Table 4 .

Table 2. Operating conditions of ion chromatography

Items
Conditions

Free sugars Organic acids

Column IonPac AS11-HS Analytical, 4-mm
InertsilODS-3V

(250×4.6mm I.D)

Column temp. IonPac AG11-HS Guard, 4-mm 40℃

ELUENT
EGC-KOH

Cartridge-23mM KOH

0.1M Ammonium

dihydrogenphosphate +

Phosphoric acid (pH 2.5)

Flow rate 1.0 mL/min 1.0 mL/min

Inj.Volume 10 Lμ 20 Lμ

Detection ELSD RI
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Table 3. Operating conditions of amino acid analyzer for amino acid content

analysis

Instrument S433-H (SYKAM)

Column Cation separation column (LCA K07/Li)

Column size 4.6 × 150 mm

Column temperature 37 74∼ ℃

Flow rate Buffer 0.45 mL/min, reagent 0.25 mL/min

Buffer pH range 2.90 7.95∼

Wavelength 440 nm and 570 nm

Table 4. Operating for analysis of minerals by atomic absorption

spectrophotometer

Item

Minerals (AA-6501GS(SHIMADZU))

Ca Fe K Mg Mn Cu Na Zn

Wave length(nm) 422.7 248.3 766.5 285.2 279.5 324.8 330.2 213.9

Current(mA) 10 12 10 8 10 6 10 8

Slit Width(nm) 0.5 0.2 0.5 0.5 0.2 0.5 0.2 0.5

Lighting Mode BGC-D2 BGC-D2 Non-BGC BGC-D2 BGC-D2 BGC-D2 Non-BGC BGC-D2

Burner Height(mm) 7 7 7 7 7 7 7 7

Fuel Gas Flow(/min) 2.0 2.0 2.0 1.8 2.0 1.8 1.8 2.0
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2.

.

Table 5 .

15°brix

5.8°brix .

0%

7.8% . 5.8°brix

, 0% .

Table 5. Changes in alcohol and °brix concentration after alcohol and acetic acid

fermentation of cucumber juice

Samples

Items
Juice Wine Vinegar

Sugar contents(°Brix) 15 5.8 5.8

Alcohol(%) 0 7.8 0
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. pH

pH Table 6 . pH

3.90 ,

3.40 .

2.90 . 0.54% ,

0.72% .

12 5.8% .

Table 6. Changes in pH and acidity after alcohol and acetic acid fermentation of

cucumber juice

Samples

Items
Juice Wine Vinegar

pH 3.90 3.40 2.90

Acidity(%) 0.54 0.72 5.80
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.

Table 7 HPLC .

glucose, maltose, fructose sucrose

. glucose ,

12,554.45 mg% 3,107.53 mg% .

maltose, fructose sucrose

.

Table 7. Changes in contents of free sugars after alcohol and acetic acid

fermentation of cucumber juice

(mg%)

Free sugars

Samples

Juice Wine Vinegar

Glucose 12,554.45 3,107.53 3,058.52

Maltose 175.72 29.30 19.82

Fructose 1,589.51 751.08 418.30

Sucrose 109.48 46.59 -

Total free sugars 14,429.16 3,934.50 3,496.37
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.

Table 8 .

acetic, malic, citric, lactic, succinic, oxalic acid

. acetic acid succinic acid

. acetic acid 4,417.55

mg% succinic acid 842.09 mg%

. acetic acid succinic acid

.

Table 8. Changes in organic acids contents after alcohol and acetic acid

fermentation of cucumber juice

(mg%)

Organic acids
Samples

Juice Wine Vinegar

Acetic acid 137.57 552.76 4,417.55

Malic acid 11.59 37.79 98.90

Citric acid 11.06 27.91 86.35

Lactic acid 78.74 88.19 111.96

Succinic acid 92.18 238.96 842.09

Oxalic acid 27.45 30.76 337.74

Total organic acids 355.59 946.37 5,894.09
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.

Table 9 2

. citrulline, valine, aspartic acid,

asparagine, ornithine .

.

Table 9. Comparison free amino acid contents in commercial vinegars and

cucumber vinegar

(mg%)

Free amino acids Contents Free amino acids Contents

Aspartic acid 2.379 Leucine 0.224

Serine 0.092 Tyrosine 0.292

Asparagine 1.524 Phenyalanine 0.550

Glutamic acid 0.740 -aminoisobutric acidβ 0.549

-aminoadipic acidα 0.392 -aminoisobutric acidγ 0.242

Glycine 0.127 Homocysteine 0.173

Alanine 0.224 Ammonia 0.492

Citrulline 3.487 DL+allohydroxylysine 0.055

-aminoisobutyric acidα 0.259 Ornithine 1.262

Valine 2.591 Lysine 0.145

Cystine 0.885 Histidine 0.135

Cystathionine 0.656 3-methylhistidine 0.184

Isoleucine 0.082 Arginine 0.407

Total 21.642
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.

Table 10 .

K 1531.50 ppm . Ca, Mg Na

65.86 ppm, 70.10 ppm, 27.55 ppm . Fe, Mn Cu

.

Table 10. Content of mineral in cucumber vinegar

(ppm)

Mineral Contents

Ca 65.86

Fe 2.66

K 1531.50

Mg 70.10

Mn 0.68

Cu 0.01

Na 27.55
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3

1.

.

Folin-Ciocalten's . , 0.1

mL 8.4 mL 2 N Folin-Ciocalten's 0.5 mL 20% Na2CO3

1 mL 2 . 725 nm spectro

-photometer , gallic acid

.

.

, '-diphenyl- -picrylhydrazine(DPPH)α α β

540 nm UV/Vis-spectrophotometer .

BHT -tocopherol 0.1% , 1 mL 5×10α -4 M

DPPH 3 mL 5 30

. ethanol 1 mL ,

.

.

2.5 mL 2.5 mL (0.2 M, pH 6.6) 2.5 mL potassium

ferricyanide(1%, w/v) , 50 30 .℃

2.5 mL trichloroacetic acid(10%, w/v) 3000 rpm

10 . 1 mL 1 mL

0.2 mL FeCl3(0.1%, w/v) 700 nm .
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. ABTS˙
+

7 mM 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic Acid) 2.45 mM

potassium peroxodisulfate 23 16 .℃

ABTS˙+ 734 nm 0.700 ± 0.005

. 0.1 mL 3.9 mL ABTS 23 6℃

734 nm . 0.1% BHT, 0.1% -tocopherolα

. ABTS˙
+
radical .

. -carotene bleachingβ

10 mL 1 mg -carotene -caroteneβ β

, -carotene 10 mL 100 mL , linoleic acid 20β

mg Tween 40 200 mg 40℃

100 mL emulsion .

emulsion 0.2 mL , ( ) positive control

0.1% -tocopherol 0.1% BHT 8 L 50 .α μ ℃

0 180 15 490 nm .
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2.

.

2

Table 11 . 1.56 mg/mL ,

40.14 mg/mL .

.

, ,

.

Table 11. Total phenolics content of cucumber juice, vinegar

(mg/mL)

Data values were expressed as mean ± S.D. of triplicate determinations.

Samples Total phenolics

Juice 1.56±0.06

Vinegar 40.14±0.02
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.

DPPH free radical ,

. Fig. 8

. 20% 2

68% .

0.1% -tocopherol .α

polyphenol

.

Fig. 8. Hydrogen donating activities of cucumber juice and vinegar.

Date values were expressed as mean ± S.D. of triplicate determinations.
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.

reductones

. Fig. 9

. , 2

. 0.1% BHT

,

.
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. ABTS
·+
radical

ABTS.+ radical potassium persulfate

ABTS
.+
free radical radical

.

ABTS
.+
radical Fig. 10 .

radical 26% , radical 79% .

0.1% -tocopherolα

.

Fig. 10. ABTS·+ scavenging activities of cucumber juice and vinegar.

Date values were expressed as mean ± S.D. of triplicate determinations.
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. -carotene bleachingβ

β-carotene lipid peroxyl radical

-carotene linolate systemβ

Fig. 11 .

. 2

lipid peroxyl radical

.

Fig. 11. -carotene bleaching assay of cucumber juice and vinegar.β

Date values were expressed as mean ± S.D. of triplicate determinations.
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4

1.

. SK mixture(SKM)

.. 85 3 3℃

. 6 mixture

mixture SK mixture

.

.

kit(Roche, Switzerland)

Cobas Intergra 800(Roche, Switzerland) .

(ALDH)

NAD+ NADH

.

30

SKM 30

( )

90

( )

180

( )
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2.

. SKM

1) SKM

Fig. 12 .

30 180 .

SKM ,

SKM1 .

Fig. 12. Effect of SKM samples and marketing drink on blood ethanol

concentration in rats. Date values were expressed as mean ± S.D. of triplicate

determinations. *SKM1 6 : Hangover material group.∼
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2) SKM

Fig. 13 .

. SKM

, SKM4 .

,

. ,

SKM1 (SKM)

.

Fig. 13. Effect of SKM samples and marketing drink on blood acetaldehyde

concentration in rats. Date values were expressed as mean ± S.D. of triplicate

determinations. Different letter are significantly at p<0.05 by Duncan's multiple range test.

*SKM1 6 : Hangover material group.∼
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.

1)

Fig. 14 . 90

180 .

A, B, C SKM

,

.

Fig. 14. Effect of cucumber juice, vinegar and marketing drink on blood ethanol

concentration in rats.

Date values were expressed as mean ± S.D. of triplicate determinations.

A, B, C : Marketing drink.
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2)

Fig. 15

. A, B, C

SKM,

, .

.

. 2 SKM

.

Fig. 15. Effect of cucumber juice, vinegar and marketing drink on blood

acetaldehyde concentration in rats.

Date values were expressed as mean ± S.D. of triplicate determinations. Different letter

are significantly at p<0.05 by Duncan's multiple range test.

A, B, C : Marketing drink. C.V : Cucumber vinegar.
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3.

Fig. 16. Production of hangover drink containing cucumber vinegar and SK

mixture.
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.

1)

4 SD 24 (Biogenomics,

Seoul, Korea) . Fig. 17 1

(Control), SKM (SKM),

(Product) . (20 ± 2 ),℃

(50 ± 5 %), 12 (08:00 20:00)∼

stainless cage .

(ad libitum) .

Sprague-Dawley rats

( , 4 week age, n=24)

Adaptation for 1 week

Control
(n=8)

SKM
7mL/kg BW, orally

(n=8)

Product
7mL/kg BW, orally

(n=8)

5 weeks

Sacrificing animals

Fig. 17. Experimental design of animal test.
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2)

Lieber DeCarli(Table 12)

1 mL l kcal .

.

, 3%(

21%), 4%(

28%), 5%( 36%)

. SKM

kg 7 mL . 1

,

.

Table 12. Composition of the ethanol liquid dieta

aThe liquid diet was mixed in 1L of distilled water.

1Mineral mixture according to AIN-76.

2Vitamin mixture according to AIN-76.

Component g/L/1,000 kcal

Casein 41.4

L-Cystein 0.5

D,L-Methionine 0.3

Corn oil 8.5

Olive oil 31.1

Dextrin maltose 25.6

Choline bitartrate 0.53

Fiber 10.0

Xanthan gum 3.0

Mineral mixture1 2.55

Vitamin mixture2 9.0

Ethanol 50.0
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.

12 CO2

(inferior vena cava)

. EDTA 3,000 rpm(4 )℃

15 .

PBS(phosphate buffered saline)

, -70 ℃

.

.

kit(Roche, Switzerland)

Cobas Intergra 800(Roche, Switzerland) .

(ALDH)

NAD+ NADH

.

.

glutamic-oxaloacetic

transferase(GOT) glutamic-pyruvic transaminase(GPT) (Fuji

Film DRI-CHEM, 35001) .

.

0.1 M triethanolamine, 0.02M EDTA 2mM DTT

(pH 7.4) (IKA, Rw20.7, USA) 600×g(4

) 10 .℃

10,000×g(4 ) 20 ,℃

100,000× g(4 ) 1℃

.
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. Bradford

mg .

.

1) Alcohol dehydrogenase(ADH)

Bergmeyer 70 mM glycine/NaOH 10

mM 0.67 mM NAD+ 0.1 mL

4.0 mL 37 5 .℃

NADH 340 nm

.

2) Aldehyde dehydrogenase(ALDH)

Koivula Koivusalo ALDH 16.7 mM

60 mM 13.3 mM NAD+

0.1 mL 70 mM

4.0 mL . 37 5 NADH 340 nm℃

.

3) Cytochrome P450 2E1(CYP2E1)

CYP2E1 aniline hydroxylase aniline

4-hydroxy aniline 630 nm

. 100 mM aniline 20 mM NADPH potassium phosphate

buffer(pH 7.4) 37 1 40℃ % TCA

12,000 rpm 10 10% Na2CO3

2% phenol 45 . 630 nm

4-hydroxyaniline .
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.

1) Superoxide dismutase(SOD)

SOD Marklund Marklund . 10 mM

EDTA 50 mM Tris-Hcl 0.5 mM

25℃ 10 , 1 N

440 nm .

0.5 mM pyrogallol 50 %

.

2) Catalase (CAT)

CAT Aebi . 50 mM․

potassium phosphate buffer 2.89 mL 10 L 25 5μ ℃

0.3 M H2O2 0.1 mL 240 nm

25 5 240 nm℃

H2O2 . mitochondrial protein 1 mg 1

H2O2 mol .μ

3) Glutathione peroxidase(GSH-Px)

GSH-Px Paglia , (H․ 2O2)

coupled enzyme procedure . , glutathione (GSH)

GSH-Px H2O2 glutathione(GSSG) ,

glutahione reductase NADPH . NADPH 340 nm

GSH-Px . 0.1 M Tris-HCl

buffer(pH 7.2) 2.6 mL 30 mM glutathione 0.1 mL, 6 mM NADPH

0.1 mL, 25 M H2O2 0.1 mL 25 5μ ℃

0.1 mL 340 nm

. 25 5 340 nm℃
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. cytosolic protein 1 mg 1 NADPH nmol

.

4) Glutathione

glutathion( GSH GSSG) Ellman

. 20%(w/v) 0.1 M potassium․

phosphate buffer(pH 7.4) glass teflon homo-

genizer(Glascol, 099C K44, USA) . 0.2 mL, 4%

sulfosalicylic acid 0.5 mL, 0.3 mL 2,500 rpm, 4℃

10 0.3 mL .

disulfide (5,5‘-dithio-bis-2-nitrobenzoic acid) 2.0 mL 20

412 nm .

.

Ohkawa 0.5 g

0.1 M potassium phosphate buffer(pH 7.4) 2 mL

glass teflon homogenizer(Glascol, 099C K44, USA) . 0.2

mL, 8.1% sodium dodecyl sulfate(SDS) 0.2 mL, 0.6 mL

5 20% acetate(pH 3.5) buffer 1.5 mL 0.8%

TBA 1.5 mL 95 1 .℃

1 mL n-butanol : pyridine(15 : 1) 5 mL

3,000 rpm 15 532 nm .

.

SPSS package ±

. one-way ANOVA

p < 0.05 Duncan's multiple test .

Pearson's correlation .
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Fig. 18. Sensory evaluation scores of hangover drink containing cucumber

vinegar and SK mixture.

Date values were expressed as mean ± S.D. of triplicate determinations.

* A, B, C : Marketing product
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. ,

1)

SKM Fig. 19 . SKM

. SKM

.

Fig. 19. Effect of SKM and product on changes of body weight in

ethanol-treated mice. Mean±S.E.
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2)

Table 13 SKM 100

g . SKM

. .

Table 13. Effects of SKM and product on food intake and organ weights in

ethanol-treated rats

Control SKM Product

Food Intake (mL/day)

Organ Weights (g/100g)

Liver

Heart

Kidney

Spleen

Epididymal WAT1)

64.93 ± 2.18

4.61 ± 0.21

0.41 ± 0.01

0.97 ± 0.03b

0.17 ± 0.00

0.98 ± 0.07

65.01 ± 0.61

4.38 ± 0.11

0.41 ± 0.01

0.99 ± 0.01b

0.16 ± 0.00

0.99 ± 0.04

66.15 ± 1.38

4.42 ± 0.14

0.41 ± 0.01

0.89 ± 0.01a

0.17 ± 0.00

0.96 ± 0.05

Mean ± S.E.(n=8).

Means in the same row not sharing a common letter are significantly different between

groups (p<0.05).

1)
WAT, white adipose tissue
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.

SKM

Fig. 20 . 5

SKM 9.5%

31.7% . , .

SKM 40.6%

48.4% . ,

(r=-0.564, p<0.01) , CYP2E1

(r=0.566, p<0.01) .

.
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Fig. 20. Effect of SKM and product on plasma alcohol and acetaldehyde

concentrations and correlation between parameters in ethanol-treated mice.

Mean ± S.E.(n=8). Means not sharing a common letter are significantly different

between groups(p<0.05).
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.

GOT GPT

Table 14 .

GOT GPT SKM ,

SKM

.

Table 14. Effect of SKM and product on plasma aminotransferase activity in

ethanol-treated rats*

*Mean ± S.E.(n=8).

Means in the row not sharing a common letter are significantly different between groups

(p<0.05).

Control SKM Product

GOT(U/mL) 210.83 ±26.26b 150.66 ±9.48a 118.80 ±7.71a

GPT(U/mL) 99.85 ±10.93b 58.00 ±7.59a 65.80 ±6.88a
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. ADH ALDH

Fig. 21 ADH, ALDH .

ADH . 5

ADH

. , ALDH

SKM 25.2%, 27.8%

. SKM

.

Fig. 21. Effect of SKM and product on hepatic ADH and ALDH activities in

ethanol-treated mice. Mean ± S.E.(n=8). Means not sharing a common letter are

significantly different between groups(p<0.05).
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. CYP2E1

CYP2E1 Fig. 22 .

ADH CYP2E1

. CYP2E1 ,

CYP2E1

. SKM CYP2E1

.

Fig. 22. Effect of SKM and product on hepatic CYP2E1 activity in

ethanol-treated mice. Mean ± S.E.(n=8). Means not sharing a common letter are

significantly different between groups(p<0.05).
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.

ROS

. SOD,

catalase, GST, GSH-px . , SKM

Table 15 .

SOD CAT SKM

GSH-Px . SKM

GSH .

SKM .

Table 15. Effect of SKM and product on hepatic antioxidant enzymes activities in

ethanol-treated rats*

*Mean ± S.E.(n=8).

Means in the row not sharing a common letter are significantly different between

groups(p<0.05).

Control SKM Product

SOD
(Unit/mg protein)

4.61 ± 0.15a 5.85 ± 0.39b 5.89 ±0.29b

CAT
(umol/min/mg protein)

14.50 ± 0.64a 17.82 ±1.16b 17.82 ±0.40b

GSH-Px
(nmol/min/mg protein)

12.11 ± 0.24 12.50 ±0.33 13.98 ±1.21

GSH

(nmol/g)
5.57 ± 0.14a 6.10 ± 0.22b 6.33 ±0.09b

Lipid peroxide

(nmol/g)
56.87 ± 1.31c 49.65 ±1.64b 44.21 ±1.51a
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.

Table 16 SKM rat

. SKM

,

.

Table 16. Effect of SKM and product on plasma and hepatic lipid contents in

ethanol-treated rats*

*Mean ± S.E.(n=8).

Means in the row not sharing a common letter are significantly different between

groups(p<0.05).

Control SKM Product

Plasma

Total cholesterol (mg/dL) 142.18 ± 7.19b 97.15 ±5.48a 102.73 ±9.87a

Triglyceride (mg/dL) 56.90 ± 9.17 48.61 ±2.84 49.97 ±4.85

Liver

Cholesterol (mg/g) 6.81 ± 0.35b 5.53 ±0.51a 5.10 ±0.16a

Triglyceride (mg/g) 26.37 ± 1.13b 25.30 ±0.91ab 22.88 ±1.84a
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.

SKM Fig. 23 .

. SKM

.

Control SKM Product

Fig. 23. Effect of SKM and product supplementation on hepatic lipid contents

morphology in alcohol-treated rats. Values are expressed as means ± S.E. (n=8).
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