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 ‘Human digestion 

model’

. 

( / ), ( / )◎ 

 , ( )

. , 

,  

.

◎ 10~500µg/ml

, 

(LPS) . 

(1+) LPS

(NO, PGE2, IL-6, TNF- ) α

, NO 19.23% PGE2 80.56%, IL-6  

TNF- 55.29% 22.51% . α

MAPK (iNOS, 

COX-2) .

◎ (1+) 5% 10% 8

, 

(1+, ) 5%  

 . 



(1+) LPS ConA

. 

(Th1; TNF- , IFN- , IL-6, IL-2)α γ  

(Th2; IL-4) Th1/Th2 

. 

 T (CD4+) T (CD8+)  

. 

◎ (1+) 5% DNCB

, 

(1+, ) 

, 

.  

IgE (1+) 11.4%~12.4%   

. Th1 

(TNF- , IFN- ) Th2 (IL-5, IL-4) α γ

, Th1/Th2 

 . 

 (1+)   

,  

.
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1 . 

1 . 

1. 

 , 

 

, 

.

   

< >

      

- MAPK pathway 

(p38, JNK, ERK), NF- B pathway(I B, NF- B p65, p50) κ κ κ

iNOS COX-2 .

- iNOS nitric oxide(NO) , COX-2

prostaglandin E2(PGE2) .
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< >

 , , , 

(allergy)

(hyperresponsiveness) (Jo et al., 2016).

< >

 

< >
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-  

, 

, (Kim et al. 2016).

- 2,000

, 

, 51% , 17%

( , 2004).

<

>

 
<

>

- IgE

(Amin, 2012).

- , 

. 
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.  2016 2

1,260 ( , 2015).

< >

- 1 984 (17%)  

( , 2016).

< >    
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. , 

24.3% , 3.5%  

(Han et al., 2004).

< >

- , , , , 

(Moon et al., 

2007).

< >
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. B , 

, , (Roseiro et al., 2014).

- , 

 ,  

(Pereira et al., 2013).

- IL-6, IL-1 TNF-α

mRNA

(Vasto et al., 2007).

- B6 

, coenzyme Q10 B6 IgG

CD4+ T CD8+ T

(Dobbelstein et al., 1974).

2. 



.

  

.



.
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2 . 









< >
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2 . 

1 . 

1. 

. ( )

 24

(1+, 1 ), ( , )  

.

. Human digestion model

 human digestion model Van Hecke 

(2014) , ,  

37 shaking incubator 60rpm ℃ 

. 1~2cm2

5~10 . (4.5g)

6ml 5 , 12ml 2   

12ml 6ml, bicarbonate 

buffer(1M, pH 8.0) 2 . pH 3.0

, pH 5~8

. 

(3,000×g, 30 , 4 )℃

, 95 10℃

. 

.
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1. (500ml )

5ml KCl 89.6g/L 

5ml KSCN 20g/L

5ml NaH2PO4 88.8g/L 

5ml NaSO4 57g/L 

0.85ml NaCl 175.3g/L 

10ml NaHCO3 84.7g/L 

7.85ml NaCl 175.3g/L 

1.5ml NaH2PO4 88.8g/L 

4.6ml KCl 89.6g/L 

9ml CaCl2·2H2O 22.2g/L

5ml NH4Cl 30.6g/L 

3.25ml HCl 37%

20ml NaCl 175.3g/L

20ml NaHCO3 84.7g/L

5ml KH2PO4 8g/L 

3.15ml KCl 89.6g/L 

5ml MgCl2 5g/L

90µl HCl 37% g/g

15ml NaCl 175.3g/L

34.15ml NaHCO3 84.7g/L

2.1ml KCl 89.6g/L

75µl HCl 37% g/g

4ml urea 25g/L

5ml glucose 65g/L

5ml glucuronic acid 2g/L

1.7ml urea 25g/L

5ml glucosamine HCl 33g/L

2ml urea 25g/L 5ml urea 25g/L

145mg -amylaseα

7.5mg uric acid 

12.5mg mucin

0.5g BSA

1.25g pepsin 

1.5g mucin

4.5ml CaCl2・2H2O 22.2g/L 

0.5g BSA

4.5g pancreatin

0.75g lipase

5ml CaCl2·2H2O 22.2g/L

0.9g BSA

15g bile

pH 6.8 ± 0.2 1.3 ± 0.02 8.1 ± 0.2 8.2 ± 0.2
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. (SDS-PAGE)

  

(4.5g) 38ml

, , , , 

 

. (Sodium Dodecyl Sulphate- Polyacrylamide 

Gel Electrophoresis, SDS-PAGE) Laemmli(1970)

, prosi prestained protein marker(GenDEPOT, USA)

. 5% stacking gel 15% separating gel

, bicinchoninic acid(BCA) protein assay 

kit(Sigma Chemical Co., USA) , 2X 

sample buffer 1:1 95 5℃

. (Page Run, AE-6531, ATTO, Japan)

120V , coomassie brilliant blue 

staining(EzStain AQua, ATTO, Japan)

.

. 

 Folch (1957) Folch 

(chloroform:methanol=2:1) , 

14% BF3-methanol methylation gas 

chromatography(Agilent 6890N, Agilent Technologies, USA)

. CP-Sil 88 capillary column(Agilent CP7489, 

100m×0.25mm×0.20µm) injection 260℃ , 

(He) . 

(%) .
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. 

 SAS program(ver. 9.4 Statistics Analytical 

System) General Linear Model(GLM) 

. tukey 5% 

. 

2. 

. 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 

 ABTS Re (1999) . 

7mM ABTS 2.45mM Potassium persulphate , 

ABTS 12~16

. 735nm 0.700±0.02

. 50µl ABTS 950µl  

30 30 735nm℃  

. trolox trolox equivalent 

mmol/ml digest .

. Ferric reducing antioxidant power(FRAP) 

 FRAP Benzie Stranin(1996)

. 300mM acetate buffer(pH 3.6), 40mM HCl

10mM 2,4,6-tripyridyl-S-triazine(TPTZ) 20mM 

FeCl3 6H․ 2O 10:1:1 . 25µl  

175µl 37 30 590nm℃

. trolox trolox equivalent 

µmol/ml digest .
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. Oxygen radical absorbance capacity(ORAC) 

 ORAC Gillespie (2007) . Black 

96 well plate 25µl (trolox) , 150µl

80nM fluorescein 37 incubator 15℃ 

. 150mM AAPH 25µl

fluorescent microplate reader(SpectraMax M2e, Molecular 

Devices, USA) excitation 485nm, emission  

520nm 37℃ 60 1 fluorescence

. (trolox) area under the 

curve(AUC) , AUC  

trolox equivalent mmol/ml digest .

. (MDA) 

 (malondialdehyde, MDA) Li (2010)

. 120µl 3N NaOH 

40µl 40µl , 60 water bath 45℃

. 6% H3PO4 200µl 0.8% 

TBA 200µl , 90 45 . ℃ 10% SDS 80µl  

n-butanol 480µl malondialdehyde (TBA)2  

532nm . Sigma(St. 

Louis, Missouri, USA)

nmol/ml digest .

. 

 2 , 1 [1. 

] ‘ . ’ 

.
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2 . 

1. 

. (RAW 264.7) 

 RAW 264.7 (ATCC# TIB-71) (American 

Type Culture Collection; ATCC) . Penicillin/ 

streptomycin 1% fetal bovine serum 10% DMEM 

37 , 5% CO℃ 2 incubator .

. 

 3-(4,5-dimethylthiazol

2-ly)-2,5-diphenyl tetrazolium bromide(MTT) . –

48 well plate 5×104cells/well

24 . 24

0~1,000µg/ml 24, 48, 

72 well MTT( 0.5mg/ml) 4

. well dimethyl sulfoxide(DMSO) 

formazan 540nm

.

 (%) = ( /  

    )×100

. 

 

24 well plate 4×105cells/well 24

. 24   

0~500µg/ml .  

well lipopolysaccharide(LPS) 1µg/ml . 24  

well MTT( 0.5mg/ml) 4

formazan DMSO 540nm . 

.
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. Nitric oxide(NO) 

 LPS NO   

Griess reagent(Promega, Madison, 

WI, USA) . 24 well plate 4×105cells/well

37 , 5% CO℃ 2 incubator 24

. 0, 10, 50, 100, 250, 500µg/ml 

1µg/ml LPS . 24

. standard 50µl

Griess reagent 100µl 10

540nm .

. Prostaglandin E2(PGE2) 

 NO , well

. Prostaglandin E2(PGE2) 

enzyme-linked immunosorbent assay(ELISA) kit(R&D system, Minneapolis, 

MI, USA) 450nm .

 

. cytokine(IL-6, TNF- ) α

 cytokine(IL-6, TNF- ) NO α

, well

enzyme-linked immunosorbent assay(ELISA) kit(BD Biosciences, San 

Jose, CA, USA) 450nm .

 

. 

 2 , 1 [1. 

] ‘ . ’  

.
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2. 

. (iNOS, COX-2) 

  

western blotting . 6 well 

plate 1×106cells/well 24

. 0, 10, 

50, 100, 250, 500µg/ml , LPS(1µg/ml)

24 . 1X phosphate buffered saline(PBS)

RIPA lysis buffer (GenDEPOT, TX, USA)

. bicinchoninic 

acid(BCA) protein assay kit(Sigma Chemical Co., USA)

.

 2X sample buffer 95℃

10 10% separating gel . 

PVDF membrane transblotting 5% bovine 

serum albumin(BSA) 2 blocking . iNOS,  

COX-2, -actin 1 1:200 4 overnight β ℃

0.05% tris-buffered saline Tween-20(TBST) buffer 10　

3 . iNOS 2 mouse IgG kappa binding 

protein(m-IgG BP) conjugated to Horseradish Peroxidase(HRP)κ

1:3,000 4 6 , ℃

COX-2 -actin 2 donkey anti-goat IgG-HRP, β

goat anti-mouse IgG-HRP 1:3,000 2  

. Santa Cruz Biotechnology (Santa 

Cruz, CA, USA) . 0.05% TBST buffer 3

membrane ECL(Bio-rad, Hercules, CA, USA)

 chemiluminescence detector(AE-9150 EZ-Capture II, Atto, 

Tokyo, Japan) .
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. MAPKs pathway(JNK, ERK, p38)  

 MAPKs 

pathway(JNK, ERK, p38)  

western blotting .  

 iNOS, COX-2 , 

well . 

2X sample buffer 95 10 10% ℃

separating gel . PVDF 

membrane transblotting 5% BSA 2

blocking . ERK, p-ERK, JNK, p-JNK, p38, p-p38 1

1:200 4 overnight 0.05% TBST ℃ 　

buffer 10 3 . 2 ERK(goat 

anti-rabbit IgG-HRP, 1:3,000, 2 ), p-ERK(goat anti-mouse 

IgG-HRP, 1:3,000, 4 6 ), JNK(donkey anti-goat IgG-HRP, ℃ 

1:3,000, 4 6 ), p-JNK(goat anti-mouse IgG-HRP, 1:3,000, 4℃ ℃ 

6 ), p38(goat anti-mouse IgG-HRP, 1:3000, 2 ), 

p-p38(goat anti-rabbit IgG-HRP, 1:5,000, 4 6 )℃ 

0.05% TBST buffer 10 3 . 　 Santa 

Cruz Biotechnology (Santa Cruz, CA, USA) .   

membrane ECL(Bio-rad, Hercules, CA, USA)

chemiluminescence detector(AE-9150 EZ-Capture II, Atto, Tokyo, 

Japan) .

. 

 2 , 1 [1.  

] ‘ . ’ 

.
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3 . 

1. ( , )

. 

 ( , ) 

4 BALB/c 60 . 

( ) , 

12 (20~22 ) (50~55%)℃

.

. 

 1+

24 . 

, 75℃

water bath . 

(1+) , (AIN-93G)

(5%), (10%)  

20.3%, 7% . 

. 

 12 6 . 

( ) (1+) 5, 

10% , (1+) 5, 10% 

8 .
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2. ( )

(g/kg diet)
( ) 5% ( ) 10% ( ) 5% ( ) 10%

Casein 200.00 179.33 158.66 179.30 158.61 
Sucrose 100.00 100.00 100.00 100.00 100.00 

Dextrose1) 132.00 132.00 132.00 132.00 132.00 
Corn starch 397.486 395.296 393.096 396.406 395.316
Cellulose2) 50.00 50.00 50.00 50.00 50.00 
Soybean oil 70.00 42.86 15.73 41.78 13.56

(1+, ) 　 50.00 100.00 　 　
(1+, ) 　 50.00 100.00　
TBHQ3) 0.014 0.014 0.014 0.014 0.014

AIN 93 mineral 

Mixture(Ca.P free)
35 35 35 35 35

AIN 93 vitamin mix 10 10 10 10 10
L-cystine 3 3 3 3 3

Choline bitartrate 2.5 2.5 2.5 2.5 2.5
Total protein 203.00 203.00 203.00 203.00 203.00

Total fat 70.00 70.00 70.00 70.00 70.00

1) Heilongjiang Haotian Corn Devekoping Co., Ltd., China
2) J.Rettenmaier & Sohne JRS, Germany
3) tert-Butylhydroquinone(Alfa Aesar, USA)
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. 

 14±2  

. 30

(4 , 3,000rpm, 15min) ( )℃

-70 . (TC), ℃

(TG), (HDL-C) kit(Asan Pharm, 

Korea) , (LDL-C) 

Friedwald (1972) . TC  

0.02ml 3.0ml , 37 5℃ 

500nm . TG 0.02ml  

3.0ml , 37 10 550nm℃ 

. HDL-C 0.2ml

0.2ml , 3,000 rpm 10  

0.1ml 3.0ml 37 5℃

500nm .

. 

 TG, TC, HDL-C LDL-C Folch 

(1957) .  

dry oven(60 ) 15℃

. 1g 25ml Folch (chloroform/methanol=2/1)

homogenizer(PolyTron ® PT-2500E, Kinematica, Switzerland)

. 3,000rpm 10 , filter paper 

(No.1) . 0.88% KCl 2ml 24  

chloroform , N2 gas 2ml

. kit(Asan Pharm, 

Korea) .
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. 

 10% FBS-RPMI 1640 

.   

40µm mesh

(3,000rpm, 10 ) . , 

RBC lysis buffer 10% FBS-RPMI 1640 

2 . 1×106cells/ml 

.

. 

 1×106cells/ml 

mitogen LPS(B ), ConA(T 

) 2.5µg/ml , dPBS

. plate 37 , 5% CO℃ 2 incubator 48  

MTT ( 0.5mg/ml) 4

(1,200rpm, 5min) . formazan  

DMSO 540nm ,  

. 

. cytokine 

 cytokine 1×106cells/ml  

24 well plate LPS ConA 2.5µg/ml 

48 37 , 5% CO℃ 2 incubator . 

mitogen , LPS ConA

TNF- , IFN- , IL-6, IL-2, IL-5, α γ

IL-10, IL-4 ELISA kit(BD Biosciences, San Jose, CA, 

USA) .
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. 

 (CD4+, CD8+) fluorescence-activated cell

sorting(FACS) . RPMI 1640

1×106cells/ml 4% paraformaldehyde

 . phycoerythrin(PE) Rat 

anti-mouse CD4, Allophycocyanin(APC) Rat anti-mouse CD8a(BD 

Biosciences, San Jose, CA, USA) 30

. FACS buffer 3 , FACS Calibur(BD 

Biosciences, USA)

.

. 

 

real-time PCR (StepOnePlus Real-Time PCR System; Thermo 

Fisher Scientific Inc.) , total genomic DNA

QIAamp Fast DNA Stool Mini Kit(QIAGEN) . 

Taq-man assay Lactobacillus spp. Bifidobacterium 

spp. Clostridium spp. primer probe

. . 

 Firmicutes Bacteroidetes real-time PCR  

.

. 

 2 , 1 [1.  

] ‘ . ’  

.
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2. ( , )

. 

 ( , ) 

4 BALB/c 48 . 

( ) , 

12 (20~22 ) (50~55%)℃

.

. 

 1+

24 . 

, 75℃  

water bath . 

(1+) , 5% (AIN-93G) 

20.3%, 7%

. 

. 

 12 4 (n=12)

. (CON)

(DNCB),  

(1+) 5%(DNCB+5RHL) 5%(DNCB+5CHL)

. (1+) 8 , 

2 2,4-dinitrochlorobenzene 

(DNCB, Sigma) .

 6

 . 1% 

DNCB 200µl 1 2 , 1
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0.2% DNCB 200µl 2

. 

(g/kg diet)

AIN-93G 5% 5%

Casein 200.00 179.33 179.30 

Sucrose 100.00 100.00 100.00 

Dextrose1) 132.00 132.00 132.00 

Corn starch 397.486 395.296 396.406

Cellulose2) 50.00 50.00 50.00 

Soybean oil 70.00 42.86 41.78 

(1+, ) 　 50.00 　

(1+, ) 　 50.00

TBHQ3) 0.014 0.014 0.014

AIN 93 mineral 

Mixture(Ca.P free)
35 35 35

AIN 93 vitamin mix 10 10 10

L-cystine 3 3 3

Choline bitartrate 2.5 2.5 2.5

Total protein 203.00 203.00 203.00

Total fat 70.00 70.00 70.00

3. ( )

1) Heilongjiang Haotian Corn Devekoping Co., Ltd. china
2) J.Rettenmaier & Sohne JRS. Germany
3) tert-Butylhydroquinone(Alfa Aesar USA)
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. 

 DNCB 

. / , , / , /

0( )~3( )

( 12 ).

. 

  

observation chamber 10

.

. (transepidermal water loss, TEWL)

 2 , Cutometer MPA 

580(courage khazaka, Germany)

. 60±5%, 25±1℃

. , 

.

. 

 

. 10% 

. 4µm  hem

atoxylin and eosin(H&E) . 

mast cell  toluidine blue 

mm2 mast cell .
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. IgE 

 14±2  

. 30

(4 , 3,000rpm, 15 ) ( )℃

-70 . IgE ELISA kit(BD ℃

Biosciences, San Jose, CA, USA) .

. 

 10% FBS-RPMI 1640 

.   

40µm mesh

(3,000rpm, 10 ) . , 

RBC lysis buffer 10% FBS-RPMI 1640 

2 . 1×106cells/ml 

. 

. cytokine 

 cytokine 1×106cells/ml  

24 well plate ConA 2.5µg/ml 48

37 , 5% CO℃ 2 incubator . 

TNF- , IL-5 ELISA kit(BD Biosciences, San Jose, α

CA, USA) cytokine .

. 

 2 , 1 [1.  

] ‘ . ’  

.



- 26 -

3. ( , )

. 

 ( , )  

6 BALB/c 48 . 

( ) , 

12 (20~22 ) (50~55%)℃

.

. 

  2 , 3 [2. ( , )

] ‘ . ’

.

. 

 12 4 (n=12)

. (CON)

(AD), 

(1+) 5%(AD+5RHL) 5%(AD+5CHL)

. 2 1% DNCB

200µl 4 (2 / ) .  4

0.2% DNCB 200µl 8 (2 / ) 

, 4 .

. 

 2 , 3 [2. ( , )

] ‘ . ’

.
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. 

 2 , 3 [2. ( , )

] ‘ . ’

.

. (transepidermal water loss, TEWL)

 2 , 3 [2. ( , )

] ‘ . ’

.

. 

 2 , 3 [2. ( , )

] ‘ . ’

.

. IgE 

 2 , 3 [2. ( , )

] ‘ . IgE ’

.

. 

  2 , 3 [2. ( , )

] ‘ . ’

.

. cytokine 

  cytokine 1×106cells/ml  

24 well plate ConA 2.5µg/ml 48

37 , 5% CO℃ 2 incubator . 
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TNF- , IFN- , IL-5, IL-4 ELISA kit(BD Biosciences, α γ

San Jose, CA, USA) cytokine .

. 

 2 , 1 [1. 

] ‘ . ’ 

.
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3 . 

1 . 

1. 

. Human digestion model ( , )

(in vitro)

처리구 소화 전 소장소화 후

등심(1+) 

생육

조리육

등심(1)

생육

조리육

우둔(1+)

생육

조리육

1. ( , )
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 Human digestion model

1 . 

, , ,  

. 

. 

( )

(SDS-PAGE) .

. SDS-PAGE  

2. ( )

BD : , S : , G : , D : ( )

 ( )

2 . (S)

, (G)

actin(45kDa), tropomyosin(35kDa), myosin light chain-3(15kDa)

.
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3. ( )

BD : , S : , G : , D : ( )

 ( )

, 

( 3). myosin light chain-3 

(15kDa) (G)  

.

 

 

-amylase α

pepsin pancreatin, lipase 

.



- 32 -

. 

4. (1+, )

(%)
(1+, )

SEM1)

C14:0(myristic acid) 2.34b 2.83a 0.019

C16:0(palmitic acid) 23.36b 24.33a 0.230

C16:1n7(palmitoleic acid) 3.28a 3.33a 0.132

C18:0(stearic acid) 15.41a 14.19b 0.121

C18:1n9(oleic acid) 40.44b 45.84a 0.444

C18:1n7(vaccenic acid) 4.83a 5.50a 0.352

C18:2n6(linoleic acid) 7.13a 3.30b 0.108

C18:3n3( -linolenic acid)α 0.30a 0.07b 0.008

C20:4n6(arachidonic acid) 2.91a 0.60b 0.029

SFA2) 41.35a 41.10a 0.353

UFA3) 58.90a 58.65a 0.353

MUFA4) 48.55b 54.68a 0.382

PUFA5) 10.35a 3.97b 0.132

MUFA/SFA 1.18b 1.32a 0.021

PUFA/SFA 0.25a 0.10b 0.005

a-b Means within a row with different superscript differ significantly at p<0.05.
1) SEM : standard error of means
2) SFA : Saturated fatty acids
3) UFA : Unsaturated fatty acids
4) MUFA : Monounsaturated fatty acids
5) PUFA : Polyunsaturated fatty acids
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 (1+, ) 4 . 

(1+, ) (SFA) 41.35%,  

(UFA) 58.90% . stearic 

acid(C18:0), linoleic acid (C18:2n6), arachidonic acid(C20:4n6)

. palmitic acid(C16:0) oleic acid(C18:1n9)

, oleic acid 40.44% 45.84%

(p<0.05). 

, (MUFA)

(PUFA)

(p<0.05).
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5. (1+, )

(%)
(1+, )

SEM1)

C14:0(myristic acid) 2.63b 2.80a 0.029

C16:0(palmitic acid) 24.29a 24.79a 0.149

C16:1n7(palmitoleic acid) 3.85b 4.60a 0.032

C18:0(stearic acid) 15.43a 14.66b 0.111

C18:1n9(oleic acid) 41.59b 47.52a 0.219

C18:1n7(vaccenic acid) 5.32a 2.60b 0.255

C18:2n6(linoleic acid) 4.87a 2.56b 0.070

C18:3n3( -linolenic acid)α 0.34a 0.02b 0.011

C20:4n6(arachidonic acid) 1.55a 0.46b 0.069

SFA2) 42.33a 42.26a 0.116

UFA3) 57.74a 57.67a 0.116

MUFA4) 50.76b 54.71a 0.132

PUFA5) 6.91a 3.03b 0.115

MUFA/SFA 1.20b 1.29a 0.005

PUFA/SFA 0.16a 0.07b 0.002

a-b Means within a row with different superscript differ significantly at p<0.05.
1) SEM : standard error of means
2) SFA : Saturated fatty acids
3) UFA : Unsaturated fatty acids
4) MUFA : Monounsaturated fatty acids
5) PUFA : Polyunsaturated fatty acids
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 (1+, ) 5

. (1+, ) (SFA)

42.33%, (UFA) 57.74% (1+, )

( 4). palmitic acid(C16:0)

, stearic acid(C18:0), linoleic acid(C18:2n6), 

arachidonic acid(C20:4n6) . oleic 

acid(C18:1n9) 41.59% 47.52% (p<0.05). 

, 

(MUFA)

(PUFA) (p<0.05).
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6. (1, )

(%)
(1, )

SEM1)

C14:0(myristic acid) 3.72a 3.86a 0.056

C16:0(palmitic acid) 28.65a 27.19a 0.392

C16:1n7(palmitoleic acid) 6.18a 5.89a 0.211

C18:0(stearic acid) 9.63a 8.80b 0.114

C18:1n9(oleic acid) 38.66b 44.18a 0.722

C18:1n7(vaccenic acid) 5.77a 5.24a 0.353

C18:2n6(linoleic acid) 5.48a 4.00b 0.117

C18:3n3( -linolenic acid)α 0.32a 0.08b 0.007

C20:4n6(arachidonic acid) 1.59a 0.76b 0.025

SFA2) 42.00a 39.85a 0.548

UFA3) 58.00a 60.15a 0.548

MUFA4) 50.61b 55.31a 0.588

PUFA5) 7.39a 4.84b 0.141

MUFA/SFA 1.21b 1.39a 0.029

PUFA/SFA 0.18a 0.12b 0.003

a-b Means within a row with different superscript differ significantly at p<0.05.
1) SEM : standard error of means
2) SFA : Saturated fatty acids
3) UFA : Unsaturated fatty acids
4) MUFA : Monounsaturated fatty acids
5) PUFA : Polyunsaturated fatty acids
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 (1, ) 6 . 

(1, ) (SFA) 42.00%,   

(UFA) 58.00% . (1+, )

( 4) palmitic acid(C16:0) , 

stearic acid(C18:0), linoleic acid(C18:2n6), arachidonic acid (C20:4n6)  

. oleic acid(C18:1n9) 38.66%

44.18% (p<0.05).  

, (MUFA)

(PUFA)  (p<0.05).
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7. (1, )

(%)
(1, )

SEM1)

C14:0(myristic acid) 3.02b 3.86a 0.083

C16:0(palmitic acid) 27.35a 28.33a 0.354

C16:1n7(palmitoleic acid) 4.09b 5.48a 0.103

C18:0(stearic acid) 11.32a 9.28b 0.237

C18:1n9(oleic acid) 39.20b 43.70a 0.283

C18:1n7(vaccenic acid) 5.33a 4.22b 0.127

C18:2n6(linoleic acid) 6.32a 4.46b 0.099

C18:3n3( -linolenic acid)α 0.28a 0.06b 0.007

C20:4n6(arachidonic acid) 3.12a 0.59b 0.239

SFA2) 41.69a 41.46a 0.271

UFA3) 58.31a 58.54a 0.271

MUFA4) 48.59b 53.43a 0.237

PUFA5) 9.72a 5.11b 0.158

MUFA/SFA 1.17b 1.29a 0.012

PUFA/SFA 0.24a 0.12b 0.005

a-b Means within a row with different superscript differ significantly at p<0.05.
1) SEM : standard error of means
2) SFA : Saturated fatty acids
3) UFA : Unsaturated fatty acids
4) MUFA : Monounsaturated fatty acids
5) PUFA : Polyunsaturated fatty acids
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 (1, ) 7

. (1, ) (SFA)

41.69%, (UFA) 58.31% (1, )

( 6). palmitic acid(C16:0)  

, stearic acid(C18:0), linoleic acid(C18:2n6), 

-linolenic acid(C18:3n3),α  arachidonic acid(C20:4n6)

. oleic acid(C18:1n9) 39.20% 43.70%

(p<0.05). (1, )

 ,  

(MUFA) (PUFA)

(p<0.05).
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8. (1+, )

(%)
(1+, )

SEM1)

C14:0(myristic acid) 2.11b 2.25a 0.003

C16:0(palmitic acid) 26.97a 27.06a 0.061

C16:1n7(palmitoleic acid) 3.26b 4.06a 0.018

C18:0(stearic acid) 11.46a 10.83b 0.056

C18:1n9(oleic acid) 36.77b 44.98a 0.269

C18:1n7(vaccenic acid) 7.18a 5.53b 0.380

C18:2n6(linoleic acid) 8.23a 3.94b 0.104

C18:3n3( -linolenic acid)α 0.33a 0.05b 0.004

C20:4n6(arachidonic acid) 3.67a 1.31b 0.043

SFA2) 40.54a 40.13a 0.109

UFA3) 59.46a 59.87a 0.109

MUFA4) 47.22b 54.57a 0.175

PUFA5) 12.23a 5.30b 0.148

MUFA/SFA 1.17b 1.36a 0.008

PUFA/SFA 0.30a 0.10b 0.004

a-b Means within a row with different superscript differ significantly at p<0.05.
1) SEM : standard error of means
2) SFA : Saturated fatty acids
3) UFA : Unsaturated fatty acids
4) MUFA : Monounsaturated fatty acids
5) PUFA : Polyunsaturated fatty acids
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 (1+, ) 8 . 

(1+, ) (SFA) 40.54%,  

(UFA) 59.46% ( 4). 

palmitic acid(C16:0) , 

stearic acid(C18:0), linoleic acid(C18:2n6), arachidonic acid(C20:4n6)

. oleic acid(C18:1n9) 36.77%

44.98% (p<0.05). 

, 

(MUFA) (PUFA)

(p<0.05).
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9. (1+, )

(%)
(1+, )

SEM1)

C14:0(myristic acid) 2.01b 2.37a 0.014

C16:0(palmitic acid) 27.78a 27.46a 0.339

C16:1n7(palmitoleic acid) 3.61a 3.53a 0.104

C18:0(stearic acid) 12.23a 11.78a 0.205

C18:1n9(oleic acid) 38.20b 44.82a 0.534

C18:1n7(vaccenic acid) 4.67a 5.32a 0.361

C18:2n6(linoleic acid) 7.89a 3.57b 0.090

C18:3n3( -linolenic acid)α 0.37a 0.03b 0.016

C20:4n6(arachidonic acid) 3.24a 1.11b 0.047

SFA2) 42.02a 41.60a 0.494

UFA3) 57.98a 58.40a 0.494

MUFA4) 46.49b 53.67a 0.373

PUFA5) 11.50a 4.72b 0.152

MUFA/SFA 1.11b 1.29a 0.023

PUFA/SFA 0.27a 0.11b 0.005

a-b Means within a row with different superscript differ significantly at p<0.05.
1) SEM : standard error of means
2) SFA : Saturated fatty acids
3) UFA : Unsaturated fatty acids
4) MUFA : Monounsaturated fatty acids
5) PUFA : Polyunsaturated fatty acids  
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 (1+, ) 9

. (1+, ) (SFA)

42.02%, (UFA) 57.98% (1+, )

( 8). palmitic acid(C16:0)

stearic acid(C18:0) , linoleic 

acid(C18:2n6), arachidonic acid(C20:4n6) . 

oleic acid(C18:1n9) 38.20% 44.82%

(p<0.05).  (1+, )

, 

(MUFA) (PUFA)

 (p<0.05).
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2. 

. 

(1) ABTS 

10. ( , ) ABTS 

ABTS 

(Trolox equivalent mmol/ml digest) SEM1)

(1+) 1.83Aa 1.50Ab 0.002
(1) 1.82Aa  1.45ABb 0.007

(1+) 1.74Ba 1.41Bb 0.015
SEM 0.005 0.013

A-B Means within a column with different superscript differ significantly at p<0.05.
a-b Means within a row with different superscript differ significantly at p<0.05.
1) SEM : standard error of means

 ABTS 10  

. ABTS 

ABTS ABTS 

. 

1.74~1.83 trolox equivalent mmol/ml digest ABTS  

, 1.41~1.50 trolox equivalent mmol/ml 

digest ABTS . 

ABTS .

 , ABTS 

, (1+, 1) 

ABTS (p<0.05), 

. (1+) 

(1+) ABTS (p<0.05).
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(2) FRAP 

11. ( , ) FRAP 

FRAP 

(Trolox equivalent µmol/ml digest) SEM1)

(1+) 346.79Aa 278.04Bb 7.406

(1)  311.43ABa 260.00Bb 5.987

(1+) 284.82Bb 329.76Aa 7.976

SEM 9.214 4.239

A-B Means within a column with different superscript differ significantly at p<0.05.
a-b Means within a row with different superscript differ significantly at p<0.05.
1) SEM : standard error of means

 FRAP 11

. FRAP 

FRAP 

. 

284.82~346.79 trolox equivalent µmol/ml digest

FRAP , 260.00~329.76 trolox 

equivalent µmol/ml digest FRAP . 

(1+) (1+, 1)

FRAP .

 , FRAP 

, (1+) (1+) 

FRAP . 

(1+) 

FRAP .
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(3) ORAC 

12. ( , ) ORAC 

ORAC 
(Trolox equivalent mmol/ml digest) SEM1)

(1+) 7.38Bb 8.03Aa 0.066

(1) 8.67Aa  7.67ABa 0.293

(1+) 8.77Aa 6.87Bb 0.142

SEM 0.194 0.192

A-B Means within a column with different superscript differ significantly at p<0.05.
a-b Means within a row with different superscript differ significantly at p<0.05.
1) SEM : standard error of means

 ORAC 12

. ORAC 

. ORAC 

.  

7.38~8.77 trolox equivalent mmol/ml digest ORAC 

, 6.87~8.03 trolox equivalent 

mmol/ml digest ORAC . (1+)

, (1+) ORAC 

, (1)  

.

 , ORAC 

, (1) (1+) 

ORAC . 

(1+) (1+) 

ORAC .
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. 

13. ( , )

Malondialdehyde (nmol/ml digest)
SEM1)

(1+) 21.48Ab 25.78Aa 0.531
(1) 17.78Bb 24.51ABa 0.491

(1+) 17.31Bb 22.71Ba 0.584
SEM 0.436 0.621

A-B Means within a column with different superscript differ significantly at p<0.05.
a-b Means within a row with different superscript differ significantly at p<0.05.
1) SEM : standard error of means

 (malondialdehyde) 

13 . 17.31~21.48 

nmol/ml digest , 22.71~25.78nmol/ml digest

.  

 MDA 4-hydroxy-2-hexenal 

(4-HNE) (Van Hecke 

et al., 2014). 

,  

 . , 

, 

(1+) (1+) 

. 

MDA .
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 ,  

. 

( , 2017) ‘1+ ’

51.8% , ‘1+ ’ 2015

. ‘1 ’ 21.2%

. 

1+ ( / ) 1+

( / ) .

4. 
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2 . 

1. 

. (RAW 264.7) , 

(1) 

5. (1+, ) 
a-d Values of bar with different superscript among treatments differ significantly at p<0.05. 

 NO, PGE2, cytokine

(Iontcheva et al., 2004). 

, 

(Kim et al., 2013). 

 (1+, ) 

(10~1,000µg/ml) MTT assay 

( 5). , 

, 1,000µg/ml 48, 

72 145.08 153.84% CON
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.

6. (1+, ) 
a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 

 (1+, )  

( 6), , 

1,000µg/ml 24, 48 132.47

129.75% CON .
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7. (1+, ) 
a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 

  (1+, )  

(10~1,000µg/ml) MTT assay  

( 7). 

, 72 1,000µg/ml 

152.03% CON .
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8. (1+, ) 
a-b Values of bar with different superscript among treatments differ significantly at p<0.05. 

 (1+, )  

(10~1,000µg/ml) MTT assay  

( 8). (1+, ) 

 

,  .

 10, 50, 100, 250, 500µg/ml

LPS 

.
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(2) (morphology)

9. (1+) 

10. (1+)  

 mitogen LPS 1µg/ml 
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( , 9~10). 

(CON)

.

(3) 

11. (1+, ) 

a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 

 MTT assay LPS 

(1+, ) 

( 11). , LPS 75.65%

100µg/ml 86.22%

.
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12. (1+, ) 

a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 

 (1+, )  

( 12), LPS 79.52%

250µg/ml 94.05%

. 250, 500µg/ml  

94.05, 96.60% LPS (CON)

. 
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13. (1+, ) 

a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 

 (1+, ) 

( 13), LPS 76.25%

500µg/ml 90.93% .
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14. (1+, ) 

a-b Values of bar with different superscript among treatments differ significantly at p<0.05. 

 (1+, )  

14 . LPS  

79.97% , (1+, ) 

.
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14. 

(µg/ml) + LPS(1µg/ml)

0 10 50 100 250 500

(1+, )
100.00 106.49 110.89 113.98 118.30 116.75 

(1+, )
100.00 109.13 108.73 110.91 118.26 121.47 

(1+, )
100.00 98.57 104.40 103.74 110.16 119.25 

(1+, )
100.00 104.87 104.87 105.67 108.43 116.10 

  (%)

LPS 100% ( 14). 

LPS 

100µg/ml

. 113.98, 110.91, 103.74, 105.67%

(1+, / ) 

. 

 

ABTS ( 10), (1+, )  

(1+, ) 

FRAP ( 11) ORAC ( 12) (p<0.05). 

(1+, / ) 

(1+, / ) . 

(1+, / ) NO, PGE2, 

cytokine .
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. nitric oxide (NO), prostaglandin E2 

(PGE2), cytokine 

 Mitogen LPS cytokine

(Funk et al., 1991; Willeaume 

et al., 1995). phospholipase 

A2 arachidonic acid prostaglandin

NO (Masferrer et al., 1994). 

NO PGE2 

inducible nitric oxide synthase(iNOS) cyclooxygenase (COX)

.

(1) Nitric oxide (NO) 

15. (1+, ) LPS

NO 
a-d Values of bar with different superscript among treatments differ significantly at p<0.05. 

 NO NO L-arginine

, , 

(Kim 
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et al., 2010). (1+, )  

LPS NO 

( 15). LPS(1µg/ml)  

, NO 36.08µM LPS

(CON) 100 (p<0.05) LPS

 . (1+, 

) , 100µg/ml

33.21µM NO .

16. (1+, ) LPS

NO 
a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 

 (1+, ) LPS 

NO ( 16), 

LPS(1µg/ml) NO 34.79µM  

LPS (CON) 100

(p<0.05). (1+, ) 100µg/ml 

29.42µM NO . 
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(2) Prostaglandin E2(PGE2) 

17. (1+, ) LPS

PGE2 
a-f Values of bar with different superscript among treatments differ significantly at p<0.05. 

 PGE2 NO

. LPS 

(1+, ) PGE2  

17 . , LPS 

PGE2 8.38µg/ml LPS  (CON)

40 (p<0.05). (1+, ) 

PGE2 (p<0.05), 

250, 500µg/ml 72.43, 75.43% . 
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18. (1+, ) LPS

PGE2 
a-e Values of bar with different superscript among treatments differ significantly at p<0.05. 

 LPS (1+, ) 

PGE2 (

18), 17 LPS 

PGE2 7.90µg/ml (p<0.05). (1+, 

) PGE2  

(p<0.05), 100~500µg/ml 75.15, 74.70, 

80.56% .  
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(3) cytokine 

19. (1+, ) LPS

IL-6 
a-d Values of bar with different superscript among treatments differ significantly at p<0.05. 

20. (1+, ) LPS

IL-6 
a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 
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 LPS IL-6 TNF-α

, 

(Tsai et al., 2011).

 LPS IL-6   

( 19~20), LPS

(1µg/ml) IL-6 2.89~3.75µg/ml LPS

(CON) (p<0.05). (1+, ) 

, 250µg/ml

2.18µg/ml IL-6 . 

(1+, ) 100µg/ml

1.78µg/ml IL-6 .
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21. (1+, ) LPS

 TNF-α 
a-d Values of bar with different superscript among treatments differ significantly at p<0.05. 

22. (1+, ) LPS

TNF-α 
a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 
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 LPS TNF-α

( 21~22), LPS 1µg/ml

TNF- 83.31~88.80µg/ml LPSα  

(CON) (p<0.05). (1+, ) 

250µg/ml 64.84µg/ml

TNF- , (1+, ) α

500µg/ml 68.82µg/ml TNF-α 

.

 LPS

IL-6 TNF-α  

.
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(4) nitric oxide (NO), prostaglandin E2 

(PGE2), cytokine 

15. NO, PGE2, 

IL-6, TNF-α 

(%)
(µg/ml) + LPS(1µg/ml)

0 10 50 100 250 500

NO
(1+, )

100.00 97.05 100.99 92.03 85.49 85.35 

(1+, )
100.00 99.04 100.87 84.56 80.77 83.08 

PGE2

(1+, )
100.00 83.97 47.21 35.36 27.57 24.57 

(1+, )
100.00 70.86 45.00 24.85 25.30 19.44 

IL-6
(1+, )

100.00 88.93 85.44 84.41 61.19 46.99 

(1+, )
100.00 105.54 91.98 61.42 54.63 44.71 

TNF-α
(1+, )

100.00 94.59 97.01 94.02 77.83 85.35 

(1+, )
100.00 91.56 95.59 94.87 96.96 77.49 

 
 NO, PGE2, IL-6, TNF- (%)α 

LPS 100%

( 15). LPS 

. NO, PGE2, IL-6

100, 10, 100µg/ml (1+, ) 

 . TNF-α

250µg/ml (1+, ) TNF-α

. 

 .
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2. 

. Lipopolysaccharide(LPS)

(iNOS, COX-2) 

 iNOS  

hepatocytes, smooth muscle cells, bone marrow cells, monocytes, 

macrophages 

NO (Kim et al., 2012). COX arachidonic acid PGE2  

COX-2 , ,   

PGE2 (Kim et al., 2013).  

iNOS COX-2

.

 LPS (1+) 

NO PGE2 , 

iNOS COX-2

western blot .
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23. (1+, ) LPS

(iNOS, COX-2) 
a-d Values of bar with different superscript among treatments differ significantly at p<0.05. 

 LPS (CON) iNOS

COX-2 LPS

iNOS COX-2 ( 23).  

(1+, ) 

10µg/ml iNOS , 

100~500µg/ml (CON) . 

COX-2 500µg/ml COX-2 .
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24. (1+, ) LPS

(iNOS, COX-2) 
a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 

 (1+, ) LPS

,  CON

iNOS COX-2 LPS

iNOS COX-2 . 

(1+, )  

50µg/ml iNOS , 

100~500µg/ml LPS 

. COX-2 250, 500µg/ml COX-2

(p<0.05).

 LPS

iNOS COX-2 NO  

PGE2 . 

.
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. Lipopolysaccharide(LPS) MAPKs 

pathway(JNK, ERK, p38)

 LPS

NO, PGE2, TNF- , IL-6α  

. 

, mitogen-activated 

protein kinase(MAPK) nuclear factor- B(NF- B), activator κ κ

protein-1(AP-1), activating transcription factor-2, cAMP-responsive 

element binding protein serine 

threonine 

(Dong et al., 2002). MAPK , 

, 

, MAPK

.

 MAPK 3 ERK

, p38 JNK

(Robinson & 

Cobb, 1997). JNK LPS TNF-α

, 

(Waetzig et al., 2005).

 (1+) NO, PGE2, 

TNF- , IL-6 ,α  

iNOS COX-2 

. (1+) 

, MAPKs pathway(JNK, ERK, p38)

.
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25. (1+, ) LPS

MAPK 
a-e Values of bar with different superscript among treatments differ significantly at p<0.05. 

 LPS (1+, ) 

JNK, ERK, p38 , LPS   

(CON) LPS p-JNK, p-ERK, 

p-p38 ( 25). (1+, ) 

JNK, ERK, p38

(p<0.05). JNK 10µg/ml 

.
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26. (1+, ) LPS

MAPK 
a-e Values of bar with different superscript among treatments differ significantly at p<0.05. 

 LPS (1+, )  

JNK, ERK, p38 , 25

LPS (CON) LPS

p-JNK, p-ERK, p-p38

( 26). (1+, ) 250, 

500µg/ml JNK

. ERK p38

(p<0.05).

 LPS

MAPK pathway .
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3 . 

1. ( , )  

. 

(1) , 

16. ( )

(n=12)

1 대조구 AIN-93G

2 등심 생육( )5% AIN-93G + (1+) 5%

3 등심 생육( )10% AIN-93G + (1+) 10%

4 등심 조리육( )5% AIN-93G + (1+) 5%

5 등심 조리육( )10% AIN-93G + (1+) 10%

 

BALB/c 60 .  

16 5 8 (5%) 

(10%) (1+) ( 27).

적응 한우육 급여 주(8 ) 희생

0 1 2 3 4 5 6 7 8 9wk
주령 마우스4 1 주령 마우스3

27. 
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(g) (g) (g/day) (g/day)
1)

21.35 28.67 0.12 3.17 0.04

( )5% 21.25 28.85 0.12 3.69 0.03

( )10% 21.03 28.20 0.12 3.39 0.03

( )5% 20.80 28.23 0.12 3.29 0.04

( )10% 20.70 28.23 0.12 3.12 0.04

SEM2) 0.183 0.270 0.003 0.116 0.002

17. (1+, / ) , 

1) = (g/day)/ (g/day) 
2) SEM : standard error of means

 , 

17 . 20.70~21.35g 

, 8

28.20~28.85g

.   

3.12~3.69g/day , 

. 
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(2) 

1)

0.26 0.10 3.63 1.45 0.68

( )5% 0.25 0.11 3.67 1.40 0.70

( )10% 0.24 0.11 3.75 1.38 0.71

( )5% 0.24 0.10 3.71 1.41 0.71

( )10% 0.26 0.11 3.61 1.37 0.71

SEM2) 0.007 0.006 0.078 0.029 0.010

18. (1+, / ) 

(%)

1) (%) = (g)/ (g)×100
2) SEM : standard error of means

 18

. , , , , 

. 5~10%  

.
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. 

(1) 

(mg/dl)

TC1) TG HDL-C LDL-C2)

158.60a 94.11a 104.45a 36.28a

( )5% 146.12ab 87.09ab 104.37a 27.06a

( )10% 152.80ab 75.33ab 114.24a 23.50a

( )5% 136.72b 65.80b 100.97a 22.59a

( )10% 147.83ab 66.78b 107.74a 26.74a

SEM3) 4.689 4.996 4.046 3.695

19. (1+, / ) 

a b—  Means within a column with different superscript differ significantly at p<0.05.
1)  TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein 

cholesterol; LDL-C, low density lipoprotein cholesterol
2) LDL-C = TC-HDL-TG/5
3) SEM : standard error of means

 

( 19), ( ) 5% TC 

. ( ) 5, 10%   

TG . 

HDL-C LDL-C . 
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(2) 

(mg/dl)

TC1) TG HDL-C LDL-C2)

124.60a 35.56b 8.26a 109.23a

( )5% 123.45a 36.13b 7.50a 108.85a

( )10% 119.74a 40.93ab 7.16a 104.40a

( )5% 123.07a 43.05a 8.01a 106.45a

( )10% 124.45a 39.40ab 7.24a 109.34a

SEM3) 1.221 1.261 0.526 1.255

20. (1+, / ) 

 

a-b Means within a column with different superscript differ significantly at p<0.05.
1) TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein 

cholesterol; LDL-C, low density lipoprotein cholesterol
2) LDL-C = TC-HDL-TG/5
3) SEM : standard error of means

 

20 . 

TG, HDL-C LDL-C . 

( ) 5% TG 

. TG 

( 16) TG

.
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. 

28. (1+, / ) 

 
a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 

LPS(Lipopolysaccharide) 2.5µg/ml, ConA(Concanavalin A) 2.5µg/ml

 

8

. B mitogen LPS  

2.5µg/ml T mitogen  ConA 2.5µg/ml , mitogen

100% .

  28 . LPS ConA  

135.87, 276.83% (p<0.05).  

LPS ( ) 10% ( ) 10% 

153.58 158.36% (p<0.05). ConA 

( , ) 10% 348.70% 355.65%

. 10% ( , )

.
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. Lipopolysaccharide(LPS) Th1 Th2 cytokine

(1) Th1 cytokine (pro-inflammatory cytokine)
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29. (1+, / ) 

Th1 cytokine 
a-b Values of bar with different superscript among treatments differ significantly at p<0.05. 

LPS(Lipopolysaccharide) 2.5µg/ml, ConA(Concanavalin A) 2.5µg/ml

 Cytokine  

. 

T CD4+ 

cytokine T helper type 1(Th1) T helper type 2 

(Th2) . Th1 cytokine IL-1, 

IL-2, IL-6, IFN- , TNF- , cytokineγ α 

. Th2 

cytokine IL-4, IL-5, IL-10 , 

Th1 (Mosmann et 

al., 2005). 

 Th1 cytokine 

29 . mitogen

Th1 cytokine 

. LPS ConA , TNF-α 

LPS , 

ConA ( ) 10% 

( 29A). IFN- LPS γ 
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, ConA ( ) 5, 10%

( ) 10% ( 29B). IL-6

LPS ( ) 5, 10% 

, ConA ( ) 5%  

( 29C). IL-2 LPS ( , 

) , ConA 

( 29D).  

LPS ConA

cytokine Th1 cytokine 

.
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(2) Th2 cytokine (anti-inflammatory cytokine)

30. (1+, / ) 

Th2 cytokine 
a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 

LPS(Lipopolysaccharide) 2.5µg/ml, ConA(Concanavalin A) 2.5µg/ml
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 Th2 cytokine 

30 . Th2 cytokine mitogen

Th2 

cytokine . Th2 cytokine LPS ConA 

, 

( ) 5% IL-4 (

30C). Th2 cytokine Th1 cytokine

cytokine , B

(Seo et al., 

2013). ( ) 5% 

.
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(3) Th1/Th2 cytokine 

31. (1+, / ) Th1/Th2 cytokine   

 
a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 

LPS(Lipopolysaccharide) 2.5µg/ml, ConA(Concanavalin A) 2.5µg/ml
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 Th1 Th2 cytokine . 

Th1 cytokine

, Th2 cytokine

(Kim et al., 2017).

 Th1/Th2 cytokine

31 . , IL-6/IL-10 mitogen

, 

LPS (p<0.05). 

ConA ( ) 5% 

IL-6/IL-10 ( 31A). TNF- /IL-10α

mitogen  

, LPS 

(p<0.05). ConA ( ) 10%  

TNF- /IL-10 ( 31B). IFN- /IL-4 α γ

mitogen ( ) 10% ( ) 

5, 10% 

. LPS 

IFN- /IL-4 , ( ) 5%γ  

(p<0.05). ConA 

(p<0.05), 

( 31C).

 (1+) LPS ConA

Th1 cytokine , Th1

Th2 cytokine

. 
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. 

32. (1+, / ) 

(CD4+, CD8+) 
a-c Values of bar with different superscript among treatments differ significantly at p<0.05. 
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 T MHC T 

(CD4+) T (CD8+) . T  B 

, , 

(Blackburn et al., 2009). 

T 

.

 CD4+ CD8+ T 

8

( 32). , 

CD4+ T , ( ) 5%  

36.55% CD4+ T 

. CD8+ T 

, ( ) 5% 17.22% CD8+ T 

(p<0.05). CD4+/CD8+ T 

, 1.80~2.11 , ( ) 10%, 

( ) 5, 10% CD4+/CD8+ T 

(p<0.05). CD4+/CD8+ T 

, 

T CD4+ T T  

CD8+ CD4+/CD8+ T 

  

.
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. 

33. (1+, / ) 

 

Lactobacillus spp. Bifidobacterium 

spp. Clostridium spp. 

100 ( 33). , 

Lactobacillus spp. Bifidobacterium spp.

28.98, 29.53% 

. Clostridium spp. 41.49%

, ( ) 5% 

30.53% . 

.
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34. (1+, / ) 

Firmicutes Bacteroidetes 

 Firmicutes, Bacteroidetes, Actinobacteria, 

Proteobacteria . 

Bacteroidetes Firmicutes 90%

 (Flint et al., 2011). 

Bacteroidetes:Firmicutes 

(Wikoff et al., 2009; Ley et al., 2006).

 , Bacteroidetes

Fimicutes (

34). 

.

 5% 10% 60kg 

50g 100g . 

28g (OECD, 2018) 

10% . 

5% cytokine 

CD4+, CD8+ T 

, 

5% .
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2. ( , )

. 

(1) , 

21. ( ) 

(n=12)

1 CON AIN-93G

2 DNCB AIN-93G

3 DNCB+5RHL
+ 

AIN-93G 
+ (1+) 5%

4 DNCB+5CHL
+ 

AIN-93G 
+ (1+) 5%

 ( , 1+)  

BALB/c 48 21

4 8 . 

7 ( )① 1% 

DNCB 200µl 2 sensitization , 8

( ) 0.2% DNCB 200µl 2 challenge②

( 35).

적응 한우육 급여 주(8 ) 희생

① ②

0 1 2 3 4 5 6 7 8 9wk
주령 마우스4 1 주령 마우스3

35. 
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(g) (g) (g/day) (g/day)
1)

CON2) 20.83a 25.55a 0.090a 2.59a 0.035a

DNCB 20.72a 25.05a 0.075ab 2.66a  0.028ab

DNCB+5RHL 20.80a 24.42a 0.065b 2.95a 0.022b

DNCB+5CHL 20.68a 25.17a 0.085a 2.73a 0.030a

SEM3) 0.208 0.357 0.0047 0.103 0.0021

22. ( , ) 

, 

a-b Means within a column with different superscript differ significantly at p<0.05.
1) = (g/day)/ (g/day) 
2) CON: ; DNCB: ; DNCB+5RHL: + 5% 

(1+, ) ; DNCB+5CHL: + 5% (1+, ) 　
3) SEM : standard error of means

 , 

22 . 20.68~ 

20.83g . 8

24.42~25.55g

. 2.59~2.85g/day , 

DNCB+5RHL CON , 

DNCB .
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(2) 

23. ( , ) 

1)

CON2) 0.29b 0.10a 3.71b 1.34b 0.77a

DNCB 0.64a 0.09a 4.15a 1.43ab 0.78a

DNCB+5RHL 0.64a 0.08a 4.23a 1.50a 0.78a

DNCB+5CHL 0.66a 0.09a 4.06a 1.41ab 0.76a

SEM3) 0.012 0.004 0.070 0.025 0.010

a-b Means within a column with different superscript differ significantly at p<0.05.
1) (%) = (g)/ (g)×100
2) CON: ; DNCB: ; DNCB+5RHL: + 5% 

(1+, ) ; DNCB+5CHL: + 5% (1+, ) 　
3) SEM : standard error of means

  

, DNCB

( 23).  

. 

, 

DNCB+5RHL CON 

(p<0.05) DNCB .
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. 

(1) 

36. ( , ) 

a-b Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; DNCB: ; DNCB+5RHL: + 5% 

(1+, ) ; DNCB+5CHL: + 5% (1+, ) 　

 

36 . DNCB 

CON 

, , 

, . 
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(2) 

37. ( , ) 

a-b Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; DNCB: ; DNCB+5RHL: + 5% 

(1+, ) ; DNCB+5CHL: + 5% (1+, ) 　

 

10  

( 37). , DNCB 4.33 CON 

, .
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. 

(1) 

38. ( , ) 

a-b Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; DNCB: ; DNCB+5RHL: + 5% 

(1+, ) ; DNCB+5CHL: + 5% (1+, ) 　

 

38 . DNCB

CON 

, 93.71~99.70g/m2h , 

DNCB . 
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(2) 

39. ( , ) 

(×200)
a-c Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; DNCB: ; DNCB+5RHL: + 5% 

(1+, ) ; DNCB+5CHL: + 5% (1+, ) 　

Scale bar: 100µm 

 

H&E  

( 39). DNCB 

108.38µm 11.55µm CON 

. DNCB+5CHL 79.30µm

DNCB 

.
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40. ( , ) 

 mast cell (×400)
a-b Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; DNCB: ; DNCB+5RHL: + 5% 

(1+, ) ; DNCB+5CHL: + 5% (1+, ) 　

Scale bar: 50µm 

 mast cell

( ) toluidine 

blue ( 40). 

Mast cell

( ).  

DNCB 76.80 /mm2 CON 

, .
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. 

(1) IgE 

IgE(ng/ml)

CON1)  426.10c

DNCB 4325.50a

DNCB+5RHL 4938.40a

DNCB+5CHL 2617.10b

SEM2)  161.162

24. ( , ) 

IgE 

a-c Means within a column with different superscript differ significantly at p<0.05.
1) CON: ; DNCB: ; DNCB+5RHL: + 5% 

(1+, ) ; DNCB+5CHL: + 5% (1+, ) 　
2) SEM : standard error of means

 DNCB IgE  

(Yoon et al., 2015). 

IgE 

24 . DNCB DNCB 

IgE 10 (p<0.05).  

DNCB+5CHL 2617.10ng/ml DNCB 

IgE 

. 
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(2) Th1, Th2 cytokine 

 IgE mast cell histamine

cytokine . 

ConA(2.5µg/ml)

Th1 Th2 cytokine .

( ) Th1 cytokine (pro-inflammatory cytokine)

 

41. ( , ) 

Th1 cytokine 
a-c Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; DNCB: ; DNCB+5RHL: + 5% 

(1+, ) ; DNCB+5CHL: + 5% (1+, ) 　

  cytokine TNF- , α

DNCB DNCB CON 

TNF- ( 41). α

TNF- .α
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( ) Th2 cytokine (anti-inflammatory cytokine)

 

42. ( , ) 

Th2 cytokine 
a-b Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; DNCB: ; DNCB+5RHL: + 5% 

(1+, ) ; DNCB+5CHL: + 5% (1+, ) 　

 , DNCB

IL-5 (p<0.05),   

( 42).
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( ) Th1/Th2 cytokine 

43. ( , ) 

Th1/Th2 cytokine 
a-b Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; DNCB: ; DNCB+5RHL: + 5% 

(1+, ) ; DNCB+5CHL: + 5% (1+, ) 　

 DNCB Th1 

cytokine(TNF- ) Th2 cytokine(IL-5) CON α

( 41~42). Th1/Th2 cytokine (

43), DNCB Th1  

. DNCB+5RHL  

DNCB+5CHL TNF- /IL-5 α  

.
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3. ( , )

. 

(1) , 

25. ( )

(n=12)

1 CON AIN-93G

2 AD AIN-93G

3 AD+5RHL
+ 

AIN-93G 
+ (1+) 5%

4 AD+5CHL
+ 

AIN-93G 
+ (1+) 5%

 ( , 1+)

BALB/c 48

25 4 . 

2 ( ) 1% DNCB 200µl 4 (2 / ) ①

sensitization , 4 ( ) 0.2% DNCB 200µl ②

8 (2 / ) challenge .  

4 challenge ( 44).

적응 한우육 비급여 주(2 ) 한우육 급여 주(4 ) 희생

   ① ②

0 1 2 3 4 5 6 7wk
주령 마우스6 1 주령 마우스3

44. 
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(g) (g) (g/day) (g/day)
1)

CON2) 21.52 25.62 0.11 2.91 0.04

AD 21.27 25.60 0.11 3.35 0.03

AD+5RHL 21.55 25.58 0.11 3.35 0.03

AD+5CHL 21.05 26.18 0.12 3.30 0.03

SEM3) 0.135 0.219 0.005 0.126 0.002

26. ( , ) 

, 

1) = (g/day)/ (g/day) 
2) CON: ; AD: ; AD+5RHL: + 5% 

(1+, ) ; AD+5CHL: + 5% (1+, ) 　
3) SEM : standard error of means

 , 

26 . 21.05~ 

21.55g . 6  

25.58~26.18g

. 2.91~3.35g/day

.
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(2) 

1)

CON2) 0.32c 0.10c 4.02b 1.40a 0.80a

AD 0.42a 0.15a 4.23a 1.37a 0.79a

AD+5RHL 0.36b 0.14ab 4.17a 1.37a 0.79a

AD+5CHL 0.37b 0.13b 4.18a 1.36a 0.77a

SEM3) 0.005 0.004 0.031 0.023 0.008

27. ( , ) 

(%)

a-c Means within a column with different superscript differ significantly at p<0.05.
1) (%) = (g)/ (g)×100
2) CON: ; AD: ; AD+5RHL: + 5% 

(1+, ) ; AD+5CHL: + 5% (1+, ) 　
3) SEM : standard error of means

 

27 . ,  

AD , , 

. 

, AD+5CHL 

(p<0.05). .
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. 

(1) 

45. ( , ) 

a-b Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; AD: ; AD+5RHL: + 5%  

(1+, ) ; AD+5CHL: + 5% (1+, ) 　

 

45 . AD 

CON 

(p<0.05). 

, , . 
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(2) 

46. ( , ) 

a-b Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; AD: ; AD+5RHL: + 5%  

(1+, ) ; AD+5CHL: + 5% (1+, ) 　

 

10

( 46). , AD 5.50 CON 

, 

.
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. 

(1) 

47. ( , ) 

a-c Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; AD: ; AD+5RHL: + 5%  

(1+, ) ; AD+5CHL: + 5% (1+, ) 　

  

47 . 

. AD 17.30g/m2h

CON , AD+5CHL 12.63g/m2h

AD 

. 
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(2) (H&E )

48. ( , ) 

(×200)
a-c Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; AD: ; AD+5RHL: + 5%  

(1+, ) ; AD+5CHL: + 5% (1+, ) 　

Scale bar: 100µm 

 

H&E  

48 . , 

AD 80.39µm CON 

, 

(p<0.05).
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49. ( , ) 

mast cell (×400)
a-c Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; AD: ; AD+5RHL: + 5%  

(1+, ) ; AD+5CHL: + 5% (1+, ) 　

Scale bar: 50µm 

 mast 

cell( ) toluidine 

blue 49 . 

Mast cell

( ). , 

 AD mast cell 

(p<0.05).  

.
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. 

(1) IgE 

IgE (ng/ml)

CON1)  283.97c

AD 3751.34a

AD+5RHL 3323.69b

AD+5CHL 3286.14b

SEM2) 47.222

표 한우 등심 생육 조리육 급여가 아토피 피부염 동물모델의 28. ( , ) 

혈청 내 함량에 미치는 영향IgE 

a-c Means within a column with different superscript differ significantly at p<0.05.
1) CON: ; AD: ; AD+5RHL: + 5%  

(1+, ) ; AD+5CHL: + 5% (1+, ) 　
2) SEM : standard error of means

 IgE 

28 . IgE

IgE mast 

cell (Kang et al., 2016). CON AD 

IgE . 

과 AD+5RHL AD+5CHL 

IgE (p<0.05), 

. 
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(2) Th1, Th2 cytokine 

 

 Th1 Th2 cytokine , 

Th2 cytokine (Grewe 

et al., 1998). 

 

ConA (2.5µg/ml) Th1 

(TNF- , IFN- ) Th2 (IL-4, IL-5) cytokine .α γ  

ConA T mitogen

IFN- IL-4 (Benjamini γ

et al., 2000).

 Th1 cytokine TNF- T α

cytokine leukocyte

(Moore et al., 1993). Th2 cytokine 

IL-5 cytokine , IL-4

B IgE (Kang et al., 2016).
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( ) Th1 cytokine (pro-inflammatory cytokine)

 

50. 한우 등심 생육 조리육 급여가 아토피 피부염 동물모델의 ( , ) 

비장세포 내 분비에 미치는 영향Th1 cytokine 
a-c Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; AD: ; AD+5RHL: + 5%  

(1+, ) ; AD+5CHL: + 5% (1+, ) 　

 Th1 

cytokine ( 50), AD 

TNF- IFN- . α γ

Th1 cytokine . 
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( ) Th2 cytokine (anti-inflammatory cytokine)

 

51. 우 등심 생육 조리육 급여가 아토피 피부염 동물모델의 ( , ) 

비장세포 내 분비에 미치는 영향Th2 cytokine 
a-b Values of bar with different superscript among treatment differ significantly at p<0.05.

CON: ; AD: ; AD+5RHL: + 5%  

(1+, ) ; AD+5CHL: + 5% (1+, ) 　
 

 Th2 

cytokine 51 . 

CON AD IL-5, IL-4 

, AD+5CHL AD IL-5 

. IL-4 

.
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( ) Th1/Th2 cytokine 

52. 한우 등심 생육 조리육 급여가 아토피 피부염 동물모델의 ( , ) 

비장세포 내 비율에 미치는 영향Th1/Th2 cytokine 
a-c Values of bar with different superscript among treatment differ significantly at p<0.05. 

CON: ; AD: ; AD+5RHL: + 5%  

(1+, ) ; AD+5CHL: + 5% (1+, ) 　

 

 Th1(TNF- + IFN- )/Th2(IL-5 + IL-4) cytokineα γ

52 . Th1 Th2 

cytokine , AD 

Th1/Th2 cytokine 8.45 CON (p<0.05).  

Th1/Th2 cytokine .

 

Th1 Th2 cytokine Th1/Th2 cytokine

. 
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제 장 목표달성도4 . 

1 . 
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 . 
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본‘※ 보고서에 대한 지적재산권은 한우자조금관리위 
원회에 있으며 본 연구결과 및 내용의 일부 또는   , 
전부를 인용하는 경우에는 한우자조금관리위원회   
자료를 인용하였음을 반드시 명기해야 함 이러한  .’ ‘
내용을 명기한 경우에만 사전 승인 없이 무상으로 인
용할 수 있음.’


