pISSN 1225-4339  eISSN 2287-4992
Korean J. Food Nutr. Vol. 29. No. 5, 684~691 (2016)
http://dx.doi.org/10.9799/ksfan.2016.29.5.684

TR EAI0] HHMME Al Y,
gizlo| ©E Maialy
s - x5

d71dista A FAE3

THE KOREAN JOURNAL OF

PR E TR
FOOD AND NUTRITION

o £7|, dAd 22IIFEI}
CIAt0 D|X= HEk

1. *
WUE

A st A1E o oFsta}

r

The Effect of Lotus (Nelumbo nucifera) Leaf, Stem, and Yeonjabang Powder
Extract on the Biochemical Factors in Serum in Mice Fed a High-Fat Diet
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Abstract

In this study, we analyzed the biochemical factors in lotus (Nelumbo nucifera) leaf, stem, and yeonjabang and their effects
on serum factor levels in mice fed a high-fat (HF) diet. The loutus leaf showed 9.474+0.30% moisture content, 8.25+0.39%
ash, 21.4541.25% crude protein, and 2.21£0.13% crude fat content; the lotus stem showed 11.84+0.43% moisture, 10.21+0.64%
ash, 17.55+0.92% crude protein, and 4.16+0.23% crude fat content; and the lotus yeonjabang showed 11.86+0.50% moisture,
6.81+0.51% ash, 18.71£1.02% crude protein, and 3.95+0.15% crude fat. Blood triglyceride levels were higher in the HF
group (146.43+£38.81 mg/dL), and lower in the HFt+yeonjabang groups (98.00+£17.18 mg/dL). In particular, blood triglyceride
levels were significantly lower in the groups that had 10% dry yeonjabang powder added to the high-fat diet. The inclusion

of excessive high-fat diet increased concentrations of serum insulin and leptin. Serum leptin concentrations were highest

in the HF group mice (3.00+1.35 ng/dL), whereas they were significantly lower in the HF+yeonjabang groups by 1.34+0.52

ng/dL (p<0.05). Thus, addition of dry yeonjabang powder to the high-fat diet was more effective in regulating the levels

of serum triglycerides and leptin in mice. Additional studies would help in the development of yeonjabang as a functional

food.
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Q17ke] Ao R QlFf w9l A&HFoE 5
Rom, kel AR H TR QI3 ZHE vhd A ko] vk
T 37t Qe FAlolth olgd EAES WAT Fe,
felel A7 Astel AW Wy oz o3t HA|F &AL ER
ArE)E vlgo] ZdiE o] AAo otdeke ujE = Q) 2
AH| 5L A (safety)o] EAE T, FAHEZAHETGE A
A A 2 dis] FA=r FU1ska e o] & 32

st7] 8l T 50l 4 AEERE A a2t e
S 22510 BE @77} ol R0l e Choi 5 2013w
Choi = 2013b; Chung 5 2013). I %9] 3 A2 o=
Algo= AR A AGE)O digt A= 2A STt
At

A(lotus, Nelumbo nucifera)S A EZRX A& &
Sh= E A E0]thLee & Lee 2011). 1=} T2 4
© 2 5o Aol ofA|of FRE H|ZSto] g, S
g dE FolA g x5k 31w (Moon F 2003; Lee 5
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2015; Zhu 5 2016), =2 AXA AdH oz AA|TE, =
ol A 29jF o2 AuljE 7| = FtcH(Dahlgren & Rasmussen
1983; Borsch & Barthlott 1994; Lee 5 2006b; Lee S5 2008; Lee
& Lee 2011). QubH o2 AZL P} 2he] ARE o)F
Ho gtom, Y7 Bel= AFog AREH A griKim
2005; Lee & Lee 2011). A3 H(Yuk CS 1990; Lee 5 2006a;
Lee 5 2006b; Lee S 2008; Lee & Lee 20110 A= AZAZ]
AN g2 249 AdAo] fato] 2RE S84 AAS
ojut Y - A - £E - HAH FEH oAHF - EE - AL
T oE8AR - ofxF A FH=EE ol W ARA R o]&
sof gieka mmsha gick 55 Q99 Fa YEost A
2283 AAZLo] Q1= roemerine, nuciferin, armepavine,
N-nornuciferine & pronuciferine 52| alkaloid®} FA4AF A
Ak Abbih EME B Fol @ o] ok BauEa gl
Yook CS 1989; Byun 5 2005; Han & Yoon 2007; Kim S
2011; Lee 5 2015).

As = ogtoA 22 58 4 EE A= ARRS
o, X+t FE5 L e et Er} gick(Moon 5 2003;
Yang 5 2007a; Park 5 2008; Mukherjee 5 2009; Du &
2010b; Cho 5 2012; Yi 5 2016). TESF HLof B3t AP
(Kim 5 201D)of| A= Aol FAgo] wol ghrEo] 3o
A3 Al B3O ZEAEHE JAFRE dWeta, ARAEE
ARl oI AEEUS St 7199 HE oA axt 9 v
oA av= Aok Husty §lvk A4S A=W Yo+ 7}
= A ZE 2g BAIQ FAle R 23 S o
A2 FY2EE A, AHED, =28 T2 o
(Kim 5 2011).

AA7HA] Aoll B A= AHol w3t A7} 7P W
(Yuk CS 1990; Lee 5 2006a; Lee 5 2006b; Lee 5 2008; Lee
& Lee 2011), A Aoto] A& B4 4tst axp 2 4
<Y a5 A2 28 Al E4 W3 SO B A= Eol
o]Zo]x QJth(Na 5 2001; Jung 5 2003; Ling 5 2005; Ko
5 2006; Lee 5 2006b; Rai -5 2006; Chiang & Luo 2007; Bhat
& Sridhar 2008; Park 5 2009; Lee & Lee 2011; Chouaibi %
2012; Zhu 5 2016). o]2fgt AF=Z B LR A, A £71,
A Aot A W vhgof B3t A= o o]FolAMoF T A
ojty. v A E7]9F AR LHFe AR FollA 2ot
& 522 AzxHo F&H| gl EFSIL oE 3t
Aoz SHY W3 AT ofF wu|g AdAo|t} oo &
A= AAFAoloF WY AR A9 A E7], A &
D7HE7 S0 EF Aol WX = Gl sl YobE,
712225 AFstarzt AAIsHH

W2

I, dAge) Al 2% 71s 685

AL BL7IFY a2 A2 105C A=

o o3 BAstH o, 2o o) S Kieldahl Hof &
sto] Zohel 2HEE A3 (Kjeltee TM 2300, FOSS, Hoganis,
Sweden)2 S48kt 2ES Ao r =7t e §
FE ot QAT ARE Fste] JskR A 200T oA
1AIZE, 300Col A 1A1ZF, 550Col A 3417 B¢t |sket =
desiccatorof| A 30 Wsto] e kil 33t A - £
T ARN 23 EFE ST 2R AF2 Soxhlet
Holl &3t SASATHChoi 5 2016).

£ (%) 220l ulo] @ 2HE| HoF o} ICR-mouse
879 $A 447 RAZ Fob APTT THeIHE A4S
o X3 318 4] 0](PicoLab™ Rodent Diet) 2 1
%, FA w2t Ao wix] gt - 6047t
=3 Ao|E SR Fa(ad libium)3] FHA A3HFTH
A 717 e ARA Y A E2AE AYeE 20220, &5

2 P SANAL FL HARE 772 27
Stk g2 A9, A 27] 9 ARy BURg vy
I3 A7 20159 109 1L5E 20159 129 197K
ojw, & 7537 AAstath & A¥-FE(Approved number;
SYUIACUC 2015-007) 248 AFgofstn SEAT299
3|(TACUC: Institutional Animal Care and Use Committees)2]
X30] ufel Saoict.

3. SSAIE =40 ME 29| 27

Y2 Fcontroholl AHSE FEARE BA| ABED gl
A8 mice LPAIES B (powder form)E THE & AR5}
Ak AtR 2AHE FA HlER stgen, g2 g3t
60%(starch+sucrose+glucose+HiuctoseHactose)S 7| &2 Tl
2 21%, A 13%(2=7]8), el 1%, 7714 3% 9 Hd-72
2% FAASFATE XA o]k high-fat diet groups: HF groups)
2 g3HE 53%(starchtsucrosetglucoseHructose+Hactose)-2
710 T 21% A1 20%(2 719, vk 1%, 2713
30 9 4198 202 FASIAT T3 TAAolo] 217} gl
A £7] 9 A VRS 7K A7 (HFHeaf groups,
HF+stem groups, HF+yeonjabang groups)2] Al& A2 74|
v &2 3}o] g3HE 43%(starch+sucroset+glucoseHructose+
lactose)@t A4, A £7] € AR EUIIERE 7|E(10%)L
2 sho] WA 21% A8 20%(A718)E Agsteon), 2t
% e, 2710 9 440) wiEhe tazo] AHgE Alo)
243 o] 27t 1%, 3% W ez Hrkshe] sttt
(Choi S 2013ab).
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4. Ha ME 2 &I 2A
HEEO HF S 7Y 3 WY ZHIY) 7 2L
A 1247 AEE FRAA|7) 1L, ethyl ether2 u}3 A 7] 3?— =]
HE s 5 AV E FE3e] 7 YR g4 Re
T, A8z2AS AASe F% SAsA

ZYoj 12A]17F A AA|7] & ethyl ether

2 AR & %E% ANste] AR A FAPIE ]85}

AZet Z- AL 147 A= 4T YAl

Fohe 9| 5T YAEZ7IE ©l-83+4] 3,000 rpm/15 min&

2 HEYE st EFS Bkt £E @32 47

100 pL4 micro tubeo] o] A3l AHEE7] H7kA] -70T
Y& 2t

6.

g4 2 Cho & Choi(2007)2} Rudel & Morris

of p(1973)0] Wt o- phmaldehyde@_i zAstec A2
0.1 mLA&
=
(O

= B3 T2, 33% KOH &9 03 mL2} 95% o]
BE 30 mLE A7k & 29w o, BR2 152 S
60 Zo|A 7FEAIZ] & 2SIt @l 4K hexane) 5.0 mL
£ J7ste st S/4 3.0 mLE 713t b 187 &
=3}t o, 3 —5—3131'01 0 mLo] #4HE-S £S5
A= AR 2= 9 ARAF|IL, o-phthaldehyde A<k

20 mLE H7tsto] & 3k, 102 & dax ko2 A 21
gt 24t 1.0 mLE F7tste] & Estgich 4 H7F 5 10~
90& ujol H-3333= A (Spectrophotometer; Human corporation,
Korea) 5 ARE-8Fo] 550 nmof| A 3 =E 461, 22T
Aol whet FHAHEY e ARk

g% 59 HDL-ZY| 28 E ¥ LDL-Z2HE 9 &
A2 Cho & Choi(2007)S #313}e] HDL-Z 3 A€ S(HDL-C
555, Eiken Co., Japan)3} LDL-Z3| A E|Z(BLF, Eiken Co., Japan)
Kit AJoFe /\P‘lﬂa“:} HDL-ZY2H &2 €% 03 mLE Al
Aol Y1, o714 JAAIF 03 mLE gof & 233 o
= ’él%"ﬂ’ﬂ 1027 B2 2 700xgof A 1027+ A& st
Atk T T AFZol 50 ul, £Z2LM(100 mg/dL) 50 pL, blank
2 Z54 50 pLofl Z+ZF HDL 2 A eF 3.0 mLA-S A7)sta
Z A2, 37C oA SETE 7H2 AR BlankE
22 ko] 555 nmoj|A FFE=E £745to] HDL-Z|2H &
o e A=StTh LDL-iEﬂ"EﬂeL ¥4 0.1 mL, ¥&
A 0.1 mLE Algef Y31, of7]of BLF kit A]eF T 2 I
2 717 40 mLY 9o 3 527b & 53stgch O o Al
2(25+3C)oll A 2587 A & 102 oo SRS d=
2 sto] EFF=AE AR 650 nmol|l A S F=E 5758

& ABE H=4ED

%FatelA]

of LDL-Ze 28l 29] e 35
Harste] B4 %9 FHAWE TG ki(Sigma Co., USA) Ao
2 Abgstel BAsteIh BA 10 uL, EEEA300 mLdL)
10 L&} blank2 Ero]&< 10 pLof TG kit A]2F 1.0 mLA-S
H7hsk & EFY thE, 37T SR SEZE AR
o}, Blank® th2E sho] EYFEAE A3kl 540 nmo A
BYTE ZY3t] TGY FFS AT

14tk Cho & Choi(2007)2

7. ol Ly AspalE 2o

Reitaman & Frankel(1957) ¥Holl €]} & of| 4] phospholipid,
alkaline phosphatase(ALP), aspartate transaminase(AST), alanine
transaminase(ALT)2 UV/VIS-spectrophotometric(Specord 200,
Analytik-Jena, Jena, Germany)-2 ©]-&8}o] E413}4t}. Martinek
RG(1972) ¥ o] 2]3f| serum lactate dehydrogenase(LDH) €43
2 UV/VIS-spectrophotometric(Specord 200, Analytik-Jena, Jena,
Germany)& o]-g3to] EAjahgc.

dF insulin == Ay FE U 227 @44 ELISA
(enzyme-linked immunosorbent assay) kit(Linco, Washington,
USA)E ARE313 o, FEA2H4](Molecular device, USA)E 9]
g3to] yRolN BAS =St BF leptin FEE
ELISAE o|-&3}e] BEA31¢ o, B4 W2 manufacturer’s
protocols(R&D Systems Inc. Minneapolis, MN, USA)o] 2|3} &
A3t

8. SAHIXzZ|

2% BE 23 SPSS package(version 18.0) T2 73S
0|83t Btat FEHAE FHHTh B A| Bl il one-way
ANOVA ol what AAJstgon, Bad5 7k 2fol9] 19

d 4 (p<0.05)-2 Duncan®] th5- 7 Holl o] AAIsHSATE

ZE gt

o] ARt R 4] A= Table 19
FL 9.47H0.30%, R3|EL 825+
0.39%, ZEHRZI L 21.45+1.25% W ZA RS 2.2140.13%2
Uehdth o £7]9] 45 SRS 11.844043%, 2352 1021+
0.64%, ZTZL 17.5540.92% D Z XS 4.16:0.23%=
et mah Aapie] 2B TS 1186:0.50%, 23R
6.8140.51%, 2218 18.71+1.02% L Z AW 3.95+0.15%
2 Uehgth Lee $(2008)2] Aol A= AU 100 ¢ & &
ool 0 g, FHAo] 169 g, Aol 1.0 g, 23|&0] 93 ¢
Etr3HE0] 63.8 go|2tal H 118} 2™, Han & Yoon(2007)
AN AALAS AET 1) AGT WHTY 52

=i
=~
]
L
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Table 1. Proximate composition in lotus leaf, stem, and

yeonjabang

Composition Leaf Stem Yeonjabang
(%)

Moisture 9.47+0.30"  11.84+0.43 11.86+0.50
Crude ash 8.25+0.39 10.2120.64 6.8140.51
Crude protein 21.45+1.25 17.55+£0.92 18.71+1.02
Crude fat 2.2140.13 4.16+0.23 3.95+0.15

D Mean+S.D.

AA7LRY & L 6.20% A THL

qo 2 713 Wol AFshe Hxiet vlm g
=3 2 52171 33%R1H], 2 AgollA A9
Tl SRS 21.45%2 F2 Ho|QTHAIEAEE 2007).
A3 AT(Han & Koo 1993)|As ALe] guigr e »n
80.2%, THlA 2.1%, A& 0.1%, S53E 17.5%, 32 1.2%
Folm, the F4kEol vis) RG] ol A AP WE
A A, B4 SR HE AFS A E = U= H
AollA £ FFALE Frhal x5kl Qlvk AEAE

(2007)0lli= AX(lotus root) A 2] URHIE ] FHF2 7HAF
100 g =& $HF2 802 g, I E2 1.2 g, AL 2]
g @ ZAHL 0.1 g0 2 A|AEIL glem, AXst A 7
Dol g_u}xa_t;g SeFe 7FAHE 100 g 48 SRS 775
g RJ|EL 12 g 2HNAL 59 ¢ U XYL 05 go =2
A= ek A2e] 7%, Fre wigo] o] TR 1
3 SE 3heFo] 3.87% AL wiH 23|E, &S43E 5o 2
AEs =4 vehgen, CB_ 12 U9 Z-lo] i, 2
A, 38 o] =ty B 13t thYang 5 2007b). E3t
A otel He= Fet LH«] T 55 2F & ol
7% olstR Wokal, eyt Qlof vjsl| 2ohulEo] 4uf o4
=%en, I FoAE W] 2rwHo] 2287%2 379

=] 3
LY
[e]
I

e

71, @AY AW 8% Vs 687

300 Control
——HF

W HF + leaf 10%

Weight (g)

200 HF + stem 10%

HF + yeonjabang 10%

o0

1 2 3 4 H 3 7 Weeks

Fig 1. The rate of weight change in mice. HF: high-fat
diet

dH 9 AFS7He B FAE 242 Fig 13 Table 29]
AA SR A4 o)} A RFA ol Ao FEEY 9,
7], S HAARE W, IF9 ASS7HET 259

2 uE, AR A7 AlE 2 el 4ol il

3. 83 & =5

A9 BF AR SRS Table 30 AR HFZ}
H| W 8}o] HFHeafw, HFtstemw 2 HF+yeonjabang-of| 4] 3l
4o 9% $292687 LDL-2Y 208 SRS fo%
Zpol7k itk 29| EF HDL-E|AHE s== HF ol
H]3]] HF+stemo]| 4] 185.00+14.14 mg/dLE 2 X5 &
e, AAHes T ko) ol Aol gtk

H2 2474 T HFL0| 146433881 mgdLE =2
v o], HFHeafw-2 135.00444.30 mg/dL, HF+stems-2 115.83+
27.46 mg/dL, HFtyeonjabangw-< 98.00+17.18 mg/dL ¢S 2
ool e SAE R om, 5 HFryeonjabang 2o
oA W2 A E HATHp<0.05). 3F0] A2 F2Ht
NMe AALE gro] @1, oS Heta, ZFa o|dS
HEaL, EUSH A4 H el &aabEelgta A&stal ok

19.53%X o} =¢kttal B3t ti(Yang 5 2007b).
Mkadmini $5(2016)2 Zizyphus lotus fruit<:o]| uronic acid g+
2 B HE ¥ 2| 2 3 st BR} Sk WIS Lee F(2015)9] A7
Table 2. Organ weight in mice
Organ Control HF HF+leaf HF+stem HF+yeonjabang Total Significance
(/100 g body wt.)
Liver 1.92+0.77" 1.90+0.57 2.20+0.21 1.86+0.30 1.89+0.25 1.96+0.46 NS?
Spleen 0.23+0.15 0.18+0.05 0.20+0.07 0.15+0.02 0.16+0.03 0.18+0.08 NS
Kidney 0.89+0.09 0.89+0.11 0.82+0.06 0.83+0.12 0.84+0.09 0.85+0.10 NS
D Mean+S.D.

2 NS: Statistically no significant difference at p<0.05 by ANOVA-test

HF: High-fat diet, Total: The mean+S.D. for the entire experimental groups
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Table 3. Serum lipid levels and atherogenic index (AI) in mice

Variables Control HF HF+leaf HF+stem  HF+yeonjabang Total Significance
Total cholesterol (mg/dL) 178.33+29.30" 171.43+28.97 182.00+22.53  190.83+22.68  179.00+44.64  180.19+28.69 NS?
HDL-cholesterol (mg/dL) 178.33+29.30  167.86+29.28  174.00+17.10  185.00+14.14  177.00440.87  175.96+25.85 NS
LDL-cholesterol (mg/dL)  21.67+5.77 15.71+1.89 20.00+6.12 25.00£1049  19.00+£8.94 20.00:£7.48 NS
Triglyceride (mg/dL)  131.67+52.04™ 146.43+38.81° 135.00+44.30™ 115.83+27.46® 98.00+17.18* 126.15+£37.53 0.05”
Al 0 0.02 0.05 0.03 0.01 0.02 -
D Mean+S.D.

2 NS: statistically no significant difference at p<0.05 by ANOVA-test

% Significant at p<0.05 by ANOVA-test

HDL-cholesterol: high density lipoprotein-cholesterol, LDL-cholesterol: low density lipoprotein-cholesterol, Al=(Total cholesterol - HDL-C)/
HDL-C, HF: High fat diet, Total: The meantS.D. for the entire experimental groups

At A9 22ES AAT TFIA 87 5, BF AN on, BF FAAYT DL-BALEE $X7 wekn wn
X7} A FolH Tk Rttt o]} e oRAto 2 AT E3E A ofl+= alkaloids, flavonoids, triterpenoids, poly-
2 A7 TAPAolo] A HUIFE Foldt T phenols, steroids 12131, glycosides 5] Bo] thoysiA &
A FAA A7 WOl AE AT & YHon, B8 §Elo] ek 2ESAcHDy 5 20100, AT MLt

QY BURE Roigt ZoAE BF FAAT A7 Ao PUNARES AT Sin 5(1997)9] B 2w, 2
| e A0R Uitk Lee & Lee@011)9] AFNAE F AAolo] %212 A7heke] AHoIA A A A ot
F FAAYE A9, DAYHolo] AF ] AY FHE T 2 WY ) UL S Fgo] L3I, HDL- B 2e
PR 120 mg FoITOIA e £ E MY W HDL-BA2H  Bo| Z7IICH, FHA Y| FasHe ABE AT, o]
£ Yo LDL-B 268 2218 BAT ALY 9 DAYE & AFZ7 AL v ety FEskgc
o] §oH O 7MY £ S tehfo] Ay 2EE] A

B ) 2HAEE A9 240 G Foickn Bas 4. B LY Msfas 2
ek g 7+ 24 o AW ko] B o) AE 27 a7o) GO ) ABsHa B4 ATk Table 4] AX5H%
Walolo] A% ] A9 FEE THE 120 mg Felgol] ok 8F AN HEE HFZO|A 447.8644843 mg/dLEL

2880 A 227 BA5) Wopckn AEstAnt b HE+stem?3 HEryeonjabang 2ol 4% 272} 3705048123
(Lee & Lee 2011). Du 5(2010a)2] 01—?01] olahd Hjgk Hoj mg/dL} 304.80+103.02 mg/dLE 8-2]5HA] PITh(p<0.05). o]
AAFZEW HANT ANTHE AYFER) 9L W & AB7)9 APl B T PABNBAY A go
F¥stel HAAZE o Fulgrat hypohpldemlc ARG B 849 B SOl 9FL 0H DX Pl 2R o

Table 4. Comparison of liver function test, insulin and leptin level in mice

Control HF HF+eaf HF+stem HF+yeonjabang Total Significance

Phospholipid (mg/dL) 241.00+102.81°" 447.86+48.43°  448.80+57.53°  370.50+81.23™ 304.80+103.02 378.81£103.25  0.05”
ALP (U/L) 41.67+2.89 41.43+8.02 44.00£19.81 45.83+6.65  38.00+4.47 42.31£9.92 NS?
AST (U/L) 108338250  129.00£54.70  108.75+34.25  154.00£50.55 162.00+130.36  135.68+74.90 NS
ALT (U/L) 21.67+2.89 21.00+2.24 35.00+33.54 39.17437.34  22.00+2.74 28.75+23.83 NS
LDH (U/L) 661.67+395.17  669.00+£310.83  913.75+303.68 1,044.00+324.99 953.75+442.27  858.10£353.63 NS
Insulin (ng/dL) 0.82+0.92 1.75+1.09 1.57+0.54 0.87+0.64 0.71+0.37 1.2120.84 NS
Leptin (ng/dL) 1.92+1.41% 3.00+1.35 3.66+1.99° 2.71£1.41°  1.3420.52a 2.62+1.52 0.05

" Mean+S.D.

? Significant at p<0.05 by ANOVA-test

9 NS: Statistically no significant difference at p<0.05 by ANOVA-test

HF: High-fat diet, ALP: Alkaline phosphatase, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, LDH: Lactate dehydronase,
Total: The mean+S.D. for the entire experimental groups
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3 AAE =5 W& Aoz AlRHTh A7) Al=xH
dolut ZAHE ®EYsH(Choi F 2016), 53] 7HEgat 44
o] 9a M EE Y] o} §E H4el Alkaline phosphatase
(ALP), Aspartate aminotransferase(AST), Alanine aminotransferase
(ALT), Lactate dehydronase(LDH)= & SFo A= 1 A|HHA]
olo wet EF W3l= glich

2 &Y = HFFOA 1.75+1.09 ng/dLE =9k31,
HF+stem} HF-+yeonjabangwtol A= Z+Z; 0.87+0.64 ng/dLe}
0.71+0.37 ng/dL& 22 A3FS BPAT, & 7He] FJ3 &
ol QIglT Tel AZYIeh AR Busts} BhiE 4
olof o d&d WFE=S AFAHY A 7S U
o AkEnh Qe oA 2= AR o EeiE
AA|ste] 2= Y-S o, Yx2A A T} 0§
= S7HZItH(Choi & 2009). Hong 5(2001)2] A-ofl A= &
Foll A A olE NS o 5 ded =7 571
stplom, S1F9 o wE Aol wEt B4 W ¢
€9 S7PF W Ag S7He - Eo ok Hust
. Ko 5(2006) AtolA= W ot 28 E52E

A ZA8-S FATI= Aol gloH, WA EFE
a-amylaseE A|5te] ©p3lE9] 431 4 28-S A
o1 B ustc
o] % e Hx=L HFZoJA] 3.00£1.35 ng/dLE
QYo ™, HFtyeonjabang-ol A= 1.3440.52 ng/dLZE
3o 232 B AThp<0.05). T3 2 AFA 11X

AF Al e Bu7F S7H SAlo] FE e 3
A AT Aoz yehgton, aAgA oo Axp &
WIS J7RE FolA= ded 2|9 A9 Euj7p 2
obd AL T 4 AT &, £ AFolA HFtstemw 3}
HF+tyeonjabangZol A @F ey e =7t T4EH
e, ol A2 olof| A AE7]e} AR o] @SS
JA|oH= A5 YEtf= AR AlgHch % P2 v
TeE AEF R eille @A BEA T2 ZxE
I QUTHKim 5 2001). AX|FoA Yeht= H|TEe] Q1o
2 9, e 84 A carboxypeptidase E 712} #o|7}
HAEHL, ol= AZAA = BAH AT Biuga glot
(Hong 5 2001). A8 ¥ 3(Considine 5 1996; M Guerre-Millo
1997; Castracane 5 1998; Lin 5 1998; Hong 5 2001; Lee &
2007)0l 4 -2 AlF R AR YFT AHBAZE 9L, 117
W Alo] AH Al 99 Wdo] F7tEH, @F HEY 5=
7h Skt B gy 2 Aol xR o]of wheh
3o Hd 59 HskE eI = gledl, ol Add
“THHong 5 2001)o| X% ofu] AA|F=o], fElo] AIA| f F
FEHE Aot T=2EZ 02 AR WAt wabA 2t
|32 Yehdohe 2ok dAsHT: nA A oo wat
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FEE AW G YA Aol thF FHPO
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BS, oYX 4Hlg 5& 2AsThE Buskn 9rkHong

5 2001; Lee 5 2007; Choi 5 2016)o| A= &% <l
9 B3 Yel HEsk Rt ek wasta glon], &
Ao E BRG] HH A BF U4W =9} BF Y
"o HEs} ulE W e Byl

-
e
off
tt

2= o 9%

£ ATt nAYols §Y 4T Y, 4 271, 94
AR B @F ARl mIXE el i) ol

al .
1. Aol =87 3FF2 9.47+0.30%, F3]E-2 8.25+0.39%,
Tl 210 21.4541.25% D ZAHRE 2.2140.13%2 e
A £7)0] 2B TS [1.84:043%, 23] HE 102140.64%,
2 17.55£0.92% W ZA2 4.1640.23%2 EFG
ESF ARPHFe] 48 SHEF2 11.86+0.50%, Z3]E-2 6.81+
0.51%, R -2 18.71+1.02% B ZX|HM2 3.9540.15%2.2
LHER T

2. @5 SAAY 5= HFH0| 146.43+38.81 mg/dLZE =
HhHof|, HFHeaf7-2 135.00444.30 mg/dL, HF+stemt-<
.83427.46 mg/dL, HF+tyeonjabangw< 98.00+17.18 mg/dL
FOl5HA We $AE uglom, B3 nAwolo]
EU7IRE 10% F7FeE oAl FJ8HA] W 423

B AHp<0.05).

3. 85 Aol E AFEeE E5 dedn HEY 5
T S7FAAL dF9 @5 WY F= HFollA] 3.00+
1.35 ng/dLZ 714 =912 W, HFtyeonjabang-o| A += 1.34+0.52
ngdLE2 FY5HA H& $AE HAHp<0.05).

2 AFolA A, A &7, AR BETFE F LA
oo Az} 7RV 5 XA w29 €5 Hd
X E 2-sk=d oA aRHo|qlr) wheba ZEHE
A IAE B A= A, AL ARt HE 7154
AlEgo gl S &ds] =g Zavt qloka Alsdch

9}

te 2 &M = rlo
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