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BOEEGE,E OB, B, UM, K 80, ITER
(L BREX S TR, LT 100083;
2. AR K FABAEE A TSR, 6T 100083,
3.3 TR AR EAE A A A8, db 7 100020)

B EEE FAEAL R RARAR AR Ao BRI 6 h BRI ERANAK A
FHRTFARF D HE 3 &/ 22 A IR A FF AR JATNE, HF 24k F BN R 28K A (low molecular weight
partially hydrolyzed guar gum & #& L-PHGG) 3@ Ak e FAs 2L R . 45 R & W . A8k TARALAE A 40, L- PHGG 4k, P . & 7
TR D B AR B F 5 R 38 32.4% 54.4% Fe 81.6% , FAMEIT RPL ) TR 4038 dm 57.0% ;6 h E AR IR E 5 5] 3G da
64.3% 79.1% #= 85.6% , vt iV wT vz 2038 An 78.6% ;P 4 i (SP) B F 4% 5 # 3% m 27.8% 44.1% F2 70.1% , vty 72 40
¥4 53.0% ; % WA A (VIP) B F 43 5 55 m 11.1% 9.3% F232.6% , Yo i) Teg 835 10.6% , Z-H S 280> Fos
MREB AR Y KRERK HETEME  FHREKR, LR L8R P8R EZAA R ELSE S HIEM27.7% 35.3%
F 50.5% , Yo i ek L8 P AR LR A M e B e 8 ok 253% , %X, L-PHGG &, F . & #1839 5 oA s R4 Ak LA
B4R, BP & A F 4 L-PHGG 6918 ALTRE R 47, A I LR A B Wil o) ge bk 2 R A 1R 35

KR AR TFT BINR AR, BER L 2 AR AL

Preventive Effect of Low Molecular Weight Partially Hydrolyzed
Guar Gum on Constipation in Kunming Mice
CHEN Sai' , YAN Qiao—juan' ,FENG Shuo’ ,LIU Xiao-yan® ,LIU Yan-jing’ ,ZHANG Wei’ ,JIANG Zheng—qiang” "

(1.College of Engineering, China Agricultural University, Beijing 100083, China;
2.College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China;
3.Beijing Guaran Science and Technology Company, Beijing 100020, China)

Abstract ; This study was to evaluate the preventive effect of low molecular weight partially hydrolyzed guar gum( L-PHGG ) on
diphenoxylate—induced constipation in Kunming mice.The effects on the small intestinal propulsion rates, the defecation time of
the first black stool,the wet weight and number of defecation within 6 hours after administration, serum parameters, HE staining
of small intestine, and the contents of organic acids in feces were investigated. The results showed that compared with the
constipation model mice,the mice those were fed L-PHGG at low, middle or high—dose presented in higher gastrointestinal
transit, increased by 32.4% ,54.4% and 81.6% respectively;and the positive control ( bisacodyl group) increased by 57.0% .
The wet weights of defecation within 6 hours after low, middle or high—dose of L-PHGG increased by 64.3% ,79.1% and
85.6% respectively,while the bisacodyl group increased by 78.6%.In addition ,the levels of substance P(SP) of the L-PHGG
at low,middle or high—dose increased by 27.8% ,44.1% and 70.1% respectively,and the bisacodyl group increased by 53.0%.
Serum vasoactive intestinal peptide( VIP) of the L-PHGG at low,middle or hich—dose increased by 11.1% ,9.3% and 32.6%
respectively,and the bisacodyl group increased by 10.6% .HE staining of small intestinal showed that all L-PHGG groups
presented less rupture , weaker damage , longer length and higher number of intestinal villi.The total content of lactic acid , acetic
acid and propionic acid of low,middle or high—dose of L-PHGG increased by 27.7% ,35.3% and 50.5% respectively,but the
bisacodyl group only increased by 25.3% .In conclusion, these results suggested that L-PHGG of low, middle and high—dose
had preventive effect on constipation in mice, especially for the middle and high — dose groups, which provides scientific
supports for the development of L-PHGG as functional food for gastrointestinal tract.
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VEAEAR , B A6 IR 45 #8878 BORs il e B AL
2R R RS0, AEFE T A AR A 1 B H UL
i o PEURAT A A U IT s - TR R A b R 28R
3% ~11% ; H B BEAE F IR B K 25 T 5,60 %2
A F A B 15% ~20% 517 80 % L b AH#E
PR A 20% ~37% ' o AR WIE RS BRI (45 T
Jiga Jis o JI0G MIL A S50 0 5 DI AR 5%, 7™ EE S M AT B9 A
W, PR, AL B A AR ARE R PR B 2N e fl R
Al

SRR A I RAR 22, IR S5 AN & B (R
FEAL R LRI . WEARK , BEAE AR IR KT i RS
AN Ry AR T R R KA S P B B B R
AT R E B, X Ty P e R 0
Bt AT YR AR IR S B A, WESERE L R
I = i 2T o S G SO AR B R Y L R
42 S5PUANTr 2 B A I EE, WEGRER A
WA R R O R TR AR 4 B A F K
PEJBT, B TE W W SR 53 S R K, A S AR SR AR O,
YN S AR B AN G 4 H g PN Vi R IS TR) TT S AL Ik
SR Er 2T A i wT DA T i G TR R, A2 P A AR TR A 1Y
B, 7 A S R T R 5 400 ) i T AT R R AR G, Db
ARy i HE BRI

FURI, AR 2 75 BB A T 7K G B 2T 4 45 Sy ] i
PEREE LT 4E RN PR G 2T 4k . IR SR — A
A IE AR R, 5 At 2 — Tl o VR IR 1 2T 4, Pl
T IR 5258 B A Vi g 3 A | 28 i 45 o 9 S th kT
T JI JR &8 7K fit B ( partially hydrolyzed guar gum,
PHGG) HA KM ARBERE SRR B Fp ik, HLIRE e 2t
Ao BEET IR 90% Ze AT BE A 1 1R 0 M A B AR 11
55 W A% ST 1) K % fidk 12 Pk 4o Bl S 3 0 1 Dy 3k
P v TR AAS £ IS A5 A< R S o | e v S A
7K A& ALY JH [ B | B IR S8 pH I HLREAE A3 34
SR I T PR A AR IR RSy T RUIUR &
B (low molecular weight partially hydrolyzed guar gum)
SR Li 21 Oy ik UK S5 K il ) v 4 B85 B A
153 TR AL ), P34 40 F 5l 2.5 x 10" Da, 3F
BE(RGE <7) &85 24.9% , A EO4E S Bk
90.6% . A= S 75 i 3] 52 46 2 IR 20 7 TR =R OK
F ) B 4 A2 T s DL T IR B2 REOK i 40 5 EL X /)
FRUfSE AB 14 F FUAE FH 1 oA DL

A SCiE I 2 7 # SRR TR 5 S/ BT AR AE AL, A
NBHERE S R HE L B ] (6 h 2 A9 R
£ ML R TR N HE Gy (O N ZEE v A LR &
7 DO HE RS HIFSE L-PHGG X B B /)N BRI s
WiFE , i L-PHGG 9 FF & Tl FHER LR 2K P .

1 #R57F=®
1.1 MREXE
EWI/NEL dbat4iim F) e sh P 5 R AR A A,
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VFATHIEYS 2y : SCXK ( 15T) 2016 -0011 5 35 38 2 45 1
(FioKALE Y 50% N8I 10% (& 15 20% ) b
HFORHR R AR R B, VR AT IE S O - SCXK (1Y)
2014-0010; & 7 W25 me Lt R I I A 2 A R
AW Vb Al BE  HE Bkt (R FoR R =R) L
Sigma A 7] ; L-PHGG ]t 50JIU/R ¥ By A B 4
w5 13 PR30 £ 60 95 1 352 (motilin, MTL) (P ¥
Ji&& ( substance P, SP) | Ifil 45 7% 14 % BK ( vasoactive
intestinal peptide, VIP) | Z, Pk AH B8 5 fiff ( acetylcholine
enzyme, AchE) 85 b 5T A3 A W B AR W 58 T s A HL
PR AE S LG ZLIR R . LR TR (SR T IR L IE T IR
A BT R () A BRZS F ; Minisart 16541 - K
T UERE  Sartorius (8 E]) A5 BR S F] 5 H &AL
15 10% T PEAR IR EhAR 3R FE LA 4 R AN Ts ek L H
B ERPR VKSR AL E 2 PRGN A
B2 o

45 T4 DR-200BS Fghn i Joih e TAiE
YA A BR A ] ; Leica RM2125RTS F-ahf 4% =001
HL . Leica RM2235 ZHZR Y] F AL 18I Leica 22 7] 5 B2
FOLSE-BKFL 2GR isn & PRI AU IR
AN,

1.2 RWHIE

1.2.1 B I7 IR iR IR s SRR AL AL 2 =L g
SNk IR Y B U T 2 56 B0 A ek i ) R DS BRUE
FBEERYIE AL T 7%, R ] 30 mg/kg/d 57l & i 52 J5 Hi 2%
VEERE H /N, ZELE 3 d, JE I XS A2 5 X BRZA TR
EORL R HEE T [E] (6 h HEE LK A IR A T Y
PREE , JI W 2 5 N T AR 1 /)N BRUBE AR AR

1.2.2  SZEGsh¥y sy FRFR IR AVERS T Sc s B
HH/INERL 60 L Bt (4 JR 8 A5 (27 = 1) gsidf Witk
MRS YR ik 7 d J5 FARE YL 6 4, 43
) Shy e i £ A R ABE Y X BB 4H | bk ¥D Wl oBE A
(100 mg/kg/d) .L-PHGG {55 &= 4H (600 mg/kg/d) .
L-PHGG w5 &: 20 (1200 mg/kg/d) .L-PHGG & 7]
H2H (1800 meg/ke/d) , A7 1 A= B L K %5 it 1L v 7T BE
ARGy F 5 IR SRS £ 2F 4 R AR 8 oK, e i) e %) Bz
WEW WG, AT HEE, B4 10 H, =R R
(25 +£5) C,AHXIBEE (50% +10% ) ,12 h BIEAS 3%
(7:00 ~19:00 REH)

SR 18 d, A 14 d 4K 47 8:00 257N
WE B A IR 20 L 10 mL/kg/d W A FLER
K5 LLYD AT BELLE 100 mg/kg/d HLvb al e 5 £ 5
ZH LIAE T B 4 L—PHGG 3 8 444, N5 15 d JT
U5, B fd R 2H A I Ah A 2H 43 S5 LA 30 me/keg/d HEH &
Ty ST AR, ELERE T 4 d, W (R 4k 2l i B AH N
FESh L, /DR A BIRERZOK, EELR A 1 d,

1.2.3  UNipHEREARIIG Fodl 30 mL 3G P oK R
BUS PERA 3.0 g, I A 30 mL 487K, FEANA 0.3 g
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8 1 L4 3 B IR o

SIS 1T M B ASEI0 5 15 d
L 212 A, FoA 45 AR LB ALIR 5 FU/INRL,
HELEE T 3 d A7 MU SR VSRS /NS £ 18 h 2
I EEUCHIE B A2 07 b 25 VR 28 LR Ik 0.01 mL/g
ANBURTHE 9 65 10% TR HE S TR P BOK . 9 T T
HK 25 min 25 44 /N BUBLSALBE , 305 16 6O 53 5
ANEUING L BT ECE AT 5 [ AR
AR 4% /N 1SR T2 RN R 25 ) L LA ik
PN KB LA AN R I DA 1] 36 0 A 5 U
S T SR B LN R

e oy = TPEBLEERTE (em) o0

/N B E (em)
e e by _REBUE - R
HEDERMAR (% ) =1 R % 100

1.2.4 R R EHENATE] 2 6 h Py Rk 35 W R
SRR RN S B 7 OO UE Bk, INSE B S 15 d

A, BRI Z A0 W H R A H AR 4 5 H/NE
B4 d WEEE I AT R E 1 d SR ANEEK 18
h; Z S BRGE T HE , Fie 1.2.2 J7 ik 1B E B A 3%, [A]
i SR /N BRUE R SR A HE AT TR] 2 6 h Py HERCY
SRAER A, IR B B R

ERLZEEHE R BT R4 A (%) = (BIBEE -
FEEHE ) /AR AV E g < 100

FEERE I NG (%) = (FE R — B R %K
) /BEAEHE < 100
1.2.5  /NERIMVEFR AR AR /s B AR BRI, =
BHCE 4 h,7F 4 °C 3000 r/min £/ F&5.0> 10 min,
W JZ 03 , ¥ MTL SP \VIP (AchE 257 & Ut B 45 19
D5 IS L3 b R PO

IML7E PR SEBE ina (% ) = (BE i & — A i
HH) /AR R < 100
1.2.6  FARKE LT YL {4 ( hematoxylin—eosin staining,
HE) UJ / S00HE 56 AR BE /S BRI A1), BCRE 25 Il &
2 em AbK 2 em (/NG A 10% P4 R By AR
VEWIRNS, UE B HE Y1 5, X/ Nz i HE 4L o 2 241
YA B,
127 /NEREFBEPEVR T EANE S EEH
A5 (R D7 I B, T AR 20 .40 160 .80 ,100 mmol/ L.
SEEPLERES IR G A5 FE , T A ML A5 1 th £ 04 )
A, H RS I A4 B AH O 5 mmo/L AR R, Y 3
0.6 mL/min, 53 HrAE RN ERIRE 50 °C , FhEBIELEE 55 °C
E ShiErEas HERE , BEAE S 20 L. 507 ff 28 (8
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W, ERFR B — 58 W AE &, 36 IR 4 o/ mL W& 2 in A
alisK , FEAHRAIE .4 °C (12000 r/min Z.0 20 min, $&
JEAHEH 0.45 pm — R PR i DI g, I AL uE i H
TLEE R DT I 0 S

AHLRR & G nig (% ) = (HAl2H s — 58
LR ) /FEALZH O * 100
1.3 HIESIT

KJH IBM SPSS 19.0 A, BT A B ¥ R m R
X+, 25 5 3 4T SR A — 4 U7 22437 ( One— way
ANOVA) , A L5 R A Duncan( D) 434 ,p <0.05 3
PR R REZER.
2 H#RE5HH
2.1 L-PHGG 3¢ B RA/INGR /N ¥ 3 2R B0 34 M

L-PHGG Xf ELAA/NER/ N HESE R A 2 L 1,
R ZH /N BN HE 1 30 W 2 AR ANZH (p < 0.05)
Wan& R 131.6% ; 5 BT B 259 Lh vb el Be2i AR L,
L-PHGG w5l & 21 HE HE 3 55 H 22307, L- PHGG 5 5]
AR T L H I W PE2E S (p >0.05) ; S5
AR, LbYPRTRELH \ L-PHGG w7 & A & 57 = 4 />
FRUIY /)N i i 1 5 W 25 42 %% (p < 0.05) , Z3 85 m 1
57.0% 54.4% F1 81.6% , 1lii L— PHGG iK1 & 4H 1% /)y
Mot RN T 32.4% , XATEH FERNZYE
Jr W IZFHERVE AT /N I 3 RE T B, A8 B R R ™
=R A A A a6 L-PHGG 2 BB 1% Mk e 7E
N R R S R BE B L (R IE A R B .
22 L-PHGG W EMH/MREANEFEHHEA
A

L—-PHGG 3 & BH /)N B2 er B A58 HE H B 18] 14 5 iy
D2 2, faERRRZH /)N BRLE R SR HE R B TR) S /b AR
TIZH (p <0.05) , s 15 R 57.7 % ; 5 BT B2 9 1L
VPRI BELHAH LY, B L— PHGG 57 &k 2H S A W 25 i35
S (p <0.05) , HAL P 5 T B 3 el 35 (p > 0.05) 3 5
AL AR B, B Vb AT nEZH | L-PHGG IK (A = 7l i 20
JINERL I I ) 44 W 2 2 (p < 0.05), 43 A 46 4 T
42.4% 21.9% .29.0% F1 34.4% , =W A [6] 7 48 (19
L—-PHGGIJAG 2 b sl /b T 8 Fib /)N B e s R A5 1) HE B
At 1], G2 i A SR o
2.3 L-PHGG 3 ERi/MR 6 h HE EESH BN

L-PHGG Xt ELBH/INERL 6 h PN HE SR 1R 85 AR 44
MISE UL 3, fRERZH/NE 6 h PR R E 51 &
74 2 AR AU ZH /N B (p < 0.05) 5 5 FHHE X IR
29 b AT BEZH A LE, B L-PHGG IR 20 7E 6 h

# 1 L-PHGG X 5 J5 S5 ihmR 7 S AR /N B/ NI R E A4 (1 52

Table 1  Effect of L-PHGG on the small intestinal propulsion rates in diphenoxylate—induced constipation mice
) T PESAEZERE R (em) Mpa K (em) NHEE AR (% ) SRERA IR (%)

R4 29.0 £3.9 46.0 £2.6 63.0 £6.9° 131.6
RERIZ 11.9 3.6 43.1 £5.1 272 +52° -

Vb AT BE4] 19.8 £2.1 46.3 £3.4 427 13" 57.0

L-PHGG {541 16.9 +1.6 46.8 +1.6 36.0 £2.7" 324

L-PHGG il 19.0 £4.0 44.8 4.7 420 £5.0" 54.4

L-PHGG &5l 4 243 £0.8 492 +2.8 49.4 £2.8" 81.6

T AN PR RIF R 40 22 57 3% (p <0.05) o R 2~K S5 [A].
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#2  L-PHGG Xt & M5 me A S
BB /IN BT A A5 HE L AR [ A9 52
Table 2 Effect of L-PHGG on defecation time for the

first black stool in diphenoxylate—induced constipation mice

a5 H *ﬁ@ﬁktﬂ Lﬂ%iﬂzﬂ 54
Fsf 8] ( min ) giE (%)
AR 4 85.7 £9.6" 57.7
PRI 2 202.7 +19.3° -

LL VD AT BE 116.7 +6.7* 424
L-PHGG L5141 1583 +23.1" 21.9
L-PHGG 5 &4 144.0 £9.0" 29.0
L-PHGG 3|4 133.0 £30.0™ 34.4

FAERLE B A B E T (p <0.05), & 7 B
L-PHGGZIXFEEWA/INEL 6 h P HE S8 {5 3 5 K A K 44
Toi 2= (p >0.05) . SEIRIAIA L, b AT el
L-PHGG 1% . | 25 70 2H /) B SR b 0 ' % |-
TH(p <0.05) , [ isf B 305 J s S 4% i (p < 0.05) ,
AyHIEEHN T 78.6% 64.3% .79.1% F1 85.6% ; 32 HH A~
A7) (19 L-PHGG Y4 e R/ B i 2 e 5 o K
FEEAEL S
2.4 L-PHGG 3 ERA/NER I iE B F 7K F RS20
L—PHGG %} B B /)N BRI T PRI 7K 57 4 5 i) 0l 2
4. fEEE4L/NBUMLT PR MTL SP Fif& M VIP & &
1o 3 2 s TAE AR A L /N B (p < 0.05) , $5 5 B 43 )
K 67.2% 41.6% Fi1 16.0% ;1] AchE PH T 7K S, {2t 5
HSHOMH 22 R AN B E (p >0.05) . SEHTEXEZG Y
L vb Tl BE L AH EE , B L-PHGG {IL5] =4 AchE HF
A HEZESN(p <0.05) , Hfth ) & () L- PHGG 34 4
Seb /N BRUAL T DA 72 A 3 2% 57 (p > 0.05) , S I 2
A, REF 0 L-PHGG 21 iy MTL & T F1 VIP
PRl 2945 3 i 3548 (p < 0.05) , SP A7 8 d 43 1) 34

Thonw

N 27.8% 44.1% F1 70.1% , VIP [ T 7K 543 B 4 i
11.1% 9.3% Fi1 32.6% , I H. i H & 19 L—-PHGG 7] i
EHFFEAR AchE K ¥ 7K (p <0.05) , LL VAT BEZH 19 SP
1 VIP K+ 43334 i 53.0% #1 10.6% . DL L1
IHEE SRR, L-PHGG R & T Win] & th FERE 5]
ALY MTL  VIP  AchE 45 Ifil 7 Rl 7 55 1915 30 o
2.5 L-PHGG X & 7 #h5& B 15 S BB/ R/
AR R & FER RN

L-PHGG X ERW/NER/NH IR EH LU B2 5%
me DL 1, R A /N BRI R B R ST R Y
5], HICHRAE UM , fE R AR Y XF AR 2H /N RN 980 6 HY
IO WL, I B A B . BH XS R 2 L vb AT g
H S HRH/NERAH L, /NB SR N IE R, B 5@
HAHT  FES TN/ NB OB — Wi, IR R
ERRE BB R ST, H % L-PHGG ¥R & (19 1Y
i, /g 95 6 BB B WG, LT AT R S W R
E ik, L-PHGG X} 1 & 7 Hi 25 045 8 175 5 i A A /)N B
NH YRR —E AR E .
26 L-PHGG XEBH/IREEHNENEBESEMN
A

L-PHGG %] B /N BREESfE A HLIR & &L 1Y 52
RS, /NESME PR EZE MRS FLR SR
WE o fERRZH /NP FLER (B8 N TR K =T A MLER A
SR TR (p <0.05) , 32 & 45 5
44.7% 96.6% 90.9% FIl 80.3% ., LA 20 AH It , =
A3l ) L-PHGG ZH 47T i 354 = 38 b £ iR & i
F=FpAHLIREZ B (p <0.05) ,FLR . LR . INIR =
FEHLER 2 & 5 43 3G 27.7% .35.3% 1 50.5% ;
L Vb wT BELH A FLAR B B, B ol 25.3%
B A E R BN L-PHGG T & 2 4 & 2Le i) o &
(p <0.05) , 3 HEFlE i L-PHGG T i Z 42 259 iR

#*3  L-PHGG XJ 4T #i 75 v RiZ S AL /N 6 h R 380 Hi Kok 5 ) 52 )

Table 3  Effect of L-PHGG on black fecal wet weight and fecal number within 6 hours in diphenoxylate—induced constipation mice

215 FEERE () FFWE (mg) VR U AR R A 38 T i (% )
R 15.7 £2.5" 202.2 +14.0° 65.2
A2 7.7 £1.2° 122.4 £30.1° -
Levb Al e 19.0 +2.6° 218.6 +43.2" 78.6
L-PHGG {5 &4 133 +£1.2" 201.1 +11.8" 64.3
L-PHGG 54l 15.0 £2.0* 218.4 +30.5° 79.1
L-PHGG =54 16.0 +1.0" 227.2 +36.4" 85.6

R4 L-PHGG X475 5 e 15 AL /N LI T4 A K- () 5 i
Table 4  Effect of L-PHGG on serum MTL,SP,VIP and AchE levels in diphenoxylate—induced constipation mice

MTL [t SP It VIP It
MTL " A SP " : VIP " N AchE
241 3 RERI2 R 2 1 R 2 “
(pg/mL) (pg/mL) (pg/mL) (U/mL)
(%) (%) (%)

fd R 468.7 +17.9* 672 39.8 +8.3% 41.6 523 £5.6" 16.0 36.5 +6.6™

R ZH 280.4 +10.3° - 28.1 £2.5" - 45.1 £9.0° - 409 +4.7°

LEvh AT BEL 456.3 £29.2° 62.7 43.0 £4.9" 53.0 499 +29" 10.6 249 +2.1°
L-PHGG k5540 384.0 £19.8" 36.9 35.9 +4.6" 27.8 50.1 £6.7" 11.1 422 +43°
L-PHGG W34 389.4 +24.3" 38.9 40.5 £10.9™ 44.1 493 £2.5" 9.3 31.0 £10.9™
L-PHGG EH|&4  400.0 +25.3" 427 478 +13.0" 70.1 59.8 £5.3" 32.6 345 £7.0
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Fig.1

/NS AN Y] Fr I (HE 345,200 x )

Histological photographyof small intestine in mice( HE staining, mangnification 200 X )

A AR B RS RIS HR AL ; C: b VPRI BE] ;D . L-PHGG K55 & 41 ; E: L-PHGG 5|4l ;F: L-PHGG 5l =4,
#5  L-PHGG XI&E Jr M5 a5 5 0 A /N RIS Ao AILER B 2 (W5

Table 5 Effect of L-PHGG on organic acid content of faeces in diphenoxylate—induced constipation mice

2| figs b A % A R % =R
51 am e zm CREEE mm PRES Samen
(pmmol/g) (wmmol/g) ((wmmol/g) (mmol/g) AETI L B4
(%) (%) (%) (%)
fiade 34 36.6 +1.6° 44.7 92.6 1.9 96.6 189 £1.0° 90.9 1482 +0.9° 80.3
A2 253 +0.8" - 47.1 +2.6° - 9.9 +0.6* - 82.2 £4.1° -
LV EZH 31.7 1.3 25.3 33.1 +2.6' -29.7 8.6 +1.0" -13.1 73.4 +4.6' -10.7
L-PHGG ik & 254 +1.3¢ 0.4 68.1 £0.5° 44.6 114 £0.6° 152 105.0 +1.5° 27.7
L-PHGG /5l & 284 +£1.0° 12.3 722 +1.1° 53.3 10.6 0.7 7.1 111.2 £2.5¢ 353
L-PHGG &) i 36.5 £1.1° 443 72.5 +2.0" 53.9 147 +15" 48.5 123.7 2.0 50.5

& (p <0.05) ; ZHHE L-PHGG 4Lk & &
FEE T MY Vb iEd (p <0.05) . K
L-PHGGR &+ WL H 2= F 509 L-PHGG R
/N IE PUA LR B0 5 1
3 5%

L-PHGG ¢l BRI /N R/ i e R e v, o
o BAAE HE H B 1A] 45 44, & T L-PHGG fE R 25 420
RefE e Ut B % 38 09 % 3l , 42 UE AU = 2 g HEiE . 2%
{HEYRER N R F L-PHGG & & G & 2F 4k, Nifij
RO T AAE R

{ERA RIS & B B MR Ak, Hoh g ph 48 &
Gk TR ZFE T S AT & L-PHGG X iz
253 G5 3k 5T ) B2 R F 58 R DL i, AR S
L-PHGGZH Xt AR 21 mT L g 35 Tt v& MTL  VIP [ SP [fil
R TR, Uil L-PHGG BEMLA A H g 18 %
By, Mo AR5 | L 1Y B A IE M E L

{EFARED | AL B B Uy pe ZE AL, " E Bt S /N
SE BT B3 , AT R R AR TR 2 /)N BRI i 48 B HH B
B AR, T R il e = 9 Ak
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