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Yy, BREFBHASHEHEMRN . EiE, RS ENBATRIEF,
A E R R SR SRS, BB SRR (B e, KR AGR
EBHG, BENYE. HHEBEETREEAGSEDREES, SRFERENMDES
fE: REETH., FRKZHEAKBE. AMAEELKMEEFHIMARE R, REABEESF
GEA i GIR: i g 3 SR LIVR) -

IR IR IR . BEMTARE KT RN, 21x1d —IRH
By, 7ZEEFARPDIHRM 1 % AEBE. 03% LB, 0.5% =T 8% HmAE. 0.3
YA EE0S% = TERH mMER CGRSY), UUBRX LAY R LBES YT 2 EA Y
FiEWEm. BRI TEAERS:

1 LA B A S R B W |

ISR, BE 7K. 14 K. 21 K28 RaOFIXHFE#ITHRE, WHE
HREEHHME (ADG). AXAE (ADFD. HEL (F/G) RRBEE.

HERRY, FEBRKITUREFAEHDEEAANEKIER, EWMTEIWHAR
ADG 9B A RARR 53.28% (P>0.05). 20.32% (P>0.05), HELLFEK 28.75
% (P>0.05). 21.33% (P>0.05), EEMEE—FIBEEER (4845%. P<0.05). J.H
BHEHEhENBAMLEEREZER. — THHBBEENLERONE LR
MBI FTP>0.05), FETEAREER (41.0%, P<0.051). BEWEENR
BMBRHEARIFNEEKEREABREHREAZER: &£ 1~4 B, ADG LEXTEA 5
B3R E 42.88% (P>0.05). 12.42% (P>0.05). 21.93% (P<0.05). 10.72% (P>0.05),
Fol B L PR 29.13% (P>0.05).23.08 % (P<0.05). 16.46% (P<0.05) 12.33 % (P>0.05),
HEERRE—FABREZE (44.72%, P<0.05).

2 JLEM T B A R AN AR

EWINE 7d, SAEKE 3 AMTEZNE: BT AR, ThYERAE
B EE sem, SITHSAYIE, URBAEEE (VH). BEKECD). HREE
MT). BEREVW), FHERERESRERE HEVHCD) .

HERERE, SEBRETIILAFRETE 7T RATHIES: ABRERN 22.74
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% (P>0.05), VH/CD H#% 19.76% (P<0.05), BERERIL 24.56% (P<0.05),
RRERERGBREEEREEW. IIERANE RS BEREFREE. =T
HHBEE N THFEGMBERA: SEHEEM 9.46% (P>0.05), BEMRLRE
YR (36.12% . P<0.05) REAEFE (16.06% ., P<0.05), VH/CD (#5218 (73.16
% P<0.05). BEVELERFNERETARARYE, THRESHAEG: RED
FE 53 B30 44.82% (P>0.05). 13.25% (P>0.05), VH/CD {H#k B 48 8 (P<0.05).

3 LB B RS R AN RS R W

EWrEhE 7d, FRIGH 3 LHITEERNE: 8N+ iEHKE. EhE 5+
B& 10cm, BEBUBHIR, Retii —mes (FLEEE. MERERE. 3FIEMD) WS

ZREZYH, ERXRYRBES T+ B ESRGERE, YTFIBEBRELE
B, FEEBENHERYENRAER, BEYNTHEBEIETHIRE 116.96%
(P<0.05), AEBKAN=ZTERIMEFRHEZFHBRESEINERT 299%
(P>0.05). 69.83% (P>0.05)

4 LA st B AR A L A 4R AR R |

EWPE 7d, BARER 3 LBETHOLBEE, NEMEEREFELE. REE.
BEE. REASE, AEREE. STHER. MAEBBEIETL.

ZRERY, ARV FELBABRREEERW (P>0.05).
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Effects of several substances on growth performance,
intestinal structure and function and bleod
measurements in early weaned piglets

Animal nutrition and feed science

Postgraduate Hu Jie Supervisor Chen Xibin, Hou Yongging
- Abstract

Weaning is the most severe stress after the piglets are born. Piglets don’t get
nutrition from milk again during the period, resulting in gastrointestinal dysfunction
easily due to sudden changes of physiology and environment state, showing that villus
atrophy, crypt hyperplasia, enzyme activity of digestive tract and. immunological
function decline, and will induce syndrome associated with early weaning: appetite
decline, growth retardation and diarrhea. According to the characteristic of piglets’ growth
and development, the stress can be delayed partly by adopting mucosal nutritional
adjustment measure.

Healthy “Landrace x Yorkshire” piglets, which were close to each other in
confinement and body weight, were choosed to undertake a experiment, and weaned in
21+1d. The experimental diet with glutamine (10 g/kg), or w:th lactitol (3 g/kg), or with
tributyrin (5 g/kg), or with lactitol (3 g/kg) plus tributyrin (§ g/kg) (compound), the aim is
to determined effects of several several substances and compound on early weanéd piglets.
The experiment consisted of 4 parts:

1 Effects of several substances on growth performance in early weaned piglets

Ond 0, 7, 14, 21, and 28 after weaning the piglets were weighted, and ADG, ADF],
F/G and diarrhea incidence were observed. |

As a result, glutamine could improve short-term growth performance, on first week
and second week after weaning, ADG was greater53.28%6 (P>0.05). 20.32% (P>0.05)
respectively in piglets fed the glutamine diet, F/G was reduced 28.75 % (P>0.05), 21.33
% (P>0.05) respectively, and after ﬁrst week, diarrhea incidence was reduced
significantly (48.45% . P<0.05) . Growth performance did not show any difference in
piglets fed the lactitol diet than in piglets fed the control diet. Tributyrin had the tendency
to increase ADG and feed eﬂiciency(P}0.0S), and after first week, diarrhea incidence was
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reduced (41.0%, P<0.051) . Growth performance and feed efficiency were better in

animals fed the compound diet during the whole period: from 1 to 4w ADG was improved
42.88% (P>0.05). 12.42% (P>0.05). 21.93% (P<0.05). 10.72% (P>0.05) respectively,
F/G was reduced 29.13% (P>0.05). 23.08% (P<0.05). 16.46% (P<0.05). 12.33%

(P>0.05) respectively, and diarrhea incidence was reduced significantly after first week
(P<0.05) . |

2 Effects of several substances on intestinal modality in early weaned piglets

On 7 day after weaning, 3 piglets from each group were killed to get sampling: three
5cm segments at distal duodenum, mid-jejunum and mid-ileum were dissected to make
tissue sections, villus hei'ght (VH), crypt depth (CD), mucosal thickness, villus width
were measured, and villus height : crypt depth ratio (VCR)was calculated. |

As a result, on 7d after weaning, the jejunal atrophy could be prevented by glutamine:
villus height was greater 22.74% (P>0.05) , VH/CD was improved 19.76% (P<0.05) ,
villus width was reduced 24.56 % (P<0.05), and had no effect on crypt depth and mucosal
thickness . Lactitol did not have any effect on the intestine or worse than the control diet.
Compound had some advantages in maintaining intestinal modality, especially in jejunum
and ileum: villus height was increased 44.82% (P>0.05). 13.25% (P>0.05) respectively,
and VH/CD was improved significantly (P<0.05) .

3 Effects of several substances on mucosal disaccharidases in early weaned piglets

On d 7 after weaning, 3 piglets from each group were killed to get sampling: three
10cm segments at distal duodenum, mid-jejunum and mid-ileum were dissected to scrape
intestinal mucous membrane, to determined activity of disaccharidases ( l_actase, maltase,
SuCrase ).

As a result, piglets fed experimental diets tended to have higher lactase activity in
duodenum, and induced maltase and sucrase activity greatly in intestinal posterior
segment, sucrase activity in jejunum increased 116.96% (P<0.05) in animals fed
compound diet, maltase activity in ileum increased 29.9% . 69.83 %6 (P>0.03 ) respectively
in animals fed glutamine and tributyrin.

4 Effects of several substances on blood measurements in ear}y weaned piglets

On d 7 after weaning, 3 piglets from each group were choosed to gét blood sampling:
blood samples were collected to determined GLU, BUN, TP, GLO, ALT, AST, AKY.

As a result, experimental substances had not any significant effects on blood

measurements in early weaned piglets (P>0.05) .



Heeh el A2 2004 TR HE L8 X

We can make conclusions from the experimental results:

Experimental substances glutamine, tributyrin and compound (lactitol + tributyrin)
could facilitate the transition from milk to solid feed in weaned piglets, and improve the
growth performance. The combination of experimental substances is more beneficial to
swine than feeding either tributyrin or lactitol alone for enhancing the trophic status of the
intestinal tract, maintaining the intestinal structure and function, and delaying the stress of

weaning.

Key words  glutamine; lactitol; tributyrin; compound; early weaned piglets;

growth performance;intestinal modality;blood measurements
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1.1.1 ARBiRRAYIB{LIERR

Gln £—FHIERER, 5738 CH1o0sN:, BREE— a—BEEM—M K
BRIRmBEE, FHZNENEBRNEANEEIRTREEENSSER. B
i, BREEECEEARRREREER. ERAEREEYEROLERNY —,
Ate, Gln REAFNBHNEEATET, SREERABETER. BOEHU
FHEITHE BN RTFENBRE TR &ML BEER” (Lacey %, 1990).

SHEERMMAL, Gn BRATRE, MEEFEBUR, X1 5EE A%
HRERRSITERR Gin ZB/EFHEAE. Hik, XETEELITE/LTE Gin KE3)
EMREEUNNERENZ — AMZBRTHEEFARETHWEER,

1.1.2 AR

YN Gln EESHMBAUR TR, BEAHIEREE NG, FFHKLE
35 R REVFEFE Gln, XM Gln FIRER —FENER. Gn B2/ E
BHBAT. AEBEBTOEBKS M. TEEL Gn KBARERAE, =
BFET —ERENME. MEOART, DAk, REARNAEERS; &
EHELBEAREME SN Gn, FEFETERIMXRE.

1.1.3 AEERMESFREIRIIRE

Gin fEA—FEER, RUBARMIKARS TATHEEENEBIE.
TAEWHLE BT, 1SR ES TR U R SRS SRy, B
I8 5 40 LA SE R R IR, N AR B R R,
1.1.3.1 (A5 931 YRE R RIETFi
1.1.3.1.1 &%E®

BERE—RERS LRATENYR, RUTFDLSYSSRIENE, £k
MEEFIA Gln LA R E— ¥R Dol k& sUEmM K AIERE SR, IR, W
REEROSTRES, BFERERNE P ESME S Gn /EERMtk, R,
70 PR B B HF AR S A0 o U I i 15 R K AR S B 8 th 6 2B iy Gl BOBREUEEAE %
Faftik, ik, Gn ZEMAEARERSRIETEESXEENAER. £ G
BT SRR, M EEY SRS ZIME, SHTTRELE MRS
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1.1.3.1.2 AR

VAMSHEEMEED. BESSHASEPRBEERE. L9018, BB,
EH N— LBE AN N— LBEABNS, XSS REE Gln R 0tE .
1.1.3.2 AP ERR TS

PUEREE P AR LM E BB, R, A, % 1. 3 F B9 NaHCO,4
PHGREFFRZEBI L, CO, A HEH & 4h . BT FIHEH NaHCO; AR B E, W]
RECZ ML pH 1, EWPLENREHAYIA%E . Gln R PR 1R &
TEEREEH. BNE LKW Gln KB ENEHNSEESESWT R
NH,", NH, AEEH ] Na*s s — b 58 Eh RIS F(u cHES
MR NHL.CHRE R, X3 R Gn B BMBEEN T ERMN,
1.1.3.3 $#FREEBESHITIENTEN |

MPHRAUERE, P ELERFRER Gn BREMAER, XS5HAEARKNEE
HREAHE—3. Gln BEREABHIRAMARBAEY, N v EREEENE
A FRAZERIEH R . Windmueller 1 Spacth(1974, 1978)ZE K. 4. P RBRE
HPRE PRI, Gln BHBEARTROHSEED T HEASE Gn 8, ESM
%+ Gln IR & FBMGRBEI AR MBI, REFEBIMNEFRTE
Gin), AR BB ELE, 0 Gin SO EBEESR, RSN/ BHNE HEE
M. KEERIGFIESX T Herbert F(1974)RIM i, EIBHE L Gin & ARAS
KFRAE, REEERAHELS Gn B>, MEEEARNARBERR. Y4
B WMBEMIEY, OFHFL%BH G,

LR LT FARRBEHE R BRER, B3 Gin BIWNEERM, S pE
BRH Gin NEEHRIT/E, HNEHE, NEYHTHEHUNEFREE. IR
M= X195 RGN R LB PUER, 205 2%EK 5%Gln 5, KKK Gln
KE, NEEEEEE ER. DNA. ATP 52U RS 5EES 1180 B & Tt iRa f
IFEHEEE, N\TTERE, 20%%8 Gn TABEMNBEEANYRAR EBREE
ENEH, XBVERBRL, SBTREBERGMVER. |
1.134 B ERRHIRBRINGE |

Gin S EEAROACAK. ENARAERARSNEEIEAEEE
. AR, HEARFESEEEN Gln 88, H S22 6 50 Rl W0 85 655 1%
. Giln BRHEBEIEHEALER, HFEPRZ Gln HHHIH AR LR ER]
BN ERES | |

Gln ZERZEARFEENENNBEER: BAMRBLULERVARBERERE C. N
EXl. Gln LR/ EERAREDHEEHERE. R, FH G &RHE S
BEEENFAN mRNA BB EMAREE L) RAEHHEE.
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Jeob, Alverdy (1988} KM, HARFALLE S Gln HIEBHE 5 (TPN)H K
RBIRER, R, RETR4- R 1A WA TR 50%, T 250 A5 5 10 i 5 1
Bk, Alverdy(1990)8 453 Gin R HHLHEHS ., SRR IgA. %+
18 5T B AN BH AL 20 58 M R 18 5 A BT b B .

L14 BEBBERDTRER P HEE(ER

Gin R PERFEFEHNELEK. Wu %(1994)6}?%2@% 7t 29d KW 3L A,
BT RIMEE Gln KIWEZEHN I, @A MIRE 22d FE 29d 4 Gln 5 5k
2 1.9mmol/L BEASFLA 3.4mmol / L BEAETL, 5 NEAA BB BN 31%HF 43%, if
EEHEEERKE. MFEERAFRNG A ETRRENEEY, UREDE
MEIEEAE, LY SFIMNIEANIRENRE, H muZETiE ﬁﬁ%@ =] g U
Gln 15 N2 FH 3.

WEPHREEXFTEM T KEMIE. Wu Z1996)7F 21 HRETIEREX
—EXHA BRIP4 AN 02%. 0.6%M 1.0% 8 Gln, ZFiFH, 1.0%H Gin 7EKT
FiE® 1 AT kR ERERE, 52 B0 RRRE AL, BN &E EH . )% (2002)
7E 28 A WTAFHE AP 2 SR 0.7% . 1.0% . 1.3% M Gin, S&REH, TP
JASE— M, &0 1%Gln AR FHAMERBES THRE (P<0.05). KERE (2002)
WRIE, HRA I 1.2% B RE O] 8 F WAL A5 ZHDNA & &, B3 E B DNA
MpEEERTRERW: T BFMMREAFRE 35 ARRRERN 49 ARTH
REEE, N+H_HBHEAEREMNRETLEELWH. SENREREN, OB
AR Mma B R LAk 35 AR RTBPmEAEHEERGH, o/ g LR
M. Eit, HBREMSEMETP T HAEER, MNEFHENSHLY
RERTEE{ER . Pluske(1996)1R1E, 4L Sd 1AM 45 HMT 47 35 K BE B ¥R BB Gln
HIRTE&AERIK, EEMAME Gln FAAEIEM. S5, Ayonrinde % (1995) F 4%Gln
B 4% Gly 2L BB MR IR AR, ENNESE 5d BEZMENE, B9
TRAME Gln HRAFERLK Gin IRERH, "TREHEES, FRNHLEBANE R
DNA SBRMLREOSEEN. ERFALERER, WEHEPFERREREM
R Gin AR RS M E  ER S HWANIRHFEIRFZZ —, HA[HH Gln 7]
e E MR &L TEER. -

FEE R AEIEN, Gn IV EFFHEACEEEE TALENELTEE
BRI YamE. Glin HIuSemE 0B IhEe, OhiEr Kk, AX—METEsi
ZiEENEE—PRE, I Gln ENDFREEFTHISIRNERIE. Gn K&
HEMEANEERMES,
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1.2 L HERs

FLEEEE X AR FLHEE (Lactitol, Let), ¥R A 4—O0—PB—D—tMikF B —D
— IR, S FAN CaHuOy, 4 7B 344.32. HBEERE MRt & S5 mAl,
BRAENEHGRFISE, BFREBEEIIAE, WHEEHAVS T EHRE, R EERE
MIALEBATEEREEHE, A THAARMELRKTE. BB N EKEEEST4A
ViR, BERBNVEHRE MM EYR, SRFHER, ErRE TS rIBE.

1.2.1 A.EEAELMR

IERE-—MERELSY, FTERAGBELRGBIE, BN TGS
RI—FXERL, PMEBEERRAR, —BRULERK, E—TERKNEZIEH
KzﬁﬁﬁﬁﬁaﬂﬁﬁﬁﬁﬁﬁlEﬁﬁﬁ%mﬁmtﬂ%:ﬁﬁﬁﬁﬁmﬂw

CH,OH
H OH
CH;OH |
OH o H H ,CHROH-2ZH;0O
H H
H H H
H H

Bl 1 AP SRR
Figure. 1 Lactitol containing two H,0O

ARG ERE R, WESRLABRESE, FEREXNBRERNN
EBRR, BRSEEER. FREETORSRERIRN. JHEBRER. B
BE THREEHERE, —BmRE 100C L LR FFHES R EEEK.

BB EHEARERME. AR THRABMEENNAFTL
WAL BRI R ER - R THERFE 3B RERE, BUUE
HEWL AR B

1.2.2 AEEANEIEGY

1.2.2.1 WIKIRFERA T |
SUSIF BRI AR ET —MEENENMEY, BELKBER. ERBEK
hEMEARR,. 28, EXNENEREALYEE. R E SRR LR
MEFRES, HEBKNBEERE. BAKFPE, RERMBOIIGE, BEARAR.
SWENE R L ARE, BFEENEE, TRHE. EFRIES, ABERTER
&R U AT B S 10~100 {8, FHLGASREXEME, EESE WM
75 |
JEREDRE %&fb%mﬂﬁﬁﬁz% Ezl:J:TAWﬁLh'ﬁl& MHEAKBE,
y E%%ﬁﬂyk?%‘m‘ SR, . XAMEDESEFTE. ARITE.
RUATE . MRS . EE%. XPUNEATHBEARE, SR REHEABENS
fE. FIA, E%iﬁ.fé?ﬂﬁﬁ%ﬂmﬁ %Nﬁm%ﬁﬁmﬁﬁﬁi’ﬁt#} W THE

9



JUR) SR L S0 W T A B PR B 0 0 5 1) B 0 L S0 B 1 B oy
ﬁﬁ%mﬁﬁéﬁﬁﬁﬁ\E%ﬂ%\ﬁ%ﬁ$M%%m$ﬁokﬁ%ﬁ%ﬂﬁﬂ
WURKEAQER, SYURRIKE. MAER. St MEERY, G5 TH
ﬁwmﬁﬁﬁ%ﬂﬁ,uﬁi%%ﬁ%ﬁ&%ﬁw.%m_ﬁﬁ%%&,uﬁﬂ%
KEIREHIAR . XL AR RIS BN L ENEEMEYRN SR, %E
BIERILhAE. FENVHAL IR . B0%. MeRH A a i The,
1.2.2.2 7K R R A4 |

IEERIUBANEY, BEEXYT. SR LAEER, T RH Y
PR SBKCEYHER—H: EEMIEATREABOBRE, S5KBRBEF
WRH; EEA—MBREHRBEMEDRBRE. KL, i FAERE MR
WKL EY), EEABST LN SEEFEE AL,
1.2.2.3 RAFHPFHER

ABEZINEANRE. 58, 840G, BRS FRITBNERS. K.
TH. BESEN -S4, SRS, #A pH EFEK, 28Y, T8
BN B R R ek, MEFEHENES, BRTFEREAE. BRBMYRT
ERRHESE TR, FBTEHRN. ﬁ%miﬁﬁ%%ﬁ%mﬁﬁﬂ v A B
R UL R R . BURY RS HE 4.

1.2.3 FLBEER N B R 2RI

BN RAZ2ECLET KBNS AKLRIESE, FAO/WHO &85
MAKEERLCAMEIBRNOER, FABREBREPERRAEEA. ¥
BEETFENNAETEREREENARRPEN —FESHERFNTHRR . B4
HEEACY AN R TR ERAN T URESYEFE, BaREER
AT R -

Bird ¥ (1990) BT CHEFE 7R E M AL BRI R BB K E £
(9.8£1.5) KJ/g, SiHLREM, R KIEIY kA HMLFIFHRIRA.

Piva F(1996)F5 i FLEEREME A — MR IR AT LI RIR E R BLR, (i
W RN~ E, EEMEEERERT pH ARENKREEP < 0.05),. TEEE
BAEORNRABEARY. TG (EE) +HEER. pHE. ERERH
RRTERRIE . BB F3 T 8R BEE (P > 0.05) ( Gabert, %, 1995). Watanabe
(199530 T SLBE RS R M 3 P SR B (ML) FLINEEE L B Bl (4 H)pH 4.
8 45 8 P9 A 7E il T B 455 B 6F 1SRRI S o AL R, A TR AR i 3 B
WRFE. FURREE AT (R A 4SRRI (Mineo %,2002; Yanahira 1997).

Piva ZF (2002) AP BEMO3I%ILER., 1% =T HmE:. 03% I
1% =T B mE HRENENREDFE Q1 AR wEn. &R R ILTEW
MIEH 14 REEILERSRILERS+ = TR H MBI TS HBES 5 b B
RH 65.4% (P> 0.05). 127%(P <0.05), 7E58 42 KM HXHRA 11.7%(P > 0.05).

0
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18.3% (P > 0.05). Tt E BRI KIBAEEREK. X{F3EBEIE T W2 %00 9, s .
AR+ TR METUEEMRETHERMEEERGRENEE (P <
0.001); TTUUEXMEEEGHEENEEERTHEE (P<0.001)

ABEBEA M ERRNATENAEE RS, EEERE HLE, £
W EFER BN, WM TE, WIS A AR SO
JEWe, TESEVRERYBENEEERET, 8 IEmENS MRS R(E
B RB I TR EEENMEA. FREERNEDEEIEE XN, B
HHNBEREEENE, AEBETESEN—MEEEHNSRETR, §
BT B Z R0 XRIE.

1.3 = TEsHHifs
= TEH imBs(Tributyrin, Tb)R —M a5 H i =BLEE (Short Chain Triglycerides,
SCT), 4 FH CisH06r S+ FEH 30237. EXHIRERH, = THHMEEEST

MR ER R ZER S . RSN S AREE MEAE K . BEMLAE) AT EE
(Chen, 1994; Schrader, 1998; Watkins, 1999; Maier, 2000,

1.3.1 = TERHMBEERIIEL IR

ZTERHME SR E T RAHmE LA RNEER, RhEQBmREE. &~
BHTK, BETHENEN, pH 2%, FRTRE. £8. WRERT. £HR—
AFHZTRHMRESHRINZESTBA=T TR TR,

Jo~
\/Th“fv _‘
Wﬁ“ = L)

B | Butyric Ackd
B2 =TRHMmEENHRE
Figure. 2 Composition and degradation of tributyrin

1



JUR R X SR AT AR Kok . BRI A4 5 e B R (T S
1.3.2 Z=TEHMERGEL ., B E S
1.3.2.1 Z TR HBAERNEL. Rk

ETHMHMEBZOBEHAKE, E4BHNEEBITRIOIH . TTREL
—FP RIS, FIARPUEMRNL, RS THREARE. FRABRAT, 4B
A SCFA UBEFRRAFE, BRBREIHE F5EFTEART. £l LM
=P ARER FER. Ak, SCFA MRKFEREANNRARE T, BdEk. &
MR Na'—K A0 #:, B CO, U AT oM HME TS5 HCoy . EHRA—
AEHBENE L, FEFE Na'CH, Ga#Ed Na"—K' ATP RiH. HTEE
{7 30 pH R HL%], SCFA IR H s A B i pH {E . T & T A 3\ 1 SCFA
B W B B8 22 iy SCFA —HCO0; A #:, Bk, SCFA TRBGTFERIE T iE Na™. CITRIK
PL& HCO3 W14y, TEBERMBFESKEIRYE L SCFA BEEERH. Mk
FIELIR e E], 3285 SCFA ERIRE, arimERik. mT RAeEERSEEBEES,
TENT T B T AFS0TRIK . R BEBAREEOKIL S YEIRE SR HIEE
UFHAER, BAKLESYIERAEER, TR ELYHEFRYRBERE, WBE
HEERS KA, |
1.322 =T HmaEaIH

ZTHHMBEEEBAEIENTE, —HT@%%%*&%L&:@}E@.@% 8
AW AR RN EREALBRER. TRESRHR ARG
TEGERYE, THRERR. FIRRY, BRMWRSH R 70% M8
sk 5 TEOEL AL (Basson, 1996: Stein, 1996), 70~90% )T BRAT7E 45 B I #K
ACH |

AL, THS2 p EHLBERE. TREE CA &M
(butyryl-CoA-synthetase) HIYER F#H25H T WM A (butyryl-CoA)d, TEEIL—
RIVE R A N2 BB A (acetyl-CoA). FERIE, TEARENTRELSTLST
> g AR R, ESnNEEARE TRERIRAER. BT
TE B R ALE T AR MR, (CEHRSRENOBER. VISLEH
HASEE DR ETE, E/EA2 TR e B s T Rel M.

TESZE AR B EB IS, LEBERE, E¥ ARG TRITREXRAT
e = TR H mEs, XA TBRHEY 2SN, T=TREH
%m$ﬂﬂ%ﬁMWE&TﬁE%Wm¥wﬁﬂ¢ﬁHmnTﬁﬁ%&ﬁﬁmmﬁ
s, {AH T EE RS 100~300 {8, TIREEE. W=TRHmMmEEX HL-60 4
AL ESMLIER TR 4 2, ENBABLBARRN BA K 3~4 15,

" 1 :_' |



RN K 2004 JRAFL NI

133 =T EHBERER RIS

BB LR ARARRBRTIERETRE. 54BHAR, THAOEBREY R
RERDRIF RS ARG AERE . ZNBRET, BEEFORZEEERA TR
AL A B RO B AR I B RO AL BT A I R AR B A2, T & s IR TE B A E 3%
TP S HMIHFEME A LS (Scheppach, 1995),

MEREAE KNS THEAVSRAEEE, ABEVR, SR TRE, 6
BE /NGRS R FBERombeau %5, 1995; Kripke %%, 1989)). 28RN BR {2 3t
W iE WA A ch R AL Hl A 1R R eB YR Y . 39 n gy i 77 ﬂ?ﬁ%ﬂfnﬁ%iﬁh TR
A ¥ 2 R%% (Rombeau %, 1995). B—HH, BHEANTTHRENRZEIH
4 iR AR I T T |

SRSl RS, LER T, M THELEARAREEBERLERE. SRkREEH
FIERE, BiEHEARAFEENIBEERERELERBHEEB AL E L
MIERERE, BB NERER CoA &RMRABETREEHER, BBHRE
B> S BUG By - B7 40 8 57 R T REREEAS A% B ) #Y S B Th BE B2 46 (Roediger, 1995;
Scheppach,1995).

M REENE YRR EN R FRPHONRS. RERREEDR
&%, ISR A A EE R k. BB W hEERF M ER (Rombeau, 1995).
MiH, EEFEEFETXEMNBENZ —REHILBRERANESR, SFHHNEREF
EfE B oh8e (DeMichele, 1995). WERK T, THENR, BHE TR, X
B P AL REERRNER. TREARHERERBOLEYR, BREENE
$5HF. SRR LURKEN G REIRE, EAABRLE-E/RMNMARE
HEAS (Wilson,1997). BiEEsEfghi B e LUE MR AR BRENERE. &
R0 B i) DNA & (Jacobasch,1999).

EHRIE RS TR mRRERETROBTFRE, TRANTRES, 7
DU BERITIRE, X ERARNEE, MARBREHERITRESENBARH
/MR iENE (DeMichele, 1995; Stein, 1999). |

1.3.4 = TEHHEENMA

+% 4R, Roediger HERHNEFHARN EEEBREHBMR, WA TR
H, HEHEHEHERABENEEBATEXREHENR KAHARALE
ek FERTRE RO RE 1t R PR, WTTRSL T BBt s Bit. HOEHad,
B SR E SRR RN, BB A SR RES, BTERIR
B BRI THEEREIE, SRHTLBE, KMMNRERTR, BIRRDRERS
MR EEEETREHRE) REHRERRE SHLAS T REEHEREIR
FSRS (St LT 4 1 ¢ SRS R LA 4 e M BT R B BB IR IR P 5 B %)

L

3



ST SRR T AR KRS, A4 5 S B B MR B

Hial, TRHEMTEREBTHEREAXRSXKA=ZTREMmE. = TIRH i
R-FPESH M =ERE, UOR. SUEEAXRBHE FILOE W MEE T
(Na") S4B RRENE, MEAZTERHmETT B RIXEE,. FAEER
&, BAHMZRRRAAFER SCFA A] DU T IngE 7 i 58 B 7 R (DeMichele,1995).
BJG, lmol =T EEH MESTT LASRAL 3mol T # L. MR E, 0.34mmol M3
ACERT CAg R, R = TR H MBS T BFIPR 40min (Newmark ,1994).

MR BRI R RS, SMNERREFNRZEHSZLE (Stein,1999),
REEHEHH=BRBEEFERINNZHE, BN - RIFE AR ERE
HFRMEONAKRE. AW, TERAEEEFREEREMNBLERAFRERGHE
B, |EMH—PHE. Bk, ¥R EBRERE=T BHHETERES
FPNEEN, UARBEMNTRHEANE.

1.4 ARBAE. BRIMENX

WTHT, RSt A T W e 2 KR K &?ﬁ%ﬁﬁﬁ$§kﬁmﬁﬁﬁ‘ﬁ
A HEENEN, R5EREPEFEEFERNTRAICKRBIEE, XN
HRERFRE TR, FEEAARENEES. FENDTEFSERBE AN
B, TRENES. SHAMEEEE TRANEL, TREAEIENLR
RERMENEEST, XRERYRRENEERE. ﬁ,%%ﬁﬁ%ﬁﬁ
FERTE RN, NSRS e REER/, ELEHMTIE, B
EENHEABNERTE.

HREY, AR PRNSERUERENERSTD Y TEERFE, R
N E R BN RS RN, MRHEREEE. BiTHRNSSHCTENAT
LRMERECESERK. SRENR. TRE%. SEBRKMNEXTENE
PE M HOE A KRN EERE, ATSRBRBERE R RRES
BT AT RSN EN. GRIEIMIE L SR R B R RRR Y,
WA b M R ST . IR EEE . MR, RS R E
R, RABMEEENERE. T TRUERE R ESSEH L RERN T
BkIE. OEARRASMRRIT LTRSS HRaRNE, RELATR
Sn, HAHER b AR (S, e REPER

*m%%amaﬁﬁ%@amﬁcmmmwmm>&$@ﬁaﬁ%%%$ﬂT
S 594 BOBLBE B (Lactitol, Let). = T B H miBs(Tributyrin TH) X KBEY (ALHEE+=
TEHMAED 3RS FEL KtEae. Bl s 5Thes RLBIetr B H.

it A Yo iA e T 4k B —FhE SR RIS MR B T TS PR e R AR L e
BB B PN, MR DREH N, &ﬁ%ﬂﬁﬁﬁ%%ﬁ
R B IR B TR 2R

If:
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2 MRl A%k
2.1 ¥4#4

2.1.1 iR

HrERz: Jbn N ERARHRE, #S: 20030305, SHsHE: FCCIV;
BEBLRC: TS A TRE R A RRA, #1S:20030409, = B4R HE: FCCIV,
=TEHMEE: HE444RH.

2.1.2 iRIE =

MG IR (3~6 1), P RAREAE KK < K75 120 3L, 7£ 21+1d
—RYEWT T, WIVESLRIEARE &.

FREWBETLALTAEE, BHIANEER, 81088 8 L. s4Bax
AR A R HR: (1) MBE4A, 1%EKER; (2) 8&8BE4, 1% 3) i
B, 03%: (4) = TEHMESH, 05%: (5) BAH (=TEHHHE+AHEERD,
03%+0.5% . RBYFERMAE 1% EREDIF. |

2.1.3 R EHR

KAEKR-—GH-—BH-ARHREERER, ARABRIEFRTEAR L
&1 BRAK (%) REHRSE
Table 1 Composition of diets (%) and contents of nutrition

B a8 (%) EFesHE
=X 52.98 HCHE (MJkg) 13.72
SR = 22.5 FAE (%) 20
LIS 8.0 2 (%) 0.95
i MR 6.5 (%) | 0.75
Y 2.3 MER (%) 1.5
F iR & 1 Ay 2.0 H+HERE (%) 0.72
I 3% & [ 1.0
PR 265 1.2
EE 0.75
i 0.15
gAY, 0.2
ag: Al 0.12
v T B 0.3
TR Kt 1
RS i 1

%R P A E AR, BRTE, ERAENHM.

15



2.2 Hi&E
2.2.1 EIFEE
RBREAEMILRMERERAHBIT, KERATZETARSE. FaES

(1.2mx1.0mx0.5m) ¥R M E3

—_— }%jﬂ
222 FHKM4EE

MK, WHE—F. WA, =8, [
E, UEARMNICREAMBHE,. FEBEEELK., (EPHHHEE (ADG).
T H S B(ADFD. HE (F/G) REEEE (diarthea incidence),
FHME= (KE-H&E) /RH
X HRER=FHE/ R

bri Tiah

JUBR Y P MR AR AR PR BE L il £k 55 D RE R I MR FR PR A 3

F

BE=FEEMEE
RRIE & = MEVE A 38 Sk IR M HE B 3R K

2.2.3 MiBWERRE
FEAPEWE —BAXIER, FERERFSLBARMIIER 3 L (#2135, §

T

P, FRREHHR, SHARES, SWTELE
BE% 25°C. BRAWRS, Bltuk. BMIGEANANE, S50 M0, e

FAKER 9: 00 dHFHE3H1T B

S# KR 10ml, & 15min. 3000t/min F4 10min, B M, —20CRFERR.

BRETRATE-CER. FAHL 7020 £ B ShEA ST 5E T FIE1ER

(1)
(2)

(3) .

(4)
(5)
(6)
(7)

meE (GLU): BRESLPMELE:
REZ(BUN): RN,

G EE(TP): WIERRE:;
BREH(GLO): R BRI,
SREEBALD: BESEREE:
BEEEEAST): BEESEREE:
ML AR RR(AKP): MRS EE.

|

[ Tikal

224 BERNFERGTE

RS — AXR ISR ESE, JARNEF RAEA 3 L, 842 1K),
g B HSITREE, R G, 2EET 28R, THAERE. A2

+ 5B

ket 2

K

EEENEREY SRR ELY

16

sx— BRI, + o isBsHY R EE SRR

H

M. T+ BTk, =hYi

T (A1 iz b 348 43 AR BN Sem # 10cm FIFBARSEH R .
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2241 NNREED R
Sem I B UK IR A B KBS Mt s AERE T KRS, BAT 10% 85 1HiE
RERERFEE, 24 /MEEEM. BEEMERSHE. K. BH, 8. &
BELEFY ., BERE. A& 63K, BEA Sum, HARKE -G, hR
g
U I 10 BB K, BERTHE. H/EBIFMNRE, F HPIAS-1000 &
WELARBERXHMREEECEST, MNEERERERSZ MENEERE.
HMEER. RERE, FTEAERRSRBEEEZHEVH /CD, VCR), &I5t:
B S35 B4 b B0 5 B4
(1 KEHE (Villous Height . VH): MNBEMRZERE I OAREEIE
B (Touchette,2002);
(2) BEEE (Crypt Depth, CD): MNBREFOEREEMNWEHEEE
(Touchette,2002);
(3) R E R (Mucosal Thickness, MT): MEE LR EMBEILE (&
FEALE) HEEEEE,
(4) RERE (Villous Width, WD): HZEBRTLAMEE.
22472 NIk RS — PR RN |
HE IR BRI 10cm WBER, FRANKGEBREKERMTRBEREANTY. H
AR TR S, T s B8 A a8y ] 4 i B B A R (Dahlqvist, 1964), #5 R
SEMABBFREE, REEBE-S0°CHKETFAAN. BUHKE, RE, HKE
B KR (4: 1, volwt), 2 DY- [ BIEZIBHHHSFEN K 45sec, AHERD
¥l (SIGMA 2-16K &) B0y (4°C, 1800xg,10min), 48 FHEK, BT-20CHKEF
hE, AFlESEREETE. |
Bl V7 W 7 B B _E R R KR B A B KRR (10: 1, voliwt), HUMTRESSHY LR
W 0.1ml B THEERE+, FMAHNKEDEE (0.1ml, 0.056mol/L). Y77
HILE. . E R 37 CRIERAKE P, #ER K Y 60min 5 A 0.8ml
K, SLETBABAE T 2min LR IERN. A ERFEHEEANE. AF
W H G B #E AR A &N E AR E(Oliver,2002). BiEtEE X : 37CTE &
KR tumol YA —MEEEMRA, B4 hpmol KW /min B U,
FiEBEE S BN ERA Folin-phenol(BAARNRTIEE, A4 3 E & 045
W GRS, 1997). |
BEHERADRREE S, BRELIEN: BEARDPASBEES LEREH
SBYHAE, 24730 umol EA/min.mg protein BY, U/mg protein.

2.2.5 Fitsarth

KA SAS ¥t GLM T2 #ATHIR M7, A DUNCAN STfES EHE, &
& KB A P<0.05.

e
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LR YRS AT IRAT 2 A B Wil £ 5 ) B A INL N SR 11 B 0

3 ZRE S

3.1 LR R BT F I8 e ge e By
* 2. ALK

Table 2. Growth performance of piglets

A R ]
i A A B B4l FLE R4 =TRHB/EL ®‘’ed
LTS
VIMHE (kg) 6.65+0.07 6.59+0.02 6.65+£0.05 6.60:£0.02 6.62+0.04
H— |
RE (kg) 7.08+0.15 7.26:0.21 7.140.05 7.07+0.20 7.25+0.05
FHHWE (gid)  62.5£26.3 95.8+27.9 69.6+13.5 67.3£27.0 89.3:8.2
THFHRERE (g7d)  122.3+29.8 149.4427.2 139.5+16.8 C113.7£17.2 129.9+17.8
HELW (F/G, gg)  2.06+0.36 1.60+0,22 2.02+0.18 1.79+0.38 1.46£0.25
BIVER (%) 16.1x3.1° 8.3+1.0° 11.9#27® 95427 8.9+] 8"
> 300
AE (kg) 9.63+0.32 10.1120.51 9.7+0.48 0.81+0.36 9,910,110
FHAKE (g/d) 254.4+22.9 306.1+38.8 261.0+56.6 293.0:18.5 286.0::16.3
TP FER (g/d)  461.3:40.3 456.2+47.7 458.5+72 485.8+68.3 401.7£47.2
KEL (F/G, g/g) 1.82+0.20° 1.50+0.13* 1.78+0.12% 1.65+0.15% 1.40+0.10°
FRAEHEF (%) 7.5¢3.1 5.4+3.1 6.1£2.0 . 6.8+24 4.1£2.0
B=R |
KE (kg) 12.3+£0.25 12.81£0.58 12.50.44 12.9+0.88 o 13.120.14
T E (g/d) 378.9%26.6*  385.0+25.4% 404.0+61.3* 442.0+50.0™ 462.0£34.7°
FHHXRE (d)  617.724.6° 624.5+40,9* 570.7£6.6* 658.2£22.2° 632.0+14.4°
HEW (F/G, gg) 1.6420.11"  1.62+0.06" 1.430.21% 1.50£0.21% 1.370.13°
TSR (%) 3.4+2.4 4.1+0 2.7£1.2 2.7+1.2 2.743.1
AUl |
FE (kg) 16.05+0.25 16.86+0.81 16.420.65 17.1£0.5  17.320.38
FHIIME (gd) 534.7x15.6 578.2+32.8 558.0+£136.0 $99.0471.7 592.0+70.7
VIR (gd)  785.4+39.9 801.4+66.5 758.8+70.2 775.9+50.6 - 7531147
BIELE (F/G, g/g) 1.46+0.08 1.38+0.07 1.39+0.22 1.30+0.08 - 1.2840.12
BEVEER (%) 0.7+1.2 0.7+1.2 0.741.2 0.7£12 0.7+1.2

L

T AT LA E R R ERRE (P<0.05); ZHBEN H I Hb .
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3.1.1 EHHEE

ME 3 TTLLEY, BRESMBEFEMRARYRAN ADG M THRY. WE
H ADG AR RS 62.5¢/d. 254.4g/d. 378.9g/d. 534.7g/d (£ 2). B
FUBLRTEAF R W RO A0 8 B A K R . ADG 43 B 31 95.8g/d. 306.1g/d (£
2) L RARRE 53.28% (P>0.05). 20.32% (P>0.05), FLIEMAXMET LR
YIRMEEZE, X ADG FEBNMEHER. ZTHRHmERE—BgEsS, 2
ERBURAHBENER, HPEE_RAS5ENATEHE L RSAH. BEAEK
PEHE DR ADG 511X 2 89.3 g/d. 286.0 g/d. 462.0g/d. 592.0¢/d (K 2) ,
et B 4 B R 42.88% (P>0.05). 12.42% (P>0.05). 21.93% (P<0.05). 10.72
% (P>0.05).

BOD
f?; 500
~ 00 O A i
B I 0 M
B 300 i TR
F 00 i 8= VRH WS
B ook il mEEY
!
Hi=m

3 FHAME
Figure. 3 Average daily gain
3.12 FHHRRE

FE2TH, ARYANNPFREREBRREAEERW. WE 4507, SHR
AL, EESHBRARAFENREBERMHIAT FEEER, RARBYRE
FInFREEHFERTENRH.

— 1O
% :
B #00f
> i O 3 Bl
W goop | ; O i TR
% | | 3 i
B a00 i i i mi
3 ! i B = s
200 i i
ol _ ! | | Pk
T 05— 0= w0
B4 FHAXEER

Figure. 4 Average daily feed intake
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JURVBB R BN S PR B A0 5 0 B AR A0 2w
3.1.3 BELL

MBS TUEY, ARWAEREHNELFERRE—SMER, THEES
BIBRBE, WX RAMHELAEE M NRYES. E5— 1R, MBRANS
HEL2AIR 2.06. 1.82, 1.64. 146 (% 2), TRESHANN 1.46. 1.40. 1.37. 1.28
(RE2), HEHDAMLXRAMREMRT 29.13% (P=0.08). 23.08% (P<0.05). 16.46
% (P<0.05). 12.33% (P=0.10). HEBMEENDEONT R ELLE®, 28%
1.60. 1.50 (2D, HXTRMAMRKT 28.75% (P>0.05). 21.33% (P>0.05). J 8
MMELREBENEEH. ZTRHMBRANEELRES MBI BAK,
BREREESR.

g

- O & M1

X 0 77

@ L

Ly B=TMKHmmN
| R

5 BIHE A
Figure. 5 Feed conversion efficiency
3.14 HiEXE

B 6 B T REYAX R RERERNEW. NESRUEH, HHES
—ARBYFEBHBER T AR REEMNER. A, NBRENEERER,
EF 16.1%, MAEMMKAE. AERE. = TRHMEE. ESENEERRE 83
%, 11.9%. 9.5%. 8.9% (F 2), HHHLIXTRE L HMEET 48.45% (P<0.05). 26.09
% (P>0.05). 41.0% (P<0.051), 44.72% (P<0.05), TIZE BN REABERET

x O # Mk

- O M

& LR L

B B=TMI A%
| BN

6 lEx
Figure. 6 Incidence of diarrhea
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3.2 JLH4a R R E R F &N S B B

X 3. PEA
Table 3. Small intestine modality
TRE HR
Xt i AAMEE HAEM4A T IEHMESA Hed
+ ik
HMERT (um)  368.7102.9  304+56.4 303+43.1 329.3+55.2 384.3434.5
BB (um)  236.7+45.4°  163x51.1%  187+29.5% 137+26.3" 164.7+86.1%
VH /CD 1.54£0.13 1.91x0.21 1.62+0.04 2.5320.97 2.66+0.96
K (um)  682+102.4% 675£492%®  668.7436.4° 618.7+14.5° 762.3+38.5°
ERM(um)  142+18® 144+8.7" 150.324.0° 113+5° 150.7+£43.7
=¥ i
WEEHE (um)  299+87.0% 367+58" 240.3+40.7° 292.3+40.5% 433+130.6™
W BV ¥ (um) 180+55.7 183£15.7 151.3241.7 146.7+25.9 200::43.9
VH /CD 1.67+0.13 2.00+0.15°  1.66+0.45% 2.03+0.40 2.14+0.26"
fLHEE R (um)  682.7495.4  669.3+46.1  604.3%31.5 600.74£66.5 698+88.6
9 E R (um) 128.3+5.9° 103+8.5" 110.7+19.0% 114.7£11.0" 122.3422.7%
7l |
REBE (um)  3773109.5  339:42.6 385.3£52.5 413442 427.3+51.0
SRR (um)  197.7#302%  156£15.3%  197.7x8.3° 126.3421.2° 145.3+17.0°
VH /CD 1.90:+0.43° 2.20£0.46%  1.95+0.24 3.2940,22° 2.960.37*
FEEEEAF(um) 692742063  659.7+78.2  736.3+38.7 - 708+106.6 771.3+78.7
REEH(um)  151.3+6.0° 129.7436®  136+10.6™ 12749.6> 133.311.7%
E: AT EAAERTEREE (P<0.05); RPEIEH N FELHREE.
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321 HESE

ME 7 TURH, BREVERFNENEERAS RN RRT, RAHT
HERBEAERMNATRE., SERKTLY FSHRAENES, HELTh
BREEBENEE: AETLHTER D RRENERE: TR MERS THR
%%%%E,WE+Z%%.§%m&%T%ﬁﬁ%EQ

SO0

200

200

BEEE (nm)

400

0O = il

0 ¥ Sk I

W 7L

B =T EH ek
RS

Bl 7 RERE
Figure.7 Villus height

322 BEERE

WE 8 Fir, REYAERHBRRAMGERTRMEE, (B84 LT AR b5
WERRESL. ARVARUZTREHSORREYT, BEBET -G
MEEAE BR3. SE5EATTLUEY, REFNERATHELRTHENE
i, ERTEENEERALNENES.

250 =

200
150

100

FREEE (am)

B P Bl

B8 BREE
Figure. 8 Crypt depth
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323 REREESREFRELLE

B9 2T/ MNaEHTH VCR . FRENPES IR EEE. a2
K, VCRERRMBHBREART FENEESKE. MNEITUBY, RIEES,
FRBYFHRT T MHERKN VCRE, U= THHE MERRAYUNEERIT. &
RIVMEUE, ET26R, S THRHHERRBEWE VOR ES 5 T 6429%
(P>0.05) 72.73% (P>0.05), EXHH 21.56% (P>0.05). 28.14% (P>0.05),
B 73.16 (P<0.05). 55.79% (P<0.05). '

3,
5
IS O & K4l
§ 0 4 i
S W T
B =T HH e
| ]
u' * - b
O e Bl
EHo S ERESREFEMHME
Figure. 9 Villus height : Crypt depth ratio
3.2.4 HEEE

HE 10 TTLUEN, REVERT MHEEHBERE, Rf5 iR REHH
HAELEEE, BRAEEYW.

=]

2 0 3¢ 4l

i 0 2 B

b m AL

g B = THH A
& mEAY

Bl 10 A
Figure. 10 Mucosal thickness
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JURRHL R S N DTSk KR RS B oo by o iE A i s H AR A S
25 BERE
R ATARKTRE. BPESHNENEBRTEES, SERTAE AN

RELWL, B ERREE, WL, AE 1L TUES, RBYRED LT
BWES eI AT MR, LHETBAEG, RHEN%KESRY

FITYY

16T

=

2 O & M

= o L

ﬁ m L

¥ B TR
: | N

= i Tl )
B 4E%E

Figure. 11 Villus width

3.3 LR R AR IR AR T AR

3.3.1 FLEEEEN

B 12 ATLUE Y, FBEEREEA NR AT B A, TR RIRE. T 215,
LAST R BRI A MK (7.68U/mg BH), REYRZLLERIAERSHERBES,
FFAE=TEMRHMAE (1339 Umg BH), BEREMEERKX, K3 7435%
(P>0.05). X, REBASHABEHERERAT, HAZAEXBAMLIBET,
HHERITH, BREYHEBITRET 50% (P>0.05), E5AENEA. = TR ik
HERERBEM (P<0.05).

o
L ]
_g { |
= { | @ 7
= { | L
E‘é B =T | Ak
= LB Rkl
=4

|~ Ml T 7 B

A 12 AR

Figure. 12 Lactase activity
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3.3.2 MY

HE 13 ELLEY, ERBESEMEEREE, MiRRE. BE2UWEHTF
e B R R YERIR A, EFB ARG IR L A S REE R T 11696
% (P<0.05). 51.78% (P>0.05); H{HYANEHHREHEEE SR,

iz 14—
S 12
~ 10 O s i 4
ﬁﬁ 8 o WL
.:E 6 W FLEENY
B 1 B R b
e ) | B
0 .

BT W [l

13 MESEREE
Figure. 13 Sucrase activity

3.3.3 EFEMEY

P 14 ATLUEH,. EFERENEIBERES, WREK. BR4958, &
B, SHEBRN=TREHEEZFEBREETIERT 29.95% (P>0.05),
69.83% (P>0.05). TIZE+ B RETH (= THHEHEERIN), KRB EER
FrRE, HRAEREHER.

% 5"_ e e ——————— e

s " O *
N D 7 2 Bk
O CER

2 &= TR H M
ST mEAY

#

FowE T Tl

B 14 ZFERENE
Figure. 14 Maltase activity
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JLA Y BN S SAMTDAT 3 R Kb RE . B 45 0 5 ) B K MU T B
F4 _BERBEEU/ mg BA )
Table 4. Disaccharidase activity (U/mg protein)

T H akia
A S REREA ABERESR S TEEWmEA  Ked
+ _$5la
SRy 7.68 8.75 10.01 13.39 10.70
+1.39 +1.30 +1.03 +3.53 +3.83
RV 5.04 4.12 3.49 6.06 3.59
+1.73 +0.14 +0.90 +2.39 +0.23
X TR 23.03 18.47 21.08 22.98 16.67
+7.48 +2.23 +7.96 +8.35 +2.44
a7
LR 9.30 8.40 3.80 6.46 13.95
+3,87°% +2.86%* +0,82° +1.20° +4.36°
REREBY 6.25 5.68 6.49 7.15 13.56
+1.53? +1.06 +2.29" +1.33° +3.45"
P 29.41 19.17 29.00 25.92 31.98
+5.96 £6.46 +12.95 +9.69 +6.62
=1
3558y 1.08 1.21 0.52 1.19 2.40
+0,15 +0.53%% +0.14 +0.25° +2 97"
i 7.86 8.02 8.35 7.93 11.93
+0.84 +4.22 +3.27 +2,72 +3.28
EEEN 26.58 34.54 25.20 45.14 27.65
+8.12 - +13.78 +9.13 £19.14 +7.69

i FA— T LBEAREETEREE (P<0.05); FHHIRN Y PHEbFRZE.

3.4 JLF4 R X 2 RA B 47 5 M A $8 $R RO 52 g

MR 5 i, REVRHMFERDELREREERW, BXRITFLER
(P>0.05).

3.4.1 M;EREHE
AR RERTFELEEERE (GLU) SEBHARREERKT.
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342 RER

REHAKRER (BUN) IEEMHCNBAES, LUSEBREKANES,
AR T 36.16% (P>0.05).

343 MBFERQ

MERAEA (TP SBRESHBIK), ]
K GLO /TP EX AWK T IE4H.

By

H

(RBHLRHEIE: REASE (GLO)

3.4.4 INEEEHEM
= TEHRHMARA B INEEEALD. @E%ﬁﬁmmﬁﬁrﬁﬁtmﬁﬂﬁﬁﬁ
KB RBYRABS N EBALT). BEEEEAST. ﬁﬁ@mmmm)&ﬂvﬁﬁ '3
%f HE 4 A EL B
x 5. M6+
Table 5. blood measurements
mH HR® -
A BEBRERA  AERE S TRHWMEE  wed
st 7 2 4 B 7.42 6.98 6.73 7.33 6.44
(GLU, mmol/L) +0.37 +().55 +0.49 +(0.48 +0.90
REH 3.65 4,97 4.7 4.15 3.72
(BUN, mmol/L.) +0.13 +1.41 +1.40 +0.73 +(.42
BEA 46.43 45,73 44 47.43 37.57
(TP,g/L) +4.10 +4.99 +3.87 +4,92 +5,94
HREA 12.93 14.9 14.23 13.87 13.43
(GLO,g/L) £3.50 +4.79 +0.55 +1.10 £1.91
REM/MAEA 028 0.32 0.32 0.29 0.36
(GLO/TP) +0.054 +0.075 +0.033 +0.04 +0.053
BN HEE 4433 33.67 40.67 46.33 37
(ALT,U/L) +12.34 +7.09 +12.90 +8.33 +16.09
AEHEENR 7267 63 55.33 81.33 68
(AST,U/L) +26.50 +19.92 +19.66 +8.39 x13.11
WoY W BB 321 265 252 216.67 298
(AKP,U/L) +£97.53 +14.53 +71.34 +89.61 +61.65
¥ A— T EEARERSEZEREE (P<0.05); RPN PIGELFHEE.
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JURP XS B AT PSR R (LR . Wil 5 Y ThBE I MU H S 4 00 B )

REBE R Y MBI RIEL TP —HEBIESETHERE (Wu 2, 1994),
EREZRBARANEEURERFENRSRESEEPRIFEESTENER (Souba

2. 1990). 1135

BT EA BN RS BEHARR R, T84T G kS,

M-S BTSN . B EREL U R A Pt AR T R%.
AMEEDE. BRDMARBREE, BRXEDSPHEBK. LSH#AXGE,

HEL AR,

YORBEREEARRT R, (R HXUBFF A, R ERENE

MABITHFAREE, FHTHEAMEERE4H.

ZTRHMEE —MERETH=RE, 4N (KB Eo@4ERE TR
W, HAXEERANAERESEETR TRELHEHBEEENERE.

AEABAE., EHENR. TRAEEWHESHANDIENEEEFRET.

4.1 JLFPH R X B B BT 3 A e 1 RE BY %2 i)

4.1.1 HEBRE

RE SRR, ERHGTFEERPREM G ffLREKNE ﬁuﬁﬂ R
HEELRAENE, EERKE—ANERER (P<0.05).

Wu % (1996) H 21d FE#TRE, Gln FMAFSTBHA 02%. 06%. 1.0
%, RIMEWMESE—RA, ARFHEN Gn MFEHBE., RHELREREW, £F
TRAEM1.0%GIn BRIBREAE, HARWEMNT 25%@<0.05). X#HFF (1999)
Wit T AR A B EBERT 28d Wi {8 A P2 8RB, Gln KIS INAK 2 74 0.7

%\ 10%\ 1.300

, ERER, ENPESE 1 ARSI 1%Gln 5] RIEE 28 Ol

TR B E(P<0.05), MREREER, ARABRE Gln BIMAKFEEHN 1%.
KRABHERE WusF (1996). X (1999) RyFEAZSLL, B 1%/ Gin 6L
WE RN E AR E RN, FRENDEE-HRTRE, RETTRERR
PHEHHAP Gln FERHER. Go BEEAFTBRETHEER. Wu F(19)HAKR
B, 7€ 29d MKIWAFLEAS, BEILP RS Gin FIRBEZESIEMN, FiF.EI895E 22d
A 29d F.F Gln 4 BHAE] 1.9mmol/L fEARFLA 3.4mmol / L fifEF., & NEAA &
B4 A% 31%5 43%, SRIHTEEMRE. TELEHIRBEARTHENS
ERENERNE, X ERE RN RS AREB Gln RikEHEL

TE, Hr AW

R B0 Gln,

8
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412 AEE. ZTRHHEREESY

REVAHAEBITH B A KEREYRT; IEREAERAMLEREREE LS,
= TRRHMBEERRE — AR EN, HES A A KNS B R HEER.

Piva % (2002) EART RN 03 % FLEEE., 1% =THHmES. 03% A5
BHI%=TRHWE HRESERRGEE (21 A g,
Wifa 14 RIBE SR EEE (19%, P<0.05) B FAME (127%, P<0.01)
AR =T REMBEEEERS, IHEEUERBRBFBFEELAME (65
%, P=0.15) FiE&H; WG 14 K3 42 KEB=TBHMEEFE S R4A48
b R R RA ISR E (-20%, P=0.054) RFEHHME (-34%,

% mFL

P R S YA AR A K RE L £ 0 5 EE HEP>0.05);

IHJ: i

-1

TR H B B E MR TR E (20%, P<0.05). XF=

% SRR LA

P=0.08) By
T EARR R
TEH B FT

PRIV, Piva N2 TEHRIKFEEPE. FTEL, EARAETH=T

MEHMEERKFEEN 0.5%, FLEENN 03%, HNHESYHKERX 03%+0.5%,

MERBEHERKE, HRA

AN O3% I RERAE S AH MMM, 5 Piva

M RMER, ERIHERNRERTESERNAR. HRER, SNREEHES
X. HHF, Piva F(1996)F6 B FLEEEEAE 8 —F BRI 5R) o] LA $ilE

{RHEEARTRN ™S, EERMEEEREST pH ARRWREEP < 0.05), LH

FHIRELRE,

REMALEARTRAB/EARE. AFFENERELSBERaaTEMHEL F
KARHNERABEE, EAZEAARETPHA4TRESY,
PR X TENPFREARTEMIAEEETHSRERFERERERETNAEN
B R E SRR ETR.

£ HRH
TR B A R I (R A R RERI1E
R H it Biei 3

y LRI

BRI 0S% =T B mEBEHE RS KRGS, RAZTBH MESE
1, BERMBENTHH XugERdT=T
AR TEREERERREN RO, RECHTENNERK, HRE

HRHEWIER. TREAABREREAE, LEHRE EXLAERTRNIT

BHXH

G, T

TREFEYER D= TRE MBS, XIHEFRRET M-

=TEH mE s TEESBMNTIEK T BREAA KRB MERRE, TREERE
A RERES B, BT RS 100~300 4%, TEMKEME. =T HEEX
HL-60 A RKFESLER N BA R 4 £, EDPRABMKRARARN BA 1 3~4

f&

PARER

HAAHERSGYHERDHEMRERPFEEREROEA.

U BRI M R AR A 18 F L B — — P R AE R PRI R A KRR TR T E R

LB
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JURM SRR B R DA T 08 AR b Bl . Wil i 5 0 Bl B il B T BT (0 B

4.2 JLM B3 R RA BTN T 35 B L 7S RO B i

WEMARY, HIPHLIBAEES. RESLESER (Homich 2,1973; Gay
2 1976: Kenworthy,1976;Hampson,1986a,b; Miller % ,1986;Cera %% ,1988; Kelly
%,1990,1991b,c; Nabuurs %%,1993; Pluske %,1996a,b), TLIE K/ TE AT LS B
HAHBHERRIL (Argenzio %, 1990; Li %, 1990; Zijlstra %, 1996). Wigi/S 5%
BHEEY, RERY, ﬂﬂ/ﬁﬁhﬁ%ﬁf«nlﬂﬁwﬁﬁ%wt*&:wbﬂéIiﬁiﬁﬁtuﬁ
IR ThRE T %, BEERBTIELKFHEABRAKRR.

ER R EEESHEADREANERRS, 8/ ERELEE. &t
BN BRRI A E N, SERAREA. EFRURNSS . ARET U R M)
TIEX WY B BER LA 5

42.1 8Bk

AR, /M LR ARRER Gln BREMFHE, X5HMEBEARMER
FAWA . Gln BEREE LR e BIUBRRY), R HRERHNE
B AR IR AL 4} . Windmueller £ Spaeth(1974, 1978).7F K K. H. ML BB
FIMARP IR, Gln RHBEATRDOKHEDER. AR Gin 85, 5510
%o Gln FBH L SBUMNGRERM KM . MBS, BREFEBIERRE
Gln), TTMBRfFFEENZBLE, W0 Gn B EMELSE, RT¥IN/ERTHEE
ke ika R

THRNERER, EARPENSEBKATHILNGE 7 RATSHOES.
Wu #1996 REEFEEX—EHEARDTEM 1 %S Bk, JHEWME7 X
TRBERERE . XIE 2002) @il XEREBIHRANEGR. KERF (2002)
i, RGN 1.2% BT BEEINERATETH DNA SR, EX 0 EH DNA
MBEEAREEERW; fJEEENRABEHETIE 35 BRREBREREN 49 HRH
BERE, N TZEHEETHEANEEELCEEZRW. BERESERY, OR
A E AT LI E 35 A ETH T IR AENEERNSEH, B>/ LA
BEiRE. ZRARHEES Wu 2 (1996). XIPE (1999). KRERZ (2002) ME
A, BIAHFHIRGI/NEYE Gn AT EEBBENESS, NEFHENSHWAT)
REFEEEM. BFNARBEN+ iHHHIERHEEHAEM, TREEE
BRI UL ET B A EFH < (Windumeller,1982).

REBEEEIHEEREARESUEERTIREFE. BB ARS
BB E L ERN MRS EREEAN T ERARARSENGEEDRERE
=, B A AR EBE MR R2 O LOTEER". SIHTINERAR
BERGROIRAL T, MAEBEEAMANA. nEELAH EEHBN AL DGEREERTE
W, NSRBI EAMEFIEN G BB ESHNIRRN —MFR.
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422 FLEERE. ZTERHEHELEESY

IBEAM - TREHEENAEES ASHARERE, EXBASRIESBY
WMERPBRAMIET R, MEREWBATRELSMEEEMNERE. XRABNE
RERW, AEEN=—TEHMEN/NaRE (+28E. ©8) BEHT AR,
EFEH LA Mg (NREmERK), MENMNHEER (BB BIH—EH
. MRS IR IFERFENM R FIFRE &GS

BARHIE® (BT HAR/MEMEBHEERERE, Rin, TR
MNEh BREERRER. SARAMOTRER, OREIEKREFEA SCFA
% B e H 461 0 Bl A B O P B B e (Ara-C) FRBIERMBER R 4 . W SCFA ¥4
FHARSYBAMLBEEEETENEA. UEBRKE, BREEEEEE
, MEEEEHREHT4%ZE (Romas &, 1997). &SRR FKH, SCFA fein
BiE b T B (Wilson 1 Gibson, 1997). #GRRERE AKX TRERNY &I
HEE, @RI, 7R TERE, eBRE /NSRS E(Rombean 5F,
1995; Kripke 2, 1989). SCFA {Bu#t/)okt BLaE foisE . S BB S8 EH LG
EIEE BRI, NG A, RS R A R, RIS 2492 RS % (Rombeau
2 1995), R SCFA TUME#HZHM L ZAME®, MBEREASERE (Romas
%1997), B—HH, BHEASFTREMNSZEISBARMPGERAT,

B, IENEPERIEEER TR E —MSmEaEE. BEHEGRG
M EEEIFETF (Wichtershauser, 2000).

43 LIRS R T B B R R 1 A RN

DHOYIERE, MK AhmE L E LA, TOiEsm R e AW >Y
REFEE. EETEHARBHNE, RBmEEER, SOl R _ERKE
R SRR R (BB, BK¥E, 2002). BrLl, WMBEZBEREERAKILSIEF
AyEREELEENER. BEHRE - ERNEE, RRERBYRGLRIE,
s AR . FAUFR A (Siddons, 1972; Uni 1998). mﬁ‘%ﬁﬁw@ B A
S EHER/DNES RN BRYRENERARR.

Siddons(1969)RIETE /DB —FEM A KMo A THRRE, ERFYTRA
MAREREMSN 5% . FHFBEBEC 3.2.1.20). EHMEC 3.2.148)MAFRMEC
32.1.23)% 3 MR EER RS, A RIKARESRE . ORI TR SO N ) SR T B
¥ (Pappenheimer, 1993). FREEIE, MERERER MR RHEEINIE
5 R 2 TR R FD PR RS QS RS M T IR ARCEE . Aumaitre F(1978)IRIE, &
bR N 2 SRR R S AR IRE, AN HRR, REEARRA
&, 2~5 E]ﬁ%%ﬁﬁﬂﬁvﬁﬁﬁfiﬂﬁ T3 SR AR AR B S R, B 10~

i

'ln..'l




IR YRS S A AT S8 K B . Wi 15 1 B % il 26 B B
16 HigA R B =¥ . Gay %%(1976),Hampson and Kidder(1986),Miller F(1986)IRIEIR
EF BTG 4~5 RIVEBOEEEEE R ERT. AN LRSS T ™
B A i B A FLIR B 5 4 B 2 A TE SR B TR B0 4% 40 (Tsuboi 25,1985).

KTV BB &0 R B B B RSt W 3R L s . &
KRBT, FABRVARET R EBENEY, ST NEEREH S
ZABBEE R ERRAER, SEBIEH = TR H R B S
HERE T 29.9% (P>0.05).69.83% (P>0.05), B &Y SHERBIEMIEE T 116.96
“%6 (P<0.05). Dahlqvist(1961){K18 “REBB/EREMILEN B AR A, EERE., =
RN E BTN S B, TIPSR £ B 5 A 7E /MBI BT ER . Dahlquist 25(1963)
ERXRHIFEAMEIMRG P HIEL, BEEIEC MNGERRK, TEEENLEE
BENHAITERRE. FRRMEMORRSTEE SYILEY, + B AEs
B ISR S B T LI RO AR, T R B R RN . ST
HIRERE R T el EFwKkitEUn o R 5RA.

4.4 JLFH IRt 5 5A B 0 4F 2 I R 4 0 B

X UM R IS A K P IR LR E,. WRR & B R E
AR ERUAK, ROV R MBI 8T R EEM (P>0.05).

44,1 MEEBE

WEFEIA, NBEENLFEERGLUSERA®. RRARNEREH,
AIARYI AR GLU S ERETRA, R AT AR #,

442 REH

RERTESRVRNAEN I EL™Y . YARTSEVRSENE, RiEX
RERNWEE, KAREZES, EEQHERENN, SEIRER, LPRE
BABERERNEFHF0LFERER (BUN) REFE. Bk, WwEUH{EEFE

HATEFRRBE PRI LEREREITEAERRAET OB E AR LR
PLEVE A HERR ) R IS HE (Borg #.1987;Malmlof 21988). WA RRHILERE,

X AL M BUN & BB, THRRARH. w8/ FE T g R R 5
ERUENBEEERYE BESENR BARD, LT RELEREERD,
EFEVAERSN ERERORESZRELER, FEMTEHRREERE
REBRZIAHE.

443 MEER

FHEmFEER (TP) Eﬂlﬁfﬁﬁuﬁﬂﬁ“"*ﬁkﬁ, RTEeadimgtns.
HEA (GLO) RIETRMMM S, ﬁ“ﬁ@éﬁﬁﬂ?ﬁlﬁﬁﬁ AR R R
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o B & GLO/ TP ¥R &, #8R W FH B T S PLEE I G55 .
4.4.4 IEMETE

— B R BUE RS TE R E A &: ALT, 8~46IU/; AST, 21~94 IU/L; ALP,
142~891 TU/L; CK, 81~1586 IU/L(FM 5, 1989; /R, 1983). A i E
ff] ALT. AST. AKP ¥FEERETHEA .

(55 W BT I S 38T 23 0 TE A 3 SRS N BUORVE SE AV 8 =77 Tl (Funderburke 55,
1990), HFNETERKTBIETENRS . ARE—RKHEHY, FIEREBEMSE,
SN B K. fFRW T RS NI BE AR REERERE, FREIERH
BELSHBENSBBHERS. TH, FENNEASESSEBERR. N T
TR R N, P A S EFANAEAEA T, BT KERESR, B
S ARG R AR 2 5, WIS R IR L T ERERS . gL E1RE, 135
W S 7 ALT. AST. AKP iEHEZELHIRIEA

(1) PGPSR LRESE AR RER . Hﬁﬁlﬂﬁ%ﬁ%%ﬁzmﬁﬁ

Y B s

(2) LR LT R R R K B NG 1 R S A T R

(3) BT RB/MEBENYRE AR LS BB,

i EREE N R LR = A EASRE RR.

FRR TR THRHMEARTEEBALD. SEREBASTRIFEEIXR
TS, AR RAR TS EMALT). A EEEM(AST). MBI (AKP)
BOIEME 5 3 B A A LR R, BRI R R A R F R FRRE, MAEB.
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| SRR BB DE RN K6, BEBRE—RABER, =T
RHMEAGTRS OMELFREELNBEY, BENSRER TN BoweE
BT RRBHEAREAOBNELRBRFOREKER, BEREE-REER,
2 BRI LA G 7 RNZEBNES: = THH MBS AT 4E&EmLY
MR E: REVMTTHVRMEFENGEEENRALEH, BEHREEE, BK
ISYARVN

3 RRYRNFY TRERSE T ZHRBIAEENEE, BEUKEERESHEEEE
T, MAEBEN=TREMEEXNEHE FEREERA AR AEE.

4 YR MBRTEIR A BEEW.
5 WRYRHNBREEALE —YRERF RS RBENE KT, EFhE

RIS 5ThEe, WEE TN,
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