ST 2015,27(5) £ 1468-1476
Chinese Journal of Animal Nutrition

HTEETEREHEBEXRME Br EEEKM
Eg K R4 sE (E BB 52

TN

B MR 2 B W X W kERS
(A RR S Bl 5 A A BRI BT , S e MR 5000, AL 100103)

B OE, AABRFEIMAREH B ERFE B AR EZRRHAARE RAEHLE = KR
BAARAMIN B AR AR B R R e, AR R 2RO TR FERF R RAG A 32 7 ka5t
RRBEAE | RIERAELRAEZ TR 82T 45 £ H A RSB R A Fo 48 41
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e LAY, REFHERRPARSERIEHARN ERZARAAL, ETHAfkEF
HALR AN R R KR L L3 AR R F £ (P>0.05), # Bt A H R4 HAL
BEREHILRIKTRIRIERAR 2R (P=0.03, EF 24 =0.50%) , 5 & 2 R4 AR 69 B K %4
BEAEN 3 TRRIEHAEEZRMAR(P=0.02, EF 524=1.12%) 123 4 T45 £ H 1L & gom X
MR ERBEAN(EFEAK<1.64%), WLTIL, EH B 2 KGBEKBEHIRIAL F R B E L
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RGARIMTE M B H B EOR AL Br FE P F oK DA
TR B T 9 5 94 4k % (dry matter digestibility ,
DMD) | & fig 14 1k 8 ( gross energy digestibility,
GED) FHR K fif Wy REAH., 2 07 A2 T Ak 7 1 PP e 2
PR LS SR SR R 4R IR 2 2%

1 #MRlER*E

AT 2014 4F 3 F #2014 4 7 H7ETE
b B2 BE AL 5 B SR B A5 B R e E K
L =T,
1.1 AR

A g0 18 FH [) P 3 5% 55 P F oK (KRB 958
K P H B T K (5% maroACC 3R oK) FiikE
Bt K] E K (7 mCrylAc FEH E K ) LA K% 1Y
R K - R FE 5L I BRI AR PR R
K—-ARFE B K GO A % Br BE R EOK —AR 4% BE A
AR, 3 iR R 2 I NRC (1994) 82349 57
T TR E B B, 2 Fh A B PR oK D R ] TR R
FE R FOKR YR | T b B R 22 K B oK R
Hut . ARDREIEURE SR O 43 vk BORE IS, 56 A ]
BB P L 60 B, SEME G5 F-20 THE
2 R ERME S A LR 1, R AR 2 AR
KEFIKF I 2,
1.2 iWigit

AR I R R &R e e LRI 34 B oK

JERLFN 3 AN AR AL 6 R IR AR & AR R SR 5 A
HE HIEE RS,

1.3 HEFREXEREARNTORBELE Z6
i EFNEG Ok R ¥ BE RO E

FHA25 % SDS- 1105 A= T A4, 43 300 2 ¥
FE XS B R 4 T L8 0 T 9 B A R A RE
RN K R RE(E
1.3.1 BB AL i R A o

K W0 FR B 2.000 0 g R R ORE (H5 R 3
0.000 2 g) #| 10 mL 8 1, SR 5 B il 36 PE 0
1550 U/mLAY X & 8 M W, o % & A
20 mLi% [FIRDEHRE  JC 30 55 B B B 3B T 48 10 0
ATEARE T s AR v R 25 0 R R T
T,

05 A T A4S [ R AE 2 WY SDS- T 15 4=
HALAC R GEHLAR I, 3 8 F e e il 19 1 B2z i,
41 CHAM T 4 h, HLE RIS HE K iH bk
BT B B O s E R SR I ik e
65 CHEUAHHHLT 2 TR 5, F7E 105 T
P REHE AT,

W15 77 L B 5 A 3R BRI, B A% B 4
T B FE R I R, JE K 2 B R L 2= e
I, IR0 JBERE A T AL 5% 1 RE s, 9 B DR R
i R T /K I RE A

®1 EREROEAEFRSSESNT(TURERM)

Table 1 Analyzed nutrient composition of corn ingredients ( dry matter basis)

EK Corn
i H
Items AR R F K ¥ Br B EK LR
Non-transgenic corn Transgenic Bt corn Glyphosate-resistant corn
+#15 Dry matter/ % 86.69 88.48 89.37
JAE Gross energy/(MJ/kg) 18.50 18.49 18.49
HMLEE 5 Crude protein/% 7.79 8.49 8.77
HLHE G Extract ether/ % 3.58 3.44 3.63
KUK ST Ash/ % 1.31 1.40 1.27
R PE IR AT 4E Neutral detergent fiber/ % 11.29 11.62 11.86
PRYEVE LT 4 Acid detergent fiber/ % 2.07 1.98 1.88
1.3.2 A iHALEREIE AL A R AR i e N, 342 368 = 51 TG A ) /0 o i B 2 b R/ i O B

i 1l 7 # BE (15 PE A 401.46 U/mL) i E
FIE (3% M0 49.28 U/mL) | BE & B8 (35 4
11.31 U/mL) RS /Naw . 758 BiE e sl

ZE MR, I i SDS- 1T 4 i il 4% 76 4 AN 1 Ak vh
M2 mL BN, 41 C 54T /N RT B Ak
7.5 hFI/NG JG B4k 7.5 h, L4y B A B B
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Table 2 Composition and nutrient levels of experimental diets ( dry matter basis) %

1A ¥R Diets

i H

Items

AR 2 DA K T

T Br LR £ K PUREH B K

Non-transgenic corn diet Transgenic Bt corn diet Glyphosate-resistant corn diet

JE Bl Ingredients

JEFEH A F K Non-transgenic corn 61.70
% Bt 3 [N £ K Transgenic Bt corn

YU H B E K Glyphosate-resistant corn

JE#5 L[N B 44 Non-transgenic soybean meal 26.20
B4 3 K K 5l Non-transgenic soybean oil 1.00
A # Limestone 8.10
PR S 45 CaHPO, 1.50
DL-EZ 8 DL-methionine 0.30
frh NaCl 0.10
Sk AHTH Choline chloride 0.10
iRkl Premix 1.00
41t Total 100.00
377K Nutrient levels

+4% & Dry matter 91.42
JLHE Gross energy/ (MJ/kg) 16.51
M 5 Crude protein 18.16
HMIEW; Extract ether 3.48
HUK) Ash 14.61

61.70
61.70
26.20 26.20
1.00 1.00
8.10 8.10
1.50 1.50
0.30 0.30
0.10 0.10
0.10 0.10
1.00 1.00
100.00 100.00
91.84 91.46
16.57 16.46
18.33 18.21
3.48 3.66
14.32 14.99

TR AL R B T 52 i A $2E The premix provided the following per kg of diets: VA 12 500 IU, VD, 4 125 IU, VE 15 IU, VK,
2 mg,VB, 1 mg, VB, 8.5 mg, VB, 50 mg, M & nicotinic acid 32.5 mg, VB, 8 mg, 4 ¥ & biotin 2.0 mg, "R folic acid
5.0 mg,VB,, 5 mg,Mn (as manganese sulfate) 80 mg,I (as potassium iodide) 1 mg,Fe (as ferrous sulfate) 60 mg,Cu (as

copper sulfate) 8.0 mg,Zn (as zinc sulfate) 80 mg,Se (as sodium selenite) 0.3 mg,

1.4 HIELAEBSSEITHH

HR 4 LR 2 58 2 BEML I T, B SAS 9.2 X} 2 Fif
e L R T K R Al M 43 ) 5 L R XT BR2H S i) gk A
R P ¢ K5, F MEANS 55 X 36 R 45 1 i ik 47
8. HH P<0.05 h2ER B E,0.05<P<0.10 #4
BT, RV Eebr 2" TR, Hh %k
Pt A AL .

DMD(%)=1[ (M,-M,)/M,]x100;
GED(%)=[ (GE,-GE,)/GE, ] x100;
EHGE=(GE,-GE,)/(M,x1 000) ,

K. DMD F A BHE SN T AR (%) 5
GED A& sh S 6 4L % (% ) ; EHGE J ) K}

RSB K i B BE M (MI/kg) s M, R ERELRLT 4
iR (g) s M, ARWEMBRE TR ER(g);
GE, N EFEA R B AE (1) GE, IR T L3R A
AE(T) .

Jo By T 9 B AR RRE T AL 3R S 2 A
EWAE S E B 2%

2 & R
21 HEEFEFEEIMEXREMBTFUERBELE,
BREIH 1L R AN ERIK R D E

TR SIS R] PR A e 56 P B 0K po s 1 B &
KL Br BN LK B MBI (%
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3), %% Br e N £ K (5.18%) Pt & H B £ K
(6.01% ) 5 RIEARFE FE P £ K (5.54% ) M H e
TYFIHA R LR B EEER (P>0.05), 1
AL E T RH A T, % Br LR E oK T4 BT
LR (78.10% ) SAEFE R £ oK (78.88% ) M HL %
A REMEZER(P>0.05) , PLE H B LK T 9 FH
B3R (77.92% ) 55 AR5 3 R T K AR H I A sk /) 1)
F(P=0.06), HMWHEWER 2.58%, 2 F REH
0.86% . 3 i £ K i T 9 5 8 Ak 3R A8 b v B oy
71.91% ~73.34% .,

2 FREEIEI TR E BB R SRR A
KA H 8 B A B R 22 5 (AR AR VS
11.35%~11.78% ,P>0.05) , 5 [FFEAEFE I H £
KA WALE BRE T AL R (84.54% ) M HE , o v H b
TR (84.32% ) WA R % 22 5 (P>0.05) ,
B Br LR E K (83.78% ) W) i FAX TR £
K(P=0.03), i HEW2ZEN 1.68%, %F 5 RN
0.50% ., 3 F £ K i 19 68 5 15 b 5 A48 1k 75 16 ) oy
72.00% ~73.15% , 2 Flvik 5 PR 3 oK A it 7K i 90 g
SRR R EOR AR A B 22 7 (& fkye
FEl 15.55~15.66 MI/kg, P>0.05)

22 HEFEEEIMEXRARBTFURELE,
HBEH L EFNEG K AR BE(E

FEAAR SR UL ] 5 A 55 56 PR R B R | T B H
il 5 KRR RN 5% Br 3 PR T K T AR A XS B RN 42 7 1k
BT (£ 4) 5 Br FEH E KGR (23.19%) |
BUAH B oK AR (23.83% ) 5 Rl R AR RS BL K oK
Tk (23.29% ) M LU AE E T BUIH AL % 3338
FVEZESR(P>0.05) , 2 Bl 56 I B KGR AR Y 4291
AR TE T 53 A 23 5 [ Y5 A i 2 R 6 K KR A L
WA 8% 2 5 (A2 Vel 68.30% ~ 68.88% , P>
0.05) , M9 53 1L R A2 4k S5 Bl ok 45.05% ~
45.18%

B Br FEN B KRR (19.57%) BLi H £k
T R (20.66%) 5 [A) U8 9E 7% 36 R oK R AR
(19.58% ) tHLLAE B S RETH AR 1 B i 1k 22
S (P>0.05) , 2 Pk 3 PR35 KGR A 4 T Ak
AE T Tk 2 5[] VR Al 7 35 DR e oK AR MR AR HE e i
HE R (AT 70.48% ~71.63% ,P>0.05) . W

FRIRE T2 71 AL R AR AL VE BBl R 50.29% ~ 52.06% , it
FH R R KRR Y il K A% P BEAEL (10.61 MI/kg)
SRR AR 3 T E KRR (10.57 MI/kg) I
FEF(P>0.05) % Br H R KA R Y B K i@ 4
REMH (10.83 MI/kg) W W =& =5 T %F BR 3 OK 4] fR
(P=0.02) fHM #1224 0.35 MI/kg, 28 55 R 4L
H1.12%.

3 i i’
31 BREEEXNEFHSRESH

BB K AR 2 e VEPEAN 158 — D RE &
KB E I LA 1 0 A, A 2 T ) )RR RN O R Bl
Yy i) Bl o A6 26 B P A H B oK §E Br
FE PR K DL R R 5 [ Y A B 2 DR K R} A ]
FRAE R RRE AR o & i b B AR, X5 30k
8 1 2 5 DR R K 5 R 2 R D R KR R ARE 8 B
FEAM—E 2 Walsh 25101 3By 6 W 54 Br
e DA K R RI IR R 4 JE DR K R T 78 IR 4 Pk A &
ARV VE M & TR B G Ak, F A A AR
Iy B R A B A A )l M. Mcnaughton
U0t e BT H B R OK S L R VR e S R K
HARRIAE IR U0y, e 5L K 7E 5 [ IR 7%
FE PR K B LR o 5 i B R AR (R
&R 7% 43 BOE WA N 22 57 X A i By
75 508 1 23 50 W e R DR R OK DL ROARIRR 1Y 57 43 2
W, AT FEAE TSN T 9 BT AL 3 | B RE T 1k 2R R0
g 7K i Wy re AR — 20 I 4307
3.2 HERFERFHUMNITE

N K SR K R i 0 AR I AR R NE , 5
(] 58 A 2t 5 PR R K ARDRR AR L, B B B K ] fe
TEATH A B T4 BT A % | RE &1 1k 5 F g 7K
fEReEA MR, SREIEEERN
KAH F, Bt H B oK DUk Y RE =1 Ak 3R K
P RRE I AT 22 5, 2 IH A0 18 T4 B i 1k %
FEMAE A AR R a3 Wi FE Br B& IR 5K K T M
55X} BB F oK S AR R[] 1 742 S R A4 AL 7E SDS- 11 Y
L EZ N (B 53 2 <1.64%) , 51T 2 L I
(R B R R 3 AT e R U T 05 AR TH A R e A B 1
iR,



27 &

1472

: : . : . : =00 e =na (3V/IN ) /aDOHE
Stall] 650 L0 €ro 1S°0 €0 0L'0F99°S1 90°0FSS°S1 60°0F09°S1 30 (44
L6°¢CL 00°¢L SLeEL unsajuy
: : . : . : e Nzor- N 1081 9ANSITIP [BIOL
891 650 €S0 891 050 €0°0 ¢S '0FeE 18 €€°0F8L°¢8 8V 0FPS 18 AL
€8°1 SOV 06°0 9¢'¢ [ARY) 4] 6C¢°0FSE 11 9L 0F8L'11 99°0F6¢'T1 yoewol§ H
%/QHD sk} LY
16°1L ¢6'GL veEL unsajuy &
: : . . . : = =T o 1081} SANSITIP [BI0],
86°¢ 98°0 90°0 €8°1 ¢80 0r°0 99°0%¢6°LL 79°0F01°8L 0L°0¥88°8L B LS
8L°C €L°ST €70 60°1 09°S ¢lo 6L IF10°9 GE0F3L'S 1¢'0FvS°S goewols
%/ANQ 35 ) L -1
a3uey UOHEHEA anfeA-4 auey UORELEA anea-4
JO JUAIIJ0D) JO JURAIIJ0D) u10d

* W+ Hd L WE3E =T B d JuR)ISISAT o> i UI0d JTUdZSuLI-UON
w109 Jue)sIsaI-aesoydA[3 w10 g oruagsuen -o1esoyd4A[H oaBsuTLL, N [ 5 e sw
“SA UIOO JIUQSSUBRI-UON "SA UIOD JIUQZSUBRI-UON ¥ H g KT 3 H ¥ix

HCE S H wr M S KCE BT HE LA G 54 TSA NCE I T S

sisATeue onsneIS |16 9 X% SIULIPAISUL WIOD) {5 i( K T

% SjuaIpaISUl UI0d Jo FOHH pue AIqnseSip A310ud ssoid pue 1opew A1 € 9[qeL
B N Bi g s Y B W R G kB K E € %



1473

PG A D7 AR IR E BT H R KR AN Br B IR K A K i ) BE (EL RO AT 52

5

620 (Uit SL°0 S€0 cl'l 0’0 €L'0F19°01 S0'0F€8°0L 9L'0FLS°0L (BA/IN) /2OHE
)2 g >N
62°0S 90°¢S 06°0S unsajuy &
. . . . . . IR SO o 1081} SANSITIP [BI0],
L1E [ €S°0 86'¢C YL 020 68°0FS6°0L 18°0F€9°1L 60" TF3¥°0L AL
0c'¢ 85V (0] 961 €re 86°0 9L'1+99°0¢ 79°0FLS 61 6S°0F8S°61 yoewols H
%/AdD =3 FLBETY
S0°SY 1Sy 81°S¥ unsauy &
. . . . . . OO G R 1081} ARSITIP [BI0],
66'1 L6°0 L0 S€0 680 99°0 98°0¥88°89 §2'0+0€°89 YL OFLV 89 BT
88'1 STd 610 OL'T ¢Sl L9°0 99°0F¢8°€¢ 0¢'0Fo6l°¢e 97’ 0F62°¢C yoewols H
%/ANQ w5 A L -1
J3uey HORELEA anfeA-4 J3uey HORELIEA anea-4
. Jjo EoEEo@U Hd 2 JO JUAIDIJI0D B d uI0d woo 1 oo
Z % T o JUESISSL oruogdsuel], oTuagsueI-uoN
U109 Jue)sIsaI-aesoydA[3 w10 g orudgsuen -ojesoydA[H ’ : Swa
*SA UI0D OTURSSURI)-UON "SA UIOD OTUAZSUBI)-UON W H g KEEMTE I 3 ACEMTES H e
KCE S H U SA SKCE AT 3HE HCE T /G 34 SA NCE M TSR
sisA[eue onsnels |4 Uz 4% SI9IQ W [}
% S19Ip WI0d Jo gOHH pue ANiqusadip AS10ud ssoid pue ropew A1 9[qel

Bl BN Bz S N G LK E v



1474 B oWoE R Rk 27 &
R TH A 5 e B 5 0 BRI A R PR K A R 1-8.
KA 0 H B R AR B 724> (A WL MiE [ [ 2] FLACHOWSKY G,SCHAFFT H,MEYER U.Animal
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452 ) _ Aulrich %:]g] AT Br 5L ok of feeds from genetically modified plants: a review
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sicherhei 3):179-194.
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S ALz, N Y o Al s 0
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R FERT YRR A 25, B2 E e 142-161.
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Evaluation of Enzymatic Hydrolysate Gross Energy of Glyphosate-Tolerant
Corn and Transgenic Bt Corn Using Simulative Digestion System

ZHONG Ruging CHEN Liang GAO Lixiang HUANG Qinghua LIU Lei ZHANG Hongfu”

( State Key Laboratory of Animal Nutrition, Institute of Animal Sciences, Chinese Academy of
Agricultural Sciences, Beijing 100193, China)

Abstract; The objective of the present study was to evaluate the energy value of the glyphosate-tolerant corn
and transgenic Bt corn or the glyphosate-tolerant corn diet and transgenic Bt corn diet comparing to the isogenic
non-transgenic corn or diet using an in vitro digestion method with computer-controlled simulated digestion sys-
tem (SDS). It would provide a reference to develop in vitro method for evaluating the nutritional substantial e-
quivalence of genetically modified crops using the SDS. A single factorial completely randomized design with 3
corn ingredients (isogenic non-transgenic corn, glyphosate-tolerant corn, and transgenic Bt corn) and corre-
sponding 3 corn diets (isogenic non-transgenic corn diet, glyphosate-tolerant corn diet, and transgenic Bf corn
diet) was adapted. The digestion in the stomach and total tract were simulated respectively. The in vitro dry
matter digestibility (DMD) , in vitro gross energy digestibility (GED) , and enzymatic hydrolysate gross ener-
gy (EHGE) were determined of corn ingredients and diets. The results showed that the nutrient concentration
was similar between the corn ingredients and diets. As a whole, the gastric and total tract DMD, the gastric and
total tract GED and the EHGH were not affected by the corn ingredient treatments ( P>0.05). However, the
GED of transgenic Bt corn were lower than the GED of isogenic non-transgenic corn ( P=0.03, coefficient of
variation=0.50% ) , when the EHGE of transgenic Bt corn diet were greater than the EHGE of isogenic non-
transgenic corn diet ( P=0.02, coefficient of variation=1.12% ). But, above two coefficient of variations were
all less than the coefficient of variation of feed ingredients using the SDS ( coefficient of variation<1.64% ).
These results suggest that in vitro gastric and total tract digestibility of dry matter and gross energy for glypho-
sate-tolerant corn is similar to that for isogenic non-transgenic corn, with transgenic Bt corn has some statistical
differences. These differences are all within the test error of the SDS, via next animal testing test and verify.
The SDS may supply a new method for evaluating the nutritional substantial equivalence of genetically modified
crops. [ Chinese Journal of Animal Nutrition, 2015, 27(5) :1468-1476 ]

Key words: transgenic maize; in vitro gross energy digestibility; in vitro dry matter digestibility ; enzymatic

hydrolysate gross energy; simulative digestion system
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