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Effects of Starch with Different Digestion Rates on Dietary Energy and Protein

Utilization in Broilers

TIAN Kai, YE Xiaomeng, REN Cong, WANG Yuming, XIE Jingjing, ZHAO Feng"
(State Key Laboratory of Animal Nutrition and Feeding, Institute of Animal Science, Chinese Academy of
Agricultural Sciences, Beijing 100193, China)

Abstract: The objective of this study was to investigate the effects of starch with different digestion
rates on dietary energy and protein utilization in broilers. Eight dietary treatments from each of 4
starches with different digestion rates including cassava starch (k;=4.29 h '), wheat starch (k,=
2.51h "), corn starch (k;=2.55 h '), and pea starch (k,=1.03 h™') combined with soybean meal
or corn gluten meal were arranged in a single-factor completely randomized experiment. In the study
on the effects of starch with different digestion rates on nitrogen retention and metabolizable energy of
diets, a total of 192 Arbor Acres plus broilers of 22 days of age with similar body weight (BW=
1 050+6 g) were selected and randomly assigned to 8 diets. Each treatment contained 6 replicates of
4 broilers in each replicate. The energy metabolizability and nitrogen retention rates were determined
for diets fed to broilers aged 25 to 28 days. In the study on the effects of starch with different digestion
rates on apparent ileal digestibility of starch and standardized ileal digestibility of amino acid (SIDAA)
of diets, a total of 432 Arbor Acres plus broilers of 25 days of age with similar body weight (BW=
1270410 g) were selected and randomly assigned to 8 diets and a nitrogen-free diet. Each treatment
contained 6 replicates of 8 broilers in each replicate. The apparent ileal digestibility of starch and
SIDAA were determined for diets fed to broilers at 28 days of age. The results showed as follows: 1)
In the starch-soybean meal diets, the apparent ileal digestibility of starch in diets of moderately
digestible starch (wheat starch and corn starch) were greater than these in diet of rapidly or slowly
digestible starch (cassava starch or pea starch) (P<C0.05). The apparent ileal digestibility of starch in
rapidly digestible starch (cassava starch) diet was greater than that in slowly digestible starch (pea
starch) diet (P<C0.05). The diets of rapidly or moderately digestible starch (cassava starch, corn
starch and wheat starch) had greater energy metabolizability than slowly digestible starch (pea starch)
diet (P<C0.05). Starch with different digestion rates didn’t significantly affect the SIDAA of soybean
meal. The nitrogen retention rate of corn starch diet was higher than other 3 starch diets (P<C0.05).
2) In the starch-corn gluten meal diets, the apparent ileal digestibility of starch in diets of moderately
digestible starch (wheat starch and corn starch) were greater than these in diet of rapidly or slowly
digestible starch (cassava starch or pea starch) (P<C0.05). The moderately digestible starch (corn
starch) diet had greater energy metabolizability than diet of rapidly or slowly digestible starch (cassava
starch or pea starch) (P<C0.05). Compared with rapidly digestible starch (cassava starch) ,
moderately digestible starch (wheat starch and corn starch) enhanced the standardized ileal
digestibility of 13 amino acids and total amino acids in corn gluten meal (P<C0.05). However, no
statistically significant difference was observed in nitrogen retention rate across diets with different
digestion rates of starch. 3) A significant linear regression relationship between apparent metabolizable
energy or nitrogen-corrected apparent metabolizable energy and digestible starch and metabolizable
protein was observed in the 8 experimental diets (P<C0.05). The dietary energy metabilizablility and

total amino acid digestibility decreased as the increase of the ratio of starch digestibility to total amino
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acid digestibility (P<C0.05). In conclusion, starches with moderate digestion rates (wheat starch,

corn starch) have higher ileal digestibility of starch and dietary energy metabolizability compared to

slowly digestible starch (pea starch). However, when rapidly digestible starch (cassava starch) is

combined with rapidly digestible protein (corn gluten meal) , the ileal digestibility of starch, dietary

energy metabolizability and amino acid digestibility in broilers is reduced. Generally, the ratio of

starch digestibility to total amino acid digestibility is negatively related with the energy metabolizability

and amino acid digestibility.
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Table 1 Composition and nutrient contents of the experimental diets (air-dry basis) %
TE A - SR )RR TE 53 - A 11 )
Starch-soybean meal diet Starch-corn gluten meal diet
M H - — AR
i A Nz K i 5 A N Tk P Nitrogen-
Item TEB TEB TE B TE B TE By VE By ) TR frec diet
Cassava  Wheat Corn Pea Cassava  Wheat Corn Pea
starch starch starch starch starch starch starch starch
TR KL 41 % Dietary composition
JEH Starch 47.45 47.45 47.45 47.45 63.53 63.53 63.53 63.53 59. 80
M1 Soybean meal 44.70 44.70 44.70 44.70
T K I Corn gluten meal 32.20  32.20  32.20  32.20
23l Soybean oil 4.00 4.00 4.00 4.00
W% Glucose 31.50
214 # Cellulose 4.20
T2 & %5 Dicalcium phosphate 1.78 1.78 1.78 1.78 1.93 1.93 1.93 1.93 1.90
£ %3 Limestone 0.77 0.77 0.77 0.77 1.04 1.04 1.04 1.04 1.30
F AL Sodium chloride 0. 30 0. 30 0. 30 0. 30 0. 30 0. 30 0.30 0.30 0. 30
T AB%K Titanium dioxide 0.50 0.50 0. 50 0.50 0. 50 0.50 0.50 0.50 0.50
iR K Premix! 0.50 0.50 0.50 0. 50 0. 50 0. 50 0. 50 0.50 0.50
A1t Total 100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00

(BTl

Carried forward)
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(£ 1 Continued)

TE B - TR R TE M - K B R AR
Starch-soybean meal diet Starch-corn gluten meal diet
Wi g — SRR
I A% ME EK O WE A ME EK BT Niegen
Item TE Ry TE Ry TE R TERY TERY TERY TERY TERY free diet
Cassava  Wheat Corn Pea Cassava  Wheat Corn Pea
starch starch starch starch starch starch starch starch
H 37K Nutrient levels®
T ¥ Dry matter 92.02 92.42 92.02 92. 20 91. 35 90.75 90.78 90. 21 94. 34
FLZE (M 5T Crude protein 20. 31 20. 51 20. 45 20. 50 20. 34 20. 53 20. 48 20. 28 0.51
HLAE W5 Ether extract 3.88 3.90 3.89 3.91 0.37 0.39 0.39 0.43 0.03
BEH Total starch 44.15 45.09 45. 81 45.49 66. 49 64.12 62. 60 63.62 —

MAB/(MJ-kg ') Gross energy  17.16 17.26 17.16 17.17 16.76 16. 82 16. 82 16. 60 15.06

W75 & FE TR Indispensable amino acid
MR Arg 1. 317 1.313 1.336 1.429 0.565 0.578 0.579 0.572 0.003
4 %= R His 0.510 0.487 0.494 0. 505 0.409 0.419 0.414 0.413 0.003
S E R Leu 1.494 1. 469 1. 486 1. 564 3.283 3.378 3.304 3.268 0.021
SESL R e 0. 848 0. 836 0. 852 0. 906 0.724 0.745 0.735 0.728 0. 006
W Lys 1. 181 1.169 1.177 1.230 0. 287 0. 302 0.310 0. 307 0.046
A Met 0. 240 0.239 0.243 0.252 0.437 0.449 0.441 0.438 0.004
KN Phe 0. 987 0. 956 0.963 1.023 1.213 1.251 1.226 1.211 0.003
IR Thr 0.773 0.771 0.779 0. 820 0. 656 0.671 0.665 0. 660 0. 007
R Val 0.928 0. 892 0.920 0. 958 0.854 0. 878 0.873 0. 858 0.012

Ak 77 IR Dispensable amino acid
KA Asp 2.329 2.303 2.334 2.422 1.188 1.220 1.219 1.212 0.022
22 53R Ser 1. 008 1. 008 1.012 1.064 1.043 1.065 1.054 1.041 0.012
B &R Glu 3.985 3.975 3.627 3.798 4.548 4.668 4.576 4.546 0.048
HAR Gly 0.841 0.837 0. 849 0. 887 0.522 0.537 0.537 0.532 0.008
AR Ala 0.839 0. 840 0.850 0. 886 1.848 1.895 1. 860 1.835 0.016
AP ER Cys 0.294 0.291 0.309 0. 306 0.343 0. 358 0.341 0.341 0.021
i &R Pro 0.951 0.961 0.964 1.011 1. 808 1.876 1. 846 1.833 0.023

BEIEMR TAA 18.125  17.947 18.195 19.061 19.728  20.290 19.980 19.795 0.255

LR R Y AT T AR R R AL VA 6 000 IU, VB, 2 mg, VB, 6 mg, VB 4 mg,VB,, 0. 01 mg,VD, 1000 IU,VE 15 IU, VK, 0. 5 mg,
H: ) % biotin 0. 2 mg, M iZ folic acid 0. 6 mg, D-7Z ik D-pantothenic 10 mg, #H & nicotinic acid 35 mg, Cu (FilZ4]) 8 mg,Fe (#i
% W2k ) 80 mg, Mn (Bifi2 4% ) 100 mg, Zn (BifR%E) 80 mg, 1 (WLALHF) 0.70 mg, Se CEAN R #4) 0. 30 mg, & L IHH choline
chloride 1200 mg. *. ML F BT HLUIE I B3R |5 HE B 2 R D 9 I i

'. The premix provided the following per kg of diets: VA 6 000 IU, VB, 2 mg, VB, 6 mg, VB; 4 mg, VB,;, 0.01 mg, VD, 1 000 IU,
VE 151U, VK, 0.5 mg, biotin 0. 2 mg, folic acid 0. 6 mg, D-pantothenic 10 mg, nicotinic acid 35 mg, Cu (as copper sulfate)
8 mg, Fe (as ferrous sulfate) 80 mg, Mn (as manganese sulfate) 100 mg, Zn (as zinc sulfate) 80 mg, I (as potassium iodide)
0.70 mg, Se (as sodium selenite) 0. 30 mg, choline chloride 1 200 mg. *. Crude protein, ether extract, total starch, gross energy
and amino acid contents were determined values

[\ 7 P & R & 2 B GB/T 18246—2019 1Y 1.6 HEAXREZITHH
AN

Ik, LA A sl & LR 3 A A (H 52 L-8900, H A%) EN S A A S N B 7= W (1
TS 5 ) R % [ i £ B O 7 /| 2 IR AOAC 925. 10 AME(MIJ-kg ' DM)=[1a £ A & (kg DM) X

By 3 0 5E o TR EBE(MI kg ' DM)-HE Y & (kg DM) X HE it
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Y ERE(MI-kg ' DM) /1 EHE A & (kg DM) ;

AMEn (MJ-kg ' DM) =AME (MJ-kg ' DM) —
RN X 34.39(MJ/kg DM);

TR AT E (% DM)=[ & A& = (g DM) —
HE ) A it (g DM) /& A& & (g DM) X 1005

TE M B 2 U BT g 9 Ak R (0 ) =100— [ B BE IE
e B (mg-kg ' DM) X fa #g TiO, i & (mg-kg '
DM) J/[ il 4 38 45 % (mg-kg ' DM) X & g TiO,
W (mg-kg ' DM)]X100;

TR T AR (%) =100— [ B BE &
FER W E (mg-kg ' DM) X fal 4 Ti0, ¥ B (mg-kg '
DM) J/[ ] # 24 H BR Wk FE (mg-kg ' DM) X & 5§
TiO,# )% (mg-kg ' DM) ] X 100;

To R A AR N TR PE R I it (mg-kg ' DMID) =
[ IR ¥ (mg-kg ' DM) X fi@ B TiO, ¥ J&
(mg-kg ' DM) ]/ TiO, ¥ ¥ (mg-kg ' DM);

P 1m0 i 2 5 2 T Ak 38 (06 ) = 2 BE 1R 3R WL [
JaiE A (26) + TC AU P IR PE S R R U i (mg kg
DMI) /b 2 LR Wk i (mg kg™ DM) X 100,

K SAS 9.4 ff MEANS # He 31 55 3 A& 45 11
o 38 B GLM A 43 B AN 5] 9 £k 5 B 14 E oy X 4]
M AME TR TE #0846 %, DL K ok A
F oK & FOF SIDAA B 5 W, JF Sk H LSMeans
Student’ s T-test ¥ F I #F7 £ & L & . i 1o
REG 20 B4 2 AME . AMEn %t a] i1k 9% 73 & &, fig
AR R AR R b ME 1] i 3 AR R T VE R T Ak
o/ BEFER I E LRI AL, L P<<0.05
RREZEFWE.

2 & R
2.1 AEHEWIEE KT XT AG R E 4 Rk e
PriE R R LR ERIF RN

Y 2 2 ) 0, 7R TE M - RORIVRR R, /N 22 B AN
K VE M A R A T A 3 0 [l B T Ak RO B 2
S, B3 S TR B UE R MBI 5E R R R (P<<
0.05) o A S V&M 1) B 1) 2R WL [l Bz W Ak 3 1 2 s T
Wil & UE B A R (P<Z0. 05) o R K JE # 1l AR mT 3 b 3
By O ik 5 R T A 3 TE R AR (P<<0.05) , /hEE
VE B TR I R A VE A R R TR S R A
Wi 5 PE R A KR (P<Z0. 05) , i AR 25 58 #5555
TR AT TS AR TE B A R A S OR B . K S TE R iR
AR K U Y 1 RLAR D5 05 1k R B 3 = TN 22 e R
T R (P<<0. 05) , T 5 8 558 b 4 AR 64 KL IR 17 14 1k

RIWFEMEZES . REEM K TER MBI IE 8
o) K1 R IE k BR D  E  E R T/N 2 E R A R
(P<<0.05) . AZ¥EHFEMRN AME fil AMEn 5 £
KVER AR TG 0 2 e 22 S A 3 | TN VE M
o) AR K B8 N2 T A A R (P<<0. 05) 5 78 2% T8 B T A A
AME Fl AMEn & % = T % 5 3E M A . KM
T AME/GE fl AMEn/GE 5 £ K & ¥ 45 4
TR 22 (L 0 3 R TN 22 U R R N i 0 €
k3 T KL (P<<0.05) o /N2 JE ¥y 1 ML 1) AME/GE #1
AMEn/GE i 2 & F % & 3 B fa i (P<<0. 05) .

FEVEM - FRBE UM R N/ NZ WE R 5 oK TE
93 AR 1 Y UL R i T Ak R TE B E R 2 L (R
3 TR B R RN B T R A R (P<20. 05) . K
E AR 1) B Ry 2 O [ i T Ak R 5 i T T R )
KT . 35 Pk 22 5 o K 0 90 ) R 19 T 9 A 0 A
HE/NEEMERTEEEZE R, A EES T E
KT AN 5238 M AR R (P<<0. 05) o T K 3 493 R 3
T2V DR 04 REL A 5 3 Ak 25 R AT AR AR 7 B
B T/NETER R (P<0. 05) , A 25 3 0y A B A ML
05 1 A 23 RURT S AL R 7 B B S NAE TE R R ORTE R
B VE M IR R TE W 25 . B ORTE R R R Y
AME } AMEn 5 /Nz & fy i) B OC i 35 vk 22 55 (0 &
TR S UE M R RN B 5 UE R R (P<Z0. 05) o
/INZZ E B R AME (2 35 1 F 3 5 08 B TR (P<<
0.05) , AMEn i 2 {5 T A 5 32 ¥y 1) K2 F0 5 &2 0 3 1)
M (P<<0.05) o £ K ¥ B 1A M 1 AME/GE &
AMEn/GE 5/ E iAo FM 2% 0 R
o T A S R B 3 T A AR (P<Z0. 05) , /N AZ
TER AR B AME/GE 5 HoAth 2 4RI R 22 57 A8 1 3%
{4 AMEn/GE & % & T % 2 3E B Rk (P<<0. 05) .
2.2 AEBEAKEEMEMTSHMEREQBR
EOmEERENLENZN

HY 3% 3 AT, A [ 3 Ak 3 BE 0% 3 # % 52K 1
SIDAA e & JE 2 11 Ak R T nl 1 A B 2 L 1R 75 i 1
TG 2 PESE  , OK U M A R 9 20T AR R K mT AR
WOHLE B & B E e T H A 3 E R R (P<
0.05) , A2 JE B 1m B i A DU R 10 2 8 T/ &2 T8
B3 AR (P<<0. 05) , 1 5 B € B 1 MR TC 1 3 1 2
5o /N R A R S G R T R A R DR R T
BEES . REIER /N TE R BT R R
ARHEAR SRR ENES HRERTE
K GE IR (P<20. 05) o AN [R] 71 4k 3 B2 114 3 X &
K A H SIDAA A 5 & 52 0 (P<<0.05) o A X T
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TE R K TE by A B X B OK R R 9 R R R
AR R E SRR T R E R . 4 R0 Ve 8 (AR
TER VLR S ACHPHLEE A i LR 22 5%

AREVER ,/NETER M EARTER Y B ERE T 1450
FHETR S RS FE TR I AL 2R (P<C0. 05) , 11 B 52 35E Ky
WE R T AR E LR I LR (P<<0.05) . /NE

F2 TRBEXEENESIER-SHNEN-EREONARENELE HEMHELE RigfEERHEE (AME/

GE, AMEn/GE ) i) % 1 ( 28 F B fif)
Table 2 The effects of starch with different digestion rates on digestibility of starch and ether extract, metabolizable energy
and metabolizability of energy (AME/GE, AMEn/GE) in starch-soybean meal diets and starch-corn gluten meal

diets (Dry matter basis)

N[5 A B2 19 U B
Starch with different digestion rates
M ARERER  NEER EkiEH sk SEM o
Ttem g 7 . SV P-value
Cassava Wheat Corn Pea
starch starch starch Starch
VE RS - GOMIE MY Starch-soybean meal diet
VE R WL M T A/ 0 96. 44" 98. 64° 98. 16" 94, 34° 0.33 <20. 001
Apparent ileal digestibility of starch
AL AL TE S/ % Digestible starch 46.27° 48.12" 48. 86 46. 55¢ 0.16 <£0.001
FLIE W 1 6 %/ % Digestibility of ether extract 92.95° 91.12 92.71° 91.80" 0. 44 0.027
[ ENE I / % Digestible ether extract 3.91° 3.84 3.92° 3.90 0.02 0.034
AME/(MJ-kg' DM) 14. 22 14. 06" 14.14® 13. 86° 0.04 <20.001
AMEn/(MJ-kg"' DM) 13. 64° 13.49" 13.54® 13.29° 0.04 <20. 001
AME/GE(%) 76.24° 75.29" 75. 83" 74. 44¢ 0.21 <20.001
AMEn/GE(%) 73.15° 72.27 72.62" 71.33 0.20 <20. 001
TE M - E KR F B AR Starch-corn gluten meal diet
TE oy L [T 1 8 A%/ 0% 95.39" 98. 77" 98. 87 96. 44" 0. 50 <20. 001
Apparent ileal digestibility of starch
AL VE N / % Digestible starch 69.43" 69.79° 68.17" 68. 02" 0. 36 0. 004
HLAE 15 78 6% / % Digestibility of ether extract 7.57% 0.25 24. 34 19.71° 6.21 0.047
[ AR/ % Digestible ether extract 0.03* 0.00" 0.11° 0.09° 0.03 0.045
AME/(MJ-kg"' DM) 15.67™ 16. 02" 16. 27" 15.55° 0.12 0.002
AMEn/(MJ-kg' DM) 15. 34" 15. 67 15.83" 15. 24" 0.09 <20.001
AME/GE(%) 85.43" 86. 45" 87.83" 84. 50" 0.67 0.014
AMEn/GE(%) 83. 63" 84.57% 85. 46" 82.82¢ 0.48 0. 006

[F) A5 Bt b bR AN ) 5 B 3R 28 5 3 (P<<0. 05) , o7 B 8 BARMH ] F 8 R R 2 5 A % (P>0.05) . FIA
Data within the same row with different letter superscripts mean significant difference (P<C0.05), with no letter or the same letter
superscript mean no significant difference (P>>0. 05). The same as below

2.3 HARRHBHEETHELES EERBERRE (R'=0.978, P<C0.01) . P4 X% 1] # g & Ll &

SEBREUEEEMENERASERBELER
ERZ&EXR

PR i) M AR 35 BE 5 T A DE R S RT AR A
Z AR AE 1 3 MM 56 R (P<<0.01, 1) . Tl #
AME \AMEn 5 #] J§ A6 3E ¥ (dstarch) . w] fQ i 8 H
(MCP) Z [a] %y Ial 5 £ A 5 AME=0. 133X
dstarch-+0. 258 X MCP+5. 06 ( R*=0. 972, P<<0.01) ;
AMEn=0. 133 X dstarch+0. 203X MCP+5. 08

(AME/GE) 5 ¥& ¥ 3 1k 2 [a] G 2 56 /e 1 1k % Lk
28 EMLMELR(P<0.01, K 2), ki JE #HH
b2 5 R 03 R T AL R L (A Y 3 e 3 R IR
(P<<0.01).

T 50 TR Y L S R T AL R X S R
MR AR HE 2 B E ML R(P<0.01;
2) Bl e A T8 AL % 5 A 0 3 R T Ak R EL A A 38 in
7 4 35 B AR (P<<0. 01) ¢
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a R=0.972, RMSE=0.20 MJ/kg" DM, P<0.01 b R*=0.978, RMSE=0.19 MJ/kg~' DM, P<0.01
16.50 16.00-
® ®
16.00 15.50-
= ® = .
2 15.50- 2 15.00-
[ [
= 15.00- =
2] =
S 14.50- < 14.00-
<
° /e < -
14.00 13.50 ®
13.50 13.00

13.50 14.00 14.50 15.00 15.50 16.00 16.50
0.133xdstarch+0.258xMCP+5.06

" 13.00 13.50 14.00 14.50 15.00 15.50 16.00
0.133xdstarch+0.203xMCP+5.08

a. A AME 5 AT ALVEA Al fC AR 11 2 (] (9 ] DA b Al R AMEn 55 mT i AR S A L T AQ I 2R 171 22 (] 9 [ I A 2
a. Regression model of AME on digestible starch and metabolizable protein; b. Regression model of AMEn on digestible starch

and metabolizable protein

E1 (AR AME,AMEn St ESSEZEEIFER

Fig.1 The regression models of dietary AME and AMEn on digestible nutrients

a R*=0.780, RMSE=2.92%, P<0.01
90.00 -

85.00 4

3 3
. =
o o
S S
1 1

AME/GE/%

70.00 4
40.001

0.00 T T T T 1
1.000 1.050 1.100 1.150 1.200 1.250
TERE LR S EERIN R
Ratio of starch digestibility to total
amino acid digestibility

b R*=0.918, RMSE=1.86%, P<0.01
95.004

90.004

85.001

dTAA/%

80.001

75.00 T T T T 1
1.000 1.050 1.100 1.150 1.200 1.250
TERHH LR SRR AR
Ratio of starch digestibility to total
amino acid digestibility

a. G R AE At AR 3 5 B R T A 3 B S R AL 5 2 (] A [ DAL S 2 sb A b R R T AL R SR I AR R R LR 2

(71 i ] 4 A5 7

a. Regression model of AME/GE on ratio of starch digestibility to total amino acid digestibility; b. Regression model of total amino

acid digestibility on ratio of starch digestibility to total amino acid digestibility
B2 AREENHEMISEEBREURSEMEALZ REERBALERZAHEIER
Fig.2 The regression models of AME/GE and total amino acid digestibility on ratio of starch digestibility to total amino

acid digestibility

RIS i

PR X8 ] AR T U R Y B A 30%0~40% Z H), H
THAL M AE90% LA B e EEA L RE Y R,
AN TR] F 5 TE B T T Ak 3R Ak B A A 25 R
e P B B UE R IE R 2 AR UE M Y T R &
T AR YR, R R 4 45 B (An C BL AN B
R F iR CRST R R RN 2 5 A L) &6 25 5% i JE
B T AL R ORI 2 10 S B R K /N4

(2~35 pum) , BL4E U By /30 4% 38 By HL M (0. 33) 4%
I, B AR T R E R B (0.43)7 R B TUE M
(0. 45) Hf T 4 38 B /52 B T8 M 09 LM . A BF 5
AR G T R R R T S T R T Ok A
TR K R R 4 E B 7 B AR A v A T A
JEE 1) /N 22 B Ry R0 K B R 04 E B T A R =, HE
T O 5 by ) RS 0 Ak TE R (B S TE ) .
X —HA S Yutste S AR IR A R — B, X EW,
T O TE R Ak R A R T T R TE PROWS T AR Y
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18 T A W A T B PR (R 2 3 ) A2 0 Ak T
¥y (i L UE N ) PR B U8 B / SCHE TE By OB &, 3 3K
T UM IEA R, Z B4 5 Ma % F Zhou
AT R 4 R —F

T, i U0 SR i G DE 0 T 1k RE X i U 3
b 5% ), AR T Ak B9 T8 M 8 S T kI e A 1Y
el 4 IR U R R MAC A I YRS T R 2 B A4 P 1)
Jig BT AR B, G v bR O Ak SE B b TR TR A AL
it . <. Tk I A B2 0 G 09 76 M e mRNA JKSF-, DA
TP T A I B K i B WAL e AR g
e 31 YUK P9 18 T Ak % A7 R U R AR RN R B L H T
TR R D R A A 28 B R D A K
S-SR ZE R K B DT A 1 D R D R A
K g 105 18 55 H il 0 B i R D 28 A sk
VR Mg o T A4 0 2K T I 7 T A SR G 2 R A] BE 5
A5 W) 1) R e R A S, WA AR YE A 2R T
LS N YA i o N SR B | ] U e
I 105 7K SF- %o T8 Ak 23R 1 52 ) 27 D TR IR D 45 2
B 5k A XS T AR R A G . XS T AL TE Y
BRI B2y 1. 71 g-kg ' TR A&, 5
FB 24, 1961, AR B R A D A 0
SE 1R D5 3 VLI AL R B AR, AR R K. TEA IR
L E M - RV ERDRR BRI B R AT R i (R
I 4%, KK w0 R AR D5 45k 1 (0. 171%) , B
I, AR 5 488 2 el ] R AL I s 1) 4 O VS £k %8 5 i
BN ERBR AP IR AR B4 REL I D T R SR A 25 BN A
T 91.12%~92.95% ,fHATS 5K WT LAAS /N 22 38 #53 1]
PO U 9 T AL R B IR A 4508 o TTE B - BOK 2R
F A A A HEL G I 5 AR 0. 43 %0 AP, 5 P9 TR BR
PO (0. 17156) M 2= 5/ B ot , G 3R 00T Ak % 1)
I 7 22 N U5 I 458 2 et 5 i 45 R, T A1 A I L AR S
K ABATE R Ge b T A5 4 A R b /0N 22 S M A R ) R
JE 10 T A R A . bR SR SR Tk T bk B
SESZ I T IR T RN AL R R A R R R A
AR 14 43 W SR B i AR AR AL T IR T S5
[ 0 45 &, AT 5 T e 7 0 I A R i — 2B
-

TE B 1 T b TR 6 2 i IR T A R 1Y 5 R Tl BE
AN R 38 b AR PN U 2 R R A A T S R E R U
T T %) 2 B R F T K SRR R T ) R R e
JIN T V1 B 3 28R A T 55 ) 1 6 T 1 WO A, BT e AR
TRBEMRATEALR . Zhou 25 "R 1 B BETER /X BE
VERY LN 0. 2 84 3] 1. 0, PO (8] i <3 4 8 L e

N B R s 3 AN [ s S ED G B R ST
TH 6 1 A S5 3 M3 R0 3 Ak 1 i N E Ry (R UE
¥y /32 BEVE R LA 0. 43~0. 45) , T A6 19 F K vE
Koy /N 22 G Ry (ELBE TE A/ S BETE A HL 81 0. 33) K 5
S0 gy P U5 Sk TR HE i R, DA i A A AR 1Y
SIDAA a1 TG, AR, 3 Fh i 1k i 5 A 3 b
SR B SIDAA TG ik 25 R 5 R PR Y Ak 59 oK 2
TE ARG v 0 T AR TE A BB AR T R OR R R
[ SIDAA . 3% — 45 5 WY, A [ 31 1 2% 3 B A1) i A%
Al 2 5w P R A 3R R K R e AR Y
SIDAA . AR E v, BOHTAY 88 11 5 b R 5E
7 T K 2R R 0 2 F T A R B, R
TE B A Sk e T Ak BE R A W T R OR A R R Y
PR TR L 7R /N B A B & 1Y B B
5 G L R W B B G TR B 0N i I B R R I ik
b N AL 2 0 35 R W L BT 75 O RE R Pl RE RS 7Y
Pk /D T R R 1 W, 5 BT PR T A R S R
FEAR T EOK & FB 9 SIDAA

PR X ORI K B R I AT R £
IR T R o AT T OO A E IR RR A AL, B
SRR UMY 1 5 SR R S 2 S IR o o v T AR
AL, R E AR T EREAHDY
AUUB AT SR . 76 A R T Ak 5 B 1 S A v, v
Ak 1 TR K T B X R R R K R R G U R
RAEBUE ¥ i T H A 3 Ak By, X 2 0T3S i Ak
R A B R A R T R R R Y A D R TR Y R

feftfE . X — AR5 Herwig % Al Liu % 1A 52
LR AL

AR RE A ] M AT 9 Ak E R AT I Ak 7 B AT
O W2 G ROV . SR B e b A e
By (OR BV Ky /N2 U8 b B K TE ) il R 119 438
e T I AL TE Ry (B L TE R ) TR, X 5 Yutste
G IS LA — B ARWFSE T, TSR A VE S -
SRR GG J2 VE R - R A OB I, T AR
oK TE 3 ) MR AL 25 1 T I A E R AT T AR IR 2R Y
e 18 T A Y B ST R R e o S T AR
REAE TH i o X 2 WY, A [] 9 A 3 B8 199 3 o o Ja ik
5106 E B 4 T Ak 2% DL RCRURY ) P 500 5 e 435 RE -

Liu Al Selle™ LA K Sydenham %" 3% F i i -
— A L VE K 5 AR I A R Y L R R 2 E B
558 H BT A Y L Rl B S S AN Y
B R L SR 0 Y VE A 5 AR TSI Al B R
JEE . AR b, R AR R RN L I R T b R B
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4.1 ASTW) I b RE 9 UE B TE PR RS (] fig 1 2 083 Ak
R 25 Ho, v SO Ak TE R (/N 22 UE H R E K
TE BT ) 1 DR JE A T k3R % B AR R T8
AL VE B (3 08 B ) T R o T PR 3 Ak T Ry OK 2 3
)5 EEAEA (EREAR)BCA B BEIT
T AR S A T A R A RE AR R . AR L WE T
b3R5 IR R T L S L (E S RE AR R 2 7
FHE

4.2 TER T Ak B 5 A BT A I kA
T2 T AL R 52 A BN o 8T R TE R (/)
2 VEMY VB OKTEM (B UE R ) X SR B OK B R
(1 SIDAA T 5 35 P 5% mi o B 0 Ak v Ry (OK S50
)X SR SIDAA TC & Mg, H R AR T £ oK
FEABSIDAA. EBAR L MRS BE R
TH AL LU 5 2 B IR b % 2 fodE G .
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