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Abstract: The demand for soybeans in China’s soybean market is mainly from soybeans, soybean oil and soybean meal, and
80% of imported soybeans are used to produce soybean meal. The supply gap of soybeans during the period of tight trade fric-
tion directly leads to a rapid increase in the price of soybean meal, while the recent trade friction eases and the frequent occur-
rence of African swine fever lead to a weaker trend of soybean meal. The large fluctuations in soybean meal prices have limited
the development of China’s feed and aquaculture industry to some extent. Therefore, this article focued on how to reduce the
market share of soybean meal, reduce the impact of soybean meal price fluctuations on related industries, and find low-content
soybean meal feed substitute products that can bring higher economic benefits. Taking live pigs as an example, 28 constraints
were established based on the minimum nutritional standards required for their growth and development. The most critical cost
and expense issues were identified as objective functions, and Lingo software was used to find the optimal solution. Through a-
nalysis and modeling, the most reasonable alternatives under the existing conditions were obtained, and the sensitivity of the
model was analysized to verify its effectiveness. Finally, the promotion strategy of the model was stated.
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Table 1 Nutritional ingredients in the feed formula of economic animals
_ 3R A . BRBRAES FEE R
EH Tk R W A _ [
i H Tk ¢ Calcium HER  #ER Compatible £ih
Wheat  Card Fish  Cotton seed Vegetable Stone
Ttem Maize seed hydrogen Methionine Lysine with Salt
bran  amom  meal meal oil powder
meal phosphate compounding
HALAE
3.85 3.23 405 4.25 3.40 3.44 7.70 0 0 0 0 0 0
/(Mecal-kg™!)

ML R/ % 9.40 17.30 49.90 68.50  44.90 37.80 0 0 0 0 0 0 0
K B IR/ %o 0.43 1.18 3.68 3.99 4.96 2.65 0 0 0 0 0 0 0
HE IR/ %o 0.29 0.49 1.38 1.9 1.27 1. 06 0 0 0 0 0 0 0

SR/ % 0.31 0.54 2.28 2.80 1.39 1.45 0 0 0 0 0 0 0
ERIR/ Yo .06 1.07 3.90 4.95 2.64 2.56 0 0 0 0 0 0 0
R IR/ %o 0.27 0.70 3.13 5.24 1.85 2.12 0 0 0 0 0 0 0
EHIR % 0.20 0.27 0.72 1.92 0.71 0.71 0 0 0 0 0 0 0

KINERR %o 0.43 0.69 2.62 273 2.38 1.53 0 0 0 0 0 0 0
TR/ % 0.33 0.56 1.99 2.88 1.45 1.67 0 0 0 0 0 0 0
AR % 0.07 0.24 0.63 0.72 0.54 0.55 0 0 0 0 0 0 0
R IR/ Yo 0.38 0.78 2.34 3.30 1.90 1.79 0 0 0 0 0 0 0

5/ % 0.04 0.13 0.40 5.34 0.20 0.75 0 35 24 0 0 0 0
W/ % 0.30 0.18 0.71 3.05 1.15 1. 10 0 0 16 0 0 0 0

i R/ % 90 20 60 5 9 7 3 2 10 3 3 0 0

Sl TR/ % 20 0 10 0 0 0 0 0 0 0 0 0 0

S {di /% 0 0 0 0 0 0 0 0 0 0 0 1.0 0.3

Mg/ (Jt-kg™') 1.89  1.65 2.29 10.60  2.37 2.27 7.30  0.32 1.76 18.50 8.20 7.30 0.92
BORDRIR v B R T E B, R,
Data source; China Feed Industry Information Network. The same below.
R2 AEREAREENROEMET R 2.5 HEREMALFERHMEEBNIZITR

REEFHISER

Table 2 Minimum nutrient requirement in feed formulations

for different developmental stages of live pigs

g s E|
ndicator item 20 ~50 kg 50 ~80 kg 80 ~120 kg
WAkAE/ (Mcal kg ™!) 3.40 3.40 3.40
A/ % 18.00 15. 50 13.20
KRR Yo 0.37 0.27 0.19
2R/ P 0.30 0.24 0.19
SICEFR % 0.51 0.42 0.33
TR % 0.90 0.71 0. 54
AR % 0.95 0.75 0. 60
EER/ % 0.25 0. 20 0.16
KNER % 0.55 0. 44 0. 34
TER % 0. 61 0.51 0. 41
TR/ % 0.17 0.14 0.11
MR/ P 0. 64 0.52 0. 40
5/ % 0. 60 0.50 0. 45
W/ % 0.50 0.45 0. 40
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2.6 fRALIEBIMEST

2.6.1 ATFAXMGFARE B AR2HK RIEEIL
AT AN 1 H AR BRECH ) 2548, 5t 50 ~ 80 kg 1Y
T ST LA AR R AR AR -

Y = 1.89X, + 1.65X, + 2.29X, + 10.6X, +
2.37X, + 2.27X, + 7.3X, + 0.32X, +
1.76X, +18.5X,, +8.2X,, +7.3X,,

Hodr, (X, X, o0, Xy ) 3RS A FIOAS ] J50R} 9 T

W, X Xy, X AR R Bk A28k &k k.
FRERA S AR R R B R A L R A
iR R AT A IR AR AT A R P A T L,
X R ) 2R BORZ R R A, B Rt kg T
2.6.2 HREH

THALBEZ R .

3.85X, +3.23X, +4.05X, +4.25X, +3.4X, +

3.44X, +7.7X,=3.4

I RESD

9.4X, +17.3X, +49.9X, + 68.5X, +44.9X, +

37.8X,=15.5

KRR -

0.43X, +1. 18X, +3. 68X, +3.99X, +4. 96X, +

2.65X,=0.27

HAFRAH .

0.29X, +0.49X, +1.38X, + 1. 94X, +1. 27X, +

1. 06X, =0.24

AL AR

0.31X, +0.54X, +2.28X, +2.8X, + 1.39X, +

1.45X,=0.42
SRR .
1.05X, + 1. 07X, +3.9X, +4.95X, +2. 64X, +
2.56X,=0. 71

HAE R

0.27X, +0.7X, +3. 13X, +5.24X, +1.85X, +
2. 12X, +78.8X,,=0.75

FBRARAE

0.2X, +0.27X, +0.72X, +1.92X, +0. 71X, +

0.71X, +99X,,=0.2
ESEN eSO
0.43X, +0. 69X, +2. 62X, +2.73X, +2.38X, +
1.53X,=0. 44
IATRLIH
0.33X, +0.56X, +1.99X, +2.88X, +1.45X, +
1.67X,=0.51
ORI
0.07X, +0.24X, +0. 63X, +0.72X, +0. 54X, +
0.55X,=0. 14
ETERN AL
0.38X, +0.78X, +2.34X, +3.3X, + 1.9X, +
1.79X,=0.52
TR .
0.04X, + 0. 13X, +0.4X, +5.34X, +0.2X, +
0. 75X, +35X, +24X,=0.5
RIS
0.3X, +0. 18X, +0. 71X, +3.05X, + 1. 15X, +
1.1X, +16X,=0.45
WL
Xi+X, + X+ X, + X5 + X + X, + X5 + X, + X
+ X, + X, +X, =1
FEAR:
X, =0.01
X,; =0.003
AR R
0.2<X,<0.9
X,<0.2
0.1<X,<0.6
X,<0.05
X,<0.09
X, <0.07
X,<0.03
X, <0.02
X,<0.1
X,,<0.03
X, <0.03
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Table 3 Summary results
4 JRy e AT it HfH
Global optimal solution Value
H 475G %L Objective value 1. 904559
AT TREL Infeasibilities 0. 000000

AT EL Total solver iterations 3

x4 BTLELER
Table 4 Results of the variables

A5 E Variable $0{E Value AR A Reduced cost
X1 0. 575563 0. 000000
X2 0. 200000 0. 000000
X3 0. 132860 0. 000000
X4 0. 000000 8. 125240
X5 0. 000000 0. 135492
X6 0. 000000 0. 103899
X7 0. 000000 5.464772
X8 0. 020000 0. 000000
X9 0. 058577 0. 000000
X10 0. 000000 16. 740000
X11 0. 000000 6. 440000
X12 0. 010000 0. 000000
X13 0. 003000 0. 000000

xRS MHTENRKEENENE

Table 5 Dualprice of relaxation variables and residual

variables
4T Row At d F Slack or surplus XA 4% Dual price
1 1. 904559 —1..000000
2 0. 000000 -0.009770
3 0. 000000 —-0. 009828
4 0.702416 0. 000000
5 0.208260 0. 000000
6 0. 169345 0. 000000
7 0. 626495 0. 000000

gx>5
7 Row  HAibEGEH Slack or surplus  XFfEfi4 Dual price
8 0. 191061 0. 000000
9 0.293585 0. 000000
10 0. 056327 0. 000000
11 0.031991 0. 000000
12 0. 165606 0. 000000
13 1.708018 0. 000000
14 0.790234 0. 000000
15 0. 000000 - 1. 760000
16 0. 000000 -5. 540000
17 0. 000000 1. 760000
18 0. 375563 0. 000000
19 0. 324437 0. 000000
20 0. 000000 0.311586
21 0. 032860 0. 000000
22 0. 467140 0. 000000
23 0. 050000 0. 000000
24 0. 090000 0. 000000
25 0. 070000 0. 000000
26 0. 030000 0. 000000
27 0. 000000 1. 440000
28 0. 041423 0. 000000
29 0. 030000 0. 000000
30 0. 030000 0. 000000
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Table 6 Range of target coefficients

A EREY S CIWag sy | CIpWad b
Variable Current coefficient Allowable increase  Allowable decrease
X1 1. 890000 0. 015350 1. 442933
X2 1. 650000 INFINITY 0. 009079
X3 2.290000 0. 038589 0. 260569
X4 10. 600000 INFINITY 7.824914
X5 2. 370000 INFINITY 0. 375842
X6 2.270000 INFINITY 0. 302517
X7 7. 300000 INFINITY 3.700935
X8 0. 320000 1. 227080 0. 320000
X9 1. 760000 8. 944570 0. 883140
X10 18. 500000 INFINITY 18. 500000
X11 8.200000 INFINITY 8. 200000
X14 0. 000000 0.051543 3. 632704
xR7 AWTHEZEER
Table 7 Range of changes at the right end
(5 T R A RGN R
Row Current RHS Allowable increase  Allowable decrease
2 3. 400000 0. 3911498 1. 524569
3 15. 500000 11. 575300 1.576144
4 0. 270000 0. 6904450 INFINITY
5 0. 240000 0. 2095008 INFINITY
6 0. 420000 0.2053014 INFINITY
7 0. 710000 0. 7202168 INFINITY
8 0. 200000 0. 1168798 INFINITY
9 0. 440000 0. 3297351 INFINITY
10 0. 510000 0. 0770032 INFINITY
11 0. 140000 0.0219163 INFINITY
12 0. 520000 0. 1646662 INFINITY
13 0. 500000 0. 4708757 0.229124
14 0. 450000 0. 1527495 0. 114104
15 0. 990000 INFINITY 0. 102552
18 0. 200000 0. 4938557 INFINITY
19 0. 900000 INFINITY 0.206144
20 0. 200000 INFINITY 0. 200000

gx7
¥ BB Gy FVFEIN{E FVFIRME
Row Current RHS Allowable increase Allowable decrease
21 0. 100000 0.799150 INFINITY
22 0. 600000 INFINITY 0. 420085
23 0. 050000 INFINITY 0. 050000
24 0. 090000 INFINITY 0. 090000
25 0. 070000 INFINITY 0. 070000
26 0. 030000 INFINITY 0. 030000
27 0. 020000 INFINITY 0. 013454
28 0. 100000 INFINITY 0. 092869
29 0. 030000 INFINITY 0. 030000
30 0. 030000 INFINITY 0. 030000
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