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Utilization of Soybean for Swine Diets
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Abstract Soybean meal was widely used as a protein source in pig feedstuff because it has a good amino acid
balance compared with other vegetable sources. However, soybeans contain trypsin inhibitors and other
antinutritional factors which can lead to lower the digestibility of amino acid, and consequently reduce the
growth performance. Heat treatment of soybeans is helpful shown to decrease the antinutritional factors and
elicit an improved growth performance. Additionally, microbial processe using(HP 100, HP 200 and HP 300),
and non-protein constituent removal are suggested to improve the growth performance and nutrient digestibility.
Inadequate heat treatment of soybeans gives no damage to adult pig, but it has been shown to decrease nutrient
digestibility in young pig. So, soy protein concentrate (SPC) and Isolated soy protein(ISP) were more widely
used for nursery pigs than growing and finishing pigs, since SPC and ISP have similar characteristics as milk
product.

Key words : soy bean, antinutritional factor, soy bean processing, feedstuff
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T2, 58 32 o U 9% qY
. Solvent
Nutrients Expeller | Solvent dehulled
Dry matter(%) 90.00 | 90.00 | 90.00
Digestible energy
(keal/kg) 3,610 | 3,318 | 3,942
Metabolizable 2972 | 2,817 | 3,155
Chemical [Chergykeal/ke)
Composition Crude protein(%) 429 | 44.60 | 49.70
Ash(%) 6.0 6.50 5.80
Crude fiber(%) 59 6.20 3.40
Ether extract(%) 4.8 1.40 0.90
Total digestible | 5945 | 7500 | 76.00
nutrient(%)
Arginine 3.07 3.03 3.67
Histidine 1.14 1.07 1.22
Isoleucine 2.63 2.03 2.46
Leucine 3.62 327 3.73
Lysine 2.79 2.68 3.17
Amino [Methionine 0.65 0.52 0.71
acid(%) |Cystine 0.56 0.75 0.75
Phenylalanine 2.20 2.11 2.44
Tyrosine 1.55 1.33 1.68
Threonine 1.72 1.66 1.94
Tryptophan 0.61 0.64 0.69
Valine 2.28 2.02 2.55
Vitamin E 7.00 3.00 2.00
Biotin 0.33 0.32 0.32
Choline 2,623 | 2,614 | 2,753
Vitamins |Folic acid 6.40 0.70 0.70
(mg/kg) |Niacin 31.00 | 28.00 | 22.00
Pantothenic acid 14.30 | 1630 14.80
Riboflavin 3.40 2.90 2.90
Thiamin 3.90 5.60 3.10
Calcium(%) 0.26 0.30 0.26
Chloride(%) 0.07 0.04 0.04
Magnesium(%) 0.25 0.27 0.28
Phosphorus(%) 0.61 0.63 0.63
Potassium(%) 1.79 1.97 2.07
Sodium(%) 0.03 0.04 0.03
Minerals Suifur(%) 0.33 0.43 0.44
Cobalt(mg/kg) 0.18 0.09 0.07
Coper(mg/kg) 22.00 | 23.00 { 20.00
Todine(mg/kg) - 0.13 0.11
Iron(mg/kg) 157.00 | 119.00 | 133.00
Manganese(mg/kg) | 31.00 | 29.00 | 37.00
Selenium(mg/kg) 0.1 0.30 0.10
Zinc(mg/kg) 60.00 | 43.0 55.00
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o thgat 22 dirgdde] W HAew ZF HFE Trypsin Inhibitor L FFHUAAE A A Folck
WzZlof gt kA TS (& 3] UERLT, AET [27]. 7429] At iET 9] E¢lojkol whet Hamelet

A [2¥ 119 vehtslch Protein(HP) 100, 300, 500 So] it}
B 3. 0% Az 994 74
Nutrients ISP SPC HP300
NRC(1998) Central Soya(1999) NRC(1998) Central Soya(1999)| Zhu et al. (1998)

Chemical composition
DE(kcal/kg) 4,150 - 4,100 4,355 -
ME(keal/kg) 3,560 - 3,500 3,745 -
NE(kcal/kg) 2,000 - 2,000 2,280 -
Dry matter(%) 92 95 90 91.5 92
Crude protein(%) 85.8 92 64.0 65 55
Fat(%) 0.6 0.50 3.0 0.8 2.50

Amino acids(%)
Lysine 5.26 5.24 4.20 423 6.2
Methionine 1.01 1.01 0.90 0.91 1.5
Cysteine 1.19 1.01 1.00 0.98 1.5
Threonine 3.17 3.31 2.80 2.80 4.0
Tryptophan 1.08 147 0.90 0.91 1.3
Isoleucine 425 4.05 3.30 3.25 438
Leucine 6.64 6.99 5.30 5.33 7.8
Valine 421 4.14 3.40 3.44 52
Histidine 225 2.21 1.80 1.76 -
Arginine 6.87 - 5.79 - -
Phenylalanine 4.34 4.88 3.40 3.38 5.0
Tyrosine 3.10 331 2.50 2.54 -

Vitamins(mg/kg)
Biotin 0.30 - - - -
Choline 2.00 - - - -
Folacin 2.50 - - - -
Niacin 6.00 - - - -
Pantothenic acid 4.20 - - - -
Riboflavin 1.70 - - - -
Thiamin 0.30 - - - -
Vitamin B6 5.40 - - - -
Vitamin B12 - - - - -

Minerals
Calcium(%) 0.15 0.18 0.35 0.35 -
Phosphorus(%) 0.65 0.76 0.81 0.80 -
Chlorine(%) 0.02 - - - -
Magnesium(%) 0.08 0.38 0.32 0.32 -
Potassium(%) 0.27 0.96 2.20 2.40 -
Sodium(%) 0.07 0.11 0.05 0.05 -
Sulphur(%) 0.71 - - - -
Copper(mg/kg) 14 12 13 16 -
Fron(mg/ke) 137 120 110 100 -
Manganese(mg/kg) 5 - - - -
Selenium(mg/kg) 0.14 - - - -
Zinc(mg/kg) 34 40 30 25 -

[28]
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Soybeans
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_Soy isolate - Extraction
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extlf;re Antimaritional
Structured | [ 5oy Soy “owr Traditional | Jactor
soy isolate | | pylis Extraction / sy eoncentrate Y:“"”‘ww”
Textured ol
extured. $o ; ;
Soybean concemratey welght modficion Low-antigen
meal Functional soy sQy
concentrite concentate

Soya beans

*I

| Dehulling |» [Hulls]
+ +
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oil

Oil extraction

Defatted meal

3

Biotechnoligical
processing

Sterilisation

Drying

Milling

Hamlet protein

38 1. il SPC, ISP 9 HP300 7FEEH [27]

2.6.2 Soy Protein Concentrates(SPC)

2.7 SEAR0 UM CiFH2] 0|8

SPCe g Fel EAYEREEH £84 niuha
443 E(Non-Protein Constituents)S A Ast s
s AEstA =ch

2.6.3 ISP
TS AFAA wRE FdFE 90%(Protein
Technology Institute, 1991)2 Z7}x)71 Thio|c}. gtu)
el gAREZRE vihilgsglEe AAony
gk oj2lct.

2,71 tiFEHE EAAUXIZ =2 Mibkdol 0|
e 9

FFAAA = G4 7]e3t vpe Zo] o 7ER]7E 9

g 15 FIM PH HaE F + Ui AN

£ EZAIA QA Trypsin inhibitor: T)} Allergeno]H,

Lectin (hemagglutinin)®} Phytate:- x}2] 43}7] o)A

23188 A3tA7]= faglo] =1 9ith

H 4, g% AEY FIEAAEA izt 74
Rv | e | T | o | sor Proin | | o
Soybeans Meal Soy Flour Conc. Conc. Protein 300
Urease Activity, pH 20 0.05-0.5 0.05-0.2 0.02-0.03 0.01-0.02 N.A
Trypsin Inhibitor, mg 45-50 5.0-8.0 5.0-8.0 <4.0 <1.25 1.5-2.0
Lectins, mcg/gd 3600 10-200 10-200 <0.1 <0.1 <100
Saponins, % 05 0.6 0.6 0 0 0.6
Oligosaccharides, % 14 15 15 <3 <3 1
{271
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Raw Soybeans Heated soybeans
. , Soybean
Item . Low-trypsin . Low-trypsin SE
Conventional N Conventional JO meal
inhibitor inhibitor
U tivi
rease activity, 1.96 2.05 0.05 04 0.13
pH rise
Trypsin inhibitor
20.9 9.9 4.8 12 2.5
mg/kg
Daily gain, g 295 322 414 459 532 0.09
Daily feed, g 1,445 1,445 1,445 1,445 1,445
Feed:gain 4.89 445 345 3.14 2.1 0.03
(28]
E 6, SEYol BE olgAES] dREAR AR MW AR A8 9 gashed uAe 9%
Protei
Item Dried skim milk Soybean meal Isolated soy protein Soy Protein
Concentrate
Average daily gain a b a a
0 2
(©-14d) 260 190 28 80
Average daily feed intake
(0-14d) 350 290 350 350
Feed efficiency 1.35° 1.53° 1.25° 1.25°
Tleal Digestibility(%)
Dry Matter 84.72 71.08° 83.57 82.74°
Crude protein 89.22° 77.29° 88.32° 87.65°
Lysine 91.07° 79.30° 88.20° 88.30°
®Means in the same row with different superscripts different(p<0.05) 31,321

B 7. o) FAEN o2 AT AE Foi7t AW Feishs B4 sl vAle 9%

I . . Soybean Soy protein Extruded‘ Soy protein
Criteria Milk protein soy protein .
meal concentrate isolate
concentrate

Villus height, um 266.2 175.0 207.3 230.0 216.8
Crypt depth, um 198.0 222.4 214.1 159.9 189.7
Perimeter, um 731.4 518.0 667.3 663.3 609.7
Villus area, um 731.4 518.0 667.3 666.3 609.7
Average daily gain, g

Wkl 173 127 150 163 -

wk2 245 204 200 250 -

Wk3-5 431 431 434 454 -

WkO-5 358 341 341 377 -
Average daily feed intake, g

Wki 213 204 232 218 -

Wk2 248 267 266 285 -

Wk3-5 702 708 704 737 -

WkO-5 514 531 530 556 -
Feed efficiency

Wk1 1.26 1.66 1.55 1.35 -

Wk2 1.05 1.31 1.35 1.18 -

Wk3-5 1.58 1.69 1.66 1.67 -

WkO-5 1.45 1.56 1.58 1.51 -
Digesitibility, %

DM 88.5 87.3 88.6 89.8 -

N 83.0 79.7 81.4 85.7 -

[11]
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J=E dAgs] dAstA =Y i gzt
7} B3 =0 o] AEE A3t SAHSEY BE
A= A9 g7t gick [& 5]of] Yehd AoiFe) E]J4
ARzt FHAHEE Ve FElHIEAE 94
E35 BAglel 23x g od, dXE dgifdde ot
o FateEal JABHCE Al A AL AR &
o= FA o] vigf 43 AR T-Eo] A=Y
o} Aol AlFgH o] AR AL Pz T
ojgfol YU 48HE0] Hojx=d] Hlo] e AL R
B3ty 9IcH29,30].

X
L

2.7.2 RHEMROM iF SHE 35

e SUSEY g dFel FIFAA
2 o) ARGl Aigto] gloH, weki FojgAER
PADN LS AR ALgSloraict. djFure ity 23
2 FolAl 7P glol AT Fxe AolAet olARE
M 2% FIYARZ HArol the WolHck. ol
olF2 =5 (Soy protein concentrate; SPC)o|Lt
A A Ftll(Isolated soy protein; ISP)Z-E 7F2U) A
Zo] A2 olglo] #AE 1%l AlRToIAISt H4}
3 AFEARE @3 ITHE 6]

[E 7]olA B Hiel Zo] 470 §12 golg AR
23 Futg IS HANA fAFoIH 5T
ilg FE HRof vls] g2 Fol7t Wkon, o
£ B Yol EAsls FEEAA N gt Aoz A}
25 &3k AdoME 55 2 7HdFE G977t
fretdl goltebs BlRdt IS R, dFe gt
Hohe @A 52 238 29k

B0 ofuliedl £318-L 7H AFAB o}
o oha oh2 Fol gl ol [E siol 29 R B

Bsiet.

E Min 5[33]0] ol SEFHE olgstel Wet
ol=o] BAEFE AAAT WEFUE olgste] ol
e YolH A5 U AN AyY 2

ops o8& FANY Ut Ao M ek

Z2uzd

Mo

(1] WhAE, “olgAbEe] G714 Al B WS
AT HLTHRE oSH, SoPRell, ARSI,
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effect of
increased nutrient concentrations and supplemental
liquid feeding," J. Anim. Sci., 50:377, 1980.
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¥ 8. Ileal digestibility of amino acids in ISP and SPC fed to pigs

Amino acids Isolated soy protein Soy protein concentrate
%) NRC(1998) Sohn et al. (1994) NRC(1998) Sohn et al(1994)
{23} i12] [23] [12]
Valine 86.0 85.7 91.0 85.6
Methionine - - 91.0 -
Isoleucine 90.0 90.2 93.0 90.1
Leucine 92.0 91.8 93.0 91.6
Phenylalanine 88.0 87.8 94.0 87.9
Histidine 88.0 88.4 95.0 88.2
Lysine 88.0 88.2 93.0 88.3
Arginine 91.0 90.7 97.0 90.4
Tyrosine 89.0 88.5 93.0 86.9
Cystine - - 90.0 -
Tryptophan - - 89.0 -
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