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Evaluation of Apparent Ileal and Standardized Ileal Digestibility of
Amino Acid in Feed Ingredients to Alterate the Protein Sources for
Weaned Pigs
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Abstract This study was conducted to evaluate the apparent ileal digestibility (AID) and standardized ileal
digestibility (SID) of amino acids in feed ingredients for use as protein sources in swine feed. A total of
six weaned pigs (Landracex YorkshirexDuroc, 14.4+0.35kg) surgically fitted with a T-cannula in the
distal ileum were used in this study and were randomly allotted to a 6x6 Latin square design. Corn germ,
corn gluten meal (CM), corn gluten feed (CF), chlorella (CH), and lysine co-product (LC) were used for
evaluation, and the experimental periods of each ingredient included 5 days for adaptation and 2 days
for collection. CH and LC had significantly higher (p<0.05) AID of lysine (79.1% and 78.7%, respectively).
The AID of methionine was not significantly different among all feed ingredients. The AID of threonine
of CH was significantly higher (p<0.05) than those of other ingredients and was 81.8%. CH, LC, and CM
had higher (p<0.05) SID of lysine (80.4%, 79.5%, and 77.0%, respectively). The SID of methionine showed
no difference among all treatments. CH showed 81.8% SID of threonine, which was significantly higher
(p€0.05) than LC and CF. In conclusion, chlorella and lysine co-product showed the greatest AID and SID
of amino acids, which makes them potentially valuable feed ingredients for use as protein sources in
swine feed.
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Table 1. Ingredient composition of experimental
diets (as-fed basis)

Item', % CG CM CFE CH LC NE
CG 50.00 - - - - -
CM - 40.00 - - - -
CF - - 82.33 - - -
CH - - - 30.00 - -
LC - - - - 35.00 -
Cornstarch 31.62 41.66 - 5143 47.03 80.77
Sugar 15.00 15.00 15.00 15.00 15.00 15.00
Limestone 128 1.68 157 146 187 156
MCP 1.00  0.56 0.00 1.01 0.00 1.57
Chromic oxide 050 050 050 050 050 050
Salt 0.30  0.30 030 030 030 0.30
Premix’ 030 030 030 030 030 030

'CG, corn germ; CM, corn gluten meal; CF, corn gluten feed; CH,
chlorella; LC, lysine co-product; NF, Nitrogen free diet.
Provided per kg: 50,000 IU vitamin A, 400,000 IU vitamin Ds,
50,000 mg vitamin E, 2,500 mg vitamin K, 10,000 mg riboflavin,
90,000 mg niacin, 2,500 mg thiamine, 40,000 mg pantothenic
acid, 3,000 mg folic acid, 200 mg biotin, 30mg vitamin Biz.;
Provided per kg: 30,000 mg Cu, 20,000 mg Zn, 30,000 mg Mn,
400 mg I, 100 mg Se, 50,000 mg Fe, 200 mg Co.

Pig1 Pig2 Pig3 Pig4 Pig5 Pig 6

| l ] l ] |

I T 1 T 1 1
Period 1 CG cM CF CH CL NF
Period 2 NF G ™ CF CH CL
Period 3 CL NF CcG ™M CF CH
Period 4 CH CL NF G cM CF
Period 5 CF CH CL NF cG cM
Period 6 CM CF CH cL NF cG

Adaptation period Collection period

D3 D4 i ipg
H 1 1 1 [ i
E ) T T 1 1 . . T

Feeding

Fig. 1. Experimental deign and sampling collection
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Z77](Model 1241 Parr Instrument Co., Molin IL,
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AR SFUEE AR of|lcdl B4 A8
£ 2447k 59 105°COllA] 6N HCIg o= 7h4-23f
Atk AAZ7F €3 AlZE high performance
liquid chromatography(Waters 486, Waters Co.,
USAYE ol&sto] BA5Ielth & eHrof|inike 244
7t B9 71553 AlZ1 &, cold performic acid &
o= Akt A ste] B8 TH20]

ARAE W opv|ieAte] i) 31 ABke(AID,
apparent ileal digestibility)¥} & A% 435-(SID,
standardized ileal digestibility)2 Stein S[21]°] A
ARt ot 22 F2 o8 ARESHTh

AID=100—[(AAd/AAf) < (Crf/ Crd)] x100% (1)
Where AID is the apparent ileal digestibility
coefficient of an amino acid(%), AAd is the amino
acid content in ileal digesta(mg/kg DM), AAf is
the amino acid content in feed(mg/kg DM), and
Crf and Crd are the chromium content in the

feed DM and in the ileal digesta DM, respectively.

EAL= AAdX(Crf/ Crd) ()
Where EAL is the endogenous loss of an amino
acid (mg/keg DMI), AAd is the concentration of
that amino acid in digesta(mg/kg DM), Crf is the
chromium content in feed DM, and Crd is the

chromium content in digesta DM..

SID= AID+(EAL/AAf) < 100% 3)
Where SID represents the standardized ileal
digestibility coefficient(%) of an amino acid, AID
is the apparent ileal digestibility coefficient(%)
calculated using Eq.(1), EAL is the nonspecific
endogenous losses of that amino acid measured
at the distal ileum(mg/kg DMI) after feeding the
protein-free diet and calculated according to
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Eq.(2), and AAf is the dietary content of the
amino acid(mg/kg diet DM).
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2 AR £28 BE AT} g vEuo)q ol
A oz RS BARLS 9o EAxIY

SAS(Statistical Analysis System, SAS Institute Inc.,
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Table 2. Analyzed nutrient composition of experimental
feed ingredients (as-fed basis)

Item' CG cM CF CH LC
Components, %
Dry matter 9150 9285 91.06 91.15 9233
GE, kcal/kg 4726 5256 4,244 4502 4,846
Crude protein 20.26  60.79 1890 59.14  67.27
Ether extract 2.33 1.62 3.68 2.73 1.90
Calcium 0.24 0.37 0.17 1.35 0.22
Phosphorus 0.51 0.89 0.95 0.59 1.05
Indispensable AA, %
Arginine 1.18 2.13 0.81 3.09 2.39
Histidine 0.72 1.41 0.70 1.10 1.40
Isoleucine 0.97 2.34 0.78 4.13 1.12
Leucine 1.82 10.86 1.67 5.79 2.68
Lysine 0.90 1.15 0.87 3.11 6.58
Methionine 0.41 1.61 0.48 1.07 1.28
Phenylalanine 0.96 4.70 0.87 3.41 1.22
Threonine 0.92 1.66 0.51 4.74 1.29
Tryptophan 0.18 0.34 0.16 1.36 0.72
Valine 1.29 2.69 0.72 4.41 2.62
Dispensable AA, %
Alanine 1.08 6.01 1.04 4.25 4.45
Aspartic acid 1.37 3.93 1.21 6.37 4.66
Cysteine 0.35 0.87 0.36 0.94 0.47
Glutamic acid 2.03 14.39 2.20 7.13 7.27
Glycine 1.11 1.33 1.02 3.61 1.73
Proline 1.09 5.73 1.52 2.36 2.55
Serine 0.86 3.55 0.73 3.23 2.67
Tyrosine 0.79 3.88 0.59 0.51 0.70

"Data are the mean of duplicate analysis of each ingredient.
CG, corn germ; CM, corn gluten meal; CF, corn gluten feed; CH,
chlorella; LC, lysine co-product: GE, gross energy: AA, amino
acids.

361

slako.

b RO Fehigo] gk o4l RAREo]
67.27%% 7V A detgton, thgog S5 32
gl "ol 60.79%, S2de7t 59.14%=2 A UebTh
HRALE f " ofulieAl F 38 ofu]iAll 2hol4l
9] ke glojal BAkEo] 6.58%& 7HE EA LERtL.
o, 1 tFo® ZEdd 3.11%, S5 =59 U
1.15% A2 A Yebdth WAyl ek 845
ZRHEYo] 1.61%2 7H A YeRdor, 1 2oz
glo] Al BAEo] 1.28%, SR} 1.07%E 7P =A
UelgthE e o] A9, SR} 474%2
7P E9om, O g g o5 S U 1.66%, =t
o4l FAME 129% &AE &9k ¥]WS o)At F
A2ERIS] B 3 45hge FRde} 0.94%2 7}
A=A Ugen, 1 ogeg S5 22 U 0.87%,
go]Al HANE 0.47% 442 =4 VERETHp=0.059).

S ARATGETE ofy g} Rkl AFgollA] o] &
=3 Qlth. 53], upo] oA Al A] BHAYEE FARE

2 844 A, 224 v=, 224 9, dol ol

glont Fgure Aol HAE S| et dokeha 714

H7F= n|E&3t AAolt}5]. NRCI16]914 2<% Hlo}
9] oA FeE2 oF 15%0]H, ofu|iAl EF2 2fo]
A1 0.78%, WA 2 0.26%, EF 2 0.52 % E A|AH]|
Ql 0.32%E Yetth &4 238 nso) 2ad
SFL oF 17%0]H, ofm| Al SHRS gholAl 0.63%,
x2d 0.35%, EFQY 0.74% © AXEI 0.46%S
e S5 S5 U] 2o ek oF 58%
o, ofm]4t FHFE 2ol4l 0.93%, HIX Y 1.21%,
EF Qo4 1.81% ¥ AAHQ 1.01%S YERATT

2 AFZ2H5]ZE 254 vjofe] Zuuld SRR
oF 25%0]H, ofu|iAl kS o4l 0.94%, HlAld
0.40%, E& R 0.83% H AIAH?l 0.33%F LEITh
L8 25H 9o 2ol R oF 23%0]H, of
i Ab S glo]Al 1.02%, HA Y 0.32%, EYL
d1.21% € AAH]Q 0.43%S UEHATE 8 25
H 1o xohia ek oF 63%0lH, ofn|iAl Tk
ZolAl 1.18%, HIXQY 1.61%, EH QY 2.03% L A|
2H|Ql 1.14%E Vel o5 EEs)o], Sauvant &
[23], Slominski 5[24], Stein®} Shurson[25]°] AA]
3t A7AdEd 2 AFZAde) vus|Eoel, g4 W
Qo] Z3tEl= AoE Attt T3 RO giFo] ot
24 ehtes AL &5 BAAES OE A o]
A sl = AR 2 A AR FHE ok, 2 9
Qg0 Jga gego] Zpolof wEkA t2A YEehd 4=

-
=4
2 Ix
d- 0o



Fs}71&8k5|=52] #2138 A6Z, 2020

ATH5].
A ELEEERE S
9,

w

U 854 Hiol, 22
224 veot vwslge i Fzdeler golal
=4

]

328

ofi

RS il da s 0 g o

24 R, 93 AR ofulidle] el
945k A0 LreRdeh, et vl ofd) ARs
FgEst 919 2 How Amdh

=

H—‘

4

i)

A

3.2 OfojAt A5t
32.1 QEy Ba Adtg
825 ol S5

Zede 9 gol4l Y4 9

A= Table 337 2tk

=
=54

Table 3. Apparent ileal digestibility of amino acids
in protein sources fed to weaned pigsl

Ttem® CG_ _CM__CF__CH _LC _SEM
Indispensable AA, %

Arginine 747° 87.0* 755" 755" 762" 2.09
Histidine 775% 77.7% 746" 83.0° 767 187
Isoleucine 733" 790° 692" 80.8" 74.0° 233
Leucine 752" 87.2% 81.4™ 766" 848" 1.89
Lysine 62.0° 722 59.7° 79.1° 787 1.64
Methionine 757 842 799 765 818 231
Phenylalanine 765" 83.7° 772 772" 762° 158
Threonine 726" 769" 559° 818 726" 167
Tryptophan 749" 793 733> 822% 790" 151
Valine 763" 840" 714> 826 760" 1.68
Dispensable AA, %

Alanine 69.1° 818" 69.9° 873" 794 275
Aspartic acid ~ 72.4* 752° 59.0° 79.7° 800 192
Cysteine 569 753* 528 79.7° 661" 260
Glutamic acid ~ 75.8° 85.2% 744> 742" 762" 1.64
Glycine 459° 476" 413" 740° 849" 3.69
Proline -3.71 463 -8.02 748 733 4092
Serine 66.0° 832" 669° 813" 767" 158
Tyrosine 739" 86.7% 63.1° 64.2° 686> 1.98
“Within a row, means without a common superscript letter
differ(p<0.05).

Data represents means based on six replicates pig per
ingredients.

CG, corn germ; CM, corn gluten meal; CF, corn gluten feed; CH,
chlorella; LC, lysine co-product: SEM, standard error of the

means; AA, amino acids.

AR W P ofn|iAt F F8 ofulieil]l 2o
A9 it 31 avke2 S2 e} o]l FikEol
717} 79.1% R 78.7%% Xz 7MY A Ut
(p<0.05), °IE 2] Aol Q. 1 vEo s S
T 258 ¥=TF 72.2%9] AW 3 aokeS HER
om, ol &4 Hiol 62.0%% & 2T €
59.7%°1 BIs) reH o2 A Y tH(p(0.05). A
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3 ot gk olo] e BEL AEu| g Paw
W oofe U9 sAIlE AT & 2Ll

NRCI16l= €<= o] Q4 317 ofn|icAl 4518
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d 92%, Edled 84% % AIAHRI 86%E YEFHTH
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d 75%, Efled 68% E AIAHRI 58%E YERA
S 25 U] ) 3 opu| Al Aske2 e
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Z18Y A] "W ofm|icAto] digt RAAES g0 WE &
sh&o] ZjolofA] 7|Qlsk= EAIFCE A= ATH27].

2 A2y, S=2detet golil FAEo] 7|1E o
d A5 Aoz A Hrid 24 BAREO| Hlg|
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322 BE 3IF a%kE

S djo}, 852 FRE W, S FE AL,
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HAARE ) P of]icAl & 38 obn|1Ak]] o)
A9 #F 3 Askeo Frdz), glolil BAE U &
54 228 Yol 27} 80.4%, 79.5% L 77.0%= 39
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WHHp<0.05). 2ol FAtE2 S 27 y=o v]
3 FolHoz #A UERTHp0.05).

Table 4. Standardized ileal digestibility of amino
acids in protein sources fed to weaned

pigsl
Item” CG _CM __ CF CH LC__ SEM
Indispensable AA, %
Arginine 81.0° 90.1° 832" 766" 782" 2.09
Histidine 803 800 785 845 781 187
Isoleucine 757 80.1 741 819 757 233
Leucine 78.0° 88.0° 847" 782" 874" 1.89
Lysine 652" 77.0° 643" 804" 795 1.64
Methionine 773 849 830 773 824 231
Phenylalanine 786 848 799 785 783 1.8
Threonine 781 807" 64.5° 842° 766" 1.67
Tryptophan 80.2 818 799 833 808 151
Valine 788> 86.0° 759° 840" 77.7° 168
Dispensable AA, %
Alanine 738" 83.9® 78.1° 907 81.9® 275
Aspartic acid ~ 76.0° 775 66.7° 81.2° 819° 1.92
Cysteine 613 766 57.4° 81.0° 68.6™ 260
Glutamic acid 785" 86.2° 77.5° 755" 79.1° 1.64
Glycine 56.9° 553" 555" 769" 87.0° 3.69
Proline 483 634 462 1066 101.8 40.92
Serine 72.0° 855 767 838 799" 158
Tyrosine 77.8° 88.1% (9.8° 70.0° 723 1.98
““Within a row, means without a common superscript letter
differ(p<0.05).

'Data represents means based on six replicates pig per
ingredients.

CG, corn germ; CM, corn gluten meal; CF, corn gluten feed; CH,
chlorella: LC, lysine co-product: SEM, standard error of the
means; AA, amino acids.

QI I AsHE2 715 A% AT W) WA= of
vl At SHF7HA] 1= A] Zolr] wie] WAgobn| At
< 13t 2 3 opu)iAt A3k 7L Aol AA|
= StH21]. NRCl16l= &5 Hijote] & 317 o
LA 23188 golAl 64%, HALd 72%, Efed
52% E A~HQl 66%5 UETh &4 27 f=
o] B 3% ofu|iAl Askg2 go]il 66%, WAL d
82%, EFIY 71% U AAHQ 62%= UeRjoy 3
7} Ag27} obd A2 AAEHAL S5 ST Y
o] #F 3 ofu|icAt AShE2 2ol4l 81%, HIX| W
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