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ABSTRACT The objective of this study was to evaluate an in vitro procedure to estimate the crude protein (CP) digestibility
of feed ingredients and mixed diets in broiler chickens. The apparent ileal digestibility (AID) of the CP was measured using
23-d-old male broilers. Three experimental diets, containing three feed ingredients, namely soybean meal (SBM), canola meal
(CM), and corn distiller’s dried grains with solubles (DDGS), were used as the sole source of CP. A 2-step in vitro procedure
was used to estimate in vivo CP digestibility; all the experiments were performed in triplicate. In step 1, the feed ingredient
and mixed diet samples were incubated for 4 h at 40 °C with a pH 2.0 pepsin solution, and in step 2, the flasks were incubated
for 12 h at 40 °C with a pH 6.8 pancreatin solution. Following incubation, all the samples were filtered; the undigested
residues were collected and pooled together to analyze the undigested CP concentration. The in vitro CP digestibility of mixed
diets and feed ingredients were 93.2% and 93.0% for SBM, 86.8% and 86.7% for CM, and 83.8% and 79.1% for DDGS,
respectively. The coefficients of determination (R?) between the CP digestibility values for the feed ingredients and the in
vitro CP digestibility values for the feed ingredients or respective mixed diets were 0.87 or 0.67. The results of the study
demonstrated that the in vitro CP digestibility values obtained from the respective mixed diets were better estimates than the
values obtained from the individual feed ingredients to predict the AID of CP in feed ingredients fed to broiler chickens.

(Key words: in vitro, in vivo, crude protein, digestibility, broiler)
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Table 1. Dry matter and crude protein contents in feed ingredients and mixed diets'

Feed ingredients Mixed diets
Item (%)
SBM CM DDGS SBM M DDGS
Dry matter 972 97.6 96.5 96.9 973 95.9
Crude protein 46.0 35.6 274 20.3 19.7 20.9

! SBM=soybean meal, CM=canola meal; DDGS=corn distiller’s dried grains with solubles.
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Table 2. Summary of different methods to estimate in vitro digestibility

(Strain) Sampl Time (h) Reagents Tem.(C) pH
€ wt. Step Step Step Drying Step  Step Step  Step
Reference
@ 1 2 3 /Ashing Step 1 Step 2 o2 1 2
25 mL 0.IM 10 mL 0.2M
phosphate buffer phosphate buffer
(Pig) . 10 mL 0.2M HCI 5 mL 0.6M NaOH
i 130C
Boisen and 1.0 6 18 - constant wt 1 mL pepsm solution 1 mL porcine pancreat]n 39 39 2 6.8
Fernandez (1995) (25 mg/mL) (50 mg/mL)
0.5 mL chloramphenicol
25 mL 0.IM 10 mL 0.2M
phosphate buffer phosphate buffer
(Pig) . 10 mL 0.2M HCI1 5 mL 0.6M NaOH
e 130C 4 4
Boisen and 0.5 2 4 constant wt 1 mL pepsin solution 1 mL p()rcine 39 39 2 6.8

Fernandez (1997)

(25 mg/mL)
0.5 mL

pancreatin (50 mg/mL)

chloramphenicol

10 mL hydrochloric

(Pig) acid 300 mL of PBS solution
Huang et al. 1.0 4 24 . . 2 mg/mL trypsin 37 37 2 7.6
(2000) Pepsin solution (1.0 solution

mg/mL HCI)
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Table 2. Continued

(Strain) Sampl Time (h) ' Reagents Tem.(C) pH
Reference ¢ (;;t' Stlep Step 2 Step 3 /]Zsr}tlll;gg Step 1 Step 2 Stle P Stzep Stle P St2ep
25 mL 0.1M phosphate 10 mL 0.2M phosphate
(Pig) buffer buffer
Noblet and 103C 4 h 10 mL O.ZM HCl. 5 mL 0.6M NaOH
Jaguelin-Peyraud 0.5 2 4 - /550C 4 h 1 mL pepsin solution 1 mL pf)rcme 39 39 2 6.8
(25 mg/ mL) pancreatin
(2007) 05 miL
chloramphenicol
Regmi ‘(::lfl). (2009) 1.0 6 18 - 10 mg of pepsin 150 mg pancreatin 39 39 2 6.8
25 mL 0.IM 10 mL 0.2M phosphate
phosphate buffer buffer
(Pig) 30°C 10 mL 0.2M HCl 5 mL 0.6M NaOH
Losada et al. 0.5 2 4 18 1 mL pepsin solution 1 mL porcine 41 41 2 6.8
(2010) constant wt (25 mg/ mL) pancreatin
0.5 mL
chloramphenicol
10 mL 0.2M phosphate
25 mL 0.IM buffer
(Pig) phosphate buffer 3 mL 1 M NaOH
Chen et al. (2019) 10 s 35 2 mL 1 M HCI 1 mL pancreatin 39 39 35 68
1 mL pepsin solution solution
1 mL bile solution
4 mL 0.1 N Tris buffer
solution
10 mL 0.075 N HCI 0.1 N NaOH solution
(Poultry) Valdes & ¢ - 65T 48 h  pepsin solution (20 10 mL enzyme soluion 37 37 413 771
and Lesson (1992) .
mg/ mL) (40 mg pancreatin, 15
mg bile salts, and 2.5
mg enterokinase)
4 mL 0.1 N tris buffer
solution
van (;’;“Eiys) and o 10 mL 0.075 N HCI 0.1 N NaOH solution
Kwakernaak 0.5 4 6 - 65C 48 h  pepsin solution (20 10 mL enzyme solution 37 37 413 771
(2014) mg/ mL) (40 mg pancreatin, 15
mg bile salts, and 2.5
mg enterokinase)
25 mL 0.IM 10 mL 0.2M phosphate
phosphate buffer buffer
. 10 mL 0.2M HCl 5 mL 0.6M NaOH
(P;)tul;y) (2%(())8921)(13 0.5 2 7 - Conftoal(ljt wt 1 mL pepsin solution 1 mL porcine 39 39 2 6.8
’ (25 mg/mL) pancreatin (50 mg/ mL)
0.5 mL
chloramphenicol
25 mL 0.IM 10 mL 0.2M phosphate
phosphate buffer buffer
0 10 mL 0.2M HCI (2) f (:g‘ 0.6M NaOH
(Poultry) Yegani &, 65C ... 1 mL porcine 4 4 2 68
et al. (2013) overnight 1 mL pepsin solution in (100 mg/mL
oS gL <N PR
0.5 mL 5 mL 20%

chloramphenicol sulfosalicylic acid
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Table 3. Apparent ileal digestibility of protein and in vitro crude protein digestibility in different feed ingredients'

AID? of CP
Item (%)

SBM M DDGS
In vivo 84.3 722 723

In vitro
A 93.2 86.8 83.8
B 93.0 86.7 79.1
SEM® 0.48 0.57 0.79
P-value* (A vs. B) 0.727 0.929 0.103

' Each mean represents 8 and 3 observations for in vivo and in vitro, respectively.

2 AlD=apparent ileal digestibility.
3 SEM=standard error of the mean.

* The P-value was calculated from the data between in vitro experiment using experimental diets or feed ingredients.
A=Experimental diet; B=Feed ingredient; SBM=soybean meal; CM=canola meal; DDGS=corn distiller’s dried grains with solubles.
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Fig. 1. Regression analysis between apparent ileal CP digestibility and in vitro CP digestibility using (a) feed ingredients and (b)
experimental diets (#=3). RSE=residual standard error; n=number of observations. CM=canola meal; SBM=soybean meal;

DDGS=corn distiller’s dried grains with solubles.
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