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Objective: The objective of this experiment was to determine the standard ileal digestibility
(SID) of amino acid (AA) in 10 different sources of wheat bran fed to broilers and establish
the SID AA prediction based on the chemical composition.

Methods: A total of 660 1-day-old broilers were randomly divided into 11 treatments with
6 replicates of 10 chickens each. Diets included 10 semi-purified mash diets and 1 nitrogen-
free diet. Titanium dioxide (TiO2) 0.50% was used as an indigestible index. On day 13, 6
chickens from each replicate were selected for slaughter to collect ileal contents. On day 28,
4 chickens from each replicate were selected for slaughter to collect ileal contents.

Results: Results showed that the coefficient of variation of the conventional nutrients (except
for gross energy, and dry matter) and all AAs was greater than 8.00%. The average SID of
essential AA in wheat bran for 13-day-old broilers was 37.24% and the average SID of
nonessential AA was 42.02%; the average SID of essential AA for 28-day-old broilers was
67.13% and the average SID of nonessential AA was 69.51%. A correlation was observed
(p<0.05) between most SID AA and crude protein (CP), crude fiber (CF), acid detergent
fiber (ADF), and ash at day 13. A correlatlon was observed (p<0 05) between most SID
AA and CE and ADF at day 28. The R’ value of stepwise regresswn equations for predicting
the SID AA at day 13 and day 28 was best for glutamic acid (R* = 0.97 using CP, ash, CE
ether extract (EE), and neutral detergent fiber [NDF]) and lysine (R*=0.74 using ash, ADE,
EE, and NDF), respectively.

Conclusion: In conclusion, broiler age had a significant effect on the SID AA values of
wheat bran. The chemical composition of wheat bran varied widely between sources, and
CP, CE ADE NDE and ash were reasonable predictors of the SID AA of wheat bran.

Keywords: Broiler; Prediction Equation; Standardized Ileal Amino Acid Digestibility;
Wheat Bran

INTRODUCTION

Wheat bran is a by-product of wheat processing, comprising approximately 14% to 16%
of the wheat [1]. It typically contains 55% to 60% non-starch carbohydrates, 14% to 25%
starch, and 13% to 18% protein, among other constituents. Recognized as a high-value
product, it finds extensive applications in the food, biofuel, livestock, health, and enzyme
industries [1,2]. Studies have demonstrated that including wheat bran in poultry diets can
enhance gizzard development and antioxidant capacity, improve nutrient digestibility [3],
decrease ammonia emission from excreta [4], and mitigate salmonella colonization [5].
Moreover, given the high and fluctuating price of soybean meal, alternative feeds such as
wheat bran may serve as valuable protein sources.

Accurate understanding of the energy and amino acid (AA) digestibility of wheat bran
is essential for its effective utilization in dietary formulations. Standardized ileal digestibility
(SID) of AA accounts for the basal endogenous losses (BEL) of AAs in the ileal digesta,
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derived from the apparent ileal digestibility (AID) of AAs,
and is regarded as more dependable [6,7]. Formulating diets
based on the SID AA values of ingredients allows for better
alignment with the nutritional requirements of poultry and
aids in reducing the nitrogen content of excreta [8]. Iyayi
and Adeola [9] reported that in 26-day-old broiler chickens,
the average SID of essential AA in wheat bran was 55.13%,
while that of nonessential AA was 60.16%. However, Ullah
et al [10] reported that the average SID of essential AA and
nonessential AA in wheat bran were 77.94% and 75.50%, re-
spectively, in 21-day-old broilers, which was similar to the
values reported by Gallardo et al [11] in 21-day-old broilers.
Sauvant et al [12] has conducted research on wheat bran as
well and indicated that the average true amino acid digest-
ibility of wheat bran in broilers was 77.18%. In previous
research, while there have been valuable investigations into
the digestibility of amino acids in broilers, certain limitations
have been identified. For instance, many studies have focused
primarily on broilers aged 21 to 28 days, thus lacking com-
prehensive data on amino acid digestibility in younger broilers
aged 1 to 14 days [9-11]. Additionally, the selection of only
one wheat bran for assessing amino acid digestibility in some
studies may have introduced potential biases and limitations
to their findings [9-11].

Additionally, the assessment of the SID AA through animal
experiments is both cost-effective and time-intensive. Effec-
tive tools for estimating the SID AA have been developed
through prediction equations, which rely on the correlation
between the chemical composition of feed ingredients and
the SID AA [13-16]. Thus, in the present study, 10 wheat
bran samples from China were gathered and subsequently
assessed for their SID AA values in broilers aged 13 and 28
days. Prediction equations for the SID AA of wheat bran,
based on chemical composition, were established.

MATERIALS AND METHODS

Animal ethics statement

All study procedures were approved by the China Agriculture
University Animal Care and Use Committee (AW11012202-
1-3) and conducted under the Guidelines for Experimental
Animals established by the Ministry of Science and Technology
(Beijing, China).

Wheat bran

The 1-10 wheat bran samples were collected from Shanggiu,
Henan; Liaocheng, Shandong; Hengshui, Hebei; Beijing;
Nanchang, Jiangxi; Jinan, Shandong; Handan, Hebei; Hefei,
Anhui; Xuzhou, Jiangsu; and Zhoukou, Henan. The nutritional
composition of wheat bran samples was presented and ex-
pressed on a dry matter (DM) basis (Table 1).
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Animals and management

A total of 660 one-day-old male Arbor Acres broilers were
obtained from a local commercial hatchery (Gongzhuling,
Jilin, China). Broilers were randomly divided into 11 treat-
ments with 6 replicates of 10 chickens each. During the non-
trial period, the broilers were provided with a commercial
diet supplied by Liaoning Hefeng Herding Co., Ltd., Liaoning,
China. Subsequently, the broilers were fed a semi-purified
mash diet consisting of 91.40% wheat bran from days 10 to
13 and 25 to 28. Ileal contents were collected on days 13 and
28 for analysis.

Diets and experimental design

The amino acid content of wheat bran was determined by
the direct method and the experimental diet design was ref-
erenced by Yun et al [15]. Diets included 10 semi-purified
mash diets and 1 nitrogen-free diet. Titanium dioxide (TiO,)
at a concentration of 0.50% was utilized as an indigestible
index, while the nitrogen-free diet served to determine the
BEL AA. The ingredients of the experimental diets is shown
in Table 2, and the amino acid content is shown in Table 3.

Experimental procedures

On day 13, 6 chickens from each replicate were selected for
slaughter. On day 28, 4 chickens from each replicate were
selected for slaughter. The ileal contents of the broilers were
collected following the study of Yun et al [15]. Briefly, broilers
were euthanized by intravenous injection of sodium pen-
tobarbital through their wings, and the contents of the
distal ileum were collected by flushing with distilled water.
Ileal contents from each replicate were pooled and stored
at —20°C for subsequent studies. Samples were lyophilized,
crushed, sieved, and stored at 4°C for amino acid analysis.

Chemical analysis

As described by Liu et al [17], wheat bran samples were
analyzed for the DM (AOAC, 2006 method 934.01), crude
protein (CP, AOAC, 2006 method 990.03), ether extract (EE,
AOAC, 2006 method 920.39), ash (AOAC, 2006 method
942.08), and starch (ST, AOAC, 2006 method 996.11) [18].
Additionally, gross energy (GE) was determined using an
adiabatic bomb calorimeter (C 2000; IKA, Guangzhou,
China). Neutral detergent fiber (NDF) and acid detergent
fiber (ADF) of wheat bran samples were determined using
an Ankom?220 Fiber Analyzer (Ankom Technology, NY, USA).
The AA content of test ingredients, test diets, and ileal digesta
was analyzed by the Ministry of Agriculture Feed Potency
and Safety Supervision, Inspection, and Testing Center
(Beijing, China). Additionally, the TiO2 content of test diets
and ileal digesta was determined following the method de-
scribed by Short et al [19].
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Table 1. Analyzed energy and nutrient concentrations of wheat bran samples (%, as-DM basis)

Liu et al (2024) Anim Biosci 37:1788-1798

Sample numbers

Items Mean Min  Max CV" (%)
1 2 3 4 5 6 7 8 9 10
GE (MJ/kg) 19.47 18.95 18.92 19.05 19.10 18.83 18.93 19.84 18.60 18.80 19.05 18.60 19.84 1.88
DM 88.90 88.88 88.92 88.87 88.66 88.49 88.33 86.79 88.67 87.23 88.37 86.79 88.92 0.85
CP 17.65 17.10 17.43 16.74 15.73 15.92 16.68 17.78 12.96 14.15 16.21 12.96 17.78 9.74
ST 10.27 15.82 9.59 14.92 9.50 9.61 12.02 10.17 13.34 16.75 12.20 9.50 16.75 23.06
EE 312 1.95 1.68 2.56 2.62 1.85 1.56 1.70 1.53 2.25 2.08 1.53 312 2573
Ash 5.28 6.26 6.40 6.32 6.87 6.96 6.85 6.75 7.39 6.90 6.60 5.28 7.39 8.72
CF 10.94 11.76 13.29 12.09 13.01 14.91 13.30 11.76 19.57 20.48 1411 10.94 20.48 23.47
NDF 37.69 4572 46.16 4171 4324 4863 46.83 38.56 49.66 44.07 4423 37.69 49.66 9.04
ADF 10.82 12.63 14.01 12.17 13.16 15.50 13.81 11.58 19.83 21.73 14.52 10.82 21.73 24.63
Essential amino acids
Arg 1.45 1.48 1.40 1.44 1.40 1.39 1.36 1.36 0.90 1.23 1.34 0.90 1.48 12.61
His 0.52 0.51 0.48 0.50 0.50 0.48 0.46 0.49 0.33 0.43 0.47 0.33 0.52 11.83
lle 0.66 0.59 0.59 0.61 0.58 0.56 0.55 0.62 0.45 0.55 0.58 0.45 0.66 9.69
Leu 1.28 1.13 1.16 1.21 1.14 1.13 1.07 1.23 0.89 1.11 1.14 0.89 1.28 9.34
Lys 0.82 0.79 0.77 0.80 0.77 0.78 0.70 0.72 0.49 0.69 0.73 0.49 0.82 13.08
Met 0.35 0.39 0.27 0.33 0.30 0.35 0.32 0.34 0.31 0.23 0.32 0.23 0.39 14.19
Phe 0.60 0.55 0.54 0.57 0.54 0.52 0.50 0.57 0.41 0.52 0.53 0.41 0.60 9.71
Thr 0.60 0.57 0.54 0.57 0.54 0.54 0.51 0.59 0.39 0.52 0.53 0.39 0.60 11.08
Trp 0.21 0.31 0.34 0.29 0.34 0.34 0.33 0.24 0.17 0.17 0.27 0.17 0.34 25.64
Val 0.94 0.87 0.85 0.85 0.84 0.82 0.79 0.87 0.63 0.79 0.82 0.63 0.94 9.84
Nonessential amino acids
Ala 0.98 0.93 0.85 0.88 0.86 0.84 0.80 0.86 0.60 0.78 0.84 0.60 0.98 12.11
Asp 1.56 1.53 1.47 1.49 1.51 1.50 1.43 1.42 0.96 1.26 1.41 0.96 1.56 12.70
Cys 0.38 0.42 0.37 0.43 0.39 0.41 0.39 0.42 0.35 0.28 0.39 0.28 0.43 11.49
Glu 418 3.69 3.58 3.81 3.53 3.50 3.18 421 3.20 3.61 3.65 3.18 421 9.53
Gly 113 1.09 1.02 1.05 1.05 1.04 1.00 1.03 0.69 0.94 1.00 0.69 113 12.08
Pro 1.33 1.23 1.23 1.25 1.18 117 1.14 1.21 0.88 1.07 1.17 0.88 1.33 10.51
Ser 0.83 0.79 0.76 0.80 0.76 0.77 0.72 0.83 0.57 0.71 0.75 0.57 0.83 10.09
Tyr 0.53 0.47 0.51 0.49 0.44 0.48 0.44 0.51 0.33 0.42 0.46 0.33 0.53 12.59

Min, minimum; Max, maximum; GE, gross energy; DM, dry matter; CP, crude protein; EE, ether extract; CF, crude fiber; NDF, neutral detergent fiber; ADF, acid
detergent fiber; ST, starch; Arg, Arginine; His, Histidine; Ile, Isoleucine; Leu, Leucine; Lys, Lysine; Met, Methionine; Phe, Phenylalanine; Thr, Threonine; Trp,
Tryptophan; Val, Valine; Ala, Alanine; Asp, Aspartic acid; Cys, Cystine; Glu, Glutamic acid; Gly, Glycine; Pro, Proline; Ser, Serine; Tyr, Tyrosine.

" Coefficient of variation (CV, %) = (stand deviation/mean) x 100%.

Calculation

All data were expressed on a DM basis. The BEL, SID, and
AID of AA were calculated using the equation described by
Ghazaghi et al [20]:

BEL AA (mg/kg DMI)
=amino acid in ileal digesta (mg/kg)
x TiO, in diet (mg/kg) / TiO, in digesta (mg/kg),

AID AA (%)
=[1 - (TiO, in diet / TiO, in ileal digesta)
x (amino acid in ileal digesta / amino acid in diet)],

SID AA (%)
= AID AA (%) + [BEL AA (mg/kg DMI)
/ (amino acid content of the raw material (mg/kg DM)]
x 100,

where DMI = dry matter intake.
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Statistical analysis

All data were analyzed by SPSS 22.0 (SPSS. Inc., Chicago, IL,
USA). One-way analysis of variance followed by post-hoc
multiple comparisons with Duncan’s multiple comparisons
test was employed when a significant interaction was observed.
The linear regression equations for predicting the SID AA
values of wheat bran samples from the chemical constituents
were calculated with the forward stepwise regression method
within SPSS software. The results were expressed as mean
values with their corresponding pooled standard error of the
mean. Differences between means and interactions with p<
0.05 were considered statistically significant.

RESULTS

Chemical composition of wheat bran samples

The chemical and AA composition of wheat bran samples is
presented in Table 1. The content of GE, DM, CP, ST, EE,
ash, CF, NDF, and ADF were from 18.60 to 19.84 MJ/kg,
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Table 2. Ingredients composition of the experimental diets (%, as-fed
basis)

Ingredient Wheat bran N-free diet
Test ingredient 91.40 0.00
Starch 0.00 59.88
Sucrose 0.00 31.50
Cellulose 0.00 4.20
Soybean oil 4.00 0.00
CaCo, 0.00 1.30
Dicalcium phosphate 1.90 1.90
Stone power 1.30 0.00
NaCl 0.30 0.30
Choline chloride (60%) 0.20 0.20
Vitamin premix” 0.20 0.02
Mineral premix” 0.20 0.20
Titanium dioxide 0.50 0.50
Total 100.00 100.00

" Provided per kg of diet: vitamin A, 12,500 1U; vitamin D5, 3,500 IU; vita-
min E, 20 IU; vitamin K, 3 mg; vitamin B;, 0.01 mg; vitamin B,, 8.00 mg;
vitamin By, 4.5 mg; vitamin B,,, 0.02 mg; nicotinic acid, 34 mg; pantothen-
ic acid, 12 mg; folic acid, 0.5 mg; biotin, 0.2 mg.

2 Provided per kg of diet: Fe, 80 mg; Cu, 8 mg; Zn, 80 mg; Mn, 80 mg; |, 0.7
mg; Se, 0.3 mg.

86.79% to 88.92%, 12.96% to 17.78%, 9.50% to 16.75%,
1.53% to 3.12%, 5.28% to 7.39%, 10.94% to 20.48%, 37.69%
t0 49.66%, and 10.82% to 21.73%, respectively. The coeflicient
of variation (CV) for these compositions, except for GE
and DM, exceeded 8.00%. Regarding essential AA values,
the concentrations of arginine (Arg), lysine (Lys), histidine
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(His), isoleucine (Ile), leucine (Leu), methionine (Met),
phenylalanine (Phe), threonine (Thr), tryptophan (Trp),
and valine (Val) ranged from 0.90% to 1.48%, 0.33% to 0.52%,
0.45% to 0.66%, 0.89% to 1.28%, 0.49% to 0.82%, 0.23% to
0.39%, 0.41% to 0.60%, 0.39% to 0.60%, 0.17% to 0.34%, and
0.63% to 0.94%, respectively. For nonessential AA values,
the content of alanine (Ala), aspartic acid (Asp), cysteine
(Cys), glutamic acid (Glu), glycine (Gly), proline (Pro), serine
(Ser), and tyrosine (Tyr) ranged from 0.60% to 0.98%, 0.96%
to 1.56%, 0.28% to 0.43%, 3.18% to 4.21%, 0.69% to 1.13%,
0.88% to 1.33%, 0.57% to 0.83%, and 0.33% to 0.53%, re-
spectively. The CV of these amino acids ranged from 9.00
to 15.00%, except for Lys, where the CV was 25.64%.

Standardized ileal digestibility of amino acids

Table 4 and 5 show the SID AA of the 10 wheat bran sam-
ples of 13-day-old and 28-day-old broilers, respectively. At
day 13, the SID of Lys, Met, Phe, Thr, Trp, Cys, Glu, Pro, Ser,
and Tyr was different (p<0.05) among the 10 wheat bran
sources tested. The SID values of Met, Lys, Thr, and Trp
ranged from 27.70% to 55.52%, 11.93% to 35.16%, 11.68%
to 35.62%, and 30.89% to 53.20%, with averages of 43.09%,
22.17%, 21.96%, and 45.59%, respectively. Among the 10
essential AA, the highest mean SID AA was found for His
(51.31%) and the lowest for Thr (21.96%), with the mean
SID of the essential AA was 37.24%. Among the 8 nonessen-
tial AA, the highest mean SID AA was found for Glu (62.71%)
and the lowest for Asp (32.12%), while the mean SID of the

Table 3. The concentration of amino acids in the semi-purified mash experimental diets (%, as-fed basis)

Wheat bran diet numbers

Items
1 2 3 4 5 6 7 8 9 10

Essential amino acids
Arg 1.14 117 1.15 1.038 1.10 1.12 1.06 1.11 0.92 0.75
His 0.45 0.45 0.44 0.41 0.44 0.43 0.41 0.42 0.36 0.31
lle 0.53 0.49 0.49 0.48 0.48 0.48 0.45 0.53 0.42 0.40
Leu 0.98 0.91 0.91 0.90 0.91 0.89 0.85 0.99 0.80 0.76
Lys 0.75 0.73 0.70 0.66 0.68 0.68 0.63 0.64 0.58 0.47
Met 0.27 0.23 0.25 0.25 0.22 0.23 0.22 0.26 0.22 0.18
Phe 0.66 0.61 0.62 0.60 0.63 0.60 0.58 0.69 0.54 0.53
Thr 0.54 0.51 0.51 0.50 0.49 0.49 0.48 0.52 0.44 0.38
Trp 0.23 0.29 0.28 0.27 0.27 0.28 0.28 0.22 0.19 0.15
Val 0.81 0.77 0.76 0.74 0.74 0.75 0.72 0.81 0.67 0.58

Nonessential amino acids
Ala 0.81 0.79 0.77 0.76 0.77 0.76 0.74 0.79 0.68 0.52
Asp 1.20 1.22 1.19 1.14 117 1.16 1.14 1.14 0.97 0.82
Cys 0.32 0.32 0.32 0.31 0.29 0.31 0.30 0.31 0.27 0.24
Glu 3.38 2.94 2.97 2.92 277 2.84 2.64 3.54 2.68 2.65
Gly 0.89 0.89 0.87 0.84 0.86 0.86 0.85 0.88 0.74 0.61
Pro 1.06 0.89 0.90 0.92 0.84 0.87 0.79 112 0.85 0.84
Ser 0.70 0.67 0.66 0.64 0.64 0.63 0.61 0.70 0.57 0.51
Tyr 0.40 0.36 0.38 0.36 0.43 0.37 0.36 0.40 0.33 0.34

Arg, Arginine; His, Histidine; lle, Isoleucine; Leu, Leucine; Lys, Lysine; Met, Methionine; Phe, Phenylalanine; Thr, Threonine; Trp, Tryptophan; Val, Valine; Ala,
Alanine; Asp, Aspartic acid; Cys, Cystine; Glu, Glutamic acid; Gly, Glycine; Pro, Proline; Ser, Serine; Tyr, Tyrosine.
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Table 4. Standardized ileal digestibility of amino acids of 10 wheat bran samples of 13-day-old broilers (%, as DM basis)

Sample numbers cv"
Items SEM p-value Average
1 2 3 4 5 6 7 8 9 10 (%)
Essential amino acids
Arg 5010 4947 4654 4659 5056 46,52 4774 4337 5550 5257 107 030 4886 1597
His 5748  50.63 5040 5104 5182 4782 5136 4332 5777 5465 109 005 5131 1552
lle 2770 2830 2530 @ 2141 28.57  27.21 2967 3570 4235 3626 1.68  0.21 3111 39.26
Leu 3274 3270 2975 2700 3236 2986 3226  39.00 4482 4038 153 020 3478 32.00
Lys 29.22%  30.68" 22.23"° 1696™ 19.14™ 22.39™ 2283™ 11.93° 3516° 10.43° 169 <001 2217 5557
Met 46.46"  36.01™ 42.52" 3939  27.70° 4548" 3819 4536 5552° 4777 157 001 4309 26.48
Phe 39.22°  34.53° 3502° 39.54° 46.05° 40.41° 4332 4513® 5439 5424° 142 <001 4365 23.65
Thr 12.26° 1575 1523 2691  11.68° 24.13™ 2221 2117 3562° 2327 146 <001 2196 4622
Trp 30.89° 4233 43.84™ 5320° 49.05° 50.31" 50.45® 41.98™ 5413 38.52™ 145 <001 4559 2314
Val 3278 2914 2781 26.82 3277 3110 3546 3559 4424 3942 139 013 3415 29.65

Mean 35.89 34.95 33.86 34.89 34.97 36.52 37.35 36.25 4795 3975 119 030 3724 3204
Nonessential amino acids

Ala 3507 3169 2937 2916 3277 3037 3445 3189 4360 3186 130 038 3329 2837
Asp 2899  30.31 2847 2563 3312 3066 3598 2880 4259 3229 146 036 3212 33.07
Cys A4427*  41713°  49.32%  4055°  40.56°  46.72®°  49.17%  46.06® 5491  5569° 121 002 4731 1865
Glu 65.15°  60.19° 59.63° 59.06° 59.16° 57.81° 50.08° 6586® 6868 69.28° 093 <001 6271 10.80
Gly 40.41 3464 3389 3682 3943 3186 3834 3263 4519 4058 123 025 3724 2410
Pro 50.63" 5337 51.97° 51.82° 52.82° 5308 5325° 6493 6343 6342 1.09 <001 5737 1380
Ser 28.60° 2743 2648™  22.08° 29.30™ 2860 34.02™ 36.28™° 46.06° 38.70° 164 004 3272 3653
Tyr 23.33°  21.62° 2643° 3323 50.79° 3240° 3672 3361° 50.16® 54.92° 205 <001 3635 40098

Mean 40.68 37.55 38.20 37.29 4224 38.94 42.63 42.51 51.83 4834 143 036 4202 3049

SEM, standard error of the mean; Arg, Arginine; His, Histidine; lle, Isoleucine; Leu, Leucine; Lys, Lysine; Met, Methionine; Phe, Phenylalanine; Thr, Threonine;
Trp, Tryptophan; Val, Valine; Ala, Alanine; Asp, Aspartic acid; Cys, Cystine; Glu, Glutamic acid; Gly, Glycine; Pro, Proline; Ser, Serine; Tyr, Tyrosine.

! Coefficient of variation (CV, %) = (stand deviation/mean) x 100%.

“¢ Different superscripts in each row for each factor differ significantly (p<0.05).

Table 5. Standardized ileal digestibility of amino acids of 10 wheat bran samples of 28-day-old broilers (%, as DM basis)

Sample numbers "
Items SEM p-value Average CV" (%)
1 2 3 4 5 6 7 8 9 10

Essential amino acids

Arg 70.08° 6337 69.54° 89.36" 90.64° 83.93" 9333 60.22° 6885° 6324* 171 <001 7713 1691
His 67.81°  60.23° 69.50° 8555 85.46° 76.52° 89.51°  60.00° 67.27° 62.18% 156 <001 7399  16.03
lle 63.52° 5695 59.71 79.96" 84.65 71.24™ 8783 5551° 5637  53.16° 192 <001 6890 21.24
Leu 62.76° 54.88° 60.67° 7861 83.06° 69.76™ 86.55° 5575° 5806" 5546 179 <001 6833 19.96
Lys 58.95% 53.87* 56.03® 79.02® 8203° 67.07° 83.36° 4457° 4543°  31.05 245 <001 6308 2960
Met 7014 60.61° 66.66™" 8525° 8594° 74.46° 87.93° 63.99°° 6246  56.30° 165 <001 7314 17.21
Phe 60.85° 51.21° 6538 84.09® 87.80° 77.33° 90.36° 62.46° 64.57°  63.84° 189 <001 7221 1993
Thr 52.46%°  4544%  46.09°" 63.00™° 74.31° 57.65° 7897° 3412 4234 3252 233 <001 5532 3214
Trp 60.03° 63.78" 7244° 86.18® 87.29° 81.81° 89.80° 51.43° 61.10° 48.14° 2.01 <0.01 7246  21.09
Val 61.79° 5375 5762 79.33® 8418 72.71° 87.55" 49.57® 55092°°  47.66° 203 <001 6733 2294
Mean  62.84° 56.41° 62.36° 81.03" 84.54° 7325° 87.52° 53.76° 5824*  51.35° 147 <001 6713 2184
Nonessential amino acids

Ala 60.31° 5273 57.54° 81.51" 8574 7491° 8770 4821® 5574  41.66° 2.21 <0.01 6722 2501
Asp 60.73° 5576 5815 81.53" 86.17° 74.88° 88.56° 49.15% 54957  4527° 216 <001 6803 2416
Cys 64.65° 6117 6747 8276° 8242° 73.01° 87.19° 6276° 6256°  56.92° 1.57 <001 7161 16.06
Glu 80.14"  73.47° 7633 89.22° 90.68° 8393° 92.26° 7599 7645 75987 102 <001 8245 9.43
Gly 58.22%  50.45° 59.96° 8296 87.68° 77.72° 88.05" 5207 59.03°  50.59° 212 <001 6884 2345
Pro 77.61°°  68.80° 70.75° 7874 81.68" 71.84°° 86.22° 71.98° 7178 68.13° 1.03 <001 7563 10.38
Ser 61.49° 54.15% 5701 76.49% 8219° 6949 8505 49.73° 5486*  48.08° 194 <001 66.02 2237
Tyr 54.33°  42.33" 65093 8144® 86.57° 7376™ 87.86° 60.76® 68457 69.95°¢ 209 <001 7005 2275
Mean  64.68° 57.36° 64.14° 81.83® 85397 7494° 87.86° 5883° 6298°  57.07° 153 <001 6951 1962

SEM, standard error of the mean; Arg, Arginine; His, Histidine; lle, Isoleucine; Leu, Leucine; Lys, Lysine; Met, Methionine; Phe, Phenylalanine; Thr, Threonine;
Trp, Tryptophan; Val, Valine; Ala, Alanine; Asp, Aspartic acid; Cys, Cystine; Glu, Glutamic acid; Gly, Glycine; Pro, Proline; Ser, Serine; Tyr, Tyrosine.

! Coefficient of variation (CV, %) = (stand deviation/mean) x 100%.

** Different superscripts in each row for each factor differ significantly (p<0.05).
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Table 6. Standardized ileal digestibility of amino acids of 10 wheat
bran samples in broiler chickens at 13 and 28 days of age (%, as DM
basis)

Items 13d 28d SEM p-value

Essential amino acids
Arg 4890°  7526° 3.64 <0.01
His 51.63°  72.40° 3.0 <0.01
lle 30.25°  66.89° 475 <0.01
Leu 34.09°  66.56° 425 <0.01
Lys 22.10°  60.14° 5.28 <0.01
Met 42.44°  71.37° 3.94 <0.01
Phe 4319°  70.79° 3.91 <0.01
Thr 20.82° 5269 453 <0.01
Trp 45.47°  70.20° 3.87 <0.01
Val 33.51°  65.01° 435 <0.01
Mean 37.24* 6713 4.05 <0.01

Nonessential amino acids
Ala 33.02°  64.61° 447 <0.01
Asp 31.68°  65.52° 4.64 <0.01
Cys 46.84°  70.09° 3.24 <0.01
Glu 62.39"  81.45° 2.53 <0.01
Gly 37.38"  66.67° 418 <0.01
Pro 56.77° 7475 2.41 <0.01
Ser 31.76°  63.85° 437 <0.01
Tyr 36.32°  69.14° 473 <0.01
Mean 4202°  69.51° 372 <0.01

SEM, standard error of the mean; Arg, Arginine; His, Histidine; lle, Isoleu-
cine; Leu, Leucine; Lys, Lysine; Met, Methionine; Phe, Phenylalanine; Thr,
Threonine; Trp, Tryptophan; Val, Valine; Ala, Alanine; Asp, Aspartic acid;
Cys, Cystine; Glu, Glutamic acid; Gly, Glycine; Pro, Proline; Ser, Serine; Tyr,
Tyrosine.

°b Different superscripts in each row for each factor differ significantly
(p<0.05).

nonessential AA was 42.02%. At day 28, the SID of AA was
different (p<0.01) among the 10 wheat bran sources tested.
The SID values of Met, Lys, Thr, and Trp ranged from 56.30%
to 87.93%, 31.05% to 83.36%, 32.52% to 78.97%, and 48.14%
to 89.80%, with averages of 73.14%, 63.08%, 55.32%, and
72.46%, respectively. Among the 10 essential AA, the highest
mean SID AA was found for Arg (77.13%) and the lowest
for Thr (55.32%), with the mean SID of the essential AA was
67.13%. Among the 8 nonessential AA, the highest mean
SID AA was found for Glu (82.45%) and the lowest for Ser
(66.02%), with the mean SID of the nonessential AA was
69.51%.

The effect of broiler age on SID of amino acids of 10 wheat
bran is shown in Table 6. The SID of the AA at 28 days was
significantly higher (p<0.01) than the SID of the AA at 13
days among the 10 wheat bran sources tested. The mean SID
for essential AA at 13 and 28 days were 37.24% and 67.13%,
respectively, and for nonessential AA was 42.02% and 69.51%,
respectively.

Correlation analysis and the regression equations
The correlation between chemical composition and the SID
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AA of wheat bran samples is shown in Table 7 and 8. At day
13, the SID AA was negatively correlated (p<0.05) with the
CP, except for Lys. A positive correlation (p<0.05) was found
between the CF and ADF and the SID AA, except for Lys
and Trp. There was a positive correlation (p<0.05) between
the ash and the SID of Ile, Leu, Phe, Thr, Trp, Val, Asp, Cys,
Ser, and Tyr, however, the SID of these amino acids, except
for Phe and Val, were negatively correlated (p<0.05) with the
EE. A positive correlation was observed (p<0.05) between
the NDF and the SID of Thr, Trp, Arg, Lys, Asp, and Cys. At
day 28, a negative correlation (p<0.05) was found between
the CE ADF and the SID AA, except for Arg, His, Leu, Phe,
Glu, Gly, and Tyr. There was a positive correlation (p<0.05)
between the ash and the SID of Tyr. Additionally, a negative
correlation was observed (p<0.05) between the ST and the
SID of Lys, Met, and Ala.

The linear regression equations predicting the SID AA at
13 and 28 days based on wheat bran chemical composition
are shown in Table 9 and 10, respectively. At day 13, the R*
value of linear regression equations for predicting the SID
AA was the best for Glu (R* = 0.97 using CP, EE, ash, CE
and NDF), then followed by Phe (R* = 0.94 using CP, EE,
ash, and NDF), and least significant for Thr (R*=0.53 using
CP, and EE) with intermediate values for the SID of Arg, His,
Ile, Leu, Lys, Met, Trp, Val, Ala, Cys, Gly, Pro, Ser, and Tyr
(R = 0.56 to 0.94; p<0.01). The best-fit equation for the SID
of Met was SID Met = 82.47+16.86CF-12.71ADF+1.75CP-
14.88ash-11.28EE (R’ = 0.89; p<0.01). The best-fit equation
for the SID of Lys was SID Lys = 11.00+1.81NDF-10.44ash
(R* = 0.69; p<0.01). At day 28, the R’ value of linear regres-
sion equations for predicting the SID AA was the best for
Lys (R* = 0.74 using EE, ash, ADFE, and NDF), then followed
by Asp (R*=0.71 using EE, ash, ADF, and NDF), and least
significant for Tle (R* = 0.27 using CP, and ADF) with inter-
mediate values for the SID of Met, Thr, Ala, Cys, Pro, and
Tyr (R? = 0.33 to 0.60; p<0.01). The best-fit equation for the
SID of Met was SID Met = 231.67-3.97ADF-6.33CP (R* =
0.36; p<0.01). The best-fit equation for the SID of Lys was
SID Lys = -208.63-5.84ADF+3.59NDF+27.02EE+20.99ash
(R? = 0.74; p<0.01).

DISCUSSION

Chemical composition of wheat bran samples

The CV values of all chemical components of the 10 wheat
brans in this study, except GE and DM, were greater than
8.00%. This suggests that the samples selected for testing
may be representative. Among the conventional nutrients,
apart from DM, the highest mean value was observed for
NDF (44.23%), while the lowest value was noted for EE
(2.08%). Additionally, the highest values of Arg (1.34%) were
found in the essential amino acid (EAA), and the highest
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Table 7. The correlation coefficient between chemical composition and standardized ileal digestibility of amino acid of wheat bran samples in
13-day-old broilers (%, as DM basis)

Items CP ST EE Ash CF NDF ADF

Essential amino acids
Arg —-0.87** 0.42* 0.13 0.23 0.68** 0.36* 0.67%*
His —0.53* 0.31 0.38* -0.17 0.43* 0.14 0.47*
lle —-0.67%* 0.19 -0.42* 0.57** 0.69%* 0.21 0.65%*
Leu —-0.65%* 0.26 -0.32* 0.48** 0.68** 012 0.64%*
Lys -0.15 -0.04 -0.09 -0.15 -0.04 0.471* -0.05
Met -0.43*% 0.14 -0.28 0.16 0.57** 0.16 0.53**
Phe —-0.83** 0.26 -0.13 0.64** 0.87** 0.16 0.76%*
Thr —-0.66%* 0.39* —0.49*%* 0.63** 0.63** 0.48%* 0.59%*
Trp -0.40* 0.02 —0.48*%* 0.70%* 0.21 0.63** 0.19
Val —0.75% 0.18 -0.3 0.55%* 0.74%* 0.23 0.69%*

Nonessential amino acids
Ala —-0.62%* 0.06 -0.2 0.31 0.46* 0.29 0.40*
Asp =0.76** 0.09 -0.45* 0.64** 0.64** 0.67%* 0.61%*
Cys —-0.65%* 0.21 -0.50%* 0.50** 0.85%* 0.44* 0.84%*
Glu —-0.50%* 0.34* 0.00 0.12 0.60%* -0.19 0.56%*
Gly —0.69%* 0.32 0.23 0.14 0.54*%* 0.11 0.49%*
Pro -0.37* 017 -0.08 0.18 0.48** -0.27 0.42*
Ser =0.771** 0.17 -0.46* 0.61** 0.74%* 0.29 0.69%*
Tyr —-0.82%* 0.22 -0.07 0.71%* 0.77** 0.26 0.73%*

CP, crude protein; ST, starch; EE, ether extract; CF, crude fiber; NDF, neutral detergent fiber; ADF, acid detergent fiber; Arg, Arginine; His, Histidine; lle, Isoleu-
cing; Leu, Leucine; Lys, Lysine; Met, Methionine; Phe, Phenylalanine; Thr, Threonine; Trp, Tryptophan; Val, Valine; Ala, Alanine; Asp, Aspartic acid; Cys, Cystine;
Glu, Glutamic acid; Gly, Glycine; Pro, Proline; Ser, Serine; Tyr, Tyrosine.

*p<0.05**p<0.01.

values of Glu (3.65%) in the nonessential amino acid (NEAA) similar to those reported by Trindade et al [21]. They observed
in this study. These variations in chemical composition were that wheat bran sourced from Brazil exhibited the highest

Table 8. Correlation coefficient between chemical composition and standardized ileal digestibility of amino acid of wheat bran samples in 28-day-
old broilers (%, as DM basis)

Items cP ST EE Ash CF NDF ADF

Essential amino acids
Arg 0.02 -0.24 0.15 0.14 -0.21 0.20 -0.22
His 0.03 -0.24 0.14 0.13 -0.21 0.17 -0.22
lle 0.16 -0.27 0.20 0.05 -0.35*% 0.06 -0.36*
Leu 0.10 -0.27 0.18 0.09 -0.29 0.07 -0.30
Lys 0.32 -0.35*% 0.21 -0.10 —0.54** 0.04 —0.54**
Met 0.24 -0.35*% 0.22 -0.02 -0.44* -0.03 -0.45*%
Phe -0.06 -0.27 0.06 0.30 -0.08 0.15 -0.10
Thr 0.17 -0.31 0.19 -0.02 -0.38*% 0.13 -0.38*
Trp 0.16 -0.30 0.02 0.10 -0.34* 0.30 -0.34*
Val 0.12 -0.30 0.18 0.06 -0.33* 0.13 -0.34*

Nonessential amino acids
Ala 0.14 -0.33* 0.15 0.06 -0.36% 0.15 -0.37*
Asp 0.14 -0.30 0.16 0.05 -0.36% 0.14 -0.37*
Cys 0.19 -0.29 0.09 0.09 -0.37* 0.09 -0.38*
Glu 0.08 -0.25 0.24 0.08 -0.26 0.01 -0.28
Gly 0.03 -0.31 0.1 0.19 -0.22 0.19 -0.24
Pro 0.21 -0.31 0.25 -0.10 -0.40*% -0.16 -0.43*
Ser 0.13 -0.29 0.20 0.04 -0.34* 0.11 -0.35*%
Tyr -0.28 -0.19 -0.04 0.48** 0.18 0.22 0.16

CP, crude protein; ST, starch; EE, ether extract; CF, crude fiber; NDF, neutral detergent fiber; ADF, acid detergent fiber; Arg, Arginine; His, Histidine; lle, Isoleu-
cine; Leu, Leucine; Lys, Lysine; Met, Methionine; Phe, Phenylalanine; Thr, Threonine; Trp, Tryptophan; Val, Valine; Ala, Alanine; Asp, Aspartic acid; Cys, Cystine;
Glu, Glutamic acid; Gly, Glycine; Pro, Proline; Ser, Serine; Tyr, Tyrosine.

*p<0.05*p<0.01.
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Table 9. Prediction equations of standardized ileal digestibility of amino acid based on the chemical composition of wheat bran samples in

13-day-old broilers (%, as DM basis)

Prediction equations R’ p-value

Essential amino acids
SID Arg = 119.43-2.77CP-3.88ash 0.86 <0.01
SID His = 151.82-3.29CP-8.57ash+0.22NDF 0.86 <0.01
SID lle = 233.30-12.40EE-1.50NDF-5.03CP~-4.48ash 0.85 <0.01
SID Leu = 14.76+6.70CF-5.18ADF 0.57 <0.01
SID Lys = 11.00+1.81NDF-10.44ash 0.69 <0.01
SID Met = 82.47+16.86CF-12.71ADF+1.75CP-14.88ash—-11.28EE 0.89 <0.01
SID Phe = 166.87-4.66CP—-1.40NDF-3.48EE+3.19ash 0.94 <0.01
SID Thr = 75.49-2.72CP-5.07EE 0.53 <0.01
SID Trp = 38.47+8.22ash—2.23ADF+0.81NDF-3.13CP 0.78 <0.01
SID Val = 195.47-4.47CP-1.13NDF-8.32EE-3.39ash 0.81 <0.01

Nonessential amino acids
SID Ala = 71.547-2.205CP-4.264ADF+4.192CF 0.56 <0.01
SID Asp = 170.235-5.163CP-6.212EE-1.143ADF-3.8471ash 0.77 <0.01
SID Cys = 4.645+6.745CF+2.451CP-3.733ADF—4.299ash—4.872EE 0.94 <0.01
SID Glu = 242.563+0.394CF-1.362NDF-8.79EE-6.999ash-3.795CP 0.97 <0.01
SID Gly = 144.843-4.233CP-4.513ash—0.625ADF 0.73 <0.01
SID Pro = 290.03-1.974NDF-12.211EE-6.255ash—4.890CP 0.89 <0.01
SID Ser = 253.775-13.818EE-1.535NDF-5.690CP-5.023ash 0.86 <0.01
SID Tyr = =61.144-1.429CP-0.985NDF+19.209ash+10.799EE+1.033ADF 0.92 <0.01

DM, dry matter; SID, standard ileal digestibility; CP, crude protein; NDF, neutral detergent fiber; EE, ether extract; CF, crude fiber; ADF, acid detergent fiber;
Arg, Arginine; His, Histidine; lle, Isoleucine; Leu, Leucine; Lys, Lysine; Met, Methionine; Phe, Phenylalanine; Thr, Threonine; Trp, Tryptophan; Val, Valine; Ala,
Alanine; Asp, Aspartic acid; Cys, Cystine; Glu, Glutamic acid; Gly, Glycine; Pro, Proline; Ser, Serine; Tyr, Tyrosine.

Table 10. Prediction equations of standardized ileal digestibility of amino acid based on the chemical composition of wheat bran samples in

28-day-old broilers (%, as DM basis)

Prediction equations R? p-value
Essential amino acids
SID lle = 240.24-4.10ADF-7.02CP 0.27 0.01
SID Lys = —208.63-5.84ADF+3.59NDF+27.02EE+20.99ash 0.74 <0.01
SID Met = 231.66-3.97ADF-6.33CP 0.36 <0.01
SID Thr = =2.70-4.53ADF+3.38NDF+25.88EE+18.53ash 0.60 <0.01
Nonessential amino acids
SID Ala = 220.56-6.52ADF-9.02CP+1.92NDF 0.48 <0.01
SID Asp = =216.14-4.77ADF+3.23NDF+27.12EE+22.95ash 0.71 <0.01
SID Cys = —=91.10-3.12ADF+16.00ash+14.47EE+1.60NDF 0.53 <0.01
SID Pro = 158.36—-2.04ADF-3.33CP 0.33 <0.01
SID Tyr = =279.66+34.49ash+21.50EE+4.72CP 0.49 <0.01

DM, dry matter; SID, standard ileal digestibility; ADF, acid detergent fiber; CP, crude protein; NDF, neutral detergent fiber; EE, ether extract; lle, Isoleucine; Lys,
Lysine; Met, Methionine; Thr, Threonine; Ala, Alanine; Asp, Aspartic acid; Cys, Cystine; Pro, Proline; Tyr, Tyrosine.

NDF (40.72%) and the lowest EE (3.15%) among the con-
ventional nutrients, excluding DM. Additionally, the highest
Arg (1.18%) among the EAA and the highest Glu (2.61%)
among the NEAA were also noted in their study. It was also
similar to the findings of Adedokun and Adeola [22], who
reported that wheat bran sourced from the USA exhibited
the highest NDF (49.84%) and the lowest EE (5.56%) among
the conventional nutrients, excluding DM. Additionally, they
noted the highest concentration of Glu (1.79%) among the
NEAA. It is noteworthy that Glu content was found to be
highest not only in wheat bran but also in corn, wheat, rice

broken, sunflower meal, guar meal, and cottonseed meal
[7,10,20]. Protein composition was likely significant in de-
termining this property. Glutenin and alcohol-soluble proteins
represented the primary protein fractions in wheat bran, both
of which were characterized by elevated levels of Glu [23,24].
Variations in the chemical composition of wheat bran were
also associated with factors such as cultivar diversity [15,25]
and environmental conditions [26] during growth. Overall,
the chemical composition of the samples was similar to the
previously reported chemical composition of wheat bran
[10,11,21,22].
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Standardized ileal digestibility of amino acids

The average SID AA of wheat bran at 13 and 28 days was
39.36% and 68.19%, respectively. Furthermore, the SID AA
values were significantly higher in 28-day-old broilers (52.69%
for Thr to 81.45% for Glu) than in 13-day-old broilers (20.82%
for Thr to 62.39% for Glu), independent of EAA or NEAA.
This suggests that the efficiency of broiler chickens in utiliz-
ing the amino acids in wheat bran increased with age. This
trend was similar to that observed by Adedokun et al [27] in
5-day-old and 21-day-old broilers for corn distillers dried
grains with solubles, and corn. Partly, this might be attributed
to changes in the digestive system with age. As the broilers
aged, pancreatic enzyme secretion increased, resulting in
more effective promotion of protein digestion and hydrolysis
in wheat bran [28,29]. Also, the microbiota tended to more
mature and stabilize, which also affected the digestion of
amino acids, resulting in a partial age effect [30].

There was no data on the amino acid digestibility of wheat
bran in broilers aged 1 to 14 days and only sporadic data on
the amino acid digestibility of wheat bran in broilers aged 21
to 28 days. Ullah et al [10] reported an average SID AA value
of 76.90% for 1 wheat bran in 21-day-old broilers. Gallardo
et al [11] investigated a mean SID amino acid content of
79.10% for 1 wheat bran in 21-day-old broilers. Sauvant et al
[12] reported a SID AA of 77.18% for wheat bran in broilers.
Their reported results were higher than the SID AA of 68.19%
in this trial with 10 wheat bran in 28-day-old broilers. How-
ever, Iyayi and Adeola [9] reported a SID AA of 59.20% for 1
wheat bran in 26-day-old broilers, which was lower than the
results reported in the present study. Amino acid digestibili-
ty was affected by a number of factors. Endogenous factors
such as age [27], gender, and genotype [31] affected digest-
ibility. Exogenous factors such as sample source [25], processing
[16], and feeding conditions [32] could also affect digestibility.
The differences in amino acid digestibility among studies
may result from the combined effects of multiple factors.

Correlation analysis and the regression equations
Multiple linear regression equations were used to predict the
SID AA values in feed ingredients due to the correlation be-
tween the SID AA and the chemical composition of the
sample [13]. The R’ values of the multiple regression equa-
tions predicting the SID AA on day 13 based on wheat bran
composition ranged from 0.53 (Thr) to 0.97 (Glu), and on
day 28 ranged from 0.27 (Ile) to 0.74 (Lys). Results of the
multiple linear regression equations indicated that NDF,
ADE CE CP, EE, and ash could be used as suitable predictors
of the SID AA data for wheat bran. Correlation of the SID
AA values with these nutrients found in this study was also
reported in wheat [15], corn distillers dried grains with
solubles [33], rapeseed meals [16], and soybean meals [14].
Also, a significant relationship between fibrous carbohy-
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drates and most SID AA in wheat bran was found in this
study. The results for the CE, and ADF of wheat bran were
positively correlated with most SID AA at day 13 and nega-
tively correlated with most SID AA at day 28. However,
Wang et al [33] observed that the CF and ADF content of
corn distillers dried grains with solubles exhibited negative
correlations with some SID AA at day 14, while displaying
positive correlations with some SID AA at day 28. These dis-
parate findings could stem from the inherent distinctions
between wheat bran and corn distillers dried grains with
solubles as distinct feed ingredients, with their respective
compositions potentially leading to variations in nutrient
and amino acid digestibility. In addition, interactions be-
tween bran proteins and nonstarch polysaccharides (NSP)
affected amino acid digestibility [11]. NSP or fiber intake in-
creased the viscosity of intestinal chyme and limited the
digestion and absorption of wheat bran proteins [34]. There-
fore, fiber carbohydrates were effective predictors of the SID
AA values in wheat bran.

Significant relationships between protein and amino acid
digestibility have been reported several times [13,15,33]. The
digestibility of proteins influenced the release and absorp-
tion of amino acids, while the digestibility of amino acids
reflected the extent to which proteins were degraded and
utilized in the digestive system [7,28]. The CP was signifi-
cantly negatively correlated with the SID AA at 13 days in
our study. This result was consistent with previous results.
Wang et al [33] reported that a negative correlation between
the CP and the SID AA in corn distillers dried grains with
solubles. However, Yun et al [15] reported that the CP of
wheat was positively correlated with the SID AA. The reason
for this difference might have been the different protein com-
positions in wheat, wheat bran, and corn distillers dried
grains with solubles. In addition, in the amino acid model,
the inputs of EE and ash improved the predictive power of
the equations. Although the amino acid digestibility of wheat
bran might have been affected by a variety of factors, our re-
sults showed that fiber carbohydrates, CP, EE, and ash were
closely related to the SID AA and could have been used as
predictors of the SID AA in wheat bran.

CONCLUSION

In conclusion, our study determined the average SID of
EAA and NEAA in wheat bran for broilers aged 13 and 28
days. The average SID of EAA was found to be 37.24% for
13-day-old broilers and 67.13% for 28-day-old broilers, while
the average SID of NEAA was 42.02% and 69.51%, respec-
tively. Our findings underscore the significant relationship
between the SID AA and the chemical composition of wheat
bran, including CP, EE, ash, CF, and ADE These results pro-
vide valuable insights into the nutritional value of wheat
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bran for broiler diets and offer a basis for developing predic-
tive equations for the SID AA based on wheat bran's chemical
composition.
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