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Effect of xylose supplement on rumen protection effect of
soybean meal during extrusion puffing

ZHANG Hongliang', ZHANG Siyu', LI Peigi', WU Min?, SU Huawei'
(1. College of Animal Science and Technology/State Key Laboratory of Animal Nutrition and Feeding,
China Agricultural University, Beijing 100193, China;
2. College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract To investigate the effects of xylose addition on the Maillard reaction degree, in vitro rumen
degradation, and small intestinal digestive properties, this study was conducted by crushing soybean meal
feedstuffs and adding xylose at concentrations of 0.5%, 1.0%, 1.5%, 2.0%, and 2.5% to the extruded
puffing soybean meal using a twin-screw extrusion process. The impact of the extrusion puffing process on

the protein Maillard reaction of soybean meal was analyzed by measuring color differences, the degree of
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browning, and the composition of fiber and protein. Additionally, rumen fluid was collected from four Angus
steers, each weighting 400 kg and fitted with permanent fistulas, and a three-step in vitro method was
employed to examine the effects of xylose addition on the rumen degradation characteristics and small
intestinal digestion of extruded puffing soybean meal. The results showed as follows: 1) The neutral
detergent fiber (NDF), neutral detergent insoluble crude protein (NDICP), acid detergent fiber CADF), and
acid detergent insoluble crude protein (ADICP) of the samples significantly increased with the increase of
xylose Highly supplemental level (P<<0.001), and the nitrogen solubility index (NSI) extremely significantly
decreased (P<<0.001). 2) Different amounts of xylose addition have a significant impact on the color
parameters (L*, a*, b*, and AE) and the degree of Maillard reaction (MR) (OD,,, and OD,,,) (P<<0.05) .
The values of a* and AE increased significantly with higher xylose addition, while L* and b* decreased
significantly (P<C0.05). 3) The rumen-undegradable rate of DM, in vitro total digestive tract digestibility,
rumen-undegradable protein (RUP(CP)), RUP, and small intestinal digestible crude protein (IDCP) in the
extrusion and puffing treatment group were significantly higher than those in the soybean meal group (P<<
0.05). Additionally, the rumen-undegradable rate of DM in the xylose addition groups of 1.0% and 1.5%
was significantly higher than that in the control group and other treatment(P<<0. 05). In conclusion, adding
xylose can significantly enhance the Maillard reaction of extrusion puffing soybean meal and increase its

rumen passage rate, and the rumen passage effect of soybean meal supplemented with 1.0% xylose is

optimal.

Keywords soybean meal; extrusion puffing; Maillard reaction; xylose; in vitro fermentation
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1.5%.2.0% M1 2. 5% , TS N FF i 1) CP il % {8 43 3]
g 41.88% 41.79% 42.12% 41.95% F141. 38 % (+
YRR o Ik B T S B0 T B, AATERL
HERL, [ R 1 kg, FF 7= i ¥4 20857 H I IR LR BURE
A FZS ARG B R 90 O, IR M 2 h G K F R
ORI 55 O B AE Ry 1 mm B . FR 4l
B2 RAFE T — 20 COKAR b, % 0 T R 1 5 it

0.45 mm fifi .
1.2.2 KB AR

55 BT R A AR R rp B ROk R A B L Y A R
g B b AR AL . BEFH 4 Sk IR EE R 400 kg A2 AT fa@ R H
B KA B EE BRI R4, HH T
08:30 1 16: 30 AT MR ME , A >R & FARIK , 78 Fil 1)
—JAJE WA 8 KRR AT HEATI H R, W HWE
42 A U8 G T 39 C AR R A Hh AR A7 Al ] 52560 =
i F e ek, HEEF NSRS HRTMR) A A
Z BNASEM (20160 b5 i il 2 . TMR 41 % K&
FRA M 1,

®1 BEMARARKREFRKFE(TUREM)
Table 1 Composition and nutrient levels of the basal diet (DM basis)

TR it H K B
Ingredient Content Nurient level Content
Rk ERT /% Corn silage 27.39 MBI/ % CP 11.37
T FE /% Corn straw 17. 04 o PR LT 4R/ % NDF 31. 26
E K ¥/ % Ground corn 31.29 R VE VR 47 4/ % ADF 19.33
K1/ % Soybean meal 9.6 R e/ (MI/kg) ME? 10.42
A/ % Jujube powder 8.49 4 EE / (MJ/kg) NEm 6.78
TRk ¥ Premix” 2.45 T RE/ (MJ/kg) NEg 4.31
/NFRFT /% NaHCO, 1.26 ST AL SR 7 TDN 68.91
/% NaCl 1.26
MR A 45/ % CaHPO, 1.22
&1t Total 100. 00

TE VAT S WU AR AR AR L - 2R 3 A 160 000 TU, 44 % D 350 000 TU, 4EE % E 900 TU, 4iE#F E 1120 me, MR
500 mg, £ 1200 mg, #il(CABRRRHTIE A4 150 mg, #ECATRRFEE A7 7E) 1 000 mg, 4 (AR R AR TE xUA778) 500 mg.
PACIBHRE A5 v RE 0 T 0 B R T 94 AL R AR SR A A O S

Note: "The premix provided the following per kg of the diet: VA 160 000 IU, VD 350 000 IU, VE 900 TU, VB 1 120 mg, nicotinic
500 mg,Fe 1 200 mg, Cu (as copper sulfate) 150 mg, Zn (as zinc sulfate) 1 000 mg, Mn (as manganese sulfate) 500 mg.

“ME,NE ,,,NE,,and TDN are calculated based on reference'”!’, while the others are measured values.
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Table 3 Effect of xylose addition on fiber and protein composition of extrusion puffing soybean meal samples

VN RN P{E
Xylose addition group P value
A SEM
0.5%4H 1.0%4H 1.5%4H 2.0%4H 2.5%4H °
SRR NS IR S AR am we oo
0t e 0t e ot Treatment Linearly Quadratic Cubic
group group group group group
R BRI LT 4/ % NDF - 32.81d  37.23¢  42.31b  45.98a  47.91a 1.09 <C0.001 <C0.001 <<0.001 <<0.001
EP‘@&(%T:{MEEF' 38.57d  47.27¢  54.96b  62.12a  66.05a 2.70 <<0.001 <C0.001 <<0.001 <<0.001
i/ % NDICP
MRIEVE IR £ 4E/ Yo ADF 7. T4c 9.04c  13.21b  16.41a  18.03a 1.10 <<0.001 <<0.001 <<0.001 <<0.001
VARl s BBy SRR
@‘@&‘*Tfﬁmﬁﬂ 3.01d 2.77d 8.31c  13.34b  16.52a 1.50 <C0.001 <C0.001 <<0.001 <<0.001
i/ % ADICP
RIBETE L/ % NSI 6.42a 5.44b 4.08¢ 3.97¢ 3.35d  0.18 <C0.001 <C0.001 <<0.001 <<0.001

V< A7 BOHR R B 5 B ) 7 5 5 22 5 R 3 (P>0. 06) R 7 e 22 5 . (P<0..05) . F L.
Note: In the same row, values with no letter or the same letter superscripts mean no significant difference ¢ P=>0.05) , while with different

letter superscripts mean significant difference (P<Z0.05). The same below.

2.2 KEESRM=4 BB ERK S A5 SDS-
PAGE # 1
SRS R ) SEROTTR YR 3 i Y

25

15

10 i

A BRI 1 2 R BEAL HILR 8 R A B
KW AR R L TE 7S A R Ar B SR I R L H
TR 118 &b A 19 2570 BB 5 0 5 9 38 i, 11S

Acidic
118

Basic

VKA 12 2 T T AR AR E (Marker) | 3KGH 2~7 : R 28 8% 1 I A0 B9 SO 2 AR R AR BE AR N (0.5% . 1.0% . 1.5% .2. 0% 2. 5% ) [l $ I ik &
M4l FRERIC I 2T 23 58 7S 4004 o o B IEFEFN 11S 4143 19 Acidic F1 Basic W% .

Lane 1 is the protein molecular weight standard (Marker), and lanes 2-7 are the unextruded puffing soybean meal group and the extrusion puffing

soybean meal group with different xylose additions (0.5%, 1.0%, 1.5%, 2.0%, and 2. 5%, respectively. The labeled bands in the figure are the o,

«, and B subunits of the 7S fraction and the acidic and basic subunits of the 118 fraction, respectively.
1 R #E RN 2 AL 3 5 [ B AL Z 4R #E G i) SDS-PAGE
Fig. 1 SDS-PAGE of extrusion puffing soybean meal samples treated with different xylose additions
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2. 5% WS EL B e TR . R 3 A VT AN [ BE R Jn

1200 B I AL SRR S B B (L a0 F AED il
MR 2 (OD,y Fl OD o) ¥4 8 3552 M (P<<0. 05)
Bl & A WS IS 0 5 0 3O, B SLB LEak L bx  AE
ODoys F OD o0 B 34 522 BUMY 18 35 I 21 L 0 =R 4y
i (P<<0.001) . a* AE Wi & A WG I & i 35 n i
FRAETE R (P<<0. 05) , L* 1 b* Bl & A RIS &2 1Y
g 2 B AR (P<<0. 05) .

0.5%.1.0% .1.5% 2. 0% F12. 52 ARFRA R ABE G N F 195 AL LM
The percentages of 0. 5%, 1.0%, 1.5%, 2.0%, and 2. 5% represent the extrusion puffing of soybean meal with varying additions of xylose.
B2 AEBAMEBTHERLZHERNRUEF

Fig. 2 Apparent color of extrusion puffing soybean meal samples with xylose additions

x4 KEFMEMNFERUEMERNERMEENZN
Table 4 Effect of xylose addition on the degree of Maillard reaction of extrusion puffing soybean meal
ABEGS 4 P{d
Xylose addition group P value
G SEM
0.5% 4 1.0% 4 1.5% ¢ 2.0% 4 2.5% 4 . .
VA m o oan o =k =K
e e o o o Treatment Linearly Quadratic ~ Cubic
group group group group group
R L* 72.72a 69.47b 67.46¢ 65. 86d 63. 38e 0.650 <C0.001  <<0.001 <<0.001  <<0.001
21 a* 8.37d 9.52¢ 10. 09b 10. 26b 10.47a 0.160 <<0.001  <<0.001 <C0.001  <<0.001
HE b* 23.00a 22.27h 21.71c 20.90d 19.63e 0.240 <<€0.001  <€0.001  <C0.001 <<0.001
@22 AE*  36. 66e 38.97d 40.40c  41.32b 42.85a  0.430 <<0.001  <C0.001 <C0.001  <<0.001
ODyy 1.748b 1.922ab 1.788a 1.897ab 2.053a 0.029 0. 007 0.003 0. 007 0.002
ODyy0 0. 165¢cd 0.159d 0.169¢ 0.192a 0.183b 0.003 <C0.001  <C0.001 <<0.001  <<0.001
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1 26 5 AT S0, RN AL 16 hS , AS R AR 78 in 42 B

FERZ AL AL B 1) DM RSP 4 AL TE T AL R . RUPCCP) |

RUP . IDCP ¥ & 35 & T K & % 1k 4b 1 49 &0 41

(P<<0.05). XFF DMIKSMMATHLR CPIRINNATH
RGN 2T ETH AR A 2 (P>>0. 05)
1.0% Al 1. 5% A 4L i) DM a7 B R85 T HA
ZH(P<<0.05), 5 MM ,0.5%.2.0% F12. 5% 21
1 DM 3398 B A I T+ H 2 A B 3% (P=>>0. 05)

x5 AERFRMEXNFERLEZREMESNGHLH R

Table 5 Effect of xylose addition on rumen and small intestine digestion of extrusion puffing soybean meal in vitro

AR AL
T Xylose addition group
TiH Soybean " o ” s I [ P&
Item meal O.S/E,E 140/§,E 1.5/;),H Z.O/E,E 2.5/;),H . P value
group 0.5% 1.0% 1.5% 2.0% 2.5%
group group group group group
DM 1h g H 2K /0
SN 48.79b  48.98b  53.15a  52.57a  50.40ab 51.99ab 0.50 0.028
Rumen non-degradable DM
DM Kb /N TE AL/ ¢
PR AL 08 74.31 88.09 86. 74 88.25 87.91 86.68 1.24 0.055

Small intestinal digestibility of DM in vitro
DM e Ah 4 AL k3 / %

S T .. 87.14b 93.78a 92.39a  93.43a  92.46a 92.65a 0.60 0.001
Total digestive tract digestibility of DM in vitro
AR B BT R/ % RUPCCP) 65.70b  78.50a  84.00a  81.50a  79.67a 81.60a 1.21 0.004
I 1 AN A £ 11 BT/ (g/kg) RUP 278.77b 329.11a 351.02a 343.57a 334.27a 336.89a 4.88 0.004
. Ay /0
CP{ESb MR AL/ 7 95.83  98.51  97.86  98.49 97.47  98.26  0.35 0.210

Small intestinal digestibility of CP in vitro

N ATIE AL & BT /(g/kg) IDCP 358.01b 381.34a 388.14a 389.46a

CP A2 LT AL 3/ %
Total digestive tract digestibility of CP in vitro

97.23 98.82

380.33a 380.14a 2.62 <<0.001

98.13 98.73 97.92 98.59 0.26 0.354

V< LML Fok 28 B R AL AL TR B T

Note: Soybean meal group represents soybean meal that has not been extruded and puffed.

2.5 AERMEXMFERLEHEMNEELES
%
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Table 6 Effect of xylose addition on rumen fermentation parameters of extrusion puffing soybean meal in vitro

AHE IS 04l
S Xylose addition group
i ot sem M
Ttem ‘Oyl fan 054l 1.0%4l 1.5%4l 2.0%4 2.5%4 - P value
mealgroup () 5og 1.0% 1.5% 2.0% 2.5%
group group group group group
pH 6.43 6.42 6.41 6. 40 6. 41 6.39 0.01  0.713
EAA/ (mg/dLONH,-N 44. 36a 23.17b  19.67b  20.65b  14.92b  10.96b  2.27  0.006
2,/ /(mmol/L)
Z.R/(mmol/ 53. 54 49.68 52.71 53.90 50. 42 48.50 1.16  0.713

Acetic acid
WR/(mmol/1.)
Propionic acid

S T2 /(mmol/L)

26. 28a 19. 74b

0.66 0.41b
Isobutyric acid 4
T/ (mmol/L) 10,27 2 63
Butyric acid ' '
SR/ Cmmol/1) 5 11a L2l
Isovaleric acid ’ '
2 /(mmol/1.) 0.70 0. 79
Valerie acid ' ’
Z@&/ﬁﬁa L 2.04 2.55
Acetic acid/propionic acid
A S B 4 S M I U7 R/ (mmol /L) 5 784 .
TBVFA S '
SRR D7 R / (mmol /L)

L L4

TVFA 93.58 80. 40

85.37 86. 06 80. 35

21.69b 20. 68b 19. 46b 19.19b 0.64  0.007

0. 40b 0.42b 0.37b 0. 34b 0.03  0.001

8.72 9.16 8.42 8.00 0.28  0.526

1. 15b 1.20b 1. 06b 0.90b 0.09  0.026

0.70 0.70 0.63 0.54 0.03  0.275

2.46 2.63 2.61 2.54 0.07 0. 185

1.55b 1.62b 1.43b 1. 24b 0.12  0.028

77.46 1.87  0.169

MIE R, A BEAE A B TR A R E B D &
AR R Y, 155%%%?%Amr“f£ﬂllmﬁﬁw ¥
TR T 16 3R G 1, T8 B U M B 1 SRR IR
I, 2. 5% ABE TS i 20 9 NST At ADICP %%F}?
HARA A b, A W58 P F 5% 4, 38 o PR 4l
ﬁﬁ%%‘ﬁ%ﬁﬁéﬁ/m,z:i*bu,ﬁ\/ﬁﬁﬁr”” pNil
SR, e AORE S N T AR T O OB R L
R YER T PSS T, SRR R EK
% B
3.2 KRERMEXFER L Z 48 SDS-PAGE 717
MMREENZME
SDS-PAGE $5 A2 A FH 73 74 19 26 5 52 L2 1
LAy B BT Y S B R AL BRSBTS kR
W1 AR fh . AOBEAL B 5 AR 5 7 S I R A A R )
HH A T L1S DU it o AHE 5 £ 38 fin i 28 7 A8

55 Zhang SRR — 80 X RPIANE & R TH =R

T MR, {5 (R 250 & A T el As ™,

SRS N A 77 A B Amadori 7R B B A4 S
AR, R G S EHE ML g6 A 2R RN IE A
JRURR: (1 B LR PR i 7E BN 1 B B BT AR 43 1
gﬁﬁﬁ’éfﬁ%ﬁ*ﬁmem?ﬁﬁ?ﬁ@ AR A
U, B A — e R T S T SR R W R B RN
ZfiﬁﬁﬁiEP,%**%mﬁHEE@iﬁ,L*ﬁ*ﬂ b+ 34 8
INCAERRER X R Z WY S 5 RO, T
J R HERE PR E T MeH 1 B8, X 5 M 5T A
—F, HeAh, 7E 294 nm H1 420 nm KT I OG
COD B & PEAl 55 F7 78 iz 1o o A A R0 s o TR R 36
77 2 7 P ] B B 7 A £ MIRPs LR 8 S B B 7 A
(9 MeH 43 BI7E OD., F OD 0 A ELA TR 58 FDEMR I
I ELI G B kg, 48 78 2 B R MeeH B K. e AR A
G, YRR N 4 3R 2. 5% F12. 0% 1), 294 nm
1420 nm KT 1 OD A 5 3] i K
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B AR R4 Sacakli 251 1 & 3R, 78 #uab
PRGN 0. 5% A 1. 0% By AR B 2 (& AK T 2
FATE TR 1 DM R CP WA RL R A vk o AR 58 &
WO5% REEDM B 2R EFMT 1.0% M
1.50 Mt 1.0% J R R A B EHOR . X
—GERF], ORBER N 1. 0% 7 LA S0 K SORIAE
Jed T e B i R B TR S LR E R L S
PGS PRSI oY — B0, 2 R AN R W AT 2 TR
W AR AT B AR . WS R B, RRE S R 1 R
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5 Sacakli 55" 45 A — B, T4 T LR 1
$& T AT i 2 R oA AR A B 2 R 0E 36 B4 N, B
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b (A /NG 6 DM R (38 i, A0 A B b B S
NG T BT AR AR A TG, AR R | 4R
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THAE R A A E CP LRI A B &2, F Ik
WAL GR RE B A e R R SR, DR AL A G
Ao WL AR, 3R Ab B 5 vk AR SR A 7 v AT R A Ok B
T B 2T W R B (DMD , AT B T 42 T4
AR R

AR T Ak BEAR SD & B 16 h ) M E pH# N Fa
FE o RN T GORIA % R AR SO 9 NH,-N U
JE i 3 AR, 3X 5 Manzocchi %7 S | I AF 58 — 21,
F W] 28 2ok A b B B AR B Y R A R
AR AL E BRI T BCVFA
FMTBCVFA M EMMR TR TSR, BE b
S5 THR 5 8GR Bk R T 41 B e RDRL i B B
J | SBE SR DL SR R W A R AR Y B R
b GORIAE T H Y CP R Al 32 B AIK, IR I A 0 1 3

WM T TR IR . ST E
KRR L, 55 H 2 Ak 0 18] 2 A6 0 2ok e 5 7 428 s 17 1T i
RoAR T B A9 T P, S B0 R VR B R K. Gupta
SRS 5 2 B A Ak B A ] ) ZE K 2 120 min 7E B R
1 A 3k A o 5 BT U R Ik IR R LM Uk B 1 B
R T SE AR AR A SR R . AS B SE R R
PR (R TN R ik B IS RT B A 5508 DML AL R 11
FEARA G, VEFARES R 5 NH-N 1945 35— 5,
e WY A MR AT R B A B Y SR HL AT TR A R
WA, S [ b B ORI 8 A W Rk I X R 25 R
FE R W AE NH,-N LR 5 T /R A5 R Y vk
[

4 % #®

AT TE o3 M 1T A 5] 55 e B2 A Ak B 08 2R A
Jot 45 AL | SR A P S N AR R R A I RN i A Y
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