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Dietary supplementation of distillers’ grains in late pregnancy on

reproductive performance and colostrum composition of sows
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Abstract: To investigate the effects of distillers’ grains(DG) on reproductive performance and colostrum composition of
sows in late pregnancy, a total of 72 healthy PIC sows(80 days of pregnancy) were randomly divided into two groups,
with 6 replicates in each group and 6 sows in each replicate. The control group was fed a basal diet, and the DG group
was supplemented with 1%(mass fraction) Fuyu flavor DG in the basal diet. The experimental period was from 80 days
of pregnancy to delivery. The results showed that the litter weight, number of live piglets and number of healthy piglets in
the DG group were significantly higher than those of the control group(P<0.05), while the number of intrauterine growth
retardation(IUGR) piglets was significantly decreased(P<0.05). DG decreased the mass concentration of urea nitrogen in
colostrum of sows(P<0.05), but there was no significant difference in immunoglobulin(IgA, IgG, IgM) mass
concentrations(P>0.05). DG increased the molar concentrations of serum triglyceride(TG) significantly(P<0.05). The
serum cholesterol(TC) and high-density lipoprotein(HDL-C) concentrations, along with the total superoxide dismutase(T-
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SOD) and catalase(CAT) activity, and glutathione peroxidase(GSH-Px) activity in placental tissue exhibited highly

significant elevations(P<0.01), but the molar concentration of interleukin-2(IL-2) was significantly decreased(£<0.05) in

the DG group. DG had no significant effect on the intestinal microflora clustering, Chaol index, observed species,
PD_whole_tree and Shannon index(P>0.05). However, DG reduced the relative abundance of Spirochaetota(P<0.01) and
Treponema(P<0.05), and increased the relative abundance of Clostridiaceae(P<0.05). In summary, supplementation of

1% DG in the diet of sows during late pregnancy can effectively improve the reproductive performance and antioxidant

capacity, alleviate inflammation and affect the gut microbiota structure of sows.

Keywords: distillers’ grains; sow; reproductive performance; colostrum composition; gut microbiota
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Table 1 Effects of dietary distillers’ grains on reproductive

performance of sows

24 paiiEe) k2 P
SOPAFEUSk 14.33£1.30  15.75+2.41 0.088
Tk 13.16£1.33  14.75£1.95 0.031
a8k 12.33£1.61  14.50+1.78 0.005
IUGRTHEEUL  0.83£0.83  0.25+0.45 0.048
BENGEL 1.16+1.19 1.00+1.95 0.803
ARIIENEEL 0.08+0.28  0.25+0.86 0.534
W R %L 0.08£0.28  0.08+0.28 1.000
WILE B H kg 18.36+4.06  22.39+4.98 0.041
Y E kg 1.28+0.27 1.43+0.31 0.206

HI 2 0] J0, AR RESE O R AR S i DG
JOREY RS & MiE S A8
FR2 AR AR ERERXT &5 B AR F0D
Table 2 Effects of dietary distillers’ grains on placental

efficiency of sows

E 24 X HE 2 PIRtZH P
fr i /kg 3.2240.13 3.85+0.92 0.159
JiEEER &S 5.63x1.12 6.00+1.39 0.621
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Table 3 Effects of dietary distillers’ grains on milk composition

in colostrum of sows

i H Xof IE£H TR P
FLIEZ/% 5.89+0.85 5.22+0.81 0.197
AEEY% 19.95£3.05 18.39+3.64 0.441
FLBER/% 2.05£025  1.75£0.24  0.062
FIRTYIRR R E0%  27.61£3.53 24.98+3.33  0.214

JRZEFREWE (mg-dL")  68.70+7.15 54.58+9.20 0.014
BT YRR % 36.3743.66 34.07+4.29 0342

HHZR4RT UL, 6B RE A IR Je B R Hh S e A
SHEFBRIFLARAYIgA | 1gG . IgMFR R E I B %
SLI0 (P>0.05), {H79 W 20 T A J5 1 vk B AR A T TR
HAFAE E TR

=4 ARPARMNEENSEVATREXRELDR=E
R EAT

Table 4 Effects of dietary distillers’ grains on immunoglobulin

mass concentration in colostrum of sows

E 2 Xt HEZH T REZH P
IgAR R E/(mgmL™")  0.16+0.01 0.18£0.01  0.092
IgGRi R /(mgmL™")  0.43+0.11 0.34£0.05  0.125
IgMJFi R /(mg-mL™") 337.10£48.74 378.26+43.44 0.154

2.3 (TR EHAARR SN E AT B M A AR5
1EFRRISZNG
ST UL, FERERE G U 00 R 8 e A
i E PR T R =l (TG (P<0.05), i
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Table 5 Effects of dietary distiller’s grains on lipid metabolism
indexes in serum of sows
28 XJHEZH e EE P
TCH¢E/(mmol-L™) 1.71£0.35 2.51+0.49 0.009
TG & /(mmol-L™) 0.20+£0.02  0.23+0.01 0.016

HDL-CH&E/(mmol- L") 1.31£0.25 2.35+0.61 0.003
LDL-C¥& % /(mmol-L™")  0.30£0.03  0.35+0.06 0.107
GLU¥¢ & /(mmol-L™) 1.27£0.05  1.26+0.15 0910

2.4 IFiREERIAMR P IRIEREX SIS IERR
apA!
P — 25 X5 L35 AN IR ST S AL FE AR R A T 4
Brla BB, GEUR 5 WA AR IRR o 7S T A A . R
T8 L FP T-SODMICAT I 1 (P<0.01), {HXF

T-AOCH(JE . MDAV . GSH-Pxif PESE4E 47 0 i
F (6.
/6 AIRTPIRINEREX B I A E L IR R0
Table 6 Effects of dietary distillers’ grains on serum
antioxidant indices of sows
28 X BEZH Hlip P
T-AOCHJE/(umol'-mL™) 20.59+2.42  23.61+2.92 0.080
T-SODJEH:/(U-mL™")  153.47+17.36 183.51£13.07  0.007
MDA /(nmol'mL™")  3.84+0.48 3.52+0.28 0.199
GSH-Px{fPE/(U-mL™") 467.97+31.38 503.03+£66.82  0.282
CATIEH/(U-mL™) 3.81£0.37  4.54+0.34  0.006

FR7T I, G R fe B RS A S IR R A (2
P8 TR IR 5 41 40 GSH-Px 6 7 (P<0.01), {H
XFT-AOC i & /R & . T-SODYE 4 . MDA Jiit &
JEEJR W B . CATIE M S8 Pt A Ak 18 Fr TC i 2 52 Tl
(P>0.05).

RTARPRINERER SRR A S IR AR RN

Table 7 Effects of dietary distillers’ grains on placental

antioxidant indices in sows

SR X AL TR 2 P
T-AOCF & EE /R B /(umol-mg ™) 10.04+1.22  11.92+1.84 0.064
T-SOD{E /(U -mg™) 46.61+6.67 55.67+9.47 0.084
MDAJFHEE /R /(nmol-mg™")  3.28+0.45  3.44+032 0.487
GSH-Pxi& /(U mg ™) 17.3742.35 33.64+8.29 0.001
CATHEE/(U-mg ™) 18.27+2.38 17.70+2.82 0.712

2.5 YRS EALERR AR RERT B A A E F
KBS
IR R (F8),  WEYRIE W R AR as v R
5 REAR T LT AR AE 40 B R T T2 R MR O
(P<0.05), {HXFIL-1B. IL-6. TNF-oufit i £ v Jir 45
PRTES 20
<8 AR ARIERE X B IE R EE F oK AR M
Table 8 Effects of dietary distillers’ grains on serum levels of
inflammatory factors in sows
ZH pogitil WIREZH P
IL-1BJFHE e /(pgmL™")  4.83+0.56 4.61£0.35 0.433
IL-2Jfi W%/ (pgmL™")  440.95+16.20 415.46+13.20 0.014
IL-6J5T i & /(pgmL™)  153.17+38.96 168.77+41.43 0.517
TNF-offi )% /(ng-mL™")  2.30+0.44 2.00£0.32  0.225
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MM S EA80% 4 4 . BRANDTZAEG! 57 %
B, IgAMEERREFUAZEIE ) vh i) i Sy IR R
F, S SR 40 i) 285 5 T D o 1 B
ARG, SXFREAMEL, WA PIRER
Jo R B AR, SRR R E R
EARAY, AETRRE 2 Tg A SO e TR B AH A T X HE A 2
T12.5%, 2 ETHEH.
3.3 AMRARINEREX B ME ARSI
BURTON 45 202214t 5% R W, 78 B} 55 4T Uk e
#, TG. TC. HDL-CHILDL-C/KF-Hyshn, HRE
R LA KRG A 75K . HERRERA
GV, BRILIMAR . A ILAE K AR Gt 5 5



551858 S W

A SRR SIS IR 0T B BB T RE ) FL A B 5 101

L7 TG & B A 2% . i MIEHLE %5 24 % B IfiL
HDL-C 7K - 5 2243 51 J6 7 i A1 I 405 390 0 DR 9 A7
Ko ARWFFRLERFEH, SXTAMEL, FRB SR
fn1%MDGA] i F 4 HTC,. TG, HDL-CHJF . A
B, 7E R A R 5 B FRDRR 0 1% ) TR R BT B
B FRILAE K, ISy SE; FE,
R REAE TR B E PR T T R A FRRAE
3.4 EAMAHRIEES BERE N IERRIR N
COSTASEBIFR R, TEREITIRISFE T, A
RS FEEE I FLM E I T, e dm
BERE Ffir e MANNASEROV A BRIG 5 Hh 0 10 45 R B fA
FURG L 2Z 18] 55 40 Jox 22 460 55 5K 08 38 i A= A o
HUANGH P R, AP0 A5 SR 48
LT A i i ul i cEE R Rt v e el
PG RM A A AL, BERESAFREYI A E BHA
RAEACN 2 UM A N B, R MR A
SHW KRB . MALTIZPFE R0, RHARERES 58
MDAKN-FH&, FHEHEE MG LA R R, A<
LSRRI, TR YRTERE SRR HR A 781 %l A
W i 25 42 55 1L P T-SOD 5 CAT/K -, &Y
GSH-Px/K VA 42 F, {HDGXT MDA 5 i
FEMDAK Y4 T i 2 5

3.5 fRIAR AR EAE X £ 5 I JE AR B F K Y

AL

ZHAO IR R, (e R AN Fif 2o
MU LR S e VE R T AL R . HUSEROH 5T R B
RAEHFHIL-1B, IL-2. IL-6, TNF-a¥J R {E %A
T. ZHOUZEBUR I, IL-2J&) %3450 K1, R
50 AR NN TG, 5 TR E A2 T3
%, Bk AN AT S2IL-24E 1, A 3858 v o
MR SEB R, BRI 2K FPIL- 1M TNF-a % 4t
XoF G i Je ARAT A8 A4 Y B8 SR AE 7K A — 8 A E AR
Mo RREBIF R B, AR 5 6 8 A IL-
1B, IL-67 AT UGEIR LT AE . Ao 25 R0,
TE AT R B I 3 0] AR D 78 1% PR X IL-18 . IL-
6. TNF-offi ik B TC B 25 52, Hn] B & PR AL
IL-2 TSV
3.6 fRAMRAIRIEREX BEGEME YRR

TREMAROLIZBUBF Y R B, ALK i 38 1k
AW F R AU R s IR E UIAE G .

DUANZEIE Y K], TERSE AT IRIBIE, J7iE
B =F B 0 R HLAR R R 3 2 G SRR .
GEVA-ZATORSKY S5 BORFFE K B, 13 18 B A AT {12
PEMUAR S SRR . NIUZPTIF R A B, S5EE
AR LR, Bl EA R i B E At . A
HREE R EIR, AR I IIDGX R i 8 A
TR oM B T B 50 . BRRE N 18 T A %L
F Firmicutes(JEE£ A 1) . Bacteroidota(JUFF A1)
Proteobacteris(Z: JE [ | ]) FllSpirochaetota(BR HE(A [ ])
PR, HAEMGE R & EE90%, 2 5 A
EREY R BT I8; 5XTAML, DG
ZH M (. 25 PR 4 Uk £ 4% Spirochaetota(2 AR 1) Y
X FE . 4 iE N Spirochaetota( R HEMA 1) 1Y 3
TR, AT RS R T N A P O
5 XM A, DG Y 4 kB b iE AN
Clostridiaceae(#2 #FF) AR 5 B 282, 124
38 N Clostridium (AR B BRI, AT BRI i
RAAETE 2, JEm AR P HLAR g Y, 78 8 K
b, SXTREAAARLG, RS INTDG I E L T
T 1A ) Treponema(% SR Té 14 Jg ) AR XS £ B2, 1
Treponemaze: g i N LRI ECR BT, 25 B AT A1,
TR P INDG AT i JE Clostridiaceae(#2 B L)
AH X =E JE . % {IX Spirochaetota( 12 € {4 ] ) F0
Treponema(% WA AR B )R AIXT £, BB IRE:
FEMLIARMERRE, UEmHE & B A R0R

4 Z5ip

RS U R Fe AR RRE A b 78 1 %0 5 AR A R TR At AT
e R PR R T, BRI A AT 20 B IR 7K
PRI FL R IR R A S i, S m A0 AR s s A
P8, P TUGRATFHEEL, b iHClostridiaceae(12
BRI AT B, /K Spirochaetota(B2 e {41 ])
Treponema(% B2 eV J& ) AR T 32 5, DT ele s 1
TSI TERE

S CHK:

[1] SPIEHS M J, WHITNEY M H, SHURSON G C.
Nutrient database for distiller’s dried grains with solubles
produced from new ethanol plants in Minnesota and
South Dakota[J]. Journal of Animal Science, 2002,
80(10): 2639-2645.

2] FEZEm, M8 FER S R LR R
S0, ERERML, 2004(1): 65-67, 64.



102 IR Al K52 4 (8 48 FH22 ) http://xb.hunau.edu.cn 2025 4E 10 A

[3] OLIVIERO C, HEINONEN M, VALROS A, et al. matter digestibility in various stages of swine[J].
Environmental and sow-related factors affecting the Livestock Science, 2007, 109(1/2/3): 81-84.
duration of farrowing[J]. Animal Reproduction Science, [15] WU G, BAZER F W, WALLACE J M, etal. Board-
2010, 119(1/2): 85-91. invited review : intrauterine growth retardation :

[4] OLIVIERO C, JUNNIKKALA S, PELTONIEMI O. implications for the animal sciences[J]. Journal of
The challenge of large litters on the immune system of Animal Science, 2006, 84(9): 2316-2337.
the sow and the piglets[J]. Reproduction in Domestic [16] CISZUK P, GEBREGZIABHER T. Milk urea as an
Animals, 2019, 54(S3): 12-21. estimate of urine nitrogen of dairy cows and goats[J].

[S] ANDERSSON E, FROSSLING J, ENGBLOM L, etal. Acta Agriculturae Scandinavica, Section A: Animal
Impact of litter size on sow stayability in Swedish Science, 1994, 44(2): 87-95.
commercial piglet producing herds[J]. Acta Veterinaria [17] WEBB E C, DE BRUYN E. Effects of milk urea
Scandinavica, 2016, 58(1): 31. nitrogen(MUN) and climatological factors on reproduction

[6] SCHILD S A, FOLDAGER L, RANGSTRUP- efficiency of Holstein Friesian and jersey cows in the
CHRISTENSEN L, et al. Characteristics of piglets subtropics[J]. Animals, 2021, 11(11): 3068.
born by two highly prolific sow hybrids[J]. Frontiers in [18] KLOBASA F , WERHAHN E , BUTLER J E.
Veterinary Science, 2020, 7: 355. Composition of sow milk during lactation[J]. Journal of

[71T JUMM, WANG X N, LIXJ, etal. Effects of litter Animal Science, 1987, 64(5): 1458-1466.
size and parity on farrowing duration of Landrace x [19] BRANDTZAEG P. Mucosal immunity: induction,
Yorkshire sows[J]. Animals, 2022, 12(1): 94. dissemination, and effector functions[J]. Scandinavian

[8] XU G, BAIDOO S K, JOHNSTON LJ, etal. Effects Journal of Immunology, 2009, 70(6): 505-515.
of feeding diets containing increasing content of corn [20] BURTON G J, JAUNIAUX E, CHARNOCK-JONES
distillers dried grains with solubles to grower- finisher D S. The influence of the intrauterine environment on
pigs on growth performance, carcass composition, and human placental development[J]. The International
pork fat quality[J].Journal of Animal Science, 2010, Journal of Developmental Biology, 2010, 54(2/3):
88(4): 1398-1410. 303-312.

[91 DE LEEUWJ, ZONDERLAND JJ, VERSTEGEN M. [21] ZHAOY, FLOWERS WL, SARAIVAA, etal. Effect
Effects of levels and sources of dietary fermentable non- of social ranks and gestation housing systems on
starch polysaccharides on blood glucose stability and oxidative stress status, reproductive performance, and
behavior of group-housed pregnant gilts[J]. Applied immune status of sows[J]. Journal of Animal Science,
Animal Behaviour Science, 2005, 94(1-2): 15-29. 2013, 91(12): 5848-5858.

[10] XU G, BAIDOO S K, JOHNSTON LJ, etal. Effects [22] TANGHE S, MISSOTTEN J, RAES K, et al. The
of adding increasing levels of corn dried distillers grains effect of different concentrations of linseed oil or fish oil
with solubles(DDGS) to corn-soybean meal diets on in the maternal diet on the fatty acid composition and
growth performance and pork quality of growing- oxidative status of sows and piglets[J]. Journal of
finishing pigs[J]. Journal of Animal Science, 2007, Animal Physiology and Animal Nutrition, 2015,
85(1): 76. 99(5): 938-949.

[11] SONG M, BAIDOO S K, SHURSON G C, et al. [23] HERRERA E , ORTEGA-SENOVILLA H. Lipid
Dietary effects of distillers dried grains with solubles on metabolism during pregnancy and its implications for
performance and milk composition of lactating sows[J]. fetal growth[J]. Current Pharmaceutical Biotechnology,
Journal of Animal Science, 2010, 88(10): 3313- 2014, 15(1): 24-31.

3319. [24] MIEHLE K, STEPAN H, FASSHAUER M. Leptin,

[12] WUGY, BAZERF W, DAVIST A, etal. Arginine adiponectin and other adipokines in gestational diabetes
metabolism and nutrition in growth , health and mellitus and pre-eclampsia[J]. Clinical Endocrinology,
disease[J]. Amino Acids, 2009, 37(1): 153-168. 2012, 76(1): 2-11.

[13] WILSON M E, BIENSEN N J, FORD S P. Novel [25] COSTAK A, MARQUES DB D, DE CAMPOS CF,
insight into the control of litter size in pigs, using et al. Nutrition influence on sow reproductive performance
placental efficiency as a selection tool[J]. Journal of and conceptuses development and survival: a review
Animal Science, 1999, 77(7): 1654-1658. about L-arginine supplementation[J]. Livestock Science,

[14] KIMB G, LINDEMANNM D, CROMWELLGL, etal 2019, 228: 97-103.

The correlation between passage rate of digesta and dry

MANNA S K, MUKHOPADHYAY A, AGGARWAL



551858 S W

A SRR SIS TR 0T B BB T RE ) FL A B 5

103

(27]

(28]

[29]

[30]

(31]

[32]

[33]

B B. Resveratrol suppresses TNF-induced activation of
nuclear transcription factors NF-kappa B, activator
protein-1 , and apoptosis: potential role of reactive
oxygen intermediates and lipid peroxidation[J]. Journal
of Immunology, 2000, 164(12): 6509-6519.

HUANG S B, WU ZF, HUANG Z H, etal. Maternal
supply of cysteamine alleviates oxidative stress and
Journal of

12(1) :

enhances angiogenesis in porcine placenta[J].
Animal Science and Biotechnology, 2021,
91.

MALTI N, MERZOUK H, MERZOUK S A, et al.
Oxidative stress and maternal obesity: feto-placental
unit interaction[J]. Placenta, 2014, 35(6): 411-416.
ZHAO HK, WUL, YAN GF, et al

and tumor progression: signaling pathways and targeted

Inflammation

intervention[J] .
Therapy, 2021, 6(1): 263.
HURZ, WUSS, LIBZ, etal. Dietary ferulic acid

and vanillic acid on inflammation, gut barrier function

Signal Transduction and Targeted

and growth performance in lipopolysaccharide-challenged
piglets[J]. Animal Nutrition, 2022, 8: 144-152.
ZHOU J C, AO X, LEI Y P, et al. Bacillus subtilis
ANSBO1G culture alleviates oxidative stress and cell
apoptosis induced by dietary zearalenone in first-parity
gestation sows[J]. Animal Nutrition, 2020, 6(3):
372-378.

R, BN, SREEZL, A WELERE AR T
WX S RE R SE I [T]. RDRMRIESE, 2024(5):
26-31.

ARG, R AR A R R S O 2 o R
REMYSZMD]. Kib: #ImfOl R, 2022.

[34]

[33]

[39]

TREMAROLI V, BACKHED F. Functional interactions
between the gut microbiota and host metabolism[J].
Nature, 2012, 489(7415): 242-249.

DUAN X L, WANG X, LI Z N, et al. Effects of
supplemental feeding of Chinese herbal mixtures to
perinatal sows on antioxidant capacity and gut microbiota
of sows and their offspring piglets[J]. Frontiers in
Microbiology, 2024, 15: 1459188.
GEVA-ZATORSKY N, SEFIK E, KUA L,
Mining the human gut microbiota for immunomodulatory
organisms[J]. Cell, 2017, 168(5): 928-943.

NIU Q, LI P H, HAO S S, et al. Characteristics of

gut microbiota in sows and their relationship with

et al

apparent nutrient digestibility[J]. International Journal
of Molecular Sciences, 2019, 20(4): 870.
YATSUNENKO T, REY F E, MANARY M J, et al.
Human gut age
geography[J]. Nature, 2012, 486(7402): 222-227.
BERNAD-ROCHE M, BELLES A, GRASA L, et al.

Effects of dietary supplementation with protected sodium

microbiome viewed across and

butyrate on gut microbiota in growing-finishing pigs[J].
Animals, 2021, 11(7): 2137.

NOWLAND T L, KIRKWOOD RN, PLUSHKJ, etal
Exposure to maternal feces in lactation influences piglet
enteric microbiota, growth, and survival preweaning[J].
Journal of Animal Science, 2021, 99(7): skabl70.

TR R4RTL
R KA



	妊娠后期添加酒糟对母猪繁殖性能和初乳成分的影响

