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Abstract: This experiment aimed to study the effects of anthocyanins from red elephant grass
(Pennisetum purpureum Schumab cv. Red) on the growth performance, antioxidant capacity, and

cecal microbial microbial structure of white-feathered broilers. A total of 210 healthy and similar-
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sized Shengze “901” 1-day-old male chicks were randomly divided into 5 groups, with 6 replicates in
each group and 7 chicks in each replicate. Each group was fed the same basal diet, and the control
group had no anthocyanin added to the drinking water. The drinking water of the treatment groups 1,
2, and 3 contained 50, 100, and 200 mg-kg ' of anthocyanin extracted from red elephant grass,
respectively, while the drinking water of the treatment group 4 contained 100 mg-kg™' of anthocyanin
from purple sweet potato (Ipomoea batatas 1..). The treatment period was 42 days. The results
showed that: 1) The addition of red elephant grass anthocyanin to the drinking water had no
significant effect on the growth performance of white-feathered broilers (P>>0.05). 2) At 21 days of
age, the serum and liver malondialdehyde (MDA) content of the treatment group 2 was significantly
lower than those of the control group (P<C0.05), and the serum glutathione peroxidase (GSH-Px)
content and liver catalase (CAT) , glutathione (GSH) , and superoxide dismutase (SOD) contents
were significantly higher than those of the control group (P<C0.05) ; at 42 days of age, the serum
SOD content and liver GSH, GSH-Px content of the treatment group 2 were significantly higher than
those of the control group (P<C0.05). 3) Compared with the control group, the relative expressions
of SOD1, SOD2, GPX1, and HO-1 mRNA in the treatment groups at 21 days of age and the
relative expressions of NQO1, GPX1, SOD1, and HO-1 mRNA in the treatment groups at 42 days
of age were significantly increased (P<C0.05). 4) Compared with the control group, the Firmicutes
in the treatment group 3 at 21 days of age were significantly reduced (P<C0.05) , while the
Bacteroidetes and Bacteroidetes were significantly increased (P<C0.05). At 42 days of age,
Colidextribacter and Lactobacillus in treatment group 1, as well as Colidextribacter in treatment
group 3, were significantly increased (P<C0.05). Conversely, Eisenbergiella in treatment groups 1,
2, and 4 were significantly decreased (P<C0.05). In conclusion, under the condition of the current
study, supplementation of red elephant grass anthocyanins can enhance the antioxidant capacity in the
serum and liver of white-feathered broilers, modulate the intestinal microbial community structure,
and improve their resistance to oxidative stress.

Keywords: Pennisetum purpureum Schumab cv. Red anthocyanins; white-feathered broiler; growth
performance; antioxidant; intestinal microbiota
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Table 1 Composition and nutrient levels of basal diets (air-dry basis) %

it Content

i H Item
1~21K 11to 21 days 22~42°K 22 to 42 days

J5EL Ingredient
Ek Corn 58. 74 62.56
K ¥ Soybean meal 18. 60 15. 30
Ji% 4k K & Expanded soybean 18. 40 18. 30
4 ¥y Limestone 1.20 1.20
BERR A 45 CaHPO, 1.80 1.66
SN NaCl 0.28 0.28
L-#i% 2 L-Lys+HCI 0.31 0.19
DL-EH R DL-Met 0.26 0.16
L-#& R L-Thr 0.15 0.09
L-t% R L-Trp 0.01 0.01
R £ Premix” 0.25 0.25
41l Total 100. 00 100. 00

B # K- Nutrient levels®
fRigee/(MI-kg™ ') ME 12.54 12.96
HLE 1B CP 21.50 20. 00
5 Ca 1.00 0.91
LM MR B NPP 0.51 0.40
WA Lys 1.15 1.00
MR Met 0. 50 0.46
AR+ B R Met+Cys 0.91 0.79
IR Thr 0.81 0.72
o2/ Trp 0.24 0.22

VBUR B AT AR 1~21 d: VA, 9 000 TU; VD, 32 500 IU; VE, 24. 0 mg; VK, 33. 0 mg; VB,,2. 4 mg; VB,,7. 5 mg;
VB, 3.6 mg; VBy,, 0. 015 mg; MR ,45. 0 mg; D-¥Z R ,12. 0 mg; M2, 1. 2 mg; D-A# % ,0. 1 mg. 22~42d: VA, 8 000 1U;
VD, 32 000 IU;VE, 20.0 mg; VK;, 2.5 mg; VB;,2.0 mg; VB,, 6.2 mg; VBs,3. 0 mg; VBy,,0. 012mg; MR , 37. 5 mg; D-1Z iR,
10. 0 mg; MR ,1. 0 mg;d-AEH % ,0.1 mg, 1~42d:Cu,5 mg;Fe,56 mg; Mn, 48 mg;7Zn,48 mg;1,0. 32 mg;Se, 0. 32 mg. 1%
WOCE A Y. RURE AR R 8 S TS AE LA R S

Y. The premix provided the following per kg of diets: (1)1~21d: VA, 9 000 IU; VD, 32 500 IU; VE, 24.0 mg; VK, 33.0 mg;
VB, 2.4 mg;VB,, 7.5 mg; VB, 3.6 mg; VB,;, 0.015 mg;nicotinic acid, 45. 0 mg; D-pantothenic acid, 12. 0 mg; folic acid,
1.2 mg; d-biotin, 0.1 mg.(2)22~42 d: VA, 8 000 IU; VD, 32 000 IU; VE, 20.0 mg; VK, 2.5 mg; VB, 2.0 mg; VB,,
6.2 mg; VB, 3.0 mg; VB,,, 0.012 mg; nicotinic acid, 37.5 mg; D-pantothenic acid, 10.0 mg; folic acid, 1. 0 mg; d-biotin,
0.1mg.(3)1~42d: Cu, 5mg; Fe, 56 mg; Mn, 48 mg;7Zn,48 mg;1, 0.32 mg;Se, 0.32 mg, The trace elements were coated
type. ¥. ME and NPP were calculated values, while the others were measured values

1.7.3 HMWNEYHEYWZHEE2N BB 1.8 HEZIt o

ZYIRE S B AR B R B 4T g B R K FH SPSS 20. 0844 % i 56 B Hls gE AT B I K 7
Fe A B A UEAT - $2 BORE 5 B DNA I e ik Z oM, K A Tukey ¥ #E 17 2 8 &L, 45 S 808 LU
g e, X3 16S TRNA V1-V9 X 45 PCR §~ S EAREE RN, P<0.05 N E R E .

14, 5% FH PacBio sequel Ile - & % PCR 7= 4 #E 17 & RT-qPCR %4 1) 53 #r 45 3 i 1 GraphPad Prism 10
i I BAFEE
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Table 2 Sequence and parameters of primers

[N Gene 51953 (5—>3") Primer sequence (5 —>3") Bt B /bp Sequence length
[-actin F:GATATTGCTGCGCTCGTTGT 130

R: TACCAACCATCACACCCTGAT
NQO1 F:AAAACCTCTTTCAACCACGCC 143

R: TTCTTGAGGGGTCCGGTGA
CAT F:CGGGATGCAATGTTGTTTCCAT 111
R:AGACTCAGGGCGAAGACTCA

F:CAACGGCTTCAAACCCAACT 89

F:CAAATGGGTGTACCAGCGCA 89

GPX1

R:CCTCTCTCAGGAAGGCGAAC
SOD1

R:GTCACCCACGTGCCTATCTG
SOD2

F:GCCACCTACGTGAACAACCT 80

R:ACCTGAGCTGTAACATCACCTTT
Nrf2 F:CTGTCTTCAGCCTTTTTGGACA 84
R:AAAAACTTCACGCCTTGCCC

HO-1

F:CACACAACGCTGAAAGCATGTC 133

R:AACTCGTGGAGGGACACCT

fiff FH UPARSE (7.1 fR , http://drive5. com/
uparse/ ) ¥ OTU (Operational Taxonomic Units) %
M4 98. 6506 [ AR LI B 3R 2, I | UCHIME %
A IF L Britk & )7 51 . RDP Classifier (http://rdp.
cme. msu. edu/) £ %J Silva(SSU132) 16S rRNA %%
6 7000 B E A E R A1 16S TRNA
SN P I R G KT KF . M RDP classifier
(http://rdp. cme. msu. edu/, version 2. 2) X & 55 J7
B HEAT YRl 43 2 TE RS X Silva 16S rRNA $i i 4
(v138), B¢ E XS B E h 80 %6 o i ] Qiime X \R
A (Version 4. 0. 2) fil LEfSe {4 # 17 Alpha £ #f
M Beta Z M LEISe TR/ BT 46 4L

2 7F B
2.1 A ERBTENAPABEK TR
20 %0, 7F 1~21 d.21~42 d f1 1~42 d i},
B BEH A E P REEMEE L TR
FE2H(P>0.05).
22 AGERBTEXNAPARABOFRELE N
=10
Y 2% 4 WA IR AR R X 21 H % XS i T-
AOC MDA % il GSH-Px 1% A .3 52 WA, 111 %
CAT .GSH M SOD & M % A W & 5% i ; %F 42 H %

PRI 1L T8 SOD I PEA 1 25 52 0, X H A48 br /K7 i
AWELW, 21 HEEX Hrp X5 2.4 409 il
MDA & & B E % T X R4 (P<<0.05), Hit5 24
AR TR 4 20 (P<<0.05) ;i 36 2.3 2H /Y 1l 75
GSH-Px & 2 i & & T4 41 (P<<0.05) , Hik % 3
M FEmETIRE 440 (P<<0.05) ., 42 Hiw K,
R 1.2 4009 I ¥ SOD & & i 3 & F x4l (P<<
0.05), Hi5 140 1 2w Tl 50 4 41 (P<<0. 05) .
23 ARERBTENAPTABIEREMLE TN
=40

M2 5 A0 1, W 46 & R X 21 H % R3S i
CAT.GSH.MDA % & }& SOD 1 GSH-Px 1 i 1
YA W, M6 T-AOC 7K JC i 3 52 i 5 % 42
H % XS AT T-AOC .GSH .SOD & GSH-Px /K
I W, i %k CAT F MDA & &G i 5%
Wi, 21 H A Hoh 356 2.3 4 4 19 IFIE MDA &
B E AR T B4 (P<0.05) , iR 56 1 40 09 A E
CAT X5 2 40 (AT CAT .GSH .SOD K i 5 4 41 1y
CAT.GSH & & ¥ i & & T X 41 (P<<0.05) ;
42 H XS Hoh X 5 1 41 69 BF SOD ik 5 2 41 /Y
GSH.GSH-Px Ji 5 441 T-AOC .SOD .GSH-Px
FrE I B TR R4 (P<<0.05) .



894 R

R3 AEERBEENEPABERKERNZI

Table 3 Effect of anthocyanins from red elephant grass on the growth performance of white-feathered broilers

285 Group

MH — W 14 i 2 41 X5 3 41 B 4 41 Pfd
Item . Treatment 1 Treatment 2 Treatment 3 Treatment 4 P-value
Control group group group group group
1~21 K 1 to 21 days
T HKE /g ADG 30.1442.30  30.4743.02  29.62+3.19  30.78+1.46  30.32+1.32  0.938
P HRERE/g ADFI 41.90+2. 66 44.44+43.48 41.0244.38  42.54+1.23  42.64+2.04  0.386
KEL F/G 1.4040.12 1.4640.11 1.3940.05 1.3840.05 1.414+0.09  0.531
21~42 K 21 to 42 days
T H K E /g ADG 86.43+7.45  87.0345.26  89.21+7.52  82.76+4.29  86.32+2.79  0.440
X HRfrE/g ADFT 146.16+513.22  154.48+7.53  145.62424.2  147.824+9.31 150.34411.47 0.820
KEL F/G 1.7040.19 1.7840.08 1.6340.21 1.7940.07 1.744+0.10  0.308
1~42 K 1to 42 days
X H K E /g ADG 58.6844.50  59.2243.43  60.11+4.61  56.99+2.59  58.98+2.36  0.669
3 H Rt /g ADFI 96.774+7.97  101.59+5.35  96.074+13.65  97.95+5.06  99.32+6.60  0.795
HEHF/G 1.6640.15 1.7240. 46 1.5940.17 1.7240.56 1.684+0.92  0.325

i) 47 B4 5 BT AR 7 B AR S 35 22 5 .35 (P<<0. 05) , b - BEAH [ 6 7m 22 5 R .25 (P>>0.05) . T &[]

Different letters in the same row means significant difference between the treatments (P<C0.05), same letter in the same row

means not significant difference between treatments (P=>0. 05). The same as below

24 AKERFTEXNEAPABFEFRENLERX
HEEREEHHN

WAL R XF 21 H % RS I GPX1.SOD1,
SOD2 HO-1 i mRNA A XF 35 & A W 5% i ; H
H K8 1.2 3 40 BT GPX1 89 mRNA A % 36 5
WEETAEA(P>0.05), HIRE 1 2H B E® T
W 440 (P>0.05) ;445 40 /9 SOD1 #1 SOD2
) mRNA M X £ A w8 Em T X BA (P>
0.05), Hik5 1. 240 W 2 & Tl 5 4 40 (P>0.05) 5
R 1,440 HO-1 1 mRNA M X &5 5 B %5 T X
AL A S 2.341(P>>0. 05, 1),

ISINAETE 24T 42 H 8 XS h NQOL1 . GPX1 .,
SOD1.SOD2 Nrf2 . HO-1 #) mRNA i %f % ik # A
R o e 1.2 341 b NQO1 it SOD1
1) mRNA FH X} 2 35 & W 3 5 T X B 20 A 90 4 20
(P<C0.05) ;i85 1.2.3 41 GPX1 iy mRNA ] %} %
R E TR RA (P<0.05), Hiki 1,240 W3
BT R 44 (P<0.05) ;05 1.2 4 SOD2 1y
mRNA A 3k i W 5 T o A A g 3.4 40
(P<C0.05) ;i3 140 HO-1 /) mRNA A £k &=
FE T HAM A4 (P<0.05)(E2),

2.5 A EREENAPABERHNEYHEIE
2.5.1 Alpha ZE:E by
2.5.1.1 HMEAY R H M A OTUs 73 #r
s 3A-1 A-2 FF7R , BB A B 35, s B il 4k
i 1) -3, U BH D R A A B D AR IR
JE T2 AR BRAE A N B A 0 i 2 RE

16 21 B RS E MR A 8 7 50 A UK F R
97% M OTUs AT WK J5 , s - 5 i 5 508 4~
OTUs, Hrir 5A AR B IEA 1 OTUs A 1 5644, %F
M2 M il 50 1.2 .3 4 47 A 1 OTUs B = 43l by
660.44 145,59 F1 230 4~ (& 3B-1) . AL, 742 H
14 R E I HEAS TR DU 5 6024~ OTUs,
SAAL B S A OTUs A 14954, XF B 41 K ik 56
1.2.3 44 H I OTUs % 43 5 K 63 .44 .81,103
1024 (K 3B-2)
2.5.1.2  Alpha Z ¥ 48 500 #r % 6 Al 4,
IRINAETE Z AT 21 H W X i Bl A= 4 0% 00 0 4y Fef
(Observed_species) . 7 # (Shannon) & % | 3¢ % #&
(Simpson) 5 %% . Pielou ¥4 5] £ (Pielou_J) #5453l &
Z % (Pd_faith) A7 & 3 52 0 , X} Chao 1 48§ % Al
ACE 8800 W52 0 o A 5 %5 B L, 4 4~ K50
4 1 Pielou J #8 £ &€ W #F 2 % (P>0.05) ,
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Fig. 1 Effect of anthocyanins from red elephant grass on

white-feathered broilers
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Fig. 2 Effect of anthocyanins from red elephant grass on

white-feathered broilers
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Fig.3 Species richness saturation curve (A) and Venn flower figure (B) of cecal microorganisms in white-feathered

broilers
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R ARERBTENEBPRABEBMEN T KESBKEMFHEIFEHZN
Table 7 Effect of anthocyanins from red elephant grass on relative abundance of species at phylum level and genus level of
cecal microbiota in white-feathered broilers %
251 Group
H — 14l it 24l it 341 Hgad
[tem . T Treatment 1 Treatment 2 Treatment 3 Treatment 4
Control group group group group group value
21 Hi% 21-day-old
["T/KF Phylum level
JEREER ] Firmicutes 93.30+3.35" 92.4243.72" 86.26+9.94"° 70.19+8.01" 85.99+11.19" <C0.01
HUFF# ] Bacteroidetes 2.794+4.11"  5.114+4.66" 10.39£9.72" 28.2948.31" 12.44+11.57" <<0.01
AFIE W] Proteobacteria 3.03+£1.99 2.02+1.71 2.96+1.21 1.4140.87 0.95+0.68 0.055
J& K Genus level
HEBR B & Streptococcus 11.60414.68" 7.56+6.61" 8.13+7.46" 5.66+3.62" 25.46+7.57" 0.004
UK B Bacteroides 2.68+4.09"  4.89+4.61" 8.05+10.27" 26.6548.62" 11.60+11.44" <<0.01
WERIEWIR Lachnoclostridium ~— 5.74+1.07  8.55+2.52  8.414+3.92  6.65+2.64  4.63+2.89 0.091
FERTE B Coprococcus 7.82+3.47 5.2242.94 4.99+5.41 2.31+£1.19 9.37+13.58 0.452
Ji B BRE Ruminococcus 5.38+2.57 4.79+3.29 3.19+3.52 5.7844.15 1.90+1.02 0.193
155 1 R W 8 Blautia 3.39£2.46 3.43+1.83 3.01+£1.83 2.13£0.84 4.594+2.19  0.300
ARV G B Eisenbergiella 2.40+1.80 4.43+2.12 4.06+2.99 2.57+0.73 1.894+1.92 0.189
TS Romboutsia 1.99+1.59"  3.33+3.15" 2.32+1.98" 1.70+1.54"  5.54+2.36" 0.038
BHYEFT i J& Negativibacillus 3.06+2.01 4.02+4.86 3.514+1.99 2.58+1.43 0.88+0.66 0.306
KA E Colidextribacter 1.704+1.89ab 2.24+1.41a 1.3440.8lab 2.15+1.13a 0.34+£0.12b 0.082
HAh others 54.22413.00" 51.65414.34" 53.00+13.42% 15.22410.69" 41.8244.07" 0.012
42 H % 42-day-old
["J7K3F Phylum level
JEEER ] Firmicutes 62.31410.15 50.824+12.95 51.36+4.82  62.53+8.82 55.53419.93 0.380
FUFF# 1] Bacteroidetes 34.37411.50 47.064+13.77 46.10+5.22  33.27+9.36 40.27+23.45 0.390
AFJE W ] Proteobacteria 2.2340.80 1.39+1.40 1.8140.59 3.29+1.81 2.14+2.54  0.390
J& K Genus level
U R G & Barnesiella 31.19412.19 43.84413.53 45.3418.46 28.18+£12.21 38.75423.30 0.312
WS R JE Lachnoclostridium 5.22+1.48 4.4341.83 4.634+1.96 7.38E4.12 7.04+4.35 0.311
Wi ZE KT 18 )8 Faecalibacterium 3.45+1.78 2.39+1.20 2.3641.43 3.93+3.31 2.67£2.04 0.616
KWGF W E Colidextribacter 3.21+£2.97  3.30+£1.91" 2.64+1.58" 3.61+2.39° 0.53+0.30" 0.096
A5 55 5¢ IWTA 8 Blautia 2.54+1.86  1.50+1.22  2.09£1.16  2.05£1.71  4.04+3.27 0.261
KR Lacrobacillus 1.724£3.01"  5.1643.54"  2.4542.49" 1.35+0. 96" 0.8240.71" 0.038
B FATF I IE Coprobacter 1.0740.53 1.63+0.32 2.3241.61 3.08+5.10 0.53£0.33 0.403
BEER TR J® Streptococcus 2.11+£2.27"  0.294£0.20"  0.1240. 10 0.68+0.85" 5.41+£5.99* 0.021
s ERBFFE Ligilactobacillus  2.29+2. 32 1.744+2.94 0.97+1.46 2.50+4.34 0.63+0.57 0.694
SR VUM R & Eisenbergiella 2.714+1.38"  1.054+0.44" 1.47+1.16" 1.70£1.00"  0.8940.42" 0.025
HAh others 44.484+11.59 34.674+10.02 35.644+12.05 45.53+4.65 38.67+16.62 0.377
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Fig. 4 Horizontal bar of relative abundance of species at phylum level (A) and genus level (B) cecal microbiota in white-

feathered broilers
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I, 21 5 WA 2 0] 58 S 4 A OGP ARk R A AR
IR KT, B2 1138 AR 1 PR A g

hy iE— 2B B 5E 41 B AR T 2 R A 1R AL
1, A BF 5% i T Keapl-Nrf2/ARE {5 5 38 §& 40 47 1
Ak iR SNSRI N Y R A R S a VA LS|
TP kB . Keapl-Nrf2/ARE {5 %5 i %
JE L A 5 A 3 T ST i R B A R Ak N Y
BL® , IEHARE T, Keapl 5% 5 KW 7 Nrf2 25 &
I A A T 40 M T P, RLE Nrf2 R R
it 3 24 S A N IR AR I, ROS 181 5 38 Keapl 194
MCAE T kA R4 A Nrf2, BT H 2z & 4k [ i, Nrf2
TEMIR P AR IRk — s B, SPA L
R Te M (ARE) 254, Ja s T e S A0 i 56 i e
S RS R RN G AR T E Al 21 B
42 H P AW F R GPX1,.SOD1.,SOD2 } HO-1
1 mRNA AHXF Rk & W T m L 42 H il h NQO1
1 mRNA XS KA B Ths AR w AL R
A% 38 o 1 3R P AR Ak 3 TR A B S T Sk B R A R
T S AL B G L B R AT R AR T R BT AL 1E A
W42 0] BE 5 75 Keapl-Nri2/ARE {5 5 8 I A %,
B 5L B 38 L T A o R A I
3.3 A EREENAPABEBMEYHT T

RS E Bl WA A e ) e e
A3 BB G T T2 A f R R A AR . AR
GRS R G A E RN A PIRAYE W kY
Alpha Z ¥ TC B # 52 W . {0 Beta 2 FE M 20 H1 &
PGS INLT G AT R 21 H & P Y R A P
AR 2 B R A W ARl I L R B AL R — &
PR Lo T F B A XS A K T E B o R 2
o YR Mg R BoR , FE RS E B A
B A AW 1] 3 2 2 Firmicutes. Bacteroidetes il
Proteobacteria, H H Firmicutes #1 Bacteroidetes #H 5
TR JA 4 ) A S e U IR A BRI 22 W I i O THD K
% AR, Tk i T A0 M I R B B SR R . &t
F 21 Hi AR, 450 200 mg-kg "4 4 WA H R
EFEALT Firmicutes B A X F M B 8- & T
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Bacteroidetes FJ AHXS 42 & s WB K VPR F X £2 5
AR EIH RIRE T Streptococcus W) I 2>
Bacteroides (N3G IMNA &, MHILZ T 42 HIBAXSE
W b AT 1T B9 AR XS 4 B T B A2 Ak . B K P
KE 42 B WX H W rh L3 W8 N Barnesiella , %
HNLT % 548 H R Al Barnesiella K3 B KA T
Wesh(H 2 5 R 2 . Peng U7 1] /)N B ML AR AL
WeH 25, I iE T L3 TH & 4 Barnesiella , i% 54
IR AT . S34b,42 HIB A PR E
M T Lactobacillus . Coprobacter 55 5 A= W W & , M
21 HIS B IF AR A il ixX nl g 2 B E I 1B K&
B PR B AR AR AR e, A R T XKLL s
B A K. Hoob 50 mgrkg AL 4 KT R A
Lactobacillus W) FH X =F B 1 25 =5 T % B4, v W] —
EWIME ML LR T Rae e iE s A w4 K.
Hidalgo 55" i ifF 55t 32 B, 4675 28 vl L) 1o 35 4 ik 2L,
iR AT TR J 1 A, 7 AR B R D TR A B ML i B
2R b IS INEL R FAE T 2R Al LA W) A 5 Ml 52 o) 11 5P)
RS W T A 0 i A, el TR RS A, 5 A
X Ak 45 AL A (gt B 1S e A8 Ak N LA — A
fEH

4 &

41 4 B AE T 2 (50~200 mg-kg ') AR B
3R A A K RE  H BB O R B L T
mRNA Rk, 5 5 i 75 0 Ak il 7K OF I B AR A AR 6
i br ) & i, W R BT A kg ), Horh 50,
100 mg-kg 'l AP A AR ROCR LT 200 mg-kg s
2 5 A 8 R T TR g 3 A W 2 R OE T R
G HE 5 7E TR RS A K I 32 6 T e R G 2 R
S JE W R AR A S AR
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