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Abstract: The aim of this experiment was to investigate the effects of supplemental feeding on growth rate, blood
biochemistry, and antioxidant and blood metabolomic parameters of grazing Tan sheep. In the experiment, twenty-

four 3-month-old castrated male Tan sheep, with similar body weight (23.3840.70 kg) , were randomly divided
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into four groups: a ‘no concentrate’ group (NC, control) which were grazed only, and low energy (LE), medium
energy (ME) , and high energy (HE) groups which were the experimental groups and received supplemental
concentrate feed before grazing. The digestible energy content of supplemented concentrate was 15. 91, 17. 63 and
18.17 MJ-kg ' for LE, ME and HE, respectively. There was a pre-trial adjustment period lasting 12 days and the
experimental period lasted for 90 days. The results show: 1) Compared with NC and LE, the final weight and daily
weight gain of the HE and ME groups was significantly increased (P<C0.05). 2) The economic return of ME was
higher than the economic returns from the other groups. 3) Fasting blood glucose, and levels of total cholesterol,
triglycerides, creatinine, aspartate aminotransferase and low-density lipoprotein cholesterol concentrations in the
blood of the sheep all tended to increase with increase in supplemental concentrate energy level, with triglyceride
content in HE being notably higher than in the other groups (P<C0.05). 4) The energy level markedly affected the
animals’ antioxidant capacity; the serum malondialdehyde content in HE was significantly higher than in NC and LE
(P<C0.05). In addition, the total antioxidant capacity in ME was notably higher than the NC (P<C0.05).
Moreover, glutathione peroxidase activity in NC was notably higher than in LE and ME (P<C0.05). 5) The plasma
metabolomics analysis identified a total of 17 metabolites with significant differences. The enriched metabolic
pathways were mainly purine metabolism, nucleotide metabolism, primary bile acid biosynthesis, arachidonic acid
metabolism, cholesterol metabolism, and tyrosine metabolism. In summary, increasing energy level effectively
improved the growth rate of grazing Tan sheep. Blood biochemistry and metabolomic data indicate this improvement
may be through the regulation of purine metabolism, arachidonic acid metabolism and other pathways and their
intermediate metabolites to enhance body antioxidant and immune functions. Under the conditions of this
experiment, the supplemental concentrate level of 0. 45 kg+animal '-d ' (ME) showed the best effect.

Key words: energy; artificial grassland; Ningxia Tan sheep; grazing; antioxidant; plasma metabolome
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M), $R N G A A A IR L o SR S B 0 M S R R A BRI CHORM ) R B A S R L AR TN
3 R i SO P R M S TR B T 3R BB A R
1 HB5H %
1.1 X8Rkt
L1 st RmEFR R g 24 RUERRTOMH AR AT (23. 38420.70) kg lf9 3 A ¢ EHAMEF- . R
LRGN R o L TINEE  d i P W a2 S R I 5 I W 5 2 B B s =IO N o L R E SO e
MR T 5 22 SR A A RS AR A S IR | H S AR SRR i 4 MR I BT e HEA TR R AR ], AN R 1 1) R
73 TR A

AR FE AN [ BE i 7K1 X T B A 1 52 e EL it
ERARODRA200 gd D BIPERTEN LS ) yumpis (Fnmum)
kg'dil» 5 2 R R <<NY/T 816-2004 A - fid % 45 Table 1 Nutrient levels of grazed grass forage (dry matter
WED B TTRT R AN 72 kL o R Ak PR AL 5 AN [R] KT 1 RG basis)

BERURTRLEE , 25 40K RHb TE Rt S5 AL 4R R A 20 51 A 3i [ Trem i Value
15:85(1I% , low energy group, LE) .30:70( 1, medium L% 115 Crude protein (CP, %) 12.89
energy group, ME) . 45:55( & , high energy group, FRYE VR 4 4t Acid detergent fiber (ADF, %) 39.28
HE) ; 4 4085 B4 35 4k BE K 43 51 & 15. 91 MJ-kg ! T PEBE ¥ £F 48 Neutral detergent fiber (NDF, %) 53.54
(LE) .17.63 MJ-kg '(ME) fil 18.17 MJ-kg '(HE) . #5 Ca (%) 1.05
TE MBI B b b, B R S RO R vk s BP0 0.18
(Agropyron cristatum) 1 2% 5 ( Psathyrostachys juncea) M HLHE Digestible energy (DE,MJ-kg ™) 10-64
%EWKE‘ (Agropyr()n mongoll'CLtm var. m()ng()licum) N ; 55 3R A LA BRI e SO0 R JOTR #5 0 A £ 69 F 2

Hd (Medicago sativa) M ATRE (Astragalus laxmannii) Note: The nutritional value of forage was the average nutritional value of
G MR E R BT I HE R AR OO R B L b mixed forage at the early, middle and late grazing stages.

I 0 43 00 R A BRE ) E SR A0 M R JBCHCET A L o

RS R A i B8 FR MM E R S, iR 1T .

AR F 202245 5 H 2 2022 4F 9 A 78 77 B 5 b B PUBCT N TR R R kAT 350 A i 1k B AE X L )
BH M 3 R R 1 2y 3 56 T A R 2 AT T A A B 5 X BT SR R AT 0K S AR AR B, NC 41 H
PEAT A, s ) S 4 K, LE OME 5 HE 41 T4 H 19 7:00,17: 00 43 51 #b 78 o] MOKS i) i — X, LE \ME |
HE 20 & K 100R5 BH#b ] B 4 51 0. 225.,0.450.,0. 675 kg B ' R A 2R A WURDR A M, 22 BB R FARoK .
R 102 d, Hp Bk 12 d, 3838 90 d.

1.1, 2 K5 RERb 78R 41 R S 570K F AR ARIECNY /T 816-2004 PRI 24 35 bk 1 )0 152 11 FL Al 4l AR, HORS )
K0 FERFZH BB R KT (T I B il ) 1 L 3% 2.
1.2 BHRAFMNE &

BLER 119 2 SR T L IG 8 AU 258, 2 B8 GB/T 6432-2018 25 iR Mk e 14 £F 4 . v M R 14 27 4k 249 R 19 1K 1 1k
VAT 4oy Bk I R, 4 i 3 BEONY /T 1459-2007 #1 GB/T 20806-2006 % 5 45 & £ 5% F & — iz U 2, TR
(EDTA) % & i & 270 % , 2 18 GB/T 6436-2018" 5 B 8 7 1 R FH 20 6 06 B 36 I 22 , 2 B GB/T 6437-
2018'%,

1.3 #aeRELH %

WE R 1 5 90 KR AR AT , DA 4 BE MLk B 5 SR 560 26 HF 47 S0 CR 1L 5 mL T AR BUEER M, 7E = IR
R E 30,3500 remin B0 10 min RAYSCEE LT PR AR AE WU, T I AR AR NPT AR AR AR R DU A L I A P
15808 Pk R 1L 5 mL THUEES M, 1600 r-min "B5.0 15 min PAUCEE L35, 36 AVRAER h, — 80 °C B WA AE , I T 1l
HAR L 2 1 I 5E
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1.4 Fanal e R2 BRNFEHRARRERKE(THRERM)

1.4.1 R PEREHME TEE W B — K Table 2 The composition and nutrient levels of concentrates
- o o e e diet (d tter basi

RN L d RN S A A e Dt LAy matter bashy)

‘ o 1 H 4151 Groups
W FR T, §C 90 B 1K T (initial weight, TW ) 128 5 ‘ o
_ . Ttems LE ME HE
# (final weight, FW)
JiUK} Ingredients
-3 H 34 E (average daily gain, ADG) = (£ K
E2k Corn (%) 79.27 71.53 72.62

R — PR IR ) /R 56 KA
1.4.2 TR R 2022 4 B AR W (www.

A% Distillers dried grains with solubles (DDGS, %)  0.67 11.73 12.02

iR A4S CaHPO, (%) 6.00 3.00 2.00
cnhnb.-com) A SR B At TS G At URE A , A4 KL Soybean oil (%) 4.20 7.83 8.56
N T ) A A A SR T R A R 5% Urea (%) 000 0.97 151
0. 94)T:-kg e KERHMAALLE ME RIHE 45 4101 JNFRFT NaHCO, (%) 1.33  0.67 0.45
PR VIR BRI 0. 225.0. 450 10. 675 B HER NaCl (%) 5.20 2.60 1.73
kg, AR 90 0 o AE KRR 2RO R HE O 1.5 kg B Premix (%) T
AT PRt 2 R T S SO 1. 275, 1. 050, &3t Total (%) 100 100 100
0.825 kg+d "o AR KT RE R & TR EDR A R HF KT Nutrient level”
AR ) SR R BBV Y AR AR HLZE 115t Crude protein (CP, %) 7.11 12.43 14.22
i Rk ] A = - 29 H R BOR Rk < o LA FAPEZE A 4 Acid detergent fiber (ADF, %) 2,60 3.41 3.47
B A = R BOR B B O MR LA TP VE IR ET 4E Neutral detergent fiber (NDF, %) 1.19  2.46 2.51
AT = 1 H H R R T A A 5 Ca (%) 2.08 1.09 0.76
LA = W E RS — TDRHRAS — B AR P (%) 170 1.03 0.78
L4.3 L3 2 A d b 0 D e fE I A R A 1L AE Digestible energy (DE,MJ-kg ') 15.91 17.63 18.17

R 00 L A RS T Y TR T L S VHUIR Rk 4 ke 17 ML B2 41 The premix provided the following per kg of
(total protein, TP) (5%%5 : A045-2-2) Bk % H (globulin, diets: 4/ % AV, 3750 TU, 4 £ % D3 V,, 1100 TU, 4i2E % E V,, 10 U,
GLB) (85 :H547-1) . A1 25 (1 (albumin, ALB) (1% ¥ Fe 20 mg, 4 Cu 5 mg,%F Zn 15 mg, %k Mn 15 mg, Mt 10. 25 mg, i Se
5L ADIS-1-1) BT ol cholesterl, TO) (5 0me 00 e
Z 1 A111-1-1) . H il = 1 (triglyceride, TG) (18 5 .
A110-1-1) . %5 M 1fiL % (glucose, GLU) (4845 : A154-
2-1) JULEF (creatinine, CREA) (185 : CO11-2-1) & 1, i % & Bg 25 11 1 [# % (high density lipoprotein cholesterol,
HDL) (485 : A112-2-1) A% % & ig 2 11 B [ B (low density lipoprotein cholesterol, LDL) % J& (#85 : A113-2-1) &
K114 AR A I # B (aspartate aminotrasferase, AST) ( 52 %5 : C010-1-1) . N & MR & & ¥ %% [if (alanine
aminotransferase, ALT) (4845 : C009-1-1) . FLM& Bt & (1actate dehydrogenase, LDH) i P (585 : A020-1-2) . HAik
R L R S R R & 45 .
1. 4.4 I SR AL TS bR AG I E it I 1 e e A A ) AR T T BT D R e 5 T B 5 (ELISA) 0] & 4
I 1t 375 3 48Pk S (catalase , CAT) (585 - A007-1-1) .4 e H K i 484k 9 i} ( glutathione peroxidase , GSH-Px)
5 . A005-1-2) |8 & b ¥ 15 AL i (superoxide dismutase, SOD) i 4 (525 . A001-3-2) 5 i Bt & 1L 8 1 (total
antioxidant capacity, T-AOC) (#8 %5 : A015-2-1) N . (malondialdehyde , MDA ) & & (%8 5 : A015-2-1) , H{&#
Ve 3RS % WG & v 5 .
1.4.5 I AR 20 48 A5 19 I il A 52 1 0 L AR AR Z2 T DB 4R A= W) B A BRA R AT 70 B o 78 & 40
I TR A DA — 80 "CUKAR HCHS B i 3 i B2 38 B0 A R, A 2006 2N PR I YRR B G, LA 12000 1o min "B L
NAEACHEM T L 10 mine B0 %G BB 28008, I T —20 C& M4 F# & 30 min; 12000 r-
min "4 °C B0 3 min 5 B 2T UPLC-MS/MS 734
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1.5 %it 5547

i3t Excel 2016 X J5 4 B 28 17 90 45 86 3L, B )5 >R FH SPSS 27. 0 ¢ 47 ¥ [ K 5 22 43 M (one-way ANOVA) ,
JF % DL Duncan [CE #E 47 2 8 Ao 45 2 52 90 34 8 A AR 7 1% (standard error, SEM) , 22 5 I Z K P& &

P<<0.05,
2 GERESH
2.1 AN S A A M KM AR 69 R

22 30T, RE R K S T S 2 52 el 2R 59 oK B RSB H 3% 5 (P<<0. 001) . #H 18] 43 fr WA, ME #il HE 4H A% K
EHEHAMEY S ES TNCHMLEA(P<0.05),fH ME HE 48] % %A 8% (P>0.05), Hi HEHMKE

T ¥ 380 7 55 5 (40590 M 42. 00 kg F1 177,70 g-d ).,

F3 M BB F E KRR R

Table 3 Effects of supplemental feeding on growth performance of grazing Tan sheep

Wi H Items 2 51 Groups H U TR PH
NC LE ME HE Standard error (SEM) P-value
¥ Initial weight (IW, kg) 23. 60 23. 60 23.65 24. 04 0.18 0.792
# # Final weight (FW, kg) 33.98b 34.15b 40. 35a 42.00a 1.01 <20. 001
-4 H 3G & Average daily gain (ADG, g+d ") 102. 70b 105. 39b 163.73a 177.70a 9.31 <0.001

I FATAR/NG FRERR 2 57 2% (P<<0.05) . T,

Note: In the same row, values with different lowercase letters mean significant difference (P<Z0.05). The same below.

2.2 AMAX AR FZF AN YR

F1 2 4 TR, AE 25 S8R AR FORS BRDBH AR 19 2% 1 8, ME 4148 97 1036 45 R A 4 3= (19 22 TR 3k

LR o

T4 MR B S 22 5 AR O R

Table 4 Effects of supplemental feeding on economic benefits of grazing Tan sheep

N2

fi.

=] 21 5] Groups

Ttems NC LE ME HE
MU T Y TR 2 48 Forage dry matter intake (kg-piece '+d ™) 1.50 1.28 1.05 0.83
W REF B A% Forage hay price (CNY +kg ') 0.94 0.94 0.94 0.94
MU AR Forage cost (CNY «piece '+d ') 1.41 1.20 0.99 0.78
FMARE A4S Concentrate supplementation price (CNY +kg ') — 3.52 3. 86 3.95
#Mi Feeding levels of concentrate supplementation (kg+piece '+d ') - 0.23 0.45 0.68
KB AME A Concentrate supplementation cost (CNY «piece '+d ') — 0.79 1.74 2.67
P SF 35 T A% Lamb sale price (CNY +kg ™ ) 36. 00 36. 00 36. 00 36. 00
-1 H 14 8 Average daily gain (g-piece '+d ™) 102. 70 105. 39 163.73 177.70
14T 0k #5 Weight gain profits (CNY piece '+d ') 3.70 3.79 5. 89 6.40
253 %% 45 Economic benefits (CNY +piece '-d ™) 2.29 1.80 3.17 2.96

T AR AT R T R £ R 105 kged !, Il 2 RN RS R 0 B RIS 0 T A TR £ R DR 4 AL ) B 0 T S B4R )R 1. 275, 1. 050,

0.825kg-d o AR 2022 4F H AR (www. cnhnb. com) 14 R4S TR DR IEUREUAS BORE AN B TS ACR A T S I F LA 36, 00 7T kg

5 N 2 S RN

%

=

Note: The dry matter intake was calculated as 1.5 kg+d ' based on the body weight of the Tan sheep, and the amount of supplemental concentrate was

subtracted as the dry matter intake of forage, so the theoretical forage requirements for each group were 1.275, 1. 050, and 0. 825 kg-d ', respectively.

Calculate the cost of feed grain raw materials and the cost of pasture based on the raw material prices in 2022 at Huinong (www. cnhnb. com). Unit price

of Tan sheep live weight: 36.00 CNY -kg ™' (referred to the local seasonal live sheep price during the trial period).
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2.3 AMA R F ik A LR AT YR

H1 22 5 AT, H R AR S 7K P (8 14 o nT S S S e LR AR SR R IR SRR A IR OB L ULISE | R
R FO R AU MR R L R RN R ) A R L B Tl L IR G U (4 0 M (P<<0. 05) o LE 419 1L
A E A SR B E LT ME M HE 4 (P<<0. 05) , ME 1 HE 41 1fiL 375 & 5 [F B 23 B2 10 5 & 82 % T NC M LE 41
(P<<0.05) , HE 21 #Y it H i =18 JUUBF 2 5 F0 LR 6 S0 05 1 12 3% = T HAl 4% 41 (P<<0. 05) . HE H Y I 7 K
P& R R A R RS Tl M 2 = T NC A LE 40 (P<<0.05) . ME 4 () = % i I8 25 1 0 [ i 4 B 5 3% 5 T NC
LE 4 (P<C0.05) . HE ZH 9% % B2 g 25 1 IH [ B35 i 1 2% = T NC R LE 41 (P<<0. 05) » HABAE bR AE 4 41 2Z W] K
RIMBFEER(P>0.05),

TS5 MRS I TE A LR AR B R T

Table 5 Effects of supplemental feeding on serum biochemical indexes of grazing Tan sheep

i H 21 5 Groups FRifE R Standard P

Items NC LE ME HE error (SEM)  P-value
2K 1 Total protein (TP,g-1.- ") 74.20 71.50 74.94 72.93 0.92 0. 602
F 8 1 Albumin (ALB,g 17" 32.63ab  30.53b  33.75a  33.40a 0.46 0.029
BR#E A Globulin (GLB,g L") 40.18 40. 15 43.53 41.80 0.85 0.489
A L5 B Total cholesterol (TC,mmol-1.~") 1. 60b 1. 90b 2.48a 2. 66a 0.13 <<0.001
H il = g Triglyceride (TG, mmol-1." ") 0. 50b 0.55b 0. 53b 0. 69a 0.02 0.032
725 I 1L B Glucose (GLU,mmol-L ") 2.87b 3.26b 4.02a  4.12a 0.16 0. 002
JLEF Creatinine (CREA , pmol-1." ") 61.40c 67.00bc  73.25b 88. 00a 2.56 <20. 001
KTV &R R FE % R Il Aspartate aminotransferase (AST,U-L ") 117.50b  119.75b  131.25ab 150.00a 4.71 0.036
& B A S5 A i Alanine aminotransferase (ALT,U-L ") 21.75 18.75 18.75 18.25 0.69 0.278
FLIR I &0 Lactate dehydrogenase (LDH,U-L ™) 460.25bc  403.67c  496.00b  567.67a 17.79 0.002
1R 4% B I8 4K 141 1EL[% % High density lipoprotein cholesterol (HDL ,mmol-1. ") 0.75¢ 0. 95be 1.19a 1.07ab 0.05 0. 005
%% B2 18 45 141 [ B Low density lipoprotein cholesterol (LDL,mmol-L ") 0. 33¢ 0.39bc  0.55ab  0.7la 0.05 0.002

2.4 AMA T ACHOE F o F LR AL IR AT 09 om

122 6 T AT, B R K T A B0 ot I S 0 v R T R L BT R R T RO Ak A AR A R A
W) it T35 P YA S S B R (P<Z0. 05) o Bt R 8 7K P 10 38 A, 00 AP0 S o 7 9 R e O S Ak S R T S R
e, HE 20 /978 & i AU B A I R 3 T NC I LE 20 (P<<0.05) . ME 21 Shi ek ig ) i 3
T NCH(P<<0.05) . NC 4 B4 D H R &4 P il % v 2 & T LE F ME 41 (P<<0. 05) .

R6 FMAX B MEFHEMALIERHR M

Table 6 Effects of supplemental feeding on antioxidant indexes of grazing Tan sheep

gE| 21 51 Groups FrifiE 5 Standard P

Items NC LE ME HE error (SEM) P-value
N — % Malondialdehyde (MDA ,nmol-mL ") 1. 04b 0.77b 1. 16ab 1.65a 0.11 0.036
1t AL A A Catalase (CAT,U-mL ™) 3.14 3.51 3.58 3.96 0.15 0.231
ALY AL Superoxide dismutase (SOD,U-ml. ") 50. 40b 53.38b 56. 83ab 60. 46a 1.39 0.038
BHEALRE )1 Total antioxidant capacity (T-AOC,U-mL ") 2.56h 2. 90ab 4.26a 3. 66ab 0.26 0.046

A H M A AL B Glutathione peroxidase (GSH-Px,U-mL ") 499.47a 176.42b 185. 96b 371. 92ab 43.82 0.011
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2.5 ANE XA AR d 3R 0 ok

2.5.1 AU %sE DL 4R RO A o B % X BT A RE B BEAT AR B R A . a3 T e e AR g
HAFFEAR A AN R L0 ARG I 3T 765 AR . NP 1B R S EeAR  BIT 2 17 A ] W T
R K A A ) B AR B3 S LAY A LR B LA AR B IR RS HE Il S 2 A R B AR A
Xl R 4

.’w.,

] Class

E. 2% Alcohol and amines (5.75%)
fi%. M. T2 Aldehyde, ketones, esters (1.70%)
Z LR K AR Amino acid and its metabolites (23.66%)
IR T Ho AT A %) Benzene and its substituted derivatives (7.45%)
V1R Bile acids (2.35%)
KA L AR Carbohydrates and its metabolites (4.97%)
G FI 2442 3 Coenzyme and vitamins (1.31%)
AEWTEZS Fatty acyls (9.54%)
| HithfiE 24 Glycerolipids (0.26%)
HihEZS Glycerophospholipids (9.67%)
ZIRAE A7) Heterocyclic compounds (6.27%)
PR KA M 5 Hormones and hormone related compounds (1.44%)
WA IR Je AR Nucleotide and its metabolites (7.19%)
AL B AT A9 Organic acid and its derivatives (16.21%)
JLAt Others (1.31%)
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Fig. 1 Circular diagram of metabolite class composition
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Fig. 2 Principal component analysis (PCA) result
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Table 7 Enrichment analysis of KEGG metabolic pathway of differential metabolites
251 R RS A R RO EAyi] i %5
Group Metabolites Fold Variable impor- Type Pathway 1D
change tance project
(FC) (VIP)
NC4 vs Ji A -3'- 8 B2 Adenosine-3'-phosphate 4.13 1.09 i Up k000230.ko01100
LEA 5/ B I B 7 5'-adenosine monophosphate 4.00 1.74 FiEUp  ko00230.ko01100.ko01232 k01240 ,
NC group k01523 .ko04022 . ko04024 . koO406S .
vs LE group ko04150 .ko04151 ko04152 .ko04211
ko04740.ko04742 . ko04923 .ko04924 |
ko04925.ko04927 .ko04928 .ko04934
k005012 k005022 .ko05032
2R ST 5 — R 2.28 1.69 E#Up  ko00230.ko01100 ,ko01232
2'-deoxyguanosine 5'-monophosphate (dGMP)
545 5B R Guanosine-5'-monophosphate 3.35 1.45 3 Up ko00230.,ko01100 ,ko01232.ko01523 |
k004022 .ko04740 .ko04742 . ko04744
b TR S MR Docosahexaenoic acid (DHA) 0.49 1.41 T Down  ko01040
NCH4] vs 5'-JIR IS 4% 41 iR 5'-adenosine monophosphate 8.19 1.58 i Up ko00230.ko01100 ,ko01232 ,ko01240,
ME 41 ko01523 k004022 .ko04024 . ko04068 .
NC group ko04150.ko04151 .ko04152 .ko04211 .
vs ME group ko04740.ko04742 . ko04923 .ko04924
k004925 .ko04927 .ko04928 .ko04934 |
ko05012 .ko05022 ,ko05032
2t 42 % 4 2'-deoxyguanosine 2.01 1.45 L Up  ko00230.ko01100.ko01232 k002010
2R ST 5-— R 3.70 1.17 E#Up  ko00230.ko01100 k01232 .ko02010
2'-deoxyguanosine 5'-monophosphate (dGMP)
5 4F 5-FLE iR Guanosine-5-monophosphate 4.64 1.35 i Up ko00230.ko01100 k001232 ko01523
k004022 .ko04740 . ko04742 ko04744
WLF 5'- B % Inosine 5'-monophosphate 3.62 1.39 i Up ko00230.ko01100 ,ko01232 ,ko01240
ko01523 .ko04742
WIS R Docosahexaenoic acid (DHA) 0.48 1.38 T Down  ko01040
NC4] vs 2,5- R IR H R 2, 5-dihydroxybenzoic acid 0.48 2.12 T Down  ko00350 .ko01100
HEHNC 33236 2 /% 3-hydroxyphenylacetic acid 2.39 1.83 F#Up  ko00350.ko00360.ko01100
group vs R 7S TR Docosahexaenoic acid (DHA ) 0.38 1.74 T Down  ko01040
HE group
ME 4 vs #8423 MU i Chenodeoxycholic acid 0.20 1.56 T Down  ko00120,ko01100,ko04976
LE#4 Wi 4 IR iR Deoxycholic acid 0.20 1.64 T Down  ko04976
ME group o' ji 4 19, #F 2"_deoxyguanosine 0.48 1.60 Fi# Down  ko00230 ko01100.ko01232 k002010
vs LE group e sy Hypoxanthine 0.50 1.70 T Down k000230 .ko01100 ko01232
WA Inosine 0.46 1.89 T Down  ko00230.ko01100 .ko01232 k002010
LRt 38 22 U R Taurochenodesoxycholic acid 0.33 2.01 TP Down  ko00120.ko04976 .ko04979
HE 4] vs 2" LT 2'-deoxyinosine 0.43 2.03 T Down  ko00230.ko01100 .ko01232 k002010
LE4] 2t 48, % 4 2'-deoxyguanosine 0.45 1.47 T Down k000230 .ko01100.ko01232,ko02010
HE group -4 3 %Ll 8% Glycochenodeoxycholic acid 3.44 1.58 FIHUp  ko00120 .ko04976 ko04979
VS LE IO 5 3% Guanosine 0.34 1.17 T Down  ko00230 ,ko01100,ko01232 k002010
KB IS Hypoxanthine 0.48 1.27 F 8 Down k000230 .ko01100.ko01232
WL Inosine 0.39 1.29 T Down  ko00230.ko01100 .ko01232 k002010
A K8 22 % H R Taurochenodesoxycholic acid 0.20 1.38 T Down  ko00120,ko04976 .ko04979
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23 Continued Table

250 i) 2R A R RO KA il
Group Metabolites Fold Variable impor- Type Pathway 1D
change tance project
(FC) (VIP)
HE 4l vs 11,12-%F2 357,87, 147-—F il = I T 3.18 1.07 i Up k000590 .ko01100.ko04726
ME 4 11, 12-dihydroxy-5Z,8Z, 14Z-docosatrienoic acid
HE group 8,9-WFE K57, 117, 147Z- 1 0k — IR 3.18 1.07 3 Up k000590 .ko01100.ko04726

vs ME group 8, 9-dihydroxy-5Z,11Z,14Z-docosatrienoic acid
15-M5 4A.-6-12 , 14-Fif 41 it % J2 4.58 1.27 E#Up  ko00590
15-deoxy-8-12, 14-prostaglandin J2

T A AL 7 A TR R s IR LI LIS R 1) 4% TR R L AL Tl LR I S TG G R
B FE A (P<C0.05), # AN 5 of S Ab S 2 03 U ¢ (P<T0. 05) o W B IR 5 i) S b U L L 1R
UG 5 IE A 26 (P<T0.05) o U5 M R [ I = W8 A I R 7L R S L R TR AR
M 5 1 IR AR G (P<<0. 05) , 5 N2 R 2 JL 5 B il 5 0 35 A5G (P<0. 05) . i KA HIR 5N R & % 1E
K (P<<0.05) . H AR WA ER 50 8 B S B AL R )4 SRR 2 5676 RS I . 7L 2 It S0l 22 4 =% 97 A
K (P<<0.05), S5 @ Hul =% 8 EEMXE(P<0.05) ., WRAMEIEEBEES 11,12-30%3-57,87,
147-7+ Z R =SRR8, 9-RUR HE-57, 117, 147- -+ “hk = KR 5 W3 AH 6 (P<<0.05) ., -+ AR S
75 I8 OB 5 3 B0k DG (P<<0. 05) 5
3 it
3.1 AMA ST HOE F A KRR 6 R

Az KM B B e sl AR K D0 I B AR bR, R R ATE T 2 B AR KO 5 i gh AR K MR RE Y I R B e
AP S i A KRR . Song I Williams 25 BIF 5 & 30, 42 125 1) 4L B 1 /KT BE A 25 26 RS 2 114
-3 H B AR E N . Xue SFCUF S R W BUICE A AN TR R AR L R P I EAOR . AR
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3.2 AN A AR S AR BRI 69 m
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Fig. 3 Enrichment map of KEGG metabolic pathways of differential metabolites
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Fig. 4 Correlations between serum biochemistry, antioxidants, plasma metabolome (differential metabolites)
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