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Abstract

Object: This study aimed to evaluate the seasonal dynamics of nutrient balance and health status in
grazing Altay sheep by monitoring changes in growth performance, blood parameters, rumen fermentation
parameters, and microbiota across different seasons. The findings are expected to provide a theoretical

basis for scientifically sound feeding and management practices in different seasons.

Methods: Eighteen grazing Altay growing ewe lambs (35.2 + 1.05 kg, 6 months old) with similar
body weight, age, and good body condition were selected for the experiment. Saturated alkane C32
slow-release pellets were administered during four periods: the spring green-up period, the summer
vigorous growth period, the autumn withering period, and the winter standing withered period. Each
experimental period lasted 13 days, consisting of an 8-day adaptation period followed by a 5-day formal
trial period. During the formal trial period, samples of forage, feces, blood, and rumen fluid were collected
for relevant measurements. The management of the experimental sheep was consistent with the local
herding practices, with no supplemental feeding provided. Saturated alkane Cs» slow-release pellets were

administered each morning before the sheep were taken out to graze.

Results: Experiment 1: Study on seasonal variations in growth performance and nutritional gain and

loss of grazing sheep.

(1) Among the four seasons, summer forage had the highest crude protein (CP) content, significantly
surpassing the others. Autumn forage showed a similarly distinct pattern for ether extract (EE), with values
significantly exceeding those of spring, summer, and winter (£<0.05). Winter, on the other hand, exhibited
significantly elevated levels of acid detergent fiber (ADF), neutral detergent fiber (NDF), and crude ash
(Ash) relative to the remaining seasons (P<0.05). (2) The average daily gain (ADG) of sheep during the
four seasons of grazing was 6.03, 161.03, 36.9 and -8.7 grams per day respectively, and there were
significant differences (P<0.05). Grazing sheep in autumn had a significantly elevated DMI relative to the
other seasons (P<0.05), followed by summer, with the lowest DMI observed in winter. Summer grazing
significantly enhanced the apparent digestibility of EE, CP, ADF, NDF, and DM in sheep relative to winter
(P<0.05). (3) In spring and winter, protein intake was 53.74 g and 67.95 g lower than the standard,
respectively, and metabolizable energy (ME) intake in winter was 2.07 MJ lower than the standard. Forage
was deficient in copper during summer and winter, and deficient in selenium during winter. In serum,
manganese levels were below the recommended values in all four seasons, and selenium levels in serum

were extremely low in spring and winter.

Experiment 2: Seasonal changes in blood biochemical indices, immune function, and antioxidant



capacity of grazing sheep.

(1) Compared to winter, grazing sheep exhibited significantly higher blood levels of total protein (TP)
and albumin (ALB) during summer and autumn (P<0.05); Compared with the other seasons, winter
grazing resulted in significantly lower GLB and TG contents (P<0.05). In spring, the blood lactate
dehydrogenase (LD) level in grazing sheep was significantly higher than that in autumn and winter
(P<0.05). (2) In spring, the contents of interferon-y (IFN-y), interleukin-1p (IL-1p), interleukin-6 (IL-6),
and immunoglobulin A (IgA) in the blood of grazing Altay sheep were significantly higher than those in
other seasons (P<0.05). The contents of immunoglobulin G (IgG) and tumor necrosis factor-o. (TNF-a)
were highest in spring, significantly higher than in other seasons (P<0.05). Compared with summer and
autumn, the immunoglobulin M (IgM) content in spring and winter was significantly higher (£<0.05). (3)
Autumn grazing sheep showed significantly greater blood SOD content than in other seasons (P<0.05).
Summer grazing Altay sheep exhibited significantly elevated blood malondialdehyde (MDA) levels
relative to winter and spring (P<0.05). Compared with the other three seasons, the catalase (CAT) content

in the blood of grazing sheep during summer was significantly lower (£<0.05).
Experiment 3: Seasonal variation in rumen fermentation parameters and microbiota of grazing sheep.

(1) Significantly higher values of rumen fluid ammonia nitrogen (NH3-N) were observed in summer
and autumn relative to spring and winter (P<0.05). The contents of acetic acid, propionic acid, the ruminal
TVEFA levels of grazing sheep were significantly greater in spring and summer compared to autumn and
winter (P<0.05). In winter, grazing sheep exhibited significantly lower ruminal concentrations of butyric
acid, isobutyric acid, and isovaleric acid than in the other seasons (P<0.05). The concentration of valeric
acid in the rumen of grazing sheep in summer was significantly higher than that in other seasons, and it
was lowest in winter (P<0.05). The acetate-to-propionate ratio showed a trend of initially decreasing and
then increasing from spring to winter. (2) At the phylum level, autumn was characterized by a significantly
lower relative abundance of Bacteroidota compared to the other seasons (P<0.05). In contrast, the relative
abundance of Bacillota was significantly higher during the same period (P<0.05). At the genus level,
seasonal variations in relative abundance were evident for several taxa. Summer was characterized by
significantly higher Xylanibacter abundance than autumn (P<0.05). Winter saw the highest abundance of
Rikenellaceae RCY9 gut group (P<0.05). Spring stood out for its elevated Prevotellaceae UCG-003 levels,
significantly above the other three seasons (P<0.05). Autumn, meanwhile, showed a significant enrichment

of NK4A4214 group compared to the remaining seasons (P< 0.05).

Conclusion: Forage was nutrient-rich in summer and autumn, resulting in high feed intake for Altay
sheep. In winter, forage nutritional quality was poor, which negatively affected the feed intake of grazing

sheep, leading to lower apparent nutrient digestibility and impaired growth performance. Furthermore, the

v



blood biochemical parameters, immunity, and antioxidant capacity of grazing sheep varied with the grazing
season. During autumn, the rumen microbiota of grazing Altay sheep helped the host acquire more
nutrients to promote fat deposition. In winter, fiber-degrading microorganisms were enriched, facilitating
fiber breakdown and the production of volatile fatty acids, thereby helping the sheep cope with nutritional
deficiency and meet their survival needs. In conclusion, the blood characteristics and rumen microbiota of
Altay sheep exhibit significant differences across grazing seasons. These adaptive changes assist the
animals in coping with seasonal fluctuations in forage nutrients and the external environment, thereby

fulfilling their survival requirements.

Key words: Grazing; Altay sheep; Nutritional balance; Blood biochemical parameters; Rumen

microbiota



HESiA

JE A JEXL AR SRR i
ADF Acid detergent fiber PR e Ak £ 4
ADG Average daily gain R H
AIA Acid insoluble ash B AN IR Gy
ALB Albumin HEH
ALP Alkaline phosphatase G RER0AIAL:
ALT Alanine aminotransferase A e
Ash Crude ash FAK
CAT Catalase i A S

CP Crude protein L H
DM Dry matter Tl
DMI Dry matter intake R/ SE s
EE Ether extract FHAE 7
GH Growth hormone ERKEE

GSH-Px Glutathione peroxidase A e H Bt S A P iy
IFN-y Interferon-y TRy
IgA Immunoglobulin A REEREH A

IGF-1 Insulin-like growth factor-1 JBR & B AR A A R -1
IgG Immunoglobulin G REREH G
IgM Immunoglobulin M REREA M

IL-1B Interleukin-1p F4HH A 21-1B
IL-6 Interleukin-6 FI4t A %6

IL-10 Interleukin-10 H4mf/2R-10
LD Lactate dehydrogenase FLIR i 2 iy

MDA Malondialdehyde [

NDF Neutral detergent fiber HR PR R A Y

NH;-N Ammonia nitrogen AR

SOD Superoxide dismutase B A A T
T3 Triiodothyronine TR R SR 2
T4 Thyroxine FOR IR 2=

TNF-a Tumor necrosis factor-a JHIRE PR AR o
TVFA Total volatile fatty acids SRR VERR TR

Vi



T ettt ettt ettt ettt et n s ranaetns I
J AN 3 5 11 SR 111
TEEGTA] vttt n et VI
BB LB ZBID oot 1
L1 BFTE B BETE S oo 1
1.2 FEIIAMIETEIERE oo 2
1.2.1 RIRPEE TR R ST DR T BIBNAS BB e 2

1.2.2 HBE0E FEB AR AR 2 S HAR AR S AR IR oo 3

1.2.3 TS B KA TN IE TTV oo 5

1.3 FFFEPI B GHEARBELE oo 7
131 BT A oo 7

1.3.2 FEAREEEL oo 8

B2 B TRIETIIT T oo 9
I — B FEERMERSEFRE TR ITT o 9
2.1 BB TTT e 10
211 RISV GIATEE T oo 10

2.1.2 BERBIREE G ALTE oo 10

2 B G T oo 13
221 ARV E TR B BT oo 13

I NEESS D 08 Ui i E o S S =Bk N )21 B 13

2.2.3 AFZETTN IR R ITHACZEITELI oo 14
2.3 T U ettt ettt ettt ettt ettt n e 17
231 ANFEZETHEE TR B BT oo 17

R NEER DOy G e R LA A O AT 3 [ 18

2.3.3 AN[A)ZE 1T 0 U A 2 B TR T R I AR T EE I AT e 18

2.3.4 AN[EIZETTO BSOS AU AR S R S B BRI 3T e 19

2.3.5 AFEZETHET WITER E BT oo 20

2 INBE ettt 21
WGBSR E AL E bR s M BE R PU A RE ST ZE T LA A 22

Vil



25 B G T ettt 22

2.5.1 RGBT SIATEET B oo 22

2.5.2 FERBIREE G ALTE oo 22

2.5.3 FEFRIMIE ST oo 22

2.5.4 BHRALFE S I3HT oo 23

2.6 B R G IIHIT <o 23
2.6.1 ANFZETT 0 TR AR 2 MR AEAGTEFR I FE M (oo 23

2.6.2 AN[AIZETT0] TECHCAR = MR 28 0 DA B G5 T REFRTSE I oo 24

2.6.3 ANEIZETTTBCBAR FEHUEALBE TTHIFEM oo e 24

2.7 BT e, 25
2.7.1 AS[RIZET 0 TBCBCAR 2 B AEACFR PR EISE I T3 BT <o 25

2.7.2 AN[F)ZE 5500 U A 3 VR SERE PRl 22 S B R BRI 73T oo 26

2.7.3 AEZET TR EHUEALRE TTBIFEI 3T oo 27

2.8 NG e, 28
IS = AR IR B R SR B AE X R BT AR TT 29
2.9 BE BT TTT oo 29
2.9.1 RIS TITEET T oo 29

2.9.2 FERBIREE G ALTE oo 29

2.9.3 FEFFIMIE G TTI oo 29

2.9.4 BHEALFE S I3HT oo 30

210 B R G 1T oo, 31
2.10.1 AN[FZETTN AR AR 90 B K BES P REI o 31

2.10.2 AFEIZETT AR EIE B AN X R BIFEM oo 31

211 BT ettt 37
2111 ANFEZEN AR 90 B KBS BRI 3 HT e 37

2.11.2 AN[FZET AR A 298 B AP R B 3T e 38

212 NG ettt 39

B 3 B I ettt 40
B A4 B BT A oottt 41
BEZETURR oottt 42
BB oottt 54
PEZE TR ITT oot 55
SETTTEBEIZZ <o 56

VI



F1E %ip BAFAREMETEMILX
F1E #P

1.1 fAmERNERENX

a ROl A B R L G, MR R EAA R ORI TR, BHOAE ALK
VA 25 ) 5 A 1 5 o P B A R s B R ARV R R () B S, X RN A 5 R
KRNI I G HEAEA . 72 BP0 r E ARGy 2025 - RHT R E 74
3828.88 1R, HiF23406.12 /i A, FR=EEH] 62.81 il CREHMD , Hris=F R~
BEEE -, FAHEAES], 2 FIEHX & POl 25 AR R A2 27 1A% O SR,

B E B Z Y0 E MR AR TR, e TR RS AL B AR R IRk, G
HoKJE, 38, FRSEAE SRS TR . it T, X AL 77978.97
JiET, HH RO Y 59397.13 Ji R . LARSR I N A U 7%, RO E
Mol b i) B B R Sy . R 2R B Ol O [ B I SR BEE %, O SRR
RUGHEIR, GELOR A AR A -

IR RE N H KT =R 22—, KE XA E 2 NBUURE SR, ZEERER
SRBCEAE RS R F B AR . ZFET MM, BOENAEYE SRS 582K PSS
DI R ETTE2E R, REEESE T S asolh E st R T AP IR N
MR HAEIL A EEMIX, B2 AR AR, SR, EERIN <%
A TR AFEK, BRER, LEFNHERKIE 7~8 M, ZHRATMAZEM
B 25 B AR SR R, U ER H R R BT, &4, (IKEFRMER
B & LB, EAEE BURA AR T I B IR BICH: L &8 = R AR R R R
WCERFREL, B AT BRI T A K 2 R, B E T R gih ]
AR R 4 B, o i S5 R 5 AR E TR G KCP B, S A CE R B AT 8. A RK
B A EER

gx LR, BRI E VIR E TR, AR HERMA 77 S e A R L.
Rk, ASHIE 7 DA B SRR 26 A R BTN 22 N O R, W AR AR ZE AT AR K B
RV RMEE . MR AT R, PR S8 7 B 7 IR S @ K
F, BAEATAERERF AL FEAIA R TR SRS BT S ) g S BEERRARIE o R, R ARk
AR ZE R TR 0 22 208 B AR X R AT A, DA R X ZE T RO R B Y AL
il o



F1E %ip BAFAREMETEMILX
1.2 BAMNARFERE

12.1 RAKEEF@RST YRETHHTEEN

AR B2 A BRIV Bl A A ) Bt AR TR RR A 2 —, R IR E &0l K
JRANTT SR ) T A S5 A% O AT . RGUEARPCR 0 E FR AU 5 1A S BR X6
HESNFLH BB IR AL nHREE R e B B OCE Z IR 5 Stk R B O,
(A BT, CEARORFR BE Bk T T8V SR & 8 R AN R S G & BRI . SClRRE,
[F] — FhARCRAE A [ B B R R A o, O IR SR L KR . TEEGR MR 2 R
B R JFE R AR R B ) (CP) & BB AL TRk, T e 8 B i A8 Y TR 60
Y (NFB) 2 &0 20053 Mm A RFAET o i i SRR I 7, 7R e b A ) R 1 i Ay
FH, MERMR L, TREEH TR RS SRR ORI AR E BT A
FW, TREIAR) CP & & W& & T 455, M b Mk 21 4E (NDF) L BRPE BRI 47 4E (ADF)
5 A A 1 1 B B U B AR SR R I SE A AR AR, DS SEI AT, dEad
X EE G R IEAT AT, AE BRI E O S B 15%0 B GRMEA
X CP & &FEE, HEE SRR TREATN, 5HAEIMEL, RABME S 3
WMEA AR, EHBpAKED GRS, Bl aRiam. skERSI T 6 FRAFR
WERE TR, SR SR, BRIETIEESN, HARE I E A R & 3 W3 T 4551
HH, T BRI A NP E SR G A 4 B E B AR KR B PR, BRI A
BREZE S MET R PTRHX LA™ B X, R &0 N R R E SR
W fEARRIAEKIAR, ZERMIOR R B & 2 s R AR 5%-10% , FLK 5
(Ash) FEIARRSE 3 U 12 MEWFRSRREES S EKT, AMUHH A S ER
REFESYR IR BT R E, R I R 2 52 A5 K X ST M IR 858 2 (R 211314, 5k
T RO T I A ] A B ) 2 AR AN AR SR AT TSR, RPN E YRS
4 HIPPE0R 2 UM SPEDST s SR AR TSR S AR AR A Rl AR ) R, B
SERRI, RERSE B AR S R AR A e S R BBURK L B2 S AR A IR T R A
K, FHLE VA2 A5 R 1 1R 5 i R 2 DU AR 2 s ik 7 o

TEAEFESI PN E R TS AR SR T, ME TR RKIEE A SRR R
H, R R & SR B e R WAL O AL B B . 3R B O o FR TR R Hh 3l A7 AE A
Y8 TR PR i 1] A, TR AE X3, 2200 B AR A A A S A R 1 Bhas
0T, RIS R, RAR 2R GRMICEN M E R BRI B R
Z5: RARNEE . W, SR iime: 2R, SRS, & fid=
ks SRMCEME TR S22 BB A0 . SOPFEEIER R PY )1 30l R SR B b 4
W FOCR S EBIFR T R2EME 500, SREW, MKBEHEPE RN SELEE



ER BAFRFHREFMIL

%S, Ttk Fl B M. O RIGEREER, RHKBHEHIR. TR
PR AL IR 2 R B I IE R B AR, A BN, TSR TR A
RIS AUERNT, RIL SR 17 Mg, Zn A2, RSEMBEHITLP 52
S, Fe B Mn &8 #, HET 3L Co Se b TURHREMRA . L2 LIS, HUHLFHL
PR PR 7B T S PO, WK P R A S R,
AT AR (07 P RENES . LUBRHCE OO P T 5 0 P SE B 7K
¥

1.2.2 WEEFSFHR QIR R R RS

1.2.2.1 EFHLKRFHKR 2315 KRR R

HRNER R R AN A2 RGN R AR TRIL, AL O Ve 32 8 = A
SRMAME. EUE RS, BEERME—E R ERE IR, HEha T EKs) T
4R KM A LR T MR s R Y, RAR B CR E 9% 0 BE Y i AR Ak S B
THE RS RIBER AV E S E FRKFIOR T 2 I 2507 m g, o
ARG RREE NI, X — W B AR s AR IR B S IR 1Y
Tk R TR R B KT R, Smgl R F B EE TN .. KIS TR I,
KPR EACER, R H I E AT R meRAS, AT AL R, K E
HEAR 2 BB SRR E A, BRG] RRE TP, Panadi SFRPYUXTALIAE
TR FAPOAN A B AP H R, 45 RR IS R S A3 &, VAR &
AP HIEE (ADG) fi ETb. $a HR A R0 sh & AR BEACH AR
HEA BERIEEERR), YHRPEAMR. fERSREERYAMEAN LN, S8
PRSI B R B AR, (R B B % . Brosh FRET R E . . K=
ANBEFE AR 7K R TT R AR RS, S5 R, mE A HRAEA M H M ES R
BERTE. HERAEAENE (DOM) I &2 e AR RE LA B I B R bR .
DOM &&= MoE Cind e, SRR JlE a0 Z R eE, (Rt 4h 5 R4
IR R, HENE RRKZ, U CP & & N, HA A BRI AR AR B i) & 2B AR
b, FTREBR IR AR A GRS, K MEREA R 2 B IR RN, T
e SEAMM . YRSt RS E R FEER . JUHAEZT AR,
XS I 1) O R 2 S5 P 49 o 1 AR K Y, YR AR ) AR T I — I B
(J#H N 1 500-2 000 kg DM/ha) B, 45 2F X DOREUE B0, BIAEACR AR B8 9% 5 i
KT, SEBREE N B RE AN L AT) TGV 2 75 2K, 1 T R I AR K 52 BH L 3 R B T 0T,



%18 & BATAFMLHLRX
1222 EFTUHER 2P iKE Wi RaIRNE

MBSV —Fh ¢ B RS S 4R A, MR TR RS R0 A4
Fa b AT AR D9 W Zh P AR 0 5 78 IR P MR R Z A D0 A T Br ez — B, B REF BT TR
W, FEAFERREAE N, AR FMEFREER (TP) & EA AR S
TR R EEBIW AL, 55 AL, BUHOEEE IS K TP 584
R L 5 R B 3, el AR 40 A DR R AR ARCREE IR /KT K 1 o A Bk T AN e
FEHEERAFERAAAL, B 3G BB VLR B S5 5f P Dh eI 5 . 7 F yat
WEFCRDL, B FARFRRMILEE KT, WA ReE BEA I AT 3 1 5 e

IS AT A (GLUD & &Sk 10 A Thae 5 AR RN - EIRES R &4 3)
VR A U A AR TR e 2R o 2 HRRBE R LN AN R I LB 7 W AR P 2 Bl 2 AR
AP TR, 5 mERRHAU B, ORI FRE A 0 U & B 028 B3I 7T
KW, AFEYEEE LS GLU S EAAREZER, FEm T REMMAEY, %
Bt SR T TR 1 R I 1 IR 2, T B I B i e e A,
i 51 RS 3% GLU & & F+ .

IMiERFRE (BUN) MRS HARRERCTAT . B EHEM D g DL LR 2 A B AR
SMEREERC, MR ERA SRS, BEMEY W RO, KRR
HEAZRDEMNR. raE R, Sl HAER NH-N, KH7K NH;-N ££
FFIE A & BUN, e G EUMTH A BUN & & ETI0, 2395l (ALT) M e
B CAST) A& VAt T4 45 075 AL A3 475 8 5 P FRD 1 LTS Bl i 8o X BERE AT TR B
ALT A1 AST 5A5RKF 2 IEMAREY, ARKEER (GH) HREA T, HEEZAEH
AR K, Rl =R BC IR, Hor s E RIS . ARSI
WL SRS RACEPIRES s TBIREENT GH (173 WA 7KF-1400 S 7% 4 38 6k ol A TR AR A 4
FE T GH S REATUI, KIRE ARV S TR kA R #4224, {2 GH
RN ER, HRETRACT 2 sh V) S MG 5 H i =Fe s =, B R ftas
LRI =S BN, B IRAS R, AT RERE 2 52 B

1223 EFBANBHR S 1E B ARSI

T B RS VINAR N IE A AR, BES NS LT V5T AR B RE 0 e o KR SRAFAE A
W HEN), R B Xt SR T AL AR IS 250G B 22 . R 8 pH LB St 1R B AR
R VEAE D s I, IR VE R — e 5.5 22 7.5 Z[AM), TR R EL . REEAT 8,
T H R A R TR (R S B E A ) B R . KA B pH H 2 5L
B A X R KA, AAEHAREL, HESDRE R AzhYRE RS, Rk,
AR T AR . A B NHe-N 2 sV 5 N & B 5 R =2 o e =),



