Research Papers ﬁﬁﬁi?ﬁﬂ:

)) ) EUFES LR R
Progress in Biochemistry and Biophysics
ljxxxx,xx(xx)ﬂ~u

www.pibb.ac.cn

U W0 Xt AN [5] 7= Ht B B2 I8 T 28 o ) 5 Ml

g{" a")g]‘ 1) _7%}%}(7};5:2) )%/Li:);&‘ 2) ﬁ‘— '7‘]& 2)%% ? rFT;‘ 1,3)%* é_‘} E)El’”
(VIR ARE R TR E (TR, MES 610065; 2 ABTBTR RO A BRA ), Wk 252201; ¥ R fifbst 5 TR S 5 S0
%= (WNRZ), Jl#E 610065)

HE BB 9 OEGS R 5 RS e BT 2550 S et . AR R T RUE YRR S5 s s AE, B
T 19 B Sl P P i 2 S5 T 0P M e D ¥ B S A AR B o B R AR, AR S T Bl A R4 A o P PR E s 2 (A B 3 S
. ik RUEER T AR Y, Sl R Y AN S, AL B R AR T A e B . SR FH e A
ARFETE PIRE RS, R0 e S BUBE AR SR A S BT FEROUR 28R, (Rl s i B 8 1 o B 43 4 R B i B it
#85 Fihoohis, AR (Africa donkeys hides, ADH) [ BT 4254 B0 IA I f S48 B, s 9P fr (Xinjiang
donkeys hides, XDH) K22 ; Fh& ' Jz (Peru donkeys hides, PDH) 54 FTHFE Y Uz (Dong’ e black donkeys hides,
DDH) ORI W PR RRAIXT 85 . 4 Fp0P ST B F T & =35 T B, ADH 5 XDH MR IR FIREff 5 k™8, PDH
AR ATV M SRR ADH 2 A0 P IR R o iR L. REEE A R, #1k96hf5, ADH. PDHFIXDH 1
T B T THIRTERE 3 BN 97.73% . 93.19% F130.1% il T 1.43%. 0.79%A10.02%; MEEEF 1 EEY B35 ETF, JUH
JEAE ADH WK 93%. 141, PDHAVBEA NG T T2 1 0.10% 14 2 87.84%, 3k W S RE R | TR A I 11 7T R 2 Il g
SR R S R R . S A=A KOR R, DDH AR SR I R R AR P T AR AT . B8 ARFIHLX D B AR
WA R, AR 2E AL SE AR A 5 5 IR AR . 0P R A S o 5 AR T T R B DDA G . R
T S TR AR AR R - A R RE TR 1) 450 B TR T, X T B b R VR g 22 AR I B B SR, R R W S R T R
i

xR YU, EWCRIR, WY, et BRFEER, R RIEINZ
FESES Q5 TS52 DOI: 10.3724/j.pibb.2025.0499 CSTR: 32369.14.pibb.20250499

SRV . BRI AT R M2 R Y B KA R AR I I SR A
AR, A PR O E SN TR T 520 RN . SRS MY A KA Y R,
PR AT AE AR A TR 2 SRR B GRS b R RIS SE R A B EUR
MBS IRITFKSY, W& IR S 20 mRy s 24 HLE 02, Orlita 26 180 258 T J 3
R SRR E PSRRI, S g e B AL R A S IR
SRR M LR SO ACRONIE , BBV e S R MRS UIRDG . B, v
M SRk B ) Tk S SRS . s B AR —Fp R RN 2 S5t 2R, W RAT (A sk 25
ﬁiﬁim@ifiiiﬁiﬁfg*gijiﬁ (BE s ZEARURF I 5 B LT T 5 2 T

\ (6] g T, I y S e o
’ FEBITE AL 5 T e R D) S 7 A A
(500 2 BT — AP TEOR . LI RUR A AR TR
US| AN TR b RS A TR TR B RARLIL 4 # LT SRR AL U A A
IZTRIHCS PR Y AR (R et B
A B TE'?%*’ o ] OB 280 1 51 T Tel: 18264506688, E-mail: yujiel @dongeejiao.com
ﬁ'f%j:}ﬁ E@ﬂﬁ E*ﬂ‘o ZRHE5 Tel: 028-85402585, E-mail : sclixia@scu.edu.cn
TR X R R R A R S AT B 2 ) IR B : 2025-11-09, 4237 10 : 2025-12-22




‘2 EMUFESEYYIRHR

Prog. Biochem. Biophys. XXXX; XX (XXO

A, MaSEERE ., FRORKORERBIER.

SR, FRTHTTE B R ARG AR B IR
FIE RS B e b, T B et A
A WA ARG S B A AR LAk = R Gk
WIS, Rl ERUERER AU RSl KRS
DURFIE A X IR 5 R 2 AL R R B . B
TLEY PRI A A BOR BV R R, e o 0
BORE BN AT B2 A E PP Ak S D) RE A 2
TR AR TR X A I T o B SR, AT
B NI AR A P4 IR DNA, i 3o 7% BE P 4 2
Py g, RN YIRS . 2 T
WRFR KIRETIN . HAY, il iy 2 gl 2z
TR (AL KR, i) PR
FEIREIS TS, B LA G 7 B3R 2 R R
i o7

AW 5T L5 G s v i P 5 AR S BT
%, RS SR K A 4 R [R] 7 i B
BAEAE YA R R R A5 . RS )
RETUIMBEAT T, JFESG I PR Gl ok
ik HEUEEHONA M RAESOR, RIS, 5- 6
SRR | X T A R P R (355 A
I Ir ik, RGEHRTEY A R X G
B2 IS AR TSR E A2 M) o R i — 20 e T AL
TP, A PR ER Tl AR RIS
LORFAEMAR, I A BARERE - X
TRIBCE AR SRR 1A

1 HEEE

1.1 FEHRFIKF

B E Y I (Dong’ e black donkeys
hides, DDH), #i##3"f¢ (Xinjiang donkeys hides,
XDH), FAEIPE (Peru donkeys hides, PDH), i
M5 Kz (Africa donkeys hides, ADH), s b bif i
AR T 10% b AW, IR AR YL,
e e, b ZEERBEARAA; 3M
Petrifilm 6406 B 7% AR A, R HE 5k am
WA T &AL, Wb, AR R L2 b
ARRAF]; oAl HF 3B biGRI34 o b4k
1.2 EREYEL LS

DDH. XDH. PDH HI ADH ¥ f¢ k5 241 K © A7
JREFE Ry 34N A 22 AR T 9 B2, K o33 B 347
0.63~0.69, F7Ai# 25412 2 B 0l XA BE T~ H 2847
. HEHCA R ER T 9 (DDH. XDH. PDH,
ADH) BB XA R RS 1/ NER 3 0y (BRI e 4

%325 g) o WEERT YR BIAL 1 emx1 em /INJELA 500
ml ST, BIA 225 ml JoRE A= BER K, FEfE IR
PGHEIR T 37°CR1F T 3 il T4 96 ho HUEAL
0~96 h Jii Y Bz S e AR, 197 B e RO 4+
RAE . HIUEWEL . Ao sE , LARGEYIY
B AW Z RS
1.3 IPREEHRIE
1.3.1  GORZHYFRAE

K HHEH S (scanning electron microscope,
SEM) FIH RAXGRAE 4 B[R] b [X 57 Kz 1) i 4544
A, UAZE SR ) A JC R T 2 — 24 P 245 25
FIEZNE . SEM 23 A . K B aslRE IR T BT ), Al
RIS B, WY B R EE .
HRALGIHT: BT IRAE A E TR, hEs A
K, MK HE Washburn J7 2 1+ 5 £L 42 43 4 S AL
B 1
1.3.2  HLUEMEE

ALY A Qe XL 0 b, 48 h 196 h
YR AT AR . RN R) R B A S TE 10%
rhe P S P [ 48 he K eSS, SRR UR
YIHHL (CM1950, Pk, ) Wy, 745
JEEER 20 pm DI THID) lv o &R T T8 24 h, #%
VIR HABAZ ML (HE) et ) sHEY 8
i (DMIS, k-, fEE) W& ERE . B
FIHL S 2 451
14 FRUFERSHINE

BT emx1 em TG LRI E G R, 24
Bonf 21 4F % 4% 4 (Fourier transform infrared
spectrometer, FTIR) i (H A H . 4 000
cm '~300 cm '), FREIAHNILIIMGIERT . F25 ¢
PR BT 0.5 emx0.5 em A /INBURL B TR L R
FHEFE TR0 oK or & i 2 WS g TR Y
BT TURACE N, AR E b, SRR K
PO I R e i P A A O
B WS, H 6 mol/L iR R WK A, 0 3k
3, 5-AHH KGR B A0 RN A
0 5 I SE VR TP AT U R EORE R I R
i 2P 10 mg THRE R ERE, SRITANLOTER I
A FE &l (nitrogen, N) &, LA H
wHEAORSERE (WA RE6.25) Y, {35
B
1.5 MEYHEHNE

Tl A 8 R P R B0 R A T A 12
HOh, 48 hH196 hi B, BEATRRIERRE, 24



XXXX; XX (XXO

WA, % RIS E MR RS M R # *3:

SPPETE R B 7 b, 7 (37+1) °ClER
Bfah g8 hig, R Y LR
SE
1.6 FREMEDZFESHR

FHVUZETCE A g, RrIE g 015
A B R RE AR AR TR, IFTE - 80°C
1#47. FIH Mag-Bind® Soil DNA Kit (Omega Bio-
tek, &[) L7 G UE AT HE AL DNA fli 2 o i i
Covaris M220 (FERZAF], H[E) K DNA FBifk,
fifi 16 24 350 bp (9 Be, M THIEE PE SCE . R
Illumina NovaSeq™ X Plus (Illumina, J<[E) ¥
V-5 HE AT 2 Y o A MEGAHIT
(version 1.1.2) XMUALFHN A THHEA S . DNA 2
HOR S Iy TAE R LS AR R A R A A
FEM o

iz | SOAPaligner 3% 4 (version soap2.21
release) , 3K BEASRE A Y 5 T reads S AETUAR
FEREEFEATHEXT (95% identity), 4t it2E RIAE XN
Fean b iy 2 B AE B, TH5E R A 1Y Chaol 45 £ 1
Shannon #5413 ANOSIM PEX A= Wk % 40 A
PEAT E W4 4 M (principal component analysis,
PCA) LLA] MALFEA Z 18] 1Y 22 5 o >k 1] Diamond
(version 2.0.13) H#IETUA FE PR 4L 2 LR 751 5
KEGG 4 J #E 47 Lo Xof 3R 15 4 A %) B B9 KEGG
g
1.7 Sit=EHHh

& Origin Pro 2021 (OriginLab, 32 ) #17
Bt ot . WAL T T 3IRES, AR
BHEpRE2E B A FRR .

2 #R5TE

2.1 PREEHST

AP, FreE . BE FAR PR S 2K E 27 X
VR Gy IR B X 2, Gy X A E E R
25 IR EUX 441 X A 3 B A A AR T
FENIGE, LIS SRA A ket AN R] = b B g 2 I 1)
SO, SR GUE YA SE g, DL B i
it (Blla). K#&fk (0h) AYDDH. XDH,
PDH H1 ADH 4 5" je I, 17005 20375 I %) 12 D
AEZER (K 1b) ., BEIRLF 4 sh ) i b iy 325,
4%, HEARHR 100 nm (IR RLF4E 4%, DL E AR
0 A 0.5~20 pum B HCIRE R & HES) 27 2k
96 h &, DDH [WZF4E45tb EEALR R 568 ; XDH 5
PDH I B I8 A0 i S 4R e kb % B 42 5 i ADH (1)

IR A2 4™, CAMELAHFRAF IR, B
LR Rl LI, R4 IR ] DL L-F-58 4%
fifto ATUL, RUEMI SRR IR 4Eaht, H
TZEIRAE BT B 0 A bk P4

SWIRAE R — R RIR A Z LA R, GORFIIE
JEAT A ] B B SO R 2T iR e FLIEE, SERIF R T
H =g 2k 27 ARhIP Ky AE 2 AL AT FL IR A48
& (Fllc), FUIHLFAELSEME N, RIPRE
R, fEikid#d, DDH, XDH, PDH 1 ADH
AIFLER R I 27.9% . 15.7% . 30.3% F1146.2% 1
NZ36.5%. 52.6%. 42.8% H157.7%. X A] REE1H
BV EACE IR T AR B i er g sy, HARR
MK PRI tRBIR IR T (B 1d) .
H1, DDH £ 2405322 IR EE 80/ PDHIRZ, K.
LR LB LT i XDH 5 ADH K . HifLiR
LB N o X dE—20 R, SRR IRDY K A i
JREAF YL i AFAE R Bl 25 5, ADH B4 5 32 B i E
YR, ifif DDH e e i 1t PR AF I R 2F 2 2544

LIS — P FRATBHOREE A (U T
L YRS I7) s 8] oA 5 IS 2R R I W7
B PR AR, DDH 5 XDH 1Y i i 2T 4 2%
U . HEF 505380, PDH IR LT 453 A 5 Hy
B, 1 ADH PLF4EMIAXHRLR (F12), &1k48
hiG, PURPLDREIR 2R R BB IR Bl i vs . 24
F I AE 22 96 h, TPz 193 B J2 th B R AR B 1)
B, R I R A4 A R B4, XDH Fl ADH
(IAS Ak B R S, H ADH M 30 S5 21 4 235 46 f 1]
RS T E IR, 22 0 A 2 AP e i
55, 455 SEM 45 5 —3,
22 RO
221 AEEEBEAIA A

FTIR £ A& —Fh B T3 B Re I X LAY
RIS, TR R A 2521 T e P M i
Tk 220, K 3a~d 435 DDH, XDH, PDH Fl
ADH 7E AW AL HT 5 B FTIR 3% & . &4k (0
h), Bz IR ) C-O i sh s F-NH, i 25 i
PRhHs o 5 BRAE 1 638~1 633 cm A1 1 547 cm !
Ak o 33 R e SRR P S R B 1y R B 105 (1Y)
FRIEM OIS BV, 2296 h 24k, XDH B A X
SRIERCES, ADH A VLRI 145, nlREE A &
ARG, X UER], XDH Al ADH f#E
YA )E IR R R o M, M2 F
DDH Fl1 PDH R G5 i R M 588 . Ak, 2 950
cm 52850 cm 'AbAY IS I JE TR B C-H )



4 EYUZSEYYIEH#RE  Prog. Biochem. Biophys. XXXX; XX (XX)

37 °C,96 h
/ Simulating
microbial aging | _ '
-.-:..--);, [l

N Raw donkey hide

- -
e

1
. (C) 60 >10000nm 1000-10000nm <1000nm ; ,
! 526 ) 4
50 2622
! - 4238 4
1S a0 36.5 ) 341
-2
I 8 30{ 279 y 46,
. 204 17- 15 7
1 141 17.8
. 10{ 61
: oL 25 5-7 24 34 57 .
1 WO W% G0 95 @0 % 40 90 100 102 100 10 105 10° I
. o gov *0 FOR- 90 vo\"f g ho\b .
| Donkey hides Pore diameter (nm) :

Fig.1 Effects of microbial aging process on the composition of morphologies and structure of different donkey hides
(a) Schematic diagram of the experiment process for simulating microbial aging. (b) Digital photographs and SEM images of hides including
DDH XDH, PDH, and ADH at microbial aging 0 h and 96 h. (¢, d) Porosity and pore diameter distribution of hides before and after
microbial aging, respectively. DDH/XDH/PDH/ADH 0 and DDH/XDH/PDH/ADH_96 represent 4 types of donkey hides after 0 h and 96 h of
microbial aging, respectively. dV/d (logD) represents the mercury volume increase per unit mass for a unit increase in the logarithm of applied
pressure. A higher value indicates more pores in the corresponding aperture (or aperture segment) and a more developed, concentrated pore

structure.
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PDH

Fig.2 HE stained longitudinal sections of hides at different microbial aging time ( scale bar=200 pm )
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Fig.3 FTIR spectra of donkey hides before and after microbial aging
(a-d) FTIR spectraof DDH, XDH, PDH, and ADH at0 and 96 h of microbial aging, respectively.
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Fig. 4 Effects of microbial aging process on the chemical constituents of different donkey hides

(a,
different microbial aging time.

solutions at different microbial aging time.

b) Moisture and fat content of hides at different microbial aging time,

(d) Protein content of hides at different microbial aging times.

respectively. (c) Total sugar content of hides aging solutions at

(e) Hydroxyproline content in hides aging

(f) The change in pH value in hides aging solutions at different microbial aging time.
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Fig. 5 Effects of microbial aging process on the composition of microbial communities of the donkey hides

(a) The total number of microorganism colonies during the aging process.

at microbial aging 0 h and 96 h. (¢,

in aging process. (e,

f) Chaol and Shannon indexes of microorganism of hides at microbial aging 0 h and 96 h,

(b) - Principal component analysis of microbial communities on hides

d) Venn assay shows the changes of mutual operational taxonomic units from microbial community on hides

respectively. (g) The relative

abundance of microorganisms at phylum level in donkey hides at microbial aging 0 h and 96 h. DDH/XDH/PDH/ADH_0 and DDH/XDH/PDH/ADH

96 represent 4 types of donkey hides after 0 h and 96 h of microbial aging, respectively.
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Fig. 6 KEGG function annotation analysis of microorganisms on the donkey hides

(a) KEGG primary function annotation analysis of DDH, XDH, PDH,
and ADH at microbial aging 0 h and 96 h.

function of DDH, XDH, PDH,

and ADH at microbial aging 0 h and 96 h. (b) Lipid metabolic

(c) Heatmap illustrating the genes abundance of related to

glycine, proline and alanine metabolic pathway of DDH and ADH at microbial aging 0 h and 96 h. (d) Glycine, proline and alanine metabolic
pathway differences of DDH and ADH at microbial aging 0 h and 96 h. DDH/XDH/PDH/ADH_0 and DDH/XDH/PDH/ADH_96 represent 4 types of

donkey hides after 0 h and 96 h of microbial aging, respectively.
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Abstract Objective Donkey hide is the sole legally designated raw material for the preparation of the
traditional Chinese medicine Ejiao. The quality stability of donkey hide during preservation directly determines
the efficacy and safety of Ejiao. This study focuses on the dynamic succession of microbial communities during
the preservation of donkey hides from different origins, aiming to clarify the correlation between microbial
biodiversity difference and the degradation profiles of hide collagen and critical biochemical components, thereby
providing a theoretical foundation for developing targeted preservation strategies based on microbial regulation.
Methods Donkey hides originating from four different regions were subjected to an accelerated microbial aging
assay to simulate the spoilage process. The microbial community succession was analyzed using high-throughput
sequence. Microstructure changes and pore structure characteristics were assessed by scanning electron
microscopy and mercury intrusion porosimetry, respectively. Additionally, the content of major components,
including lipids, proteins, and sugars were determined by biochemical methods. Results After 96 h of aging, the
collagen fiber structure in Africa donkeys hides (ADH) exhibited significant degradation and collapse, followed
by Xinjiang donkeys hides (XDH). Instead, the microstructure of Dong'e black donkeys hides (DDH) and Peru
donkeys hides (PDH) remained relatively intact. The porosities of DDH, XDH, PDH, and ADH increased from
27.9%, 15.7%, 30.3%, and 46.2% to 36.5%, 52.6%, 42.8%, and 57.7%, respectively, during the aging process,
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which suggested that the originally compact fiber structure was disrupted by microbial aging. Fourier transform
infrared spectrometer analysis revealed the amide bands in XDH exhibited relatively weak intensity, and no
collagen amide I band was observed in ADH. Meanwhile, the lipid and protein contents decreased in all four
types of donkey hides, indicating these components served as the primary nutrient sources for the growth of
microorganism. Notably, the most severe collagen degradation was observed in XDH and ADH. A substantial
increase was detected in the total soluble sugar in PDH aging solution and hydroxyproline in the ADH aging
solution, respectively. These results indicated that donkey hides exhibit distinct patterns of structural degradation
and nutrient utilization. Furthermore, the viable cells number of donkey hides increased sharply after 48 h of
aging. Metagenomic analysis revealed that the relative abundance of Euryarchaeota in ADH, PDH and XDH
declining from initial 97.73%, 93.19% and 30.1% to 1.43%, 0.79% and 0.02% after 96 h, respectively.
Conversely, a significantly increase was observed in the abundance of Firmicutes, with a marked increase in
ADH, peaking at 92.75%. Additionally, the abundance of Pseudomonadota in PDH increased from 0.10% to
87.84%, suggesting that Bacillota and Pseudomonadota may be key factors exacerbating donkey hide spoilage.
Unlike the other three types of donkey hides, the dominant bacterial phylum in DDH shifted from
Pseudomonadota to Bacteroidota, characterized by a substantial abundance increase of Bacteroidota from 0.13%
to 44.22%. Conclusion Regional variation in origin significantly influence the microbial aging of donkey hides,
leading to distinct patterns of structural deterioration and differential nutrient utilization. Therefore, implementing
origin-specific preservation strategies, through the precisely controlling environmental factors to suppress harmful
phyla such as Bacillota, is crucial for enhancing the storage quality of donkey hides.
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