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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. (c, 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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Fig.3 FTIR spectra of donkey hides before and after microbial aging
(a—d) FTIR spectra of DDH, XDH, PDH, and ADH at 0 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, b) Moisture and fat content of hides at different microbial aging time, respectively. (c) Total sugar content of hides aging solutions at different

microbial aging time. (d) Protein content of hides at different microbial aging times. (e) Hydroxyproline content in hides aging solutions at different

microbial aging time. (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. (b) Principal component analysis of microbial communities on hides at

microbial aging 0 h and 96 h. (c, d) Venn assay shows the changes of gene counts of microbial community on hides in aging process. (e, f) Chaol and

Shannon indexes of microorganism of hides at microbial aging 0 h and 96 h, 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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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
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sequencing. 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 donkey hides (ADH) exhibited significant degradation and collapse, followed by
Xinjiang donkey hides (XDH). Instead, the microstructure of Dong’e black donkey hides (DDH) and Peru
donkey 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,
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 that 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 93.19%, 97.73% and 30.08% to 0.79%, 1.43% and 0.02% after 96 h, respectively.
Conversely, a significantly increase was observed in the abundance of Bacillota, 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 and Pseudomonadota, is crucial for enhancing the storage quality of donkey hides.
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