Materials and methods
1-anilino-8-naphthalene-sulfonate (ANS) (Sigma Chemical Co., St. Louis, MO, USA), (5,5’-dithiobis (2-nitrobenzoic acid), DTNB) (Sigma Chemical Co., St. Louis, MO, USA), Sodium dodecyl sulfate (SDS), paraformaldehyde, mercaptoethanol and starch were purchased from Tianxiang Huabo wholesale Station in Harbin, Heilongjiang Province. Total protein test kit, Albumin test kit, Total superoxide dismutase (SOD) test kit, Catalase (CAT) test kit, Malondialdehyde (MDA) test kits, Giemsa stain, Alkaline protease, chicken red blood cells were purchased from Shanghai Yuanye Biotechnology Co., Ltd.
KM mice were provided by Heilongjiang University of traditional Chinese medicine; protein deficient diet (1% casein) and normal diet (20% casein) were purchased from Jiangsu Xietong Pharmaceutical Bioengineering Co., Ltd., all of which were SPF grade. 
[bookmark: _Hlk26110099][bookmark: OLE_LINK43]Preparation of polypeptide
[bookmark: _Hlk25503237][bookmark: _Hlk25501066][bookmark: OLE_LINK4]Paeonia ostii cake was provided by Jiangsu Guose Tianxiang oil peony Technology Development Co., Ltd. According to the method in the previous published article [1], the enzymatic polypeptide of alkaline protease was prepared. The crushed Paeonia ostii cake was extracted by Soxhlet extraction and water extraction method to remove residual oil and polysaccharides. The treated sample was used as raw material and hydrolyzed with alkaline protease. The enzymatic hydrolysis conditions were as followed: solid-liquid ratio of 1:5, pH of 8.0, alkaline protease dose of 3000 U per gram, enzymatic hydrolysis temperature of 50oC, enzymatic hydrolysis time of 4 h. After the end of enzymatic hydrolysis, the hydrolysate was boiled for 10 minutes and centrifuged at 10000 r·min-1 for 5 min. The supernatant was dialyzed and vacuum freeze-dried to obtain the enzymatic polypeptide, which was named APHP. 
Determination of polypeptide concentration
The polypeptide concentration was determined using the reported Folin-phenol colorimetric method [2]. 4 mL of Folin-phenol reagent A and 0.5 mL of sample were mixed together and incubated at room temperature for 10 min, then 0.5 mL of Folin-phenol reagent B was added. After incubating for another 30 min at room temperature, the sample absorbance was measured at 500 nm on a spectrophotometer (TU-1810, Puxi General Instrument Co., Ltd., China). The polypeptide concentration of sample was calculated through the standard curve of bovine serum albumin (0-1 mg/mL).
Other composition analysis
[bookmark: OLE_LINK5]Ash was estimated according to Association of Ofﬁcial Analytical Chemists method. The contents of K, Na, Ca, Mg, Fe, Cu and Zn in the samples were determined according to the wet digestion method proposed [3]. 0.2000 g of sample was added into a polyfluoroethylene tube containing 10 mL of HNO3 and HClO4 (v/v, 4:1) mixed solvents. The tube was sealed and heated in an aluminum block at 130oC for 60 min. After cooling to room temperature, 2 mL of H2O2 was added and the solution was heated again to 115oC and kept for 10 min. Then, 0.1 mL of 40% HF was added, heated at 115oC for 10 min, and 2 mL of H2O2 was added a second time until the solution was clear. After digestion and cooling to room temperature, the solution was diluted with 2% dilute nitric acid into a 20 mL volumetric flask. The sample was measured by Vista-MPX Simultaneous ICP-OES (PE, Inc., USA).
Determination of functional properties
Solubility
The APHP (200 mg) was dispersed in 20 mL of distilled water to determine its solubility. The solution was placed in a 25oC water bath and stirred for 60 min, followed by centrifugation at 4000 r·min-1 for 15 min. The protein content in supernatant was determined by biuret method. The total protein content of sample was determined by Kjeldahl method. Polypeptide solubility was calculated as follows:
(1)

where, S was the APHP solubility. W1 was the protein content in supernatant. W0 was total protein content in the APHP.
Surface hydrophobicity (H0) 
Surface hydrophobicity (H0) of sample was determined using ANS as a ﬂuorescence probe according to the literature [4]. 20 μL of ANS (0.008 M in 0.01 M phosphate buffer, pH 7.0) was added to 4 mL of APHP solution (0.01, 0.05, 0.10, 0.15 and 0.2 mg/mL in 0.01 M phosphate buffer of pH 7.0, respectively). After incubation in the dark for 5 min, the supernatant was obtained by centrifugation at 10000 r·min-1 for 5 min. The fluorescence intensity was measured with a fluorescence spectrophotometer (Hitachi F-7000 High-Technologies Corporation, Tokyo, Japan), and the excitation and emission wavelengths were set to 287 nm and 352 nm, respectively. The linear regression equation was established with protein concentration as X-axis and fluorescence intensity as Y-axis, and the slope was regarded as the index of H0.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Determination of sulfhydryl (SH) and disulﬁde bond (SS) concentration
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]The concentration of sulfhydryl (SH) groups of APHP was determined using Ellman’s reagent (DTNB), according to the literature [5]. 15 mg of the APHP was dissolved in 3 mL of standard buffer (0.086 M Tris, 0.09 M glycine, and 0.004 M EDTA, pH 8.0) with 8 M urea and 0.05 mL of Ellman’s reagent solution (4 mg/mL DTNB in standard buffer). After the solution rapidly mixed and left at 25oC for 15 min, the absorbance was recorded at 412 nm. The control sample was measured with standard buffer instead of sample solution. The APHP blank was measured with 0.05 mL of the buffer instead of Ellman’s reagent solution. The concentration of sulfhydryl groups was calculated according to the following equation [6]:
(2)


(3)

where, CSH was total free thiol groups. D was the dilution factor. C was the APHP concentration (mg·mL-1). ∆A412 was the net absorbance measured at 412 nm by the sulfhydryl groups with/without DTNB.
The concentration of SS bonds was determined according to the following method. In brief, 15 mg of the APHP was dissolved in 3 mL of standard buffer (0.086 M Tris, 0.09 M glycine, and 0.004 M EDTA, pH 8.0) with 8 M urea, 0.02 mL of 0.2% mercaptoethanol was added and incubated at 25oC for 2 h. 15 mL of standard buffer and 0.05 mL of Ellman’s reagent were added in turn. After mixing, the sample absorbance was measured at 412 nm. The concentration of SS groups was calculated according to the following equation:
(4)

where, C’SH was the concentration of the sulfhydryl groups from reduction of SS groups and total free thiol groups (CSH). Both C’SH and CSH were determined according to Eq. (2).
Animal procedures 
60 female KM mice, weighing between 18-22 g, were randomly divided into six groups. The mice in the model group I to V were fed a protein-deficient diet containing only 1% casein, and the mice in the control group were fed a normal diet containing 20% casein. The mice were housed in a rearing cage with a temperature of 20-24oC, humidity of 35-60%, and a light-dark cycle of 12 h. The weight changes of mice were monitored every 5 days. Mice were considered to have established a model of moderate malnutrition when they were fed a restrictive diet (containing 2% casein) resulting in a weight loss of more than 30% [7].
[bookmark: _Hlk2616045]After successful modeling, the model group I was fed with ordinary diet containing 20% casein, and model groups II to IV were fed with different doses of APHP (5.0, 1.0 and 0.2 g/kg, respectively) and were continuously fed with protein-deficient diet to ensure the adequacy of other nutrients. The body weight and nutritional recovery of the mice were recorded and analyzed every 5 days. Mouse blood samples were collected every 15 days to detect and analyze the blood phase index. The study was carried out according to the “Experimental Animal Management Ordinance of Heilongjiang Province”.
Macrophages phagocytosis
Mouse peritoneal macrophages were induced by intraperitoneal injection of 0.5 mL 0.5% starch-saline suspension. After 48 h, 0.5 mL of 5% saline-chicken red blood cell suspension was intraperitoneally injected again. After another 12 h, the mice were dislocated from the cervical spine and 2 mL of saline was injected into the abdominal cavity of mice. The mice were gently pressed on the abdomen for 1 min, the syringe needle was inserted into the abdominal cavity, 1 mL of peritoneal fluid was aspirated, and then dropped into two glass carrier slides, placed in an enamel box with wet gauze, transferred to an incubator at 37oC for 30 min, rinsed with saline and dried. Cells were fixed with acetone-methanol (V/V=1:1) solution for 5 min, air-dried, stained with 4% Giemsa phosphate buffer for 30 min, washed with running water, and dried naturally. The morphology of macrophages was observed under an inverted microscope.
[bookmark: OLE_LINK28][bookmark: OLE_LINK27]SOD, CAT, MDA, Total protein and Albumin analysis
[bookmark: OLE_LINK33][bookmark: OLE_LINK29]The contents of SOD, CAT, MDA, total protein and albumin in serum of mice collected in the above experiments were detected by kits. 
Organ morphological analysis
At the end of the experiment, the mice were sacrificed by cervical dislocation and completely autopsied after the last weighing. The organs of thymus, spleen, liver, kidney, brain and heart were weighed and stored in 4% paraformaldehyde. The tissue samples were routinely embedded in paraffin, sectioned and stained with haematoxylin and eosin, and then observed and photographed under the microscope.
Statistical analysis
All the experiments were carried out in triplicate and all data were expressed as mean ± standard deviation (SD).
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