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Objective: Treatment of burn wound healing involves infection, nutrition, psychology and rehabilitation, and proper nutritional 
support can promote wound healing, enhance immune function and reduce the incidence of complications. This study aimed to 
investigate the effects of feed containing yak meat on scalded rats’ body condition and wound healing.
Methods: Adopting a two-factor factorial design, the growth performance, food intake, body weight, and Lee’s index of rats were 
measured. The wound conditions of scalded rats with different feeds (basic, basic + yak meat, and basic + yellow beef) were observed 
at different periods, and their wounds’ hematoxylin and eosin (H&E) staining states were detected. The proliferating cell nuclear 
antigen (PCNA)-positive cells and apoptosis were analyzed to evaluate the effects of feed on the wound healing of scalded rats.
Results: The feed intake was the highest in the yellow beef feed group and the lowest in the yak meat feed group. The body weight 
was the highest in the yak meat feed group and the lowest in the yellow beef feed group. Furthermore, 45 days after scalding, the 
obesity index in the yak beef feed group was the closest to that of the rats before scalding. The wound recovery of the rats in the yak 
meat feed group was the best at 30 days, and the H&E staining results also proved that the recovery effect of the scalded rats in the yak 
meat feed group was better than other two groups. According to the results of PCNA and apoptosis, the yak meat feed group had lower 
positive cell rate and faster wound healing.
Conclusion: The rats in the yak meat feed group recovered better than those in the other groups, and the yak beef feed had the best 
effect on the wound healing of the scalded rats.
Keywords: scalded rats, yak meat feed, yellow beef feed, basic feed, wound healing

Introduction
Yak meat has always been famous for its high protein, dry matter content, and low fat. Yak meat’s potassium, calcium, 
iron, zinc, and magnesium contents are relatively high. Yak meat’s amino acid content is rich, its saturated fatty acid 
content is low, and its unsaturated fatty acid content is high. All these quantities indicate that yak meat is very beneficial 
to human health.1–4 Li et al5 detected 17 amino acids from Haibei and Datong yak meats. The essential amino acid 
contents and the amino acids contained in the ideal protein makeup, as proposed by the Food and Agriculture 
Organization of the United Nations/World Health Organization, were evaluated and found to be higher than those in 
the ideal model. Both kinds of yak meat had a reasonable amino acid ratio, comprehensive nutrition, and high-quality 
protein sources. Ya et al6 compared the nutritional composition of Western Sichuan yak meat with that of ordinary yellow 
beef. The results revealed that the protein content of Western Sichuan yak meat was significantly higher than that of 
ordinary yellow beef (P < 0.05), the fat content was significantly lower than that of ordinary yellow beef (P < 0.05), and 
the essential amino acid content of yak meat were significantly higher than that of common yellow beef (P < 0.05). The 

Clinical, Cosmetic and Investigational Dermatology 2023:16 751–767                                    751
© 2023 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical, Cosmetic and Investigational Dermatology                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 11 October 2022
Accepted: 8 March 2023
Published: 29 March 2023

C
lin

ic
al

, C
os

m
et

ic
 a

nd
 In

ve
st

ig
at

io
na

l D
er

m
at

ol
og

y 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


calcium (Ca), iron, zinc (Zn), magnesium (Mg), and Phosphorus (P) content in yak meat were significantly higher than 
those in ordinary yellow beef (P < 0.05), and Zn and Mg were abundant.6 In addition, the nutritional composition of adult 
yak meat in different regions was also different. There were no significant differences in crude protein (CP), ash, and dry 
matter contents of the longissimus dorsi muscle of the approximately 7-year-old yaks in Jiulong County, Sichuan 
Province; Diqing Prefecture, Yunnan Province; and Bazhou, Xinjiang Autonomous Region (P > 0.05), but there were 
statistically significant differences in the ether extract, cholesterol, amino acids, and fatty acids contents (P < 0.05).7

Burns accelerate the body’s nutrition consumption, cause emaciation, and increase metabolism by two to three times 
the normal rate, lasting for several weeks. The healing process of burn wound involves a comprehensive cascade of 
precisely regulated steps and events, including hemostasis, inflammation, fibroplasia, angiogenesis, epithelialization, 
matrix formation, and remodeling.8 After severe burns, an organism will undergo a high-intensity metabolic reaction, 
which increases the possibility of infection and makes tissue repair difficult.9 A daily ration with good nutrition can 
prevent the body from suffering from several symptoms, such as decreased immunity, slow wound healing, and systemic 
infection due to burns. The ration can also provide energy for the body, improve cell activity, maintain positive nitrogen 
balance, and regulate immunity, gastrointestinal function, and structure to promote wound healing.10 Burn treatment 
involves managing an organism’s infection, nutrition, psychology, and rehabilitation. Proper nutritional support can 
promote wound healing, enhance immune function, and reduce the incidence rate of complications.11

To investigate the effects of feed containing yak meat on scalded rats’ body condition and wound healing, in this 
study, scalded rats are fed with 4:6 yak beef feed, 4:6 yellow beef feed, and basic feed. Their daily food intake, body 
weight, Lee’s index, wound healing, proliferating cell nuclear antigen (PCNA), and cell apoptosis rate of the wound 
tissue are measured. Finally, the effects of the three kinds of feed on the body condition and wound healing of scalded 
rats are comprehensively evaluated and compared to fully understand each food type’s impact.

Materials and Methods
Animals and Materials
The experimental Sprague–Dawley (SD) rats, their feed, and padding materials were purchased from Shaanxi Xi’an Keao 
Biotechnology Co., Ltd., China. The weight of the rats was 300 ± 50 g and with license No.: SCXK (Shaanxi) 2018–001. 
The yak meat and yellow beef (Simmental cattle) were purchased from Datong Fengju Agriculture and Animal 
Husbandry Technology Co., Ltd, China.

The G1003 hematoxylin and eosin (H&E) staining set was purchased from Servicebio, Wuhan, China. An upright 
white light photographing microscope (Nikon [Japan] Eclipse Ci-L) was used. The G1501 Tunel kit was purchased from 
Servicebio. The primary antibody, A01040, was purchased from Abbkine, USA. The secondary antibody, KIT-53, was 
purchased from Fuzhou Maixin Biotech Co., Ltd., China. The histochemical kit was a 3.3-diaminobenzidine (DAB) 
(DAB0031) kit purchased from Beijing Zhongshan Jinqiao Biological Technology Co., Ltd., China.

Yak beef is adult yak fillet, purchased from Datong Feng Aggregation Agriculture and animal Husbandry Technology 
Co., LTD.

Experimental Design
First, 115 male SD rats weighing 300 ± 50 g were adaptively reared for one week. To establish a scalding model 
with second-degree burns, after anesthesia, the back was shaved and routine disinfection was conducted, and then 
a constant temperature water bath box at 80°C± 2°C was given for 15s, and the deep second degree scald was completed 
with the scalding area of 20%. Ninety rats with successful modeling were selected and disinfected with iodophor and 
randomly divided into three equal groups (n = 30). Six healthy rats served as the blank controls and were fed the basic 
diet. Adopting the two-factor single-level factorial experimental design, the rats in the control group were fed with basic 
feed, the rats in the yak meat feed group were fed with the basic feed and yak meat at a 6:4 ratio, and the rats in the 
yellow beef feed group were fed with the basic feed and yellow beef at a 6:4 ratio. Six experimental rats in each group 
were executed on days 7, 14, 30, and 45. Their samples were obtained, and the indexes were measured. The experimental 
period was 45 days. The groups of experimental animals included: on day 7 after scalding, yak meat feed group (M-7), 

https://doi.org/10.2147/CCID.S393066                                                                                                                                                                                                                                 

DovePress                                                                                                                    

Clinical, Cosmetic and Investigational Dermatology 2023:16 752

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


yellow beef feed group (H-7), basic feed group (J-7), and blank group (K-7); on day 14 after scalding, yak meat feed 
group (M-14), yellow beef feed group (H-14), and basic feed group (J-14); on day 30 after scalding, yak meat feed group 
(M-30), yellow beef feed group (H-30), and basic feed group (J-30); and on day 45 after scalding, yak meat feed group 
(M-45), yellow beef feed group (H-45), and basic feed group (J-45).

Feed Preparation
The yak tenderloin, the yellow cattle tenderloin, and the basic feed were ground separately. They were prepared into 
a pure basic feed, a mixture of basic feed with yak meat at a 6:4 ratio, and a mixture of basic feed with yellow beef at 
a 6:4 ratio. They were converted into pellet feed using a pellet feed machine, dried at 65°C, and finally stored at −20°C 
for later usage.

Feed Nutrient Composition Table
GB/T 6435–2014 was used to determine moisture in the feeds; GB/T 6438–2007 was used to determine crude ash in the 
feeds; GB/T 6432–2018 was used to determine CP in the feeds by the Kjeldahl method; GB/T 6433–1994 was used to 
determine the ether extract in the feeds; GB/T 20806–2006 was used to determine the neutral detergent fiber in the feeds; 
GB/T 20805–2006 was used to determine the acid detergent fiber in the feeds; GB/T 6436–2002 was used to determine 
the total Ca in the feeds; and GB/T 6437 2002 was used to determine the total P in the feeds by a spectrophotometric 
method. An oxygen-bomb calorimeter method was used to detect energy (Table 1).12

Feeding Management
Each group contained 30 rats that were kept in a cage. The feeding site had natural ventilation. The padding was replaced 
regularly to keep the cage dry, and iodophor was applied to the rat’s wounds to prevent wound inflammation. The 
ambient temperature and humidity were kept in an appropriate range. All the rats had free access to food and water.

Measurement Index and Method
Sampling
Six rats in each group were randomly selected for sampling on days 7, 14, 30, and 45. The rats were fasted for food and 
water 12 hours before sampling. The rats were anesthetized with 10% chloral hydrate, and their body weights and lengths 
were measured and recorded. First, the rats were sacrificed, and then about 2 cm of scalded wound skins were taken, 
fixed in 10% formalin, and stored at 4°C for standby.

Table 1 Feed Composition and Nutrient Level

Group Basic Feed Yak Meat Feed Yellow Beef Feed

Raw material composition: Soybean meal, fish meal, brewer’s yeast powder, 

vegetable oil, bran, corn, wheat, VA, VD, VE, VB1, VB2, VB6, pantothenic acid, 

calcium hydrogen phosphate, stone powder, iron, copper, manganese, zinc, etc.

40% yak meat 60% basic feed 40% yellow beef 60% basic feed

Water (%) 7.96 10.58 10.19
Ash (%) 8.55 8.43 8.45

Crude protein CP (%) 18.53 24.09 24.44

Ether extract EE (%) 2.30 6.60 4.61
Neutral detergent fiber (%) 52.35 51.82 58.70

Acidic detergent fiber (%) 37.21 35.62 53.78

Ca(%) 1.09 1.27 0.91
P(%) 0.97 0.82 0.74

Energy (MJ/kg) 9.69 11.23 10.62

Clinical, Cosmetic and Investigational Dermatology 2023:16                                                                  https://doi.org/10.2147/CCID.S393066                                                                                                                                                                                                                       

DovePress                                                                                                                         
753

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Food Intake Amount and Daily Weight Gain Were the Same as in Section 2.6.1
Lee’s Index13 

On days 0, 7, 14, 30, and 45, the body weight and length of the rats were measured, and the Lee’s indexes were 
calculated:

Lee’s index = (body weight × 1000)^(1/3) / body length.

The Wounds of the Scalded Rats Were Observed, and Photos Were Taken on the Days 1, 7, 14, 21, and 30 
After Scalding
H&E Staining14 

1. Dewaxing of paraffined sections: The sections were put into xylene I for 20 minutes, xylene II for 20 minutes, 
absolute ethanol I for 5 minutes, absolute ethanol II for 5 minutes, and 75% ethanol for 5 minutes, after which they 
were rinsed with tap water.

2. Hematoxylin staining: The sections were stained with hematoxylin for 3–5 minutes, rinsed with tap water, 
differentiated with a differentiation solution, rinsed with tap water, and then treated with a hydrochloric acid 
solution, after which they were rinsed with running water.

3. Eosin staining: The sections were dehydrated with 85% and 95% gradient alcohol for 5 minutes and stained with 
eosin for 5 minutes.

4. Dehydration and sealing: The sections were put into anhydrous ethanol I for 5 minutes, anhydrous ethanol II for 5 
minutes, anhydrous ethanol III for 5 minutes, xylene I for 5 minutes, and xylene II for 5 minutes to make the 
sections transparent, and then the sections were sealed with neutral gum.

5. Microscopic examination, image acquisition, and analysis were conducted.

PCNA Level15

The sections were put into xylene I for 8 minutes, xylene II for 15 minutes, absolute ethanol I for 6 minutes, absolute 
ethanol II for 6 minutes, 95% ethanol for 6 minutes, 85% ethanol for 6 minutes, 75% ethanol for 6 minutes, and double 
distilled water for 2 minutes. Tissue sections were placed in a high-pressure pot filled with citric acid (pH 6.0) antigen 
repair solution for antigen repair, which lasted for 2.5 minutes starting from air injection. After natural cooling, the slide 
was placed in phosphate-buffered saline (PBS) (pH 7.4) and washed three times on a decolorizing shaker for 5 minutes 
each time. The sections were incubated with 3% methanol hydrogen peroxide solution at room temperature (25°C) for 20 
minutes in the dark. The slide was placed in PBS (pH 7.4) and washed three times on a decolorizing shaker for 5 minutes 
each time. After the sections were slightly dried by shaking, a circle was drawn around the tissue with a Pap Pen, and 5% 
Bovine serum albumin (BSA) was added dropwise in the circle and sealed at room temperature for 1 hour. The blocking 
buffer was gently shaken off, the primary antibody (prepared in a certain proportion) was added dropwise to the sections, 
after which the sections were placed in a wet box and incubated overnight at 4°C. The slide was placed in PBS (pH 7.4) 
and washed three times on a decolorizing shaker for 8 minutes each time. After the sections were slightly dried by 
shaking, a biotin-conjugated secondary antibody was added dropwise in the circle to cover the tissue and incubated at 
room temperature for 50 minutes. The slide was placed in PBS (pH 7.4) and washed three times on a decolorizing shaker 
for 8 minutes each time. After the sections were slightly dried by shaking, the horseradish peroxidase-labeled 
Streptavidin third antibody was added to the circle to cover the tissue and incubated at room temperature for 50 minutes. 
The slide was placed in PBS (pH 7.4) and washed three times on a decolorizing shaker for 8 minutes each time. The slide 
was placed in PBS (pH 7.4) and washed three times on a decolorizing shaker for 5 minutes each time. After the sections 
were slightly dried by shaking, the freshly prepared DAB color developing solution was added dropwise in the circle, the 
color development time was controlled under the microscope, and the positive color was brownish yellow. Finally, the 
sections were rinsed with running water to terminate coloration. Harris–hematoxylin counterstaining was performed for 
approximately 3 minutes. The sections were rinsed with tap water, differentiated with 1% hydrochloric acid-alcohol for 
several seconds, rinsed with tap water, and flushed with running water until the nuclei became blue. The sections were 
put into 75% alcohol for 6 minutes, 85% alcohol for 6 minutes, absolute ethanol I for 6 minutes, absolute ethanol II for 6 
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minutes, xylene I for 7 minutes, and xylene II for 7 minutes to be dehydrated until they became transparent. The sections 
were taken out of the xylene and slightly dried by airing, after which the sections were sealed with neutral gum. 
Microscopic examination, image acquisition, and analysis were conducted. The nuclei stained by hematoxylin were blue, 
and the positive expression developed by DAB was brownish yellow.

Apoptosis
A fluorescein isothiocyanate (FITC) labeling kit was used for apoptosis detection. The sections were put into xylene I for 
10 minutes, xylene II for 10 minutes, xylene III for 10 minutes, absolute ethanol I for 5 minutes, absolute ethanol II for 5 
minutes, absolute ethanol III for 5 minutes, and finally washed in distilled water. After the sections were slightly dried by 
shaking, a circle was drawn around the tissue with a Pap Pen, the tissue was added dropwise and covered with 
a proteinase K working solution, and the sections were incubated in a constant temperature box at 37°C for 22 minutes. 
The slide was placed in PBS (pH 7.4) and washed three times on a decolorizing shaker for 5 minutes each time. 
(Preparation method of proteinase K working solution, stock solution: PBS = 1:9). After the sections were slightly dried 
by shaking, the tissue was covered with the membrane permeabilization working fluid in the circle and incubated at room 
temperature for 20 minutes. The slide was placed in PBS (pH 7.4) and washed three times on a decolorizing shaker for 5 
minutes each time. (The permeabilization buffer was 0.1% Triton. Preparation method: Triton stock solution: PBS = 
1:1000) After the sections were slightly dried by shaking, a buffer was added dropwise in the circle to cover the tissue 
and incubated in buffer at room temperature for 10 minutes. The proper amounts of terminal deoxynucleotidyl transferase 
enzyme, 2´-deoxyuridine, 5´-triphosphate, and buffer were taken from the Tunel kit according to the number of sections 
and tissue size and mixed in a ratio of 1:5:50. The mixture was added to the circle to cover the tissue, the sections were 
laid flat in a wet box, incubated in an incubator at 37°C for 2 hours, and a small amount of water was added into the wet 
box to keep the humidity. The sections were washed three times with PBS (pH 7.4) for 5 minutes each time. After the 
PBS was removed, the4’,6-diamidino-2-phenylindole (DAPI) was added dropwise in the circle and incubated at room 
temperature in the dark for 10 minutes. The slide was placed in PBS (pH 7.4) and washed three times on a decolorizing 
shaker for 5 minutes each time. The sections were slightly dried by shaking and sealed with an anti-fluorescence 
quenching sealing agent. The sections were observed under a fluorescence microscope, and images were acquired. The 
DAPI-stained nuclei were blue under ultraviolet (UV) excitation, and the positive apoptotic nuclei were green.16 Tunel 
result calculation:

Positive cell ratio = number of positive cells / total number of cells.17

Positive cell density = number of positive cells / area of tested tissue.18

Average optical density value = cumulative optical density value / positive pixel area.19,20

Positive area ratio = positive area / tissue area.21

Positive area density = cumulative optical density value / tissue pixel area.22

Statistical Analysis of Data
The original data were sorted using Excel 2010 software, and a notability analysis was conducted using statistical 
software SPSS 20.0. A comparison of multiple data was conducted using the least significant difference method, and P < 
0.05 was considered statistically significant. The experimental results were presented as line charts in Origin2019.

Results and Analysis
Effects of Different Daily Ration Supplements on the Feed Intake and Body Weight of 
Scalded Rats
As is shown in Figure 1, the feed intake of the three groups of rats increased with the increase of the feeding period; the 
feed intake was the least in the yak meat feed group. On day 7, the intake in the basic feed group was higher than that in 
the yellow beef feed group, and the feed intake in the yellow beef feed group was higher than that in the basic feed group 
from day 14 to day 45. The feed intake of the three groups of rats had been increasing—the increase was the fastest in the 
first week—and the increase in the basic feed group slowed down after one week. The increase in food intake in the 
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yellow beef and the yak meat feed groups was rapid, and their increase rates were almost parallel; however, the feed 
intake in the yak meat feed group was always lower than that in the yellow beef feed group.

As is shown in Figure 2, the initial body weight of the three groups of rats was approximately 300 g. The body 
weights of the three groups of rats decreased after one week, and the range of body weight descent in the basic feed 
group was less than for the other two groups of rats. After two weeks, the body weights in the three groups of rats all 
increased to a certain extent. The ranges of body weight increases of the rats in the yellow beef and the yak meat feed 
groups were more than in the basic feed group. After 30 days, the body weight of the three groups of rats all increased 
rapidly. The yak meat feed group had the greatest range increase, followed by the basic feed group and then the yellow 
beef feed group. After 45 days, the increase in body weights of the three groups of rats all slowed down. The body weight 
of the rats in the yak meat feed group was the highest, and the body weight in the yellow beef feed group was the lowest.

Effects of Different Daily Ration Supplements on Lee’s Index of Scalded Rats
As is shown in Table 2, the Lee’s indexes on days 7 and 30 after scalding in the yak meat feed group were significantly 
higher than those on day 45, but there was no significant difference among the remaining time points for this group. The 

Figure 1 Comparison of feed intake of rats.

Figure 2 Comparison of body weight of rats.

https://doi.org/10.2147/CCID.S393066                                                                                                                                                                                                                                 

DovePress                                                                                                                    

Clinical, Cosmetic and Investigational Dermatology 2023:16 756

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Lee’s index before scalding and on day 14 after scalding in the yellow beef feed group was significantly higher than that 
on day 45, but there was no significant difference among the remaining time points for this group; the Lee’s index in the 
basic feed group at 45 days after scalding was significantly lower than for other time points, and there was no significant 
difference among the remaining time points for this group.

As is shown in Figure 3, the initial obesity index (Lee’s index) of the three groups of rats was between 300 and 310. 
After 7 days, the obesity index decreased the fastest in the yellow beef feed group, decreased slowly in the basic feed 
group, and increased in the yak meat feed group. After 14 days, the obesity index increased in the yellow beef feed 
group, increased slowly in the basic feed group, and decreased rapidly in the yak meat feed group. After 30 days, the 
obesity index decreased rapidly in the yellow beef feed group, decreased slowly in the basic feed group, and increased 
rapidly in the yak meat feed group. After 45 days, the obesity index of the three groups of rats all decreased, with the 
obesity index of the rats in the yak meat feed group being the highest and the basic feed group being the lowest. Overall, 
the obesity index of the three groups of rats all decreased to a certain extent after scalding. Furthermore, the obesity index 
in the yak beef feed group on day 45 after scalding was the closest of all groups to before scalding.

Effect of Different Daily Ration Supplements on the Scalded Wounds
One rat in each group was randomly selected, and the wounds of the rats represented for each group were wounds of the 
same rat on days 1, 7, 14, 21, and 30 after scalding. The wounds of the rats in all groups healed gradually after scalding, 
and the wounds of the rats in all groups were clearly scabbed on day 14 after scalding. On day 21, the necks of the rats in 
the basic feed group were ulcerated and crusted, and the rats in the yak meat feed group had the best wound healing 
effect. On day 30, the wounds of the three groups of rats had all recovered (Figure 4).

Table 2 Lee’s Index Added in Different Diets for Scald Rats

Group n Before 
Scald

7th Days 
After 
Scald

14th Days 
After Scald

30th Days 
After Scald

45th Days 
After Scald

SEM P

Diet Time T×D

Yak meat 

feed group

6 301.62abc 303.73ab 291.72bc 306.01a 289.35c 10.89 0.00 0.00 0.00

Yellow beef 

feed group

6 311.06a 298.91ab 309.46a 298.46ab 288.03b 10.89 0.00 0.00 0.00

Basic feed 
group

6 307.25a 306.23a 309.94a 303.7a 278.05b 10.89 0.00 0.00 0.00

Notes: Different lowercase letters on the superscript on the same line indicate significant differences.

Figure 3 Comparison of obesity index in rats.
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Figure 4 (a) Wound condition of rats in each group on the first day after scald. (b) Wound status of rats in each group on the 7th day after scald. (c)Wound status of rats in each group 
on the 14th day after scald. (d) Wound condition of rats in each group on day 21 after scald. (e) Wound condition of rats in each group on the 30th day after scald. 
Notes: (A) Yak meat feed group, (B) Yellow beef feed group, (C) Basic feed group, (D) Blank group.
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Effect of Different Daily Ration Supplements on the H&E Staining Condition of the 
Scalded Wounds
Hematoxylin and eosin-stained sections of rats in all groups were represented by the H&E staining of a rat’s wound tissue 
sections randomly selected from each group on days 7, 14, 30, and 45 after scalding.

As is shown in Figure 5a, the skin tissue of the rats in the yak meat feed, yellow beef, and basic feed groups 
demonstrate epidermal necrosis and defect and fibrinoid necrosis of the collagen fibers in the dermis. Parts of the 
collagen fibers were arranged irregularly, swollen, and fractured, and the damage to the muscle layer was deep. There 
were different degrees of necrosis in the skin appendages, such as the hair follicles and sweat glands, and the number was 
reduced (black arrows). The inflammatory reaction in the yak meat feed group was severe, and infiltration of many 
neutrophils and monocytes in the dermis and muscle layer could be observed (blue arrows).

In the skin tissue of the rats in the blank group, the repaired epidermis was intact with a thin spinous layer with mild 
keratinization (red arrow). The collagen fibers in the dermis were swollen and arranged irregularly (green arrow), the 
inflammatory reaction was mild, and a scattered distribution of a small number of lymphocytes could be observed (blue arrow).

As is shown in Figure 5b, the skin tissue of the rats in the yak meat feed group showed that the repaired epidermis 
was intact, with a thin spinous layer with moderate keratinization (red arrow). The collagen fibers in the dermis were 
swollen and arranged irregularly (green arrow), the inflammatory reaction was mild, and a scattered distribution of 
a small number of lymphocytes could be observed (blue arrow).

In the skin tissue of the rats in the yellow beef feed group, partially dried necrotic tissue was shed off (black arrows). 
The epidermis was mildly healed, and there was a new epidermis with uneven thickness and mild keratinization (red 
arrow). The connective tissue in the dermis was proliferated and repaired. Many fibroblasts and collagen fibers could be 
observed, and the numbers of hair follicles and sweat glands in the repaired wound were reduced (green arrows). The 
inflammatory reaction was moderate, and a scattered distribution of neutrophils and lymphocytes could be observed (blue 
arrow).

Figure 5 (a) He staining status of rats in each group at 7 days after scald. (b) He staining of rats in each group 14 days after scald. (c) He staining of rats in each group at 30 
days after scald. (d) He staining status of rats in each group 45 days after scald. 
Notes: (A) Yak meat feed group, (B) Yellow beef feed group, (C) Basic feed group, (D) Blank group.
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In the skin tissue of the rats in the basic feed group, the epidermis was moderately healed, with thick spinous layers of 
the new epidermis, mild keratinization, and a few elongated cutaneous processes (red arrows). Crusts were found 
occasionally. The dermal connective tissue proliferated and was repaired. Many fibroblasts and collagen fibers could 
be observed, and the numbers of hair follicles and sweat glands in the repaired wound were reduced (green arrows). The 
inflammatory reaction was moderate, a scattered distribution of neutrophils and lymphocytes could be observed (blue 
arrow), and a small number of new capillaries formed (yellow arrows).

As is shown in Figure 5c, the skin tissue of the rats in the yak meat feed group demonstrated that the epidermis of the 
wound was basically healed, the bridging gap was small, and there was mild keratinization (red arrow). The connective 
tissue in the dermis was proliferated and repaired. Many fibroblasts and collagen fibers could be observed, and the 
numbers of hair follicles and sweat glands in the repaired wound were reduced (green arrows). The inflammatory 
reaction was mild, a small number of lymphocytes could be observed (blue arrow), and a medium number of new 
capillaries formed (yellow arrows).

In the skin tissue of the rats in the yellow beef feed group, local dried necrotic tissue remained, forming a crust (black 
arrow). The epidermis repaired was intact, with thicker spinous layers of the new epidermis and a few elongated 
cutaneous processes (red arrows). The connective tissue in the dermis proliferated and was repaired. Many fibroblasts 
and collagen fibers could be observed, and the numbers of hair follicles and sweat glands in the repaired wound were 
reduced (green arrows). The inflammatory reaction was moderate, a scattered distribution of neutrophils and lymphocytes 
could be observed (blue arrow), and a small number of new capillaries formed (yellow arrows).

In the skin tissue of the rats in the basic feed group, the repaired epidermis was intact, with a thicker local spinous layer of 
the new epidermis with mild keratinization (red arrow). The connective tissue in the dermis proliferated and was repaired. 
Many fibroblasts and collagen fibers could be observed, and the numbers of hair follicles and sweat glands in the repaired 
wound were reduced (green arrows). The inflammatory reaction of the local dermal layer was moderate, many neutrophils 
and lymphocytes could be observed (blue arrow), and a small number of new capillaries formed (yellow arrows).

As is shown in Figure 5d, the skin tissue of the rats in the yak meat feed group showed that the epidermis of the wound 
was moderately healed, the bridging gap was larger, and the spinous layer of the new epidermis was thickened, with a small 
amount of extended cutaneous process with mild keratinization (red arrow). The connective tissue in the dermis proliferated 
and was repaired. Many fibroblasts and collagen fibers could be observed, and the numbers of hair follicles and sweat glands 
in the repaired wound were reduced (green arrows). The inflammatory reaction was mild, a small number of lymphocytes 
could be observed (blue arrow), and a small number of new capillaries formed (yellow arrows).

In the skin tissue of the rats in the yellow beef feed group, local dried necrotic tissue remained, forming a crust (black 
arrow). The epidermis was moderately healed, with thicker spinous layers of the new epidermis and a few elongated 
cutaneous processes (red arrows). The connective tissue in the dermis proliferated and was repaired. Many fibroblasts 
and collagen fibers could be observed, and the numbers of hair follicles and sweat glands in the repaired wound were 
reduced (green arrows). The inflammatory reaction was moderate, a scattered distribution of neutrophils and lymphocytes 
could be observed (blue arrow), and a small number of new capillaries formed (yellow arrows).

In the skin tissue of the rats in the basic feed group, the repaired epidermis was intact, with a thicker local spinous 
layer of new epidermis with mild keratinization (red arrow). The connective tissue in the dermis proliferated and was 
repaired. Many fibroblasts and collagen fibers could be observed, and the numbers of hair follicles and sweat glands in 
the repaired wound were reduced (green arrows). The inflammatory reaction of the local dermal layer was moderate, 
a scattered distribution of neutrophils and lymphocytes could be observed (blue arrow), and a small number of new 
capillaries formed (yellow arrows).

Comparison of Effects of Different Daily Ration Supplements on the PCNA Levels in 
the Wounds of the Scalded Rats
The tissue sections stained with PCNA in all groups were the same as those in the H&E-stained tissue sections (3.4). 
Hematoxylin-stained nuclei were blue, and DAB-positive nuclei were brown. Figure 6 demonstrates that PCNA-positive 
expression gradually decreased. The positive expression of PCNA was the highest in all groups on the day 7 after 
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scalding; the positive expression in the basic feed group was the highest. The expression of PCNA in all groups 
decreased on day 14 after scalding. The positive expression of PCNA in the yak meat feed group was the lowest on day 
30 after scalding, followed by the yellow beef feed group, and the positive expression of PCNA in the basic feed group 
was the highest. The expression of positive PCNA was the lowest in all groups on day 45 after scalding; the expression of 
positive PCNA was the lowest in the yak meat feed group and the highest in the basic feed group, suggesting that the 
recovery of the rats in the yak meat feed group was better than that in the other groups.

As is shown in Table 3, the PCNA-positive cell rate in the three groups of scalded rats decreased with the increase in 
feeding time. In the basic feed group, the PCNA-positive cell rate of rats increased on days 14 and 30 and decreased 
on day 45. Among the rats in all groups, the PCNA-positive cell rate in the yak meat feed group was the highest on day 7 
and the lowest on day 45. Regarding the PCNA-positive cell rate, the rats in the yak meat feed group recovered better 
than those in the other two groups.

Figure 6 (a) Condition of rats in each group at 7th PCNA day after scald. (b). Conditions of rats in each group at the 14th PCNA day after scald. (c). Condition of rats in 
each group on day 30th PCNA after scald. (d) Condition of rats in each group on 45th PCNA after scald. 
Notes: (A) Yak meat feed group, (B) Yellow beef feed group, (C) Basic feed group, (D) Blank group.

Table 3 PCNA Positive Cell Rate (%)

Group 7th Days After 
Scald

14th Days After 
Scald

30th Days After 
Scald

45th Days After 
Scald

SEM P

Diet Time T×D

Yak meat feed 
group

0.29168 0.282491 0.22594 0.190727 0.81 0.873 0.172 0.964

Yellow beef feed 

group

0.277019 0.268421 0.221503 0.228147 0.81 0.873 0.172 0.964

Basic feed group 0.230932 0.28855 0.260042 0.239397 0.81 0.873 0.172 0.964

Blank group 0.251257 0.81 0.873 0.172 0.964
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Effects of Different Daily Ration Supplements on Cell Apoptosis
The apoptosis-stained tissue sections in all groups were the same as those in the H&E-stained tissue (3.4). The nuclei 
stained with DAPI were blue under UV excitation using the FITC labeling kit used, and the positive apoptotic nuclei 
were green. In this experiment (as is shown in Figure 7), on day 7, the apoptosis of the cells in the yellow beef and basic 
feed groups was clear. On day 14, the apoptosis of the cells in the yellow beef and the basic feed groups was reduced. 
On day 30, the apoptosis of the cells was not displayed in all groups. Finally, on day 45, the apoptosis of the cells in the 
yellow beef and the basic feed groups was mild.

As is shown in Table 4, the positive cell rate and positive area ratio of the scalded rats in the different feed groups 
changed with time after scalding. In the yak meat feed group, the positive cell rate was the highest on day 7, gradually 
decreased on days 14 and 30, and fluctuated upward slightly on day 45. The positive area ratio for the yak meat feed 
group was the highest on day 7, decreased on days 7 and 14, and slightly increased on day 45. In the yellow beef feed 

Figure 7 (a) Apoptosis of rats in each group on the 7th day after scald. (b) Apoptosis of rats in each group on the 14th day after scald. (c) Apoptosis of rats in each group 
on the 30th day after scald. (d) Apoptosis of rats in each group on the 45th day after scald. 
Notes: (A) Yak meat feed group, (B) Yellow beef feed group, (C) Basic feed group, (D) Blank group.

Table 4 Positive Cell Ratio and Positive Area Ratio of Scald Rats in Different Groups

Time Point Positive Cell Ratio (%) Positive Area Ratio (%)

Group 7th Days 
After Scald

14th Days 
After Scald

30th Days 
After Scald

45th Days 
After Scald

7th Days 
After Scald

14th Days 
After Scald

30th Days 
After Scald

45th Days 
After Scald

Yak meat 

feed group

2.54 0.76 0.47 0.69 0.29 0.08 0.05 0.07

Yellow beef 

feed group

8.40 3.65 0.99 0.49 2.04 0.58 0.12 0.05

Basic feed 
group

5.4 2.37 0.28 1.43 0.81 0.24 0.03 0.14

Blank group 0.55 0.08
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group, the positive cell rate decreased sequentially from days 7 to 45, and the ratio of the positive area also decreased 
sequentially during this time. In the basic feed group, the positive cell rate and positive area ratio both decreased 
sequentially with time and increased to a certain extent on day 45. The positive cell rate of the yellow beef feed group 
was lower than in the blank group on day 45, and the positive cell rates of the yak meat and basic feed groups were lower 
than in the blank group on day 30. The positive area ratio of the yak meat feed group was lower than in the blank group 
on days 30 and 45. The positive area ratio of the yellow beef feed group was lower than in the blank group on day 45. 
The positive area ratio of the basic feed group was lower than in the blank group on day 30.

As is shown in Table 5, the positive cell density, average optical density, and positive area density of the scalded rats 
in the feed groups were different. On day 7 after scalding, the positive cell density was highest in the yellow beef feed 
group, then the basic feed group, then the yak meat feed group, and finally, the blank group. On day 14, the positive cell 
density was highest in the yellow beef feed group, followed by equal amounts of yak meat and basic feed groups. On day 
30, the positive cell density was highest in the yellow beef feed group, then the yak meat feed group, and then the basic 
feed group. On day 45, the positive cell density was highest in the basic feed group, then the yak meat feed group, and 
then the yellow beef feed group. The density of positive cells in the yak meat feed group decreased to a certain extent 
from day 7 to day 30 after scalding and was lower than that in the yellow beef and basic feed groups. The density of 
positive cells in the yak meat feed group increased on day 45 and was higher than in the yellow beef feed group and 
lower than in the basic feed group. The density of positive cells in the yellow beef feed group decreased continuously 
from day 7 to day 45 after scalding and was lower than that in the yak meat and basic feed groups on day 45. The density 
of positive cells in the basic feed group decreased from day 7 to day 30, while it increased to a certain extent on day 45 
and was higher than that in the yellow beef and yak meat feed groups.

On day 7 after scalding, the average optical density was highest in the blank group, then the yak meat feed group, 
then the basic feed group, and finally, the yellow beef feed group. On day 14, the average optical density was highest in 
the yak meat feed group, then the basic feed group, and then the yellow beef feed group. On day 30, the average optical 
density was highest in the basic feed group, then the yak meat feed group, and then the yellow beef feed group. On day 
45, the average optical density was highest in the yak meat feed group, then the yellow beef feed group, and then the 
basic feed group. The average optical density of the rats in the yak meat feed group decreased to a certain extent 

Table 5 Comparison of Positive Cell Density, Average Optical Density and Positive Surface Density of Scald Rats in Different Feed 
Groups

Time 
Point

Positive Cell Density (mm²) Average Optical Density Positive Area Density

Group 7th 
Days 
After 
Scald

14th 
Days 
After 
Scald

30th 
Days 
After 
Scald

45th 
Days 
After 
Scald

7th 
Days 
After 
Scald

14th 
Days 
After 
Scald

30th 
Days 
After 
Scald

45th 
Days 
After 
Scald

7th 
Days 
After 
Scald

14th 
Days 
After 
Scald

30th 
Days 
After 
Scald

45th 
Days 
After 
Scald

Yak 

meat 
feed 

group

301.62 241.14 51.01 84.84 0.34 0.47 0.46 0.39 53,381.95 1318.55 851.28 943.23

Yellow 
beef 

feed 

group

717.04 372.13 112.92 53.19 0.22 0.37 0.38 0.38 15,103.68 7266.77 1544.86 653.21

Basic 

feed 

group

525.58 241.14 29.49 115.58 0.27 0.42 0.55 0.23 7225.94 3352.53 616.50 1144.94

Blank 

group

57.99 0.69 1940.12
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from day 7 to day 14 after scalding and also from day 30 to day 45. The average optical density in the yellow beef feed 
group continuously increased from day 7 to day 45. The average optical density in the basic feed group increased 
from day 7 to day 30, decreased on day 45, and was lower than in the yak meat and yellow beef feed groups.

On day 7 after scalding, the positive area density was highest in the yak meat feed group, then the yellow beef feed 
group, then the basic feed group, and finally, the blank group. On day 14, the positive area density was highest in the 
yellow beef feed group, then the basic feed group, and then the yak meat feed group. On day 30, the positive area density 
was highest in the yellow beef feed group, then the yak meat feed group, and then the basic feed group. On day 45, the 
positive area density was highest in the basic feed group, then the yak meat feed group, and then the yellow beef feed 
group. The positive area density of the rats in the yak meat feed group decreased rapidly from day 7 to day 14, while it 
increased to a certain extent from day 30 to day 45. The positive area density of the rats in the yellow beef feed group 
decreased to a certain extent from day 7 to day 45. The positive area density of the rats in the basic feed group decreased 
to a certain extent from day 7 to day 30 while increasing on day 45. The positive area density of the three groups of rats 
on day 45 after scalding overlapped with each other.

Discussion
Effects of Different Daily Ration Supplements on the Growth Performance of the 
Scalded Rats
After scalding, the food intake of the rats in the different feed groups was different. On day 7 after scalding, the 
rats’ food intake significantly reduced, which was consistent with the results of a study conducted by Chen et al.23 

They found that in the first 3 days after scalding, the food intake of rats decreased significantly but returned to the 
normal rat level on day 4 after scalding. Overall, the food intake of rats in the yellow beef feed group was the 
highest, and it was the lowest in the yak meat feed group. However, after scalding, the body weight of the three 
groups of rats first decreased and then increased, and the body weight of the rats in the yak meat feed group was the 
highest; it was the lowest in the yellow beef feed group. The decrease of the obesity index in the rats after scalding 
may be due to the stimulation of rats, which was similar to the results of the study conducted by Dong et al,24 who 
reported that acupuncture was beneficial for weight loss in male and female rats with simple obesity. It might also 
be because the body energy consumed a lot after being scalded, and the great demand for nutrients caused the rats to 
lose weight. This idea was verified by the fact that the obesity index of the rats in the yak meat feed group was 
higher than in the other two groups. Furthermore, the obesity index of the yak beef feed group on day 45 after 
scalding was the closest to that of the rats before scalding.

Effect of Different Daily Ration Supplements on the Scalded Rats
Scalded rats need to consume many nutrients to maintain the body’s daily metabolism and repair requirements. 
Table 1 reveals that yak meat feed was richer in nutrients than yellow beef and was thus more conducive to the 
recovery of the scalded rats. From a macro perspective, the rats in the yak meat feed group had the best wound 
recovery on day 30, while the rats in the basic feed group had neck ulcerations on day 21 during the single-cage 
feeding process. This proved the beneficial effects of nutrients for the rats’ recovery. Chen et al25 revealed that the 
appropriate addition of arginine was beneficial to healing burns. Chen et al26 revealed that feeding rats with 
pigeon meat led to the wound healing rate of scalded rats being higher than in the control group. The results of 
the H&E staining also showed that the rats fed with 30% pigeon meat had a better recovery effect than those fed 
with 20% pigeon meat. In this study, the results of the H&E staining revealed that the recovery effect of scalded 
rats in the yak meat feed group was better than in the other two groups.Liu et al27 revealed that oxymatrine could 
increase the expression of PCNA in skin wound healing. In terms of PCNA, it can be concluded that the positive 
cell rate of the yak meat feed group was lower than in the other groups.

Apoptosis could cause a decline in immune function. Early enteral feeding could reduce apoptosis, thereby 
improving the body’s immune function.28 Removing the apoptotic cells during apoptosis was more conducive to 
wound healing.29 Zhou et al30 revealed that, with the passing of feeding time, the apoptosis of fibroblasts in the 
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wounds of burned rats decreased to a certain extent under the action of alkaline calponin. Ling et al31 revealed that 
allicin could inhibit cell apoptosis and heal burns in rats. In this study, the decrease in the apoptotic ratio and area 
indicated that the wound surface of the scalded rats recovered, and the wounds of the scalded rats in the yak meat 
feed group recovered faster. The apoptotic ratio and area on day 30 were smaller in the yak meat feed group than in 
the blank control group. These indexes in the yellow beef feed group tended to be stable The apoptotic ratio and 
area of the basic feed group increased more significantly than the other two groups on day 45. The positive cell 
density decreased gradually in the yellow beef feed group while increasing on day 45 in the yak meat feed group. 
The average optical density of the yak meat group was higher than in the other groups at each time point, except for 
the blank group. The positive area density of the yak meat feed group on day 14 was lower than in the blank control 
group. The positive area density of the yellow beef and basic feed groups was lower than in the blank control group 
on day 30.

Conclusion
1. For growth performance, the food intake, body weight, and Lee’s index of the yak meat feed group were all better 

scoring than those of the other two groups, and the postures of the rats in the yak meat feed group were close to 
that of healthy rats.

2. From a macroscopic state perspective, the recovery of the skin wounds of the scalded rats in the yak meat feed 
group was better than for the rats in the other groups. The necks of the rats in the basic feed group were not 
scalded but ulcerated, which fully illustrated the importance of nutrients for burn recovery.

3. From the pathological tissue perspective, the H&E staining and PCNA detection both showed that the skin tissue 
condition of the rats in the yak meat feed group was better than in the other groups, and the positive cell number 
was lower than in the other groups. From the apoptosis results, it could be concluded that the yak meat group 
recovered faster than the other groups.

4. In conclusion, the rats in the yak meat feed group recovered better than those in the other groups, and the yak beef 
feed had the best effect on the wound healing of the scalded rats.
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