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This study investigated the effect of ultrasound assisted chicken cartilage collagen peptide (CP) treatment on the
storage quality of chicken breast meat. There were five meat groups at 4 °C for 60 min as follows: untreatment
(Control), immersing in deionized water (DW), ultrasound treatment in DW (UDW), immersing in CP (0.15 g/
100 mL) solution and immersing in ultrasound combined with CP (UCP). The results showed that the drip and
cooking loss of meat decreased significantly in UCP at 4 and —18 °C with the extension of storage time. A large

amount of non-flowing water transformed into free water in the 4 °C for 5 d, and the smallest degree of water
migration was observed at —18 °C in UCP. The texture parameters of UCP group were significantly improved,
especially for decreased hardness and increased elasticity. Furthermore, there had no significant effect on the

color of chicken breast.

1. Introduction

Chicken breast meat is rich in protein and has low fat content and
tight muscle fiber, which is easy to be absorbed and utilized by human
body [1]. However, chicken breast meat is easy to lose water during
storage and transportation, and the edible quality of meat will decline
during further processing, especially for fitness lovers [2]. Nychas et al.
reported that the different packaging methods was employed on the
quality of fresh reindeer meat stored at 4 °C, more emphasis on food
safety and microbial spoilage [3]. Interestingly, there are many studies
on the quality of aquatic products under storage and transportation
conditions [4]. The edible quality of livestock and poultry meat needs to
be further studied under different storage and transportation conditions.

To alleviate or retard protein denaturation in muscle food, cryo-
protectants have been widely used. Cryoprotectants are employed to
decrease the denaturation and/or aggregation of myofibrillar protein
during low temperature storage, thereby maintaining functional char-
acteristics, such as solubility, emulsifying capacity, water and oil hold-
ing capacity and gel-forming ability of proteins [5]. Protein hydrolysates

from various sources were also used as a cryoprotectant in frozen food
products [6]. Collagen hydrolysates, which are prepared from meat
processing by-products, have scavenging activity toward oxidation
radicals, and the ability to conjugate with myofibrillar proteins to
improve solubility [7]. Zhu et al. found that sea bass collagen peptide
(SBCP1) has good water holding capacity [8]. Moreover, the tetrapep-
tide isolated from Amur sturgeon skin gelatin could decrease the loss of
intra myofibrillar water and prevent the denaturation of actomyosin
induced by repeated freezethawing [9]. Gelatin from shark skin hy-
drolysate was used as the cryoprotectant to replace conventional sugars
[10]. Furthermore, the cryoprotective effect of collagen hydrolysate was
explained by their ability to increase the bound water amount, leading
to structural stabilization of proteins and increase hydration of protein
molecules [11]. Ultrasound is a green and energy-saving processing
technology. A large number of studies have found that ultrasound could
assist reagents to marinate meat in order to improve the quality of meat
[12].

In recent years, broiler breeding volume and total output value of
chicken in China have ranked among the top in the world [13].

* Corresponding authors at: Jiangsu Key Laboratory for Food Quality and Safety-State Key Laboratory Cultivation Base, Ministry of Science and Technology,

Nanjing 210014, China.

E-mail addresses: daoyingwang@yahoo.comxuw (D. Wang), xuweimin@jaas.ac.cn (W. Xu).

https://doi.org/10.1016/j.ultsonch.2022.106154

Received 22 July 2022; Received in revised form 21 August 2022; Accepted 30 August 2022
1350-4177/© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).


mailto:daoyingwang@yahoo.comxuw
mailto:xuweimin@jaas.ac.cn
www.sciencedirect.com/science/journal/13504177
https://www.elsevier.com/locate/ultson
https://doi.org/10.1016/j.ultsonch.2022.106154
https://doi.org/10.1016/j.ultsonch.2022.106154
https://doi.org/10.1016/j.ultsonch.2022.106154
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Y. Zou et al.

Therefore, a large number of by-products of chicken slaughtering and
processing have been produced. Chicken cartilage is rich in collagen,
with a collagen yield of 42 % [14]. Therefore, it is suitable as a raw
material for producing collagen peptide. In this study, the cold fresh
chicken breast meat was taken as the research object. Based on the
excellent properties of ultrasound assisted collagen peptide treatment,
its effects on the changes of water retention, texture and myofibril
structure of chicken breast meat during storage was studied.

2. Material and methods
2.1. Material

Chicken cartilage was purchased from Shanghai Guye Food Co., Itd.,
and washed with distilled water. After low-temperature ventilation and
drying, it was sub packed and stored in — 20 °C freezer for standby.
Tyson cold fresh chicken breast was purchased from a supermarket in
Zhongling street, Nanjing, Jiangsu Province.

2.2. Preparation method of collagen peptide solution from chicken
cartilage

The extraction method of collagen peptide from chicken cartilage
was performed by our previous method [14]. Chicken cartilages were
weighed ~5 g (wet weight) after the degreasing and impurity removal.
Alkaline protease (4000 U/g) was added into the mixture of chicken
cartilages. The ultrasound assisted extraction for the collagen peptide
from chicken cartilages was applied as the following steps. The material
liquid ratio was 1:26 (w/v, the solution was deionized water); ultrasonic
power was 250 W (working time of 2 s, rest time of 3 s, total ultrasound
time of 30 min) and enzyme extraction time was 4 h (The best extraction
process was obtained through pre-experiment). The extraction rate of
chicken cartilage collagen peptide could reach 48.73 %. UV spectrum
analysis showed that the characteristic absorption peak of collagen
peptide of chicken cartilage appeared at the wavelength of 200 ~ 230
nm. The circular dichroism chromatogram showed no positive absorp-
tion peak at the wavelength of 220 ~ 224 nm, and there was no obvious
turning point in the positive and negative absorption bands. The mo-
lecular weight of 69 % collagen peptide is in the range of 1.35 kDa <
MW < 17 kDa, and the molecular weight of 28 % collagen peptide is less
than 1.35 kDa. These results indicated that its characteristics were the
basic structure of collagen peptide.

2.3. Sample preparation

The fresh chicken breast meats were cleaned with deionized water
and cut into small pieces with ~20 + 1 g (40 mm x 30 mm x 10 mm).
The chicken breast meats were randomly divided into 5 groups. These
five groups were carried out as following treatments. The first group was
the untreated treatment group, which was wrapped with fresh-keeping
film and stored at 4 °C for 60 min, and was recorded as the Control
group. The second group was immersed in deionized water at 4 °C for 60
min, which was recorded as the DW group. The third group was treated
with ultrasound for 5 min and then immersed in deionized water at 4 °C
for 55 min, which was recorded as the UDW group. The forth group was
treated in collagen peptide solution from chicken cartilage (0.15 g/100
mL, CCCP) and marinated at 4 °C for 60 min to ensure that the collagen
peptides solution was fully reacted with the meat, which was recorded as
the CP group. The fifth group was treated with ultrasound for 5 min,
then placed in CCCP solution and marinated at 4 °C for 55 min, which
was recorded as the UCP group. After treatment, the meat pieces were
taken out respectively. Then, the visible water on the surface of the meat
pieces were gently wiped with filter paper. At last, the samples were put
into sealed bags.

The meat was immersed in a 1000 mL beaker (containing 800 mL ice
water), which was used to avoid the overheating effect caused by
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ultrasound treatment for samples. The diameter of ultrasound probe was
12 mm. The surface of the meat was 15 mm away from the ultrasound
probe. According to the optimization results of previous experiments,
the ultrasound power of 200 W (ultrasound frequency of 20 kHz, in-
tensity of 15.6 W/cm?) was selected for the working parameters [15].
When the ultrasound treatment reached to half of treatment time, the
meat was turned over and continued the ultrasound treatment, so that
the ultrasound treatment can effect on the whole meat.

2.4. Storage of chicken breast meat at cold fresh (4 °C) and frozen
(-18 °C) environment

The processed meats were place for the following condition: 0, 1, 3, 5
and7 dat4°Candat0, 5, 10, 15 and 20 d —18 °C respectively. The total
bacterial reached about 6 (lg(CFU/crnz)) when the Control group was
stored for 7 d at 4 °C. The microorganism of the sample was exceeded the
standard when the storage time was extended to 9 d, indicating that the
chicken breast meat stored for 7 d under this condition can be studied.
The quality changes of chicken breast meat were studied within 30 d of
storage at —18 °C.

2.5. Determination of drip loss rate

It was determined according to the method of Bedane et al. [16] with
slightly modified. The initial mass of meat was record as m; (g) in sec-
tion 2.4. The meat was hanged with a metal hook and suspended it in a
100 mL centrifugal tube. The centrifugal tube was sealed the mouth with
a fresh-keeping film. In order to reserve enough space to deposit the
water exuded from the meat samples, the height of the bottom of the
meat in the centrifugal tube shall be kept at a certain distance from the
bottom of the tube. The above centrifugal tube was stored at 4 °C for 24
h. The fresh-keeping film was removed. The surface water of meat was
gently wiped with filter paper and then the mass of the meat again was
recorded (mjy, g). The drip loss rate is calculated according to formula

.

my — ny

x 100 (@)

Drip loss rate (%) =
m

2.6. Determination of cooking loss rate

The cooking loss rate was determined according to the method of Liu
and Lanier [17]. After gently wiping the surface moisture of the meat
with filter paper, the weight of the meat mass was record as m; (g). The
meats were put into the self-sealing cooking bag. The probe of digital
thermometer was inserted into the center of chicken breast meat along
the direction of muscle fiber and then placed them in a constant tem-
perature water bath pot at 85 °C. The meats were taken out immediately
after the central temperature of the meat at 75 °C, and placed in a beaker
filled with ice to cool for room temperature. The surface water of meat
was gently wiped with filter paper and then the mass of the meat again
was recorded (my, g). The cooking loss rate is calculated according to
formula (2).

)y =" 0 100 @

Cooking loss rate (%
ny

2.7. Low-field nuclear magnetic resonance (LF-NMR)

According to the method of Han et al. [18], the water distribution of
chicken breast was measured by low field NMR with slight modification.
The meat sample (~2 g) was cut along the direction of the internal
muscle fibers of chicken breast and placed in a 15 mm glass NMR tube.
The proton resonance frequency was set to 22.6 MHz. Before determi-
nation, all samples were balanced at 25 °C for 30 min and carried out at
32 °C. The pulse sequence was CPMG, and the transverse relaxation time
(T2) was measured. The measurement parameters were set as follows:
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Table 1

Effect of ultrasound-assisted chicken cartilage collagen peptide treatment on drip loss and cooking loss of chicken breast meat during storage at 4 °C and —18 °C.
Storage (d) Control DW UbW CP ucp
Drip loss (%)
0 (4/-18°C) 3.32 + 0.42¢ 3.30 + 0.41€ 3.28 + 0.46¢ 3.1 + 0.24B 3.08 + 0.23¢
1(4°C) 3.88 + 0.36%¢ 3.81 + 0.37%¢ 3.71 + 0.35%¢ 3.28 + 0.33bB 3.24 + 0.31"¢
3(4°C) 5.64 + 0.45%8 5.61 + 0.48%48 5.56 + 0.47°48 4.69 + 0.33bA 4.57 + 0.30"*
5(4°C) 4.87 + 0.21%8 4.76 + 0.23%8 4.62 + 0.22%8 4.21 + 0.20bA 4,01 +0.17°®
7 (4°C) 5.01 + 0.39%8 5.02 + 0.40%8 4,98 + 0.37%8 4.39 + 0.29bA 4.30 + 0.26"8
5(-18°C) 6.98 + 0.82% 6.96 + 0.75% 6.87 + 0.77°4 4.96 + 0.64bA 5.03 + 0.66™*
10(-18 °C) 6.74 + 0.83% 6.81 + 0.85% 6.7 + 0.81°* 4.46 + 0.77bA 4.45 + 0.81"8
15 (-18 °C) 6.62 + 0.83% 6.66 + 0.81% 6.48 + 0.79% 451 + 0.71bA 4.33 + 0.80°8
20 (-18 °C) 6.42 + 0.77°4 6.41 + 0.72% 6.22 + 0.88%* 4.03 + 0.81bAB 4,01 + 0.91"®
Cooking loss (%)
0 (4/-18 °C) 22.41 + 0.82%C 21.90 =+ 1.36°C 20.60 + 0.71%°F 18.41 + 1.67°C 18.34 + 1.04°°
1(4°C) 22.62 + 0.63%C 22.05 + 0.55°C 20.55 + 0.88%°F 18.53 + 0.64"C 18.41 + 1.07°P
3(4°0C) 28.78 + 0.54°8 28.43 + 0.67%AB 24.68 + 0.47°C 22.12 + 0.33® 21.98 + 0.55¢
5(4°C) 26.63 + 1.01%8 26.21 + 0.35%8 23.86 + 0.63"P 20.96 + 0.53B¢ 20.56 + 0.48°C
7 (4°C) 24.12 + 0.53%¢ 23.94 + 0.6725C 22.75 + 0.37%0 19.45 + 0.29"5C 19.27 + 0.66°*%
5(-18°C) 30.92 + 0.78% 30.76 + 0.45%* 29.93 + 0.66™ 26.04 + 0.86"* 25.76 + 0.44°A
10(-18 °C) 29.78 + 0.99% 29.56 + 0.78%A 28.22 + 0.52%A8 25.23 + 0.77°* 24.32 + 0.51"A8
15 (-18 °C) 28.23 + 1.02%AB 28.62 + 0.77AB 27.98 + 0.33%8 23.91 =+ 0.52°° 22.65 + 0.38"°
20 (-18 °C) 28.32 + 1.04%AB 28.78 + 0.56*AP 28.12 + 0.56*P 24.53 + 0.75PAF 23.97 + 0.39"°

Different lowercase letters in the same line indicate that there are significant differences among the groups at the same storage time (P < 0.05). Different capital letters
in the same column indicate significant differences in the same group and different storage time (P < 0.05).

the diameter of RF coil was 25 mm; the waiting time for repeated
sampling was 4000 ms; the number of echoes was 15000; the echo in-
terval was 0.25 MS, and the number of repeated scanning was 16. The
resulting attenuation curve was inversed by MultiExp Inv analysis
software, and each group was repeated for 3 times. These samples were
stored at 4 °C for 7 d.

2.8. Texture profile analysis (TPA)

The method of texture determination was according to the method of
Aguirre et al. [19] with slightly modification. The cooked meat was cut
along the fiber direction of chicken breast with a ruler and scalpel 20
mm x 20 mm x 10 mm meat pieces in section 2.6. According to the TPA
model, the meat pieces under different treatment conditions were
analyzed twice. The hardness, elasticity, stickiness and chewiness of
meat pieces were measured by physical property analyzer at room
temperature. The test parameters were as follows: the probe model was
p/50 flat bottom cylindrical; test rate was 120 mm/min; shape variable
was 50 % and trigger force was 5 g. Each group of samples was measured
in parallel for 7 times, and the average value was received.

2.9. Scanning electron microscope (SEM)

According to the method of Li et al. [20], the pressurization condi-
tion of scanning electron microscope (SEM) was set at 10.0 kV. The meat
was cut into pieces along the direction of muscle fibers 5 mm x 5 mm x
3 mm. The slices were fixed with 2.5 % glutaraldehyde solution, and
then gradient eluted with ethanol (50 %, 70 %, 80 %, 90 % and 95 %, v/
v respectively). After the above step, the samples were vacuum freeze-
dried and sprayed with gold coating. The microstructure was observed
by SEM with magnification of 500.

2.10. Hematoxylin and eosin (H&E) staining of tissue

After cooking in section 2.5, the meats were cut into squares of 5 mm
x 5 mm x 5 mm and fixed with 4 % paraformaldehyde, which was
convenient to prepare paraffin sections. After dewaxing, HE staining was
carried out, dehydrated and sealed. After being examined by an upright
optical microscope, clear color images were collected for tissue structure
analysis [2].

2.11. Statistical analysis

The above experiments were repeated for 3 times, and the results
were expressed as mean =+ standard deviation. SPSS 24.0 software was
used for one-way ANOVA. Tukey test was used for the data difference
between groups. P < 0.05 indicates that the difference is significant.

3. Results and discussion
3.1. Drip loss rate

The water retention of meat directly affects the economic value and
quality characteristics of meats. Additionally, the water retention is also
closely related to the color, texture and tenderness of meat [21]. In meat
processing, excessive water loss could lead to low yield of meat products
and bad taste. It was found that ultrasound treatment promoted the
release of salt soluble protein. Soluble protein was wrapped on the
surface of droplets to form small-size emulsion droplets, so that more
water was captured by muscle fibers and reduce the liquid loss during
suspension of meaty by ultrasound treatment [22].

As shown in Table 1, when the meat was stored at 4 °C for 3 d, the
drip loss rate was increased significantly (P < 0.05), and then decreased
slightly. This may be due to the increase of the degradation degree of
myofibrillar protein, resulting in the destruction of the network struc-
ture of myofibrillar protein, and the water was broken through the
barrier and migrates from the inside to the outside of muscle fiber [23].
On the other hand, when the meats were stored at —18 °C for 5 d, the
dripping loss rate of chicken breast meat reached the maximum in this
study. These results might be due to the influence of sharp ice crystals
formed during freezing on the structure of muscle fibers, which caused
certain damage and reduced its water holding capacity [24]. The drip
loss rate of chicken breast meat stored at — 18 °C for 5 d was higher than
that of all meats stored at 4 °C. The phenomenon could be due to the
formation of a large number of ice crystals from —18 °C for 5 d, resulting
in more cell membrane rupture and increased drip loss of samples [25].
Under the two storage temperatures, the centrifugal loss rate of each
group showed an increasing trend with the extension of storage time.
The reason was due to the reduction of static charge and repulsive force
carried by protein in chicken breast during storage. Therefore, the dis-
tance between protein molecules was shortened, so as to discharge the
water distributed therein outward and reduce the water retention [26].
The drip loss rate of CP and UCP group was significantly lower than that
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Effect of ultrasound-assisted chicken cartilage collagen peptide treatment on water distribution of chicken breast meat stored at 4 °C for 0 and 5 d, and —18 °C for 20 d.

Control

DW

UDW

CP

ucp

4°C —0d Tz; (ms)

0.735 + 0.032¢

0.730 + 0.035¢

Ty, (ms) 18.559 + 0.31%¢ 18.541 =+ 0.35%
Ty3 (ms) 233.27 + 1.26%A 347.35 + 1.67°
Py 620.29 + 3.23"* 585.05 + 2.64°*
Py 10134.75 + 2.30%* 10268.54 + 1.98%
Pas 103.31 + 1.79%¢ 100.69 + 1.43%
4°C-5d

T2; (ms) 1.27 + 0.19%8 1.31 + 0.56°
Ty, (ms) 28.23 + 0.62%° 28.19 + 0.34%F
T,3 (ms) 167.25 + 1.12¢ 154.22 + 1.66%°
Py 421.18 + 1.41% 435.25 4+ 1.27°8
Py 9265.74 + 1.62%° 9175.33 + 1.52B
Pas 510.23 + 1.89%® 512.48 + 1.918
-18°C-20d

Ty; (ms) 2.01 + 0.036% 2.02 + 0.035%
T, (ms) 49.68 + 1.02%A 49.37 + 1.03%
T,3 (ms) 114.826 + 1.019¢ 130.72 + 1.00°¢
Pay 391.67 + 1.229¢ 392,13 + 1.239¢
Py 7684.32 + 1.96%C 7679.54 + 2.09C
Py 978.53 + 1.95 975.26 + 1.97°

0.736 + 0.027¢

15.124 + 0.57°C
350.13 + 1.89%"
573.11 + 3.02°*

10452.63 + 1.37°A

96.75 + 0.68°C

1.02 + 0.44"8
18.579 + 0.59"8
176.36 + 1.93"8
483.46 + 1.32°®
9734.62 + 2.24B
462.71 + 1.03®

1.76 + 0.052°*
28.53 + 1.02°*
131.36 + 1.37°¢
433.84 + 1.94C
8326.86 + 1.32°¢
870.42 + 1.08"*

0.738 + 0.026¢
9.567 + 0.64C
352.24 + 1.33%
642.43 + 2.49"*
12392.63 + 1.71°
36.96 + 0.574

0.88 + 0.11®
14.154 + 0.43
225.48 + 1.34%B
607.58 + 1.20°°
11242.91 + 2.08"®
223.43 + 1.76%®

1.32 + 0.057°A
19.14 + 0.98%*
172.74 + 1.45°¢
571.38 + 0.87°C
9768.75 + 1.27°C
633.78 + 1.79*

0.734 + 0.034¢
10.569 + 0.816C
303.36 + 1.20"
695.83 + 2,574
12702.81 + 1.86**
35.16 + 0.56°C

0.87 + 0.10B
13.21 + 0.14B
22417 + 1.35%
630.36 + 1.26*®
11798.31 + 2.41%8
178.56 + 1.85%®

1.30 + 0.060*
18.67 + 0.97
200.37 + 1.85%
507.13 + 1.02*¢
9820.67 + 1.68%€
543.26 + 1.43%*

Different lowercase letters in the same line indicate that there are significant differences among the groups at the same storage time (P < 0.05). Different capital letters
in the same column indicate significant differences in the same index and different storage time (P < 0.05).

of Control, DW and UDW. The chicken cartilage collagen peptide solu-
tion had a certain viscosity, which could cause the adhesion between
meat fibers. On the other hand, glycine, proline and hydroxyproline,
which are rich in collagen peptides, may also have non reductive cross-
linking reaction with proteins in muscle. These factors resulted in less
water leakage in chicken during centrifugation, and more bound water
or less flowing water was retained in muscle fibers [27]. UCP treatment
can accelerate the penetration of collagen peptide from chicken carti-
lage into chicken breast meat, leading to reduce drip loss.

3.2. Cooking loss rate

It can be seen from Table 1 that the overall trend of cooking loss rate
of chicken breast stored at 4 °C and —18 °C increased first and then
decreased with the extension of storage time. With the extension of
storage time, the permeated collagen peptide solution can form a water
barrier film on the surface or inside of the meat, so that more water can
be retained in the muscle. There is no significant difference in cooking
loss rate between Control and DW under the same storage condition.
Compared with Control and DW, the cooking loss rate of chicken in CP
and UCP decreased significantly (P < 0.05), indicating that the above
treatments can effectively reduce the cooking loss of chicken breast.
Control and DW had higher cooking loss because the heating process
induced the irreversible denaturation of muscle protein in these two
groups [28]. The lowest cooking loss rate in UCP might be that the
collagen peptide solution fully entered the chicken breast meat tissue
and reacted with the muscle protein after ultrasound treatment, so that
more water entered the muscle fiber structure [29]. At the same time,
the permeated collagen peptide solution from chicken cartilage formed a
film on the surface or inside of the chicken breast meat after cooking.
Hence, more water was retained in the myofibril, so as to reduce the
cooking loss and improve the water retention of chicken breast meat.

3.3. Low-field nuclear magnetic resonance (LF NMR)

LF NMR is used to analyze the water distribution and state in meat by
measuring the relaxation characteristics of hydrogen nuclei in magnetic
field [30]. According to the difference of transverse relaxation time Ty,
the changes of water in different states in chicken breast meat are
determined in Table 2. The greater T3 is, the higher the degree of free
water in meat is. The water distribution and fluidity of chicken breast
meat in the five treatment groups during storage at 4 °C and —18 °C

Table 3

Effect of ultrasound-assisted chicken cartilage collagen peptide treatment on
texture profile of chicken breast meat stored at 4 °C for 0 and 5 d, and —18 °C for
20 d.

Control DW UDW cP ucp
4°c-0d
Hardness 21.18 + 21.09 + 21.01 + 13.34 + 14.56 +
) 0.77°4 0.65% 0.59%* 1.10"* 0.64"A
elasticity 3.66 + 3.65 + 372 + 3.81 + 3.89 +
(mm) 0.43% 0.314 0.44* 0.62% 0.414
stickiness 12.44 + 12.34 + 12.89 + 5.42 + 5.31 +
() 0.76°* 0.71%4 0.69°* 0.53% 0.54%A
chewiness 45.60 + 43.10 = 30.11 + 24.30 + 23.14 +
(mJ) 0.74% 0.57%4 0.77°4 0.56% 0.75%
4°Cc-5d
Hardness 15.62 + 15.99 + 14.37 + 6.03 + 5.79 +
) 0.67°8 0.76°% 0.55%8 1.01® 0.678
elasticity 2.98 + 2.79 + 3.03 + 261 + 2.75 +
(mm) 0.5548 0.544B 0.6248 0.64% 0.39%
stickiness 8.91 + 7.91 + 8.84 + 312+ 251 +
) 0.77°8 0.58%8 0.53%8 0.64°® 0.43°
chewiness 28.17 + 29.12 + 21.09 + 11.21 + 11.18 +
(mJ) 1.21%8 1.01%8 0.92%8 0.76°® 0.81°®
~18°C —20
d
Hardness 12.21 + 12.32 + 12.01 + 5.42 + 513 +
) 0.88°C 0.91%¢ 0.78%¢ 0.45°® 0.49°®
elasticity 2.53 + 2.51 + 2.68 + 2.41 + 2.56 +
(mm) 0.33% 0.24° 0.31% 0.36% 0.44®
stickiness 8.03 + 8.01 + 9.26 + 3.52 + 3.61 +
(N) 0.58%8 0.61%® 0.78%8 0.33% 0.39°®
chewiness 25.30 + 25.20 + 18.61 + 11.92 + 11.83 +
(mJ) 1.02%¢ 1.04% 0.98"¢ 0.77°B 0.74B

Different lowercase letters in the same line indicate that there are significant
differences among the groups at the same storage time (P < 0.05). Different
capital letters in the same column indicate significant differences in the same
index and different storage time (P < 0.05).

were evaluated by transverse relaxation time T and peak area (P). There
were three characteristic peaks in the transverse relaxation time T of
chicken breast meat in the five groups at different storage temperatures,
corresponding to bound water (T2;, 0 ~ 10 ms), non-flowing water (T2,
10 ~ 100 ms) and free water (T3, 100 ~ 1000 ms). It can be seen that
Py; of chicken breast meat in the five groups decreased significantly and
P,3 increased significantly with the extension of storage time under the
conditions of storage at 4 °C for 0, 5 d and —18 °C for 20 d. The difficult
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Fig. 1. Scanning electron microscopic images of chicken breast meat in different treatments stored at 4 °C for 0 and 5 d, and —18 °C for 20 d (x500).

flowing water in chicken breast meat in each group transformed into
free water, and the water locking capacity gradually weakened. There-
fore, the water retention became worse with the extension of storage
time.

Under the storage condition at —18 °C for 20 d, the T3 (free water) of
chicken breast meat was lower than that at 4 °C for 0 and 5 d. The reason

could be due to the dual effect of low temperature and sharp ice crystal
extrusion on the structure of chicken breast meat during repeated
freezing and thawing at —18 °C [31]. This could result in difficult
flowing water flow. As a result, the water composition and structure
changed, and the free water content increased sharply. Comparing
different groups under the same storage temperature and time, it was



Y. Zou et al.

Ultrasonics Sonochemistry 89 (2022) 106154

Fig. 2. Hematoxylin and eosin stained images of chicken breast meat in different treatments stored at 4 °C for 0 and 5 d, and —18 °C for 20 d.

seen that Po3 in UDW was significantly less than that in DW, and Py, in
UCP was significantly greater than that in CP. This might be because
UDW marinatation enhanced the ability of meat to capture water, so as
to improve the water retention of meat [32]. Furthermore, ultrasound
treatment promoted muscle fiber swelling and provided more space for
the penetration of collagen peptides from chicken cartilage, and the

soluble protein exudation caused by ultrasound retained more water in
the meat fiber structure in UCP [1].

3.4. Texture profile analysis (TPA)

It can be seen from Table 3 that the hardness and elasticity of chicken
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breast meat were negatively correlated with storage time when each
group was stored at 4 °C for 0, 5 d and —18 °C for 20 d respectively. The
above results were due to the fact that the meat quality of chicken breast
gradually became loose and the integrity of muscle tissue was damaged
with the extension of storage time [33]. For different groups under the
same storage condition, the overall order of hardness was Control, fol-
lowed by DW, UDW, CP, and UCP, and the overall order of elasticity was
UCP, followed by CP, UDW, DW, and Control. These results showed that
the chicken breast meat in UCP showed the characteristics of low
hardness and high elasticity, and the synergistic treatment of ultrasound
and chicken cartilage collagen peptide could achieve a significant
improvement effect. The stickiness of chicken breast meat in different
groups under the same storage condition decreased from Control to UCP.
The decrease of chewability of chicken breast meat indicated that it was
easier to chew, which may be due to the decrease of hardness of chicken
breast meat [34]. This phenomenon enlarged the gap between muscle
filaments and muscle tissue. The chewability and stickiness decreased
gradually from Control to UCP in different groups with the same storage
conditions, indicating that the edible performance of UCP group was
better.

3.5. SEm

The microstructure of meat is closely related to water retention and
quality [35]. It can be seen from Fig. 1A to 1C that chicken cartilage
collagen peptide can effectively prevent the strong degradation of
myofibrils in chicken breast under the conditions of storage at 4 °C for
0and 5dand —18 °C for 20 d, so as to maintain the integrity of myofibril
structure in chicken breast and have a positive impact on the quality and
water retention of chicken breast [36]. UCP treatment properly main-
tained the integrity of chicken breast myofibril structure. Furthermore,
it accelerated the effective penetration of chicken cartilage collagen
peptide into muscle fiber tissue, and effectively protected the integrity of
myofibril during the storage. Therefore, ultrasound treatment could
cooperate with chicken cartilage collagen peptide to improve the quality
of stored chicken breast. When stored at 4 °C for 0 d, the myofibrils of
chicken breast meat in Control and DW were arranged orderly and stable
intact, and there was basically no fault and gap between fibers. It was
obvious that myofibrils were broken more or less, and the contents were
dissolved and there were small voids in groups UDW, CP and UCP. When
stored at 4 °C for 5 d, the destruction of myofibrils in groups Control, DW
and UDW was more serious than that in CP and UCP, with obvious
massive damage structure and filamentous hanging phenomenon. When
stored at —18 °C for 20 d, the structures of UDW, CP and UCP were more
intact, which might be due to the lower storage temperature and the
protection of myofibrillar protein structure by collagen peptide treat-
ment [37].

3.6. Hematoxylin and eosin (H&E) staining

It can be seen from Fig. 2A-C that although the muscle fiber bundles
in UDW had small intervals during storage for 0 d at 4 °C, they were
generally tight and complete, and DW was accompanied by slight
damage, which might be related to immersion in deionized water for a
short time. Compared with DW, CP had obvious tissue fluid exudation
and slight structural corrosion, which could be related to chicken
cartilage collagen peptide marinatation solution. The marinatation
process caused meat muscle reaction and damaged the muscle fibers and
connective tissue [38]. In UDW and UCP stored at 4 °C for 5 d and
—18 °C for 20 d, the increase of fiber gap and the obvious exudation of
contents were observed the destruction of muscle fibers in varying de-
grees. After ultrasound treatment, the chicken cartilage collagen peptide
solution was easier to penetrate into the tissue gap, resulting in more
solution entering the tissue and more water retained in the chicken
breast [39].
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4. Conclusions

The effects of ultrasound assisted collagen peptide treatment of
chicken cartilage on the storage quality of chicken breast meat were
studied. The results showed that the water in chicken breast meat
gradually migrated from non-flowing water to free water with the
extension of storage time under two storage temperatures, and the
overall fluidity of water increased. Among them, the non-flowing water
in 4 °C group was transformed into free water, and the degree of water
migration in —18 °C group was less. The texture indexes and internal
tissue structure characteristics of chicken breast meat in different
treatment groups were further measured. Compared with other groups,
the texture indexes of ultrasound treatment group were significantly
improved (hardness decreased and elasticity increased). Ultrasound
assisted chicken cartilage collagen peptide treatment significantly
improved the quality of chicken breast meat. Combined with SEM
observation and HE staining, it was found that the tissue structure of
chicken breast meat in each treatment group corresponded to the results
of water retention and texture one by one. The results of this study could
provide reference for improving meat quality and sports fitness meat
research and development in the later stage.
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