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Tab.1 Sensory evaluation criteria of the soft bone C. idella pieces
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index score 8-10 score 4-7 score 1-3
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fish bone softness
1 AR B FEAR S AN R A R AN 1\ H—E MR MR, (AR DR FRWRBA . . N, BREEME LR
sourness
% &3k, EFHAWE N Tk s 2, LA A ER R, BRG]
color
Ak g, WMEEEWE, LRk, ZFk wEOF. mIEE, e SR, BRRE RAAF. WEE, Fk. ZZRE
smell IES JOEE JIE A B
Pig: it R IE T, R M R s A, U] ARz Db B A FA R
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AU g, WIEFEAE, LRk, ZEk. WHOF. WIS, e TR, BERE BAEAF. WEE, Fuk. Z&RE
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Fig.1 Establishment of the fish bone softening rate measuring method

(2) HAH) 2R

(a) skeleton of a C. idella; (b) fish bone standard sample, no. 1-8 are the standard samples of fish bones 1-8, the same as Fig.5.
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Fig.2 The fish bone holding apparatus
(a) (b) design (front and side views) of the fish bone holding apparatus, (c) photo of the fish bone holding apparatus. 1. clip, 2. connecting rod, 3. con-
necting seat, 4. magnetic suction device and 5. base. The connecting rod, connecting seat and base are all made of iron, the fish bone holding compon-

ents (1, 2, 3) and the base are fixed together by a magnetic suction device, and the distance between the two sets of components can be flexibly adjusted

for the fixation of fish bones of different lengths.
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Tab.2 Sensory evaluation of samples with different ultrasound-acetic acid treatments

B T R L

sample fish bone softness

PBRWR 2% S i

sourness color

Ak Jii Wik By
smell texture taste total score

ARREZBRAEH BETIFRI20 W, JEHE 45 min]

treatment groups with different concentrations of acetic acid [ultrasound power 120 W, treatment time 45 min]

CK 3.5041.19¢ 8.50:+0.76° 6.42+1.55™
0% 4.83+1.95° 8.00+1.15" 7.00+0.82"
0.6% 5.92+1.38" 7.67£1.37" 7.25+0.60™
1.2% 6.17+1.62% 7.33£1.11% 8.42+0.64°
1.8% 6.08+1.32" 6.50+2.14% 7.42+2.14%
2.4% 6.83+1.57" 5.9242.39° 5.7142.13¢

AFEE TR R H [ 2RI EL.2% (FEFREL), AR EI45 min]

treatment groups with different ultrasound powers [acetic acid concentration of 1.2% (V/V), treatment time of 45 min]

CK 3.50+1.19° 8.50+0.76° 6.42+1.55°
(Y 6.33+1.65° 7.33£1.25% 7.17+1.07°
60 W 6.67+1.60° 8.00+1.00" 7.42+1.11°
90 W 6.38£1.70° 8.00+1.15® 7.174£1.07*
120 W 7.58+1.11° 7.50+1.38" 7.42+1.06°
150 W 6.79+1.52° 7.17+0.90° 7.08+1.55°

A FIAL R (0] A R | BRI BE1.2% (R EL), FEAETIFR120 W)

treatment groups with different durations [acetic acid concentration of 1.2% (V/V), ultrasound power 120 W]

CK 3.50+1.19° 8.50+0.76° 6.42+1.55™
15 min 8.00+1.08" 8.00+1.15° 7.00+1.73%
30 min 7.00+£1.29" 8.17+1.07° 7.25+1.01°
45 min 6.83+1.77% 7.67+1.49° 7.08+1.44
60 min 6.50+1.32° 7.83+1.46° 5.67+1.70°

7.83+1.07* 7.25+1.36" 7.67+0.94° 40.92+5.04°
7.92+0.86" 6.92+1.38" 7.25%1.16° 41.83+5.35°
7.00£1.15% 6.71+1.45" 7.2541.09° 41.29+45.25°
6.92+1.38" 6.38+1.34" 7.21£1.22° 42.00+4.83"
6.75+1.30° 5.75+1.23" 6.67+1.18° 39.17+4.10™
6.00+£1.58" 5.67+1.65° 5.63+1.40° 35.13+4.90°
7.83+1.07* 7.25+1.36" 7.67£0.94° 40.92+5.04°
7.13+1.04" 7.13£0.87" 7.08+0.95° 42.5+3.15"
7.71£0.66° 7.67+0.92" 7.67+0.94° 45.04+3.26®
7.96+0.92° 7.54+1.07" 7.75£0.92° 44.63+3.67°
7.83+0.8" 7.88+0.71° 7.67£0.75° 45.92+2.79°
7.33+0.94° 6.71£1.05° 7.25+1.11° 42.08+3.55"
7.83+1.07* 7.25+1.36" 7.67+0.94" 40.92+5.04°
7.75+0.83" 8.00£0.91° 8.00+0.71° 46.92+2.81°
7.38+1.34° 6.92+1.30" 7.17+1.28" 43.29+£521%
7.46+0.80° 6.92+1.04" 7.42+0.95" 43.50+£3.41™
7.17+0.99° 6.38+1.40° 6.75+1.48" 39.63+5.30°

e TERRA AR R TRINA (AR CBRIRE . ARREEAE IR AF AR ), 551 BEA FE b S 5 BAERRE 2 2 57 8 (P<0.05).
Notes: Different lowercase letters in the same column in each One-Way experimental group (different acetic acid concentrations, different ultrasonic
power, different treatment durations) represent significant differences (P<0.05) between samples.
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BRI O TR AL BN 25 KR B A AR IR B o fa B py
A A Y pH .
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BARARZ — o WK 4 FiR, bR B f3E T,
Tk A B TR A S R M, 20 M L
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1.2% & 40 A0 B 3 1 1) 4 ¥ (B 32 DF A B B %
MY se Bk S TR . 21 B Fes B ksl b T, A
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ZHTREES

B AR LM WERR 1R, Zatis
G CTRALER | ok S whiE . B mm
TEK TR G, 45 4 IR B 1) JIL PR 20 2 45 4 4 1
B 7 E R R, Horh CK 2 AL 22 8
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WLAN M 25 H4 o [ER 75 AL BE A 0% 2. R 40 A £ R
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concentrations
(@)
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=y
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CK OW 60W 90W 120 W150 W
power
(b)
8 —
2 b c d €
6 -
T4t
2 -
0 1 1 1 1 1
CK 15 min 30 min 45 min 60 min
I A]
time
()

3 FEBAERKA CRLENREES RN pH BEL
(a) RF ZBRIKSE: (o) AFEEAEINF:  (c) AFALHER . AFE/N
HYEAEEREFE (P<0.05), T,
Fig.3 Changes in pH value of samples with
different ultrasound-acetic acid treatments

(a) different acetic acid concentrations; (b) different ultrasound powers;
(c) different treatment durations. Different lowercase letters represent

significant differences (P<0.05), the same below.
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sound-acetic acid treatments
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I+ 2+ 3+ 7+ 8. 9. 104054 CK. 0% (0%-120 W-45 min). 0 W (1.2%-0 W-45 min). 1.2% (1.2%-120 W-45 min, #x{E T 444, 2.4%
(2.4%-120 W-45 min), 60 W (1.2%-60 W-45 min). 15 min (1.2%-120 W-15 min) ZH 8 AR DI 4. 5. 6. 11, 12, 13, 14 458 CK. 0%.
OW. 1.2%. 2.4%. 60 W. 15 min 414 WAL

Plate | H.E stained muscle structure of samples with different ultrasound-acetic acid treatments

1,2,3,7,8,9, 10 are transverse muscle structure from CK, 0% (0%-120 W-45 min), 0 W (1.2%-0 W-45 min), 1.2% (1.2%-120 W-45 min, optimal pro-
cess conditions group), 2.4% (2.4%-120 W-45 min), 60 W (1.2%-60 W-45 min), and 15 min (1.2%-120 W-15 min) groups, respectively; 4, 5, 6, 11, 12,

13, 14 are longitudinal muscle structure from CK, 0%, 0 W, 1.2%, 2.4%, 60 W, and 15 min groups, respectively.
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Tab.3 Fish bone softening rate of samples with different ultrasound-acetic acid treatments

5 LREPSE 3 AREH Tk 4 BRH /%
group total fish bone number number of untaken bones number of soft bones fish bone softening rate
CK 30 10 8 60.00

ARIREZRIAEH BHAETIERI20 W, JEZEE[E]45 min]

treatment groups with different concentrations of acetic acid [ultrasound power 120 W, treatment time 45 min]

0% 20
0.60% 28
1.20% 25
1.80% 29
2.40% 31

ARBE RN LA 2R EL2% (EFRLL), AR E45 min)

12 70.00
10 71.43
12 92.00
16 89.66
10 64.52

treatment groups with different ultrasound powers [acetic acid concentration of 1.2% (V/V), treatment time of 45 min]

ow 35
60 W 28
90 W 28
120 W 29
150 W 24

A RIACEER ] AL [ 2. K B 1.2% (B L), BAThER120 W)

18 62.86
16 71.43
13 78.57
15 93.10
12 66.67

treatment groups with different durations[acetic acid concentration of 1.2% (V/V), ultrasound power 120 W]

15 min 33
30 min 26
45 min 26
60 min 27
Herti 4577 21

commercial products

17 84.85
14 73.08
13 96.15
13 81.48
10 52.38
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Microstructure of fish bones from soft bone C. idella pieces under different treatments

1-4 are the CK group, the ultrasound-acetie acid group, the ultrasound only goup, the acetie acid only goup, respectively.
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Fig. 6 FTIR spectra of fish bones from soft bone C. idella pieces under different treatments
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Process and mechanism of softing fish bones of Ctenopharyngodon idella by
ultrasound-acetic acid treatment

ZHANG Yihan', MA Huawei’, LUO Yongkang', TAN Yuging', HONG Hui "

(1. College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China;
2. China (Guangxi)-ASEAN Key Laboratory of Comprehensive Exploitation and Utilization of Aquatic Germplasm Resources,
Ministry of Agriculture and Rural Affairs, Guangxi Academy of Fishery Sciences, Nanning 530021, China)

Abstract: In 2022, the total freshwater fish production in China reached 2 800.31 million t, accounting for 77.04%
of the total domestic fish production. In recent years, against the background of the rapid growth of the ready-to-
eat leisure food market in China, a variety of categories of ready-to-eat freshwater fish products have been
developed, among which vacuum-packed seasoned fish pieces are one of the mainstream types. However, the pro-
cessing technology of vacuum-packed seasoned fish pieces still has key technical difficulties, which hinder the
development of the industry. The hard fish bones may puncture the packaging bag due to compression during
transportation, leading to oil leakage and spoilage, which is the main reason for the high product wastage rate. The
presence of large and hard fish bones in the products poses serious food safety hazards, including puncture of the
esophagus and damage to organs. The problem of fish bone softening in freshwater fish products needs to be
addressed urgently, both from the perspective of production, storage, and transport of the product and from the per-
spective of food safety. To solve the problem of fish bone softening in ready-to-eat freshwater fish products, the
study designed a fish bone softening rate measuring method for ready-to-eat freshwater fish products and then
developed the ultrasound-cetic acid (U-CA) fish bone softening technique. The optimal fish bone softening condi-
tions were screened according to the fish bone softening rate and the quality indexes of the fish pieces, and the
mechanism of fish bone softening was investigated subsequently. Ctenopharyngodon idella pieces were prepared
by ultrasonic combined with acetic acid treatment, marination, deep-frying, vacuum packaging, and autoclaving to
obtain soft bone fish pieces, whose quality was evaluated by sensory characteristics, pH value, color value, and
muscle structure. The fish bone softening rate measuring method was established according to the sensory evalu-
ation and TPA analysis of the standard fish bone samples. The optimal process conditions of U-CA treatment were
obtained by evaluating the bone softening rate. Finally, SEM and FTIR were used to analyze the mechanism of fish
bone softening of U-CA treatment. The results showed that the fishbone softening rate measuring method we
designed can easily and objectively evaluate the degree of fish bone softening in ready-to-eat fish products. After
the evaluation of the bone softening rate, sensory evaluation, and other quality indexes, the optimal U-CA treat-
ment conditions were: acetic acid concentration at 1.2% (¥/V), ultrasonic power at 120 W, and processing time of
45 min. The fish pieces obtained under these conditions had better bone softening rate, color, texture, and taste.
The results of SEM and FTIR showed that U-CA treatment under the optimal process conditions could weaken the
bind between collagen and hydroxyapatite, and contribute to the escape of hydroxyapatite. Heat treatment may also
disrupt the triple-helical structure of collagen and reduce the hardness and toughness of fish bones. It was shown
that U-CA treatment under appropriate conditions could disrupt the original structure of fish bones and effectively
soften the fish bones in C. idella pieces without affecting the quality of the product. This study provides ideas for
the development of freshwater fish bone softening technology and theoretical support for the development of ready-
to-eat fish.

Key words: Ctenopharyngodon idella; fish bone; fish bone softing process; ultrasound; acetic acid
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