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ABSTRACT: Objective To investigate the effects of liquid nitrogen freezing temperature on lipid oxidation and odor
changes of frozen Monopterus albus. Methods The lipid and free fatty acids (FFAs) content, peroxide value (POV),
thiobarbituric acid reactive substances (TBARs) value, fatty acid composition, and volatile odor substances of
Monopterus albus frozen at different liquid nitrogen temperatures (—50, —80, and —110°C) and at —20°C with freezer
(control) were measured. In addition, organoleptic evaluation was also carried out. Results With the extension of

frozen storage time, the lipid, monounsaturated fatty acids (MUFAs), and polyunsaturated fatty acids (PUFAs) content of

ESTHE: WA EAHF R II0 H (2 ARGRHE 0 H)(2022BBA147) 9164 B AU A 31035 H (A 30052595 H )(2023BBBI111)
Fund: Supported by the Key Research and Development Program of Hubei Province (Rural Revitalization Science and Technology Support Project)
(2022BBA147), and the Key Research and Development Program of Hubei Province (Independent Innovation Project) (2023BBB111)

HBIEIER: BRI, WL, #R, FEMIR O™ SN E R A . E-mail: jiwangchen@whpu.edu.cn

*Corresponding author: CHEN Ji-Wang, Ph.D, Professor, Wuhan Polytechnic University, No.68, Xuefu South Road, Wuhan 430023, China.
E-mail: jiwangchen@whpu.edu.cn



286 B il 2 A iR A I A 4

F 145

Monopterus albus under the 4 kinds of temperature conditions significantly decreased overall (P<0.05), while POV,

TBARs value, and FFAs and saturated fatty acids (SFAs) content significantly increased overall (P<0.05). The lipid,

MUFAs, and PUFAs content and organoleptic scores of Monopterus albus with liquid nitrogen were higher than the

control. The FFAs and SFAs content of Monopterus albus with the —80°C and —110°C liquid nitrogen were significantly

lower than —50°C liquid nitrogen and the control (P<0.05). However, there was basically no significant difference in

lipid oxidation of Monopterus albus between the —80°C and —110°C liquid nitrogen (P>0.05). Twenty-five kinds of

volatile odor substances were detected using gas chromatography-ion mobility spectrometry. Furthermore, the lower the

liquid nitrogen frozen temperature, the lower the content of hexanal and propionaldehyde in frozen Monopterus

albus. Conclusion Lowering the freezing temperature with liquid nitrogen can significantly inhibit lipid oxidation and

odor changes of frozen Monopterus albus, leading to desirable quality attributes of the Monopterus albus.
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Table 1 Criteria for organoleptic evaluation of Monopterus albus
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Fig.1

Effects of freezing temperature with liquid nitrogen on lipid and FFAs content of Monopterus albus during frozen storage
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Fig.2 Effects of freezing temperature with liquid nitrogen on POV and TBARs value of Monopterus albus during frozen storage

K2 RERERE N RE AR LA RAIFI(%)
Table 2 Effects of freezing temperature with liquid nitrogen on fatty acid composition of Monopterus albus during frozen storage (%)
%o %6 ) B2k
isplitice
-110°C -80°C -50°C -20°C -110°C -80°C -50°C -20°C —-110°C -80°C
W EEMR(Ciao)  3.1120.05 3.08+0.02 3.12£0.05 3.17+0.08 3.26£0.04 3.41£0.02 3.57+0.05 3.62+0.14 3.48+0.13 3.54+0.05
T HMERR(Cis0)  0.58+0.02 0.58+0.02 0.60+0.02 0.60£0.02 0.62+0.02 0.62+0.02 0.64+0.02 0.67+0.04 0.63+0.03 0.65+0.02
FRHIBR (Ci6:0) 22.840.2  22.9+0.2 23.4+0.2 23.6+0.2 23.6+0.1 23.9+0.1 24.6+0.1 253+0.3 242402 24.6+0.0
T LR (Ciro)  2.43£0.02 2.48+0.16 2.56+0.02 2.5420.17 2.59£0.06 2.58+0.17 2.73£0.03 2.90+0.11 2.80+0.12 2.84+0.03
TR (Cis:0) 5.114£0.05 5.14+0.07 5.18+0.05 5.21+0.05 5.43+0.11 5.48+0.18 5.70+0.06 5.85+0.01 5.60+0.07 5.71+0.06
W ESEMEIR(Clan)  0.26£0.01  0.26+0.03 0.25+0.03 0.25£0.03 0.25+0.03 0.23+0.02 0.22£0.02 0.21£0.02 0.23+0.01 0.22+0.02
KRR (Crle)  9.95+0.04 9.80+0.14 9.58+0.03 9.57+0.03 9.88+0.01 9.75+0.01 9.54+0.06 9.39+0.04 9.65+0.11 9.53%0.13
IR (Cis.1) 28.4+0.1 28.6+0.2 28.4+0.1 28.2+0.1 27.4+0.1 27.5+0.2 27.0+0.0 26.6+£0.3 27.2+0.2 27.1+0.3
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B #0JA AL el
-110°C -80°C -50°C -20°C -110°C -80°C -50°C —20°C  -110°C  -80°C
T RRIGER(Cor)  1.0940.04  1.08£0.03  1.0740.02  1.08+0.02  1.07+0.01  1.07£0.02  1.02+0.01  0.99+0.02 1.05+0.03 1.03%0.02
WIHFR(Cis2)  9.83:0.04  9.82+0.15  9.71£0.05 9.62£0.05 9.81+0.03  9.51+0.07 9.35£0.07 9.21£0.15 9.70+0.07 9.45+0.03
WRFR(Cis3)  4.14+0.17  4.12+0.10  4.09£0.04 4.14£0.08  4.05+0.01  4.02+0.11  3.90£0.17 3.79£0.17 3.93+0.06 3.82+0.04
TR CRER(Cao) 0.82£0.03  0.80+0.02  0.78+0.02  0.76£0.04  0.80£0.01  0.74£0.02  0.72+0.02  0.68+0.02 0.74£0.03 0.71+0.02
TA R EIERR(Cros) 0.94£0.03  0.92+0.03  0.89+£0.02  0.86£0.02  0.90£0.02  0.89+0.02  0.88+0.02  0.83+0.02 0.87+0.01 0.86:0.02
A BRI (Caa) 0262002 025+0.01  0.2440.02  0.24£0.01  0.2240.02  021x0.01  021+0.02  0.20£0.02 0.20£0.01 0.18+0.01
A BRAIFR(Caes) 1.8420.17  1.83+0.16  1.83+0.01  1.88£0.09 1.7120.16  1.70+0.02  1.62+0.03 1.57£0.01 1.62+0.02 1.57+0.03
::1Aig§i?ﬁ%@§ 8.42+0.08 8.34+0.03 838+0.03 825+0.10 8.36x0.15 8.32+0.07 832+0.16 8.14+0.03 8.12+0.02 8.17+0.04
Y SFAs 34.0£0.3"  342+0.0°  34.8+04" 352+04" 355:£03°  36.0+0.1™ 37.2+0.1" 384%0.6" 36.7+02 37.30.1°
Y UFAs 66.0£0.3"  65.8+0.1°  652%0.5° 64.8+0.1° 64.5+0.1°  64.0£0.1"° 62.8£0.3" 61.6£0.6° 63.3x0.2° 62.7£0.2°
YMUFAs 39.7+0.0°  39.7+02°  39.3+0.1°  39.1£0.0° 38.6£0.0° 38.6+0.0° 37.8+0.1° 37.2+03" 38.1x0.1* 37.9+0.1°
S PUFAs 26.3+0.3°  26.1£0.0°  25.9+0.4° 25.7+0.1° 259+0.1°  254+0.1®° 25.0+£02% 244403 252+0.1° 24.8+0.1®
HZREM(Crlao)  3.75£0.03  3.88£0.03  3.56£0.06 3.63x0.15 3.86+0.03 4.11+0.02 3.60£0.07 3.69+0.01 3.87+0.04 4.26:0.02
THIER(Ciso)  0.67+0.02  0.69+0.03  0.64£0.02  0.66£0.01  0.68+0.02  0.72+0.02  0.65£0.02  0.67£0.01 0.69+0.01 0.74+0.02
FARBR(Ciso)  253+0.1  26.1+0.1  24.6£0.1  24.9+0.1  257+02  27.1+0.0  24.8+0.1  25.0£0.1 259402 27.7+0.1
TEMFR(Ciro)  2.96£0.17  3.00£0.11  2.88+0.18  2.92+0.07 3.06£0.02 3.15£0.01 2.90+0.01 2.96£0.15 3.07+0.17 3.28+0.04
WEEER(Ciso)  5.87+0.13  5.93+0.10 5.73£0.04 5.78£0.08 5.96+0.02 6.12+0.17 5.77+0.03  5.82£0.01 6.02+0.04 6.35+0.16
[ﬂfzé%fgﬁ 021£0.02  020+0.01 022+0.03 021£0.02 0.19+0.02 0.18+0.01  0.21+0.03  0.20£0.02 0.18+0.00 0.17+0.01

14:1
FREER(Cis)  9.27£0.08  9.17£0.04  9.60£0.14  9.38+0.19  9.19£0.05  9.02£0.04  9.50£0.06  9.34+0.04 9.13+0.01 8.91+0.09
THRR(Cis:1) 265£0.2  26.1£0.1  269+0.1  27.040.0  262+02  254+0.1  269+0.1  27.0+0.1  26.1£0.0 24.9+0.1
T RIGER(Cor)  1.01£0.03  0.97£0.02  1.03:0.01  1.02+0.02  1.00£0.02  0.96£0.02 1.01£0.02  0.98+0.02 0.98+0.01 0.94+0.02
WIHFR(Cis2) 9324020  9.12+0.03  9.55£0.11  9.35£0.05  9.27+0.05  9.07+0.06  9.54x0.04  9.36£0.04 9.25+0.07 8.99+0.02
TWHE(Ciss) 3774016  3.71£0.17 3.85+0.03 3.74+0.18 3.73+0.17 3.67£0.06 3.84£0.02 3.74+0.02 3.66£0.02 3.61+0.02
::ﬂlfiifﬁgﬁ 0.7120.01  0.66+0.02 0.71£0.01  0.71£0.01  0.70£0.02  0.60+0.03  0.69+0.01  0.71+0.01 0.69+0.00 0.59+0.01
::+ij?ﬁgﬁ 0.85:0.02  0.79+0.02 0.86+0.01  0.84£0.01 0.83£0.01 0.77+0.03  0.85+0.01  0.82+0.01 0.82+0.01 0.76+0.01
20:3

::ﬂ;?iif%@ﬁ 0.17£0.01  0.16+0.02  0.19+0.02  0.16£0.01  0.15£0.01  0.12+0.00  0.15+0.01  0.14+0.01 0.12+0.02 0.07+0.00
:iﬁﬁgiif%ﬂﬁ 1.55+£0.03  1.39+0.03 1.59£0.04 1.56£0.03 1.52+0.01 1.34+0.02 1.58£0.02 1.55£0.02 1.53£0.01 1.24+0.00
:ffig%:?%%gé 8.11£0.16  8.08+0.02 8.06+0.02 8.09+0.01  8.05£0.07 7.64+0.08 8.05+0.06 8.03+0.06 7.98+0.02 7.55+0.00
S'SFAs 38.5£0.2°  39.6+0.1°  37.4+02° 37.8£02° 39.2+02° 412+02° 37.7x0.1 38.1x0.1° 39.6+0.0° 42.3+0.1°
Y UFAs 61.5£0.3°  60.4+£02° 62.6£0.3"  622+0.3" 60.8£0.2° 58.8£0.4°  62.3%0.3" 61.9+0.1° 60.4+0.1° 57.7+0.1°
YMUFAs 37.0£0.1°  36.5£0.1" 37.8%0.1° 37.7402" 36.5+0.0" 35.6+0.1° 37.620.2° 37.530.0" 36.4+0.0° 34.9£0.0°
YPUFAs 24.5£02°  23.9+0.1° 24.8+02" 24.5+0.1° 24.2+02° 232+03" 247+0.1° 24.3x0.1° 24.0£0.1" 22.8+0.1°

/NG E R AR R s () 4 IR 8 25 25 5 (P<0.05),

R b, 4 4 EE R A SFAs AHX S A BT,
MUFAs F1 PUFAs A% & 5 T F . iX AT B2 UFAs & Bl
R RFLRE 5, 2 B a Ak A f . SFAS™Y, —50., 80,
—110°CIR B ZRZEFINT BR (1) UFAs AN S 53 BIFAR T 3.7%.
3.9%. 4.8%F7.1%, 145 24 J&, -50., -80. —110°CIK A%
ZEWHEEN UFAs FHXT 9 35 8 25 T XTI (P<0.05), XKW
TR VRES A UL T #6E UFAs 1S b REAFFLRE .

2.4 BRAKREREIHELR SRRV
PR SRY) FORPEO £ P i B SR R 2 —,
Hh, BEE L BRE. BEZE . SRRASEMUES WA R R
TEEAR FLRN R 2, 2 f PR PR ORI 2 Sk >
Pl 3 378 GC-IMS Hii 4 25 Vi B s 42 5 PSR W) o
e ST . BARARACR TR, AR R RS IR
TR (6], 20 i R n 5 R VR, B IR TR B s 4
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Fig.3 Effects of freezing temperature with liquid nitrogen on
fingerprint for volatile odor substances of Monopterus albus
during frozen storage
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Table 3 Effect of freezing temperature with liquid nitrogen on volatile odor substances of Monopterus albus during frozen storage

G LY/l b2 TR B R 1 B BsFR] /s LA E]/ms
1 2-HIE TR TR CyH;50, 1232.0 357.377 1.3822
2 [ CoH;50, 1090.7 238.251 1.4363
3 e JiE-B-IR I CioHyg 974.3 147.804 1.2973
4 LR TR C4H;0, 910.3 110.301 1.3359
5 JI5E-3 - 2 s T CeH,,0 867.8 90.447 1.2201
6 H 2 2. Tig C;H0, 800.3 66.181 1.2201
7 LR C;H0, 800.3 66.181 1.1892
8 R C,HsO 314.6 24.266 1.0695
9 B-IRN CioHig 1008.8 172.070 1.2973
10 3-8 il CsH,,0 1002.8 167.658 1.3552
11 R CsH,60, 1008.8 172.070 1.4054
12 IEC B CeH,,0 800.3 66.181 1.2625
13 5-F 32 - FE 4 -4-fili CgH,,0 967.6 143.392 1.2162
14 CL RIS T iR CoH 40, 1075.0 225.015 1.3861
15 IETR C3HO 821.3 72.799 1.1429
16 3-E MR C:H,,0, 1130.0 271.342 1.3398
17 ST C4H,00 1085.5 233.839 1.3591

2-HEE TR -1-H 5
18 CsH,60, 1061.7 213.985 1.2857
21
19 2-BREE C,H,c0 901.6 105.889 1.3861
20 A -2-C -1 CeH,,0 857.2 86.035 1.5058
2- FE Y Sk g
21 ; CsH;0, 784.5 61.769 1.4286
-3-[ti

22 SN C;Hz0 511.5 35.296 1.1815
23 2-T°H C4H;50 590.3 39.709 1.2432
24 SR EE C3HS 550.8 37.503 1.1544
25 3-FAE TR CsH,,0 878.0 94.859 1.1892
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S T 114 TF O TR R TF Y TS R BT, 3k e A BRI L 2] BT PR SR R R 18 A, 80, —110°C
Y 5 T R Ak A R 1 ) SR AR AL . AR 24 L, TR R 2 O JBE BE40 JE  T FR -5 0°Cil AR 45

— 1O CI A IRES BB LR . LR SR L R TN I

TR T-80°C, —S0°CHE A RS AN BE, 1F O AN IE N 18
FafllF T-80°C, —50°CIH E RS FIN R, it — KI5

AR B4 R R 23 TR T L DA R e B 1 R
2.5 REFERENBRETTHFM

HIZ% 4 ATLUE Y, 26 0 JHI, 4 4L Bl ) (PR a0, L
IODI B A G L A BRI R, SV ST B
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=4

(P<0.05). HEASRBL TR, —110°CHR R RS 15 6 1) o B i
O dR i, KRR R —110°C TR RUR 25 3 BE R, 3 aod 55 KoK iy
Az BT BRI, B UL PR A B P SR B P AR DS, LA 4
BRI AR FEAIR, {75 BB 7 VRSO ) (A A A o 3
SE 5 R R WM ARG B BTG, R o i o BB T
TREFHRAT . AT 4 RS 2 PB4, —80°CHLAR
S YhR VR 45 1 A0 R i T I 3 R - 18°C Y XU PR 45 Fl1-60°C
TR VR4
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Table 4 Effects of freezing temperature with liquid nitrogen on organoleptic scores of Monopterus albus during frozen storage

Vi st ] YRS TR /°C SR (ERES HEURA Jig:i B
-110 5.00 4.83 5.00 5.00 19.834
-80 4.67 5.00 5.00 5.00 19.674

;{g O J?:';] ABa
-50 433 5.00 5.00 5.00 19.33
-20 4.00 5.00 5.00 4.67 18.675
-110 5.00 4.83 4.83 4.83 19.50%
-80 4.67 5.00 4.83 4.83 19.334

6 | ]

%6 A -50 433 4.83 5.00 4.83 19.00482
-20 3.83 4.83 4.83 4.67 18.185
-110 4.50 4.83 4.50 4.83 18.674°
. ABb

12 80 433 4.83 4.33 4.67 18.17Bb
-50 4.17 4.67 433 4.17 17.33
-20 4.00 4.50 4.00 3.50 16.00<°
~110 4.50 4.50 4.67 4.50 18.174°
_ Ab

5 18 1 80 433 4.83 4.17 4.50 17.83Bb
-50 4.00 4.67 4.00 4.17 16.83
-20 3.33 4.17 4.00 4.00 15.50<°
-110 4.00 4.50 4.67 4.83 18.00"°
_ Ab

5 24 80 4.00 433 4.50 4.50 17.33B
-50 4.00 4.00 4.00 4.17 16.17%¢
-20 3.17 3.67 3.83 3.50 14.17¢

H: ANFIRE S0 R ) 5 20 () i 25 25 5, ARV TR Rm 2 18 3 25 7(P<0.05).
N % \
3 2 B S E 3Rk

AT BEZH, TR R GG R R R, R ol T
45 PR a], -80 . —110°CIR AR 45 41 ¥ % [ JiE 5 . MUF As
Hl PUFAs & it FUBE 1740 TXTHE, POV, TBARs fH K&
FFAs ., SFAs & & i Ik T3t B (P<0.05); —80°CHI-110°C¥&
AR BE 2 FFAs . SFAs 9SGk G &t BB K T
—50°CIR AR G5 FINT HE(P<0.05), ARWFFTEE R, KA
TRATREE IR B4R & T R T, ol el P 3o e R vk b
AR, TE R K SR AN 5T, B T R LT 4 Y i SR
BE, ST VR GE AR T A K A RN A, I VR
B (005 . AU, AR PR AP R B 0 11 T, B B 11
PR CARAE I ] . —80°C HI—110°C R A A LS it (4 g 48k 2=
SRR PANERE, JEFE A AR R, ol AR e
FE-80°CI AL
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