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Changes of volatile flavor compounds in lemon pulp during vacuum freezing

Fipm
WANG Hai-ou'?
T

BEN Ai-ling"*
(1. B Rt GEHE 2 B Bl Bh o 2 B T TR 19
ARSI L VLR

DUAN Xiao-jie'”
% OB 4
ZHANG Wei'*?

211171 ;2. YLIR48 W0 AG “FR IR A= W) 5 IR 37 40 o R AL R
21117153, PhbHA M R & W #5107 Wk

BEAY  RWA

WU Yu-long"*
%1.2

HUA Chun'*

110161)

(1. School of Food Science . Nanjing Xiaozhuang University, Nanjing , Jiangsu 211171, China; 2. Jiangsu

Provincial Key Construction Laboratory of Special Biomass Waste Resource Utilization, Nanjing , Jiangsu

211171, China; 3. Food College . Shenyang Agriculture University . Shenyang . Liaoning 110161, China)

WE - BHE:R AR A A E & 4 P 808 Rk R
o EALHE, ik A A F % (Enose) f= & R B A
(GC-MS) 3 R 43 - # 8 | A = % %4 10,20,30 min 47
AR R SR 09 4 K M Rk ) B AT 94T . 85 R E-nose
TEAR L AT AR R A F R R R A 6948 R B Rk R
5 TR T Fe R F] R M T K 4 #7 B A R R R 4
BFA A SR s GCMS oM A A S AL LB PAAHERA
RN A T F ko ZH R F T B (P<T0.05) ;4
BRATHEIZEL MR A R E LA EE 8L B
bt AAEAZALEIRFHORRY ZARERY
MY BIHEAFRRESTTH AR AL TP B
HELERA RN AW RE; AE A% 10 min 5,
DAz MM & £ R & A=k % 20 min 5, Wi & & [ 8F &
FoB RO HEETTHRRAZF BEARLSHEZT IR
AR AERLE 30 min . HAT 2.4-=F RKF B
2,4-= R T AR A A B LBRARS . Bk ATHERRN
FPURGBHERIBERARS ELZAELIRTPENET
A 4, 5F A7 35 5 7 40 R AR

KB AT BEARRRR S AE RS 2T H AR
®A

Abstract: Objective: The variation characteristics of volatile

EETHE:ERXAKRB XX ST W HE (4 5. 31872901,
31301592 VLA A H AR ¥ E KRR W EH (45
18kJA180007) ; YL 44 o A% H A5 i v ik B =5 W H (Gt
R 201618) 5 H M T A B ST RI (G
CE20202030)

EER N TR (1978 . 5 . sl e 2 B 2% . 1+
E-mail: whol978@163.com

I 75 H #:2021-08-17

flavor compounds in lemon pulp during vacuum freezing were in-
vestigated in this study, aiming to provide theoretical guidance
for the regulation of the volatile flavor quality of the vacuum fro-
zen lemon pulp. Methods: The analysis technologies of the elec-
tronic nose (E-nose) and gas-mass spectrometry (GC-MS) were
employed to measure the volatile flavor compounds in fresh sam-
ples and frozen samples after 10, 20, and 30 minutes of vacuum-
freezing, respectively. Results: The results showed that E-nose
could be used to analyze different types of volatile flavor com-
pounds in lemon pulp. The samples with different freezing time
could be distinguished by principal component analysis and linear
discriminant analysis. It was found by GC-MS analysis that the
categories and the contents of volatile flavor compounds in lemon
pulp decreased significantly during the vacuum freezing process
(P<C0.05). The main volatile flavor compounds in lemon pulp
are olefins, alcohols, and aldehydes, presenting a decreasing
trend of fast first and slow later during vacuum freezing. Based on
the heatmap and clustering analysis, the volatile flavor
compounds appeared during the vacuum freezing process could be
divided into 4 categories. After 10 minutes of vacuum freezing,
the loss rate of D-limonene was the highest among the three dif-
ferent treatments. After 20 minutes of vacuum freezing, the loss
of volatile flavor compounds was mainly due to the decrease in the
content of olefins, alcohols and aldehydes, while the variation in
the content of ketones was not obvious. After 30 minutes of vacu-
um freezing, new volatile flavor compounds such as 2,4-dimeth-
ylbenzaldehyde and 2,4-di-tert-butylphenol were generated. Con-
clusion: Most of the volatile flavor compounds in lemon pulp

showed a significant decreasing trend during the vacuum freezing

process, and some new compounds were generated.
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Figure 1

Changes in water loss and moisture content of

lemon pulp during vacuum freezing
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Figure 3 PCA and LDA of volatile {lavor compounds of lemon pulp during vacuum freezing
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Table 2 Semi-quantitative analysis of volatile flavor compounds of lemon pulp during vacuum freezing

. e %ESEJ o ARARLBE / R R 5 & i/ (mg » g 1)
[&] /min % FEEAFEE %5 10 min VR4S 20 min %5 30 min
a- KU 9.148 828 95 0.08+0.04*  0.06+0.00° 0.05+0.01¢ ND
a-JR M 9.460 913 95 0.48+0.09*  0.39+0.11*  0.284+0.18*  0.13+0.02"
B-A K 12.283 934 96 0.36£0.19*  0.2540.15*  0.1740.07*  0.12£0.11%
a-FA I 13.596 972 92 0.08£0.03*  0.07£0.05® 0.0540.03% 0.030.00"
IR R 14.046 983 96 0.1940.03*  0.15+0.04**  0.1240.07* 0.08+0.04"
D15 0 14.444 990 94 12.8340.11*  8.26+0.27"  5.43+0.01¢  4.6840.02¢
" Vo Ik 15.796 1027 96 1.7940.11*  1.2840.29"  0.85+0.00¢  0.6040.009
R SR 17.008 1059 95 0.197£0.02*  0.13£0.03>  0.0940.00¢  0.0540.02¢
B ¥ 32.686 1413 96 0.1040.01*  0.04+0.03" ND ND
T M 33.392 1432 90 0.0740.01¢  0.0540.00" ND ND
L8 7Y S0 A5 445 35.737 1487 94 0.06+0.02¢  0.04+0.01* 0.044+0.02¢ 0.03-+0.01¢
(S)-1-H Ba-4-( 5-H J-1-3F
34.889 1451 90 0.347£0.09*  0.14#+0.03>  0.1140.02° ND
4O/ RO
N 16.57+£0.24* 10.86+0.31> 7.19+0.14c 5.7240.154
7 i B 17.809 1078 98 0.61%0.01*  0.32£0.03>  0.1840.02¢  0.15+0.02¢
(S )~ =2X; - 4 i 5 7 ot 20.862 1147 89 0.0940.02*  0.0840.05*  0.070.03" ND
A-F 21.716 1166 94 0.8340.01*  0.5640.04">  0.4470.00° 0,340,009
e QM T 22,457 1184 95 2.06+0.09*  1.5740.04>  1.0540.06° 0.94-+0.01¢
=
¥ A W 23.946 1217 93 1.3240.05*  0.8940.03*  0.63%0.01°  0.590.01¢
Fi A 24.138 1221 96 0.460.13*  0.2340.05>  0.1340.07">  0.0940.03¢
e 25.218 1245 95 1.10£0.06"  0.8540.02"  0.7440.06° 0.69-+0.18¢
N 6.47+0.18°  4.5040.06> 3.2440.10°  2.8040.20¢
S 12.969 954 92 0.1240.07*  0.0620.01° ND ND
T 18.040 1086 97 0.184+0.02*  0.09+0.02>  0.07£0.01"  0.05%+0.00°
2% 23.130 1196 96 0.060.01¢ ND ND ND
2 AT HUEEGRHIRE 23.419 1204 95 ND ND ND 0.08+0.03¢
R e s 25.028 1231 97 2.16+0.09*  1.7240.04>  1.08+0.12¢  0.910.12¢
e 26.267 1266 92 0.12£0.03*  0.0540.02>  0.0440.03" ND
9 i i 13.430 967 79 0.17+0.11¢ ND ND ND
it 2.8140.14*  1,9240.05>  1.1940.13¢  1.04=0.14¢
TR B AL g 30.123 1356 97 0.460.04*  0.2540.03>  0.1740.01¢  0.110.034
Wik ZEEM 30.975 1374 97 0.2140.03*  0.1740.03% 0.1240.02>  0.08+0.01¢
/Nt 0.670.05*  0.424+0.04>  0.2940.03¢  0.1940.03¢
= FETR 24.781 1234 92 0.137£0.04*  0.0840.05%¢ 0.0440.00>  0.0340.00¢
i2E 2-H BRI 39.970 1595 86 0.1340.02>  0.18£0.11®> 0.2440.06*  0.38+0.14¢
/Nt 0.260.04">  0.2640.12>  0.2840.06>  0.4140.14%
2, 4-ZORUT BEOR Wy 35.839 1489 94 ND ND ND 0.29+0.00°
HA TERE 39.528 1584 85 0.0840.05° ND ND ND
/Nt 0.08£0.05" ND ND 0.29+0.00%
Cwab o 26.8640.430 17.9640.520 12.1940.33° 10.4540.27¢

T ND”ZR7R AR A A TR0 B 5 52 B AN [] 327 22 53 %5 (P <<0.05)
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Figure 4

vacuum freezing
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Heat map and hierarchical clustering analysis of the main volatile compounds in lemon pulp during
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Changes in the content of main olefins, alcohols and aldehydesin lemon pulp during vacuum freezing
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