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RGO .

1.2.5.1  BEca s AR A (D) TR &
P BT H

H,(mg/g)=m+------ +m, (1)

A H——H1 n min F7 8 B R, mgle;
m—55 1 43 Bhrr 06 K DUAE , mg/g;mi——3 n
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Fig.1 A total ion flow map of the scented ingredients in orange peel
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Table 1 Analysis results of aroma components in orange peel
5 G Bt 1A /min CAS 5 It e L4 AR AR E A F /%

1 6.08 000691-37-2 86 49 Jk—1- R 0.22
2 15.21 000066-25-1 90 Y S 0.02
3 20.35 000694-87-1 94 RIIRT W 0.10
4 22.67 000080-56-8 97 2R K 0.62
5 24.67 003387-41-5 96 A K 0.63
6 24.85 018172-67-3 97 (=)—B- Ik Fw 0.08
7 25.46 000123-35-3 96 A AR 2.25
8 26.14 000099-83-2 87 o—7K 7 K 0.14
9 26.42 013466-78-9 96 3-% 4 0.26
10 26.71 000099-86-5 96 Ao iy Hy 0.08
11 27.11 000535-77-3 95 p-A itz 0.17
12 27.34 005989-27-5 97 A AR K 95.01
13 28.07 013877-91-3 96 ¥ 3 K 0.04
14 28.59 000099-85-4 96 y—A it K 0.12
15 30.46 000124-19-6 90 ESlS 0.13
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Ty H8 e 1) il W 50 4 o e 4 O il W I TR] R 2
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WO B[R], 9245 0 e it 1 A, U B R e ]
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Fig.2 The effect of purging flow on the release content Fig.3 The effect of desorption time on the release content

of limonene in tangerine peel of limonene in tangerine peel
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Fig4  The effect of desorption temperature on the Fig.5 The effect of purging time on the release content
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M FATINGE S e W3R 3 B  FRah PG R RAE  BEAVRAS, T TR il P 0 R
172 [ AE 96.97%~126.71% 2 6], ¥ BHYIE
1.19%~4.70% (n = 5) , 2 W B 4 75 0% DR B
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Table 2 Linear equation, correlation coefficient, detection limit and quantification limit of limonene

ot 4 AR a2 5 42 %R R (R ¥ i R /g mL! % & /g mL

AT AR y = 1.50x10 - 0.0423 0.9904 0.020 0.065
G B Ay 5 A0 et e JEE AR B v 22 1) 3 A 3 2 Ak B R A B b e BE I AR vfE 22119 10 £
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Table 3 Recovery and precision of limonene

o th 4 AR A kAL /mg - ™! MAFE/mgeg” AeARR A/ mgeg” FHEKE/% A %
1.28 1.23 96.97 4.70
AT AR 2.57 2.57 3.22 126.71 1.82
3.85 3.96 103.84 1.19
2.4 AREEETHRPITEERIITASNT TR R R, TR R R

241 REEXITRES AT BT A R R PR O T IR IR T R T A
PR R AT IS R R BN ER, HEA s R B SRS K, B GE 2 N
I W 1 38 ¥ (40,45 ,50,55,60,65,70,75,80 °C) F Ko

R it TP AT AGE A %) R TR Sk B R A B R (B TR ) B S 10~20 min P, B HoFy A5 Jeis 88 00 34 I 1)
min) (254, 25 WA Ta iR B 7h MET 30 min FIEEE %R B N 0.20~0.66 mg/g, RIS, i Hf
PUEERR 5 min AP0 RIS B, RIRT G 0 R 1Y V) B3 Ay A s o ok R T S R AIG, EL B e R 1Y
W, AT UL RS RN ] BN AR R AR SR TR RO R S T 2 PR AR A e X AT e
BRI L e D s i S RS I, 0~10 BT EIRWRE LT AT 10 min PR KR B
min, B 5 FPOFE I BRI R B 0 AR ROE IR B R S AR B T R, 20~30 min, 77
¥ P B T B O B0 B TICAETE 1.59~2.17 mg/g Ju L 0 BRIk Fy 22 18 35 i b 40 v o U B AR R F
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Fig.7 Release content (a) and curve slope (b) of limonene in samples at different temperatures
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Fig.8 Release rate of limonene in samples

at different purging temperatures

£4 TRARAREFHSFHREHRRE

Table 4 Release rate of limonene in samples at different purging temperatures

B EI%
A 3] /min

40 C 45 C 50 C 55 C 60 °C 65 C 70 C 75 C 80 C
5 28.93 36.37 42.00 49.81 53.28 66.52 71.61 71.70 72.10
10 62.78 67.97 68.79 79.96 80.84 86.05 82.91 83.20 84.10
15 80.70 81.77 82.20 89.98 90.51 92.44 87.89 88.10 88.60
20 88.99 89.17 90.57 95.69 94.56 95.24 91.37 91.50 91.85
25 92.81 93.96 94.83 97.80 96.65 96.61 93.40 93.60 94.55
30 94.99 96.46 97.04 98.81 97.79 97.45 94.98 95.21 95.98
35 96.88 98.33 97.94 99.32 98.56 97.99 96.37 97.50 96.45
40 98.06 99.48 98.65 99.80 98.99 98.36 97.44 98.50 98.24
45 98.68 100.00 98.98 99.95 99.29 98.94 98.09 99.10 99.61
50 99.08 99.21 100.00 99.51 99.40 98.81 99.63 100.00
55 99.58 99.64 99.70 100.00 99.56 100.00
60 99.88 100.00 99.86 100.00
65 100.00 100.00

2.4.2  OR[ENEEE T RE S RIS B sh 01 25 AT R
K25 RE I B 1 2 07 B R — PR
J#C Higuchi B XA [R] I BE T B S b by g 04 1Y)
B RTS8 2 O B LA 1Y
MISE R R A, 25 T W3 5 Rt A 6 AN [ A 7Y
MG A —E S, Hih—ZUR UG R &
I R ER K, J 0.906~0.997 , X 75 W KE 5 b A 7
s T A R X R T SRR OGS E T, R
1 AR R R SR Bh 77 .

Xof AN TR) ek B T A A 0 1) o R R AT — R

WeEh A SRR 9 Bk A AR E T
PR 2 T 25 R AN 6 TR, KA B R
REBAE I SRR E CREY, KRk
T A BB IR B O T T K, R WA A A R
A SRy el B R Rk, R S A TR
B 25 T () T R 0 S R A
1 2% IH R 5 3 ) — 2 B X R A s ), 40 CRH A
B4 7.33 min, W5 KT 80 CHAYF
W (2 2.22 min) ,
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Table 5 The release fitting of each release kinetic equation to the release behavior of tangerine peel

e RER
e BEA
40 °C 45 C 50 C 55 C 60 °C 65 °C 70 °C 75 C 80 °C
KB 0.592 0.608 0.595 0.552 0.463 0.451 0.505 0.531 0.533
— B AFHK 0.982 0.991 0.997 0.990 0.996 0.996 0.909 0.906 0.915
Higuchi #44  0.720 0.868 0.675 0.630 0.272 0.096 0.086 -0.315 -0.229
100+
100 1001
S S 80 F S
S o3 & 80t
v = w5 60f % 5
fi(i e y=100.89 (1-¢ %) = o 0 y=101.66(1-¢ %) = o 60p f y=100.09(1-e)
g 40 R=0.982 g2 R*=0.991 ¥ 2 401 R*=0.997
o) - < 2L/ o)
ez 20H/= e .' = 20
00 10 20 30 40 50 60 70 0 10 20 30 40 50 00 10 20 30 40 50 60
PRI 1] T ) TR 7]
Release time/min Release time/min Release time/min
(a) (b) (c)
100} 100 100t
8 80 N 80 S 80+
e %60- y=100.602 (1-e14%) W % 60 ¥=99.435 (1-e ) % g 601 y=98.018 (1-e2>)
= 2, X o 2 & 2
?E §40 | R*=0.990 @ % 40 R*=0.996 3(.‘*:" % a0l R*=0.996
E 20 H g 20 E 20
Y 1 S Y S b
0 10 20 30 40 50 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60
TR i) TR B ] FE T[]
Release time/min Release time/min Release time/min
(d) (e) €)]
100 100 100
S 80 8 80 S 80
s 5 6of §y=95.146 (1-e**%) W E 60 ¥=95.127 (1-e*%) ¥ E 6ol y=94.721 (1-e*¥)
= 2 = 2 gt 2%
o % a0k R*=0.909 5 % 40k R*=0.906 w % aof R*=0.915
£ 2 £ 20 £ 20
T e D T
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50
Tl ] T[] T 7]
Release time/min Release time/min Release time/min
(g) (h) (i)
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Fig.9 The first-order release model fits the release of limonene in samples at different temperatures
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Table 6 The half-life of limonene released from orange peel micropowder at different temperatures
under the first-order fitting

40 C 45 C 50 C 55C 60 C 65 C 70 C 75 C 80 C

k 0.09 0.10 0.11 0.14 0.16 0.22 0.30 0.30 0.31
¥ 3% A /min 7.33 6.77 6.16 4.83 4.44 3.22 2.33 2.31 222
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Table 7 Kinetic parameters of the release of limonene in the sample
Phb- 75 A2 F5 97 B T A AR /K] - mol™ R?
y=—3814.3345x+9.7178 1.66x10* 31.75 0.965
3 zjn:i«/l’: ing and Raising, 2019(9): 5-10.

FIF P T-GC/MS B T K S b0 & i
ARSI 7 1 o R T O07 V6 25 S [ IR BE S5 A T #r
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DET P & T-GC/MS B HF A W & J7 1 78
0.06~0.30 pg/mL i B 4Pk R 47, 4R 0.020
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Abstract

purge and trap—gas chromatography/mass spectrometry
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Analysis of the Release Behavior of Limonene in Tangerine Peel Based on P & T-GC/MS

Huang Ke', Xu Kejing”, Chen Kang',

Liang Miao',

Yang Jinchu?, Zhang Junsong!

(“College of Food and Bioengineering, Zhengzhou Unwversity of Light Indusiry, Zhengzhou 450001
*Technology Center for China Tobacco Henan Industrial Limited Company, Zhengzhou 450001)

In order to study the release behavior of limonene, a characteristic aroma component of tangerine peel, a

(P & T-GC/MS) method was established to analyze the content of

limonene in tangerine peel. Based on this method, the limonene was investigated at different temperatures. The release

behavior of tangerine peel was fitted with dynamic models (zero—level model, first—level model, Higuchi model) to obtain

suitable kinetic models and parameters. The results showed that: 1) The detection method based on the P & T-GC/MS
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combined technology had good linearity in the range of 0.06-0.30 pg/mlL, the detection limit was 0.020 pwg/mL, and the
recovery of limonene was between 96.97% and 126.71%. The precision was 1.19%-4.70% (n=5). 2) At each test tem-
perature, the amount of limonene released in the sample increased with time, and the overall trend increased first and
then slowly. 0—10 min, the overall release amount of limonene in the sample was higher, and the release rate was
faster. 10-20 min, the release rate of limonene in the sample was significantly reduced. 20-65 min, the limonene in the
sample was basically no longer released. 3) The first—order release model could better describe the release behavior of
limonene in samples at different temperatures. The model fitting correlation coefficient R? was between 0.906 and 0.997,
and the activation energy of limonene release was 31.71 kJ/mol.

Keywords tangerine peel; limonene; purge and trap method; kinetic equation; release behavior



