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ABSTRACT A headspace ( HS)/solid phase microextraction ( SPME )/gas chromatography-mass
spectrometry ( GC-MS) method was developed to accurately determine the profiles of volatile com-
pounds from royal jelly based on the single-factor tests of extraction temperature and time, sample size,
saturated NaCl solution addition. The optimization of the extraction conditions was carried out by re-
sponse surface methodology. According to optimized extraction conditions, volatile compounds in royal
jelly from five different sources were determined by gas chromatography-mass spectrometry ( GC-MS) .
The analytical conditions of the optimized HS-SPME method were: extraction temperature 62 °C , ex-
traction time 60 min, 2 g royal jelly, 1 mL saturated NaCl solution. Under this extraction condition,
the total peak area was the largest. The GC-MS analysis allowed the identification of 48 volatile com-
pounds in five royal jelly. The 16 common volatile compounds in the samples were rich in acid, ester
and aldehyde compounds, but their content was varied. These common compounds may be related to
the characteristic flavor of royal jelly. The results could be used for the detection and application of
volatile compounds in royal jelly.
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Table 1 Factors and levels used in Box-Behnken analysis
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-1 50 50 1.5 0
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2.2 m Az ER AL KR
F| ] Design Expert 84, %t 22 2 88 b7 — Ik

Z I A A DA 3% 5 0 T AR Sy o) 7 (L, 75 31 —
WZIuBlAT AT

Y=3.285 x 10" +2.469 x 10°X, - 1. 857 x 10°X, +
2.757 x10°X, - 3. 928 x 10°X, + 8. 346 x 10°X, X, — 4. 472
10°X, X, - 1. 734 x 10°X, X, - 8. 756 x 10°X,X, - 5. 521 x
10°X,X, =7. 175 x 10°X, X, - 6. 831 x 10°X; —3.730 x 10°X; -
3.991 x 10°X; - 4.433 x 10°X;,

®2 MWEMETRER

Table 2 Response surface design and results

X

éﬁ‘é‘ XI Xz X3 X4 fé\ﬂf%ﬁ L
1 1 1 0 0 2.506 71 x 10"
2 1 0 0 1 2.189 22 x 10"
3 0 1 1 0 2.423 89 x10"
4 0 0 0 0 3.340 25 x 10"
5 0 -1 1 0 2.566 12 x 10"
6 0 1 0 1 2.310 42 x 10"
7 0 0 0 0 3.261 21 x 10"
8 0 -1 0 1 2.443 62 x 10"
9 -1 0 -1 0 1.837 76 x 10"
10 0 0 0 0 3.460 4 x 10"
11 0 -1 0 -1 2.451 26 x 10"
12 -1 0 0 -1 1.735 48 x 10"
13 -1 1 0 0 1.937 79 x 10"
14 1 0 -1 0 2.413 45 x 10"
15 1 0 0 -1 2.675 31 x 10"
16 0 0 1 -1 2.590 87 x 10"
17 0 0 1 1 2.468 98 x 10"
18 0 0 0 0 3.190 42 x 10"°
19 -1 -1 0 0 2.22622 x10"
20 -1 0 0 1 1.943 16 x 10"
21 1 -1 0 0 2.461 32 x10"
22 1 0 1 0 2.413 21 x 10"
23 0 0 -1 1 2.54592 x 10"
24 0 0 0 0 3.170 35 x 10"
25 -1 0 1 0 2.016 42 x 10"
26 0 -1 -1 0 2.381 35 x10"
27 0 1 -1 0 2.589 34 x 10"
28 0 0 -1 -1 2.380 81 x 10"
29 0 1 0 -1 2.538 91 x 10"

HH 2% 3 AT, R 06 T R T Y AT 0 A R v R
(P<0.000 1),2:430 P =0.60 >0.05 A g 2, i #1
Ry, =0.946 9 R’ =0.973 4 {5 H 20. 834 >4, {5 B
AR 5B AR A S A B IR 2N
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Table 3 Analysis of variance for the quadratic

regression model

77 KR BT E A Hii% F i P

i 5.195E +020 14 3.71IE+019  36.66  <0.000 1
X, 7.313E +019 1 7.313E +019  72.26  <0.000 I
X, 4.138E +017 1 4.138E +017 0.41 0.5329
X5 9.122E +017 1 9. 122F +017 0.90 0.358 5
X, 1.851E +018 1 1.851E +018 1.83 0.197 7
XX,  2.786E +018 1 2.786F +018 2.75 0.1193
XX, 8.001E +017 1 8.001E +017 0.79 0.389 0
XX, 1.203E +019 1 1.203E +019  11.89 0.003 9
X, X5 3.066E +018 1 3.066F +018 3.03 0.103 7
X,X, 1.219E +018 1 1.219E +018 1.20 0.290 9
XX,  2.059E +018 1 2.059E +018 2.03 0.175 7
X3 3.027E +020 1 3.027E +020  299.03  <0.000 1
X3 9.023E +019 1 9.023E +019  89.15  <0.000 I
X3 1.033E +020 1 1.033E 4020  102.06  <0.000 1
X2 1.275E +020 1 1.275E +020  125.96  <0.000 1
% 1.417E +019 14 1.012E +018
K4 8.522E +018 10 8.522E +017 0.60 0.764 5
A% 5.647F +018 4 1.412F +018
¥l 5.337E +020 28
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Fig.2 Response surface 3D analysis chart
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{0 3.310 11 x 10", 2 p& 2356 (0 92 PR VR 1% B
P 2R AR A AL ZE UL EE 62 °C, 22 HU) ] 60 min,
FESh i 2 g, M0 NaCl ¥ IR WS i o 1 mL, 78 1 5%
PETFHEAT 3 WBR UE 58, 75 31 L 0 1w AR OF YA
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Fig.3 Total ion chromatogram of volatile components
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Table 4 Qualitative and quantitative analysis of volatile compounds in royal jelly samples

RT RI %X AR B A B C D E
17.222 1442 RI,MS 1 0.35+0.01° - - 0.25+0.01°  0.27 £0.02" 0.11 £0.09"
21.33 1625 RI,MS T 0.19 +0.01* - - 0.14 £0.01">  0.14 £0.00" - -
22.246 1757 RI,MS 2-H - iR - - - - - - 0.15 +0.00 - -
23.415 MS R -13-1 BRI R - - - 0.16 +0.02 - - - -
26.042 1846  RI,MS CL R 1.10 £0.04*  0.43+0.03%  0.66 £0.03° 0.92+0.02" 0.46 +0.04"
28.222 1930 RI,MS (E)-3-C 4 0.45+0.03*  0.22£0.02° 0.34+0.02" 0.3420.01" 0.18 £0.02°
30.324 2060 RI,MS SR 17.48 £0.98°  7.98 £0.08" 13.13 £0.44" 12.52£0.51" 8.92+0.07¢
31.484 - - MS TR 0.83+0.01"  0.23£0.03° 0.45+0.02° 0.49+0.01" 0.31£0.01°
32.128 - - MS i =X, -2 -2 W iR 0.35+0.01*  0.14£0.01Y 0.29+0.01> 0.21 £0.01° 0.13 £0.01¢
32.261 2171 RI,MS TR - - 0.12 £0.02">  0.15+0.01° - - - -
32.713 2182  RI,MS (E)2-3¢ 5% 1.56 £0.14*  0.36 £0.02° 1.00+0.07" 1.02+0.01" 0.51£0.01°
34.148 2276  RI,MS IR 1.12£0.04°  0.28 £0.02¢  0.66 £0.04> 0.71 £0.01" .43 +0.03°
36.283 2428 RI,MS 2 2238 I R 5.12 £0.66° 45 £0.11%  3.76 £0.06"  3.70 £0.09"  2.25 +0.06°
37.29 2412 RI,MS 2 iR - - - - 0.48 +0.02 - - - -
38.55 - - MS RN R - - - - 0.13 +0.01 - - - -

(S
13.81 - - MS PR R , BF O A 5 T g - - 0.46 +0.02" - - 0.89 +0.02° - -
18.98 - - MS ﬁﬂ 2 ,3-( 1 /\be a3k ) TN g - - - - - - 0.16 £0.01 - -
20.6 1612  RI,MS 2R H 2 R 0.97 £0.06*  0.30 £0.01¢  0.42+0.02"> 0.36£0.02° 0.23 £0.01°
21.718 - - MS W B iR, T F34 2 3 1 fig - - - - - - 0.11 £0.01
21.722 - - MS Wﬁ)n‘ﬂa TR 35 L 1 o 5 g - - - - - - 0.15 £0.00 - -
23.64 - - MS T H-9-— W figfig 0.16 £0.02 - - - - - - - -
24.059 1765 RI,MS K A5 1 T i 0.25 +0.02° - - 0.18 £0.00" 0.10+0.01°
28.075 1976  RI,MS T Y R 0.26 £0.02*  0.13 03" 0.2220.01"  0.18£0.01° 0.09 +0.00°
32.39 2194 RI,MS T2 N iR 0.26 +0.02° .11 20.01°  0.22+0.01"  0.28+0.01° 0.09 £0.00°
37.8 2536 RI,MS  1,2-Z8 —HIfR, X (2-H RN 3L ) ik - - - 0.52+0.01* 0.19£0.01°
39.479 - - MS 1,228 ZWIR, T 5 8-H1 3L T- SL g - - 0.32+0.02" - - 0.60 £0.01°* - -
39.493 - - MS AR R, T S — ke SR . - - 0.25 +0.02" - - 0.28 +0.01°
17.485 1495 RI,MS (E,E)2,4-P " IHE 0.24 £0.00*  0.11 £0.01°  0.14+£0.01"  0.1320.02" 0.11 £0.00°
18.235 1520 RI,MS % 2.33+£0.14"  1.26£0.05° 2.26+0.04" 2.0920.11" 1.34£0.03°
21.133 1640 RI,MS KW 0.18 £0.01° 0.14 +0.01" - - 0.09 £0.01°
21.497 - - MS 3-I O -1 -0 BT 2 -0 T 0.16 £0.01° - - 0.15+0.01° - - 0.09 +£0.01"
24.818 1683 RI,MS 2,5- T IR -1-FE R - - - - 0.16 +0.00 - -
[IEES
22.798 - - MS 13-4 e -1 0.48 +0.01° - - 0.17 £0.01>  0.15 £0.00" - -
22.803 1664 RI,MS 10— I -1 - - - 0.12 +0.01 - - - - - -
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g4
RT RI % AW 4 R B C D E
26.369 1870 RI,MS 2R 0.22+0.01"  0.12£0.02° 0.29 £0.01° - - 0.09 +0.00"
33.715 2304 RI,MS 2- +REE - - 0.15+0.01*  0.14 £0.01° - -
37.207 - - MS 12 FHIE-E,E2,13 /B -1 - - - 0.17 £0.01*  0.13 £0.01" - -
GBS
9.108 1182  RI,MS 2- 0.41 £0.03¢  0.37 £0.03¢  0.49 £0.02° 0.87 £0.07* 0.58 +0.05"
14.776 1390 RI,MS 2-T-F 0.95+0.15"  0.38£0.01° 0.82=0.01° 0.5320.02% 1.250.03"
17.122 1468 RI,MS 2-T- I -4 - 0.20 £0.01*  0.12 +0.02" - - - - 0.09 +0.01°
21.266 1647  RI,MS 2K T 0.21 +0.01° - - 0.156 £0.01"  0.13 +0.01° - -
[HES
29.151 2000 RI,MS EaL 0.37 £0.01>  0.11 £0.02°  0.50 £0.02°  0.15£0.00% 0.23 £0.01°¢
34.672 2318 RI,MS 2,4-TRUT AR - - - - 0.17 +0.01 - -
HoAts
10.524 1251  RI,MS ¥ =R 0.27 £0.02*  0.22 +0.00" - - - -
11.205 1261 RI,MS KW 0.10 +£0.01 - - - - - - - -
15.589 - - MS 23T N R 0.21 £0.01*  0.10+0.01"  0.17 £0.01" - - 0.15 £0.00°
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