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Determination of 30 Fatty Acids in Scallop by Ultrasonic Extraction Gas Chromatography

PENG Quan-cai, SONG Jin-ming*, LI Jun, YU Ying
(Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract: An analytical method for the simultaneous determination of 30 fatty acids (including saturated and unsaturated fatty
acids) in scallop was developed. Samples were lyophilized, extracted under ultrasonic assistance, and methy| esterified with
sulfuric acid and methanol before GC analysis. The fatty acids in scallop were quantified by internal standard method. The
optimal conditions for fatty acid extraction from scallop samples, as determined using orthogonal array design, were a mixture
of methanol and dichloromethane (1:3, V/V) as the extraction solvent at a material-to-liquid ratio of 1:140 (mg/mL) and three replicate
extractions for 15 min each time. Both extraction number and material-to-liquid ratio had a significant effect on fatty acid extraction
(P<<0.05). A good linear relationship was found for all 30 fatty acids in the concentration range of 5.0—80.0 p g/mL with a correlation
coefficient exceeding 0.999. The average recovery rates of 30 fatty acids at low and high spike levels were 1.3%—3.5% and
0.9%—3.1%, respectively (n =5). The detection limits of the method varied in the range of 1.94—2.57 mg/kg (Rsv= 3). This method
was simple, rapid, sensitive and accurate and could meet the requirements for the determination of fatty acids in scallop and
similar organisms.
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Table 1 Factors and levels of orthogonal array design

K A BRI ARLL ] B khii bk C $HU D 28
(L S HT) (mg/mL) &) /min WAL
1 1:1 1:80 10 1
2 1:2 1:140 15 2
3 1:3 1:200 20 3

#2 EXRRLGRELEREN T

Table 2 Orthogonal array design arrangement and results

W A B EEs c 5 LRI 1%
1 1 1 1 1 3.71
2 1 2 2 2 411
3 1 3 3 3 4.32
4 2 1 2 3 4.64
5 2 2 3 1 4.02
6 2 3 1 2 4.32
7 3 1 3 2 4.37
8 3 2 1 3 4.80
9 3 3 2 1 4.12
K1 12.14 12.72 12.83 11.85
K 12.98 12.93 12.87 12.80
Ks 13.29 12.76 12.71 13.76
ke 4.05 4.24 4.28 3.95
k 4.33 431 4.29 4.27
ks 4.43 4.25 4.24 4.59
R 0.38 0.07 0.05 0.64
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Table 3 Results of variance analysis for the experimental results of
orthogonal array design

SES EBFEIM AlE P F A P {i

2 B 0.852 6 0.142 61.466 0.016*
R 163.925 1 163.925 70929.236  0.000**
A 0.236 2 0.118 51.063 0.019*
B 0.008 2 0.004 1.793 0.358
D 0.608 2 0.304 131.543  0.008**

C(R%) 0.005 2 0.002

RARZE 164.782 9

2w 0.857 8
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Fig.1 Comparison of fatty acid contents of scallop determined by GC
based on different methyl esterification treatments
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Table 4 Linear equations, correlation coefficients, limits of detection, recoveries and RSD

¥ MR ZetEvEHl /(mg/L) B EVEpyE AR KR [(mglkg) SN /(malg) ~FEIEMECE /9%(n=5)  RSD/%(n=5)
1 Cso 5.0~80.0 y = 73.511x — 14.599 0.9998 2.57 0.2 2.0 89 90 2.1 1.7
2 Cioo 5.0~80.0 y = 64.904x — 9.9465 0.9997 2.35 0.2 2.0 88 92 2.2 1.6
3 Ciro 2.5~40.0 y = 62.786x — 3.807 0.9996 2.32 0.1 1.0 86 89 1.8 1.1
4 Cizo 5.0~80.0 y = 60.161x — 6.364 0.9996 2.24 0.2 2.0 89 91 2.5 1.7
5 Ciso 2.5~40.0 y = 59.078x — 2.1561 0.9994 2.24 0.1 1.0 87 95 2.1 1.8
6 Cuao 5.0~80.0 y = 57.305x — 3.7944 0.9993 2.19 0.2 2.0 85 88 2.4 1.7
7 Cua 2.5~40.0 y = 57.603x — 1.5514 0.9993 2.21 0.1 1.0 84 88 1.3 0.9
8 Ciso 2.5~40.0 y = 56.453x — 1.3181 0.9992 2.18 0.1 1.0 89 92 15 1.4
9 Cis 2.5~40.0 y = 57.357x — 0.6997 0.9991 2.22 0.1 1.0 91 926 1.2 0.9
10 Ciso 75~120.0  y=54.584x — 5.3085 0.9993 2.09 0.3 3.0 85 86 3.4 2.6
11 Cisto7 2.5~40.0 y = 56.505x — 1.4373 0.9993 2.18 0.1 1.0 88 98 2.7 2.1
12 Ciro 2.5~40.0 y = 59.518x — 1.2878 0.9992 2.31 0.1 1.0 86 91 2.9 2.4
13 Cir1 2.5~40.0 y = 53.411x — 1.3153 0.9992 2.07 0.1 1.0 83 89 2.4 2.1
14 Ciso 5.0~80.0 y = 54.455x — 3.5299 0.9993 2.10 0.2 2.0 85 92 1.9 1.7
15 Cis:1 09 75~1200  y=52.862x — 6.0512 0.9993 2.03 0.3 3.0 86 91 2.6 2.2
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e HeWitR 2Ryl /(mg/L) S ea ISPy = MRZRE RHIR /((mglkg) AR INE /(mglg) “FIRIICR 1%(n=5) RSD/%(n=5)
16 Cis206 5.0~80.0 y = 54.492x — 3.6406 0.9984 2.16 0.2 2.0 89 95 2.5 2.1
17 Cis3ws 2.5~40.0 y =55.471x — 1.7753 0.9992 2.15 0.1 1.0 87 94 2.4 1.6
18 Ca00 5.0~80.0 y = 52.787x — 4.2449 0.9993 2.03 0.2 2.0 84 92 2.3 1.9
19 Ca0:100 2.5~40.0 y = 53.227x — 1.9083 0.9992 2.06 0.1 1.0 86 90 2.5 2.1
20 Ca0:206 2.5~40.0 y = 54.345x — 1.8574 0.9991 2.10 0.1 1.0 89 94 2.7 2.6
21 C203w6 2.5~40.0 y = 53.541x + 1.0608 0.9993 2.17 0.1 1.0 85 96 2.8 1.7
22 Ca0:406 2.5~40.0 y = 56.473x — 1.6763 0.9991 2.19 0.1 1.0 87 92 2.6 1.8
23 Caso 2.5~40.0 y = 58.273x — 1.1173 0.9990 2.26 0.1 1.0 86 93 2.8 2.7
24 C205 w3 2.5~40.0 y = 58.227x — 2.0252 0.9993 2.24 0.1 1.0 85 91 25 2.2
25 Ca2z20 5.0~80.0 y = 52.458x — 4.3498 0.9994 2.01 0.2 2.0 89 96 2.1 1.8
26 Caz1wo 2.5~40.0 y = 52.151x — 1.6617 0.9992 2.01 0.1 1.0 85 99 1.8 1.6
27 Ca222 2.5~40.0 y = 54.857x — 1.8418 0.9991 2.13 0.1 1.0 84 91 1.9 1.5
28 Caao 2.5~40.0 y = 53.322x — 1.8814 0.9992 2.05 0.1 1.0 89 97 2.9 2.6
29 Coaan 5.0~80.0 y = 53.001x — 5.2988 0.9990 1.94 0.2 2.0 89 99 3.2 2.8
30 Ca26ws 5.0~80.0 y = 55.842x — 3.3119 0.9991 2.18 0.2 2.0 85 94 35 3.1
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Table 5 Determination results for real scallop samples (n = 3)

B e i I(mg/kg)
Sk P 1 P 2 P
1 Cuo 20803+ 011 20874 +010  198.86 + 0.10
2 Cuo 14181+ 007  14204+008 14033 + 0.07
3 Cuo 9848.71 + 327  10434.93 + 423 9537.01 + 4.93
4 Cuwiw 694794035 96178+ 048  750.078 + 0.41
5 Cuno 45029+ 022 55287+ 025  489.97 + 0.25
6 Cuso 428379 +2.15 370072 + 179 3945.84 + 2.11
7 Cwwe 829034041 324384016 70490 + 035
8  Cues 114881+ 057 103051+ 050 1190.25 + 0.61
9 Cuwses 166954008 18548 + 009 12317 + 0.06
10 Cuwe 720314036 45280+ 022 61097 + 0.31
11 Coces 448414022 67162+ 041 53837 + 0.27
12 Cusw 178178 +089 1551934078 48356 + 0.25
13 Cuses 1158327 + 483 12130.49 + 405 923411 + 4.73
14 Coamew  397254+179 415117+ 194 340568 + 1.75
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