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Abstract: A gas chromatography-internal standard method was developed to measure the contents of fatty acids in four types
of pre-prepared foods. The food samples were hydrolyzed with hydrochloric acid, extracted with ether-petroleum ether, saponified
with 2% sodium hydroxide methanolic solution, and methylated with 15% boron trifluoride methanolic solution. Then, they
were diluted with isooctane and layered with saturated sodium chloride aqueous solution. Finally, water was removed with
anhydrous sodium sulfate, and the upper layer was filtered through a 0.45 pm membrane. Separation was performed using a
DB FastFAME (90 mx0.25 mm, 0.25 pm) chromatographic column with a gradient temperature program, and an internal standard
method was used for quantification. Under the established conditions, 36 fatty acids were effectively separated. Good linearities were
observed in a certain range, and the correlation coefficients were higher than 0.99. The detection limits and quantification limits were
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3~6 mg/100 g and 10~20 mg/100 g, respectively. Validation by spiking showed that the average recoveries at three levels ranged

from 72.43% to 94.54% and relative standard deviations ranged from 2.84% to 8.71%. The proposed method demonstrated high

accuracy, good reproducibility, and a low cost for detection, thus proving effective for measuring fatty acid content in pre-prepared

food. Fatty acid content was measured in four pre-prepared foods: Yu Xiang shredded pork, braised lion’s head meatballs, black

pepper beef strips, and braised chicken with yellow sauce. This method can be used to accurately determine fatty acid content in

various pre-prepared foods. It provides technical support for the market supervision of pre-prepared dishes.

Key words: fatty acids; pre-prepared dish; gas chromatography-internal standard method
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Table 1 Abbreviations, CAS numbers, retention times, and relative retention time for 37 fatty acid methyl esters

5 R o BR 7 g ReRrBA AR ARG /min  ABXHARG BT (WA C11:0 A A4F) CAS &
1 T B F A5 C4:0 10.73 0.77 623-42-7
2 B P A5 C6:0 11.40 0.82 106-70-7
3 F B Y s C8:0 12.30 0.88 111-11-5
4 KBR Y B C10:0 13.35 0.96 110-42-9
5 +—ERER T B (W) C11:0 13.97 1.00 1731-86-8
6 + B B B C12:0 14.68 1.05 111-82-0
7 + = B B H B C13:0 15.56 1.11 1731-88-0
8 + 9 B 8L P B C14:0 16.68 1.19 124-10-7
9 -9~ v BE — s 8L B Cl4:1 17.33 1.24 56219-06-8
10 + BB P B C15:0 18.11 1.30 7132-64-1
11 IR-10-+ £ 8% — i B F 85 C15:1 18.97 1.36 90176-52-6
12 + AR AR F B C16:0 19.98 1.43 112-39-0
13 NIT-9- 5 B, — b R T B C16:1 20.83 1.49 1120-25-8
14 + sk 8L P Bs C17:0 2241 1.60 1731-92-6
15 JIA-10-~+ o B — Mg F 85 C17:1 23.38 1.67 75190-82-8
16 + AR ER T B C18:0 24.93 1.79 112-61-8
17 B -9-+ NBE— i B8 F B C18:1n9t 25.40 1.82 1937-62-8
18 NA-9- A8 — W B F g C18:1n9C 25.71 1.84 112-62-9
19 B, R-9,12-+ N\ Z M B2 F i C18:2n6t 26.28 1.88 2566-97-4
20 A, -9,12-+ ABK — b B F i C18:2n6C 27.07 1.94 112-63-0
21 R, R, R-6,9,12-F \BE =SB F A C18:3n6 27.95 2.00 1120-28-1
22 IR LIA,JR-9,12,15-F A B =B FE C18:3n3 28.86 2.07 16326-32-2
23 — AR T B C20:0 30.29 2.17 2390-09-2
24 NR-11- =+ 2% — 4 B2 P B C20:1 3121 2.23 301-00-8
25 MR, R-11,14- =+ 88 =M 84 F B C20:2 32.83 2.35 6064-90-0
26 ZF— R RV A C21:0 3321 2.38 61012-46-2
27 AL, R-8,11,14- =+ B = HER T A C20:3n6 33.84 2.42 929-77-1
28 NIR-5,8,11,14- =+ 2% v i 5 7 85 C20:4n6 34.50 2.47 21061-10-9
29 NR-11,14,17- =+ 8% = B8 5 B C20:3n3 34.88 2.50 1120-34-9
30 s e 3Gl C22:0 36.36 2.60 55682-88-7
31 IR-5,8,11,14,17- =+ 5% & ¥ B8 F B C20:5n3 36.69 2.63 2566-89-4
32 13- =+ — 8% — B F A C22:1n9 37.50 2.69 2433-97-8
33 NA-13,16-=+ =8k — ¥ s F 85 C22:2n6 39.54 2.83 61012-47-3
34 —+ =B T By C23:0 39.88 2.86 2442-49-1
35 —+ sk R T Y C24:0 43.94 3.15 2734-47-6
36 =15+ w9 85 — s B F S C24:1n9 45.55 3.26 2733-88-2
37 -4,7,10,13,16,19- =+ Z 8 M B T ES C22:6n3 45.79 3.28 2566-90-7
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2 36ThASATEA FRER ML TR, X REE (R®) . ¥ HR (LODs, n=7) AEEMR (LOQs, n=6)
Table 2 Correlation equations, coefficients, limits of quantification (LOQs, n=6) and limits of detection (LODs, n=7)

of 36 fatty acid methyl esters
KMLE/ A R/ TEMR/

ST EPEEEEN H£ R R (mgmL')  (mg100g (mz100 g
C4:0 y=3.091 5+0.019 6x 0.996 4 0.01~0.4 3 10
C6:0 y=3.901 1+0.040 3x 0.999 3 0.01~0.4 3 10
C8:0 y=4.328 8+0.027 6x 0.998 4 0.01~0.4 3 10
C10:0 y=4.745 5+0.033 2x 0.997 7 0.02~0.4 6 10
C12:0 =4.966 6+0.031 8x 0.996 6 0.02~0.4 6 10
C13:0 ¥=5.041 1+0.034 6x 0.998 9 0.01~0.4 3 10
C14:0 ¥=5.014 2+0.033 9x 0.999 4 0.01~0.4 3 10
Cl4:1 y=5.218 5+0.035 7x 0.995 7 0.01~0.4 3 10
C15:0 ¥=5.074 5+0.034 2x 0.997 4 0.01~0.4 3 10
C15:1 y=4.745 5+0.033 2x 0.997 3 0.01~0.4 3 10
C16:0 y=10.607 6+0.074 Ox 0.997 7 0.02~0.4 6 10
c16:1 =5.219 4+0.035 Ox 0.999 5 0.01~0.4 3 10
C17:0 y=5.283 8+0.035 3x 0.999 3 0.02~0.4 6 10
C17:1 ¥=5.238 0+0.034 6x 0.997 6 0.01~0.4 3 10
C18:0 y=5.428 7+0.037 3x 0.998 3 0.02~0.4 6 10

CI8:1n9t  y=5.4154+0.036 2x 0.997 8 0.01~0.4 3 10
CI8:1n9C  y=5.419 8+0.039 lx 0.995 4 0.02~0.4 6 10
CI8:2n6t  y=5.3142+0.036 lx 0.996 7 0.01~0.4 3 10

C18:3n6 ¥=5.198 1+0.034 9x 0.997 9 0.02~0.4 6 10

C18:3n3 ¥=5.209 6+0.035 1x 0.994 1 0.01~0.4 3 10
C20:0 ¥=5.567 9+0.037 8x 0.995 9 0.02~0.4 6 10
C20:1 V=5.443 3+0.036 6x 0.993 5 0.01~0.4 3 10
€202 ¥=5.312 7+0.035 9x 0.999 1 0.01~0.4 3 10
C21:0 y=5.434 3+0.035 8x 0.999 3 0.01~0.4 3 10

C20:3n6 ¥=5.195 5+0.034 4x 0.999 5 0.01~0.4 3 10

C20:4n6 ¥=5.291 8+0.034 9x 0.998 9 0.01~0.4 3 10

€20:3n3 ¥=5.262 7+0.035 3x 0.999 0 0.01~0.4 3 10
€22:0 ¥=5.614 3+0.036 9x 0.999 2 0.01~0.4 3 10

€20:5n3 ¥=5.120 8+0.033 5x 0.999 3 0.01~0.4 3 10

C22:1n9 ¥=5.500 0+0.036 3x 0.999 4 0.01~0.4 3 10

C22:2n6 ¥=5.539 5+0.035 4x 0.999 1 0.01~0.4 3 10
€23:0 y=5.541 2+0.036 9x 0.998 2 0.01~0.4 3 10
C24:0 ¥=5.542 5+0.033 9x 0.999 3 0.02~0.4 6 20

C24:1n9 V=5.448 2+0.032 4x 0.998 3 0.01~0.4 3 10

C22:6n3 y=4.757 0+0.025 3x 0.998 8 0.01~0.4 3 10
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* 3 BENL1SFRPOTAE RS B B R INAR Y S E
Table 3 RSD and Recovery of 8 fatty acid methyl esters in yuxiangrousi-1 (n=6)
A K-F /(10 mg/100 g) A K-F /(50 mg/100 g) A K- /(100 mg/100 g)

N

i = /Y% HAX AR %1% = /Y% A% £ /% = /Y% %R £ /%
C6:0 77.81 8.71 88.52 5.34 92.45 5.19
Cl4:1n5 75.22 8.24 79.34 7.45 88.46 4.55
Cl17:1 79.81 7.75 81.33 6.19 84.94 4.98
C18:1n9t 72.43 7.46 78.91 5.66 83.53 3.54
C21:0 73.65 8.17 80.40 6.81 90.42 3.71
C20:3n3 74.90 7.62 83.54 4.63 89.51 2.84
C20:5n3 73.52 791 79.43 4.45 93.63 4.63
C22:6 74.23 6.92 82.82 5.21 94.54 4.42

R 4 EEREFRETHIK PSR S SRR L
Table 4 Comparison of fatty acid detection data in actual pre-cooked dishes of meat category

Uk Ao BRI A /(mg/100 )  $ AR TAeA S HER/(m@/100 g) % AAaARBE L /(mg/100 g)

ahEny 2.22~10.8 1.64~3.54 3.22~5.59
LT F K 1.75~6.09 1.80~6.7 0.82~2.95
Z P 1.43~3.23 1.31~3.20 1.31~4.93
3 Ha 8, 1.80~2.14 1.55~2.81 2.18~3.86
a 6 DR B 2 AR b 8y O B £ AR
B 5| WA o 0 mB R
g g 6f
EN S 5f
~ 3t I 4H
pi i 5l
4”1 2+ (T‘[I
® ® 2 H
=5 1 B 1H
2z o
- qQ © Y v ° 5 ®© o 9 - <? 8 N I3 o D o0
2R R R 2 2 2 E E 9 N N 8§ N8N N N § §
-4 (%] 7)) (7] 7)) 7] (%) ©n %)
SEEN SN S S S S S S S 49 # 2 @9 8 @ =7 7
ZH 5 2H 5
C 6r O tuffgming d 45 ORI
B 5L W OEORMAIENR o 401 WA TR
g B £ AR S 35¢ & AL RS
4 3
~ 3t Z
il 1
£ 2r 4
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Fig.4 Fatty acid content in different types of pre made dishes
E: (a) &F ML (YXRS); (b) £oke¥iFk (HSSZT); (c¢) ZMFAHr (HINL); (d) #K (HMJ).
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Fig.5 Comparison of fatty acid content in different types
of prepared food
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