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2
2.1
TSQ Thermo ) ; HQ-60 (
) ; BE2000 ( ) 5 MilliQ ( Millipore )
KQ-600B ( ) .
N 3 4- N N N N N N N
N N ( Sigma ) Merck ) (
) \FeCl, « 6H,0( ); \ \ (
) ( ) ; ( HPLC
); 30 pwm <8 nm
—COOH 0 3.86%) ; Milli-Q o
2.2 HPLC-MS/MS
2.2.1 Hypersil Gold Cj4 (100 mm x2.1 mm i.d. 3 pm) :30°C;
0.2 mL/min; 110 plL; | HPLC
A 0.01%(V/V) - Table 1 Gradient elution program of HPLC
B 0.01%(V/V) - ; 0.01% (V/V) - (%) 0.01%(V/V) - (%)
Time ( min) Acetic acid-Methanol Acetic acidH,0
Lo 0 5 95
2.2.2 7 35 65
( ESI) ; 9 50 50
14 60 40
( MRM) ! ! 20 95 5
13 kV; :270°C; 25 5 95
(N,): 30 units; (N,): 30 5 95
5 units; (Ar): 1.5 mTorr;
10.1s; 2
2
Table 2 LC-MS/MS parameters for phenolic compounds
No. Compound tiizle(nrlril;)rrll) Pezr;n/tz)ion Prz)Li’ullz)iun COHis(it()jr\l] ;:nergy
1 2 4-Hydroxyphenyl) ethanol HPE 7.25 137 106 20
2 Cinnamin acid CIA 14.74 147 103 5
3 3 4- 3 4-dihydroxybenzoic acid DBA 5.62 153 109
4 Coumaric acid COA 10. 62 163 119 20
5 Vanillic acid VA 8.57 167 123 15
6 Caffeic acid CAA 8.67 179 135 10
7 Ferulic acid FA 10.95 193 134 11
8 Syringic acid SYA 8.92 197 182 10
9 Apigenin AP 16.42 269 117 20
10 Luteolin LU 14.96 285 133 20
11 Quercertin QU 14.22 301 151 15
2.3
3 4- N N N N N
N N N 10.0 mg 10.0 mL 1.0 mg/mL
4°C o 0.1 mL 10.0 pg/mL



1602 43
2.4
0.50 g 10 mL 4.0 mL
o 5.0 mg 2 min
10 s o 1.0 mL 15 s
10s o 3.0 mL 0.02% ( V/V)
- 6 min 0.22 pm 200 pL 10 pL
LCMS/MS o
3
3.1
11 -
pH
1 o
3.2
o 0.5% 0.2% 0.1% 0.05% 0.01%(V/V)
0.01%( V/V) ;
0.01% (V/V) o
pH
0.01% (V/V) - 0.01%(V/V) o
3.3
o 200 pL/min
250 pL/min; 5 10 20 pL o 10 pL
o 200 pL/min 10 pLo
3.4
M-H ~
N o 2, Cis 0.01% -
0.01% ( 1) 11 30 min
2 SRM 1.
3.5
10 50 100 200 500 1000 ng/mlL HPLC-MS/MS
3 (Y (x ng/mL) o
(S/N)3 10 ( LOD) ( LOQ) 3. 11
(R*=0.993);LOD 0.02 ~0.70
ng/mlL LOQ  0.07 ~2.00 ng/mL; 4 2 79.61% ~
121.52% RSD <15% o
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s 100 § 100
] 50 2-(4-Hydroxyphenyl)ethanol Q 50 Cinnamin acid
E E
R | e - R L
= 0 5 10 15 20 25 30 3 0 5 10 15 20 25 30
t (min) t (min)
S 100 S 100
E 50 3.4-Dihydroxybenzoic acid % 50 Coumaric acid
£ =
Z 0 . . . . . EE 0 . . . . s |
0 5 10 20 25 30 0 5 10 15 20 25 30
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= 100f S 100r
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& 100p | s 100
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100
E 50 Quercertin
g
2
z 0 e
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t (min)
1 11
Fig. 1  Multiple reaction monitoring ( MRM) chromatograms of 11 phenolic compounds
3 LC-MS/MS
Table 3 LC-MS/MS method validation
C d Linear range Li i Correlation coefficient LOD LOQ
ompounds ( ng/mL) inear equation R ( ng/ml) (ng/mL)
HPE 2.0 ~2000 y=16.46x -159.5 0.997 0.70 2.00
CIA 0.40 ~4000 y =1311x +2450 0.999 0.12 0.40
DBA 0.90 ~ 8000 ¥ =268. 6x +5907 0.999 0.28 0.90
COA 0.07 ~4000 y =13157 +40390 0.999 0.02 0.07
VA 0.23 ~4000 y =4527x + 87389 0.998 0.07 0.21
CAA 0.25 ~4000 y =6963x + 14697 0.998 0.16 0.25
FA 0.06 ~4000 y =4711x +40963 0.999 0.02 0.06
SYA 0.50 ~4000 ¥ =5012x — 34894 0.999 0.14 0.48
AP 0.32 ~2000 y =1008x + 7618 0.998 0.10 0.32
LU 0.50 ~2000 ¥ =613. 3x +3448 0.996 0.15 0.50
QU 0.09 ~2000 y =1065x +8516 0.993 0.03 0.09
3.6
3 2 11
8.00ng/g- 19.0 ng/g-.3 4- 7.32ng/g-
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4
Table 4 Recovery and precision of the method

Intra-day precision Inter-day precision Recovery

Compounds (RSD% n=5) (RSD% n=3) (% n=3)
50 ng/mL 500 ng/mL 50 ng/mL 500 ng/mL 50 ng/mL 500 ng/mL
HPE 1.4 0.06 9.1 5.6 112.7 8.9 83.8£5.6
CIA 5.4 6.6 0.61 3.7 87.1+7.4 119.7 +5.7
DBA 10.0 2.3 13.2 2.3 121.5£9.7 112.9+1.9
COA 8.0 0.41 5.1 0.52 98.8 6.5 114.9 0.6
VA 1.1 4.9 2.9 3.7 112.2 +2.01 108.9 +5.4
CAA 1.2 2.6 1.6 0.96 93.1x1.6 107.9 £2.5
FA 9.0 1.2 3.8 3.5 96.0+9.3 115.8 £3.0
SYA 6.1 6.1 6.5 4. 91.4 +8.9 107.1 5.1
AP 7.9 1.1 8.7 0.75 79.6 £8.2 101.2 +0.9
LU 0.13 1.2 0.28 2.2 101.3 0.3 99.3+1.8
QU 4.7 2.0 8.2 4.8 91.2+9.2 103.2 +3.3

5

Table 5 Comprison of detection results obtained by this method and literature methods

Sample Analytes Sample Determi.nation An‘alysis Linearity Det‘ec_tion Literatures
pretreatment technique time range limit
: . 23 0. 059 ~9.115 0.041 ~0.271
Camellia oil 23 phenolic compounds including SPE HPLCUV 65 : o : o 24
Amea O A CIA AP ete. e'e He'e
N 7
. . . RRLCESI- 0.36 ~19.64  0.001 ~0.032
Olive oil 7.pher{<.)hc compounds including LU LLE TOF-MS 32 g /ml. ng/mL 25
pinoresinol etc.
10 ph(:nolic (‘om‘pounds in(}l?lding SPE HPLCAISI- 35 2.0~10 0.10~0.49 26
Flaxseed oil FA COA CAA ete. ’ TOF/MS ng/mL pg/mL
) \ 10 0.05 ~40 0.035 ~0.067
Olive oil 10 phenolic compounds including— SPE RP-HPLCUV 50 e/mL : /ml 27
WO CAA COA AP etc. peim paim
I phoolic compounds including- MSPE HPLCAMS/MS 30 0-06 8000 0.02-1.8s
Perilla oil CAAp CIA FA etg‘,). ’ g wg/mL wg/mL This method
46.5 ng/g- 68.6 ng/g- 32.8 ng/g~ 80r
55. 7 nglg. 22. 4 nglg. ;
43.3 ng/g- 7.96 ngl/g 13.4 ng/g; o
Al Al AY Al éﬁ
g
° =
=]
&)
N N ~ 0 HPE CIA DBACOA VA CAA FA SYA AP LU QU
LCMS/MS 11 2 (ngle)

Fig.2  Contents of phenolic compounds in purple perilla

o

seed oils ( ng/g)
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Simultaneous Determination of 11 Phenolic Compounds in
Perilla oil by High Performance Liquid Chromatography-
Tandem Mass Spectrometry

WU Rao' > MA Fei' > ZHANG LiangXiao '*° LI Pei-Wu '**’ ZHANG Wen'’® ZHANG Qi'’ LI Guang-Ming' >’

"( 0il Crops Research Institute Chinese Academy of Agricultural Sciences Wuhan 430062 China)
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*( Key laboratory of Detection for Mycotoxins Ministry of Agriculture Wuhan 430062  China)
*( Laboratory of Risk Assessment for Oilseeds Products ( Wuhan) — Ministry of Agriculture Wuhan 430062 China
Y ¥ g
*( Quality Inspection and Test Center for Oilseeds Products Ministry of Agriculture Wuhan 430062 China
y Insp y of Ag

Abstract A new separation and analysis method was developed to simultaneously detect 11 phenolic
compounds in edible oil based on the multi-walled carbon nanotube modified with carboxyl ( MWCNTs-COOH)
and high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS) . Experimental
conditions including mobile phase addictive acids flow rate as well as injection parameters were fully
optimized. Under the optimal conditions 11 phenolic compounds showed good linearity over tested
concentration ranges with the correlation coefficients from 0.993 to 0.999. The limits of detection ( LOD) and
limits of quantitation ( LOQ) were in the range of 0.02 —0.70 ng/mL and 0.06 —2.0 ng/ml respectively.
The average recoveries of two concentration levels ranged from 79. 6% to 121.5% with the relative standard
deviations ( RSD) from 0.06% to 13.2% . This method was employed to detect 11 phenolic compounds in
Perilla oils. The content ranges of phenolics in perilla oils were from 7. 32 ng/g to 68. 6 ng/g. The results
indicated that the method was accurate and reliable and suitable for the analysis of phenols in edible oils.

Keywords Perilla oil; Phenolic compounds; Multi-walled carbon nanotube modified with carboxyl; Liquid

chromatography-tandem mass spectrometry
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