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Abstract Objective:To establish a content determination method for 14 components in pine needles of different
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varieties and origins simultaneously by ultra — high performance liquid chromatography — tandem mass spectrometry
(UPLC - QQQ MS/MS). Methods: The UPLC - QQQ MS/MS was adopted. A Waters ACQUITY UPLC BEH

HILIC (100 mm x2.1 mm,1.7 wm) chromatographic column was used, with a column temperature of 35 °C.

1714 -

The mobile phase was a mixture of 0. 1% formic acid — acetonitrile solution (A) and 0. 1% formic acid — aqueous

1

solution (B) for gradient elution, with a flow rate of 0. 2 mL « min~ . Electrospray ionization was used, and mul-

tiple reaction monitoring mode was employed. The monitored ion pairs of each component were m/z 125. 0/79. 1
(gallic acid), m/z 105. 1/77.2 (p — hydroxybenzyl alcohol), m/z 109. 1/91. 1 ( protocatechuic acid), m/z
93. 1/65. 2 (p — hydroxybenzoic acid) , m/z 190. 9/85. 2 ( chlorogenic acid) , m/z 151. 8/108. 2 ( vanillic acid) ,
m/z 135. 1/89. 2 (caffeic acid) , m/z 167. 0/122. 9 (syringic acid) , m/z 119.2/93.2(p — coumaric acid) , m/z
208. 1/193. 0 ( sinapic acid) , m/z 82.0/77. 2 ( benzoic acid) , m/z 91. 3/65. 3 ( phenylacetic acid), m/z 93. 1/
65. 2 (salicylic acid) , and m/z 103.2/77. 2 ( cinnamic acid). Results; The content ranges of each component in
the 12 determined pine needle samples were as follows: gallic acid 0. 34 =3.42 mg + g~', p — hydroxybenzyl alco-
hol 1.32 -9.76 mg - g~', protocatechuic acid 0 —6.32 mg + ¢~', p - hydroxybenzoic acid 0 —19.06 mg - g,
chlorogenic acid 0 —18. 78 mg + g ', vanillic acid 0. 16 —=3. 81 mg + g™, caffeic acid 0 —=6. 68 mg - g~', syring-
ic acid 0.09 —=4.64 mg - ¢~', p — coumaric acid 0. 10 =9.90 mg - g~', sinapic acid 0. 98 —=19.01 mg - g~ ',
benzoic acid 1.28 —18.21 mg + g~', phenylacetic acid 0.95 —20.72 mg - g~', salicylic acid 0 —3.25 mg -
g™, and cinnamic acid 0 —0.27 mg - g~'. Each component had a good linear relationship within the test range,
and the average sample recovery rate was between 98. 0% and 101. 7%. The quantitative limits of the 14 compo-
nents were between 0. 01 and 0.4 ng. Conclusion: This method is applicable for the determination of phenolic
acids in common pine needles, in which 9 compounds, including p — hydroxybenzyl alcohol, chlorogenic acid,
vanillic acid, syringic acid, p — coumaric acid, sinapic acid, benzoic acid, salicylic acid, are determined for the
first time in pine needles, which can provide reference for the determination of various phenolic acids in pine
needles.

Keywords : Cedrus deodara ( Roxb. ) G. Don; Pinus bungeana Zucc. ex Endl. ; Pinus tabuliformis Carriere;
Pinus sylvestris var. mongholica Litv. ; Pinus armandii Franch. ; Larix gmelinii ( Rupr. ) Kuzen. ; phenolic acid;

UPLC - QQQ MS/MS; simutaniously determination
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Tab.1 Sample information
FEfh S FE TR SR FEf 'S FEAAFR SR
(sample No. ) (sample name) (collection site) (sample No. ) (sample name) (collection site)
31 =V = pi kY] 7 EPNRE T = pi kY
(Larix gmelinii from Lanzhou) (Lanzhou Botanical Park ) (Pinus sylvestris from Lanzhou) (Lanzhou Botanical Park )
. Fokints TNl < TN TN
(Larix gmelinit from Tianshui) (Xiaolong Mountain in Tianshui) (Pinus sylvestris from Tianshui) (Xiaolong Mountain in Tianshui)
% VLRIV MR % ECLECIITIN =M
(Pinus tabuliformis from Lanzhou)  (Lanzhou Botanical Park) ’ (Pinus armandii from Lanzhou ) (Lanzhou Botanical Park)
" TR FoKti/eLL $10 FoKHEWL FoKti/eLL
(Pinus tabuliformis from Tianshui ) (Xiaolong Mountain in Tianshui) (Pinus armandii from Tianshui) (Xiaolong Mountain in Tianshui )
. SR it “ ey it
; (Pinus bungeana from Lanzhou) (Lanzhou Botanical Park ) ; (Cedrus deodara from Lanzhou ) (Lanzhou Botanical Park )
. FoREIH: Fokty bl “ ok Fokt bl

(Pinus bungeana from Tianshui) (Xiaolong Mountain in Tianshui)

(Cedrus deodara from Tianshui) (Xiaolong Mountain in Tianshui )

2 HE5ER

2.1 gk - Bk At

2.1.1 (& % F Waters ACQUITY UPLC
BEH HILIC(100 mm x 2.1 mm, 1.7 pm) &%, £
M35 C,LL0. 1% PR - S (A) J 0. 1% iy H
i — KW (B) 3 gl A, 6 B PRI (0. 00 ~ 8.00
min,95%B—87%B;8.00 ~ 12. 00 min,87% B—77%
B;12.00 ~21. 00 min,77%B—65%B;21.00 ~ 26. 00
min, 65% B — 0% B; 26.01 min, 95% B), i i
0.2 mL « min ", #FERE 2 wlo

2.1.2 M CRAIMWISE B U (AJS ESI),

E B TG 2 S LR (MRM) 3 F
LRI 5 500, =4 500 V5 B F-IRIEE 450 C,mi%5 S
HRA, H 7 0.38 MPas BTN N, , /7 0. 38
MPa AT, FE A 0. 21 MPa, RIS 7 ¢
W4 2 MRM SRIRA B T LI 1 - B

2.2 W
2.2.1 REXMRAGE AR R AR IOR R R

i 17.7 mg, B F 50 mL A, i0 A 50% H g K
30 mLE AR B A 2 205, #8250, FH 0.22 pum AL I8
FEEUE L, IXEE U8R 0. 5 mL, & T 50 mL HHiH H %
AT BRI B TR 2.12 mg, X) 2 3 R B
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Tab.2 Parameter setting for mass analysis
s 3| R T EHERIE THET fillAEE g A
4

( ROy 0 (retention time)/  (parent (fragmentor) / ( daughter ion) ( collision ( FHifit ff )

componert min ion)m/z Vv m/z energy )/eV Seart mode

R TR (gallic acid) 2.548 169. 00 90 *125.0[ - C4Hs04] " 15 TR
79.1[ - CsH;07 " 25 (negalive ion mode)

RS (p - hydroxybenzyl alcohol) 3.365 122.9 80 *105.1[ -C,H,;0]* 10 BT
77.2[ - CHg ] ™ 15 (poslllve ion mode )

J5 JLZSHR ( protocatechuic acid) 4. 489 153. 00 90 109, 1] = C4H;0, ] - 5 BRI
91.1[ - C H,0] " 25 (negative ion mode )

XA R (p — hydroxybenzoic acid) 7. 496 137.00 80 *93.1[ - C4Hs0] - 15 T B R
65.2[ - CsHg ]~ 30 (negative ion mode)

23512 ( chlorogenic acid) 8.217 353.15 140 190.9[ - C,H,004] 15 ik e
85.2[ - C,H,0,] " 46 (negative ion mode)

A HEER (vanillic acid) 9.043 166. 90 80 “151.8[ - C,H,0,]" 10 B Pt
108.2[ - C¢H,0,] " 16 (negative ion mode)

MNHERR ( caffeic acid) 9. 496 179.0 80 *135.1[ = C4Hg0,] - 15 B TR
89.2[ - C,H,0,]" 35 (negative ion mode)

TFF IR (syringic acid) 9. 800 197.0 80 *122.9[ -C,H,0,] " 22 B Pt
167.0[ - C4H,0,] " 18 (negative ion mode)

%ot 75 5 (p — coumaricacid ) 12.713 163.0 80 *119.2[ - CgHs0] - 24 R R
93.2[ - C Hs0] - 38 (negative ion mode)

IPF L (sinapic acid) 14.226 223.0 80 2081 -CyH,04]" 15 i TR
193.0[ = CyuHo0, ] - 22 (negative ion mode)

2 HI R (benzoic acid) 15. 426 122.12 65 *82.0[ —C5H,0] - 15 B TR
77.2[ - CHg] " 26 (negative ion mode)

K R ( phenylacetic acid) 16. 652 135.0 80 “91.3[ -C,H,]* 15 EE TR
65.3[ —CsHy " 40 (‘positive ion mode)

TKAZTA ( salicylic acid) 17. 491 137.0 80 *93.1[ - C4H;0] ~ 14 B TR
65.2[ —CsHy ]~ 30 (negative ion mode)

PEERR (cinnamic acid) 21.261 147.0 80 103.2[ - C4H, ]~ 10 s R
77.2[ —CH " 20 (negative ion mode)

E(note) ; . FEE T (quantitative ion fragments)

5.37 mg J5 ) LZEMA 3. 02 mg N IR R 11. 48 mg .,
2R 10. 60 mg FHR 3. 43 mg WIMHERR 3. 49 mg . T
R 3. 16 mg XA S. 30 mg JrFHR 11. 15 mg 2R
iR 10. 12 mg AR Z 8 10. 90 mg . /K% 1R 1. 88 mg, il
A 50% HIEEZK 40 mL, BB 5 min {f 7573V A, BU
FrE RS, A 50% F K e 25 2 205 #2450, H
0.22 pm LB, ISR IE IR, VTR AT B o fit
B

2.2.2 MHREETR FREUAEHESS 0.5 o KR E,
BT HIERIEHN, A 50% HEEK 50 mL, % Fx
L7 (40 kHz,160 W AN i) $2H 15 min, U /5
B 2 S, R, T 50% F K AN R AR 1R B
57, 0. 22 fLuE gL B ZE g 1 mL & F 10 mL
O, A 50% H /K E R 2205 250, 115

2.3 JrikEER

2.3.1 #giad kR

RWEHR L

1 28 W BUR A % IR A

i 5 wl, BF 100 mL &4, F 50% H K
B EZI R, A, RS 2 pl, 7 A UPLC -

QQQ MS/MS {X i1

T E ; A R RS

WS N e AR AEL, 2R 2 i 3 IR &
Fﬁﬂﬂﬂﬁﬂﬂ@ﬁfﬁﬂ?ﬁﬁﬁﬁ?iﬁi 9 YR G F HE et 7 T

HURERI(T

xR 4 25 IR

FrINE , 30 3 45 o E R, 45 R s & 8 I

%ﬂﬁé& 56Uk T I E R ) A5 Do A R E Y >

10:1, R REUE R 4.
KT, R 2 WLt R B TR
HEE R LAS R 0 #8308 B R | 4 i 1R

2. 17 3

- i
DIEZE S
%Er@a

MIHERR T A IR A A LR T TR VAR R LR

iR K

R R R 1Y E

PR AK IR 2 R 0.1\0.2\

0.03,0.2,0.05,0.1,0.4,0.3,0.1,0.3,0.2,0.2,
0.06 F10. 01 ng; 73 WEHL 50% FEEKAF Ay 25 1 R
F3500T, RIS VR BORT A 14 A B4 i 5 JE T
P 1),
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2 2 2 2 H E
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e E Ed 9L1 = % 852 % -
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2.4 . 2.8 125 . 13 48 . 52 72 . 17 8.1 . 86 8.8 . 9.3 9.3 9.7
t/ min t/ min 1/ min t/ min 1/ min 1/ min 1/ min
300
3500 2250 9000 2100 1165
5 1229 5 119.2 Fl 2081 g oo 82 5120000 013 5 93.1 5 1032
] H 3 ] :
3 2 z z z z 3
g 8 ;: g 10 % 11 g 12 ] 13 14
& Ed = 193 = 000 2 = E =
B o0 L # s - w200y s 1o LS 17
7 e 2 . . . ar L d4s 152 o158 s 172 178 212 217
> 1/ min £/ min £/ min £/ min 12 £/ min £/ min £/ min
£ 2004
=
>
100
14
13
04 A
T T T T T
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300 A t/ min
C
200
>
g
J
=
~
2
100 +
1 f 14
T T
0 5 25

¢/ min
1. BB FIR (gallic acid) 2. X FIEFEFHFEE(p — hydroxybenzyl alcohol) 3. J5 JLASHR ( protocatechuic acid) 4. X} F2IEFEH R (p — hydroxybenzoic acid)
5. 4¢J5 R ( chlorogenic acid) 6. FHLEZ (vanillic acid) 7. WIMERR ( caffeic acid) 8. T AR (syringic acid) 9. X &R (p — coumaric acid) 10. FFF
fi2 (sinapic acid)  11. ZKH 8 (benzoic acid) 12. 48 & ( phenylacetic acid)  13. /KR (salleylic acid) — 14. PIFEER (trans — cinnamic acid )
A. 25 FHEF (matrix)  B. JEA %) BE 5 (mixed reference substances) — C. ££ i S1 (sample S1)
1 BFRek

Fig. 1 Total ion current chromatograms

pmg

2.3.2 AMESERE RERPURG X MRS B, ARSNGB R BUR &
#20.0.,10.0.5.0.2.5 Fl 1.0 mL, 735 8 F 100§l &9 S 28 5 HR Xk B f A R 9, 20 0l 4% 2. 1
mL B, 50% WRE K M BE = 208, 8850, IUN @3 - Bl & PR AT 20 B, DU I gl 2E AR i

&

RN
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DR AR i I TR AR A A A 22 o A o R T

BT R, W3,

x3 WABSHEEER. . ERFRUREXRY

Tab.3 Linear range, regression equation and correlation coefficient of 14 components

[8] 977 #2 ( regression equation ) FH & 2254 ( correlation coefficient)

Ji4} ( component ) 27 Bl (linear range ) /ng
BWE TR (gallic acid) 84.80 ~0. 85
Xt ¥ I IR B (p — hydroxybenzyl alcohol ) 214.80 ~2. 15
J5 JLZS R ( protocatechuic acid) 120. 64 ~1.21
W % F 5 2 (p — hydroxybenzoic acid) 459.20 ~4.59
%3 JE 2 ( chlorogenic acid) 424.0 ~4.24
A LR (vanillic acid) 137.20 ~1.37
WHER ( caffeic acid) 139.48 ~1.39
T M (syringic acid) 126.40 ~1.26
X} 75 52 (p — coumaricacid ) 212.16 ~2.12
FFFRR (sinapic acid) 446.0 ~4. 46
ZRHER (benzoic acid) 404.8 ~4.05
A LR (phenylacetic acid) 435.84 ~4.36
JKIFR (salicylic acid) 75.20 ~0.75
PR ( cinnamic acid) 7.07 ~0.07

Y =5 866X +10.309 6 0.999 8
Y =73 435X -32.999 0.999 9
Y=19 782X +1.510 4 0.999 8
Y =38 329X -249.23 0.999 7
Y =139 250X -211. 82 0.999 9
Y =41 022X -205. 815 0.999 9
Y =45 265X -388.24 0.999 7
Y =24 056X +34.514 0.999 8
Y =54 634X -264. 51 0.999 7
Y =158 448X -1 001.9 0.999 8
Y =120 417X +476.7 0.999 9
Y =118 439X +69. 867 0.999 9
Y=25161X-118.4 0.999 8
Y =4205.3X +17.022 0.999 7

2.3.3 FUEPESEEE O ECU2.2.27 TR PSR,
TEEHE, 75 F 0.1.2.4.8.16.24 h % W H
2 b, 452, 17 3% — Bk S5 e AT e , A5 A )
B[R] 0 1 TR 6 R R | LS R X
BRI (SRR IR A B R IMMERR T & R X A
R JF PR AR R R LR /K PR A T 0 v
() RSD 43 %1l 4 0.63% .0.25% . 0.44% . 0.41% .
0.29% . 0.13% . 0.75% . 0.36% . 0.60% . 0.37% .
0.84% .0.22% .0.58% .0.39% , 3= W {itist 5 VA Wi 7
24 h NEE M R AT

2.3.4 EEMWRE B PRI E ARG (S1)
0.50 g, 3t 6 iy, 4y & F HIEH M, #22.2.27
TiUT 7 vk A S VA R, # 2. 17 IR AR AR
FE SR TR SRR IR R LR IR N R
AR SRR AR NMERR T &R K 2R
TR AR RS KGR AR V-1 & &)
A 3.42 6.82.2.13 16.15 3.39 1. 13 .0. 17 0. 53 ,
0.85.3.26.5.87.6.45.2.70.0.06 mg - ¢, RSD 4}
Wk 0.58% .2.0% . 1.3% .0.25% 2. 1% . 1.5% .
1.6% 1.0% 1.4% 1.5% 2.1% .0.59% 1. 8% FlI
1. 4% ,RKWIA B ELERL

2.3.5 Ry RS ARIBOO IR i A S mL,
T 50 mL A, B 50% HH s v i Bt 22 20 B L 4%
51,42 17 U a3l - Bk 45 R 2 6 Ik, 45

RWEHR L

J 14 A4S B 43w N TE LAY RSD 43 R B TR
0.79% XFEIEAEHEE 1.4% J5 LA 1. 6% N ¥4
FEAEFER 2. 1% SRR 1.5% B HR 1. 2% Wik
FR2.3% . TR 1.3% X & ER 0.43% . Jr TR
1.3% ZEHR 0.87% 2K LR 1.0% KR 1. 5%
FIPIRERR 2. 5% , ARG % % R AT
2.3.6 RIS 43 DR B FRIURE & (S1)9
B, 547 0.2 g0 B4 3 4y, Z3 AR (H i 3 Rk
JEE AT B Y, 5100 A 5 4 3 R A i v A o
HHER0.8.1.0.1.2 £, # HE“2. 2. 27 T R 7 kil 4%
BRI, #5202, 17 R A - BTk S5 R E T E .
TR IR 45 R L3R 4,
2.4 EHE

25 WO BB 5 W 5 mL, A 50 mL 25 i
S, 1 50% F BEVE WA B 22 20 B, 4850, A okt
ARV, 3 SR 2 WG BT B T R G 3K T TR
2 WL, 4% 2. 17U R 35 - BTk 4 b A7 404, SR
/BT, DUE & B 1 i e o7 T AR [|]
F 77 BT A 204 BT TRt BB A3 1) i, LR S
3 Fig5itie

ARG A T 2liK 4l B L 30% R T R
50% LS T 70 % W R T LA I 4 T8 \50% %
TR BUSCR , & ALK AR g 58 A HEEUH B il g
I3 R R A LR KA TR S5 J O3 52 R R 5 K
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F4 mMELKERUESR

Tab.4 Determination results of recovery rate

% R T A5 & iR RSD/
( component ) ( content) /mg (added)/mg (found) /mg (recovery) /% %
W T (gallic acid) 0. 684 0.442 1.114 97.3 2.7
0. 684 0. 680 1.376 101. 8
0. 684 0. 830 1.490 97.1
i 6 HEFE P i (p — hydroxybenzyl alcohol) 1.364 1.070 2.462 102. 6 2.7
1.364 1.380 2.772 102. 1
1.364 1.636 2.962 97.7
JEULZE R ( protocatechuic acid) 0.428 0.342 0.776 101.9 1.9
0.428 0.428 0. 866 102.5
0.428 0.514 0.936 98.9
X 4 HFE R (p — hydroxybenzoic acid) 3.252 2.644 5.816 96.9 2.8
3.252 3.260 6.522 100. 3
3.252 4.164 7.516 102. 4
2 B4 ( chlorogenic acid ) 0. 678 0.516 1.182 97.7 3.0
0.678 0.708 1.412 103.6
0.678 0.838 1.524 101.0
75 B (vanillic acid) 0.227 0.182 0. 404 97.4 2.6
0.227 0. 220 0.452 102. 4
0.227 0.252 0.482 101. 3
WS ( caffeic acid) 0. 034 0. 026 0.059 96.3 2.8
0.034 0.034 0. 066 96. 6
0.034 0. 040 0. 074 101. 1
T (syringic acid) 0. 106 0.088 0. 194 99.9 1.7
0. 106 0.120 0.228 101.9
0. 106 0.130 0.240 103.3
%75 58 (p - coumaricacid ) 0.175 0. 144 0.320 100. 8 2.3
0.175 0.174 0.344 97.2
0.175 0.210 0.378 96. 8
FE T (sinapic acid) 0.652 0.530 1. 190 101.5 2.7
0.652 0. 662 1.294 97.0
0.652 0.790 1.456 101.8
S ( benzoic acid) 1.176 0.918 2.096 100. 2 0.85
1.176 1.088 2.250 98.7
1. 176 1.412 2.590 100. 2
47, ( phenylacetic acid) 1.293 1.034 2.310 98.4 0.56
1.293 1.292 2.574 99.2
1.293 1.574 2. 858 99.5
Ik R (salicylic acid) 0.543 0.412 0.950 98.9 1.9
0. 543 0.558 1.104 100. 6
0. 543 0. 664 1.186 96.9
PR ( cinnamic acid) 0.012 0.010 0.022 102.3 2.6
0.012 0.012 0.024 98.6
0.012 0.014 0.026 97.4

RO S
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Tab. 5 Results of determination of different kinds of pine needles
Ay &t (content)/(mg - g7 ")

(component) S1 2 S3 4 S5 S6 s7 S8 S9 S10  Si1 S12
B FHR (gallic acid) 3.42 0.34 0.92 1.01 0.77 0.66 0.86 0.63 1.43 1.19 1.20 1.52
XL FEE(p — hydroxybenzyl alcohol ) 6.82 2.14 263 4.60 479 4.34 2.04 1.32 446 9.76 2.99  3.40
J5JLZS T ( protocatechuic acid ) 2.14  1.23  1.98 - .11 1.15 0.27 0.97 0.59 0.65 541 6.32
X HEFK R (p — hydroxybenzoic acid) 16.26  8.92 - .22 0.27 0.35 4.8 0.45 14.17 19.06 - 2.01
#3511 ( chlorogenic acid) 3.39  9.81 18.78 12.53 9.45 9.91 1.10 4.85 - 0,06 397 111
FF B (vanillic acid) 1.13 3.81 3.61 201 1.43 1.61 215 104 0.35 0.16 0.14 1.34
WPk ( caffeic acid) 0.17 1.17 6.68 3.69 0.90 0.59 0.48 0.56 2.19 1.29 - -
T 7 (syringic acid) 0.53 4.64 1.60 3.37 0.09 1.45 1.12 278 0.77 0.47 0.55 0.68
%} 75 S (p - coumaricacid ) 0.87 1.52 0.87 1.11 0.20 0.10 3.22 3.78 7.94 9.90 2.64 3.44
J+ 1 (sinapic acid) 3.26 3.97 3.94 19.01 2.14 0.98 6.23 4.35 16.48 9.88 16.34  9.95
H H % ( benzoic acid) 5.88 11.93 2.25 1.28 3.37 2.73 18.21 17.92 2.57 4.29 2.15 4.94
% 2, 1% (phenylacetic acid) 6.46 2.24 1.03 292 1.38 0.95 2.61 3.96 2.43 4.67 10.42 20.72
KR (salicylic acid) 2,71 2.29 - 0.37 0.07 0.44 325 0.70 - 1.16 0.51  2.03
P FERR ( cinnamic acid) 0.06 0.10 - - - - 0.10 0.27 - 0.06 - 0. 06

TE(note) ; —. FEXT R FE il HP AR AU 2 %6} 7 B 43 ( the component is not detected in the sample)

=

LR 30% R rh 22 Wl S5 K PR IR e, 2 W
DU B3 1) 53 185, BR 2R SR AN 70% WYV W A % 48
LTE 50% SR ERIBOR 2% By , T RE SR &
IR G, XA AL TE 5 2 B o i ) Y IR A% AL
LA, R I 50% FEEAE Jhy ¥ 71068 75 42 IO o
) P13 B8 B, BT RGL, REAS AT 18 2 0 BT
2 HOR ] 50% W AR N SR IBUA R . 38k, e
AT Waters ACQUITY UPLC HSS C (100 mm x2. 1
mm, .8 pm), Waters ACQUITY UPLC BEH HILIC
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