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Simultaneous Determination of 15 Phenolic Compounds in Purple Potato by High
Performance Liquid Chromatography-tandem Mass Spectrometry
LIU Wen-jing, HUANG Biao, LIN Xiang-xin*, FANG Ling, WU Jian-hong, LI Wei, WU Miao-hong
(Institute of Agricultural Quality Standards and Testing Technology Research, Fujian Academy of Agricultural Sciences/Fujian
Key Laboratory of Agro-products Quality & Safety, Fuzhou, Fujian 350003, China)

Abstract: [ Objective] A method coupling the ultra-high performance liquid chromatography and the triple-quadrupole
tandem mass spectrometry (UPLC-MS/MS) was established to simultaneously determine 15 phenolic compounds in purple
potatoes. [ Method] Purple potato specimens were extracted with methanol-water under ultrasound to be separated on a
UPLC and analyzed by MS/MS for the phenolic determination. On a Waters T3 C;g column of the UPLC, the extracts was
separated by gradient elution with 0.1% (V/V) formic acid-5 mmol-L™' ammonium acetate aqueous solution and acetonitrile as
the mobile phase. The elutes were analyzed using the positive electrospray ionization tandem MS under the multiple reaction
monitoring mode. [Result] With the optimized conditions and within the concentration range, linearities on the measurements
for 15 phenolics with correlation coefficients ranging from 0.995 6 to 0.999 7 were obtained. The methodology had a limit of
detection (LOD) of 0.3-5.8 ug'L71 (S/N=3) and that of quantitation 1.0—15.2 pg'L7l (S/N=10). The average recoveries on the
compounds ranged from 73.3% to 97.1% with a relative standard deviation (RSDs) of 1.8%-8.9%. [ Conclusion] Five categories
of phenolic compounds in the concentrations ranging from 0.102 mg-kgﬂ to 1 698 490 mg-kgfl were detected in the purple
potato specimens by the method. Among them, chlorogenic acid was the highest in quantity, and coumaric acid the lowest. The
newly established methodology was deemed sensitive, rapid, accurate, and suitable for phenolic determination on purple

potatoes.
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(5 5 X1 22 (Purple sweet potato ) .44 22
¥, 2 EN-NCRF A, KNSR LA
RO, JHGE, BEEAZME IR IHEK
g et 2P mamEtY . oREmt. £
e A TR e AT Z B AR
B EA R P o™ peam R 2
A BRI, E R S S D REVE LA A AT S R
TERS 5B AL AT Mo o0, TR (R RE HAT B A B
ERERIEE AU e SIOE FSTERIIE RO T QI
FFEHERE Y H T P A A 7 b I R 2R A
ST A B ALk A 3 (high
performance liquid chromatography, HPLC) ne=2i e
SRR e 3% BB 16 o % 158 9% ((high performance liquid
chromatography-tandem mass spectrometry, HPLC-
MSMS) B B vk RBUEBAR, B
s RS BB KRS, HEXN TR
A RE G A B ROR RS BAE . HAM BT A .
RICHRRH €0, £ R J5 i R P 1k 2 B0 A 2R AR A T R R
FBe, F 1 3 A [5) 38 30 B AR X 45 4 A 3T ) 5
AROrE, rEnEE, REUEMR, SCRF. [FR
WFFEUIA LY FI 5T I B AR 73 B 55 2 Zh RE 1 A
gy, B e E D, IFRIAT, AT DL TR A v A D 22
TP 53, A O BR 70 A 5 5 D RE 1 R D RE A
Sy AR FE G IR TE o CAUM A DR A S B (] A ] AR T 5
DA Al DX R A 1 8 03 A [7) i Aol 14 5% B At R U
XA, R BRI, s R
VA 3% -FR BT (UPLC-MS/MS ) #2571 15 Fhih
BRISLH Sy WA J5 3, 23 B 1A [) it Ao 55 5 v I R
KUy i, BTENEFE D EH IR AR IR
oy MR BEERISAR Y, D 5 R A 1R S 0T A
FHZEE HE Al
1 MHE7*

11 X5

1L %% B 4%« UPLC H-Class #8 = 2% % M 2 3% X
( £ [E Waters 24 7] ) ; Xevo TQ-S = & DU £ #T Jifi ii%
( € [# Waters /A &) ) ; Millipore Direct-Q5 i## 4li 7K {X
( € [® Millipore 28 ®] ) ; SYG-2 7K I 18 I ¥k ¥ 7%
CHM B ERARAR ) P Ea (R KA
AL XW-80A ighiRaay ( RIFERICAUERT ).

B S EREN . 45 k6D, WEH

185, WEE3IS ., MTE3S . WMTH45 . W
HOS . WE 245, A SR AR LR
FREAEMI TR, SR AR A A T E R K
BER ) .

Y] . KR (Salicylic acid), Xf #5 JE K H
2 (p-Hydroxybenzoic acid), 2,5- ¥ 3K H R ( 2,5-
Dihydroxybenzoic acid) . 3,5-— ¥ % K H g (3.5-
Dihydroxybenzoic acid ) . 3,4,5-=# F KX H R ( 3,4,5-
Trihydroxybenzoic acid ) . %¢ JiL i® (Chlorogenic acid) .
S 4% 5 R A(Isochlorogenic acid A). 7F %2 (Vanillic
acid). WNMERR (Caffeic acid). T #F MR (Syringate), Xf
FE M ( Coumalic acid ) . FZRM2 (Ferulic acid ) . JF
F 1% (Sinapic acid), 2-F23& R H: 2 (2-Hydrocycinnamic
acid). 3-F& & W H: PR 45 45 #fE 4 (2-Hydrocycinnamic
acid) ( 2H 2 =97%, ot 18 B KA PR ey IR
Al); R (migal, SEE Merck AT ). K (4%
gfi, XE Merck AF] ). 4MRE (LC-MS%, £HE
Waters A 7] ) . H R ( LC-MS ¢, 3% [E Waters 22
7l )5 3R 56 H 7K & Millipore Direct-QS #8 46 7K {3 1l
#, HAGR Sy [ A pr Al
12 BEYWRHEEE-FRITEE
121 ABEAksmeidsn  Waters T3 Cpg {0
(®1.8 um, 2.1 mm X 50 mm), FEiE: 30.0°C; Wk
02mL'min ; #ERER: 4ul; WA A N 0.1%(V/V)
HWRKEW, WM BRHONE; BRI RT -
0~4 min, 90%~ 10% A; 4~6 min, 4E+§ 10% A;
5~ 8 min, 10%~ 50%A; 8~9 min, 50%~90% A;
9~10 min, ZE¥F 10% A,
122 ik mwiZEeE s (BESI) 4
X Wy 2RO I (MRM) B2 B4 H
Fi: 1S kV; HEFLSR: &S, W SOLh s B
FRIE . 150°C, M 800 L-h s B TURIRNE: 150°C;
FALAES]: 0.28 MPa; RS mAEE . B R
MSHLFE 1,
1.3 HRERRAVED S

HERRFRIBOKAZ IR . X P2 B R AF 15 Fhbs o i
#10.0mg, 705 H EEE A 2 10.00 mL, 3214545
YR S 1000 mg- L B4 BABR BRI, b oA R CE
T =20°C KA PR AF L I IBRCRE RS ) AL 10
mg L A AR P IRD I, AR T A A
JEBIR A PR TARGE &SR, T -20°C vKAH 047 o
T AR A5 o AR M 4 0 AS [l vk BE 0 TR PR s e, R
Bo Bt o
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Table 1 Parameters applied for phenolic determination by LC-MS/MS

iR it PR BRI BEE T TET HEFLHUE il e

Compound Retention time /min Parents ion/ (m~zil) Daughter ion/ (m~zil) Cone voltage /V  Collision energy/eV
3,4,5- =3 FR HIR 3,4,5-Trihydroxybenzoic acid 1.68 168.8 125.0*,79.0 =36 14,20
3,5- " FR ALK IR 3,5-Dihydroxybenzoic acid 2.62 152.9 108.8%, 80.9 —40 14,18
%3¢ 5% Chlorogenic acid 3.25 353.2 191.0%,92.9 -30 16, 38
X 4425 H R p—Hydroxybenzoic acid 3.72 136.9 92.9%, 137.4 -36 12,16
2,5- ¥R H R 2,5-Dihydroxybenzoic acid 3.82 152.9 108.8%, 80.9 —40 14,18
FHR Vanillic acid 3.85 167.0 151.9*, 108.0 -36 14,18
IPIMERR Caffeic acid 3.88 179.1 134.9%,89.0 -30 16,32
T2 Syringate 3.97 197.0 181.9*%,123.0 —48 14,26
X} 75 G R Coumalic acid 433 163.0 119.0%,93.3 —44 16, 26
4452 A Tsochlorogenic acid A 439 514.9 352.9*,190.9 -30 16, 32
JFF1 Sinapic acid 455 223.0 208.0%, 164.0 —44 16, 14
[ B/ Ferulic acid 459 193.0 133.9%,177.9 -38 16, 14
3-¥2 5L WAERR 3-Hydrocycinnamic acid 4.64 163.0 119.0%,93.3 —44 16,26
2-4 3 W H:RR 2-Hydrocycinnamic acid 4.83 163.0 119.0%,93.3 —44 16,26
K% Salicylic acid 5.18 136.9 92.9%, 137.4 -36 16, 12

VE: *H L
Note: * means quantitative ions.
1.4 #EAETRE

S8 o 3 M A 9 R S 2 B 2 BT 1 )7 i
fnek i, FREL 0.500 g B B B 4 B GEAE A 5 mL
70% (14 H B IR T AR B A T, 70°C K iR
FEHC 30 min, REUS ARGHEEE, KIREUR
BEBLET, F 5000 rmin  H#E T .0 5 min,
BOERE B WA R 2 10 mL AR, 5k
FEATA 5 mL 70% WP BRI AR I 1k, B DL F R
Vi BIFRBUREAE 10.00 mL, $£2, 0.45 um JE
it g, UERME B AL AT

2 ZRE55T

2.1 FERBICIBEHAIERE

FE VAT DU 5 A ) PR Sl i) S i 4 & b, 23
CBE-7K B H K A 4 B S B ¥ 7] o e 3L
TROAH €535 - 53 I T 1% 1) R s A AR 3R 2 H B K 5 &
TG 7K, Sk e D ek R v g 2 R 807 %o W TR P S )
PR b 8 56 Y KA R SR B 5], e e T AN ]
W R A VR AR BUBCR 15, S5 SRR LA 70% 1Y
FH TS5 R Ay 12 BBLR) B 300 75 ) 2 BBV o S T % o e
(2), g R FH RS fn el i 19 Folin-Ciocalteu
5o

w2 RBUR IR B LM BHRIBUR AR

Table 2 Comparison of the effect of extraction solution

Extraction solution absorbance value Content/(mg- gil)
30% T A /K Methanol 0.549 3.14
50% T /K #5¥ Methanol 0.691 3.95
70% HE K #H Methanol 0.736 420

2.2 RENERIEEE

GG TP 4T LA - K R 2 /KA R i sl A LA
KMAEFAAM PRI R . LR HArfb &9 & 1
o i g 0 R N e A S B, KRR SR
0.1% (V/V) Hiz-5 mmol-L ™ Z W%k /KA M 2
WA, TENE RSB, MREAH A R4
BT HL AR X AN I 2 R 6 1 3t ) A A B g 18 i iy
SRIEE . Pr o  ERSS A . KAEBH A By L H e
o R & A R SR aq, R —E W5 R
P RS IMA g, AR T o8 His
EWhEaEFRfE, TR BT, B
MR 5 1R A A A ) 0 e 2R 4 oy S
ISHNEEER, WAoERRS, wEgE. W
I, RE R 0.1% (viv) HiR-5 mmol- L 2, Rk
TGS WA CIENE R TR B AH -
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23 FUEEHRIRIL

Waters — 5t PURK FT B3 335 4% 14 14 U0 Ak 32 2240 46 18
BEAEWWEE T, FET . HILBE (CV).
fi fiE f (CE) %% 2 800 W52 - i 500.0 pgL ' 1)
15 R IR 28 20 43 SRR VAW, WEIAHSN 0.1% (V/V)
iz -5 mmol-L™' Z, e /K 7 W« Tk 2h Al B(Z %) =
50% : 50%, £8P ELEHEPRAES IR, SR IS IE
B (EST) At g T8t (EST) st [ shiM
W7 o R S A G W AR W T R L
B R A AR TR B RS, fEfR
BFHAMBE ST EAES SRR E NS T8
¥, MRE T LT
24 BITHNIEE

g LA T 43 3 il B Waters BEH Cg £ Fll
Waters T3 Cg £, 7E3E H H 7K Fll 2 -7K AN [R] 3 3
FHAR Z X 15 By RIS 20 43 0 08 B8 AN o B 1 i . R 3
Waters T3 Cg X AR M (1) 3 iR S 20 43 1 3 15 50 B 4
BEAEARERGER, JUEEX FXERIEEF IR KL 3,5-—
RIFHREMMEY, KBTI, AT
E I s TR S R0 R el O S i o o W e v
Waters T3 C s /E N &+
25 FEEN

EMAMAET, BT 1S EIREEYINE
PV B LR DG R B S R R B A [l SRR AT

SR WoN, TEAHRN MR EE AN, B s wnbs
Y 2 BT U VA VR M B (v, ng L) 50 R A i T AR
) B RIFAMERR, MR (1) 0.9956~0.999 7.
A3 AR 48 R AR B 0 0 555 5 1 3 A5 E MR L
(S/N =3) F1 10 £5 (45 M LA i 5 vk Ao RS Hh B A
(SN =10), FERKE TRA 0.5 ugl '~
5.8 pg L FGE REBR 2 B 1.0 pg L ~ 152 pgL!
(#3), eI E=EPTINEK .

FRYEEE i 45 B R 28 4L Y B 1B 00, MR A%
fEA PR PSS L, B A FE AR A A s 1 AR & .
) A K AL 4y 2 & IR K 2 % GB/T 27404
PR, RO R S e, HEATAR .
FKCERAR, BERE 6 . FES AR MG 52
[l R 76.3%~ 96.8%, A XF br #E i 25 0.6%~
7.9%, AT IEMER R (% 4).

2.6 FAEREEHRPFMERD SRR 54

WAL 4 A 7 X 8 AN ] 5 ol 1) 5% S AR A R e
RE, e 1.3 BB A AL B 5 R AR B AR DI A TR
32 FH T ST 1A 5 1 o AR AR 0 YR v 1 T 1R S 4 oy
WUEATAI, UEREE N 4 uL. BAFE S EE W E
3 o TEFTSCAR 1Y 52 B b 2R A Y 5 Rh i R S A
gy, R EERR . UIHERR . BTARIR . SRR . 5
SRR Ao HERES PR A & N 0.102~
1 698.490 mgkg |, Bk LI 5. ZREY . 7

R3 15 MEAER LA S 1M BN 75 A F I8
Table 3 Methodology validation of UPLC-MS/MS

A1 4 AHEEIE e T S AR
Compound Line arre}tllge/ Linear equation ¥ Limits of dcitlectlon/ Limits of quzt}]ltltatlon/
(pg'L (ng'L ) (ng'L)
3,4,5- Z R IEH R 3,4,5-Trihydroxybenzoic acid 20~8 000 y=89.9x+3841.9  0.998 4 3.2 10.2
3,5- 3 LI IR 3,5-Dihydroxybenzoic acid 20~8 000 y=4562x+22407.5 0.9992 1.8 5.0
£¢J5{iR Chlorogenic acid 20~8 000 y=311.5x+99.8 09995 2.1 5.0
W ¥R HEZK R p-Hydroxybenzoic acid 10~4 000 y=8192x+12322 0.997 1 12 32
2,5- 3R HEIRHE 2,5-Dihydroxybenzoic acid 10~4 000 y=857.4x+8054 09976 1.2 3.5
F LR Vanillic acid 10~4 000 y=1875.0x+9070.7 0.9956 0.5 2.0
W Caffeic acid 50~-20 000 y=80.7x+182  0.999 0 3.6 10.0
1'% Syringate 50~20 000 y=352x+1100.0 0998 4 5.8 15.2
X7 5% Coumalic acid 10~4 000 y=14529x+7340 09987 0.4 1.5
5L A Isochlorogenic acid A 20~8 000 y=368.1x-90.0  0.999 0 22 6.8
JFF% Sinapic acid 20~8 000 y=340.5x+214.8  0.999 4 2.0 6.0
BB Ferulic acid 20~8 000 y=607.7x+284 09997 15 4.5
3-F L WEERR 3-Hydrocycinnamic acid 10~4 000 y=1180.1x+523.9 0.9989 0.6 2.0
2-$23E AR 2-Hydrocycinnamic acid 10~4 000 y=1211.5x+684.7 0.999 1 0.6 2.0
KM Salicylic acid 10~4 000 y=2493.6x+1857.8 0.9976 0.3 1.0
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R4 KEP 15 WEEUL S INEEBIRLE (n=6)

Table 4 Recovery rates of 15 phenols in actual samples

IR E NG P} a5=s b4 [EEES FrAEf 2
Compound Background/ (mg'kg )  Addition /(mg-kg ') Measured value /(mg'kg ') Recovery /%  Standard deviation /%
0.400 0.317 79.2 4.7
AL S
3’4’,5 4¥L%2’:m?_ﬁ& . ND 0.800 0.586 733 1.7
3,4,5-Trihydroxybenzoic acid
2.000 1.942 97.1 3.1
0.400 0.348 87.0 6.6
_ FA 4“\‘ 5
3’_5 #ft%tmﬁ& . ND 0.800 0.706 88.2 3.1
3,5-Dihydroxybenzoic acid
2.000 1.854 92.7 5.5
10.00 506.931 87.7 5.4
% i
,i)}ﬂﬁ& . 498.161 20.00 513.121 74.8 49
Chlorogenic acid
50.00 536.761 77.2 6.3
0.200 0.175 87.7 7.0
A 2y
XHT‘%ZKITIH& . ND 0.400 0.343 85.7 32
p-Hydroxybenzoic acid
1.000 0.868 86.8 2.1
0.200 0.154 77.2 42
_ FA 4“\‘ 5
2’_5 #ft%tmﬁ& . ND 0.400 0.324 81.1 43
2,5-Dihydroxybenzoic acid
1.000 0.904 90.4 2.7
1.000 1.7702 85.5 3.6
F TS
%’T ! & . 9.152 2.000 2.6052 84.5 7.9
Vanillic acid
5.000 5.3602 88.9 32
1.000 0.783 78.3 5.5
IIHETR
o ,“—W@ ND 2.000 1.588 79.4 43
Caffeic acid
5.000 4.055 81.1 5.9
1.000 0.9774 83.9 6.9
Téﬁ& 1.384 2.000 2.0304 94.6 8.7
Syringate
5.000 4.6534 90.3 8.9
0.200 1.162 723 7.7
X‘JA%\A‘#%, 1.017 0.400 1.322 76.3 1.9
Coumalic acid
1.000 1.791 77.4 8.5
10.00 126.644 85.7 5.1
[S7s 5
#’iE&A X 118.074 20.00 135.334 86.3 6.2
Isochlorogenic acid A
50.00 163.174 90.2 3.8
0.400 0.304 76.1 5.6
,ﬂ Nﬁ& ND 0.800 0.603 75.4 3.7
Sinapic acid
2.000 1.772 88.6 4.8
0.200 0.150 74.9 5.0
ST B iR
PR ND 0.400 0.324 80.9 7.1
Ferulic acid

1.000 0.913 913 6.2
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ol
T 44F5 AIEAH pIILZ PIUE=R (R [EEES Pt 2=
Compound Background/ (mg-kgil) Addition /(mg-kgil) Measured value /(mg~kg7') Recovery /% Standard deviation /%
0.200 0.149 74.5 6.0
_¥AFL Eilig
3 &gm&&? ‘ ND 0.400 0.325 81.3 2.0
3-Hydrocycinnamic acid
1.000 0.894 89.4 7.6
0.200 0.158 79.2 42
_PARL 5
2 ﬁg,m%@ . ND 0.400 0.351 87.8 43
2-Hydrocycinnamic acid
1.000 0.839 83.9 2.7
0.200 0.175 87.3 4.6
( 3
{J %,%( . ND 0.400 0.323 80.7 3.9
Salicylic acid
1.000 0.968 96.8 22
W ND: R

Note: ND means not detected.

x5 TRLEMREESSE

Table 5 Contents of phenols in purple potato samples

(Bfr: mgkg', n=3)

Fffh Sample

WIHERZ Caffeic acid X 7 & R Coumalic acid

4% J5 % Chlorogenic acid ~ 574¢ )5 A Isochlorogenic acid A

#2495 Ganshu 9
18" Puzi 18
#4245 Fushu 24
J#26'5 Longzi 6
%375 Puzi 3
Ji#64%5 Longzi 4
74845 Funingzi 4

#7435 Funingzi 3

FHIR Vanillic acid
1.241 3.293
1.700 9.819
1.613 3.386
1.474 3.806
1.896 5.409
1.835 4.071
1.553 7.869
2.237 10.722

0.137

0.112

1.173

0.381

0.142

0.102

0.113

0.122

291.439 34.099
1463.459 112.602
541.270 58.864
1158.459 135.749
644.501 46.524
1 250.894 112.611
469.991 96.853
1 698.490 202.682

KEEMPERERAONGER, T EEA S, AR, MTEISEEREML T, B
291.439~1 698.490 mg-kg ', Z#JE A 12 ik i B 5 14 BRI & o i o BEST T I R AL PR . MERR,
P4 HOE T s R R A AR T ERE PRI a0 etk E o, A%
A X 7 R BEREEIR T K R RIS 2 i
3 ’d‘ LJ S EHL:

T8 O - A A AR, ST T SO D17 Sy, P, by S S B PR O ST (). MR 5 )

@ $Eﬂ€ﬁ%a%l’]ﬂ]‘ﬁ*ﬁ SRS MRS
R 7 i o WO T A ™ DX 8 03 AN [ ity i ) 5% S A

Tolk, 2011 (4):
SHAN S, ZHOU H M, ZHU K X. Study on the physicochemical

27-30.

A i ALy Za ot T A3 BT 11 46 18 properties of purple sweet potato starch [J]. Cereal & Feed Industry,
BE L I A 5 W R Qﬂﬁﬁ‘ S B AE 0.102~ i(jll (4> :27-30. (inAChinfse) o N N
1 698.490 mg-kg L6 A B S B R e R T [21] %ﬂ(f Brer, LR, 45, 20 E 2 s sy ). F
BHRLALSY  SIRRLED SR . S R, o
GAO Q P, RUAN H, MAO T J, et al. Study on the antioxidant activity

1 698.490 mg'kg ’ Ei‘{f& : E%j 291.439 mg.kgil; /E‘: of polysaccharide from purple sweet potato [J]. Acta Nutrimenta
IR SRR A, %AIEJ—/\ B 202,682 mgkg ', AR Sinica, 2011,33 (1) : 56-60. (in Chinese)

PR 34,099 mgrkg s MR R A B N IRAR . K (31 AHeRy, XUR, AR5, 45, 1 5 S M TR LB (7). WK
AP 2200, A RIS A 4 i & R B — W 22 P24, 2014,26 (5): 1336-1340.
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