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Quality Evaluation of Pinelliae Rhizoma and Its Processed Products Before and After

Sulfur Fumigation Based on UPLC - Q - TOF - MS
XU Danyang ,ZHANG Jinxing ,ZHANG Zhitong , WANG Shu,ZHU Lin
(Nantong Food and Drug Control Center,Nantong. Jiangsu.,China 226014

Abstract: Objective To establish an ultra - performance liquid chromatography - quadrupole / time - of - flight high -
resolution mass spectrometry (UPLC - Q — TOF - MS) method for evaluating the quality of Pinelliae Rhizoma and its processed
products before and after sulfur fumigation. Methods The chromatographic column was Waters HSS T, column (100 mm X 2.1 mm,
1.7 wm),the mobile phase was methanol acetonitrile (1:1,V / V) — 0.01 formic acid solution (gradient elution). Compound data
of Pinelliae Rhizoma and its processed products before and after sulfur fumigation were collected under positive and negative ion
monitoring modes, and those were compared with compounds retrieved from Chemspider, mzCloud, Metaboanalyst databases, and
relevant literature. The Sciex OS software was used to analyze the collected data of the sample processed by sulfur fumigation,
identify characteristic neutral loss or characteristic fragment ions of sulfur — containing compounds, and determine the sulfur -
containing products of Pinelliae Rhizoma and its processed products after sulfur fumigation. The Pinelliae Rhizoma and its processed
products were classified by the partial least squares — discriminant analysis (PLS — DA) method. Results A total of 254
compounds were identified from Pinelliae Rhizoma and its processed products, and the main compounds identified were small
molecule compounds such as amino acids, nucleosides and their derivatives, organic acids, and natural products such as saponins,
alkaloids and lignin derivatives. A total of 31 sulfur — containing compounds could be detected in all the processed products of
Pinelliae Rhizoma (Pinelliae Rhizoma Praeparatum cum Zingibere et Alumine, Pinelliae Rhizoma Praeparatum,and Pinelliae Rhizoma
Praeparatum cum Alumine) after sulfur fumigation, among which 6 — gingerol was found only in Pinelliae Rhizoma Praeparatum
cum Zingibere et Alumine, Daidzein and glycyrrhizin were found only in Pinelliae Rhizoma Praeparatum. In Pinelliae Rhizoma
processed with different degrees of sulfur fumigation, the trend of peak area changes in sulfur content was basically in line with
the trend of severe sulfur fumigation, exceeding the limit > slightly fumigation, and slightly exceeding the limit > no fumigation.
Conclusion The established UPLC - Q — TOF - MS method can rapidly and comprehensively analyze the chemical compounds
of Pinelliae Rhizoma and its processed products. Sulfur fumigation can affect the quality of Pinelliae Rhizoma and its processed
products. During the processing of Pinelliae Rhizoma, sulfur fumigation technology should be used in a reasonable and standardized
manner to avoid the impact of excessive sulfur fumigation on the quality of Pinelliae Rhizoma.

Key words: UPLC - Q - TOF - MS; Pinelliae Rhizoma; processed products of Pinelliae Rhizoma; sulfur fumigation; chemical

compounds; quality evaluation
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Tab.1 Information of Pinelliae Rhizoma and its processed products
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Tab. 2 Identification results of main compounds of Pinelliae Rhizoma and its processed products under the positive and negative ion mode
4% 3
bt LAk mehiek  2FX i\i%;; bt A% mehielk TR i\i‘};;

JiL 28 (deoxyadenosine ) [(M+H] CoH N0, 252,109 | 4528 (arginine) [M+H]"  CHNO, 175.119
S5 (adenosine monophosphate) [M+H] C,oH,NO.P 348.070 | kA& stachydrine) [M+H]*  CH,NO, 144.102
RAR - HAB) =K (val - pro) [M+H] CoHgN,0, 197.128 || & 7 &4 igonelline) [M+H]  CHNO, 138.055
BB I (glutathione ) [M+H] CoH N0 308.001 | FR(HRE - BEE) =K (pro - ala) [M+H]"  CHN0, 169.097
2= 0 - FARF(2 - 0 - methylguanosine) [M+H] C,H;NO, 298115 || Z A& (phenylalanine) [M+H]*  CH,NO, 166. 086
ROBAR - F 2 AM) A (val - ile) [M+H] C,HyN,0, 213.160 | B-AM (tyrosine) [M+H]*  CH,NO, 182.081
A BAE - 5 28EHE) =K (ile - pro) [M+H] Gy Hy N0, 229.155 || A3 (uridine) IM+H]" GHN0, 2145071
Lot £ EA Gl pedatisectine ) [M+H] C,H, 0N, 305.134 | B3 (cytidine) IM+H]T GHNO, 244.093
K LEA £ B (phenylacetylglutamine ) [M+H] C,H N0, 265. 118 | FeHE ILAD pedatisectine D) M+H]" CHLON, 199. 108
X # B chrysophanol) [M+H] CsH, 0, 255.065 | % e¥ LAE (pedatisectine ) [M+H]* CH,ON, 215.103
7 % % (apigenin) [M+H] C,4H,0, 271,060 | & 24 (coumarin) [M+H]  CHO, 147. 044
FILEE (epicatechin) [M+H] CsH,,04 291.086 | AR (cinnamic acid) M+H]*  CHO, 149. 06
(AR - RAAMR) K (his - phe) [M+H] CH N0, 303145 | # A KB (hydrocinnamic acid) [M+H] CHO, 165. 055
#4874 (formononetin) [M+H] C,H,0, 269.081 | P48 (ferulic acid) [M-H]"  CH,0, 193.051
INERE - EA8R) =K (leu - trp) [M+H] € H,N0, 318.181 || M3 (inosine) [M-H]" € HN0, 267.073
% 28 (sphingosine) (M+H] €, NO, 300.290 | feE 4 (xanthosine) [M-H]" CHNO, 283.068
X &% (daidzin) [M+H] €, 1,0, 47118 | BER B3 (deoxyguanosine) M-H]"  CHNO, 266. 089
48763 (ononin) [(M+H] CoH,0, 31134 | B3 guanosine) (M-H" CH N0, 282. 084
B33 (schafloside) [M+H]* CyHy0, 565.155 | # 2% (daidzein) [M-H]"  CH,0, 253.051
TR isoschafioside) [M+H] CyHy0,, 565.155 | #&% liquiritigenin) [M-H]" €0, 255. 066
F (thoifolin) [M+H] CoH, 0, 519.171 | #4577 (hydroxygenkwanin) [M-H]"  CH,0, 299, 056
k& %A hypaconitine) [M+H] C,H4NO 616.312 |6~ £#%(6 - gingerol) [M-H]"  CH,0, 293.176

% (wracil) [M+H] CHN,0, 113.035 | - ZAkE(y -linolenic acid) [M-H]"  CH,0, 277.217

Ja2%%% (cytosine) [M+H]+  CHNO 112,051 | ZJRE (Tinoleic acid) [M-H]"  CH,0, 279.233

- BAB(L - valine) [M+H] CH,NO, 118.086 | # & (oleic acid) [M-H]"  CH0, 281.249
# %Wbelaine) [M+H] GH,NO, 118.086 | = 5% A4 4 A A (dehydroconiferylalcohol M-H]"  CyH,0, 359. 15
%% (6 - hydroxypurine) [(M+H] GHN,0 137.046 | £ (isoliquiritin) [M-H]"  C,H,0, 47.119
F %% (xanthine) [M+H] CHN0, 153,041 || 77485 E 3 (isoliquiritin apioside) M-H 1,0, 549. 161
B2 (adenine) (M+H] CHN, 136.02 | & -4-0- B- HERBF [M-H]"  CH0, 519.187
FARERR (thymine) [M+H] CHN,0, 127.050 (pinoresinol - 4 - 0- B~ glucoside)
EB-Z R (pyroglutamic acid) [M+H] CHNO, 130.050 | #8 3 (naringin) [M-H] C,H,0, 579.172
T A (proline) [M+H] CGHNO, 116,071 | FFHogh 2 K348 (FAD) [M-H] C,HNOGP, 784150
-2 B (glutamic acid) [M+H] CGH,NO, 148.060 ||+ KB (glyeyrrhetinic acid) [M-H] CyH 0, 469.332
NE# citrulline) [M+H] GH N0, 176.103 | FE 3 Alecliptasaponin A) [M-H]"  CH0, 633.401
7% &8 (leucine) [M+H] CH,:NO, 132,102 | #E 8 (glyeymhizic acid) [M-H] CoHg04 821.397
7 28 (isoleucine) [M+H]+  CH.NO, 132102 | 224 Fe(notoginsenoside Fe) [M-H] CHy0 7 915.532
HAE (lysine) [M+H] GH N0, 147.113 | A%2% Rolginsenoside Ro) [M-H] CyH, 0, 955. 491
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Continued Tab.2 Identification results of main compounds of Pinelliae Rhizoma and its processed products under the positive and

negative ion mode

BT RH A

A B mhhilel 2L SR A 4 LSRR U SR
8 & 3 2.3 VB (buddlejasaponins IVB) M-H]"  CH0,  957.506 | & (aminocaproic acid) [M-H]- CH,NO, 130.087
JE 38 (suceinic acid) (M-H]"  CHO, 17.019 | L= #1548 (L - alloisoleucine) M-H]- (N0, 130.087
FER 8 (malic acid) [M-H]"  CHPO, 133.014 || D- # &8 (D- arginine) (M-H] CH,N,0, 173.104
A7) 4 A8 (aspartic acid) (M-H]"  CHNO, 132,030 |3,4- ZHAPEHHHFG4- hydoxytyrosol - [M-H]" CHOCHO,  299.077
HREH 2% (pseudoprotodioscin) M-H]" CH0,  1029.528 1 - glucopyranoside)
BREH 25 (protodioscin) IM-H]"  CH0, 1047538 | RILEE (protocatechuic acid) (M-H] C,H0, 153.019
A 23 Aljujuboside A) IM-H]" G0y 1205596 | &3 (uridine) [M-H]- CH N0, 243,062
B 28 (omithine) IM-H]" CHN0, 131083 |5 A& (widine 5 - monophosphate) [M-H]- C,H,N,0,P 323.029
i (uric acid) IM-H]"  CHNO,  167.021 |%7%% (daphnetin) [M-H] CHO, 177.019
F27%% (adenine) M-H]" CHN, 134.047 | 4- =2 & RH(4 - chromanone) [M-H]- C,H0, 147.045
72 BB (citraconic acid) M-H]"  CHO, 129.019 | #:44 iﬁ‘?(conifervl aleohol) [M-H20+H]"  CH,0, 163.075
(R)-(-)-#FR[(D-(-)- M-H]" CHO, 147.03 [12- 8K -9(2) - T8 12-om0-9(2) - [M-H0+H]"  C,H,0, 195.138

citramalic acid ] dodecenoic acuﬂ

- #ABAE (L - hydwoxyproline) (M-HI" GHNO, 130,051 | 13(8) - HAAA TG ZHs[13(S) - HPOT] [M-H20+H]*  CH0, 293.211
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Tab.3 Information of sulfur — containing compounds in processed products of Pinelliae Rhizoma after sulfur fumigation

FRACAT M40 4 AR HALE 5 X AT A M 4 AR BACE T A

% =8 (sebacic acid) C,H,080, | 13(8) - A+ B H#[13(S) - HODE] C,H,0.80,
¥ R % (malic acid) C,H,0.50, % 8 ( cortexolone) €, H,,0,50,
T (2B - KA A# ) =Kk (gly - Phe) C,H.N,0,80, | #5288 (succinic acid) C,H0,50,
T (HAMR - AR ) =k (val - His) C,HN,O0S0, [2-#K-2-FRTHR C,H,,0,50,
N- THk -5 - F 4K & R (melatonin) C;H,¢N,0,80, (2 - hydroxy - 2 — methylbutyric acid)
R LB B2 B (phenylacetylglutamine ) C;H,N,0,50, | F A& T =8 (methylsuccinic acid) C,H,0,80,
(B2 B - I 2B ) = Ak (tyr - Pro) C,HgN0,80; | (R) - (=) -4 [(R) - (-) - citramalic acid ] C5H;0,50,
A(FRH - &28) =Mk (leu - Trp) C,HuN,0.80, |(S)-2-2Ch-2-%4-3-ARTH C,H,,0,80;,
IR, B 11 4 I3 R F B CysH,0,50, [(S) =2 - aceto - 2 - hydroxybutanoate |

(9 - cis, 11 - trans - octadecadienoate ) R4 (D - fructose) CeH,,0,50,
3K 2.5 (sphingosine) CHyyNO,SO; || #AHi B (pimelic acid) C,H,,0,50,
i A B (anisaldehyde) CsH 0,50, 2 - 7 K FER B (2 - isopropylmalic acid) C,H,,0,50,
& 2.8 (tryptophan) C,H,N,0,80, |4 - #KEKTH(4' - hydroxyacetophenone) CH;0,50,
+ =% =8 (dodecanedioic acid) C,H,,0,80, #2#8% (coniferyl alcohol ) C,H,,0,80,
+ w98 = # (tetradecanedioic acid) C,.H,,0,80, 13(8) - AR+ \a = k[ 13(S) - HPOT] C,sH,,0,80,
##ARER (palmitic acid) CsH;,0,80, 9,10 - =4 - +ABE—¥# (9,10 - DHOME) CysH,,0,80,
I3 88 (linoleic acid) CsH4,0,80, D - £ .5 (D - sphinganine) CsH;;NO,SO,

fi AL A A R W ELR B X IR A MLER Y ST ERARIE TR T TR 2 ER 5,

INFTFACE WIS B 1 LRI Ul AR Y 2.5 TRENFEREMEHE RN

), JEAE A R A R M5 TR CgH,,05, 15 B IS ] Sy >R FH i f52 /N 3¢ J0 ) 43 B (PLS — DA) 43 # &
19. 64 min; I+ /R IR ELILYI N CgH3,0,80 08 B, 22205 kb B A AR X, TR LK 6. 1
BN E] A 15. 83 mino AT UL, BRALIS AL A i b s, P EEEAREAN L 34, TR TG 40007 . 2/ &
TR BB R R AR AL B BTG — B AR 2E SR 0 G SR B X B A s A
1480y, 20l 8 T & 47 183,195,277, 14 3% H FEARIAE A IR AR NG &
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Fig.1 Structural formula transformation of sulfurized compounds
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Fig.2 Mass spectrums of the hydroxyoctadecadienoic acid
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Fig. 3 The secondary cracking mode of the hydroxyoctadecadienoic acid
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Fig. 4 Mass spectrums of the hydroxyoctadecadienoic acid sulfide
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Fig.5 The secondary cracking mode of the hydroxyoctadecadienoic acid sulfide
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