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W OE: B HE I B AR I R K 4y 1) = OB €53 - H I = FE DU AR AT BT 35 7 (ultra performance
liquid chromatography-tandem triple quadrupole mass spectrometry, UPLC-TQ/MS), “AASIG] ;= Hs BB 1E 30 J5 R0 b
B e ftE . A% SR UPLC-TQ/MS 458 ZIuGtit 20 ikt 7 457 s 50 HLEELAERE b i 20 Fha 2k
M2 25 W 4 3R 47 8 B 4 5 B 28 4 #r (hierarchical clustering analysis, HCA) . 3 & 43 4 #T (principal
componentsanalysis, PCA)F 1F 32 f fi /> — 3¢ 1 43 #7 (orthogonal partial least squares discriminant analysis,
OPLS-DA), &R  HIALT & A FEMERRE RS, A 8 A AL T 2R, H 4 2R (glutamic acid,
Glu) . KAWL (asparagine, Asn) ., i Z B2 (tyrosine, Tyr) . 224 4 (serine, Ser)%& &t i i, FEAE R (pyroglutamic
acid, Pyr). su2 -4 %M (leucoyl-valine, Leu-Val). H#i %2 (methionine, Met)Hl p-Z It T ik (y-aminobutyric
acid, GABA) i A%, AN[Al = MU B B AE 2 SE IR 5 1 22 5 0K . HCA . PCA il OPLS-DA 455 R, [ 3
BOHAL Al SRR, A (5] 77 b i S5 2 S K o IR L 53 F BE 2B VA, O 1 RS Ry b Rl 37 14 BB AE it JB ¢
Uf . OPLS-DA Zi5tilk— /8 Asn. Glu, ¥ ZBEME (glutamine, Gln). Ser yANJF] 7= M BOBRAE /Y T 222 53 LoD,
PRI LA SN PR G R E T HEILAE T Asn, Glu, Gln, Ser BB M S5FLE, M i B2 5.
0 AW E NN A7 BORAE h Z IR Lo B 0 M vk, A5 R T S BORAE P s . Bl
i SO S 55 2%

KB BOULAE; R SRR AT B OB - BRI = S AR AT BT 2 ougiit

Analysis and evaluation of amino acid components in Rosa rugosa Thunb.
from different regions
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ABSTRACT: Objective To establish a method for the determination of amino acids in Rosa rugosa Thunb. by
ultra performance liquid chromatography-tandem triple quadrupole mass spectrometry (UPLC-TQ/MS), and provide
ideas for the traceability and quality evaluation of R. rugosa Thunb. from different origins. Methods The

quantitative analysis, hierarchical clustering analysis (HCA), principal component analysis (PCA) and orthogonal
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partial least squares discriminant analysis (OPLS-DA) of the 20 kinds of amino acids in 50 batches of R. rugosa
Thunb. from 7 regions were carry out by UPLC-TQ/MS combined with multivariate statistical analysis. Results R.
rugosa Thunb. was rich in amino acids including 8 kinds of essential amino acids, the content of glutamic acid (Glu),
asparagine (Asn), tyrosine (Tyr) and serine (Ser) was higher, while the content of pyroglutamic acid (Pyr),
leucoyl-valine (Leu-Val), methionine (Met) and y-aminobutyric acid (GABA) was lower. The content of amino acids
in R. rugosa Thunb. from different regions was quite different. HCA, PCA and OPLS-DA results showed that the
qualities of R. rugosa Thunb. from the same region were similar, but the qualities of R. rugosa Thunb. from different
regions varied greatly. The qualities of R. rugosa Thunb. from Shuangliu and Weichang were better according to the
comprehensive evaluation of the composition of amino acids. OPLS-DA results further showed that Asn, Glu,
glutamine (GIn) and Ser were the major differential components of R. rugosa Thunb. from different regions,
suggesting that many ecological factors from different regions might mainly interfere with the formation and
In this
study, the UPLC-TQ/MS established for the first time for the analysis of amino acids in R. rugosa Thunb. from

accumulation of Asn, Glu, Gln and Ser in R. rugosa Thunb., resulting in quality differences. Conclusion

different regions, which can provide useful reference for the traceability and quality control of R. rugosa Thunb.

KEY WORDS: Rosa rugosa Thunb.; different regions; amino acid components; ultra performance liquid

chromatography-tandem triple quadrupole mass spectrometry; multivariate statistical analysis
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BUHRAE ] 5 AR 1 T A B (Rosa rugosa Thunb.)
HITEE, AR CEYARE) FRAHRINCE, 75 T4
PEAER R AR R, W, BA1T <M.
Aum . IRZA T, FEATHEAR. Ag2rE. g
MR AN BB E 2 . B Rl S T
B, TR SR B E AW KB R T ARG
Teok, FRENLA ., WAL, 280, AL IR S M A O
R BORAER R A= 7, (AR TR A A s s TR A . 38
SAEAE AR RIR KR LS X BORAE 5 5= A 5%
Wi B, DRI, TR REECER AL MR, i BOELAE A R R
AR PP B

WEIRIE NN, BURAETH SH M2 | TR L wh2s .
AR . TGRS, BB E
A= MERERBR M. ERESES, LRSI &
FSZEMMEYY. HAET, 2020 AR € AP AR R FE 25 )
R EBCRAE S B o s B S, R . nTAR
TERYRHE M AR, X OR B ] T B A8 BT e 4246
5 TP 1 A A Sl

GRS 2 R [ BT R IR AR 20 S B2 1Y
—EKEHNT TR, A ZRAYErE, EOner ik
P S 20 N A F S RERED 1 AN, RIS
Sl T B O IEN Y, IR C A TR RHERN
SRR BRSPS
SRR Rk EEAA SRR . AR T SROR
FHETERLEE, (A OCR AR AR H  Re k5%
JRIFRPE, R T OEBAAENE R R . RS TR

SEBR AL, R BORAR G R F RN E 25 5 AT A R TR
SR, TR R OB €5 - R EG R DU ARAT T (ultra
performance liquid chromatography-tandem triple quadrupole
mass spectrometry, UPLC-TQ/MS)JCisfiT A LA EE, HHA#E
R O3 L AN B IR =TI VI L6 SN VI R/ S S S
P mRBEE  ASIIREE 2R, JFE ST 2%
RIRT= e SRR I TR >

HOEAE B S A SRR A E R R, RS AT SCik
B BORAR 25 FOE R B T BRSO TR [R]
BOBLACFE S B S LR A 1 X 3 2 S vk s U™ ), SO
FEVKM UPLC-TQ/MS FiARS & 2088t )ik v %
ERF- B BEAE Y 20 Fhed BERR IS Lo 24T 43 B 57T
B, DAHASHBCELAE T Hb I 5 FR 5T R A 5 S R R A
wE%

1 MR5ERZE

11 SERER

50 HEECBLAERE b ORI TR 2020 4 5~8 1), {58
UL 1, GRS Rt IR 2 KX 236 & B 55 0 i 3R )
W R. rugosa Thunb. BT IREAEZE, FriskEi kG 1d 40
B, T 4 CHAUTUAAM. BHHEMFRR2 g £HE
F PR E A, HERETFHREZE 105 CREE
20 min, RPFSFESSKE,
1.2 #HR5RF

SRS AR aE-451 2R (leucoyl-valine, Leu-Val), y-2dJ&
T2 (y-aminobutyric acid, GABA) . 24 % 12 (pyroglutamic acid,
Pyr). R&MWiHi(asparagine, Asn)(Jli KT 98%, il
SEMA LR IRA R, 52 & MR (leucine, Leu), &R
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(isoleucine, Ile) . % [iX(alanine, Ala) . 5PN 24 fR(phenylalanine,
Phe). {64 (tryptophan, Trp). #fiZfR(valine, Val). B&ZR
(tyrosine, Tyr). Jfi%& 82 (proline, Pro), #i&#(lysine, Lys). 7
Z B2 (threonine, Thr). B % B2 (methionine, Met) . 4 &R
(glutamic acid, Glu) , Z-fi#ifi(taurine, Tau) , 222 & (serine, Ser) |
A E B (glutamine, Gln) . 2 BRELHEEE (ornithine, Orn)(Fi:
IIPBORT 98%, PIEE A2 ERTTERE) o

FBS25PES020 7Y 0.22 um (Rl S RAg A R A
A, ZHE R R(EIEH, TEE Merck A F]); #BAI7K(18.2 MQ)
R cseE A il

R1 50 MAE~HBEREHRER
Table 1 Fifty batches of R. rugosa Thunb. from different regions

ETRe) Pt K%
S1~S8 BT A 4.59~11.47
S9~S17 HolaE 4.60~11.75

S18~S31 WIARFEBA 5.58~10.75
S32~834 LINHH 5.02~8.640
$35~840 ZMET 4.87~10.39
S41~S44 o BLR 4.44~11.18
S45~S50 WAkl 8.66~11.44

1.3 UFE5E%

LC-30AD ZUf S AH Y . 8050 T8 =B PUARAT T
1% (H 7% Shimadzu 23 7); BT125D #+Ji 432 — B F43Hr Kk
({5 Sartorius 23 #)); Milli-Q Z7KHL(EE E Milli -pore 23 1);
KQ-250E RV i veas (B LR QR A G TR A]); Pico
17 V5. 0#41L(3E [E Thermo Fisher Scientific 23 ]); DHG-9070A
LS O e e N QR (- o e Sl L R/NEI DR
ATS-SF-720A 7K A5 (IR AR A TR A 7)o
14 SKWHE
1.4.1 2Bz &

KRR BGE i 20 P JEm IS, A 10% 2 G
¥ Leu-Val, Tau, Trp, Ala, Leu, Ile, Phe, GABA, Pyr,
Tyr. Lys. Val, Pro, Thr, Glu, Met, Ser. Gln, Asn,
Orn JFEHE /50 0.026, 0.141, 0.152, 0.156, 0.188,
0.209. 0.170, 0.078. 0.009, 0.137, 0.115, 0.174., 0.184,
0.253, 0.557. 0.113, 0.227, 0.196, 0.705. 0.144 mg/mL
FRTRL 5 %) BN BV (4 °CIVo3), B i B I R A VR FE TR
N BRI, FH TR R LR,

1.42 AR R &

454 ATV RIF 9 B SCIHRAH 38 1 5 R A AR U 9 o 1 e,
KPR E R BILALRES 0.6 g, BT 50 mL HEEHIEH,
KB 25 mL K EREERE E R, =5 BRI
30 min (25 °C. 250 W 40 kHz), 341 % % iR IFMmAKRN 2 5
B, BUHEEAT, 13000 r/min B0 10 min, B R RaT
0.22 pm JEMERIAS
143 &5

a4 Waters UHPLC BEH Amide {43%44(100 mmx

2.1 mm, 3.5 pm); HEBIAH: A FR 0.1%H BRKIEW, B Ak 2,
Ji; BREEVENE(0~1.5 min, 90% B; 1.5~8 min, 90%~70% B;
8~12 min, 70%~40% B; 12~14 min, 40% B; 14~14.1min,
40%~90% B; 14.1~17 min, 90% B); PEkEHR: 2 pL; A
30 °C; Jii#: 0.4 mL/min,
1.44 JFigdtt

HA I35 25 11 (electrospray ionization, EST)1E it 2 FAR
BANEHLE 4000 V; JBEAFRIEE 10.0 L/min, JEE 300 °C;
AL 3.0 L/min; IV 10.0 L/min; 20 0
(multiple reaction monitoring, MRM)EX Tl E HAR T4 -
20 P ER TGS L3 2, MRM A ILE 1, Hdh Q1
— LR DULRAT I B LR, Q3 S = 2R DU GAT T B F s

®2 20 MEEBRRIESH

Table 2 MS parameters for 20 kinds of amino acids

12 =T 3 D
we im0 AT quqay I
s} 8] /min X (m/z) R /eV
1 Leu-Val 1.85 231.40>86.20 10/17 15
2 Tau 2.93 126.30>85.20 12/16 8
3 Trp 3.88 205.30>188.10  12/20 12
4 Ala 4.59 90.00>44.00 11/17 12
5 Leu 5.02 132.30>86.15 15/17 13
6 Ile 5.58 132.30>86.15 11/28 19
7 Phe 5.91 166.30>120.20 10/23 15
8 GABA 6.53 104.30>87.20 10/18 14
9 Pyr 6.98 130.25>84.15 10/18 14
10 Tyr 7.37 182.25>136.15  10/15 14
11 Lys 7.78 147.00>83.90 12/19 22
12 Val 8.27 118.35>72.20 11/14 13
13 Pro 8.70 116.35>70.15 10/29 17
14 Thr 9.30 120.30>74.10 10/14 12
15 Glu 9.71 148.30>84.10 10/16 16
16 Met 10.20 150.30>104.10  10/20 13
17 Ser 10.62 106.10>60.10 13/25 13
18 Gln 11.08 147.30>130.10  10/26 14
19 Asn 11.79 133.30>87.20 12/17 12
20 Orn 12.78 133.30>70.20 12/29 22
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Fig.1 MRM chromatogram for 20 kinds of amino acids in mother
liquor of mixed reference solution
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KIS NTRA T HR AL, T2 08 EaR s AT 4%
PEUERE, LA 20 FEIEERXT R SH R BE (X, ng/mL) MR AR AR,
Xif o7 (AU TET AR Y) AR AR, 2R LR, JFH TR R
FEE, FETEWELL(S/N=3, SIN=10)73 5154 R (limits of
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detection, LODs)FI5E i (limits of quantitation, LOQs).
1.4.6 MHEE. LM, BEEFRFEkELR

HUR AR BV, i B TR RN BT A5 R 23 A
1 d FIESE 3 d HALHFE 6 1K, 10 5% 20 PR BERR 3 I THIFR,
THAH AAE S EE A H MAS %6 . B S1 S HEdh 6 1y, #BE E
WO A P T, PR IR R B SRR, L
FESL R 20 PR R RR I S P M, FE 0. 4. 8. 12,
24, 48 hibFe, LIRS ik 20 FaE( Sk o & B MR
FETEC HU6 ff 20 FREIERR I S HEC MY ST 5 HEA 0.1 g,
SITMAT 0.1 g A it v 20 Flv g BEMR B A3 5 i AH 24 19 2% % B
ih, FRER 1.4.2 JriEml g ptl el IR 1.4.3 B
SEPERERE, THEMEE IR
147 #H&bFRE

Fe BTN (0 7 X 50 HEAS[R] 7 b B AEAE fh kA T
Mg, oI BT 5& J AR & .
1.4.8 ZIEHE

ARSI R FH Labsolutions v5.65 JEig AR # 44
(HA Shimadzu ARDACEE, FJ$43#T(hierarchical clustering
analysis, HCA) ., F {4343 (principal components analysis, PCA)
1 1E 52 i #5c /Iy — 3 75 43 #7 (orthogonal  partial least squares
discriminant analysis, OPLS-DA YR SPSS v19.0 i 4k {43
IBM A ) SIMCA v14.13 4 Umetrics 23 ")SE A4S0

2 GERE5HH

2.1 H£MHXR

MR RAIRL IR 3, FHEREAE 0.9964~0.9999 2 [F,
LODs 7£ 0.18~14.57 ng/mL Z[fi], LOQs 7E 0.60~48.57 ng/mL
ZIE), RGBT KRG, LS R A, W AR

Fz3 W0HEEMEMEXRERER
Table 3 Investigation results of the linear relationships of 20
kinds of amino acids

FHR eyl 283 Hl/(ng/mL)

Leu-Val Y=4.72x10°X+1.31x10? (2.54~2.60)x10°
Tau ¥=5.16x10"X-3.23x10? (13.77~1.41)x10*
Trp Y=2.42x10°X-3.84x10" (14.84~1.52)x10*
Ala ¥=5.25x10°X+1.06x10° (15.23~1.56)x10*
Leu ¥=6.67x10*X+1.96x10° (18.36~1.88)x10*
Ile Y=3.96x10°X-8.65x10" (20.41~2.09)x10*
Phe Y=1.59x10°X+1.91x10? (16.60~1.70)x10*

GABA Y=6.55x10*X+2.86x10> (7.62~7.80)x10°
Pyr ¥=2.10x10*X+4.52x10? (0.88~9.00)x10?
Tyr Y=2.20x10°X+3.31x10? (13.38~1.37)x10*
Lys ¥=1.87x10"X=5.12x10? (11.23~1.15)x10*
Val Y=1.33x10°X+2.56x10° (16.69~1.74)x10*
Pro ¥=1.24x10°X+2.08x10° (17.97~1.84)x10*
Thr Y=1.80x10°X+9.17x10? (24.71~2.53)x10*
Glu ¥=3.04x10°X-7.37x10° (54.39~5.57)x10*
Met Y=1.01x10°X+3.74x10? (11.04~1.13)x10*
Ser ¥=1.01x10°X-9.42x10° (22.17~2.27)x10*
Gln Y=6.89x10°X+1.62x10? (19.14~1.96)x10*
Asn Y=4.04x10°X+7.84x10* (68.85~7.05)x10*
Orn Y=3.35x10°X+6.85%10? (14.06~1.44)x10*

22 HBEE. ESM. BREMMMERKER

20 Fad FEMR A A H PRORS %5 B2 RN H MDA %% 8 AE X A v
fi# = (relative standard deviations, RSDs)7E 0.12%~2.67%F
0.11%~3.07%2 ], T RSDs 1E 0.37%~2.91%2 i, 4
E P RSDs 7E 0.43%~2.84% = [&], [8] W K 34 { 78
96.39%~102.76%Z [, [EIi#E RSDs 7E 0.09%~3.01%Z i
ZE b, AT . EE M e MR eR R AT, W
JEATHTEK
23 HmAEE

FEG SR ES R IE 45 04, BT S E+ES
P IERRZS A7, S0 HURE b R 3 R8E i 34 20 Fhad LR
Kisr, Hh s 8 f \ALTE ZAER, Glu, Asn, Tyr,
Ser 255 B A4S ES, T Pyr. Leu-Val Met Fl GABA 7 &% .
A8 5t RBURAE AR bR 22 5 H AP MEZ L, 7T S Begichs
F) PRy RS RRRJE, 20 FP S ZEIRZE A A 1R 5 R B KT 30%
Hrr Pyr GRS REUR K, O 74.17%, Thr 225 R ER
/N, 230.03%, UEBHIX SRR R 20 A E SRR IS A
WO, 2ZRAK, SR HI T BORAE h 2 EE
SHIE R SR R HA — R
24 HRGITSH
2.4.1 RESH

X} 4~5 BRI T HCA 20T, A2 e 2 fis
MR 100 B, S0 HEBORAERE L RGEIX 4 4 25, Forbpu)i|
MR e S A R —28, BraE A A R AR 25,
ACERE MR —2E, IWASEFR L VIR ORI B TR b
U2, FEHA DU IDSUR AT G FE A B AL S SAERL, IhZR
SEBA L VTR R A T EORA R AR, BRILZ AR, A
(] M BORAL 0 T 22 F 9K o
242 ERSOH

X% 4~5 BARIEAT PCA 43T, FRLoFRIE(E A BTk
R 6, FWAMIRFEMENZR 7. thak 6 nl A1, |2 4
FRA BFFAEEI R T 1, S 2 A3 A4 TE S = Hh
SBORAET 20 Frad RSB A B R il AR,
H 24T 851 Bt 20Tk Ry 73.09%, RESS & WA
BUAS [ 77 1t 5 BOHAE 20 Pl L AR 2 40 T (g P 7E BB R PO
& 7 AlAL F£a4r 15 Leu-Val, Trp. Ala, Leu. Ile,
Phe. GABA. Tyr. Lys. Val, Pro. Thr, Glu, Ser. Orn
R RAE I, R 2 5 Trp. Met A 547 AIAE M, 2
A LAY BENS ST M AR R4 R i A IR A IR B,
TR E By 1 RN 2 6T R AT, BRI Ry
R B, ARYER 3, SR F A — 4, 450
&l 3. Qi 3 fR, 50 HEAS R = M BURAGHE & BT 4328 7
20, AHIE BB AEAE S R AR AR, TSR] R
B, FWAE b BO AL S BTARRL, AN TR B B A
R EFB R
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Fig.2 Hierarchical clustering analysis of R. rugosa Thunb. from different regions
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Table 6 Principal component eigenvalue and contribution rates
of R. rugosa Thunb. from different regions

ERr FREE O rETICE% BRI ETiERE %
1 11.51 57.53 57.53
2 3.11 15.56 73.09
3 1.73 8.64 81.73

RT NEFEHEBIRTIEERR AR
Table 7 Principal component matrix of R. rugosa Thunb. from
different regions

BHEMR T LR Rl
1 2 3 1 2 3

Leu-Val  0.78 -0.47 0.17 Lys 0.94 0.01 0.12
Tau -0.14 039 -0.76 Val 0.71 -0.53  0.07
Trp 0.64 0.61 -0.07 Pro 0.93 -0.03 -0.06
Ala 0.94 027 0.04 Thr 095 0.06 0.12
Leu 096 021 -0.02 Glu 0.79 -0.20 0.10
Ile 095 0.18 -0.14 Met 0.08 0.71 -0.12
Phe 0.89 034 0.05 Ser 096 0.15 -0.15

GABA 0.75 -0.32 -0.36 Gln 043 045 0.61
Pyr -031 033 0.64 Asn 0.10 -0.85 0.10
Tyr 0.94 -0.16 0.12 Orn 0.71 -031 -0.27
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Fig.3 Principal component score chart of R. rugosa Thunb. from different regions
®8 ARERFMBRIEERAEZEETNESD
Table 8 Comprehensive evaluation scores of principal components of R. rugosa Thunb. from different regions
. i . F RS
5 EEUZALE FoOHE #B HHUTH T PR
F1 F2 F3 Fl FZ F3
S43 1.57 1.15 —0.62 1.03 1 S8 -0.67 1.52 0.88 -0.07 26
S48 1.98 -0.63 -0.21 1.02 2 S23 -0.10 -0.61 0.58 -0.10 27
S41 1.75 1.13 -2.08 1.00 3 S28 —0.05 -0.76 0.05 -0.14 28
S47 1.91 -0.42 —0.81 0.97 4 S21 -0.22 -0.91 1.33 -0.15 29
S49 1.66 0.28 -0.51 0.96 5 S27 -0.13 -1.26 1.09 -0.18 30
S50 1.60 0.15 -0.31 0.91 6 S31 -0.24 -0.70 0.65 -0.19 31
S46 1.76 —-0.30 -0.74 0.90 7 S5 -0.68 1.13 0.16 -0.20 32
S42 1.30 0.99 -0.32 0.87 8 S22 0.17 -1.72 -0.40 -0.21 33
S44 1.28 0.89 -0.20 0.86 9 S4 -0.76 1.00 0.68 -0.23 34
S45 1.46 -0.47 -0.15 0.76 10 S26 -0.20 —-1.45 1.20 -0.23 35
S32 0.42 0.95 -0.26 0.37 11 S24 -0.04 —-0.83 -1.01 -0.24 36
S18 0.67 -1.30 1.42 0.31 12 S1 -0.92 1.40 0.75 -0.24 37
S6 037 225 1.51 0.27 13 S3 -0.82 1.00 -0.03 -0.32 38
S7 -0.36 2.13 1.31 0.24 14 S29 -0.30 -1.23 0.38 -0.33 39
S2 -0.34 1.91 1.56 0.24 15 S20 —-0.50 -1.18 1.25 -0.36 40
S33 0.32 0.65 -0.94 0.20 16 S25 —0.46 -137 0.59 —0.43 41
S36 0.36 -0.16 0.16 0.20 17 S16 -0.91 —-0.87 0.53 -0.61 42
S38 0.30 -0.24 0.01 0.14 18 S13 -0.79 —0.50 -1.14 —0.63 43
S40 0.19 -0.01 -0.03 0.11 19 S15 -1.50 0.70 0.04 -0.75 44
S39 0.10 0.15 0.09 0.09 20 S12 -1.48 0.30 -0.69 -0.86 45
S35 0.12 0.10 0.02 0.09 21 S17 -1.36 —0.13 -1.43 —0.93 46
S30 0.27 -1.27 135 0.07 22 S9 -1.15 -0.59 -2.18 -0.94 47
S37 0.08 0.09 0.13 0.07 23 S11 -1.46 -0.10 -1.43 -0.98 48
S34 -0.13 0.79 0.11 0.06 24 S14 -1.60 -0.25 -1.78 -1.12 49
S19 0.00 -1.01 1.57 —0.02 25 S10 -1.75 —0.40 —2.13 -1.25 50
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Fig.4 OPLS-DA scores chart of R. Rugosa Thunb. from different regions
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