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Abstract: In this paper, a method was established for the qualitative and quantitative determination of illicit sildenafil in
health foods by surface enhanced Raman spectroscopy. By taking advantage of the specificity of Raman spectrum, we
qualitatively determined sildenafil. Melamine was used as an internal standard to quantify sildenafil. Linear regression
fitting was carried out using the peak height ratio between sildenafil at 1 234 cm ™' and melamine at 707 cm ' as the y axis
and sildenafil concentration as the x axis. Results indicated that a good linear relationship was observed in the concentration
range of 0-50 mg/L with a correlation coefficient of 0.996 9. The limit of detection (LOD) was 0.05 mg/L, and the limit of
quantitation (LOQ) was 5 mg/L. The recoveries of spiked solid and liquid samples were 85.6%-92.6% and 98.7%-105.2%,
separately with relative standard deviations (RSD) of 4.14% and 3.25%, separately. In addition, this method was used to
detect actual samples, and the results were basically consistent with those obtained by high performance chromatography-
mass spectrometry (HPLC-MS). This method is accurate, sensitive and rapid, and can be used for the qualitative and
quantitative detection of illicit sildenafil in health foods.

Keywords: surface enhanced Raman spectroscopy; sildenafil; melamine; health foods; qualitative detection;
quantitative detection

DOI:10.7506/spkx1002-6630-20190103-031

&5 TS207.3 kbR A A EHS: 1002-6630 (2020) 08-0297-06

Weks H . 2019-01-03

FEWE : WALE B R E A BRI b E E LI (ZZLX2018004)

e RN KB (1990—)  (ORCID: 0000-0003-0578-0037) , 5, TR, Mil:, WM NEHRES %4,
E-mail: hjyong0213@163.com

SEAEEHE T FBEE (1980—)  (ORCID: 0000-0002-9627-7500) , J, mgh TN, it, W eimeEs w2,
E-mail: zthmail@163.com



298 2020, Vol.41, No.0S B53ik

=

E[BE

WA B, K48, BT —, S5, R SRy 8 il ik e Pk oA U R4 £ b AR A I va I AR D). B R R, 2020,

41(8): 297-302. DOI:10.7506/spkx1002-6630-20190103-031.

http://www.spkx.net.cn

HU lJiayong, ZHANG Man, PI Jiangyi, et al. Quantitative and qualitative determination of illicit sildenafil in health foods

by surface enhanced Raman spectroscopy[J]. Food Science, 2020, 41(8): 297-302. (in Chinese with English abstract)
DOI:10.7506/spkx1002-6630-20190103-031.  http://www.spkx.net.cn

fRig g am DU BRIE R /N e tkm. IR E4%
G A R EER. Tk, BE AAEEKTH
AW, RERES TSRS TR E. EL5F
IR T, —EANEE S R KR AN TR R OB
TR, TSR PR IR 20 N, e AR g
FoIn N PE AR AR 25 . AR R DAL P Mk 4 FR Viagra
RN, fERERA R, AT KA A
FAFTFRALLZY), SX A SRS R E 1 EY.

PaHARAE . fhoA R RS B BER 2,  oh 56 [ M
T AR R, ARNJETIRRAETT 2, HAEA RER 0
b7 YR, XRRAWAR —ERIEH, BAAKRI
NUHEEILL . BFE . Sk SRR AR, iR
HRE KIS LR, v SR AW R
MO M DIREZREL, SUELFmE. B IR 20 )
RE LR S P B ITRIE, XS EARIERIAN, MEEE
U AN

R0 T PR i £t o 7 AR A 2 24 ) 1) S = A
0595 B T AR G ET T RR - ER BB
PR R AE IS, AN, ERBCREIENY. b
PO K B TR R WA SR A S T AR A P
ABAER W € o iR AR R I R BBORE . IR BRI
EETMRAEE, HE Ok e, Hark
7O B H AT AS 5 R R A S b
HARAE 2 A7 AT UG L S A WG S i, HLSDIGAE
MEA B .

R0 B 5 A7 2 6% (surface enhanced Raman
spectroscopy, SERS) HAAE Ay—Fhi 4 ) Pk kil 57
A, BAERBER. 2O R AZAKTFHRER A,
ORI B TR A G ZE N SHCR S, o594
KRNI AR AR A0, 2k AR SR T I s by 2
G, RBES MmN, TR, FFESERSH
REVRE, Hr 2 IS8 a2 407 H S H 2 20772 %
7, fiPan YunZEUR] F SER S I & HE 4 3 bR T 3 %
MY, GukowskyZ5 PRI HISERS B % i\ Tt = AR
SREUZ, Yang LibinZsP ) F SER S I 4= 4 op 003 A 5%
B, UbAh, SERSTEA FH/Nr 1. BIEMESURE . 4h
PR S 5 5 TG (1 DA W A R B B AR 34,
I BN 7 2 ' 1 A LR i £ o R ARV TS IR AR SR 25 4 %6 s A
M7 —E KM, Mao Danzhuo%™*'F FISERS

AR G 26 LR A v G I A R IR TR s S e e TR
P2 SR A5 22 T -SERSHA S I r B 24 A0 GRAZE it Hh 78 b
FERE PRI E Z0HESE R F SER S BUA 5 M AGH I £ A
A BRI Y, REMHETH AR LK E S A
(] Bl 750 (0 4 i RCSR % i A P i DI 5 11 e By ) S B
PRAE ity T PG 3t A SR 25 W (0 e MEAS I o X 5 3T T 2R
HISERSHARSEIUIBAR LW R AT I, 10 52 BeA Il
BEA T

ASHIE TN — Fh T SERSBOAR P i 1 52 B A Il O
fa i P OIS AR SR AR R IR I i 7, DI R
oty PR TR 7 A A ARSI S (T 4 A e T

1 ME5HE

L1 phRk S

SYPRER AL AR R R ERI AR AR &
RZBE. Wilfg. SAEy. =& EERR
AWRAE]; PuHbARdEERREEY WP EZG A ST AT

inVial L R AR 261 ¥ E Renishaw A 7
12 HiE
12,1 bRl ZR2 )

FRECPU B A AR £h R £50.1 ¢ CR5H%£0.000 1 g) ,
10 mLZ B, HEBE100 mLEERF, HKER
I, IR R B N100 mg/L. AERR T HL 7 3
TR ER AR HERE A WOE R, 0.3 mol/LIIHR BR VA 0K HL
i SR R 40 79 N5 104 154 204 25, 50 mg/LH
FritE R4 (A, I BRG] o 3 550 B mL A v R 9
51 mLAFRER (50 mg/L=RE AR TR, 5
FIFEIRE N5, 10, 15, 20, 25. 50 mg/LIbxitE & %1
TAEM (AR T S5 NARL: AFUR G, Bt Dbsik
AR VT B P R bR A R AR R D o kKA
R A A S00 pLYK S L 100 pLAs#E R 51 TAE
W 100 pL 1% SALENE R, WA1JE BRI . DLV b
AR R B R Ak b, PEH AR AR AR gL 234 cm ' 5 =
RENRFAEIETOT om ™' [FUG = LE A AL bR R AT 25 1 11 15

A
122 FEMETALEE
1.22.1 e

WA AR BE SRR I, TR IR TS5 N A )



Al

E6mill=

2020, Vol.41, No.0§8 299

BRI B, A [ R 5 B P W B R B R
ISR g T 15 mLESOES, M EOEF N4 mL
MR, R IIES minf&3 000 r/minES 05 min, Y&
FEAVMIFH R G ER RS mL, HOARIURA.
WL mLAEHGHA T 10 mLESOE S, JIA4 mL 0.3 mol/L
TRERVATR, #E ¥ % ES min/&3 000 r/min 05 min, Y8
TEBBIFHKERES mL, HONRBUEB, KKK
T IIAS00 pLYK 4R 100 pLEEHGHEB . 100 pL
1% AN, VRS AL

WAR: WEL mLikAE T 15 mLE O &Y, MELE
A4 mLAWE B8, #23%%E5 minfE3 000 r/min &g L
5 min, WEEEAEVMIFEHFEES mL, EEHVAHN
FEHGHA . W] mLAEPHA T 10 mLEOEH, A
4 mL 0.3 mol/LERFRIA W, #%¥% W JiES minf53 000 r/min &g
OS5 min, WEETEBEBIFERES mL, FEBEBCHREL
B . ARSI n NS00 pLANK e . 100 pLi
IUGKB. 100 pL 1% RIS AEA W, 1R LHLSI
1.222 e

51.2.2. 197 FIE AL FRAS BHE 0GB, L1 mLIZ KB
51 mLAPRIERFE RS, BRI AR IR A RS
PG00 pLA KA. 100 pLARIG . 100 pL 1%1
SN, TREL G LY.
123 hr S e &A1

BESGIFIA)S s, BOBTIER25 mW, H#RE0 &k, W
BEAERS50, WO K785 nm, JEHL 200 L/mm, $HHTE
FEl650~1 700 cm ™'
1.24  #HEA

A K H B R AR 8Ot B R AR
XA (RS 0 45 SRR AR DK, Dl G 5 RS WU BT )
SRAE, RN TR RS 05— DA E B R
ff, ASCIS VOB LR ERERS S, e B TR
W R — SRS g R E S RS
PRI HIERE, FEAESETH IR (BAE) BT
R, R 5 B 25 BT K P e B, RIS P R
JEHEAT TR —ANRE S BRI, SR B

1 #REEHE

Fig.1  Drawing of injection device

1.3 HdEg o
FMicrosoft Excel3xk {4 x4 Zu i 3E4T Ge it 43 b LA e ek
R

2 gRS5HW

2.1 EYERIGE R

1047

1 579
| i 4
/|

2 A

1234 |
1525
| I
(IS
n
A AR

Y G N NI ~

700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
FrE A /em ™!

B2 ViR IEsR k7 i SERSE
Fig.2  SERS spectrum of sidenafil standard solution

B 20 LLA B, 764 A8 JE SERS B fiE g Ny
1234, 1525, 1579 cm ' (—Meiigrpof 8 &8
H<3em™ D , 5EESHHILLER - 2 ARA
SERSHHAEIEAL B N1 047 cm ™', 5 7GR R4S A0 I e
.

R I RE S A R R Ab 2R 7 AT A HE S L
K, MRAEREE (1234+3) . (1525+3) cm 'H
(1580+3) cm "ACHFAEFL St ith, WhRAE a5 A i v
HOBAEFEAT VP4l 5 RIS AR AE FIRRRAE W, DU RT ) 58
b R PR EE

VG 1 0 b fE L B 26 REE R, 1579 em R
. BAEHNC=CHC=NMZERsIA)E, 1525,
1234 cm™ b BRIERN T F LGV =C—HIRSNIE. T
WD FEMPSH TR 08, S TEHERS T
P ) RF A, R L SERSHEASE F T 76 Hh A0 (A6
22 EEALS
221 IEFEANARIER D E

®1 FEIKERNER

Table1l Peak data showed the internal standard method to be
necessary to quantify sidenafil
fe Gy Vel Eliem”! g TS
5 12322 6968.5 472 853
10 1234.1 13916.5 860 135
15 1234.0 13 053.0 871491
20 12345 15640.8 884 224
25 1234.1 26778.5 1289 830
50 12344 24 809.5 1027 582

AR AT A Y, AN [R]J ER E F) 78 b A S AR AL i e
Wiy B Y — B, (HIERR S BURIRL . WEmA S BRI



300 2020, Vol.41, No.08

B5oiltl F

RARLRMER R, UL TCVEE AT RN . A TSP TE
W, A BN —FH 2 etk (E 50k H 5 TaH R
LTI N bR, GBI N FRESEILE
222 WERRIERE

797

[EEIRIIS 1

T T T T T T T T T T T
700800900 1000 1100 1200 1300 1400 1500 1600 1700
fr 2 /em !

3  =RFESWEHIRIESERSHEH
Fig.3  SERS spectra of melamine and sildenafil

mE3TT LAY, = RAEMRFAEIENT707.
1091 cm ', PHHLAPAEMAFAEIE AT 2340 1 526+
1581 cm ', SEEGH BT FH 7 & ik Ackae tEgdE, —Bok
g O B EE AT T3 em !, H = R E ST
HAPEISERSIE L E S, Bl = RFNL SVHHIBAE 2 (A1 8
FHE A LA AR STUG B 70 CR 8 £ i o P e TR S 1 52 =
R, BT G B NBE R T s B 28 G
T ARRIN I = R E L, R nT Ay AR S 58 A A A
TR RE N BE S REEEAR LIS E 5.
TRV D | ISR A, WA SR B i B — SR U A
P HEAT O A B i R VR R I v b S E ) s A . 7
R HE7E SEBRFE R I I K- F K ZE 4L E me/kg, A
Hff P s B P 2 M Y B, e g ) R e 1 O ST 2 IR
S, B AT bR = REE R BRI E 850 me/LEN
BE,
223 SERSYEE ALK AT AT 14

RSLIE RN =R EMAE N AAR, =R hr
FEIET07 cm™ ESRE SR, HN S AN A 5T R VR R v b
JEAE FWERI I, Fo0G = v S M AR G B e, W
VAR A PRI R = S Mg PEHIRIEA 1 234, 1525,
1581 cm '"=AMEFENE, F1525. 1581 cm "W IELE
E—EMES, AT IEER, 4, 1581 cm 14
SEONGE, PRI IR e, 0 P R e 2
K, LA REIEI PGSR RFHEE L 234 cm™ R LR
fEVE . DAVG R AR E i S OB AL b, P b R ESERS
fEVEL 234 cm ' 5 = R EESERSEHEIET07 em ™' 7
SO A) SR SE LY T E i WS A ACILS Ei S 7S M
BAEAE S VG IR SRS I §iA 10~1 000 mg/kg, [k
WE R R ERSE N0, 5. 104 15, 20, 25. 50 mg/L,
HE4MF 2T LA, £0~50 mg/LIGHEN, LMExXAR
y=0.064 3x—0.051 1, R*=0.9969, HIHA] LAt HSERS:
SE A CRAEE £ 5 R RV R A I A PR AR E T AT

707 ——Smg/L 1581
—— 10 mg/L
——— 15mg/L
——20 mg/L

25 mg/L
—— 50 mg/L

1091

T T T T T T T T T T T
700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
h g f/em !
B4 FEIBAREE E & SERSH
Fig. 4  SERS spectra obtained from quantitative

determination of sildenafil

#2 ABEeRERNER

Table2 Results obtained from quantitative detection of sildenafil
e R - —
W (mgny  VEALE/em e I L
707.2 19 347.9
5 0.35
12324 6 686.2
706.3 24 025.9
10 0.58
1234.0 13916.5
706.7 19 599.4
15 0.82
1234.3 16 053.0
706.6 15280.4
20 1.22
1234.6 18 640.8
706.2 18 180.2
25 1.58
12342 28 778.5
705.7 7794.4
50 3.18
12344 24 809.5

224 JFREE O E EAGIISE R

1580
il

i
1233 1526
|

A

7(I]0 860 960 ldOO 11I00 12I[)0 13I00 14|00 ISIO{) 1(;00 17|00
2 /em !
5 BEkE&mFRSERSE
Fig.5  SERS spectra of spiked solid samples

1581

T T T T T T T T T T T
700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
hi 2 f/em !
6 WHH R IFRSERSHE
Fig. 6  SERS spectra of spiked liquid samples

B — 5 A i R 24 U LR A (VR AR T VR

A G VIR ARSR 25 S REOIT I, A 5 AR HUs v o TR
i E RN PR R 5], A [ AR A, R



Al

E6mill=

2020, Vol.41, No.0§8 301

3 WA IR FE A, B 1.00 g, 5 NA-1. A-2,
A-30 WRHL—sE A A OMETE (ZER TR R IR A
PEHLARAEZGY)) WS N — g B O 0 R 1Y) 1 IR R
PRV AE AR INFRRE SB s WRE A iAA InAR B
B, #31.00 mL, %5 AB-1. B-2. B-3. ¥ FE{ENItR
it A SIRAA IR A ot B A DNV 11 ) 65 00 g [ v e
YE, IFREESHSERS WLIEIS. 6. 5P HUARAE DA [m] i 2
FARSS bR 22, 45 RANR3FTN, AR IR 5
[ 2 N85.6%~92.6%, AHXIARUEN 22 N4.14%, AN
FREE B 7 9 B % 98, 7% ~ 105.2%, FHX FRE(w 2y
3.25%, JMAFRFE I 2 S 2% B SER SVZ: ml il 2 OR g
st P R R B R A I K

£33 R TEsbARAER R E 5

Table3 Recoveries of spiked samples
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10* ND ND /

Vi NDAKH L EEE.



302 2020, Vol.41, No.08

B5oiltl F

DHISERSTAFAT s PEAER 3wy . 5 B A o] 14 5540
R AT DA KL FOFE dh e REAT PRI, X T )
BHAEREAS FREAT 5 BAT I, TR T RO ks I 2
2.5 SEhRpEAL T AT

SR PRI E KT, 9BFI RS 5
R, ERRERERL T H AR IRL 25 S . RIS R B
2%, ELEON DR A 2R AT 4 2 I RE I RT R DR D DR A
AR SR SO I R B H AR B2 A5 5 ek 2B,
SRR ot A AT AL BRAR G . AR WF TSR AR BBy kAT
VUSRI 70 B SR I, Al IO RE ) B AT LAY BR 2 K AT
TR B TP T AN, AR 1T
PEART ELB N, RO PG AR AR RV 2 A, T4
P05 [RIIH A7 £ P 1R A R R ALE I ] BEEAR A

3 & #®

ARSI HETSERSEIAR, #EL T AR £ & b vh s AR 3
()5 PE e AT 7. DAV 3t 30 HESER S AF Y it 0 S B
SEPERTIN, P ARTE SEI R A .

SERSE & PERC I (R4 & P P R R 45 R oR, 1k
BEBREE S Rt KFER DS, T
FREFMOEHRE. 5o, SERSIEE &I E g &
st R PG S AR B ) R AR AR A R R 1A
BR NS mg/L, Z&HE [R5 Ay =0.064 3x—0.051 1, R*=
0.996 9, [EAABFE IR [FIUS 2 985.6%~92.6%, A
FEINFRECE N103.2%~108.7%. 45 KB, SERSE:
5E B A ORAE £ rh P R R T AT

FI I SER S ¥ 55 i 25800 AF €24 % - J57 135 ¥ ) Hef 5o 5 B
it P PG b AR AR AT T AR, 45 AL E T SERSYEA E
P A O & S T R AR R T R
ST.SERSYE E P s AU OR A 6 R SR, DA AR
(£ i R 7 BRSPS I 2 A 1) 4% 38 T Yk

EEpa N

(1] 5B&#E, HRE, wEE, 55 RS IR I 2 5 iR
SRR EIT]. HE 255, 2013, 27(11): 1132-1134. DOI:10.16153/
j-1002-7777.2013.11.017.

21 RANER. PUHBSARRO BT SR R D). RS, 2017, 28(16): 2679-
2681. DOI:10.3969/j.issn.1003-6350.2017.16.032.

[3]  BEEME, SEFHF, BROPas. (R A& S ARVE TR N vE R AR R 1
TS 2 i 44, 2015, 35(4): 694-698. DOI:10.16155/
j.0254-1793.2015.04.022.

[4]  BRER, Z5RN, R, & DR T AR N AR RS 11 B
AL ZMI B ). AT, 2018, 45(10): 77-79.

[51 B CRAEIE I oo fh 7 E % RIN]. o [ TR R, 2015-08-
11(004).

[6] MOREIRA S G, BRANNIGAN R E, SPITZ A, et al. Side-effect
profile of sildenafil citrate (Viagra) in clinical practice[J]. Urology,
2000, 56(3): 474-476.

(71 EEER, CHAGE, BRAK, S s 0RO i [ R et BH S R
et 18 AR INA]. FEALRR SR £ A, 2016, 52(3):
249-254. DOI:10.11973/1hjy-hx201603001.

[8] PARK M, AHN S. Quantitative analysis of sildenafil and tadalafil in
various fake drugs recently distributed in Korea[J]. Journal of Forensic
Sciences, 2012, 57(6): 1637-1640.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[21]

[24]

[25]

[27]

(28]

[30]

[31]

B, R, R AR, A DR A - e OO € v e )
it PR A IR PSR [T]. IR SR, 2010, 26(2): 206-208.
DOI:10.3969/j.issn.1673-9078.2010.02.025.

B, e, FEWIT, A5 i ROBAR (- 20 P b bR O A
AL GR AR i b AR AN BB Z50(7). (535, 2015(8): 897-901.
DOI:10.3724/SP.J.1123.2015.03020.

TRASSC, AR, ST, R e ORGP IR 1 v ) o ) s R
FPARHB ISR PEHOB AR A R AR S BT, A iR, 2016,
25(1): 44-46. DOI:10.3969/j.issn.1008-6145.2016.01.012.

BINE, RIERK, VEFFIN, 55, B OB (5 £ I i Ao F i
7t EARE R I AR ], £ kB, 2016, 37(11): 310-313,
DOI:10.13386/j.issn11002-0306.2016.11.055.

Pe/NHE, B, SRIALL, &5 v 2 R rb 2GR A it o Jon v B
AR PR R I 7 2 (0], EEBE 2527 4% 3, 2008, 28(8): 673-674.
DOI:10.3321/j.issn:1001-5213.2008.08.034.

GUOJ B, XU Y, HUANG Z B, et al. Development of an immunoassay
for rapid screening of vardenafil and its potential analogues in herbal
products based on a group specific monoclonal antibody[J]. Analytica
Chimica Acta, 2009, 658(2): 197-203. DOI:10.1016/j.aca.2009.11.021.
WS, B, MR, S g S SRS B0 R PR A % g E
Jr TR R I MO R VG AR AR, v E 25, 2015, 29(3): 303-308.
DOI:10.16153/5.1002-7777.2015.03.015.

VREDENBREGT M J, BLOK-TIP L, HOOGERBRUGGE R, et al.
Screening suspected counterfeit Viagra® and imitations of Viagra®
with near-infrared spectroscopy[J]. Journal of Pharmaceutical &
Biomedical Analysis, 2006, 40(4): 840-849.

MANS D J, CALLAHAN R J, DUNN J D, et al. Rapid-screening
detection of acetildenafils, sildenafils and avanafil by ion mobility
spectrometry[J]. Journal of Pharmaceutical and Biomedical Analysis,
2013, 75: 153-157.

E XK i B B FLR R, &b PR EER 5 (4 : BIS201805[S].
JEmt: E 7 B B R, 2018.

JIANG Y F, SUN D W, PU H B, et al. Surface enhanced Raman
spectroscopy (SERS): a novel reliable technique for rapid detection
of common harmful chemical residues[J]. Trends in Food Science &
Technology, 2018, 75: 10-22. DOI:10.1016/].tifs.2018.02.020.

SUN Z L, DUAN F K, HE K B, et al. Physicochemical analysis of
individual atmospheric fine particles based on effective surface-
enhanced Raman spectroscopy[J]. Journal of Environmental Sciences,
2019, 75(1): 388-395. DOI:10.1016/j.jes.2018.06.006.

PAN Y, LATI K Q, FAN Y X, et al. Determination of tert-
butylhydroquinone in vegetable oils using surface-enhanced Raman
spectroscopy[J]. Journal of Food Science, 2014, 79(6): 1225-1230.
DOI:10.1111/1750-3841.12482.

GUKOWSKY J C, XIE T, GAO S, et al. Rapid identification of
artificial and natural food colorants with surface enhanced Raman
spectroscopy[J]. Food Control, 2018, 92: 267-275.

YANG L B, CHEN Y L, SHEN Y, et al. SERS strategy based on the
modified Au nanoparticles for highly sensitive detection of bisphenol
A residues in milk[J]. Talanta, 2018, 179: 37-42. DOI:10.1016/
j-talanta.2017.10.055.

R, TN, BRORRE, S SRR RS2 U SNETE A H Y
ORI e ST S FE (D], 3 T REE 224, 2018, 34(6): 829-833.
DOI:10.13526/j.issn.1006-6144.2018.06.023.

Akt IR, 45, . SRR R 2O R & M A
I e LRI EE R D). 43 BTt -4, 2018, 37(10): 1174-1181.
DOI:10.3969/j.issn.1004-4957.2018.10.008.

MAO D Z, WENG X X, YANG Y J. Rapidscreening of sildenafil
and tadalafil adulterated in healthcare products by micro-Raman
spectroscopy[J]. Journal of Raman Spectroscopy, 2012, 43(12): 1985-
1990. DOI:10.1002/jrs.4102.

X TCH:, B, BT, S R A T 1Y 5 2 Ol iR A U
o B2 R ORAEE S N A P IR AR [T 25950 Bk, 2014, 34(7):
1241-1246. DOI:10.16155/j.0254-1793.2014.07.015.

FLLME, FeTS, MRV, S ST 9B B 2O o v M R 4R S
AP PEAT I D). o A AR AR, 2017, 38(6): 1040-1045,
DOI:10.7503/cjcu20160710.

RN, B, AR, . R RR 20 I e OR e i R
RNV AE D). £ S TR, 2019, 40(11): 254-259; 264.
DOI:10.13386/j.issn1002-0306.2019.11.042.

A, (R, S22, S w0 ROBURH (5 - H 0BT S I R AS M O fe
s PP S AR (7 A T[], B S 4 B, 2006(15): 1140-1141.
FE, e, D, RACERER 2 NER N ARE RN L
HEFRZG. HE 2552, 2011, 46(10): 789-793.



