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E T REMBRE EMLF BB RS ERE T MR 5 7

BY Bk NEE EFE FWES
(FE B2 ArR 24 BE , B9 E 330031)
WOE P JoHHh X A R i sEE Rl SR AT A ) 2R T AR R R b 5% H B T ( DAPCI-
MS) , FETC T B f AL BRI T4 T, BRAT Wl b2 T 1) fb 25 38 SU B 3%, 3500 BT T E 80550 B (PCA) (R
25T (CA) FNEUN AT (DA) | FRAR AR RN 7 A mMERD 786 0 BT (5 B RHIE . 451 R IE B TR,
DAPCI-MS 256 278 & Hr 7 iR e A X 40 AN [R)TE J1 gmmiERR 7 PCA 38 HCT 3 AN F sy, Rt oimkHR ik 3
92.2% ;CA 1] LA RIS 1 il 7 SR8 —2 , RN 30 100% ;s DA X YIZRFEA Y RIANE 728 100% , 38
NAE S HTRIIE N 100% | XFANFIAEREAFEAT DA IEFIFR 95. 7% . A7 1EBA LHERES AL T | 73 Hr
BEPe, RS R ISR A Re N e R is il e 25 2%

SCHR RN R BT s s RO )5 SRS
1 5| B

115 11 (Seed vigor) JEFEAE) 12 HIBI AT, P FhF-1s 3% 55 i AHS B AE & 20 i 0 v e e
AR AR R A e b B e IR A — POV R b, AR ST 13 I s D7 A A D S P e | FL AT
AP FROAD S R A 2 S5 (), PR R 0 AR TC 0 0 5 Ry >4 i A 35 0 S D7 VA I — A R
A T T H Ak 24 B S B i (Surface desorption atmospheric pressure chemical ionization mass
spectrometry, DAPCI-MS) AT AEH R H R AR 28 k8 5 T5UAL 78 A9 RT3 R SRR S 2 i AT B
Chen %5/ R Jl DAPCI-MS X 2% - Ff il EAEAEA TR , BRI IX 43 T 40 FhASHREML . Wu 5505 5R ] DAP-
CI-MS X T8 S 08 S A TR, e X 43 TR A B R i TS hE b . B iiEsE e R DAPCI-MS 45
BAFT R ST R A A DR S ]

WME( Coffee arabica L. ) J& T V5B Rubiaceae ) MIME( Coffee) JRAEY , A 103 Fp7) miimERh 778 %
T IRZRMHAE2 ~6 N | Z a1 J1 el 2% 7™ 5 5 M 4 A 7= 2 s FRpsose AR AE S . EAT,
WD 5~ 5 32 A b T SR I T 07 v R i XU A2 ey IR v 1) A 2 i o0 B R AR A [] ik A
SR Py 45 531 55 07 T S WD 3% O R T R R R

ARWFTERHT DAPCI-MS Jf AN [ 7 Ay e Aif 52 il LS E AT R , 2R A5H DAPCI-MS 45 8I&13% , 45
CEEZ2055 v g e N AR L L 2 i s T < v [ 5 B V2SS W N - AR LA R 1L W R
WP = 18 B o o 9 905 1) DR A A I BB B R A S B AR

2 SLIGES

2.1 {USE XTS5

DAPCI &5 ( AR A3 T RZ ) 3 Settk 2 B BT i% (Y ( Finnigan LTQ XL) ,BiAT LTQ Xcalibur 2.0
bR S (52 Finnigan 23 7)) 5 LH-1508 B2 A0 0047 (W VL6538 A BR A W) 5 GXZ-380B
BRECIIE TR (TR ARG RAF]) o

it (a3 4l , 95 [ Dikmapure A F)) o 5258 7K A il R ZEBK  He iR b o bt

INKIWINME ( C. arabica L. ) B F,2014 4 11 AWk, th #Gi (EWoF o8 r 2 4k, A 7&Kk &R
26.15% , T-Hi T} 182.34 ¢,
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2.2 KWHE

2.2.1 AImEREE SHEPFRF KL P2 (International Seed Testing Association, ISTA) PN
IE AT AR IR EE R 40°C A N AHXIEE 100% . &AL 435318 0,1,2,3,4,5 16 d, &bk
HS MR B TEIRCE 3 ~4 d, BT Sk 2 R BT & 2SI AT A I

2.2.2 FEEFER SIR(EBRF RS h iR AT R ZF LR BEFRILNE 3 R
ANE R R ZFIR BB FR G 25 REOmmERD -3 D E A DR FRILE T 25°COC MBI b g 15 3% 108
24 h Gt — WO ZF IR TR, B R TCW A 45 St . DURARK BE A Fh T B Y 172 IR R 2E i, 58
TS BRRD T I R ZFH(GP) K ZFAR(GR) SB SApktif 8 08 & 26 8 (GL) A T 465k VI,

GP=(EGN/SSN) x100% (1)
GR = (TGN/SSN) x100% (2)
GI=3(G,/D,) (3)

Vi= GIxS (4)

Horr JEGN F1 TGN 433K & 2RI 0 K 2R BRI & 2RI & 27855 SSN R IR 7455 6, 56 ¢ K&
ZER, D, AR K ZEREL; G A R ZEHEH S Al bk i (g) o
2.2.3 DAPCI-MS & WK 1 R, RSB DAPCI,LTQ-MS i iE B F Rl X, B
MG R m/z 50 ~ 5005 B TR E K 3.5 kV; BN I EEH 100°C; H B S (N,) SJEH
0.8 MPa; il A F B/ /KL (4: 1, V/V) TN 3 wl/min, B A D53 FIREEEE R 10 mm; B 1
TR S SRR B R 5 mm ; 855 4T 5% 5 2 100 10 A B2 o0 50° 5 B 5 3218 5 B (A 1 B 408 1 ) )
H15° ~30°, HESHCRH LTQ-MS 5 A shiflifk.
2.3 HIESW

K FH SPSS19. 0 44 (IBM SPSS statistics ) #4777
225001 RIS 1T ( Cluster analysis, CA) F1H 5] 4347
( Discriminant analysis, DA ), F| /] Matlab % {f o /

+3.5kV

a=10 mm
a=5° i

C i

MS

(7.0 K, % I8 Mathworks 24 i) 4T A 5007 Sl g gos ] o \

. . Carrier gas
( Principal component analysis, PCA) g

3 GR5H®R
3.1 EZUMEXMMEFFEFIEFMFFFAE B DAPCI-MS K unmERh 14544 78 K

A Fig. 1  Schematic diagram of coffee seeds detection by
IR T AR R R BUG | & e bR R 7% surface desorption atmospheric pressure chemical ioniza-

SHEBEIEIIR | FER K AR T 2 g B0 e spectomety (DAPCINS)

BRANTE 348 205 2 A0 A MR 2 8] A9 22 5340 S0 35, Bt AR IR TR AR SE K, IR 3 4 K ZF R AR A

TR RS AR 6 d I UNMHER 7 & ZF AR RIS S48 8 0, BEMIFE N T2 fid v,

1 AT AR R 1 A 25 19 LA T8 5

Table 1 ~ Germination and vigor indexes of coffee seeds by artificial aging

AL [a] R ZF B &S KR GRS
Aging time Germination potential Germination ratio Germination index Vigor index
(%) (%) (GD /

0 42.67+2.31Aa 86.67+2.31Aa 2.42+0.24Aa 0.90+0.05Aa
1 23.00+1.73Bb 52.00+0Bb 1.75+0. 12Bb 0.59+0. 08Bb
2 20.33+6.66Bb 37.33£2.31Cc 1.36+0. 13Bc 0.42+0.04Cc
3 18.67+2.31BCb 29.33+2.31Cd 0.93+0.03Cd 0.26+0.02Dd
4 9.33+2.31CDc 12.00+4. 00De 0.76+0.07Cd 0.22+0.02Dd
5 5.33+2.31Dcd 5.33+2.31DEf 0.14+0.03De 0.04+0Ee
6 0Dd OEf 0De OEe

A FENE FREF R A HE 22 53 3 ( p<<0.05) , A [E KRS F-RERR AL IR 22 57 4% i 3# (p<0.01) ,

Note; Different lowercase letters were significantly different at p<<0. 05, different capital letters were significantly different at p<<0.01.
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WO Aoh 5155 3 Bt 2 AR 18] B SE R T RAARG | B2 58
fd, B AL AN HERE T 148 br 5 & AL
[ AR S OC AR ANER 2 FIs , R 5~ 3% J1 98 1n 5

2 WMHERP N T AL AR I TR AR S R A (R 2
[l AR S 23 A

Table 2 Correlation analysis between vigor indexes and arti-
ficial aging time

EAC IR SO SG , HARK B K, BEW] CEIE AT AR R R
ENTIEP N A e o0 L S 7 R N DT ) R — Rk e
NG K ZEH Germination potential -0.954 *
7J(q:o K 2% Germination ratio -0.960 *
Rendon %[”] ﬁﬁ?{ﬁﬂl , uj]l] HEIFﬁ%E{%ﬁﬁ$E K HEH Germination index -0.988 "
o N AL, I W A s A Vi e 0.960°

* o FORMIRFE K (p<0.01)

# ; Indicates 0. 01 significance level.

P, P16 N R RRE AR A, 5 A WA i e AR
A AR BB, Bt SR AR 5 i AR
MERh T2 10 A M5 2, S N 0MMERP T35 J1 2 nT4TAY . Dussert 25 WF 58 & 25 I8 Al Ah 7 B9 A7 i
IR, NG IV A VR v N A K A R v 2 B R (I U B MR B R A R R L PR, e AN T
EAb AR PG ) TR R AT RS BT R IR R I Y SRR R R R SR A S N G i, B S N T AL [R] ZE
B2 AR R BRI, N T A A 3 2 TRk S BRI 1 N RE, BRI kR
3.2 AEZEEWEEFFE DAPCI-MS 47

DAPCI-MS 7] LAFSZIAS [R5 S uinERh 7 A8 SCRR AR, Q0 i&]l 2 B, ASTRlE 7 fun kR 1 5 DAPCI-
MS (S EREA AR ZAb , A BB 2E T EA SR, m/z 100 ~400 2Z (8] 7= A 09 i ik I AR £
S Ak 2 AR 2, SEOHER SN A T TR RS R R LR TR %
Yl 7 m/z>400 b, FTikgds /b nl R R AR SERS A BE-IK (4: 1, V/V) BSBCRRRIGR], — 28 K1)
JO AR XE DA (i 2 1T A 50 A R K

B WHE Fb 7 RE 5 A8 S0 3G T AR AR (S 508 m/z 55, 274, 302, 318, 400, 473 Fi1 489, H.
m/z 274 F1 318 BIRFIRAY, m/z 473 72460 A1 1 d BIRES PG SoRIEMZE AR K, EEL 2 F13 d (ke
T E o B I B3GR AfE A 4 5 RN 6 d BRSPS SR I R, PO R MR N
FhF ARG, 22 S s RIR I b\ A SRR AR R = A FE N Tkt R, — s
FERMAL A WRIURIE R T, o5 — SRR AN | Bl AT R | 5 ¥ k) SO gt a2 | o AR
DAPCI -MSH AR ZIAS [R5 J7 W HEFD 178 SRS AR 255 A7 T AT i, — 26 {5 5 0510
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Fig.2 Mass spectra of different aging time coffee seeds samples using DAPCI-MS
A,0d;B,1d;C,2d;D,3d;E,4d;F,5d;G,64d

FRERFFAAS 1 05— L85 S WA 2 bt B rh S lg ol | R %
3.3 ERHOH

Phom/z (80 2 5 S0 B g RS A Matlab 0004 6 5 1% 52 3645 3] A4 500 (45 R ke e
50 A, 3350 A4) 64T PCA, THERAIEAE RRAE 0] & S RITDTlkR . B 3A BAFIEE ) PCA 15
I3 L, PC1 PC2 1 PC3 43 MR T AR BT 209 77.8% 11.1% M1 3.3% , BFL92.2% , 3% 3 > 8,
ML TR Ay BT REAS 1 4 IR A5 B B 3B & A R 1 28 far &1, X PC1 BT R B K RS A
m/z 302,318,346,362,400,473 4, Ui BIAS [R]36 77 B W Ml P 7 0 i, L@ 1T Ak 2% i o sl B R AR T AR
k. T Wl A R e 2R A RN 2B, 196 0 AH [ 08 b 7 SR — 2 1 XN, 6 TSR] A b o BUEE AR
[ X, 255 B , DAPCI-MS 254 PCA AJ LU 8K 43 AN [R5 1 w7~

B

0
— 302
E ~0.5- 346 362 400 473
-1.0 318 L L L |
~ 350 400 450 500
= . m/z
:’ S PP
i: OA.NJ\_W.A«\/\_M,_—,_______Y,_V_
- -1 | | | 473,
g 350 400 450 500
&~ S m/z
oy
057 318 3381355 376 473
0]
-0 302 330 ) ‘400 ) 462 |
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Fig.3 Score plots (A) and corresponding loading plots (B) of coffee seeds by principal component analysis
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3.4 BEOW

K HI SPSS BRAFHEA 105 ASWHER 4 & (BRI e 15 ) Z RN BR IR 29, 45 R an il 4 o,
AH )G 7 B A 1R o0 B 2R AE— L, CA MERRR N 100% , 41 FHE K 10 B, 105 ASBREFR 7 5
MM AZ, B-Hage1, 2 /M4 d o
FRE R 1 A 2 d AORE S TR) A R RS AN
KN EATZ M2 R8N, B RKadeth3 dm
WNMERR AR, SHE 3 RMBER R, R ENZ
() 25 R, 58 =2 &84k 5 Fn6 d mymmHER
THES AT DB =R AR E, kg
TARZA(O d) BymmMER RS BB S 3 2
MERR 195 148 80 el 35 . 45 R KW, DAPCI-
MS 254 CA AT LA RLIX 2 AN []3 7 (R wnME R+~
3.5 FBIoH

Fesgiitie Wilk's A Se/ME B 2 #2748 5, F AT
B DA JENTFIGI TR, ARG ARAR A )y R R
B AR AN RO R R R S REOLER 3, it
BAMIMER 155, LA F, ABEARER F, HOAAR 15 B4 iR cA bR
ZomHEF R (FE 5) , THE R KA F, F, i) Fig.4 Dendrogram of coffee seeds by cluster analysis
FRAEAE 4350 9 38.553 Fi1 12. 004 , MR AH G 22 5500 )
F 3 NIRRT e b T 340 59 R A R R HL R B

Table 3 Variable and coefficient of discriminant functions of different aging time for coffee seeds

- T = o = o
V?:iile Discriil“iigl[f %i(nclion V?:iile Discriil“iigr[f %i(nclion Viile Discriﬁjiigllf %lﬂfnction
(m/z) F, F, (m/z) F, F, (m/z) F, F,
# 4t Constant 0.63725  -3.92663 360 -0.00001 -0.00133 441 -0.00024  0.00230
301 0.00051 0.00002 365 -0.00025  0.00025 442 0.00139  0.00110
308 -0.00138 0.00092 366 0.00063  0.00075 464 0.00016 —0.00045
310 0.00112  -0.00117 372 0.00044 -0.00073 467 -0.00011  0.00159
311 0.00021  -0.00005 376 0.00019 -0.00013 470 0.00042  0.00020
316 -0.00052  0.00012 380 -0.00173  -0.00126 476 -0.00057  0.00096
318 0.00003 0.00003 402 0.00013  -0.00033 478 0.00203 -0.00125
323 -0.00120  -0.00109 411 -0.00236 -0.00297 479 0.00163 -0.00076
324 0.00033 0.00119 432 0.00080  0.00118 489 -0.00068 -0.00125
327 0.00075  -0.00043 437 -0.00086  0.00087 490 -0.00394  0.00049
351 0.00031 0.00136 438 0.00182  -0.00077 492 0.00087  0.00014
353 -0.00003 0.00083 440 0.00051  0.00265

“4°0.987 F10.961, 5 2253 Bk B HIE ] 22 bl 1 2 (p<0. 01) , FUBIGE SR A R, % 350 DN GRAEA (5
FRRE A ERE 50 ) A ELA], IEAR R A 100% , 38 IR UE T AL D26 100% , 1t BAS 21 A4 0 50 R e e vk B
U5 X 140 AIMBEAEREAS (BEFIRE S IERE 20 ) HEFTHIG], A 6 Ak 1 d IHEARSS R B2 d 1Y
FEAS IERE % 95.7%

LS BT UL TR g B mmmMERR FREAR B RE S 0 T, A0 0, 1 12 d A HERR 4 AR BE 2 40T,
EEATNE IR M2 5 B2 L RESE 240 TF . &4k 3 d ImIERR FREA 5 H g B AR B8 45z
AR BTG IR B M2 S R %, #1k4, 5 F6 d B TREAS BRI A REAS H R
B (RIS, BB FEARZS G IRVE , AT R 24k 5 Fh 6 d RBmMERD+ 197G e ds R A 3, 45
RFEH], DAPCI-MS 454 DA 7] LIARL X 43 AN G136 7 B mmmERp 5~
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oI, AR A5 0F B A R 98 20 pge g 3

%, PCA $HUT 3 A~ E M4, BT sk
RIKF 92.2% , CA Al B AR R TE 1)
Wi HE o - 2R 7 — L, MER R A 100% .,
DA XF Il 25 B 7R 19 [ A1) IE B 2
100% , 28 SUBGIE 73 B L 21 %8 100%
XA 55 kA A E 4T DA, IE 1 %
95.7% ., DAPCI-MS %4 275 & 43 #r
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AHIGE g g S PR TC | R A b
IR R T 5%
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Rapid Evaluation of Seed Vigor of Coffee by Surface Desorption
Atmospheric Pressure Chemical Ionization Mass Spectrometry

YIN Qin, LUO Huo-Lin, LIU Xing-Xing, HUANG Xue-Yong, LUO Li-Ping"
(School of Life Sciences, Nanchang University, Nanchang 330031, China)

Abstract To determine the seed vigor of coffee quickly and non-destructively, surface desorption atmospheric
pressure chemical ionization mass spectrometry ( DAPCI-MS) was used to obtain chemical fingerprints directly
from the surface of the coffee seed, without any sample pretreatment. The mass spectral raw data were
analyzed by multivariate analysis, including principal component analysis (PCA), cluster analysis (CA) and
discriminant analysis ( DA ), to differentiate efficaciously the coffee seeds with different vigor. The
experimental results demonstrated that in the positive ion mode, DAPCI-MS combined with multivariate
analysis could effectively distinguish different seed vigor for coffee seed. Three principal components were
extracted by PCA, and their cumulative contribution rate was 92.2% . Coffee seeds with the same vigor was
packed closely together in CA analysis, and its accuracy was 100% . In DA analysis, the return discriminant
ratio for the training muster was as high as 100% , while the cross validation analysis success rate was 100% .
Thus, it was concluded that the coffee seeds with different vigor could be differentiated by DAPCI-MS, and the
results provided a basis for establishing a fast, non-destructive and sensitive detection method of seed vigor.
Keywords Surface desorption atmospheric pressure chemical ionization mass spectrometry; Coffee; Seed
vigor; Multivariate analysis
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subjected to direct enzymolysis to investigate the purification effects of four different purification methods. Then
the enzymatic efficiency of micro-scale complex fetal bovine serum sample subjected to direct and indirect
enzymolysis after polyvinylidene fluoride ( PVDF) membrane enrichment was fully investigated. Finally, a
pretreatment method of N-linked glycans from glycoprotein in micro-scale complex biological sample analyzed
by ESI-MS was established. The PNGase F was exploited for directly releasing of glycans from glycoprotein
enriched on PVDF membrane (37°C, 24 h). Then microcrystalline cellulose chromatography column
combined with graphite carbon chromatography column was used to enrich and purify glycans from enzymolysis
products. The assay was eventually applied to pretreatment of N-glycan in micro-scale biological samples ( g
level) of fetal bovine serum and healthy human serum for MS analysis. The method with universality showed
good prospects in pretreatment of N-glycan in micro-scale biological sample for MS analysis.

Keywords Micro-scale analysis; Glycoprotein; N-Linked glycans; Electrospray ionization mass
spectrometry ; Pretreatment
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