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Extraction and Analysis of Saccharides in Different Varieties of Raisin
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Abstract ; The saccharides in 8 different varieties of raisin were qualitatively analyzed with GC-MS, and quantitatively
analyzed by HPLC-ELSD using Prevail Carbohydrate ES column under gradient elution with water and acetonitrile. The
parameters of extraction temperature, solvent and solid/liquid ratio on the extraction of saccharides in raisin were investi-
gated with single factor test. Results showed that optimized parameters for extraction were that the concentration of etha-
nol was 50% (V/V) ,the extraction temperature was 80 °C ,and solid/liquid ratio was 1: 8. Eight saccharides (fructose,
glucose ,mannose , sucrose , inositol , maltose , galactose , D-sorbitol ) were detected by GC-MS. The contents of fructose,
glucose and sucrose in different raisins were quantitatively analyzed by HPLC-ELSD. The calibration curves exhibited
good linearity (R* >0.9992) ,the recoveries ranged from 92% to 109% ,and the relative standard deviation (RSD) was
lower than 2% . The total content of saccharides in varieties of raisins, except for Black corinth, were greater than 690
mg/g. The major ingredient was fructose and glucose.
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Table 1 Properties of eight raisin varieties

G AT R P4 R i) (P

No. Raisin varieties English name Color Taste
1 P ARIE-37 379 Thomposn seedless A iz A it
2 TR0 (FR) Centennial seedless R CRIEAIT, FBAN, A AR AT 7
3 L Hotan red EAR WRAR M
4 RK Black corinth # JeitE AR, o
5 o - Manaizi 145 P JEE NI AT %
6 ARGk Munake AR BRI, A BB, AR
7 ElgE(EEN) Kyoho B it R , R, A
8 TR CRINE) Monukka RS B JEORFR , $6 0K, B IR FFA

1 RS

1.1 %

8 Tl 4 T 2410 B 5 & K55 T A6 B B A& T
Yy It gopnsm ol Bl 7 B bl ZAEY ISR BT kA R &
S SRl AR E LR 1, BT 2 ~8 CUKAH
H AT
1.2 K5

95% L BE( AR, Kt Bk 25 B A2l 7 A R
F)) 3 O (g4l Fisher Scientific ) 5 Jif i [GZE 18 7K
M B OB BR 2 W) 5 ik e (2l B >
99% ,ACROS ORGANICS, Lot: A0335736 ) ; b7 ffE i :
o (4 B = 99%, SIGMA-ALDRICH, Lot:
SLBJ8832V) , % %4 ¥ ( 4l ¥ > 98. 0% , TOKYO TCI
KASEI, Lot: VLMXA-SH) , 4 (4l £ =99. 5% , SIG-
MA-ALDRICH, Lot : SLBG7523V ) , > ZL W (4 fF >
99% ,J&K, Lot: LPOOK10) , JULKH (4l fiF > 98% , Alfa
Aesar,Lot: 10146099 ) , H & ¥4 (4l >99% , ACROS
ORGANICS, Lot: A0301521) , 2 ZF M ( 4li i =99% ,
SIGMA-ALDRICH, Lot; SLBL5443V ), D-11] &Y #¥ i
(4 & > 98. 6% , Dr. Ehrenstorfer GmbH, Lot:
21228) ;iR AL N-H JE-N-( = H 3 kb 58 ) =
B BE Mz (MSTFA ) (4l i > 97% , J&K, Lot:
LROON87) \O-HI 3 52 e £h R £k (4l B > 98% , J&K,
Lot: LEBOM33) ,
1.3 %35

Agilent 7890A-5975C AR k- (Y , 7693 [
shiE#E £% ; Thermo UltiMate 3000 #8 &= &0 AH € 1%
%5 Alltech 2000ES 7 % 't B A6 U 2% ; Buchi Jig 5%

ZERAL; JHBE-50 [A RIS (T R 44 4 iR A7 B
5l s TOGL m i R B DML (K D S AU SR B A
FR/N#]) ; ALPHA 1-2 LD plus % T-#1 (£ E CHRIST
HTHAFRA D) ;i (2 [E IKA 24 w] ) ;CP2245
HLF 0 AT KOF (84t 0. 0001 g, 7 [F Sartorius 23
Al

2 KWHE

2.1 GC-MS Xt & H TRIWELN 5 EES
2.1.1 H&HTRRGEH &

FRIC30 g 4% T T Heprt, A 200 mL ¥ Ji
70% 1) L0 1 h, R % 1 5 3 MoK IR R
NZPE AR AL B 1 min, $BHE #2500 mL 7]
L, FH 10 mL 70% 2 B VEBaAR 31567 2 R
JEBER T, K 80 CHEHL 2 h, RIS HFERH 2
R, 8 bR 2Rk, B0 B E W (6000 rpm, 20
min) U IR 40 2, 2SR TR A A A T R R
Y.

2.1.2 #ixfer

FREC20 mg (KSR ZE 0. 1 mg) 7840 THEAO 45 T
PRI ekt ML 7 A JT 2 45 T 10 mL 454
i HS50 pL BRI 2 mL SAHEE A, N
A 500 WL O-H HE 52 e 26 iR £5 00 ik me 75 W (i Akt
#1,20 mg/mL) , i fig 1 min J57E 37 C Z&AF T L
90 min; FHIA 700 WL MSTFA 5], i€ 30 s J51F
37 °C 441 i 30 min, 174465 KR T
GC-MS Z3trsi .

3 B BE SR BE (0. 1 mg/mL) (%5 8% (0. 1 mg/
mL) . H &8 (0. 04 mg/mL) 2R FLHF (0. 04 mg/



Vol. 28

SRICHRSE < A [ i b A 2 B B 3 A 59

mL) JJLA% (0. 04 mg/mL) | EERE (0. 03 mg/mL) . A7
ZEHE(0.04 mg/mL) D-ILAHHEE (0. 04 mg/mL) 11
MIE PR, X2 SR AR () J7 325 R A5 5 R AR B nE, I 28
GC-MS K, T 1545 R 55 4 %5 1 FF i 19 735 [0 iR
DAUERA E P o

2.1.3 GC-MS 7 &%

B HEAE : Agilent DB-5ms(60 m x0.25 mm i. d. ,
0.25 pm) B EI5H:; 20 : He ,99. 999% ; Jii 1 :
1.0 mL/min; JERE (176 :280 C; dEkERE: 1 pL; it
PR A T AR, A LG 10 15 83 T R 1R R
FE 70 °C L% 4 min, 15 C/min (3R TF 5 310 C
FEAREE 10 min, &7 B 7% (ED  HLFRgs
70 eV B FIRIRE 230 C ;LR i 280 C 5
AL A, B AL Dy 40 ~ 1000 a. m.
u. I FIFEIRAFIE] 11 min,

2.2 HPLC-ELSD ME&H TREMBELER S EE
T
2.2.1 ARRIE R A SR R B B

P o i 55 VR ) T T < A PR BB 25 M (49. 9
mg) M (50.0 mg) FFEHE(12.5 mg) T/NGEMH,
FHZERKIE I E 4T 25 mL 5 ERIRE
Bt 2 W5 o

TAEARIE UL : 73 A B 50 (125 (500 L 1.2,
2.5.3 4 mL F15 mL AFRAERE S T 10 mL 25 55
W EAR TR AT A B LR R I TAEPR MR

FESLVA W PRI 10 mg (RSAH 22 0. 1 mg) R THY
I T I 250, Rl 5 28 IR OK S i IS e %
# 10 mL F T, ER . Boa | 0.22 wm
DN, IR WAL HPLC 2347
2.2.2 HPLC-ELSD 7 %

{4 3% 4+ ; Prevail Carbohydrate ES ## 4+ (250 mm
x4.6 mm,5 pm) , Bl A A5 A (7.5 mm x4.6
mm,5 pm) ;FEENAH : i (A) FZK (B) 5 B EE PR -0
~10 min,20% ~25% B;10 ~11 min,25% ~ 30%
B:11 ~ 15 min,30% ~35% B;15 ~20 min,35% ~
20% B:20 ~25 min,20% B: 7% 0. 8 mL/min; ¥
10 pL; #ER 30 °C; ELSD {45 RE 80 C;
AADLH 2.2 L/min,

2.2.3 HAEATFHERSWURR LA

FEIR2. 11 A TR & T s T2 S
P 5 70% JBHRS 5L L 107 1, 23 0 A [ K
I EE (50 .60.70 .80 .90 °C) T &2 H— AT L

PL70% LB i), K i il 80 C L ik £ A ]

BB R (1:5.1:6.1:7 1:8 1 1:9) #EAF4R 0L,
He AR Y s & 6

TERIR R 108 KIS IR 80 C LT,
WA 2, (0% \10% 30% \50% 70% .95% )
S TR B B

3 #RE5itiR

3.1 GC-MS THEE TR 26 4 B 5 47
s
SRR R SV 4 P B0 SR I, 65
NISTLL ARft i A 2045 8 A4 Tl 3 Al
B AT 8 B ELRGE R 2 o, K
o, SR RTATRE SRR HEEERE Y 8 RN T &
M ELSA AR B B T Rk
BORE, b, FUTIZT SRS TR it A4 5L
8, TR0 th B D1l SRR, i U th A
S, RUTIZT rh AT U, RUTIZT 24 R K
. A LI A LR Y GC-MS 1P L 1,
BN RO 7 HAR 2, FL A A8 T 2 10
EHIEIEE (GC) ™ BRI (it 24 e K
3 CHPLG-RID) %1 2 A € 5-35 % O Bc
s (HPLC-ELSD) ' 4 i, GC & R ¥
5 L TR A o e T A A b
(R 4 A BT 5007 , SRR S, ELE A
WA 5 L 52 R, JL A ABIEAG (1
] S 3 5T | 5 i e ko 5 HPLC-RID 246 0
B TR 2 0 I e R R R
SRR 171 3 50T B I K | S R ) B
FE (G, T 4B U LY Bt s ELSD 1 35—
PR RIS IR B, S
SESHT BRI B S R B
BEI) GC-MS B A5 Tt 0 B 200 0 A
7 ARSI ) HPLC-ELSD HE455 BT
1.6e+07
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Fig. 1 GC-MS chromatogram of Thomposn seedless extract

with derivatization
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Table 2 Qualitative analysis of saccharide components in eight varieties of raisin
! A A= 4% (0 o AET S (WA 1)
Retention time The corresponding sugar Serial number of raisin varieties ( see table 1)
('min) of derivative products
1 2 3 4 5 6 7 8

35.42 ‘
3561 SBHE Fructose + + + + + + + +
35.72 .
36.07 H % B Mannose + + + + + + " +
35.83 1
36.31 ZLHH Galactose + + +
35.95 N
36.37 % B Glucose + + + + + + + +
36.78 D-111 B8 EE D-sorbitol - + - - - - - —
39.82 JJLBE Inositol - - + - - - _ _
48.81 HEHE Sucrose + + + + + + + +
50.22 F 2E W Maltose - - - - _ _ + _

T+ 7Rk -7 FoRoRK

Note:“ +” indicated detected,* - "
3.2 #EEH 4 HPLC-ELSD EEH M A EREL

FURTA ] HPLC-ELSD 73 H7 bl 28 49y Jot # i ) £
PR SR BT g A Carbohydrate
R SRR I R R S A 5
fift, B HPEZE , 5 1 PO B R D BRAIR, BE2R RS
WA 1ES 22 S5 [ R 5 85 7 52 45 40 A A 200K HH 7K W 3 5
HH BANBESEA TR BE BRI , — R U B SR 2 e U B2 1
Wee ATt 1 A~ AE E 4T 23 85 W 5 5 17 Carbohydrate 414k
PV E BT AR TE IR R BE BRI A R T
AU 09 73 B BE NI . BAOAS 92 36 e % Prevail
Carbohydrate ES ###1: ,
3.2.1 RFAMEAF A

R AR € T A FIAS I i 9 25K, 4% 2 G F/K A
AU EHAR SR AR A6 BE R AT ORAIE 8 Fh M7
30 min A MG, HLECA R0 8 R A RS (5] 2A)

1200 [ 4
—1000 6
800 )
1

I
MU

15
Fif ]

Time(min)

indicated not detected.

7

Wi )7

Response(mV
=N
=
S

10 20 25 30

Hie) [/

WBAR: 26 (A) FK (B) s B BEPEBE:0 ~ 10 min,
20% ~24% B;10 ~11 min,24% ~18% B;11 ~ 12
min,18% B;12 ~20 min, 18% ~35% B;20 ~ 24
min,35% B;24 ~25 min,35% ~20% B;25 ~ 30
min,20% B,

K b3 035 S X A 4 T AR S AT A, K
8 4G T bR 2 HA IS 3 Fpoll, Horb, oz A
FNTCAZ 1 X Oy v 68 6 0 380) SR M | 4] 7 W 0
(P 2B) , HoAx 6 B 1 i FLARG D 30 SR 0 1 4 4
Wi, X H1 T HPLC-ELSD 1y R f{JF Ik GC-MS 2,
Kt RS IR 2, P EURS EARER A, PRI, 52
56 FURE X ROME 48 W RN RS EE ST T R O vk
(ARSI 2. 2.2 749) ,iZ I ¥ETE 20 min NSEEE T
3 FORE Y R 40 1, ELUGE YA o 1o/ 5 5, S

AR F e ER (K 3),
550
5001 B 1
;’5/400
5]
£ 300
200
= 5
100 s
A N
0
0 5 100 15 20 25 30
Fisf ]
Time(min)

(1) 2, (2) D-InAHERE, (3) HEHE, (4) 30, (5) MwENE, (6) UK, (7) HEWE, (8) ZZFHE
(1) Fructose, (2) D-sorbitol, (3) Mannose, (4) Galactose, (5) Glucose, (6) Inositol, (7) Sucrose, (8) Maltose
B2 8FERIRA)REZBEETIRE(B)# HPLC-ELSD &i%E
Fig.2 HPLC-ELSD chromatogram of mixed saccharide standards ( A) and Thomposn seedless sample (B)
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Fig.3 HPLC-ELSD chromatogram of saccharides in Thom-

posn seedless sample with optimized chromatographic

3.2.2 Axtdk ARt 2 Aol i FR

St 2. 3. 1 30T AR JE (bR AT HPLC-
ELSD 47, A4 BT 40 08 T L - £ S 250 % e 3
(x, g/ mL) BRI AT 7105 4347 , 550 4 434 10 1
Bl 28 B R AR 56 BB RS, R AR T 4 o
RS 6 Y, THEE BRI 22 (SD) , 43 L
3SD Al 10SD 75 5 9 K h B (TOD ) 5 ik bR
(LOQ) 5 HILF 3, i 3 A1, 44 1y 1 il 1
Dy RRLR L BLAT 38 4 58 M. A5 A0 T AT B
Fé 44 R B, 0y o 1 R O S
3.2.3 HE R A A

DATCH 118461, R FAR IR O 6 AT 0 46 6 14
D $i R 3 5% P S 5 4 W 40 100 Y, i

condition SR E IR T BOVR EE IR $R
R3 3 FEERARE f 2R A H R FNE E R
Table 3  Calibration curve,LOD and LOQ of three kinds of saccharide
Eeaml i R e
?*}T f” Lﬁilﬁrlj;?sjjn Liferi(llrlanmge R LOD@A(“J' b 0 " ﬂz(i[g/ﬁ L
nate equation (mg/mL) e/ m Q (pg/m
HLBE Fructose Iny = 1.691Inx + 6.37 0.010 ~1.000 0.9992 1.29 4.29
2B Glucose Iny = 1.65Inx + 6.33 0.025 ~0.798 0.9995 1.66 5.54
TEBE Sucrose Iny = 1.61lnx + 6.65 0.006 ~0.250 0.9992 1.26 4.2

SR TP RS R AR (R 4) IR bR

25 (RSD) #4/NTF 2. 0% , W7 K2 R AT

x4 EERFEHEEM(n = 6)
Table 4  The repeatbility of HPLC-ELSD method (n = 6)
i TR A & - o
Analvt Contents of analytes in Thomposn ( ‘U ) <0;, )
natyte seedless sample (mg/g) mg/e ¢

S Fructose 319.87 5.40 1.30
H%HE Glucose 238.85 6.09 1.96
REME Sucrose 39.69 0.98 1.91

TE LAV S8 1 A TR A R, 20l 3 A
Rl K AT IR , 4 BEAH [R) 77 32 A4 AR 7K F
AT A 6 Oy R HUY, F A R (3 A5 0F B
B BTy T AR , $2 MR A bR L E IR R
RIS SR TR 25 TPl A4 [l iR LA B A,
RWZTT e T 5
3.3 AHTH3HENREERTZMAL

o3 LS O RE BB LA £ Wk B2 D 5
URISENNYES ik AR DRSS G WSk L NS
FHEATN R SE 0% S B0 A 4 b 3 P2
R SR AN 4 TR

Fa RO B T 46 7 1 v 3 FE B ECaE Y 5 e 4 5]
4(a) fr7R. 7E 50 ~80 °C Z[a] i, B35 $2 B 1Y
Thi 3 il A SR O 2 SR A B, X n] B IR
T A B T4 I BE O R Bz sh AL
VIR 5 25 B BGH BE b — 28 T N, — 7 TR %
St R, B REATRE , 73— 07 Wl R g
AN PR e P S LA SO, 3 R 4 P 4R
WO R, NI, R BGREE 0 80 °C .

BB B X4 T 3 FoRER HCEE (Y 52 R A
LA 4(D) Fron o 3 FiopE a3 R Bl R L
IUEIIESSY e 3 (DN Sk I e O i i ik ep S ¥R i)
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RS TizBEP 3 MEHMAREKE(n = 6)
able ecoveries and RSD of three kinds of saccharides in Thomposn seedless (n =
Table 5 R i d RSD of three kinds of harides in Thomp: dl 6
Y i kg i I H1E -4 ]
Anall to Contents of analytes Added amount Detected amount Mean recovery RSD (% )
e (mg/g) (mg/g) (mg/g) (%)
SLBE Fructose 319.87 159.35 168.79 106 2.97
303.63 312.37 102 3.24
689.95 747.51 108 0.51
B Glucose 238.85 112. 16 115.22 102 4.28
251.79 236.49 94 4.19
535.07 493.80 92 1.77
HERH Sucrose 39.69 22.43 22.86 102 0.46
37.57 40.65 108 0.28
60.17 66.09 109 0.52
1 —m— HLY 1 —m— R 1 _m_ HLy
_so0] =R a 8007 _4_ %gﬁ b 8009 «© y—, " %f}%fﬁ
00 oMb <700 ] e 700 / o
2707 —a— g 2 700 —A— I 2N TA
Z6004 —v— i Z 6007 —v— 2ihk E600] v v
15 £ 500 15 £ 500 1 _v—Y—Y  EE 500] v
= £ o] v D R = 2 000] —
& £ 400 e -1 B 400—_\/./' \.
2] S L, B a0jrte,
< 200 " $200] 3o £ 2001 ™~
Z100] & Z 100 Z 100 .
= 1 oA A ——A—aA = { A— 4 A A4 = ) a—A—
O 1 T T 1 T 0 T T T T 0 4 T 4 T T T 1
50 60 70 80 9 1:5 1:6 1:7 1:8 1:9 0 20 40 60 80 100
TR EE BRRBT R LR
Temperature(“C) Material to solvent ratio(g/g) Concentration of ethanol(%)

4 REUEE (a) FHERELL (b) MZEERE (o) MEETH 3 MiERNENZ N

Fig. 4 Effect of temperature (a) ,solid/liquid ratio (b) and ethanol concentration (¢) on the extraction amount of saccharides from

raisins

SEI, T RORS B2 AR, I BCRHL T 08/, A ) T £ 3%
o RN LR T 1: 8 I, 808 5 S i WOk, B
kAR RS ) T 9 L A W R I,
ST I EL R R L 128
CBFR X A 3 AR O A R R AR 2
FLE 4 Ce) R 3 i a3 U BE £ i ik R Y
AR FAANIR, 1 AT BEJE T 3 o 0 3 A 1k
255 T LAY [R) IR EREE F) 70 A o 000 2 45 SRR AT B2
KRR TR T S W wBE 5 7 1K
T OB MR 50 I TR 8T CRERK B TR
B HER T IOK LW HEREE LR E <30% i)
AR, L BEde BE HE— AP R, HAR G L B
KIFm/NE RS Xt h TR P& A —E R
AU, R AR R AR X
SEAT HURR ALK P (0 38 A0k B 249 R T A8 Sl PP 4 T 74
BETERRAE Z5E T A2 K il A 1l — 201 R R — 2

THIENE . NI, PR SR LBV RIR R,
A A LR R HR 3V Y, TR S5 05 T A
AT BRI 24 LB JE B AP IR, —J7 A
HURRIR AR REARG , 55— 7 AR 22 oK i) 35 sl fi
IR ) 7K iR SN AN B e A TR I M7 L A 2
B IE BT o X LB EE IR B 95% I, HENHAEH:
HR R AR P TS I DR T R ) 4 U A 70% 2
AR I i o SROME A B2 IR 2 B £ Tk P8 R
S BN E RN B AR AL AR
PG R, R R AR B RN X AT RER i T
K BAR R B AV RIS A 2 1 v 20l RIS A
ORI Z IR ORS LR, S B B BOK,
AHITHEEE 5 B B B2 R, 12 P IR 3 Dk
ZIN TR TS A A AR R ) 4R M T K
(7 RS2 Ve P S0, 21 SRR E =50% Z s, — %
AR S IBCRE SCBHT IR/ o He AT, 2K A 5 ) TRE A 7K fit
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A B SRR R AT 5 0, T L ROHE A ) 2 W R 5
WK, R R RS A — 3 iR I 3 . 256
58 3 IR I A 25 51, 50% B R R R A
WA, MR 3 Fiopl a0 SR R By o

g b AL R SRR AT SRR JEE 50% , 3t JE
80 CBH T I 1: 8,
3.4 SMBEHTHEXBRINEESNER

RIAC RSB 5l 4 1 8 R+ /Y
SEy, JEXSHh 3 ROl ) 5 i AT AN, 4
FL/R (3R 6) A 8 Bl T Hf, JORE S B A0 &5
i, 4 480. 76 mg/g; JOAZ H B RERE & B,
54.63 mg/g; A YS9 AR i IR0, g 341,30
mg/ g, [ IR SRR &5 Bt J2 LR A 4 T R B Y
SN A AR (14 S 5 i, 16 2 818. 96 mg/
g, X AR GAS BT A DURRHEARST o B 5 B A fiK
HRR R, EERIREAT 310. 41 mg/g, HAHE 9 1
T HEILA M.

RBE IR T A IR rb B R d5 e O, T 24 2

A 2 A%, MY 1.8 7%, Shiraishi''* K1 3
BRSSO I RERE Y LR SOR o HRE PRI
2 SRR AL R FE A . AR RSB A A 2= AR
I, o ELER/IN B4 50 R D JERRR . 22 MRI%E 40T L
ol 25 T AR 2HL R, RN FH 2T 55 0 Y AR i A
24, H o {43128 0.706 Fi10. 633, 5% 55 F gAY 171 g
T — B0 5 ToA% 115 ToA% 1 390 B OB R
R, o [E53 524 0. 669 F1 0. 589, Tot% 1350
B 11 S ) B 5l

WA, 55 A e SR L, R 22 Bl e A SR S rh
(RS R R S e 2 1 1, SROM 7 s o T
AP A R A A R, R A R
B L AT 3k 1550 170 R S AR, 29 0 ~ 40
mg/mL" T4 A T R A AR B B B A TR
B, R R TR A o Bt AR, BR TG A% R A% 0
A B 6 SRR ERE S RIS IL T e IR X T RE
ARG T I st R P A A R A P R A O o

R6 SHMABTHENSE

Table 6 Contents of saccharides in eight varieties of raisin

AT A F%ﬂ% ’*ﬂ'ﬁfﬁ*ﬁ T#“*% §SNEs ,

Raisin varieties ructose Glucose Sucrose Total contents
(mg/g) (mg/g) (mg/g) (mg/g)
JeA% H Thomposn seedless 409.11 310.03 54.63 773.77
Je#% 130> Centennial seedless 449.39 287.46 39.00 775.85
FIH 4T Hotan red 458.02 323.40 - 781.42
%% Black corinth 302.32 206.32 - 508.55
45§ Manaizi 433.19 258.79 . 691.98
AR YHE Munake 477. 66 341.30 - 818.96
E I Kyoho 478.26 302.82 - 781.08
TCA% £ Monukka 480.76 320.58 - 801.34

T =7 Rk

Note:“ =" indicated not detected.
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BRI, BB KT 690 mg/g, Sl 14 %5 bl
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