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JEATT Pt e A% T H , HL 23 B A 2 ) b Al B R 0, ik
AR RAR =W b AT 43 S aliAh , 3B v L2 3 T4l
2 B A AR R WA HAR AR — Rl 4
A 1) 2 AL HOIREE IR SR 20, LR AR, R R
(RIS B B8 S B i R B 1 A e g, T T AT R AT R
SE AR Y, DA A A ] e AH AT L) B A R B K e K
10 H B %07 A S 7T 8D o ARSI i 23 o H AL
SCBEVER AT [H] A B A A 0y 1 B A A AR A, AR JE SR FH
AAE g T A, BEAT R E ML 52 45 2AHIT PDI I UE #y
253, FERFLHEAT ] WL 1§ R R R HE B A 1% X -5
LRATT IR S A B 43 B, TR 2 A 6 AN [R] 23 1 B O A T
K5 B R 49 B H A B ARG AT, A H B ek 4 125
T AR RR A T A G HE I BLAl
1 57 %
1.1 Rl 5

H SR GERD « TS 5 o i E Ky B TG K S AL
B CIE T RE o3 M4l R R (o3 B 21D « R Ty KUk 22 3K
A PR\ Nk A CRWE A R4 4~6 mm, /b f1 ki A2
1~3 mm) : REEACE NG T .

Lambda25 &4l W73 9606 L o, 56 [ PerkinElme 2%
F] s D/max-2500 X-5 Ze AT o3 AT A, HUARFR 2% 20 w) 5 v
& B HE BEAE €4 3% & 48 (high performance size exclusion
column chromatography system, HPSEC) , & 4 it 5 £
JEE IO ' S A 2% (multi-angle laser light scattering de-
tecotr, MALS) , 7 )t % 5 | 2% (refractive index detector,
RD . & B X AF (300 mmx7.5 mm, PL aquagel-OH
MIXED, 8 wm #E s th i 43, 95 [ A1 2 3% B Polymer 47 i
~H)) s DAWN DSP-F RO LT SR He-Ne 0t (1=
623.8 nm) A G s K-5 B 0 A it , 58 B PR AR BR
), 58 [ 28 P B b7 RID-10A B 22 R H1 64, A B
N7 50.4 pm I JE LS , Membrane Solutions 4 BE 57T A
A ; OLYMPUS IX71 8677 B se , H A B T A 7]
1.2 REFHZE
1.2.1 Az&#h aegiEl

PN AT E T H B N S, A 3 h S EX
H (600°C ), BLBR &b A7 P 1 2% it
122 HFA LERMOH &

2 W SR [22-24] 7 60 & H S R A ek, o B H
T RN SCHEVE K » IER AT 2 B SCREVE R — kR A il
fift R, T a5
123 #axdEumLRZnms s s

£ 100 mL 4 mol/L f#) KOH ¥ ¥ I 1.2.2 H il %
() H S B AEER 1.0 g, KA ARG 20, I RIS
13 200 A= JE R o KA 2 [ AR T R v BN = AT
KA, IE 1) 2 AN JE AT A (20 mmx200 mm) 53 5
AL N3 K /N A7 2500 g, B3 TE R VA LA el vk A
1~2 cm BE AT o AR B 5¢ RS (10 min) , 37 JF 0K 3 ¥
FERCH o 200 mL 0.01% B 1R ¥ ¥ 73 il 3 N 2B A7 T

B 3o 1R A= by 1K S AN A R AT A b, HEAT RN Rl AR
B (1) 0 T 98 4 RS I U~ 38 93 ok 4 S5y o IS e v
15y 5 mL TR, 43 305 0 1, i 5 30 mine Wi
SR, JATT R /Nl A WO B . S T A PR AR O
124 AEEMNESA o HHF A4 LaRnAH

7F 1 000 mL 4 mol/L ) KOH ¥ N 1.2.2 4 1%
2% (0 H 2 SRR R 8 g, KU I e B0, B R
T 13 B HEE RSB VE T . A B SRR
TRy AR N 2K N A 2 BT A G A T
2500 @), H AR VE R WA WA 1~2 em B ] o W B
10 min J& 4T IF FF IR E R B8 o #2000 mL 0.01%
TR 43 AR N BT W B sk L SRR VE A Bk A AT
FE, BEAT BRI, H W B 30 0 B8 S0 1 10 93k 4 554 (FF
ESCAR T) 58 AL RN B = 4L o K A5 B L BE e R AL
534 FlaF2a, SCHEVE R 405310 4 F1b.F2b.

¥ Fla.F2a.F1b.F2b 7 mll 8] A\ 4 i 2 A oh, 1) J2
BT AE A 23 0 N A S 1 KB A (Flas F2a) /3 A
(F1b\F2b), H 2 H S BEVE M E A i W 40 1-2 emo £iF
W B 10 min 5, B 3557 %o 154371 H 2000 mL
0.01% T JR VWU M 4 M2 AT AT o 14 W50 B8 310 1) O I R 5
SE53 R 4 S5 5 — Ay D, B8 0 2 5 DY 4 4 ol G
5, HBETER M Fla-1.Fla-2.Fla-3 il F2a-1.F2a-2.F2a-
3, SCEEVE N N F1b-1.F1b-2.F1b-3 Al F2b-1.F2b-2.F2b-
3o f e B o) AT B IR SR 4L 2 s 25 R 4 S 5 50
O3B UTVE 783 7K e, T4
1.2.5 24 ¥ IBokom] 2

W0 A9 B VR BT 4 mol/L i R 8 Y pH {1
27.0, 573 59l 5 BRI 25 mL, 0 3 3 ALY, Tl
H 30 min )7 , |l Lambda25 48 #b 0] WL 43 56 ' B -3 5 ]
DLW ST ) e R R BT K
1.2.6 X-HFZm &

FH A S B 9 A0 25 D R B A R XS R AT S AT
FUH R H 43 )k 27 mA 150 KV, FIHEATS £ (20)
M4 F] 40 °, 5K 4 0.05, A FEINTH A2 s.
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WISCHR[26] 5T I8 , K5 100 g #F & in 21 80 mL 25 3 17K
rh AR JE LR W K I ARIE S HE 20 min TR G 58 A
TS g (TSR 2T 4 22 DB NI D8 J5 , K- A J TR0 i I
AR HEBR AT (il RSt . sl AHEE 4 0.5 mL/min.
FANA A £ 0.02%NaN | [110.1 mol/L NaNO_ ¥ , IZ ¥
L 0.4 pm FRIER L E . AT REAFEN, PTLIE
4 & (dn/de) {8 4 0.150, £ ¥ &b 3 K F ASTRA # 1F
(4.73.04 K
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Ty £L A0, Ul W /N i A W B 1) 2 B SRy . B b ]
G NERWEATIR 334 4173 S BLR R €0, 150 W) A Pl
B R BB » i HLUE I R P SRR BV ok, B
7D ERy N S ) RS SN A SN N i - R =
BEVCR A 93 » NI ANl AT o) B SCREE R AL
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a /MIbA T

a.Elute by small zeolite

b. AT UL I
b.Elute by big zeolite

B 1 2B e BLG ik & 405 malik 09 & Ry (B
R A1,2,3,4)
Fig.1 Chromogenic reactions of starch components separated
by zeolite

22 RAANE#RBNBE HEEH
R QLR AN A [ E AR SR AR IR Mk 73931
I35 100 g H 3 B SCHEVER 3 2 A AL 1 it . JF 4%
T AT R SR R
RIXRAAEHOPENHEE . XHEMIEANRE
(100 g FiEH
Table | Weight of sweet potato amylose and amylopectin sep-
arated by artificial zeolite (100 g dry starch)

Ffih Sample %5 No. 71 Yield/(mg)
Fla-1 488
Fla-2 474
NER: By Fla-3 487
Amglose F2a-1 464
F2a-2 461
F2a-3 426
F1b-1 427
F1b-2 414
SCHEGE R Flb-3 413
Amglopectin F2b-1 409
F2b-2 399
F2a-3 388

2m
il 2 % (%)= T0p <100% (D

X m, 4100 g B 0l SCREGE N 20 2515 2 1 AN [/ 41 4 e
T . BN &40 TR AT 450 mg 547,100 g H2E
BN Z L ZAT 7 B3 B A1 43 BT B 2800 mg, 1l %%
KR 2.8% 0 SCHEGEN F A5y I AE 410 mg /247,100 g
H SRR AL T 2 B AR B 5 4150 S BTRE N 2450 mg
il 2 268 2.45% , 2832 ¥y 30 A0 v AH ) A A A LA
T BT,
2.3 A DLIRU E

T TTHR N S P RUMER JE 25 4] PR 38 17 2 1 i 5 €
2% G, Gidley F1 Bulpin 55 [/ 50 2 B, HAT SR &

R, 28 NI KA 27 2 B A DR £ B M 41 i s 5 Bk
T Fla-147 558 nm dge KW AR , FLAh 2 75 78 m] WOt IX %
ORI B R, 2 BT IL IR A BE R /N T 10, XUIE TE 45
FIAE S B RE T T, M 5 20 R . Il 2B ek
O E R AL AR Z /N T 10, U L SCRETE R
TRA AR R, — AN B e 0 T DLURITR 24 34
B T B R T R S B, K R M A 2 ) I 1) B B
B AU % B bR T E R K A R R K A T
W 224 1 22 AN BE B . FR B 2¢2d TN, 22 N /NE A
a3 B SCBETER BT A4 2 e f 34 H BT BH 2 R DL
W, R TR AR KT 10, 7 HARKE T XIS TiE 45
P o W0 IS 1 H 2 S U K 21 0 1R B R R KA
At P11 >inas Ao 1> Ay 2> s W6 W /NI AT R J2 M7 43 25
H S A I R T IR A BRI AL o S B ok, R
JE/NI G 3 B oK o RN AT o0 2 H L SRR 38
FERA LR MU 500 8 ok, B &3k A LR K T 2R
G RN 10 RVER 7 LA, T DAZRE G BERU NV SER 3 1)
HEN AT FLBR, W B K JE BBl T ke s 1 2R A K I
K 01 MR A 2 T Bftiitﬂ(%ﬁéﬁ&%@hf‘ﬁ%ﬁiﬁtﬂﬁ?%
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Fig.2 Vis spectrum of sweet potato amylose and amylopectin
components
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Pl 4[] 5 11 2 0 [ AE g i, LUK /i oA Tl o A
KHRE 27 B4 2 T SRS 8- 4L 9 1
AT . SCHR AR P E R 3 o TR (M) k18
614 g/mol, %417y 18 (M,) h 12 681 g/mol, 73 184 4tk
H(PDD Ny 1.468, 77 T E /AR o AIRI 25 AL W], 1
iok [P A il S LB E A R SR VE AR I ML, a3 il AR R Dl
641~2 069 g/mol #1 1 671~2 167 g/mol, M, W A5 7% Jy 1
516~1 710 g/mol f1 1 526~1 678 g/mol. X W [ FL B it K
PDI [ 4 1.082~1.209, 34 e #3 PDI A 1.095~1.291,
P 300 3 IR [ A K o 6 PR H 8 L SRRV R )
ST LRI A E R A 5 1) T B A BRI 2
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Fig.3 Molecular weight distribution curve of sweet potato amylose
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Fig.4 Molecular weight distribution curve of sweet potato amylopectin
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Table 2 Molecular weight distribution of sweet potato starch

FE s M,
Samplc No. M, M, PDI( An)
Fla-1 2069 1710 1.209
B Fla-2 1641 1516 1.082
w Fla-3 1692 1581 1.070
Amy- F2a-1 1692 1590 1.064
lose F2a-2 1 645 1543 1.066
F2a-3 1759 1681 1.046
F1b-1 1734 1586 1.093
SREVE Fl1b-2 1693 1549 1.093
¥ F1b-3 2167 1659 1.306
Amylo- F2b-1 2073 1678 1.235
pectin F2b-2 1 840 1599 1.150
F2b-3 1671 1526 1.095

M, R E T, MR TR

Note: M, is weight average molecular weight; M, is number average molecular weight.
M1 2 I 3 ml o BV R 410 Fla iy 1.2.3

4155 vh 1) PDI 43 5l 24 1.209. 1.082 F1 1,070, 44 ik i 5

Ja W 5 453 (R 3 — PR oK B 5k . 414) Fla-1 [f) PDI B
= T 414> Fla-2 Al Fla-3, £l Fla-1 ff) B85 e 0y A 1t
NN KA FLB P, T A W BT A 3R T . Fa T 7
2073 1) PDI #2307 1.0, B 534 Rk 44 43 1 8 230, U W
ST EIEEY—. Fafiira HEm 4l oM T A
I R A LB P S 3N K3 A FL IR P ) H 2 B e By
Sk KA AR JENT , AT 2 i o A e R A T A
BEVER o

HER 2 4 ] 0, H SR M 417> F1b 1 1.2.3 41
23 PDLAY 5 R 1.093.1.093 F11.306, 1.2 2043 144 —
BEEr Hom T 4190 3. 414> F1b-3 () PDI W] & i T 41 4%
Flb-1 I F1b-2, #EM F1b-3 (f) H 285 by 0 T HAR K
T NN AT LA, BEREIE N AN A7 FLIL, 1 2 IR B 1
WA . A5y F1b-3 5 Ja Ve ok & th T/ ab A R T
W2 B2 20 3 (PR Bt 0 KT/ N A LB P 3 TG 44123 F -
1 FF1b-2 [ B o 2 HEE I8 5, H 22 = Bk e Fy F2b i
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A 45 1 PDUE K IR o B )5 PEME T K 1 F2b-3 [
PDIig /o 4143 F2b-1 F1414) F1b-3 1) 4> T & AR 820
R 0P A (7], F2b-1 58 4 8 0, 3% 0 6 5 P B 2 5 1)
Gy SCTEATRIA O, Ja 38 03 SCRER ek 431 5 /Nl A W B
IR, It LS A e o H B SORE UE K 4145 F1b 3844
5y SCRE AT REEELL 214 F2b [ K.
2.5 X-BHRATEH 2

FH T 2L P L N S iy ot A 5 A B L A8 A
[) K UK 73 SR A7 1R 465 it DX RN G 18 G 7 T DX 1 38
Gy L SCHEVE M I SRR T CREEIRES) — M@ it X-
SR AT RHE AT IFGE0Y . A B SE R TE R AE 15° R 23° i
AT BRI AT S0, W] I E 17070 18°4h HE B XU 5 B 714 &5
R e 170 i HAT f wm AT S U, [A) I 7 15°,20°, 22081
24° b A AT — BEGU/IN R T S U, FL SR R S 5.6 AT AN
Ut s C T g hy 2 A YR B BP0, 75 17° 81 23°FfF 3T H
PRGRAT 0, 76 5.6°F1 15°4b Y L — S8 55068, H 8 FF i
1 5.6°4b (AT I U AT RE ST 2R o 1TV R0 25 ) 1) i 5 0
RAE 7.8°, 13.5°F1 20, 7°Fff B+,

SR Intensity/a.u

5 10 15 20 25 30 35 40
20/(°) )

a. H4f Fla-2 b. i F2a-2
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Fig.5 XRD spectrum of sweet potato amylose and amylopectin

500 H S SRS R 4195 1 X 2T O 1 0 ol
P R 2R, T 2 T R SR Ry A S SR R 2R B4 e R
P ) X S RO BEAT I e, T 28 L VE K 4153 Fla-2(J8] 5a)
RS fA AR 7°.18.9°.23.4°,27.2°.29.3°,32.2°.33.7°,
39.3°, H % H B TE K 415 F2a-2 (& 5b) AT 5 #A B0 A
5.8°.18.9°.23.4°.,27.2°.29.3°.31.6°.32.3°.33.7°.39.3°,
X5 SCHERFRAE Y 7 15 59 A1 s 4 3~6%10° g/mol 2 [H]
TERY ) X S 2 R S WA ], A2 2R R (A R S g TR — R
v, HUEEC D AR D WA ) Q06 . 4 F2a-2 L Fla-2
(RS A5 AR, JLAT S 22 T 31,60 CHf N HI ] B 1.47A) , %3
A 55 W 7T SR AR AR kg 5.8°, HBIL T ok A T 1) B A KPR
THI, 158 BH 2R A5 5 ARG 1) A o B 7% ) T BB 22 114Dt T
H S SRR VE R 41 2 F1b-2 45 7.1°.10.1°,12.3°,16.0° +
21.6°.22.9°.23.9°.26.5°.27.1°.29.3°,32.4°.34.1°.35.8°,
39.5° BN T 25y A BT W Sk P A S 0 i S K 4 4
F2b-2 ZERT 5 A0 7.0°.10.0°.12.2° 16.0° Kb A7 5 16 1

WIS AT 5T A R 32.4° CRF N T 7] #E 1.43A0 1 T v 2k .
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Separation effect of sweet potato amylose and amylopectin with
different chain length by artificial zeolite

Guo Junjie ', Yang Lu ', Fu Fangfang ', Lian Xijun ', Wang Xueqing ', Kang Haiqi *
(1.Tianjin Key Laboratory of Food Biotechnology, School of Biotechnology and Food Science,
Tianjin University of Commerce, Tianjin 300134, China;
2. Crops Research Institute, Sichuan Academy of Agricultural Science, Chengdu 610066, China)

Abstract: Column chromatography is based on the difference of physicochemical properties of components in the mixture. The mixture
is separated after multiple distributions by using the different distribution coefficients of each component in the stationary and mobile
phase. The starch was hydrolyzed by amylase after retrogradation under high pressure and humidity. Then, the retrograde starch was dis-
solved by 4 mol/L potassium hydroxide and the solution was adjusted to neutral next. The precipitate of amylose was obtained by add-
ing n-butanol to the solution. While, amylopectin was prepared by adding ethanol to the supernatant. Both of amylose and amylopectin
in sweet potato were retrograded for the second time to narrow their molecular weight distribution. And column chromatography was
used to separate the components furtherly. The total yields of amylose and amylopectin were more than 2.4% respectively. The results of
visible spectrum and molecular weight distribution showed that M,, of amylose and amylopectin narrowed to 1641-2069 g/mol and 1671-
2167 g/mol, respectively, while M, narrowed to 1516-1710 g/mol and 1526-1678 g/mol. The corresponding PDI of amylose ranged from
1.082-1.209, and PDI of amylopectin ranged from 1.095-1.291. Artificial zeolite with 1-3 mm diameter was suitable for the separation
of amylopectin, while artificial zeolite with 4-6 mm diameter was suitable for amylose. In the course of separation, amylose with higher
DP adsorbed on the macrozeolite surface. It was eluted out from the mixture first for the weaker adsorption force. Amylose with lower
DP entered into the small holes of macrozeolite, and was eluted out subsequently for the stronger adsorption force. When separated by
small zeolite column chromatography, the amylopectin components of F1b with small molecular weight and high homogeneity were
eluted out first. While, amylopectin components of F2b with large molecular weight and low homogeneity were eluted out first, indicat-
ing that the branching degree of amylopectin also played a certain role in the separation of starch components by zeolite column chroma-
tography. X-ray diffraction showed distinctive spectra. Amylose components revealed strong sharp peaks at the diffraction angles (26 )
of 18.9°,23.4°,27.2°,29.3°,32.3°, 33.7°. Amylopectin components showed obvious sharp peaks at around 21.6°, 22.9°, 23.9°, 26.5°,
27.1°,29.3°, 34.1°, 35.8°, 39.5°. The molecular weight distribution index (PDI) of sweet potato amylose was close to 1.0 at the same
time. Amylose and amylopectin with extreme narrow molecular weight exhibited sharp peaks like metallic salts. That could be used for
the study of the spatial structure changes of starch macromolecules in depth. Micrographs showed that amylose was composed of many
linear molecules and presented typical linear “wicker-like” morphology, while amylopectin showed “branch-like” shape. The results
provide a simple and efficient method for the preparing of amylose and amylopectin with extreme narrow molecular weight distribution.
It brings about favorable conditions for further exploring morphological changes of starch macromolecules during aggregation progress.

Keywords: enzyme; strach; zeolite; column chromatography; separation



