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Development of an asymmetrical flow field-flow fractionation
system for the size characterization of starch granules
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Abstract: Starch occurs naturally in the form of semicrystalline granules, and is composed of
two types of carbohydrate molecules, amylose (AM) and amylopectin ( AP). Starch granules
and starch molecules have sizes in the range of 1-100 pm and 20-250 nm, respectively; these
size ranges are among the key factors affecting the functional properties of starch. Asymmetrical
flow field-flow fractionation ( AF4) is a size-based separation technique. The major difference
between AF4 and dynamic light scattering or microscopy techniques is that AF4 enables the sep-
aration of particles based on their size; consequently, the elution profile can be converted to
the size distribution of the samples. In the last two decades, AF4 systems, when coupled online
with multiangle light scattering ( MALS) and differential refractive index (dRI) detectors ( AF4-
MALS-dRI) , have demonstrated to be applicable for the size characterization of starch at the
molecular level. Unlike size exclusion chromatography ( SEC), AF4 systems use an open chan-
nel that does not require a stationary phase or packing materials. Thus, the shear scission of AP
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molecules during AF4 separation is minimized. The size detection range of a commercial AF4
system ranges from 1 nm to 10 pm, which is smaller than the size range of starch granules. In
this study, a home-made AF4 system was developed, and its capability for the size character-
ization of starch granules extracted from sweet potato, lotus seed, and rice was investigated.
The performance of the developed AF4 system was evaluated by running a mixture of polysty-
rene (PS) with diameter of 2, 6, 12, and 20 pwm, respectively. Baseline separation of four PS
samples was achieved, and the resolution for 6 pm PS and 12 pm PS was 1. 40. The detection
limit of the developed AF4 system was higher than that of commercial AF4 systems. Thus, the
developed AF4 system is promising for the separation and characterization of starch granules.
The effect of the composition of the carrier liquid on the AF4 separation of starch granules was
also studied. Moreover, the accuracy of AF4 in terms of size characterization of the starch gran-
ules was evaluated by optical microscopy (OM). The results revealed that the type of disper-
sant and viscosity of the carrier liquid affect the accuracy of size characterization of the starch
granules. The size distribution of rice starch granules obtained using a carrier liquid containing
0.01% (w/v) sodium dodecyl sulfate (used as a dispersant), 0.02% (w/v) NaN,(used as a
bactericide) , and 0. 001% (w/v) hydroxypropylmethylcellulose (used to adjust the viscosity of
the carrier liquid) was in agreement with that obtained from OM. Furthermore, a commercial
AF4 system coupled with MALS and dRI detectors was employed for the separation and charac-
terization of starch molecules. A molecularly dispersed solution is necessary for the reliable
molecular characterization of starch. The effect of the starch dissolution temperature on the
AF4 characterization of starch was also investigated. The optimal dissolution temperature for
lotus seed and rice starch granules was 75 C, while that for sweet potato starch granules was
78 °C; this difference is mainly attributed to the different botanical origins of the granules. The
results showed that the ratio of the radius of gyration (R,) to the hydrodynamic radius (R, ) of
rice starch and sweet potato starch is in the range of 0. 9—1. 1 over the molar mass range of 10°
-10* g/mol. For rice starch, the R,/R, ratio is between 1.2 and 1. 4. Rice starch has the high-
est apparent density among the three starches, indicating that rice starch molecules have a
dense structure. The results demonstrated that the AF4 system developed in this study is rapid
and accurate for the size characterization of starch granules. The developed AF4 system, when
combined with commercial AF4 systems coupled online with MALS and dRI detectors, can pro-
vide technical support to study the relationship between the size from the nanoscale to the
microscale and functional properties of starch.

Key words: asymmetrical flow field-flow fractionation ( AF4 ); starch granule; size
characterization
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1.2.1 B BUR RO TR B H &

TE R MIUREL 194 1) 5 < B ROK | 210 58 R0 3 1 O 4 Bt
T, M4E Schoch 45 il i () 7 12 $ BUTE 93 JWORY
BARJr R, =T, FF 40 g KOKTE 200 mL
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Fig. 1 Schematic illustration of asymmetrical flow
field-flow fractionation (AF4) system
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FL-70 F10. 02% (w/v) NaN, 2285 T /KIEM , He A
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Fig. 2 (a) AF4 fractogram and (b) calibration curve
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NaN, (FIEEF) 0925 B F KW, 438 Ui ok
0 mL/min, L 3EUERE A A5 2 (W TR AN A5 2458 X
WA A 0. 3 mL/min, BESLIEE RN A, JER Bk
RN A /Ay AR T, AF4 5387 3
g A UKL Y DR 5 38 1, SCORZS SRR 3 Fif
TENBURLAE SDS IR A RT3 die iy 5 H o KOK U
T3 R Y [ R 98.89% ., MR E Plockova 45!
A8 7 AF4 434 B v, B e AN TR oy 2 b
(%) IR AT 56 25 S T el T i

®1 FEHBEHT AF4 SRS TRERNERE (n=3)

Table 1 Recoveries of starch granules obtained by AF4
with different carrier liquids (n=3)

Sample recoveries/%

Carrier liquid -
Sweet potato Lotus seed Rice

Water 41.99+0.02 14.98+0.02 82.76+0.01
Polyethylene glycol tert-octyl- 75.95+0.17 57.30+0.05 83.13+0.01
phenyl ether ( Triton X-100)

Sodium dodecyl sulfate (SDS) 94.03+0.02 80.47+0.03 98.89+0.04
FL-70 88.77+0.03 40.98+0.31 77.13+0.11

HPE SR T, AF4 3 38 5 T = L 07 F for
BN R T B R A T B R AR A AR R A i R
Z B ELHE T T, B/ IV il 5 e D R S B
4R RE A A0 [T BCR S Zeta FEL S 6 AF 45 51 R
(MR 2), 3 FiRE S AE TR 2R 451 st e, AR TR
S TR 14 T A SRR (7 7 SDS M HH 1Y Zeta H {3 44
XHE 5K 5 75 SDS #2341 U B 2% 18 L 67 268 Xof
fH(45.33+1.36) K F KK JE by 2 i A7 46 % i
(25.9+0.53) , {HJ2& 3% & M ORL Y [l 3/ F K
RUERHORL, 16 Zeta FLAAS 252 WA AR 5 5568 1 08
B RIS IR A il — DR 2 IREE B S0 b PR 2540
PRI MRV RE i 5 A 1 R B 1 A S B
22.2 MEWH AF4 R G RAEE B B R AZ 0 R
ke

K OM A5 B 40 H f AF4 2 58 FRAF JE s B0k
BRI AR . OM A5 ) 3 493 SRR A2 43 A ]
3HARE R, LIS BN, a8 ET Ok
3 ORL B RSE 430 R 3 ~32 pm 2.1 ~23.5

®2 FRHEEH TRPERN Zeta B (n=3)

Table 2 Zeta potential of starch granules dispersed in

different carrier liquids (n=3)

Zeta potentials

Carrier liquid

Sweet potato Lotus seed Rice
Water -24.10£0.72  -19.97+0.64  -17.93+1.57
Triton X-100 -26.80£0.60  -24.63+0.35 -16.93+0.81
SDS -35.97+£1.10  -45.33x1.36  -25.90+0.53
FL-70 -30.43+0.74  -35.20+0.36  -20.07+0.55

pm. 1.5~ 12 pm; FER A2 48 518 12,16 £0. 11
pm . 16.04+0.79 um . 5.25+0.30 wm, HRHEA R
(1)~ (3), 455K 2 /Y PS AR LR, A R 230 4%
PE AR B0 TE R ORI AF4 Y I P35 5 e 1k 4%
B A (R 3) SFERAR S F 3 3, LR g
R, AF4 DI JE Ry UKL B R4S 3 /N F OM il
B, X EERRN N AR IR AR RS KA A,
X PRI iy, OM R FH SO (14 fie 1 RS S AR
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Fig. 3 Number-based size distributions of starch granules
obtained with different carrier liquids
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UEAb, SEESEE R R FEAIK 5 T, AF4 I i 11 3%
TR - BRI A (11.05+0. 54 pm) /N OM
I, X P RESE F TR I 2R A0 1 3 D8y Y [l i
N 14.98% (WK 1) , AR5 7 T Ry ORI
ME] S OM Wi iy kAR s AR 22, 7% SDS
HWRAE T, AF4 W5 19 OK VE 3 BURLRL 72 R T
OM Ml . X 7] A& H T V€ 8y WUKL7E AF4 =5 [1]
B RYVERE 2 8y Ty SN R HE R 5
me, 1 SRR S Z R TAMm ) 5E 12 M,
e 3 o R B S b T v, R R R R R R
) B, AR TR 2 45 31 PS AR th &4 w2, BT
LK TERITE SDS B0k 75 T BRI, AF4 I 55
PPRIAZH L OM U B K, Woo %51 i3l . 24 /4
FHBESZ PS (IR B A 4R AN G 1 I, Jd E
JRE 55 JURL 2 [) EL A AR ELHE R 1 T Bl 2 2t e )
WMk R TG L, CMBm T R EA
0.01% SDS #I I, BT T 1. G 20K &
JE W/INRE T A2 00 L HE SR O, 7R 0.01% SDS +
0.02% NaN, # & I A 0.001% (w/v) HPMC, fifi
R SE4T AFA Gl TE IR, AR 25 R UL 4, TEIE
FAFT, AF4 D K VE 0 MORL 1 £ 43 4 5 OM
A RAHA
R 3 FEBLEEGET AF4 RIEEHFAFHREER (n=3)
Table 3 Mean diameters of starch granules obtained

by AF4 with different carrier liquids (n=3)

Mean diameters/pm

Carrier liquid

Sweet potato Lotus seed Rice
Water 7.02+0.43 11.05+£0.54 4.30+0.49
Triton X-100 5.23+0.42 8.68+0.32 3.50+0.06
SDS 10.13£0.19 9.63+0.18 6.74+0.33
FL-70 4.36+0.07 8.66+0.02 4.49+0.25

2.3 AF4IHEMS FRT D HMHRE

VE Ry RTURE P V5 18k 2 2 52 T B 93 53— ST 43 A Fl
VIR T RAE A MR PR L A S 50 SR BRI 1k 1
it VE A FOURE, 25 2% T I B X U oy JIUREL I A 149 5 i)
(WES) . LEEE R BoR W RIRE N 75 CH, 4L
BVER AR (R,) AT AN S BE R B (M, ) 53
AFE ¢,=7~13 min ZbH BN R, X T AE & R T4
TERI AR AT, A TR R AR R i kL
FLAR /NI UK [7] Bt 39 JE 1 oA 202 4 A R T Sy
78 Ty, SLPE MBI RIH 5% | LLEVE W IR MR A0, i
Kl Sa mf UL, 7E t,=5.4 min Ml ¢, =12 min B FHA
VEIBLIE | i 2 ELEETE Ry DRI UG | J5 8 Ry SCHETE Ry 1k
Jis MV R T 2 80 CHY, AF4-dRI {5 5 )

—SDS
— SDS+HPMC

UV/Vis response

5 10 15 20 25
Retention time / min

T Rice starch granule
—SDS
— SDS+HPMC

Relative number

= _— —
0 5 10 15 20 25
Diameter / um

B 4 KKIEHHEI(a) AF4 SEREER (b) KRN H
Fig. 4 (a) AF4 fractograms and (b) number-based size
distributions of rice starch granules
HPMC: hydroxy propyl methyl cellulose
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AR B RO VE By LD VE R M T VE R 1 R, 4
A5 5 43 31 7 20 ~ 200 nm 20 ~ 240 nm , 40 ~ 200
nm, M, (%534 35 Bl 5350 4 1. 80x10° ~ 3. 13x 10°
g/mol . 1x10°~5x10* g/mol ,5%10° ~5x10° g/mol,
TEIEL 5 2645 T % 3 RhIERAY R,/ R, AR
JEHATRIE( WA 6) . R/R, WAATE 1. 0~1.5 JEH
RIH LALLM LR WK | 7EBE R
10°~10° LN, JOKVEM Y R, /R, FIHLIETE 1.2~
1.4 Z 8] ZLEFEFVEM R R,/R,, 1Y HLAEAE 0.9~
L1 ZIEl, 34k, 3 Tk bl 5 R oL () 38 i, 3R
W% T R R A, A 3 R o) T Bl EE K
FTit 3G, 25T . FEAR R EE R BT T,
TR TE 3 110 2 XL 285 e K, 98 I L5 R B R X %%
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Fig. 5 AF4-MALS-dRI fractograms, R, and M, distributions of starches dissolved under different temperatures
MALS: multiangle light scattering; dRI: differential refractive index.
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