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Abstract

Project Code : MRG5180352

Project Title : Study of microstructure and rheological behavior of rice starch and hydrocolloid mixtures
Investigator : Dr. Piyada Achayuthakan

E-mail Address : piyada411@yahoo.com

Project Period: 15 May 2008 - 15 May 2010

Rice starch is one of the important starches that can be produced in Thailand. The
study of starch microstructure helps to understand the physical properties of starches and the
location of hydrocolloids in starch and hydrocolloid mixtures which can affect to gelatinization
temperature , swelling power and rheological properties of starch and hydrocolloid mixtures.
Confocal laser scanning microscopy (CSLM) is used to study starch microstructure of starch-
hydrocolloid mixtures. The objective of this research was to study the microstructure of rice
starch and hydrocolloid mixtures. The mixtures of rice starch and FITC-dextran were heated in
a water bath at different temperatures and time. A Bio-Rad Radiance 2100 MP Rainbow
System was used to image the mixtures at an excitation wavelength of 488 nm. The results
showed that FD4 (FITC-dextran Mw 4,000) penetrated through raw rice starch granules at
different levels. FD4 could not penetrate through the most of raw rice starch. Whereas, it could
be partially or fully absorb on some starch granules. FD4 was found at the holes of rice starch
ghost when the samples were cooked at 95°C for 15 s. Whereas, FD10 can not penetrated
through rice starch after cooking. The surface pores and protein channels of starch granules
were examined by using SEM and CSLM. Rice starch protein channels could not be found
after reaction with 3-(4-carboxybenzoyl) quinoline-2-carboxaldehyde (CBQCA). The ways of

penetration of dextran through starch granules need further study.

Keywords : rice starch, hydrocolloid, microstructure, CSLM



Executive summary
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1. Materials

Native rice starch and waxy rice starch was supplied by Cho Heng Rice Vermicelli
Factory Co., Ltd. (Nakornpathom, Thailand). Native tapioca starch was purchased in a local
market from Thai Wah Food Product Public Co., Ltd. (Nakornpathom, Thailand). Sorghum
starch was kindly supplied by B.R. Hamaker, Whistler Center for Carbohydrate Research,
Department of Food Science, Purdue University, USA. Mercury dibromofluorescein
(disodium salt, Merbromin) was purchased from Sigma. CBQCA Protein Quantitation Kit
(C-6667, Molecular Probes) was purchased from Molecular Probes. FD4 (Fluorescein
isothiocyanate (FITC) conjugated-dextran Mw 4,000) , FD10 (FITC-dextran Mw 10,000) ,
FD40 (FITC-dextran Mw 40,000), FD250 (FITC-dextran Mw 250,000) , FD500 (FITC-
dextran Mw 500,000) and FD2000 (FITC-dextran Mw 2 x10°% were purchased from

Sigma.

2. Preparation of starch-dextran dispersions

Dispersions of rice starch were prepared with 3% (w/v) concentration. A weighed
amount of rice starch was poured into an eppendorf tube. Distilled water was pipetted into
an eppendorf tube and stirred by using a vortex. Then, the dispersion was mixed with
FITC-dextran. The mixture was heated in a water bath at different temperatures and time.

After heating, the sample was cooled rapidly in a water-ice bath.



3. Merbromin Treatment

Merbromin solution was prepared by dissolving merbromin (1 g) in methanol (12
ml). Starch samples (2.5 mg) were suspended in a merbromin solution and rotated by using
a Multi-Wrist Shaker at room temperature (Lab-Line Instruments, Inc., Melrose Park, IL)
for 90 min. Starch samples were washed with absolute ethanol for few times, recovered by

centrifugation, and allowed to air-dry in the dark.

HgOH

Chemical structure of mercury dibromofluorescein or merbromin.

4. CBQCA Treatment

The method for the dye 3-(4-carboxybenzoyl) quinoline-2-carboxaldehyde
(CBQCA) staining was followed Han et al (2005). Starch (7 mg) was mixed with 0.1 M
sodium borate buffer (pH 9.3) (135 ul), 20 mM KCN (5 ul) and SmM CBQCA (10 ul),

respectively. Samples were allowed to incubation for 3-5 hr and observed using CLSM.

5. DTAF Treatment

Starch was treated with 5-([4,6-Dichlorotriazin-2-yl]lamino)-fluorescein (DTAF)
followed methods of Whistler et al (1998) and Huber (1998). Starch (10 g) was suspended
in triethylamine (18.5 ml) for 30 min. DTAF (0.0025 g) in carbon tetrachloride (15.2 ml)
was added to starch suspension and incubated for 7.5 hr. in the dark. The dye was washed

with absolute ethanol. Starch was recovered by centrifugation and allowed to air-dry.

6. Thermolysin

Thermolysin is used to digest channel proteins on starch granules (Han et al 2005).
The method for thermolysin digestion was based on Mu-Forster et al (1996). Starch (50
mg) was treated with 0.2% thermolysin (Sigma Co., St. Louis, MO, USA) in 1 mL of 5 mM
CaCl, solution for 30 min. The reactions were terminated by the addition of EDTA (20



mM). Starch was washed with distilled water 5 times, 70% ethanol 1 time and 100%

ethanol 1 time. Starch was air dry for overnight.

7. Amyloglucosidase

Starch (10 mg) was treated with 2 unit of amyloglucosidase (Sigma Chemical Co.,
St Louis, MO, USA) in 1 ml 0.2 M sodium acetate buffer pH 4.5 and shaken in a Multi-
Whist Shaker at room temperature for 24 hr. The reactions were inactive in boiling water
bath for 10 min. Starch samples were washed with distilled water 5 times, 70% ethanol 1

time and 100% ethanol 1 time, recovered by centrifugation, and allowed to air-dry.

8. Scanning Electron Microscopy (SEM)

Samples were mount on stub with double sticky tape and coat with AuPd for 3 min.
Samples imaged in a JEOL JSM-840 SEM (JEOL USA Inc., Peabody, MA) using 5 kV
accelerating voltage, 10 mm working distance, aperture 3 and probe current 3x107".
Magnifications were 5,000x and 10,000x. Digital images were captured using 1280x960

resolution and 160 s dwell time.

9. Confocal laser scanning microscopy (CLSM)

Starch powder was sprinkled onto a glass slide. The glass slide and cover slip were
glued together with a thin film of paraffin wax. A Bio-Rad Radiance 2100 MP Rainbow
System (Bio-Rad Laboratories, Hercules, CA, USA) equipped with a Nikon Eclipse
TE2000 (Nikon, Melville, NY, USA) inverted microscope was used to image starch
granules at an excitation wavelength of 488 nm. CLSM digital images were acquired using

the BioRad Laser Sharp program.
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Fig. 1. Scanning electron micrograph of rice (A) and waxy rice starch (B).



Fig. 2. Scanning electron micrograph of waxy rice starch treated with amyloglucosidase

for 24 hr.



Fig. 3. Confocal laser scanning micrographs of optical sections of commercial rice starch (A),

waxy rice starch (B), sorghum starch (C), and corn starch (D) dyed with CBQCA.



Fig. 4. Confocal laser scanning micrographs of optical sections of commercial rice starch (A),
waxy rice starch (B) treated with merbromin. Rice starch (C), waxy rice starch (D), tapioca
starch (E), and corn starch (F) after enzymatic digestion with amyloglucosidase for 24 hr. and

dyed with merbromin.



Fig. 5 (a) rice starch, (b) waxy rice starch, (c) sorghum starch and (d) corn starch treated with

thermolysin and dyed with Merbromin (60x , zoom 4).



Fig. 6 (a) rice starch, (b) waxy rice starch and (c) sorghum starch and (d) tapioca starch

treated with DTAF (60x , zoom 4).
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Fig. 7. Confocal laser scanning micrographs of optical sections of rice starch (A-D) and
sorghum starch (E-H). Raw rice starch mixed with FD4 (A) and FD10(B). Cooked rice starch
mixed with FD4 (C) and FD10 (D). Raw sorghum starch mixed with FD4 (E) and FD10 (F).

Cooked sorghum starch mixed with FD4 (G) and FD10 (H).
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1. Surface pores of starch

1.1 Scanning electron microscopy

Surface pores of rice starch and waxy rice starch was investigated by using
SEM. From scanning electron micrograph of rice starch and waxy rice starch (Fig. 1), the
most of rice starch and waxy rice starch granules have no pores. Very few amounts of rice
starch and waxy rice starch have some small pores on surface. Fannon et al (1992) reported
that no pores were found in rice starch. Our assumption is the pores of rice starch would be
too small to observe by using SEM or CSLM. The present of surface pores of rice starch
was investigated by wusing enzyme digestion to observe digestion pattern.
Amyloglucosidase was used to enlarge the pores of rice starch. The pattern of enzyme
digestion on starch which has surface pores was different from starch which has no pores
(Fannon, et al, 1992). Enzyme-treated common corn starch granules showed small pores on
starch surface, whereas enzyme-treated potato starch showed a width scratch of enzyme
activity on starch surface. The presence of channels affects to enzymatic attack (Gallant et
al, 1997). Corn starch treated with microbial glucoamylase for up to 8 h showed small pits
(approx. 0.1-0.2 pm in diameter) on starch surface (Imam et al, 2006). From our results,
waxy rice starch has more potential to find surface pores compared with native rice starch.
When waxy rice starch was treated with amyloglucosidase (Fig. 2), it was more susceptible
to enzymatic digestion than rice starch (data do not show). Moreover, the pores of digested
waxy rice starch are distributed over the entire granule surface. However, the most of rice

starch and waxy rice starch granules have no pores from SEM results.

1.2 Confocal laser scanning microscopy

Confocal laser scanning microscopy (CSLM) is used to investigate starch
microstructure (Huber and BeMiller, 2000; Kim and Huber, 2008; Choi et al, 2008) and the
behavior of starch-hydrocolloid mixtures (van de Velde, F., et al, 2003; Tromp R.H., et al,
2001). CSLM is a useful tool to investigate phase separation of hydrocolloids in starch
mixture. The use of fluorescence to dye biopolymers allows visualization of the position of

hydrocolloid in starch dispersion (van de Velde, et al, 2003).
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From Figure 3, CBQCA was used to dye proteins in channels of starches.
Sorghum and corn starch Figure 3 (c and d) showed protein channels that are the white
lines arranged radially of starch granules. The same results were reported by Han et al
(2005). Sorghum starch obtained from the Purdue University Agronomy Farm showed
more protein channels than corn starch. Proteins could not be observed in rice starch
(Figure 3, a). White short lines could be observed when rice starch was dyed with
Merbromin (Figure 4, a). However, the line looked too short compared with sorghum and
corn starch channels (Figure 4, ¢ and d). A white short straight lines could be observed in a
waxy rice starch granules (Fig 3, b). However, the line looked too short and it rarely found
in other granules. It would be a protein on granule surface.
From Figure 5, thermolysin was used to digest channel proteins on starch granules
(Han et al 2005). The method for thermolysin digestion was based on Mu-Forster et al
(1996). From our assumption, channels would plugged with channel proteins. Thermolysin
was used to digest channel proteins to allow the access of merbromin into starch channels.
From Figure 5 (a and b), starch channels could not found in rice starch and waxy rice starch
compared with sorghum and corn starch Figure 5 (¢ and d). Sorghum and corn starch
showed a long white lines of starch channels. Rice starch and waxy rice starch showed only

short white lines on starch surfaces.

From Figure 6, starch was derivatized with DTAF (5-([4,6-Dichlorotriazin-2-
yl]Jamino)-fluorescein) by a method similar to that described by Whistler et al. (1998) for
obtaining surface-reacted acylated and carboxymethylated corn starch granules. The
granular pattern of reaction for DTAF-reacted starches was observed by CSLM. As
anticipated, reacted dye was localized at granule surfaces, including those of both channels
and cavities. Starch pores and channels of rice starch, waxy rice starch and tapioca starch

could not found when starches were derivatized with DTAF.

2. Penetration of hydrocolloids into starch granules

The surface pores (0.07-0.1 um in diameter) are the openings of the interior
channels. Some starches have surface pores, while the others have none. The surface pores
and channels are believed to occur during starch germination. (Fannon et al, 1992). Fanon
et al (1992) proposed that the presence of channels facilitate enzyme attack of the granule
during germination. The presence of surface pores and channels of sorghum, corn and

wheat starch was reported by many researchers (Fannon et al, 1992; Fannon et al, 1993;
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Huber and BeMiller, 2000). Fannon et al (1992) found surface pores of corn starch with
different quantity. Some granules have many pores, some have a few, and others have
none. They also reported that no pores were found in rice and oat starches. However, we
found that FD4 can penetrate through raw and cooked rice starch (Figure 7). That would be
because of different rice cultivars compared with Fannon et al (1992) results. The channels
of rice starch would be void. Since they can absorbed FD4 into starch granules. However,
rice channel proteins could not found when dyed with CBQCA. Our results showed that
FITC-dextran average Mw 4,000 can pass through raw rice starch with different levels.
FD4 could not penetrate through the most of raw rice starch. Whereas, it could be partially
or fully absorb on some starch granules. The reasons would be the heterogeneity of starch

granules.

The penetration of hydrocolloids or food additives into starch granules was studied
by many researchers. Gonera and Cornillon (2002) indicated that xanthan, high Mw
additive, absorbed only on the surface of raw corn starch and stabilized the granular shape.
Whereas, sucrose, the low Mw additive, can fully penetrated into raw corn starch. Fannon
et al (1992) concluded that surface pores of corn starch (approximately 1,000 A in
diameter) can allow the access of enzyme to granule interior. Molecular weight of
hydrocolloids affects to the penetration of hydrocolloid or food additives into raw starch
granule and starch ghost. The results in Fig. 7 showed that FD4 can penetrate through raw
and cooked rice starch. Whereas, FITC-dextran Mw 10,000 can not penetrate through raw

and cooked rice starch.

The results in Fig. 7 showed the effects of gelatinization on penetration of
hydrocolloids into starch granules. Atkin et al (1998) concluded that the small size of
surface pore would prevent the leach out of large molecules of amylopectin from starch
granule at ambient temperature. When the temperature is increased, surface pore increased
and allowed the release of the 400 nm amylopectin from starch ghost. If the enlarged
surface pores of cooked starch granules allows the release of amylopectin in the granule.
They should also allow the penetration of large hydrocolloids into starch ghost. However,
our results showed that only FD4 can penetrate through the cooked rice and sorghum

starch. The large molecules of FITC-dextran can not pass through starch ghost.
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Fig. 8 Scanning electron micrograph of rice starch. (5,000 X) (scale baris 1 um)
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Fig. 9 Scanning electron micrograph of rice starch (Magnification 5,000 X)

(scale baris 1 um)
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Fig. 10 Scanning electron micrograph of rice starch treated with amyloglucosidase 4 unit/ml

at room temperature for 24 hr. (5,000 X) (scale baris 1 um)
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Fig. 11 Scanning electron micrograph of waxy rice starch (5,000 X) (scale baris 1 um)
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Fig. 12 Scanning electron micrograph of waxy rice starch treated with amyloglucosidase

4 unit/ml at room temperature for 24 hr. (5,000 X) (scale baris 1 um)



