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Abstract

Purpose: To evaluate the effect of pectin on the properties of potato starch after dry heat treatment.

Methods: Rapid visco analyzer (RVA), differential scanning calorimetry (DSC), texture profile analyzer
(TPA), scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR) and x-ray
diffractometry (XRD) were used to determine the properties of modified potato starch and pectin blends
after dry heat treatment.

Results: Results from RVA showed that the peak viscosity of modified potato starch decreased
gradually with increase in pectin concentration, dry heat time and dry heat temperature, while starch
breakdown decreased and setback was increased to varying degrees. The lowest breakdown was 792
cP at dry heat temperature of 140 °C. Modified potato starch had broader ranges of gelatinization
temperatures and lower gelatinization enthalpy than raw potato starch. Dry heat treatment improved the
hardness, gumminess and chewiness of the gels of modified potato starch and pectin blends SEM
micrographs showed some cluster shapes in microstructure after dry heat treatment of starch-pectin
blends. Infrared spectra revealed that pectin addition and dry heat treatment did not cause changes in
starch structure. However, x-ray diffractograms indicated that dry heat treatment weakened the third
peak of potato starch.

Conclusion: These results indicate that dry heat treatment effectively alters the properties of potato
starch and pectin blends. This finding broadens the applications of modified potato starch in food and
pharmaceutical industries.

Keywords: Potato starch, Pectin, Dry heat treatment, Modification, Microstructure, Viscosity, Excipients

This is an Open Access article that uses a fund-ing model which does not charge readers or their
institutions for access and distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited.

Tropical Journal of Pharmaceutical Research is indexed by Science Citation Index (SciSearch), Scopus,
International Pharmaceutical Abstract, Chemical Abstracts, Embase, Index Copernicus, EBSCO, African
Index Medicus, JournalSeek, Journal Citation Reports/Science Edition, Directory of Open Access Journals
(DOAJ), African Journal Online, Bioline International, Open-J-Gate and Pharmacy Abstracts

INTRODUCTION

Potato starch is widely wused in textile,
aquaculture, pharmaceutical and food industries
as commercial starch [1,2]. It is famous for its
uniqgue functional properties such as low
gelatinization temperature, large particle size,

high paste viscosity, and paste translucency [3].
However, potato starch is not very suitable for
application in food processing because of its
weak heat and shear resistance. Currently,
starch modification is seen as an approach for
improving the heat resistance, shear strength,
and stability of starch [4-7].
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The methods used for modification of starch are
mainly chemical and physical methods. Chemical
modifications require a variety of chemical
reagents and complex processes, and produce
many by-products [8-11]. Dry heat treatment is a
novel physical method for preparing modified
starch. It has the advantage of simple operation,
high security, and absence of pollution [12].

A study has compared the relationship between
starch digestibility and physical properties of high
amylose starches and their characteristics by
principal component analysis (PCA) [13]. The
results showed that heating temperature was
negatively correlated with starch digestibility,
paste viscosity, and gel strength. Blending of
starch and edible gum is often used to improve
the quality and stability of foods [14-16]. lonic
glue is usually used to improve the physical
properties of starch under dry heat treatment.
lonic glues such as xanthan gum, sodium
alginate and sodium carboxymethyl cellulose
(CMC) have been used to prepare modified
starch with dry heat treatment [17-24].

Low or medium-viscosity CMC and rice starches
with different amylose contents have been
blended, and the blends were treated with dry
heat [25]. It was found that the pasting properties
of the modified starch were markedly changed
because of the crosslink between the CMC and
starch. Pectin is a polymer with complex
structure which is composed of at least 17
different monosaccharides [26]. Pectin is a
natural polymer with good emulsifying and
gelation property, and it is a new multifunctional
natural food additive used in food industry
[27,28].

Sweet potato starch has been blended with
pectin using dry heat treatment, and it was found
that the gelatinization and gel properties of the
sweet potato starch were greatly improved [29].
The purpose of this study was to broaden the
application of modified potato starch in food and
pharmaceutical industries by determining the
properties of modified potato starch and pectin
blends after dry heating.

EXPERIMENTAL
Materials and reagents

Potato starch was purchased from Beijing
Minsong Economic And Trade Co. Ltd, China.
Pectin was purchased from America Tang Ruisi
Food Materials Company. Sodium hydroxide and
hydrochloric acid were of analytical grade.

Dry heat treatment of potato starch

Pectin (1-5 %) was added to 170 mL of ultrapure
water and stirred to dissolve completely. Then,
100 g of potato starch was added to the pectin
solution and the pH was adjusted to 7.0 using 0.2
M HCI or 1 M NaOH. Samples were stirred on a
magnetic stirrer for 1 h at room temperature. The
mixtures were then dried in an oven at 40 °C to a
moisture content of less than 10 %. The samples
were crushed with a pulverizer and passed
through a 100 mesh sieve. In addition, the dried
mixtures with 1 - 5 % pectin were treated with dry
heat at 120 °C for 3 h. The dried mixtures with 3
% pectin were subjected to dry heat treatment for
various durations (1 to 5 h) at 120 °C, and also to
temperatures varying from 100 to 140 °C for 3 h.
At the same time, raw potato starch was used as
control check 1 (ckl). The blends of potato and 3
% pectin dried mixtures without dry heat
treatment were used as control check 2 (ck2).

Pasting analysis

Rapid Visco-Analyzer (RVA) (RVA-Series 4,
Newport Scientific Pty. Ltd., Warriewood,
Australia) was used to measure pasting
properties of the modified potato starches. Starch
sample (2.0 g) was dissolved in ultrapure water
(25 mL). The test program is shown in Table 1.

Table 1: Test program for RVA

Time Type (Temp Vls(gg:?lty
(HH:MM:SS) speed) or (RPM)
0:00:00 Temp 50
0:00:00 Speed 960
0:00:10 Speed 160
0:01:00 Temp 50
0:04:42 Temp 95
0:07:12 Temp 95
0:11:00 Temp 50
0:13:00 End

Thermal characterization

The thermal properties of the starches were
determined using a differential scanning
calorimeter (DSC, TA Instruments-Waters LLC,
America) equipped with a thermal analysis data
station. Steel plates were used to hold samples
in the test. Starch sample (0.1 g) and 0.2 mL
ultrapure water were mixed evenly. Then, the
mixed samples (8-12 mg) were taken into the
steel pan and sealed. The test program was run
at a scanning temperature range of 30-100 °C,
with a ramp rate 10 °C/min. The curve peaks
were analyzed with TA Universal Analysis
Software.
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Textural analysis

Starch sample (2.0 g) was dissolved in ultrapure
water (25 mL) and completely gelatinized using
the method used for the RVA measurement. The
gelatinized starches were then stored in small
aluminum canisters at 4 °C for 24 h to form gel.
The texture of the gels was analyzed using the
texture analyzer (SMS, model TA-XT2i Stable
Micro System, England) with a 36 mm probe
(P36R). The conditions used in the test program
were: pre-test speed of 1 mm/sec; test speed of
0.5 mm/sec; post-test speed of 1 mm/sec;
compression ratio of 25% deformation; and force
of 5 g.

Particle size analysis

The particle size of the samples was analyzed
using a laser particle size distribution device (BT-
9300H Laser Particle Size Distribution Meter,
Dandong Baxter Instrument Co., Ltd., China),
according to the method reported by Wang et al
[30]. The potato starch was dispersed into
distilled water as described previously [31]. The
size was set in the range of 0.1 - 341 um.

SEM analysis

A Quanta 200 environmental scanning electron
microscope (FEI Company, USA) was used to
record scanning electron microscopy (SEM)
micrographs. The conductive double-sided
adhesives with starch samples were evenly
distributed on the top and stuck to SEM
specimen stubs. The micrographs were received
with an accelerating potential of 15 kV under low
vacuum, and were used to detect the
morphology of starch granules.

Fourier transform-infrared (FTIR) spectro-
scopy

The samples were scanned with FTIR (Nicolet
470; Perkin Elmer Inc., Waltham, MA, USA) to
obtain the FTIR spectrum. The scanning
spectrum range was 4000 cm *to 400 cm™ ' at a
resolution of 0.44 cm™. The samples were diluted
with KBr (1:100, w/w) before scanning, and pure
KBr was acquired as background viscosity
beforehand.

X-ray diffractometry

The x-ray diffraction (XRD) analysis of the
starches was performed with x-ray diffractometer
(PANalytical, X'Pert3 Powder, Netherlands). The
micrographs were received at 15 kV acceleration
potential in low vacuum. The samples were
ground, sieved through 120 mesh screen, and

pressed onto plates. The operating conditions
were: diffraction angle (28) of 5 — 80°; emission
slit of 1°; anti-scattering slit of 1°; receiving slit of
0.3 mm; step width of 0.02°; and preset time of
0.1 sec.

Statistical analysis

Data were measured three times and SPSS
Statistics 17.0 was used to calculate the mean
and standard deviation. Origin8.0 software was
used for drawing. Values of p < 0.05 were
considered to be significant.

RESULTS

Effect of pectin concentration on pasting
properties of potato starches

The RVA parameters for potato starches with
different levels of pectin are listed in Table 2. The
peak, trough, breakdown, final viscosity and
pasting temperature of the starch added 3 %
pectin without dry heat treatment (ck2) were
lower than those of raw potato starch (ckl). The
peak, breakdown viscosity and pasting
temperature of potato starch and pectin blends
subjected to dry heat treatment were all lower
than those of ckl and ck2. With increase in
pectin concentration, the peak and breakdown
viscosity of the blends given dry heat treatment
were gradually decreased. The final and setback
viscosity of the blends subjected to dry heat
treatment were higher than those of ckl and ck2.
However, the setback viscosity of the blends with
dry heat treatment was gradually increased with
increase in pectin concentration. The highest
setback viscosity was 1659 cP when pectin
concentration was 4 %.

Effect of dry heat treatment time on pasting
properties of potato starches

The RVA parameters of the blends of potato
starches with 3 % pectin subjected to dry heat for
different durations are shown in Table 3. The
RVA parameters of the blends treated with dry
heat for different times were lower than those of
ckl and ck2. With increase in dry heat time, peak
viscosity was gradually decreased. In addition,
the breakdown decreased initially, and then
increased, and the lowest breakdown 853 cP
was obtained at dry heat treatment time of 4 h.
The final viscosity and setback of the blends with
different dry heat times were higher those of ckl
and ck2. The highest final viscosity was 4465 cP
at dry heat treatment time of 4 h. However, the
setback viscosities of the blends subjected to
different dry heat treatment times were gradually
increased with increase in treatment time. When

Trop J Pharm Res, July 2019; 18(7): 1377



Jiaetal

the dry heat treatment duration was 5 h, the
setback reached the highest value of(1421 cP.

Effect of dry heat treatment temperature on
pasting properties of potato starches

The RVA parameters for the blends of potato
starches with 3 % pectin treated at different dry
heat temperatures are shown in Table 4. The
peak and breakdown viscosities of the blends
treated at different dry heat temperature were
lower than those of ckl and ck2, and gradually
decreased with increase in dry heat temperature.
The lowest breakdown was 792 cP at a
temperature of 140 °C. At the same time, the
setback viscosities of the blends treated at
different dry heat temperatures were higher than
those of ckl and ck2, and gradually increased
with increase in temperature. When the dry heat
treatment temperature was 140 °C, the setback
viscosity peaked at a value of 1575 cP.

°C) and higher gelatinization enthalpy (4.373 J/g)
than that of other groups.

Effect of dry heat time on thermodynamic
properties of potato starches

The thermodynamic properties of the starch and
pectin blends at different dry heat treatment
times are shown in Table 6. The gelatinization
peak temperatures (Tp) of the blends treated
subjected to different dry heat times were
decreased initially, and then increased with
increase in dry heat time. The lowest
gelatinization peak temperature (Tp) was 64.4 °C
at dry heat time of 3 h. The onset temperatures
(To) of the blends treated at different dry heat
times were lower than those of ckl and ck2. In
addition, the gelatinization temperature ranges
(Tc-To) of blends treated at different dry heat
times were all distinctly higher than those of ckl
and ck2. At dry-heat treatment time of 3 h, the To
of the blends was 58.06 °C, which was lower

Effect of pectin concentration on than those of other dry heating time groups.
thermodynamic properties of potato  Moreover, when the dry heat time was 4 h, the
starches blends had a broader gelatinization temperature

The thermodynamic properties of the potato
starches with different additions of pectin are

range (Tc-To, 25.83 °C) and higher gelatinization
enthalpy (3.561 J/g).

shown in Table 5. The peak temperature (Tp) of Effect of dry heat temperature on
ck2 (72.17 °C) was higher than that of ckl (68.37 thermodynamic properties of  potato
°C). There was no obvious difference between starches

the gelatinization temperature ranges (Tc-To) of
ckl and ck2. However, the gelatinization
enthalpy (AH) of ck2 (2.847 J/g was much lower
than that of ckl (4.659 J/g). The blends
subjected to dry-heating treatment had broader
ranges of gelatinization temperatures (Tc-To)
than ckl and ck2. The Tp of the blends with dry-
heating treatment was lower than those of ckl
and ck2 when pectin concentration was 2 - 5%.
Dry-heating treatment decreases the onset
temperature (To) of the blends, when compared
with ckl and ck2. The AH values of the potato
starches treated with dry-heating at different
levels of pectin were higher than those of ck2,
but lower than those of ckl. When the pectin
concentration was 4 %, the starch had broader
range of gelatinization temperature (Tc-To, 24.85

The thermodynamic properties of the starch and
pectin blends treated at different dry heat
temperatures are shown in Table 7. The peak
temperature (Tp) of the blends treated at
different dry heat temperatures showed irregular
changes with increase in temperature, and the
highest peak temperature (Tp, 72.19 °C) was
obtained at dry heat treatment at 130 °C.
Similarly, the onset temperature (To) of the
blends treated at different dry heat temperatures
was lower than those of ckl and ck2. The
gelatinization temperature ranges (Tc-To) of the
blends treated at different dry heat temperatures
were broader than those of ckl and ck2. The
broadest gelatinization temperature range (Tc-
To, 27.18 °C) and the highest gelatinization
enthalpy (AH, 4.244) were obtained at 140 °C.

Table 2: RVA parameters of potato starches with different additions of pectin

Pectin Peak (cP) Trough Breakdown Final Setback Pasting temperature
concentration (%) (cP) (cP) viscosity (cP) (cP) (°C)

ckl 5056+9% 3364+8° 1692+9° 406677 702+16' 71.95+0.38°%

ck2 4747+11°  3111+11° 1636+10° 3954+12° 843+8° 68.65+0.22"

1 4420+9° 3138+12° 1282+13° 4060+16° 922+10° 67.05+0.38°

2 4392+8° 3236+9° 1156+15° 4132+12° 896+14° 67.85+0.23°

3 4203+12° 3172+8° 1031+11° 4355+12° 1183+14° 67.8+0.19°

4 4072+15%  3031+13° 1041+11° 4690+7° 1659+11° 67.8+0.24°

5 3821+9"° 2714+18° 1107+7° 4149+11° 1435+11° 67.85+0.32°
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Table 3: RVA parameters of the blends with different dry-heating treatment times

Dry-heating Trough Final viscosity Setback Pasting temperature
time (h) Peak (cP) (cP) Breakdown (cP) (cP) (cP) C)
ckl 5056+9% 3364+18° 1692+9° 4066x7° 702+16° 71.95+0.38%
ck2 4747+11° 3111+11° 1636+10° 3954+12° 843+8° 68.65+0.22"
1 4629+10° 3246+10° 1383+11° 4049+9° 803+12¢ 67+0.26°
2 4354+11° 3283+12° 1071+6° 4157+10° 874+10° 67.8+0.12°
3 4203+12° 3172+8° 1031+11° 4355+12° 1183+14° 67.8+0.19"
4 4103+15° 3250+13° 853+16° 4465+16° 1215+14° 67.85+0.08"
5 3867+16° 2853+14° 1014+10° 4274+6" 1421+13° 67.05+0.12°
Table 4: RVA parameters for potato starches at different dry-heating temperatures

Dry-heating Final Pasting
temperature Tc?lgl)( Trough (cP) Bre?(ljg)own viscosity Se(thF;a)ck Temperature

(°Q) (cP) (°C)

ckl 5056+9% 3364+8° 1692+19% 4066x+17° 702+16° 71.95+0.38°%

ck2 4747+11° 3111+11° 1636+10° 3954+12° 843+8° 68.65+0.22"

100 4522+16° 3094+9° 1428+17° 4181+11° 1087+9° 67+0.19°

110 4418+14° 3132+14° 1286+13° 4257+15° 1125+13° 67.25+0.31°

120 4203+12° 3172+8° 1031+41° 4355+12° 1183+14° 67.8+0.19°

130 3872+8° 2992+9° 880+17° 4536+9° 1544+10° 67.9+0.14°

140 37665 2974+11° 792+11' 4549+15° 1575+10° 68.8+0.06"

Table 5: Thermal properties of starches containing different concentrations of pectin

Egﬁf:'gmraﬂon o) To (°C) Tp (°C) Tc (°C) Tc-To(°C) AH(J/g)

ckl 62.76 68.37 83.08 20.32 4.659

ck2 64.76 72.17 84.78 20.02 2.847

1 60.48 69.65 84.02 23.54 2.915

2 59.75 68.24 83.96 24.21 3.713

3 58.06 64.4 80.89 22.83 3.395

4 58.75 66.35 83.6 24.85 4.373

5 60.67 67.16 83.13 22.46 3.681

Table 6: Thermal properties of starches at dry-heating treatment times

Dry-heating time o o o o

() To (°C) Tp (°C) Tc (°C) Tc-To(°C) AH(J/9)

ckl 62.76 68.37 83.08 20.32 4.659

ck2 64.76 72.17 84.78 20.02 2.847

1 61.88 68.94 83.43 21.55 2.489

2 60.8 68.45 84.97 24.17 2.663

3 58.06 64.4 80.89 22.83 3.395

4 58.26 66.24 84.09 25.83 3.561

5 60.65 70.15 83.66 23.01 3.096

Table 7: Thermograms of starches at different dry-heating treatment temperatures

Dry-heating To (°C) o (°C) Te (°0) Te-To(°C) AH(/g)
temperature (°C)

ckl 62.76 68.37 83.08 20.32 4.659

ck2 64.76 72.17 84.78 20.02 2.847

100 59.41 66.14 80.66 21.25 3.187

110 60.84 69.65 83.08 22.24 2.979

120 58.06 64.4 80.89 22.83 3.395

130 61.79 72.19 84.79 23 3.141

140 57.11 63.92 84.29 27.18 4.244
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Effect of pectin concentration on gel texture
properties of starch gels

The textural properties of gel blends of potato
starches and pectin are shown in Table 8. The
hardness, gumminess and chewiness of ck2
were all higher than those of ckl1, but the
springiness of ck2 was lower than that of ckl.
The hardness, gumminess and chewiness,
cohesiveness and resilience of the blends
treated with dry heat were higher than those of
ckl and ck2. With increase in pectin
concentration, the hardness, gumminess and
chewiness increased initially, and thereafter
decreased at pectin concentration of 5 %. When
the pectin concentration was 4 %, the highest
hardness, gumminess and chewiness were
244345 g, 232277 g, and 226.15 g,
respectively. However, there were no significant
differences in springiness, cohesiveness and
resilience among all the blends.

Effect of dry heat treatment times on gel
texture properties of starch gels

The textural properties of gels of the blends
treated at different dry heat times are shown in
Table 9. The hardness, gumminess and
chewiness of the blends were gradually
increased with increase in dry heat time. When
the dry heat treatment time was 5 h, the highest
hardness, gumminess and chewiness were
obtained (252.479 g, 239.618 g, and 231.106 g,
respectively).

Effect of dry heat temperature on gel texture
properties of starch gels

Table 10 shows the textural properties of gels of
the blends treated at different dry heat
temperatures. There were obvious differences in
the hardness, gumminess and chewiness among
the blends. Dry heat treatment temperature was
140 °C resulted in maximum hardness,
gumminess and chewiness of modified starch
(433.375, 400.157, and 365.963, respectively).

Table 8: Gel texture properties of potato starch containing various concentrations of pectin

Pectin Hardness Gumminess Chewiness N Cohesivenes -

Concentration (%) (@) @ (@) Springiness s Resilience

ckl 59.50+9.137 51.07+10.25° 51.05+9.74° 0.99+0.02° 0.86+0.02° 0.70+0.01°

ck2 139.36+8.76° 127.72+9.09° 124.13+12.35° 0.97+0.02° 0.92+0.02° 0.76+0.02°

1 205.55+9.04° 188.79+11.02° 181.38+9.58° 0.96+0.02° 0.92+0.02° 0.760.02°

2 213.50+10.98° 197.94+11.87°  201.18+10.89° 0.915+0.02% 0.94+0.03° 0.78+0.03°

3 220.64+11.73° 208.57+9.84° 204.03+12.88° 0.98+0.03° 0.95+0.02° 0.78+0.02°

4 244.35+11.93° 232.28+7.92% 226.15+11.90° 0.974+0.03% 0.95+0.03° 0.79+0.02°

5 205.14+10.29° 189.85+8.73" 172.67+10.80° 0.91+0.03° 0.93+0.03° 0.73+0.02°
Table 9: Gel texture properties of the blends at different dry-heating treatment times
(Dhr)y-heatlng time Har?gr;ess Gum(rg;ness Che\é\g)ness Springiness  Cohesiveness Resilience
ckl 59.50+9.13° 51.07+10.25° 51.05+9.74° 0.99+0.02° 0.86+0.02° 0.70+0.01°
ck2 139.36+8.76° 127.72+9.09°  124.13+12.35°  0.97+0.02° 0.92+0.02° 0.76+0.02°
1 187.48+10.68° 177.71+11.835° 170.60+8.540°  0.98+0.01° 0.94+0.013% 0.792+0.03%
2 188.33+11.63°  179.25+12.65°  174.09+6.86°  0.952+0.02" 0.96+0.02° 0.81+0.03°
3 220.64+11.73°  208.57+9.84°  204.03+12.88°  0.98+0.03° 0.95+0.02° 0.78+0.02°
4 229.63+12.74°  219.00+13.82°  213.22+7.16°  0.974+0.02° 0.95+0.02° 0.798+0.02°
5 252.48+12.53%  239.62+16.24*  231.11+8.53%  0.964+0.03° 0.95+0.02° 0.789+0.02°
Table 10: Gel texture properties of blends at different dry-heating treatment temperatures
Eerr)rll_p?:raattll??e C) Har?gr;ess Gum(rg;ness Che\é\g)ness Springiness Cohesiveness Resilience
ckl 59.50+9.13' 51.07+10.25' 51.05+9.74" 0.99+0.02° 0.86+0.02° 0.70+0.01°
ck2 139.36+8.76° 127.72+9.09° 124.13+12.35° 0.97+0.02° 0.92+0.02° 0.76+0.02°
100 240.240+9.65° 224.28+10.16° 217.28+13.98° 0.97+0.02° 0.93+0.03° 0.760.01°
110 209.87+10.57¢ 195.46+11.73° 186.83+13.09° 0.96+0.02° 0.93+0.02° 0.73+0.02°
120 220.64+11.73° 208.57+9.84° 204.03+12.88° 0.98+0.03° 0.95+0.02° 0.78+0.02°
130 305.70+13.87° 289.05+10.34° 273.70+11.65° 0.95+0.03° 0.95+0.02° 0.79+0.02°
140 433.38+14.74° 400.16+12.353*  365.96+12.07° 0.92+0.02° 0.92+0.01° 0.78+0.02°
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Particle size distribution of starches

The patrticle size distributions of the starches with
different pectin concentrations, dry heat times
and dry heat temperatures are shown in Figure
1. Comparing ckl with ck2, the proportion of
medium size particles (10 um-30 pm) in ck1 was
larger than that in ck2, but the proportion of large
size particles (> 30 ym) in ck1 was less than that
in ck2. As shown in Figure la, the medium size
particles of modified starches containing 1 or 2 %
pectin were less than that of ckl and ck2, and
the large size particles of modified starches
containing 1 or 2% pectin were more than that of
ckl and ck2. However, the proportion of large
starch granules in the blends with dry heat
treatment was slightly increased after dry heat
treatment, when compared with of ckl, except
the modified starch with 1 or 2 % pectin. In
addition, medium size particles in the blends
were increased, and large size particles were
decreased, relative to ck2 (Figure 1 b and 1 c).

volume fraction ( % )

Wem—3zm

particle size distribution

volume fraction (% )

3oum

volume fraction ( % )

Figure 1: Particle size distribution of starches. (a)
Particle size distribution of starches containing
different pectin concentrations. (b) Particle size
distribution of starches at different dry-heating
treatment times. (c) Particle size distribution of
starches at different  dry-heating treatment
temperatures

Particle size distribution of starches at
different dry heat treatment temperatures

The particle morphology of starch granules was
observed using SEM. The SEM photographs of
raw potato starch with or without 3 % pectin, and
with or without dry heat treatment (120 °C, 3 h)
are shown in Figure 2. The raw potato starch had
an oval shape with a smooth surface and there
was no adhesion between starch granules
(Figure 2a). When the raw potato starch and
pectin were mixed, the surface of the starch
granules were no longer smooth and some
pectin was adhered to the surface of starch
granules in sheets. The starch granules were still
dispersed (Figure 2b). However, when the potato
starch with 3 % pectin was treated with dry heat
at 120 °C for 3 h, the starch granules became
sticky and clumpy (Figure 2c).

Figure 2: SEM photographs of the starches (800x). (a)
ckl: Raw potato starch; (b) ck2: potato starch with 3%
pectin without dry heat treatment; (c) potato starch
with 3% pectin with dry heat treatment (120 °C,3 h)

The FTIR spectra of the samples in the 4000 ~
400 cm™' range are shown in Figure 3.
Comparing modified potato starches (Figure 3d)
with raw potato starches (Figure 3 a), there was
no obvious difference in the infrared spectrum.
The peaks at 3305 and 3307 cm™ could be
attributed to O—H bond stretching. The peaks at
2929 and 2928 cm™ were due to C-H bond
stretching. The peaks at 1645, 1635 and 1634
cm™ could be attributed to C=0O bond stretching,
while the peaks at 1338 and 1361 cm™ were
attributed to the bent modes of C—H. The peaks
at 1180 - 953 cm™ were typical absorption Peaks
of starch. The peaks at 1149 and 1148 cm™ were
due to C—-O bond stretching, while the peaks at
993, 992 and 991 cm™ were related to the
formation of hydrogen bonds with the hydroxyl
groups on the C-6 carbon atom in the molecule.
The peaks at 928 and 925 cm™ could be
attributed to C-O-H bond stretching. The peaks
at 860 cm™, 855cm™ and 851 cm™ were
attributed to skeleton vibration of a-1,4 glucoside
bond, and the swaying vibration of —CH, was
near 762 cm™. The FTIR spectra of pectin is
shown in Figure 3c. The peak at 1731 cm™ was
C=0 characteristic vibration absorption peak of
esterified carboxyl functional group (-COOCH3),
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which was different from Figure 3a. However, the
structures of potato starches (Figure 3b and 3d)
were not affected by the pectin addition or dry
heat treatment.
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Figure 3: Infrared spectra. (a) ckl: Raw potato
starch;(b) ck2: potato starch with 3% pectin without dry
heat treatment; (c) Pectin; (d) potato starch with 3%
pectin with dry heat treatment (120 °C, 3 h)

1200- 1000-
P _fooo.
3 . El
= Z 6. 2
2 2 ] 600
§
240 g
H i
g £
£, %

A )
2 Theta (degree)

LREE N N ] ]

AN
2 Theta (degree) 2Theta (degree)

(a) () ©

Figure 4: X-ray diffractograms of the starches. (a) ck1:
Raw potato starch; (b) ck2: potato starch with 3 %
pectin without dry heat treatment; (c) potato starch
with 3 % pectin subjected to dry heat treatment (120
°C, 3 h)

The x-ray diffractograms of the starches are
shown in Figure 4. The strongest diffraction
peaks are shown in Figure 4a (raw potato starch
powders) at 28 angles of 15.128°, 17.103°, and
22.966°, which indicated that the crystal type of
the raw potato starch was a characteristic B-type.
When 3 % pectin was added to the starch
(Figure 4b), the first peak in Figure la
disappeared and the third peak was weakened.
In addition, when the starch with 3% pectin was
subjected to dry heat treatment (Figure 4c), the
first peak disappeared, and the third peak was
further weakened, when compared to ck2.

DISCUSSION

Dry heat treatment is a new method for physical
modification of starch by combining the

advantages of heat treatment with those of the
drying process. Compared with raw starch, the
properties of the modified starch were improved.
This indicates that dry heat treatment is a
promising method for producing modified starch.
The denaturation of waxy corn starch and potato
starch with ionic glue was reported for the first
time by Lim et al [32]. The results showed that
dry heat treatment with CMC and sodium
alginate could increase the gelatinized viscosity
of corn starch and decrease the gelatinized
viscosity of potato starch, and that dry heat
increased the paste viscosity of all the blends of
starch and gum tested, except the blends of
potato starch and alginate [32].

The physicochemical properties of high amylose,
medium amylose, and low amylose rice starches
modified by dry-heating treatment with xanthan
gum have been investigated [33]. The results
showed some interactions between starch and
xanthan gum after dry-heating treatment, with the
dry-heated xanthan-rice starch samples having
higher final viscosity and lower breakdown
viscosity. In the present study, the properties of
raw potato starch (ckl), potato starch added 3%
pectin without dry heat treatment (ck2), and
potato starch added pectin with dry heat
treatment were compared. There were slight
differences in the breakdown, setback and peak
viscosity between ckl and ck2, while the peak
viscosity and breakdown viscosity of the starch-
pectin blend subjected to dry heat were reduced
significantly, and the setback was higher than
that of ckl. When the starch containing 3 %
pectin was subjected to dry heat (pH = 9, 140 °C,
3 h), the peak viscosity was decreased to 1290
cP (25.51%). When the starch containing 4 %
pectin was treated with dry heat (pH = 9,120 °C,
3 h), the setback viscosity was increased 957 cP
(136.32%), and when starch with 3 % pectin was
treated with dry heat for 4 h (pH =9, 120 °C), the
breakdown viscosity was reduced 839 cP
(49.59%).

Pectin-containing potato starch subjected to dry
heat treatment had broader ranges of
gelatinization temperatures (Tc-To) and lower
gelatinization enthalpy (AH) than those of ckl
and ck2. At the same time, the hardness,
gumminess and chewiness of the potato starch
gels containing pectin were improved distinctly
when treated with dry heat. Results from SEM
showed that after dry heat treatment, starch with
pectin showed a cluster shape in microstructure.
However, the addition of pectin and dry-heating
treatment did not change the starch structure in
FTIR spectra. Thus, there was no esterification
reaction between the potato starch and pectin.
Then, the x-ray diffraction (XRD) of starch
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samples showed that the addition of starch
caused the first peak to disappear and blunted
the third peak, while dry heat treatment
weakened the third peaks again. Changes in
starch crystal structure were affected by pectin
and dry heat treatment. As a result, the
properties of starch were also changed.

CONCLUSION

The results of this study show that dry heat
changes the pasting viscosity, thermodynamic
properties, and gel properties of potato starch.
The modified potato starch and pectin blends
display a cluster shape and disappearance of
crystal features. However, FTIR results indicate
that no new bonds are formed, and the blends of
potato starch and pectin mainly exhibit the
infrared spectral characteristics of potato starch.
These findings have potential for broadening the
application of modified potato starch in food and
pharmaceutical industries.
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