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Abstract: The present study was conducted to study the morphological,
physicochemical and colour characteristics of potato starch extracted by control and
combined methods from potato varieties viz., Kufri Chipsona-4, Badshah, Pushkar,
Bahar and Sindhuri (fresh and cured). Among these varieties, Kufri Chipsona-4
exhibited maximum percent of small size (< 30 pm) particles (48%). Kufri Sindhuri
showed highest starch purity (87.1%) but lowest whiteness (92.2%) whereas, highest
whiteness (95.4%) was recorded in starch extracted from Kufri Badshah. Among starch
extraction methods, combined method showed significantly lower starch moisture
content (11.8%), fat (0.28%), protein (0.31%), ash (0.28%) and crude fibre (0.15%)
whereas; starch purity (87.2%), percentage of small size particles (45%) and starch
whiteness (96.3%) were observed higher than control methods in all varieties.

Keywords: Curing, starch purity, starch whiteness and tuber.

INTRODUCTION

Potato (Solanum tuberosum L.), the fourth most important vegetable
crop, serves as an important raw source for starch extraction and
applications in food industry. Potato starch can form thick visco-elastic
gel unlike millet starches due to its composition of phosphate ester groups
onamylopectin, larger granule size, longer amylose and amylopectin chain
length, and higher purity (Singh et al.,2003). Its major application in food
industry is limited by properties such as low shear resistance, thermal
decomposition and thermal resistance, and its higher tendency towards
retrogradation (Avula and Singh 2009). These limitations can be easily
overcome by modification of extracted starch using extraction methods to
meet the demands of final product (Liu e# 4/,,2003). Changes in methods
of extraction affect yield and recovery, cost, product purity, desired
physico-chemical properties, and mechanical properties of starch. Potato
starch is unique compared to cereal starches (corn, wheat, rice, etc.)
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because of its wider granule size and presence of phosphate ester groups
on amylopectin, ability to exchange certain cations with corresponding
effects on viscosity behaviour, ability to form a thick viscoelastic gel upon
heatingand subsequent cooling in water, and poor thermal as well as shear
stability of this gel (Singh ez 4/., 2003). Pre-treatments such as curing have
also been reported to affect yield and amylose content of starch.

This investigation was thus performed out with an aim to characterize
the morphological and physiochemical characteristics of potato starch
extracted by control and combined method (extraction with ambient
water 300C + 0.25% NaOH + 2% w/v SDS: ME + 5.25% NaOCI +
0.15% cellulase enzyme) from fresh and curedtubers of five cultivars to
identify varieties of potato with highest starch content so as to aid the
farmers and industry.

MATERIALS AND METHODS

Plant material

The fresh harvested potato tuber (Solanum tuberosum L.) of Kufri
Chipsona-4 (V ), Kufri Badshah (V ), purity, longer amylose and
amylopectin chain length, Kufri Pushkar (V.), Kufri Bahar (V.) (white
flesh varieties) and Kufri Sindhuri (V.) (pink flesh variety) were procured
from Vegetable Farm, CCS Haryana Agricultural University, Hisar. They
were sorted and cured without packaging in a BOD (Biological Oxygen
Demand) incubator at ~22 oC temperature and 90% relative humidity
in the dark for 18 days.

Extraction of starch

Fresh and cured potato tubers were used for starch extraction. For control
extraction, starch was extracted as described by Peshin (2001) with slight
modifications. For combined extraction, a combined method of Phogat
et al., (2020) (extraction with water at 300C +0.25% NaOH + 2% w/v

SDS:ME + 5.25% NaOCl + 0.15% cellulase enzyme) was used. The starch
was analysed for the following parameters:

Physico-chemical properties Physico-chemical properties

Potato starch was analysed for moisture, crude protein, fat, ash, and crude
fibre content by the AOAC (2006) method. Starch yield (%) or crude

starch content was calculated by the following formula:
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Starch yield (%) Extracted starch 100
. _ o
ALY = Total amount of raw potato tubers

Starch purity (%) was calculated with the following formula:

Purity (%) = [100 — (moisture + fatty materials+ crude
protein+ ash + crude fibre)]
Colour of starch: whiteness value [L* (whiteness or blackness).
a* (redness or greenness) and b* (yellowness or blueness)] was
measured by Hunter Lab Colorimeter (Colour flex, USA).

Whiteness = 100 - [(100-L)+ a* + b*]*?

Morphological properties Morphological properties

The shape and size of extracted starch particles were ascertained using
an inverted compound microscope (Olympus, Japan; model: CX-41with
10x magnification) equipped with a digital camera. Starch particle size
was measured using calibrated ocular scale fitted on the microscope lens.

Statistical analysis

The factorial CRD was used with three replications for analysis using
OPStat software (Sheoran er 4/.,1998). Means were separated by critical
difference (CD) at 5% significance level. Principal component analysis

(PCA) was performed with PAST-3 software.

RESULTS AND DISCUSSION
Starch purity

Varieties, curing and extraction methods had significant effect on
physico-chemical properties of starch. Moisture content was varied from
11.7 to 12.6% (Table 1). Combined extraction method had lower starch
moisture content.VS had least (11.7%) starch moisture content and it
was maximum (12.6%) in V2. The starch fat content ranged from 0.33
to 0.43% (Table 1). Combined treatment has significantly lower fat
content. There was no significant difference in starch fat (%) extracted
from 5 varieties, except V5 which exhibited significantly lower fat content
(Table 3). The starch protein (%) of potato varieties ranged from 0.35
to 0.48% (Table 1). Combined treatment has significantly lower protein
content. [t was recorded minimum (0.35%) in V5 and maximum (0.48%)
in V4 (Table 4). For all the varieties, there was nonsignificant effect of
curing on starch moisture, fat and protein content (Table 2, 3 and 4).
The starch ash content ranged from of 0.32 to 0.36% (Table 1). Variety
and curing did not significantly affect ash content (Table 5). The starch
crude fiber content ranged from 0.15 to 0.23% (Table 1). Combined
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treatment extracted starch had significantly lower ash and crude fiber. It
was minimum (0.15%) in V3 and it was maximum (0.23%) in V1 (Table
6). Curing had non-significant affect in crude fiber.

The slight difference with respect to moisture content could be the
result of extraction method, varieties, and curing (Table 2). Kim and co-
workers (1995) reported differences ranging from 7.2-16.70% in starch
moisture contents among 42 potato varieties. Karmakar et al.,, (2014)
compared the moisture content of potato with taro and corn starch
and pointed that starch moisture content also depends on the extent
of drying. Similar was the observation by Abegunde et al., (2013). The
lower fat (Table 3) and protein content (Table 4) in starch extracted
by combined treatment attributed to the action of alkali and SDS
used during extraction. NaOH, an alkali solvent, can easily solubilize
major proteins enclosing the starch and thus soften-up the protein-starch
matrix. Kaur and co-workers (2007) observed that the Kufri Sindhuri had
highest ash content and Kufri Chandarmukhi the lowest.

Starch purity

The starch purity varied between 86.0 to 87.1% (Table 1). Variety and
curing did not significantly affect the starch purity (Table 7). The starch
purity for all the potato varieties was observed significantly higher

Table 1

Summary statistics of starch characteristics of potato varieties.

Starch characteristics [Min Max 5.D. Skewness [Kurtosis [Coeff. Var
roisture content (%) 11.70 1260 0.34 -0.28 -0.09 281

[Fat (%) 0.23 0.42 0.0 -1.51 = 25 10.47
[Frotein (%) 025 0.45 006 -0.24 -2 91 14 .49

l&sh (%) 022 0.26 001 .55 057 4 29
ICrude fitbre (34 015 0.23 0,03 061 -0.68 17.44
Purity (%) 5. 00 2710 0 45 0.35 -1.14 052
Whiteness (%) Sz 20 95,40 1.41 .45 -2.59 1.50

SRl size particles ) [41.00 45 00 2 86 .31 -1.54 o b=

Mean+SD; NS - non-significant
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Table 2

Moisture content (%) of starch as influenced by varieties, curing and extraction methods.

Varieties Extraction methods Curing Overall
Control method Combined treatment e an
Fresh Cured MMean [Fresh Cured MMean Fresh [Cured
Foufri Chipsona-4 (1344054 lz2.2x051 |128 10.4x047 1252064 115 11.9 12.4 121
(1)
Kufri Badshah (W2) |[11.7+£0.68 133078 125 114+041 [13.9x0.76 127 116 136 126
Kufri Pushkar (¥3) [12.5+£0.88 117074 121 127081 [11.4+03%9 12.0 126 116 121
Kufri Bahar (V4) 13.5+0.71 l28x064 [13.2 11 7+085 [11.7+05% 11.7 126 123 124
Kufri Sindhuri (¥S) |[12.5£058 124062 125 114+061 [10.5x060 11.0 12.0 115 11.7
hean 126 11.8 121 12.3
ICD at 5% Frarieties (V) = 0.54 [Curing ) = NS IMethods Q) = 0.35
V<M = 0.78 WxC = 0.78 MxC = NS WxMxC = 1.11
Table 3

Fat content (%) of starch as influenced by varieties, curing and extraction methods.

Varieties Extraction methods Curing Owverall

Control method Combined treatment mean
Fresh Cured MMean Fresh Cured MMean Fresh |[Cured

Kufri Chipsona-4 |0.59+0.15 0 S8E+0.11 [058 0 28+0.08 [024+005 0. 26 0 44 041 0.4z

7 1)

Kufri Badshah W2 [0.48+0.08 0.53+0.03 (050 0. 22+0.05 [036+007 029 035 0. 44 040

Koufri Pushkar (W3) [0.47+0.11 0.60+£0.05 [0.53 0.34+0.09  [0.24+0.08 0.24 0,40 0.47 0.42

Kufri Bahar (V4 0.55+£0.06 0.57+0.16 [0.56 0.29+0.04  [0.20+£0.08 0.29 0.42 0.4% 0.42

Koufri Sindhuri (¥5) [0.47+0.05 0.42+0.089  [0.45 0.17+0.05  |0.25+0.07 0.21 032 0.24 0.22

Mean 0.52 0.28 029 0.42

ICD at 5% Frarieties (V) = 0.07 [Curing ) = NS IMethods (M) = 0.04

[V <M = NS [V xC = NS MxC = NS [ sMxC = NS

Mean+SD; NS - non-significant

Table 4

Protein content (%) of starch as influenced by varieties, curing and extraction methods.

Varieties Extraction methods Curing Overall

Control method Combined treatment Inean
Fresh Cured Mean Fresh Cured Mean Fresh [Cured

Kufri Chipsona-4  |0.43+£0.08 0.53+0.08 [0.51 0.34+0.17 |0.35x0.05 0.36 0.41 0,46 0.43

(V1)

Kufri Badshah {¥2) |0.55£0.15 0.61+0.11 [0.58 0.35+0.13 |0.36x0.19 0.35 0.45 0.45 0.47

Kufri Pushkar (¥3) |0.46+0.07 0.41+0.03 [0.44 0.259+0.08 |0.27+0.04 0.28 037 0.34 0.36

Kufri Bahar (v4) 0.70+0.01 0.67+0.12 [0.68 0.30+0.06 |0.25+0.13 0.28 0.50 0.46 0.48

Kufri Sindhuri (¥5) |0.38£0.06 0.459+0.05 [0.43 0.258+0.14 |0.26x0.04 0.27 033 0.37 0.35

Ilean 0.53 0.51 0.41 0.4

ICD at 5% [Varieties (v) = 0.09 [Curing ) = N5 IMethods (M) = 0.06

[V = 0.13 [vxC = NS MxC = NS [V >MxC = NS

Mean+SD; NS - non-significant
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Table S

Ash content (%) of starch as influenced by varieties, curing and extraction methods

Varieties Extraction methods Curing Overall

Control method Combined treatment e an
Fresh Cured MMean [Fresh Cured MMean Fresh [Cured

Foufri Chipsona-4  [0.32+0.08 0.37+0.06 [0.35 0.30+£0.05 [0.31£0.05 0.21 0.21 0.34 0.33

(1)

Kufri Badshah (V2) |0.39+£0.04 0.41+0.09 [0.40 0.27+0.04 |0.31+£0.02 0.29 0.33 0.36 0.34

Kufri Pushkar (¥3) |0.36£0.05 0.40+£0.05 [0.38 0.31+0.03 |0.21+£0.05 0.26 0.34 0.30 0.32

Kufri Bahar (V4) 0.42+0.03 0.39+0.06 [0.41 0.26+0.02 |0.28+£0.04 0.27 0.34 0.33 0.34

Kufri Sindhuri (¥5) |0.36£0.03 0.47+0.07 [0.42 0.34+0.06 |0.26+£0.03 0.30 0.35 0.37 0.36

hean 0.39 0.28 0.33 0.34

ICD at 5% Frarieties (V) = NS [Curing ) = NS IMethods Q) = 0.03

[V <M = NS [WxC = NS MxC = 0.04 W xMxC = 0.08

Mean+SD; NS — non-significant

Table 6

Crude fibre content (%) of starch as influenced by varieties, curing and extraction methods.

Varieties Extraction methods Curing Owverall
Control method Combined treatment mean
Fresh Cured Mean Fresh Cured Mean Fresh  |Cured
Kufri Chipsona-4 |0.26+0.09 0. 20+0.08 [028 0. 15+0.04 020+005 017 021 0 25 023
7 1)
Kufri Badshah (v2) [0 17+003 [0 24+008 [0 20 o 16+004 p22+007 Jo19 b1z 23 2o
Koufri Pushkar (V3) [0.19x0.04 0.15+0.04 [0.17 0.11+0.04 0.13+0.04 0.12 0.15 0.14 0.15
Koufri Bahar (V4) 0. 28+0.08 0.16+£0.07 [0.22 0.15+0.07  0.13+0.06 0.14 0.21 0.14 0.18
Kufri Sindhuri (V5) [0.17=0.05  [0.25+0.09 [0.21 0102003 p11+004 011 14 o1 Jpis
hMean 0.22 0.15 0.18 0.18
ICD at 5% Frarieties (V) = 0.04 [Curing () = NS IMethods (M) = 0.03
[V <M = NS W xC = 0.0 MxC = NS [ sMxC = NS
Mean+SD; NS - non-significant
Table 7
Purity (%) of starch as influencerd by varieties , curing and estraction methids
Extraction methods
Curing Overall
Varieties Control method Combined treatment
T T mean
Fresh Cured Mean Fresh Cured Mean Fresh Cured
Kufri Chipsona-4 (V) 85.0=098 2602095 855 BB 5083 86.4+£0.66 874 86.7 86.2 86.5
Kufri Badshah (V) #6.7=0 41 84 9+0.74 5.8 87 5085 84 9051 86.2 87.1 849 6.0
Kufri Pushkar (V) 86.0=0.79 26.7=0.73 B6.4 86.3+0.39 87.7+0.82 &7.0 86.2 872 6.7
Kufri Bahar (V) 84 52092 85.4=0.58 85.0 87 3080 87.3+£0.55 873 859 86.4 86.1
Kufri Sindhuri (V,) 86.1=0.77 859069 86.0 BT 7085 B8.60.44 #8.1 86.9 872 87.1
Mean 85.7 872 86.6 264
CD at 5% Varieties (V) = NS Curing (C) = NS Methods (M) = 0.38
V=M = 0.85 V=C = 0.85 M=C = NS VxM=C = 1.20

(87.2%) when starch was extracted by combined treatment. Pure
starch had lower protein, fat, and ash content. Thus, the non-significant
differences observed in purity of starches from different varieties was
due to the nonsignificant differences in fat and ash contents of their

starches (Table 5 and 6). Abegunde and co- workers (2013) reported
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that starch purity was reasonably high (>91%) in sweet potato cultivars
due to low starch impurities (moisture, fat, protein, ash, and crude fibre).
In the present study starch purity was maximum in V1 because it had
less impurities (Table 7). Combined extraction resulted in significantly
lower crude fibre, fat, protein and ash contents of starch hence combined
treatment had lower impurity content in starch and thus produced starch
with higher purity. Starch paste thought to be clear and did not contain
any off colouration, especially if it’s to be used in food application.
Kordylas (1990) reported that impurities in form of moisture, fat,
protein, ash and crude fibre content decrease the starch whiteness value.

Principal component analysis (PCA)

PCA was performed keeping in mind the characteristics of starch among
the potato varieties. The eigenvalue, variance contribution rate of PCs
and the cumulative variance are presented in Table 10. The first three
PCs with eigen values >1.0 accounted for 92.71 % of variation among
potato varieties. Other PCs were not interpreted since they had eigen
values <1.0.The first PC, explained 56.56 % of total variation. Eigen
vector of the first principal component had high loading values for
starch moisture content (0.41), protein content (0.41), purity (-43) and
whiteness (0.38). Second principal component which represented 21.47
% of total variation mainly represented the starch ash (0.56), fat (-44)
content and starch small size particles (-0.53). Third principal component
explained mainly crude fibre (0.64). The biplot between PC1 and PC2

(Fig2) compares the potato varieties based on their starch characteristics.
Starch whiteness

Starch whiteness ranged from 92.2 t0 95.4 (Table 1). Varieties, extraction
methods and curing had significantly affected starch whiteness value.
It was minimum (92.2) in V5 and it was maximum (95.4) in V2. For
all the varieties, combined extraction method had significantly higher
starch whiteness value and curing of potatoes resulted in significantly
lower whiteness value of extracted starch (Table 8) Starch morphological,
physiochemical and colour characteristics
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Segregation of the potato varieties based on their respective starch traits as determined by PCA.

Combined method extracted starch had significantly higher starch
whiteness because of bleaching action of chemicals or by decreased
moisture content, protein, fat, ash, and crude fibre contents which act as
impurity. Colour is an important criterion for starch quality, especially
for use in various types of food products. Minimum whiteness value
was recorded in starch extracted from Kufri Sindhuri (92.2) due to its
pink flesh and maximum (95.4) in V2 (Table 8). Curing resulted in
lower starch whiteness. Abegunde and co-workers (2013) also reported
different whiteness values of starches extracted from varieties of sweet
potato using multiple extraction methods to remove pigments from
starch. This is in agreement with the reports of Hu and co-workers.
(2011) who observed that starch colour isolated from two-day old root
was slightly grey.

Morphological properties

The percentage of small size particles (< 30 pm) in different potato
varieties ranged from 41% to 48%. Curing and method of extraction
non significantly affected the percentage of small size particles. Minimum
number of small size particles was observed in V2 (41%) and V5 (42%)
and maximum in V1 (48%). In the present investigation, Minimum
number of small size particles was observed in V2 (41%) and V5 (42%)
and maximum in V1 (48%) (Table 9& Figure 1). Minimum number
of small size particles was observed in V2 (41%) and V5 (42%) and
maximum in V1 (48%) (Table 9). This may be attributed to difference
in temperature of the locations during tubers growth. Singh and Singh
(2001) documented small and large starch granules of 15-20 um and
20-45 um respectively, with shapes ranging from oval to irregular or
cuboidal, which may be attributed to difference in tubers growth. Further,
it hasalso been reported that starch granule size is directly proportional to
the weight of a potato tuber (Liu et al., 2003). During tuber development,
the membranes and physical characteristics of plastids differ among
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potato varieties and this in turn lead to difference among shape of starch
granules among varieties (Lindeboom et al., 2004). Physicochemical
properties of starch had been linked to difference in its granule shape and
size.

Skewness and kurtosis

Skewness and kurtosis were calculated to analyse the genetic difference
among potato varieties. The positive skewness was obtained for starch
small size particles, yield, ash content, crude fibre, purity and whiteness
whereas negative skewness was found for starch moisture content, fat and
protein. The starch fat and ash content showed platykurtic distribution
(positive) pattern. Leptokurtic distribution (negative) was followed by
starch small size particles, crude fibre, purity, whiteness, peak viscosity,
moisture, and protein content (Table 1).

Table 8

Colour value (whiteness) of starch as influenced by varieties, curing and extraction methods.

Varieties Extraction methods Curing Overall

Control method Combined treatment knean
[Fresh Cured MMean Fresh Cured Mean Fresh [Cured

Kufri Chipsona-4 |34 4+051 90.9+0.64 (926 97 4+0.67 |97 .0x0.86 97 2 959 939 949

V1)

Kufri Badshah (¥2) [95.8+064 [91.1+0.78 [935 97.9+0.53 [96.8+0.51 |97 4 96.9  [94.0 95.4

Kufri Pushkar (¥3) [90.8+0.87 [8B.7+0.77 [B9.7 95.3+0.72 [96.0+0.84 [957 93.0 924 92.7

Kufri Bahar (V4) 91.8+0.84 [90.1+0.49 [91.0 95.2+0.77 [95.4+0.65 [953 93.5 928 93.1

Kufri Sindhuri (v5) [88.6£079 [8B.2+0.58 |88.4 95.8+0.60 [96.1+0.61 959 92.2 921 92.2

MMean 91.0 9.3 94.3 [93.0

ICD at 5% fVarieties (V) = 0.56 [Curing () = 0.3 IMethods (M) = 0.36

[V M = 0.80 [vxC = 0.80 MxC = 0.50 [V 3MxC = NS

Mean+SD; NS - non-significant

Table 9

Percent of small size (< 30 um) particles of starch as influenced by varieties, curing and extraction methods.

Varieties Extraction methods Curing Overall

Control method Combined treatmment mean
Fresh Cured Mvean Fresh Cured Mvean Fresh Cured

V1 45 49 47 47 =1 49 46 =0 43

V2 =9 40 40 41 42 42 40 42 41

V3 42 42 42 44 45 45 42 44 44

V4 42 46 45 46 43 47 45 47 46

V5 40 42 41 42 44 42 41 42 42

hean | 42 | 45 | 42 45

ICD at 5% [Varieties (V) = 4 [Curing (C) = N3 Methods QM) = N5

Mean+SD; NS - non-significant
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Table 10
Principal component (PC) loadings for quality variables of the potato starch

Starch PC1 PC2 PC3
characteristics
Bloisture content  [0.41 0.20 -0.36
e}
Fat (%) 0. 36 -0 44 -0.25
Frotein (%) 041 025 0.00
ash (%) -0.24 056 0.23
lcrude fikber (%) 0.33 0.03 0.64
Starch purity (% [-0.43 -0.20 0.23
Starch whiteness [0.32 0.22 0.28
L]
S1all size 018 -0.53 0 46

articles (%)
Eigen valug 4.52 172 1.17

WVariance SE.56 21.47 14.67
ICurrulative ~6 56 7804 9271
rariance (%)

Fresh I_\'ufri Chipsona-4 'Kllfri Badshah Kufri Pushkar Kufri Sindhuri
s j ) 4 / : )
Cured 2 N e

Fig. 1
Particle of starch from potato varieties as effected by curing (inverted compound microscope
(Olympus, Japan; model: CX-41) equipped with digital camera facility at 10 x power lens.)

In the present study, biplot indicates that starch crude fibre, moisture,
protein and starch whiteness correspond more to Kufri Badshah and
Kufri Bahar whereas, starch fat (%), and small size particles values
correspond more to Kufri Chipsona-4 (Fig. 2). The starch purity was
more associated with the Kufri Sindhuri and Kufri Pushkar. The angle
size between two or more traits in the biplot is directly proportional
to correlation between those characters. A high positive correlation was
discerned between the starch crude fibre, moisture, protein and starch
whiteness value whereas, high negative correlation was discerned by
starch purity with starch protein, moisture, crude fibre content, and
starch whiteness. The biplot reflected diversity among potato varieties
based on variables measured. Projection of the variables on the factors
plane exhibits an independent group consisting of starch characteristics
and the PCA analysis revealed several remarkable variations that exist
among potato varieties. Kong et al., (2009) extracted four principal
components (using 17 variables) that accounted for 88% of the total
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variance of starches properties, both physiochemical and functional,
isolated from 15 amaranth grain cultivars.

CONCLUSION

Characteristics of starch extracted varied with potato variety, curing
and, extraction method. Least moisture and protein content and highest
starch purity was observed in Kufri Sindhuri. Kufri Sindhuri also resulted
in least starch fat content and starch colour values. The percentage of
small size particles was maximum in Kufri Chipsona-4 and minimum in
Kufri Badshah. Starch extracted by combined method had lower starch
moisture content, fat, protein, ash and crude fibre and higher starch
purity, percentage of small size particles, yield, and starch colour values.
Curing resulted in lower starch yield, starch whiteness value, higher peak
viscosity. It can be thus concluded that it is profitable to extract starch by
combined method from fresh tubers of variety Kufri Chipsona 4.
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