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Abstract

The use of hydrocolloids to modify the properties of native starches has been
on the rise in the recent times due to the market demand for natural, safe and
economical food ingredients. The objective of this study was to investigate the
effect of gum Arabic from Acacia senegal var. kerensis to modify pasting and
textural properties of corn and cassava starches, as an alternative to chemical
and enzymatic modification. Blends were prepared by substituting the starches
with gum at different levels (0%, 0.5%, 2.0%, 4.0%, 6.0% and 8.0%), whereas
native corn and cassava starches were used as control. The pasting properties
of the starch-gum mixed systems were determined using the Brabender vis-
cograph while the textural properties (firmness, consistency, cohesiveness and
work of cohesion) were determined using Texture Analyzer. Results showed
that the gum Arabic significantly decreased all the viscosity parameters (peak
viscosity, final viscosity, break down and setback values) of both starches at
all levels of substitution. However, there was no significant effect of gum Arabic
on the pasting temperature (72.05°C - 71.85°C) for corn starch and (68.90°C
- 68.65°C) for cassava starch. The degree of gel firmness and consistency was
higher in corn starch than in cassava starch and the effect of gum addition
differed with each starch. The findings from this study indicate that gum
Arabic significantly modified the pasting and textural properties of corn and
cassava starches due to strong interaction between the gum and the starches.
Hence, this property of gum Arabic could be useful in controlling starch re-
trogradation and determining starch end use functionality.
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1. Introduction

Starch is the main source of energy in the human diet and the most abundant
polysaccharides, mainly obtained from cereals and tubers. Starch is gaining big-
gest attention as compared to other carbohydrate polymers and the abundant
production of starch has a bright future in sustainable food supply to the world
[1]. Starches with industrial significance are from corn, potato, cassava, wheat
and rice [2]. However, studies have indicated that native corn and cassava starches
generally have limited functionality due to low shear stress resistance, suscepti-
bility to thermal degradation, high retrogradation rate and syneresis. As a con-
sequence, this has reduced corn and cassava starches applications in food sys-
tems and industries. Therefore, to improve the functionality of native starches,
physical, chemical, enzymatic methods are used. However, due to market de-
mand for economical, safe and natural food ingredients, different types of hy-
drocolloids are being extensively used to modify properties of different native
starches such as pasting and texture [3].

Cereal grains contain 60% to 70% starch and an excellent source of energy,
vitamin and minerals including fat soluble vitamin E, which is an essential anti-
oxidant [4]. Corn or maize (Zea mays) is one of the cereals of worldwide impor-
tance, the grain is used for human consumption and the starch has important
industrial applications [5] while cassava (Manihot esculenta Crantz) is one of the
tuber crops that has gained attention in developing world because of its economic
importance in addressing food insecurity [6]. The advantage associated with cas-
sava starch is that it is not only easily extracted using simple methods but also it
is versatile in functionality as compared to starches from other sources due to its
clear paste with a bland taste and relatively high viscosity and low cost [7]. Cas-
sava starch has widespread usage in the food industry including bread, cakes,
extruded cereals, beverages and sauces [8]. Corn starch contributes to 70% of the
world starch requirements. It has extensively been used for syrup production
especially high fructose corn syrup for industrial needs. Corn also produces high
amylose starch; it has an elevated level of gelatinization temperature compared
to other types of starch and maintains its resistant starch content during baking,
mild extrusion and in further food processing techniques [2] [9].

Hydrocolloids are rich in hydrophilic groups that have good water binding
ability thus modify the rheology of aqueous systems to which they are added [1].
Hydrocolloids (gums) are utilized in food industries since they improve stability,
modify textural profile and reduce the retrogradation rate of the starch. The
blending of starch and gums is crucial in improving the functionalities of starch
and the quality of products without increasing caloric levels [10]. The mechan-
isms of hydrocolloid modification on pasting properties of starch have been ex-
plained to be influenced by 1) the network structure of molecules in the conti-
nuous phase 2) the characteristics of the hydrocolloid in the continuous phase 3)
granule swelling in the starch-hydrocolloid system 4) interactions between swol-

len starch granule and granule fragments, interaction between the continuous
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phase and dispersion phase, any electrostatic interaction between starch granule
and hydrocolloid molecules [11] [12].

Gum Arabic (GA) or acacia gum is obtained from various species of acacia
tree and has been reported to be an encapsulating, emulsifying and thickening
agent [13]. Gum Arabic consists mainly of high-molecular weight polysaccha-
rides and their calcium, magnesium and potassium salts, which on hydrolysis,
yield three main fractions of polysaccharides and proteins that is arabinogalac-
tan (AG), arabinogalactan protein (AGP) and glycoprotein (GP), which differ
from their molecular weight and chemical composition. Among these fractions,
AGP is the most interfacially active component and primarily responsible for the
emulsifying properties of GA [14]. Acacia gum is widely used in the food indus-
try mainly to impart desirable qualities because of its influence over viscosity,
body and texture [15]. Studies have shown that starch-gum Arabic blends have
the ability to retain flavor thus provides an opportunity to extend its application
in edible/biodegradable film formation [1] [13]. However, the extend of modifi-
cations caused by gum Arabic from the Acacia senegal var. kerensis on rheolog-
ical and textural properties of starches remains to be unknown.

Several recent studies have investigated starch-hydrocolloid combination aimed
at overcoming the deficiencies of native and modified starches [16] [17]. The
properties of native starch were changed to a certain degree by the addition of
hydrocolloids/gums in all of these studies. The study of [8] found that addition
of gum Arabic (GA) into a tapioca starch suspension showed a reduction in
swelling power, solubility index and peak viscosity, which states that GA can be
used as a stabilizer and viscosity controlling agent in the food industry. Accord-
ing to [16], low concentrations of GA can beneficially improve the rheological
behavior of tapioca starch. Observation made by [13] depicted that mixing wheat
or potato starch with Arabic gum did not have any significant effect on the vis-
cosity and pasting properties of the starch-hydrocolloid blends. The recognition
of pasting properties is a vital measure of the processing conditions of foods and
their constituents. Such understanding enables a processor to optimize pressure-
temperature-shear limits to attain a product of required uniformity [18]. Pasting
and textural properties of starches are very important for food product devel-
opment mainly for modifying texture and stability of the products.

The objective of this study was to examine the influence of gum Arabic from
Acacia senegal var. kerensis on the pasting and textural properties of corn and
cassava starches. The findings from this study supply scientific data for expand-
ing the applied range of GA in food industries. Accordingly, a better understand-
ing of the effects and interactions of this hydrocolloid on cassava and corn starches
could be beneficial for its utilization to improve storage stability and textural

quality of cassava and corn starch-based foods.

2. Materials and Methods
2.1. Materials

Native cassava/tapioca and corn starches were purchased from Ingredion Hold-
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ing LLC, Kenya. Gum Arabic from Acacia senegal var. kerensis was sourced from
Kenya Forest Research Institute (KEFRI), Nairobi, Kenya.

2.2. Sample Preparation

Gum Arabic from Acacia senegal var. kerensis was prepared at Egerton Univer-
sity Food processing plant. The gum was sorted by removing dirt, remnants of
the bark and any foreign matter prior to milling into fine particles and then stored
in thermopak containers with proper sealing prior to the analyses. Formulations
of starch-gum mixture were prepared to obtain slurries made up of 40 g, gum
Arabic was added at varying levels (0%, 0.5%, 2.0%, 4.0%, 6.0% and 8.0% g/g on
dry weight basis) by substituting the amount of starch. The samples were mixed
thoroughly using a shaker to obtain a homogenous starch-gum mixture. Approx-
imately 3 g of the starch-gum mixture and native corn and cassava starches were
taken to verify for moisture content using rapid moisture meter at 105°C. Once
the moisture content of each sample was obtained, a correction was made to
14% and the exact amount of starch and water was weighed and mixed into a

slurry by agitation.

2.3. Determination of Pasting Properties

Pasting properties of starch were measured using a Brabender Viscograph-E
(Brabender GmbH & Co. KG, Duisburg, Germany) at 85 rpm and 700 cmg tor-
que. Slurries made up of 40 g starch and starch-gum mixture (adjusted to 14%
moisture content) and 420 ml distilled water added in the Viscograph-E canister.
The slurry was heated from 30°C to 93°C at a rate of 1.5°C/min; held at 93°C for
15 min; cooled to 30°C at 1.5°C/min and finally held at 30°C for 15 min. Resis-
tance to stirring was recorded as viscosity in Brabender Units (BU). The pasting
temperature (°C), peak viscosity (BU), breakdown viscosity (peak viscosity mi-
nus trough viscosity, BU), setback viscosity (final viscosity minus trough viscos-
ity, BU) and final viscosity (BU) were determined using the Viscograph-E corre-
lation software as indicated in Figure 1. All the determinations were done in

duplicate.

2.4. Determination of Textural Properties

The textural properties of the starch gels were determined by using back extru-
sion tests. Approximately 80 g of the slurries obtained from the Brabender Vis-
cograph-E were poured into 50 mm diameter A/BE back extrusion containers
(Stable Micro Systems, Surrey, UK). Back extrusion force was measured using
TA. XT-plus Texture Analyzer (Stable Micro Systems, Surrey, UK) at the follow-
ing TA settings: mode of measurement: force; load cell: 50 kg; height calibration:
80 mm; disc diameter: 45 mm; pre-test speed: 1 mm/s; trigger force: 10 g: post-
test speed: 10 mm/s; data acquisition rate: 200 pps; penetration distance: 30 mm.
Firmness (maximum positive force, g), consistency (area of the positive region of

curve, g.s), cohesiveness (maximum negative force, g) and work of cohesion
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Figure 1. Viscograms indicating the effect of gum Arabic on pasting properties of cassava and corn starches. (a) Viscograms of

cassava starch (CaS)-gum blends; (b) Viscograms of corn starch (CS)-gum blends.

(area of the negative region of the curve) were determined using Texture Analy-

sis software. All the determinations were done in triplicate.

2.5. Statistical Analysis

Samples were analyzed in triplicate and data obtained was analyzed statistically
using SAS software version 9.1 (SAS Institute and Cary, NC). Analysis of va-
riance (ANOVA) was carried out to study the effect of gum Arabic on the past-
ing and textural properties. Pearson’s correlation was done to establish the

strength of relationship between pasting and textural properties. Post-hoc analy-
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sis employed the use of Tukeys honestly significant difference (HSD) test at P <
0.05.

3. Results

3.1. Pasting Properties of Corn and Cassava Starches

The pasting behaviors of corn and cassava starches are shown in Table 1 and
Figure 1. Corn starch (CS) displayed a significantly higher onset pasting tem-
perature, final and setback viscosity values as compared to that of cassava starch
(CaS) which displayed a higher peak and breakdown viscosity values. The effect
of gum Arabic on the pasting parameters of cassava starch (CaS) and corn starch
(CS) are shown in Table 2. Gum Arabic decreased significantly the viscosity pa-
rameters at higher substitution levels but no effect observed on the onset PT
(68.90°C to 68.65°C) and (72.05°C to 71.85°C) for CaS and CS, respectively.
Native corn and cassava starch (control samples) exhibited highest PV values
723.50 BU and 636.50 BU respectively. With increasing substitution levels of

Table 1. Pasting properties of corn and cassava starches.

Onset pasting Peak viscosity Final viscosity = Breakdown Setback

Starch  np (OPT) (PV) (FV) (BD) (SB)

Casava 68.78 £ 0.03° 602.25 + 0.82* 481.75 + 4.79> 382.50 + 4.34* 260.58 + 9.89°
Corn  71.79 £0.02* 539.92 + 1.25° 1426.26 + 6.19* 117.67 + 7.70° 645.00 + 3.25°

Means with the same letter along the column are not significantly different at p < 0.05.

Table 2. Pasting profile of cassava and corn starches at different concentrations of gum Arabic.

Starch GA (%) PT (°C) PV (BU) FV (BU) BD (BU) SB (BU)
Cassava 0.0 68.85 + 0.05° 723.50 + 7.50° 528.00 + 0.00° 484.00 + 5.00° 293.00 + 3.00°
0.5 68.90 + 1.10° 704.50 + 3.50° 533.50 + 3.50° 463.00 + 4.00° 295.50 + 4.00°
2.0 68.75 £ 0.05° 657.00 + 6.00° 514.50 + 6.50° 421.00 + 4.00° 281.00 + 4.00°
4.0 68.75 + 0.05° 578.50 + 4.50° 477.50 + 3.50° 360.00 + 2.00° 257.00 + 1.00°
6.0 68.65 + 0.05° 502.00 + 1.00¢ 433.50 + 1.50° 301.50 + 4.50° 227.00 + 5.00¢
8.0 68.65 + 0.05° 448.00 + 0.00¢ 403.50 + 1.50¢ 265.50 + 0.50¢ 210.00 + 2.00°
Corn 0.0 72.05 + 0.05° 636.50 £ 1.50°  1633.00 +5.00®  157.00 + 9.00* 716.00 + 5.00%
0.5 72.00 + 0.00° 619.50 + 0.50° 1764.50 + 6.50°  132.00 + 2.00% 812.00 + 2.00°
2.0 71.95 + 0.05° 559.00 + 4.00° 1479.00 % 2.00b 130.50 + 5.50° 669.50 + 1.50°
4.0 71.95 + 0.05° 498.00 + 1.00°  1259.00 +2.00  110.00 + 0.00% 560.00 + 1.00¢
6.0 72.00 + 0.00° 463.50 + 0.50° 1187.50 + 0.50° 91.50 + 4.50° 536.00 + 2.00¢
8.0 71.85 + 0.05° 463.00 + 3.00° 1237.00 + 7.00° 85.00 + 7.00 576.00 + 3.00%

Means with the same letter along the column within the same starch source are not significantly different at p < 0.05. PT = pasting

temperature; PV = peak viscosity; FV = final viscosity; BD = breakdown viscosity; SB = setback viscosity; BU = Brabender units;

GA = Gum Arabic.
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GA, the peak viscosity (PV) values decreased significantly. The same trend can
be observed for the FV, BD and SB where a significant decrease with increasing
substitution level of GA can be observed, though at lower levels (0.5% and 2%)
the viscosity parameters were not significantly different from the control sample
(0% GA).

3.2. Textural Properties of Corn and Cassava Starches

Textural properties of cassava and corn starches determined using texture ana-
lyzer (TA) is presented in Table 3. The parameters obtained using TA were
firmness, cohesiveness, consistency and work of cohesion. Corn starch gels had a
significant higher firmness (769.89 g) and consistency (19,140.32 gs) mean val-
ues compared to cassava starch gels 85.43 g and 2016.33 gs respectively. On the
other hand, CaS gels had a significant higher value on the cohesiveness and the

work of cohesion compared to corn starch gels.

3.3. Effect of Gum Arabic Level in Starch Material on Textural
Properties

The effect of GA on the textural properties of corn and cassava starches is shown
in Figure 2. Gum Arabic had a significant effect on the firmness, consistency
and work of cohesion of both CS and CaS gels. However, there was no signifi-
cant effect of GA on the cohesiveness of both starch gels though 8% GA level
had the highest value (-652.10 g) and 0.5% had the least value (-1082.08 g) for
CS gel while 6% GA level had the highest value (—128.41 g) and 0% had the least
value (—146.28 g) for cassava starch gels. As the levels of gum increased from 0.5
to 8% there was a significant reduction on the firmness of CS gels as compared
to CaS gels that showed no marked difference at lower (0%, 0.5%, 2%) and high-
er (6% and 8%) gum substitution levels. The firmness of CaS containing 8% gum
was the highest (94.32 g), while it was the lowest in sample containing 2% gum
(78.93 g) however, in the case of CS gels, the gum significantly reduced the
firmness with 8% gum having the lowest value (618.42 g) while the control 0%
gum had the highest value (894.90 g). There was a significant reduction in the
consistency of CS gels as the levels increased from 0.5% to 8% however, there
was no significant effect in the consistency of CaS gels as the level increased

from 0% to 2.0% but as the level of GA was increased to 6% the consistency of

Table 3. Textural properties of starch material.

Firmness Consistency Cohesiveness  Work of cohesion
Material (max +ve force) (mean +ve area) (max —ve force) (mean —ve area)

(g (gs) (g) (g
Cassava starch 8543 £+ 1.67° 201633 +5.2° —13586+2.19a —290.37 + 7.85°
Corn starch  769.89 +2.02° 19,140.32 + 6.47° —826.96 +3.39® —593.79 + 2.80"

Means with the same letter along the column are not significantly different at p < 0.05.
Max +ve = maximum positive; max —ve = maximum negative.
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Figure 2. Effect of gum Arabic level on textural properties of cassava and corn starch gels. (a) Effect of gum Arabic on firmness of
corn and cassava starches; (b) Effect of gum Arabic on consistency of corn and cassava starches; (c) Effect of gum Arabic on cohe-

siveness of corn and cassava starches; (d) Effect of gum Arabic on work of cohesion of corn and cassava starches.

the starch increased though no difference-was observed between 6% to 8% GA

level. Similarly, the presence of GA in CaS gels showed a slight increase in the

work of cohesion. In the case of CS gels such changes were not found, however,

a significant decrease in values of this parameter was observed for samples with

0.5%, 4% and 6% GA levels.
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3.4. Effect of Gum Arabic on the Relationship between Pasting and
Textural Properties of Corn and Cassava Starches

Correlation relationship between textural and pasting properties of corn and
cassava starches with gum Arabic is shown in Table 4. All the properties showed
medium to strong positive and negative significant correlation coefficients ex-
cept peak viscosity which exhibited a non-significant relationship with all prop-
erties except breakdown viscosity. Starch gels cohesiveness and work of cohesion
textural properties significantly had a strong negative correlation with onset past-
ing temperature, final viscosity and setback viscosity but showed significantly
positive correlation with breakdown viscosity. On contrary, firmness and con-
sistency had a significant positive correlation with onset pasting temperature,
final viscosity and setback viscosity but showed significantly negative correlation
with breakdown viscosity. Firmness and consistency of starches were signifi-
cantly positively correlated (r = 0.999) while cohesiveness and work of cohesion
had a significantly medium positive correlation (r = 0.582). Among pasting
properties, only breakdown viscosity exhibited a significant negative correlation
with onset pasting temperature (r = —0.895), final viscosity (r = —0.806) and set-
back viscosity (r = —0.776).

4. Discussion

4.1. Effect of GA on the Pasting Properties of Cassava and Corn
Starches

The process of pasting occurs with continued heating of starch granules in the
presence of excess water and involves continued granule swelling, additional
leaching of dissolved starch polymer molecules. The cohesive forces in the swol-
len granules become excessively weakened and the structure of the paste col-

lapses [19]. Swelling of granules, accompanied by leaching of amylose, increases

Table 4. Correlation coefficients of textural and pasting properties of corn and cassava starches with gum Arabic.

Firmness Consistency Cohesiveness ~WOC OPT PV FV Breakdown  Setback

Firmness 1.000 0.999***
Consistency 1.000
Cohesiveness
WOC
OPT
PV
FV
Breakdown

Setback

=0.969***  —0.597**  0.979%**  -0.222ns  0.984***  —-0.866***  0.969***

—=0.972%%%  —0.624***  0.983**  -0.239ns  0.983***  —0.875%**  0.966***

1.000 0.582*%**  —0.943***  0.170ns  —0.970*"**  0.822%**  —0.958***
1.000 —-0.659***  0.372ns —0.523** 0.617*** —-0.508*
1.000 —0.300ns  0.952*%**  —0.895***  (0.938%**
1.000 —0.105ns  0.671***  —0.059ns
1.000 —0.806***  0.997***
1.000 —0.776%**
1.000

Key: WOC = Work of Cohesion; OPT = Onset Pasting Temperature; PV = Peak Viscosity; FV = Final Viscosity; *** = Significance
level is p = 0.001; ** = Significance level is p = 0.01; * = Significance level is p = 0.05; ns = Not significant at p < 0.05.
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viscosity, while granules may rupture during further heating, resulting in a de-
crease in viscosity. Pasting temperature is an indicator of minimum energy re-
quired to cook starch containing food products. It is also a point where viscosity
starts increasing [20]. Cassava starch swell to a greater extent than CS as de-
picted by the peak viscosity though CS is more stable than CaS as depicted by the
final, break down and set back viscosities as shown in Table 1. This difference
may be attributed to the higher amylose content (25%) with lipids in CS that
form a complex restricting swelling as compared with CaS with relatively lower
amylose content (17%).

This agrees with previous study [21] that reported that starch consisting of a
larger amylose-content, particularly with the presence of lipids, displays a higher
PT and a lower PV because amylose restricts the swelling of starch granules
during heating and shearing. Similarly, according to [22], tuber (potato) and
root (tapioca/cassava) starches have weak intermolecular bonding and swell greatly
to give high viscosity pastes but if shear is applied, the viscosity decreases quickly
because the highly swollen granules break easily. The functional properties of
starches may vary depending on their source, structure, grain size, grain shape,
amylose content, chain length of amylopectin and methods of extraction [17].

It has been observed that addition of hydrocolloids alters the pasting proper-
ties of starch [1] [8] [23]. The pasting temperature, 68°C and 72°C for CaS and
CS respectively, was not affected by the addition of GA depicting that this gum
neither quickened nor delayed the gelatinization process as shown in Table 2.
Similar results were reported by [24] where acacia gum (GA) had neither posi-
tive nor negative effect on the pasting temperature of water chestnut starch. The
high pasting temperature of CS indicates that its more resistant against swelling
than CaS$ and this can be attributed to the amylose lipid complex in the former.
According to [19], native potato and tapioca starches have weak intermolecular
bonding and gelatinize easily to produce high-viscosity pastes that thin rapidly
with moderate shear. Peak viscosity (PV) is the point at which maximum swel-
ling of starch granule is observed. Corn starch depicted a relatively lower PV
(539 BU) than cassava starch (602 BU) and this may be due to moderate swelling
of the granules (Table 1). The decrease in PV in the present study, can be attri-
buted to the limited granule swelling and reduced granule association caused by
coating of starch granules with GA as shown in Table 2. Similar observation was
made by [8] who clearly demonstrated that addition of GA resulted in a signifi-
cant (P < 0.05) decrease in peak viscosity, relative breakdown and total setback
values of tapioca starch, this may be useful for stability during storage. Previous
study [25] reported similar findings were in low gum levels, gum Arabic and
xanthan gum exhibited lower pasting properties of wheat and maize starches.
Contrary findings were reported by [26] whose results indicated a significant in-
crease in pasting viscosities of starch as a result of hydrocolloids addition re-
gardless of type and ratio of hydrocolloids added.

The change in the PV during heating clearly indicated that there was starch
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gelatinization upon heating. It was also visible that there was a strong impact of
the addition of GA to the CS and CaS dispersions. Gum Arabic, at higher subs-
titution levels, could presumably have covered most of the starch granules and
promoted granules association, which restricted swelling of the granules and li-
mited the increase in viscosity during pasting. According to [20], addition of
Arabic gum to sweet potato starch caused the maximum reduction in the peak
viscosity and even though gum Arabic exhibited the least pasting temperature, it
had the highest setback among the other gums thus can significantly reduce re-
trogradation process. Most of the hydrocolloids frequently used increase the
viscosity but the hydrocolloids with lower molecular mass may lead to a decrease
in the viscosity as observed in the case of okra [27] and corn fiber gum [28],
which may be useful in terms of controlling viscosity of mixture/dispersions.

The reduction in peak viscosity may be due to retardation of granule destruc-
tion and leaching of amylose, when negatively charged starch solution were
heated with anionic gums. Also, such effects can be due to interactions between
leached amylose molecules and the gum used [19] [29]. The effect of GA on final
viscosity of starches was also established. Final viscosity (FV) measures the sta-
bility of gelatinized starch and the ability of a starch to form a paste or gel after
cooling [30]. The current study revealed a decrease in the FV for both starches at
8% gum concentration though CS has significant higher FV value than CaS
(1237 BU and 403 BU respectively) as shown in Table 2. This indicates that GA
can be incorporated in less viscous foods. The decrease in FV in the presence of
a hydrocolloid at varying concentrations had also been observed by various re-
searchers [23] [27].

During pasting, considerable continued granule swelling and leaching of starch
polymer (primarily amylose) molecules occurs. During the 93°C hold as shown
in Figure 1, the fragile swollen granules disintegrate under the shear conditions
of the instrument and the viscosity decreases to a trough viscosity a process called
breakdown. Breakdown viscosity essentially measures the difference between peak
and trough viscosities. The breakdown is related to the stability of the granules
against mechanical shear and heat upon continuous cooking [31]. The results for
the addition of GA proved that the interaction between the gum and both
starches affected the swollen starch granules. The reduced BD with the addition
of GA indicates that the swelling and shear-thinning of starch was retarded dur-
ing pasting. Low breakdown value of starch suggests the starch granules are more
stable during cooking and by extension a stronger cross-linking within the starch
granules. Consequently, corn starch is more stable than CaS$ as shown in Table 2
and Figure 1, this may be attributed to the tightening of CS granules that resist
breakdown as compared with CaS granules that are more fragile as subjected to
mechanical forces. Also, the low breakdown is associated with less starch granule
rupture and can therefore guarantee a more stable cooked paste [22].

As shown in Table 2, the setback value decreased significantly (p < 0.05) with
increased GA concentrations recording lower setback value, 210 BU and 576 BU
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for CaS and CS respectively. Consequently, CaS can resist retrogradation ten-
dency as compared to CS due to low setback value. This result indicates that the
addition of Arabic gum could retard retrogradation hence improve the storage
properties of starch-based products. Comparable observations were reported by
[23] for starch-Agbagoma pectin mixtures and [27] for rice and sorghum starches.
Setback is the cooling phase of the mixture during pasting in which a reassocia-
tion between the starch molecules occurs to a greater or lesser degree and also a
lower setback viscosity indicates higher resistance to retrogradation [7]. Corres-
pondingly, [8] also found that GA lowered the PV and swelling power leading to
a delay of retrogradation. The reduction of starch setback might be due to the
competition of hydrocolloids and amylose molecules to establish an intermole-
cular connection during cooling, thus decreasing the quantity of amylase-amy-

lose interactions that are fundamental to starch retrogradation [32].

4.2. Effect of GA on the Textural Properties of Cassava and Corn
Starches

Cassava and corn starches showed variation in textural parameters which may
be attributed to differences in starch granule size, shape and amylose content as
shown in Table 3. Corn starch displayed higher firmness values as compared to
CaS gels which agrees with the fact that the crystalline size and association with-
in the maize granules are of a higher order of magnitude than that in cassava
granules [5]. According to [5] cassava (tapioca) starch produces clear, cohesive
pastes that gel slowly with time while native corn, rice and wheat starches form
opaque, gelled pastes that have a slight cereal flavour. The firmness of Ca$ gels
slightly decreased as a result of replacement of starch with gum Arabic (GA) how-
ever, it increased at higher levels used (8%) though it showed no significant dif-
ference with the native CaS (0%) (Figure 2(a)). These slight increase in the firm-
ness of the gels may be due to increased effective concentration of starch by the
immobilization of water molecules by the macro-molecules of the gum. On the
other hand, the firmness of corn starch gels was significantly decreased with ad-
dition of GA (p < 0.05). This can be attributed to the fact that the strongly swol-
len granules become softer and disintegrate, consequently decreasing starch firm-
ness.

A previous study reported similar results where the addition of hydrocolloids,
particularly xanthan gum and GA, decreased the hardness of the pastes com-
pared with that of the native corn starch [33]. The firmness reduced further for
corn starch gels when the amount of GA was increased, suggesting that the addi-
tion of hydrocolloids reduces the gel strength, probably because hydrocolloids
hamper the amylose molecular gathering and rearrangement, weakening the in-
teraction of amylose molecules [33] [34]. Our findings also concur with those
reported by [35] where the addition of xanthan gum to arrow root starch gels
produced the opposite effect on gel hardness, showing great hardness at very low

levels, which gradually decreased as the hydrocolloid levels increased. Conse-
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quently, according to [17] reported that higher levels of gum (Ze., 9% and 12%)
decreased gel hardness when compared to 6% and this could be attributed to the
starch dilution effect. The dilution effect can be explained as reduction of amy-
lose contents in the blends with increasing the gum level. Previous study [25]
reported that gel hardness/firmness depends on the starch-hydrocolloid combi-
nation. The relative concentration of starch and gum affects the hardness of the
mixed gels by limiting the movement of water molecules and interaction be-
tween the hydroxyl group of the gum and starch molecules. The degree of poly-
merization and linearity of dispersed particles and interactions between mole-
cules in the gel system have an important role in the textural properties includ-
ing hardness/firmness of gel [10] [36].

Presence of GA in cassava starch gels resulted in slight increase in consistency
which can indicate strengthened structure of the gels that resulted from interac-
tions between the polymers. The peak or maximum force is taken as a measure-
ment of consistency during textural measurements of starch gels by back extru-
sion (Figure 2(b)), the higher the value the thicker the consistency of the sample
[37]. In the case of corn starch gels consistency of corn starch decreased with an
increase in the levels of GA. The consistency of corn starch gels at higher gum
concentration (8%) was significantly lower than the native corn starch and this
may be attributed to the fact that the gum helps to weaken the amylose net-
working by impeding between the amylose molecules. These results also indicate
that an increase in the concentration of the gum reduces the strength of the in-
ternal bonds hence decreasing the resistance to structural disintegration. This
behavior can be attributed to reduced leaching of amylose molecules responsible
for strengthening the internal bonds of starch gels [11] [20] [35]. It is worth
noting that when comparing cassava and corn starch gels without GA, the cas-
sava gel strength occurred to be ten times less than that of the CS gel while the
presence of GA particularly at the lower substitution levels with starch resulted
in reduction of differences in the strength values of the respective gels.

The maximum negative force is taken as an indication of cohesiveness of the
sample therefore the more negative the value the more “cohesive” is the sample.
Cohesiveness indicates the strength of bonds which includes a mutual effect of
cohesive and adhesive forces along with elasticity and viscosity [20]. The present
study findings shows that gum Arabic did not have an impact on the cohesive-
ness of both starches’ however, corn starch gel was more cohesive than cassava
starch gel and this could be due to high amylose content in corn starch (Figure
2(c)). This behavior can be explained by the same interactions that influenced
the firmness and consistency of the starches with added GA for instance coating
the granules, restricting swelling and a reduction in leaching of amylose also as
suggested by [31] for xanthan gum, however this should be further investigated.
Similarly, findings reported by [36] on the influence of cassia gum on textural
properties of potato and corn starch gels, showed that for all the parameters de-

termined, potato starch gel in most cases occurred to be lower than those of re-
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spective corn starch gels. The area of the negative region of the curve may be re-
ferred to as the work of cohesion and the higher the value the more resistant to
withdrawal the sample which is an indication of the consistency or viscosity of
the sample [37] [38]. There was an increase in the work of cohesion for Ca$ gels
as compared to CS gels (Figure 2(d)). It appears that CS gels require considera-
bly more force to penetrate to the same depth as CaS gels may be attributed to
strong associative forces between CS granules. According to [39] the addition of
1.5% Arabic gum was the most effective in reducing the in vitro starch digesti-

bility and improving the cooking properties of noodles.

4.3. Relationship between Pasting and Textural Properties

The effect of gum Arabic on the functionality of cassava and corn starches has
been examined by determining the pasting and textural properties. Regression
analysis (Table 4) showed a medium to strong positive and negative significant
correlation coefficients between textural parameters (firmness, consistency, co-
hesiveness and work of cohesion) and viscosity parameters. However, the peak
viscosity did not significantly correlate with any of the textural parameters which
may indicate granule swelling restriction and weakening of starch granule asso-
ciated forces, which in turn makes them susceptible to breakdown resulting in
weak gel formation.

Firmness and consistency significantly correlated with setback and the final
viscosity which shows that the greater the ability of a starch to form a paste or
gel and the recovery of viscosity of the starch paste during cooling thus the
greater the energy needed to penetrate or deform the gel. This is in agreement
with observed results by [36] who found correlations between hardness and set-
back viscosity with cassia gum. The breakdown values significantly negatively
correlated with firmness and consistency (r = —0.866 and r = —0.875) indicating
retardation of starch swelling however onset pasting temperature significantly
positively correlated with the afore mentioned texture parameters which may
indicate more energy required to achieve stability of the pastes/gels. Values of
the cohesiveness and work of cohesion were significantly strongly negatively cor-
related with onset pasting temperature, final viscosity and setback viscosity val-
ues but depicted significantly positive correlation with breakdown viscosity. This
may be attributed to weakening of internal bonds of starch gels resulting to vis-
cosity loss and elasticity of the sample due to granule swelling restriction by gum
Arabic. These findings are consistent with previous reports [8] [11] [16] on in-

teractions between starch and gums.

5. Conclusion

The interactions of gum Arabic with native starch depended both on the kind of
starch, amylose content and the gum level. Substituting part of the starch, both
cassava and corn, with gum Arabic resulted in modification of pasting characte-

ristics of the starch. All the viscosity parameters decreased with increasing levels

DOI: 10.4236/fns.2021.1211081

1111 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2021.1211081

V. J. Kiprop et al.

of gum however the onset pasting temperature was not affected. Presence of
gum Arabic in starch systems also contributed to the changes in textural proper-
ties of the gels. Textural analysis results suggested that firmness and consistency
was reduced for corn starch by the addition of GA while there was slight increase
for cassava starch, which reveals the inhibition of amylose retrogradation. Sig-
nificant positive correlations were observed between firmness and consistency
with pasting temperature, final and setback viscosities. Consequently, the sub-
stantial reduction in setback viscosity implies that GA is suitable for retarding
retrogradation; the cause of undesirable textural characteristics in starch-rich
foods. The results of this study indicate the possibility of use of mixtures of na-
tive starch with gum Arabic as an alternative modifier to enhance stability and
functionality of starchy foods. Thus, we recommend further studies on inclusion

of GA from Acacia senegalvar. kerensis in specific starch-based food products.
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