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ABSTRACT

Amaranth is considered to be a part of “superfood”, however, due to multiple restricting properties, its
functionality in the food industry is still not explored to its fullest. The present study investigated the effect
of almond gum concentration (3–10 g), temperature (50–90 8C), and quantity of water (30–70 mL) on the
functional properties of amaranth starch. A central composite rotatable design (CCRD) showed that the
6.9 g of almond gum, 64.43 mL of water, and temperature maintained at 90 8C, were the optimised
conditions to attain 16.77 g g�1 of swelling power, 12.97% of solubility index, and 20.13% freeze-thaw
stability. Moreover, the modified amaranth starch was further employed to develop pudding as a value-
added product. The findings concluded that the developed pudding using modified amaranth starch
exhibited enhanced sensorial attributes due to an increase in cohesiveness, chewiness, and resilience of
starch gel.
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1. INTRODUCTION

Amaranth (Amaranthus cruentus Linn) is one of the important species of Amaranthus L. genus.
It has enjoyed resurgence in recent years, primarily on the health food market. It is
also considered “superfood” due to its balanced amino acid profile and high protein content
(14–19%) (Brenner et al., 2000). Amaranth, a pseudo-cereal, is a rich source of nutritional
compounds, especially proteins such as high-quality lysine, tryptophan, and squalene. Moreover,
amaranth is gluten-free, making it more crucial around the world (Adhikary et al., 2020).

There are different kinds of native starches based on inherent properties like freeze-thaw
stability, retrogradation, and viscosity. In addition to inherent properties, variations in physical
attributes of grain, the particle size of granule, and hydrophobicity also result in different native
starches, which often restrict the application of native starches in the food system. Thus, to
promote and enhance specific functional properties, starches are frequently modified by
physical, chemical, and enzymatic processes (Lee et al., 2002; Kierulf et al., 2020).

Starches are incorporated into the food system as hydrocolloids to improve and modify the
textural properties of native starch (Pramodrao and Riar, 2014). Almond gum (Prunus dulcis) is
a natural polymer, commercially utilised due to its good emulsification and matrix-forming
properties. Heat-moisture treatment (HMT) is one of the hydrothermal modifications in low
moisture content products, generally exposure to a temperature above the glass transition
temperature but below the onset temperature of gelatinisation for a specified time period
(Pramodrao and Riar, 2014).

Puddings are semisolid food composed mainly of milk protein-based starch pastes (Lim and
Narsimhan, 2006). The commercial powders usually contain aroma, colourings, hydrocolloids,
starch, and sugars, which can be easily dissolved in milk (Singh and David, 2017). Hence, the
present study aimed to investigate the effect of gum concentration, amount of water, and
temperature of treatment on starch modification based on swelling, solubility, and freeze-thaw
stability of the starch for the development of pudding. Furthermore, sensory, surface charac-
teristics, and textural properties of the developed pudding were examined.

2. MATERIALS AND METHODS

2.1. Materials

Almond gum (AG) was collected from the local market of Jammu and Kashmir, India,
while amaranth starch (AS) powder and analytical grade chemicals were obtained from Merck
Millipore and Himedia, India, respectively. Standardised pasteurised milk was procured from
the local market of Tezpur, Assam, India.

2.2. Characterisation of AG

The procured AG was analysed for moisture content (AOAC 925.09), water activity using an
electronic dew point water activity meter (Aqualab Series 4TE, Decagon Devices, Inc., Pullman,
Washington, USA), and colour properties using Colour flex (Hunter Associates Laboratory Inc.,
Reston, VA, USA). The bulk and tapped density of AG was measured as per Bashir and
Haripriya (2016).
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2.3. Modification of starch

The modification of AS was carried out by the method of Lim et al. (2002). The chosen
independent factors were gum concentration, amount of water, and temperature varied from
3 to 10 g, 30–70 mL, and 50–90 8C, respectively. The modification of AS was conducted as per
the condition of the experimental run. In general, the first AG was slowly added to distilled
water with continuous stirring using a magnetic stirrer (Spinot 6040, Tarsons, India) followed by
AS, and the dispersion was stirred continuously for 30 min at 50–90 8C. The prepared mixture
was transferred to a beaker and dried at 45 8C in a hot air oven (BST/HAO-1123, Bionics
Scientific, India) to a moisture content of 10 g/100 g based on starch.

2.4. Experimental design for modification of AS

For modelling of variables, central composite rotatable design (CCRD) was used to design
experiments that include 3 independent variables, 4 levels CCRD, and 20 tentative runs with six
imitates at the centre point. A second-order polynomial model was fitted to predict the optimal
point of correlation relationships between independent variables, including the amount of water,
gum concentration, and temperature, and responses such as swelling power (SP), solubility
index (SI), and freeze-thaw stability (FTS). Equation (1) presents the relationships between three
factors:

Yn ¼ b0 þ b1Aþ b2Bþ b3ABþ b2A
2 þ b2A

3 (1)

where Yn is one of the three responses, A and B are the independent variables, b0 is a
constant, b1 and b2 are the linear term, b4 and b5 are the quadratic-term, and b3 is interaction
coefficient.

The obtained responses were SI (%), SP (g g�1), and FTS (%). The obtained second-order
quadratic equation was given as actual variables, used to direct the individual response as
a function of independent factors. In the equations A, B, and C denote the amount of water,
gum concentration, and temperature, respectively. A, B, C show the linear interaction and
AB, AC, and BC show interaction among variables, while A2, B2, C2 are quadratic regression
coefficients.

The total error criteria were used to accomplish a 95% significance limit, and for analysing
the significance level, analysis of variance (ANOVA) was used for each response. The R2 value
was used to analyse the efficiency of the model, whereas lack of fit test was helpful in the
evaluation of accordance of models (Sablania and Bosco, 2018). The desirability function
method helped in understanding the optimum levels of independent factors.

2.5. Physicochemical properties of MS

2.5.1. Moisture content, water activity, and colour properties. The moisture content, water
activity, and colour properties of starch and pudding were analysed as per the methods discussed
in section 1.2.

2.5.2. Swelling power and solubility index. SP and SI of the native starch (NS) and modified
starch (MS) were estimated according to Subramanian et al. (1994) as per Eqs (2) and (3),
respectively.
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Swelling power
�
g g−1

� ¼ M1

M0
(2)

Solubility Indexð%Þ ¼ M2

M0
3 100 (3)

2.5.3. Freeze-thaw stability. FTS of starch was estimated as per the method of Luo et al. (2006),
where Eq. (4) was used for calculation of FTS.

FTS ð%Þ ¼ Weight of the supernatant
Total weight of the gel before centrifugation

3 100 (4)

2.6. Development of pudding

The pudding was developed using the method described by Singh and David (2017), where
standardised milk (4% fat and 8.5% SNF) was mixed with 30% starch. The mixture was stirred
continuously with the addition of sugar (25%), and cooked further for 6 min at 90 8C. Then the
mixture was cooled at 25 8C.

2.7. Texture profile analysis

The texture profile analysis of NS gel, MS gel, and pudding was carried out as per Domagała
(2009).

2.8. Surface micrograph and sensory evaluation

Starch and pudding prepared from native (PNS) and modified starch (PMS) were studied for
morphological structure by a scanning electron microscope (JSM-6060 JEOL, Tokyo, Japan).
The sensory evaluation of pudding was performed using a hedonic scale of 1–9 measuring
parameters such as appearance, colour, texture, taste, aroma, and overall acceptability by
20 semi-trained panel members.

2.9. Statistical analysis

IBM SPSS Statistics Version 20.0, Armonk, NY: IBM Corporation package was used for
the statistical analysis of data, and the means were separated using Duncan’s multiple range test
(P < 0.05). All data are presented as the mean with the standard deviation. In the present study,
Design-Expert software version 10.0.7.0 (Statease Inc., Minneapolis, USA) was used for the
optimisation of modification parameters of amaranth starch.

3. RESULTS AND DISCUSSIONS

3.1. Model fitting

CCRD design was found suitable for significant regression with non-significant lack of fit
and satisfactory determination coefficients (R2) for the various responses. The R2 value for
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SP, SI, and FTS was found to be 0.80, 0.84, and 0.88, respectively. The desired goals for in-
dividual independent variables concerning each response are shown in Table 1. In
contrast, 3D graphs for each response were established as a function of two independent
factors (Fig. 1(i–iii)). At the optimised parameters, the predicted value for SP, SI, and FTS
was found to be 12.97 g g�1, 16.77, and 20.13%, respectively, at the desirability level of 0.89.
These predicted values were quite closed to the experimental value 12.88 g g–1, 15.48,
and 17.10%, respectively, using the CCRD resulting in validation of the model. Therefore,
the selected model can be used to optimise the modification of AS for the development of
pudding.

3.2. Effect of process parameters on SI

Independent factors such as temperature and amount of water have shown a significant effect
on SI (Table 2). SI of modified starch samples (12.88%) exhibited a significant difference
from native starch (4.99%). The estimated SI was in the range of 5.01–13.14%. The regression
coefficient, coefficient of variance (C.O.V), and adjusted R2 for SI were found to be 0.84,
13.17%, and 0.71, respectively, showing that the model used for the optimisation of SI during
modification was best-fit. The effect of independent variables and quadratic terms (A2 and C2)
are significant (P < 0.05), while interaction among the variables was found insignificant
(Fig. 1A). It was observed that as the gum concentration increased, SI decreased. An increase
in SI was attributed to a temperature-dependent phenomenon (Chen et al., 2015). On the
contrary, increasing concentration of gum affected the SI, which might be due to attractive
interactions between AG (anionic gum) and AS (positively charged) as a result of restricted
swelling of starch. Besides, hydrocolloids interact with the amylose outside the starch granules
to produce a more complex matrix of amylose and hydrocolloid surrounding the gelatinised
granules.

3.3. Effect of process parameters on SP

SP of native starch was 6.57 g g�1, whereas modified starch registered 15.48 g g�1. The
regression coefficient, C.O.V, and adjusted R2 for SP were found to be 0.80, 10.52%, and 0.62,
respectively. The effect of independent variables and quadratic terms (A2 and C2) was signifi-
cant, while interaction among the variables was found insignificant. SP of starch increased with
an increase in temperature. However, an increase in gum concentration and amount of water
results in decreased SP (Fig. 1B).

Table 1. Process parameters and responses obtained for HMT of amaranth starch

Constraints Goal Lower limit Upper limit Predicted value Measured value

Amount of water (mL) In range 30 70 64.43 –
Gum content (g) In range 3 10 6.90 –
Temperature (8C) In range 50 90 90 –
SI (%) Maximise 5.01 13.14 12.97 12.88
SP (g g�1) Maximise 9.36 17.58 16.77 15.48
FTS (%) Minimise 8 23 20.13 17.10
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3.4. Effect of process parameters on FTS

FTS of native and modified starch was 18.66 and 17.10%, respectively, and modification of AS
with AG caused a decrease in FTS compared to native starch. The regression coefficient, C.O.V,
and adjusted R2 for FTS were found to be 0.885, 10.08%, and 0.78, showing that the model used

Fig. 1. 3D plots for modification of amaranth starch. (A): Solubility Index (SI); (B): Swelling power (SP);
(C): Freeze-thaw stability (FTS)

Acta Alimentaria 50 (2021) 1, 22–32 27



for the optimisation of modification of starch was the best-fitted. The interactions (AB, BC, and
AC) and quadratic models such as A2 and C2 had a negative effect on the FTS of starch. FTS of
starch increased with an increase of temperature and amount of water; however, decreasing
pattern was seen with an increase in gum concentration (Fig. 1C). This change might be due to
an increase in the absorption efficiency, resulting in increased swelling and hydration capacity of
granules. Also, increased concentration of gum inhibited syneresis of starch due to the high
water holding capacity of the gum.

3.5. Characterisation of AG

The moisture content and water activity of AG were found to be 11.35% and 0.46, respectively.
The bulk density of AG was 0.586 g mL�1, while the tapped density was 0.816 g mL�1. The
colour properties such as Lp, ap, bp were recorded to be 81.65, 2.46, and 14.30, respectively.

3.6. Physiochemical properties of starch and pudding

3.6.1. Moisture content and water activity. Moisture contents of NS, MS, PNS, PMS were 9.15,
9.35, 85.05, and 86.25%, respectively. An increase in moisture content is attributed to the
incorporation of gum in the starch, which has an impact on solute concentration; resulting in
absorption of moisture from granules. Water activities of NS, MS, PNS, PMS were 0.37, 0.34,
0.86, and 0.87, respectively.

3.6.2. Colour properties. Modification of starch had a significant impact on the colour, sig-
nificant decrease in the Lp values and increase in the ap and bp values were observed (Table 2).
The changes correlated with the browning reaction and re-association of amylose at increased
temperature (Pramodrao and Riar, 2014). There was a measurable difference observed in hue
angle, where NS and MS had values –83.85 and 30.12, respectively.

Colour of pudding incorporated with AG was evaluated, where Lp, ap, and bp values were
90.83, –2.47, and 15.97, respectively, as a result of higher acceptability than PNS. Hue angles of
the PNS and PMS were –62.64, and –81.20, respectively, corresponding to the second quadrant
of hue angle, which refers to the yellow–green colour.

3.6.3. Textural properties. NS gel exhibited the highest hardness, while cohesiveness, chewi-
ness, and resilience were higher in the MS gel (Table 3). The strength of starch gel mainly

Table 2. Physicochemical properties of starch and pudding

Parameter NS MS PNS PMS

Moisture content (%) 9.15± 0.74d 9.35± 0.49c 85.05± 0.78a 86.25± 0.78b

Water activity 0.37± 0.00c 0.34± 0.00d 0.86± 0.04a 0.87± 0.09b

Lp 96.22± 0.07a 94.61± 0.31b 86.11± 3.12d 90.83± 5.17c

ap –0.26± 0.02c –0.03± 0.04d –4.36± 1.11a –2.47± 1.79b

bp 2.45± 0.07d 2.56± 0.13c 8.44± 2.53b 15.97± 2.19a

Hue –83.85± 0.75a 30.11± 1.02d –62.64± 2.13c –81.20± 1.23b

Values are means ± standard deviation of three determinations (n5 5). Values followed by a different
superscript letter in a row are significantly different (P≤ 0.05).
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depends on the contributory factors such as the composition of flour and the interaction of
water with molecules (Mir and Bosco, 2014). Values of springiness and gumminess were lower
in MS gel in comparison to NS gel. However, cohesiveness increased. The gel formation is a
result of interactions between protein, lipid, and non-starch polysaccharide, which have a
positive or negative impact on the gel texture of the starch (Yu et al., 2012). Texture and
consistency predominantly define the quality of pudding and affect its sensorial attributes.
It was seen that the addition of AG did not affect the firmness of PMS when compared with
PNS.

3.7. Sensory analysis

Figure 2 illustrates the puddings prepared from MS and NS. The addition of AG to the pudding
significantly (P < 0.05) changed appearance, texture, and overall acceptability compared to
control (Fig. 3). This change in sensory qualities may be due to increase in water holding ca-
pacity and total solid level with the addition of AG (Singh and David, 2017).

Table 3. Texture properties of starch gel and pudding

Parameter NS gel MS gel PNS PMS

Hardness 298.40± 49.93a 243.10± 21.23d 268.10± 11.25b 260.42± 21.25c

Adhesiveness –14.05± 14.92a –10.19± 07.62c –11.39± 05.22b –10.51± 3.72c

Springiness 2.80± 1.45c 2.50± 0.45d 5.25± 0.25b 5.69± 0.14a

Cohesiveness 0.37± 0.02d 0.45± 0.02c 0.55± 0.02a 0.53± 0.02b

Gumminess 110.80± 14.38d 140.18± 7.48c 160.38± 5.48b 168.72± 8.25a

Chewiness 312.23± 175.31d 342.42± 85.21c 362.32± 45.21a 351.89± 21.63b

Resilience 0.15± 0.07d 0.25± 0.01a 0.22± 0.01c 0.24± 0.01

Values are means ± standard deviation of three determinations (n5 5). Values followed by a different
superscript letter in a row are significantly different (P≤ 0.05).

Fig. 2. (A): Pudding prepared from native starch; (B): Pudding prepared from modified starch
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3.8. Surface micrograph

Surface micrograms of NS and MS samples were analysed using SEM at 1,0003, which showed
round and oval granules with the intended surface (Fig. 4). The fissures on the surface of
modified starch granules were due to the disintegration of starch polymers caused by HMT. The
surface micrograph of pudding revealed the compact and highly interspersed structure of starch.

Fig. 3. Sensory score for pudding

Fig. 4. Surface micrograph of (A): native starch; (B): modified starch; (C): pudding prepared from native
starch; (D): pudding prepared from modified starch
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Micrograms of puddings were taken at 5003, which revealed that HMT treatment of starch
caused the formation of associative interaction between the casein micelles and AG. According
to Corredig et al. (2011), electrostatic repulsion might be a possible reason for such interaction
in the pudding as the AG and casein micelles are oppositely charged portions.

4. CONCLUSIONS

With the help of RSM, amaranth starch was successfully modified with AG using HMT. Upon
modification, increased SP, SI, and decreased FTS of amaranth starch was noticed. SEM images
displayed the round and oval shapes of starch granules, however, fissures were observed in MS.
Also, the sensorial attributes of PMS were higher than the PNS. Modification of starch enhanced
cohesiveness, chewiness, and resilience of starch gel, which agreed with the sensory evaluation,
as the sensorial attributes of PMS were higher than the PNS. From the present study, it can be
concluded that the AS was successfully modified and utilised for the development of pudding.

REFERENCES

Adhikary, D., Khatri-Chhetri, U., and Slaski, J. (2020). Amaranth: an ancient and high-quality wholesome
crop. In: Waisundara, V.Y. (Ed.), Nutritional value of amaranth. IntechOpen, pp. 111–142.

AOAC (2019). Official methods of analysis of AOAC. Association of Official Analytical Chemist Interna-
tional. Washington, DC.

Bashir, M. and Haripriya, S. (2016). Assessment of physical and structural characteristics of almond gum.
International Journal of Biological Macromolecules, 93: 476–482.

Brenner, D.M., Baltensperger, D.D., Kulakow, P.A., Lehmann, J.W., Myers, R.L., Slabbert, M.M., and
Sleugh, B.B. (2000). Genetic resources and breeding of Amaranthus. In: Janick, J. (Ed.), Plant breeding
reviews, Vol. 19, pp. 227–285.

Chen, H.M., Fu, X., and Luo, Z.G. (2015). Effect of gum arabic on freeze-thaw stability, pasting and
rheological properties of tapioca starch and its derivatives. Food Hydrocolloids, 51: 355–360.

Corredig, M., Sharafbafi, N., and Kristo, E. (2011). Polysaccharide–protein interactions in dairy matrices,
control and design of structures. Food Hydrocolloids, 25(8): 1833–1841.

Domagała, J. (2009). Instrumental texture, syneresis and microstructure of yoghurts prepared from goat,
cow and sheep milk. International Journal of Food Properties, 12(3): 605–615.

Kierulf, A., Whaley, J., Liu, W., Enayati, M., Tan, C., Perez-Herrera, M., You, Z., and Abbaspourrad, A.
(2020). Protein content of amaranth and quinoa starch plays a key role in their ability as Pickering
emulsifiers. Food Chemistry, 315: 126246.

Lee, D.U., Agarwal, S., and Rao, A. (2002). Th2 lineage commitment and efficient IL-4 production involves
extended demethylation of the IL-4 gene. Immunity, 16(5): 649–660.

Lim, H.S. and Narsimhan, G. (2006). Pasting and rheological behavior of soy protein-based pudding. LWT
– Food Science Technology, 39(4): 344–350.

Lim, S.T., Han, J.A., Lim, H.S., and Bemiller, J.N. (2002). Modification of starch by dry heating with ionic
gums. Cereal Chemistry, 79: 601–606.

Luo, Z., He, X., Fu, X., Luo, F., and Gao, Q. (2006). Effect of microwave radiation on the physicochemical
properties of normal maize, waxy maize and amylomaize V starches. Starch–St€arke, 58(9): 468–474.

Acta Alimentaria 50 (2021) 1, 22–32 31



Mir, S.A. and Bosco, S.J.D. (2014). Cultivar difference in physicochemical properties of starches and flours
from temperate rice of Indian Himalayas. Food Chemistry, 157: 448–456.

Pramodrao, K.S. and Riar, C.S. (2014). Comparative study of effect of modification with ionic gums and
dry heating on the physicochemical characteristic of potato, sweet potato and taro starches. Food
Hydrocolloids, 35: 613–619.

Sablania, V. and Bosco, S.J.D. (2018). Optimization of spray drying parameters forMurraya koenigii (Linn)
leaves extract using response surface methodology. Powder Technology, 335: 35–41.

Singh, S. and David, J. (2017). Development of pudding with different levels of water chestnut (Trapa
bispinosa) powder. Pharma Innovation, 6(4, Part B): 111–115.

Subramanian, V., Hoseney, R.C., and Bramel-Cox, P.J. (1994). Shear thinning properties of sorghum and
corn starches. Cereal Chemistry, 71(3): 272–275.

Yu, S., Ma, Y., Menager, L., and Sun, D.W. (2012). Physicochemical properties of starch and flour from
different rice cultivars. Food Bioprocess Technology, 5(2): 626–637.

32 Acta Alimentaria 50 (2021) 1, 22–32


	Outline placeholder
	Optimisation of modification parameters for amaranth starch for the development of pudding and study of the quality traits  ...
	Introduction
	Materials and methods
	Materials
	Characterisation of AG
	Modification of starch
	Experimental design for modification of AS
	Physicochemical properties of MS
	Moisture content, water activity, and colour properties
	Swelling power and solubility index
	Freeze-thaw stability

	Development of pudding
	Texture profile analysis
	Surface micrograph and sensory evaluation
	Statistical analysis

	Results and discussions
	Model fitting
	Effect of process parameters on SI
	Effect of process parameters on SP
	Effect of process parameters on FTS
	Characterisation of AG
	Physiochemical properties of starch and pudding
	Moisture content and water activity
	Colour properties
	Textural properties

	Sensory analysis
	Surface micrograph

	Conclusions
	References


