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ABSTRACT
Ricebean (Vigna umbellata) is a versatile, nutritious crop cultivated in hilly regions, offering significant nutritional contents and
serving as a vital livelihood source for the Himalayan population. It has ample amount of nutritional characteristics especially
galctooligosaccharides (GOS) which possess prebiotic properties. Therefore, the study was aimed to extract the GOS from
ricebean using microwave heating technique. The full factorial design (27 experiments) was applied to optimize the microwave
heating process parameters (microwave power: 240–640 W, time: 3–9 min, water to flour ratio: 14:1 to 20:1 mL/g), and its linear
and interaction effects of process conditions were evaluated on the GOS yield, total phenolic content (TPC), antioxidant activity
(AC) and pH. The GOS, TPC, and AC were significantly (p < 0.05) influenced by all the process parameters. Microwave power
had significant impact on GOS with higher yield 2.58 g/L. In optimization, the best process conditions were obtained at 3 min
extraction time, 400 W power, and 14:1 mL/g water to flour ratio with higher desirability (0.77) for maximum GOS yield, TPC,
and AC. Moreover, the microwave heating as an ecofriendly technique had the potential to be applied to underutilized pulses
(ricebean).

1 | Introduction

Ricebean, a leguminous crop, is chiefly grown in hilly parts of
India (Himachal Pradesh, Sikkim, Meghalaya, Uttarakhand,
Assam, Eastern Bihar, Manipur, Arunachal Pradesh, Nagaland,
and Mizoram) during Kharif season (Eltayeb et al. 2011). The
ricebean is known as masyum dhal in the local population of
Sikkim and is widely consumed as a curry with rice. The
nutritional value of ricebean with respect to protein (22.56%–
25.97%) and lipid (1.5%–3%) is relatively close to other legumes
such as green gram and Bengal gram (Katoch et al. 2023). Apart
from the content of protein and lipids, the quality of protein
(digestibility: 53%–57%) and high levels of unsaturated fatty

acids were also found. Ricebean also has certain beneficial
compounds in the form of carbohydrates (oligosaccharides),
which can be utilized as prebiotics or functional food in-
gredients (Katoch 2013).

Most frequently, oligosaccharides are defined as short‐chain
carbohydrates having monosaccharides in the range of 2–10
unit (BeMiller 2018). According to physicochemical character-
istics, oligosaccharides are less sweet than sucrose, with their
sweetness ranging from 30% to 60% of sucrose. Oligosaccharides
are soluble in water and are ideal as a less bulky flavor enhancer
for people with diabetes, heart disease, or thrombosis (D. L. Su
et al. 2019). The various types of oligosaccharides are present in

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly

cited.

© 2025 The Author(s). Future Postharvest and Food published by John Wiley & Sons Australia, Ltd on behalf of International Association of Dietetic Nutrition and Safety.

424 Future Postharvest and Food, 2025; 2:424–431
https://doi.org/10.1002/fpf2.70024

https://doi.org/10.1002/fpf2.70024
https://orcid.org/0000-0002-8099-3473
mailto:rakeshiitkgp07@gmail.com
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/fpf2.70024


different types of foods, such as fructo‐oligosaccharides (FOS) in
fruits and vegetables (asparagus, sugar beet, garlic, chicory,
onion, bananas, and tomatoes), galacto‐oligosaccharides in le-
gumes, nuts, soybeans, soy products, and peas, and β‐Glucans in
oats and barley, etc. (Gyawali et al. 2019). Most importantly, as
compared with other oligosaccharides such as fructo‐
oligosaccharides, the raffinose family oligosaccharides are
more effective in increasing the counts of Bifidobacterium while
generating the least gases (Fernando et al. 2010).

Raffinose family oligosaccharides also help in increasing the
growth of lactobacilli species (Kunová et al. 2011). Therefore,
raffinose family oligosaccharides are considered superior pre-
biotics as compared with other oligosaccharides (Van den
Ende 2013).

To incorporate oligosaccharides into the food product, extrac-
tion is an essential process. Several methods are widely used for
extraction of functional components from cereals and pulses
such as soaking, conventional cooking, and enzymatic hydro-
lysis. Enzymatic hydrolysis of galactooligosaccharides is ach-
ieved by the α‐galactosidase enzyme. This enzyme breaks the
glycosidic bond present between sucrose and galactose mono-
mers, which results in the hydrolysis of galactooligosaccharides
(de Menezes et al. 2009). Enzymatic hydrolysis is the best
mechanism used so far to produce oligosaccharides in higher
amounts (Barreteau et al. 2006). Although complete extraction
of galactooligosaccharides was reported using soluble enzymes,
the sole use of soluble enzymes leads to several disadvantages
such as the high cost of the operation, contamination by pro-
teins, microbes, and monosaccharides, and the requirement for
strict control over the reaction (de Moura et al. 2015). Tradi-
tional heating is the classical method used to cook legumes
before consumption and also used to extract the anti‐nutrients
such as galactooligosaccharides. But the traditional heating is
a time‐consuming and tedious process as compared with
advanced extraction techniques such as microwave heating
(Carrero‐Carralero et al. 2018).

Microwave heating is a green process and is widely used in the
food processing industry. The electromagnetic spectrum fre-
quency band from 0.3 to 300 GHz is represented by micro-
waves. The heating process of microwaves depends on the
interaction of microwaves and food materials. The interaction
of heat generation is governed by ionic collisions and rotations
of dipoles. Unlike traditional cooking methods, microwaves
penetrate food products and help in improving extraction
yields, the volume of solvent, and reducing the time of
extraction. Additionally, due to its simple operation and low
cost, it provides a wide application to the extraction of various
types of carbohydrates (Mena‐García et al. 2019). Microwave
heating mechanism has been reported to be useful for the
extraction of polysaccharides from orange peel, Ulva prolifera,
mulberry leaves, and jujube, respectively (Rostami and Ghar-
ibzahedi 2016; D. L. Su et al. 2019; Thirugnanasambandham
et al. 2015; Zhang et al. 2019). However, many literature re-
ported the extraction of different functional components by
using soaking, enzymatic treatment with hot water, and studies
are scare on the microwave extraction techniques for the
underutilized legume, that is, ricebean (Carrero‐Carralero
et al. 2018).

Therefore, this study focused on evaluating the suitability of
microwave extraction process parameters, that is, microwave
power, time and water‐flour ratio, and optimizing extraction of
GOS in an underutilized legume (ricebean).

2 | Materials and Methods

2.1 | Plant Material and Chemicals

Initially, green variety ricebean seeds were manually cleaned for
the removal of materials such as dust, stone, and chaff. After
cleaning, the seeds were stored in metal bins at ambient tem-
perature. The Raffinose/D‐Galactose Megazyme assay kit (K‐
RAFGA) was procured from the Megaenzyme, and the neces-
sary lab chemicals (Folin & ciocalteu's phenol reagent, gallic
acid monohydrate, sodium carbonate anhydrous, DPPH (2, 2‐
diphenyl‐1‐picrylhydrazyl), ethanol, sulfuric acid, potassium
sulfate, copper sulfate, sodium hydroxide, boric acid and
phenolphthalein indicator) were procured from authentic
manufacturer and suppliers.

2.2 | Experimental Design

The three‐level (3k) of customized full factorial design (FFD)
was adopted to obtain the different experimental combinations
(3 � 3 � 3 = 27 experiments) of the microwave heated extrac-
tion process. The FFD provides all the possible combinations of
independent variables and offers the precise results of the
interaction between variables without losing information. The
model produced from a three‐level customized FFD design was
used to probe the effect of three independent variables: micro-
wave power (X1), water to flour ratio (X2), and heating time (X3)
on galactooligosaccharides yield (Y1), total phenolic content
(Y2), antioxidant activity (Y3) and pH (Y4). Based on preliminary
trials, the range of independent variables were chosen with their
coded values is given in Table 1 (Setyaningsih et al. 2022).

2.3 | Microwave Extraction Process

The microwave heating method for extraction of gal-
actooligosaccharides from ricebeans was carried out using the
method described by Carrero‐Carralero et al. (2018). In this
method, cleaned green variety of ricebean seeds were ground in
the food processor (Model FP 2663, Usha) to make flour (less
than 150 μm) or to reduce the size of the seed. The flour was
mixed with demineralized water as per the required ratios
which are presented in Table 1. The obtained mixture of water

TABLE 1 | Selected process parameters with coded levels used for
customized full factorial design.

Independent variables Coded levels

−1 0 þ1

X1: Microwave power (W) 240 400 640

X2: Heating time (minutes) 3 6 9

X3: Water to flour ratio (mL/g) 14:1 17:1 20:1
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and flour was heated in a microwave oven (Model: 20DGLx,
Kenstar) according to experimental plan. After heating, the
water and flour mixture was allowed to cool down to room
temperature of 25°C. The water and flour mixture was poured
into centrifuge tubes and centrifuged at 5000 rpm for 10 min in
a centrifuge (Model: 3K30, Sigma). After centrifugation, the
supernatants were filtered using the Whatman filter paper no.1
to obtain oligosaccharide water extract. The oligosaccharide
water extracts were filled in centrifuge tubes and stored in cold
storage at −20°C for further experiments.

2.4 | Analysis of Responses

2.4.1 | Galactooligosaccharides Yield

The yield of galactooligosaccharides in microwave extracted
ricebean extract was evaluated using the Megazyme Raffinose/
D‐Galactose Kit (Megazyme), which is an enzyme‐based UV
absorption method. The purification of extracts was carried out
using the method described by Ruiz‐Aceituno et al. (2016).
Accordingly, extracts were mixed with 1% yeast (w/v) and kept
for 8 h at room temperature. The yeast converts the reducing
sugar to carbon dioxide and ethanol. After that, the extracts
were centrifuged at 5000 rpm for 10 min to remove yeast.
Briefly, 0.20 mL of clarified oligosaccharide extract was poured
into cuvette using a pipette and 0.10 mL of α‐galactosidase re-
agent was added. The mixture was gently swirled and incubated
for 20 min at 25°C. After incubation 2 mL, 0.10 mL, and 0.20 mL
of demineralized water, NADþ, and buffer having sodium azide
(pH 8.6), respectively, were added. The absorbance at a wave-
length of 340 nm was measured in a spectrophotometer (Model:
UV‐2600, Shimadzu) against distilled water as a blank. The
quantity of galactooligosaccharides (the type of oligosaccharide
present in legumes) and free D‐galactose was measured by the
procedure described in the manual provided with the assay kit
(Vinjamoori et al. 2004). The demineralized water was used as
blank solution. Determinations were measured in triplicate.
Results were expressed as g/L.

2.4.2 | Total Phenolic Content (TPC)

The concentration of total phenols in ricebean oligosaccharide
water extract was examined by Folin–Ciocalteu colorimetric
method as explained by Kupina et al. (2019). In brief, 1 mL of
ricebean oligosaccharide water extract was poured into a glass
test tube containing 15 mL of demineralized water and 1 mL of
Folin–Ciocalteu phenol reagent. The contents of the test tube
were mixed by gentle swirling and kept for 7 min at room
temperature. After 7 min, 3 mL sodium carbonate solution
(Na2CO3, 200 g/L) was added to the test tube. The test tube was
stored in an incubator at 30°C for 2 h. After two hours, a blue‐
colored solution was formed and the intensity of blue color was
measured by spectrophotometer (UV‐2600, Shimadzu) with a
wavelength adjusted at 765 nm. The TPC was calculated by
using the standard calibration curve and reported in mg GAE/g
of samples.

2.4.3 | Antioxidant Activity and pH

The antioxidant assay was performed by adopting DPPH (2, 2‐
diphenyl‐1‐picrylhydrazyl) radical scavenging activity method
as described by Maurya and Said (2014). The DPPH radical
method is most widely used to determine the antioxidants of
various natural products. The purple color of the DPPH radical
will become discolored in the presence of antioxidants. The
absorbance of discoloration was measured using spectropho-
tometer at 517 nm wavelength. The antioxidant of ricebean ol-
igosaccharides extract was presented in %.

The pH of different oligosaccharide water extracts of different
combinations of experiments was estimated using the pH meter
(Model: NM‐MPH‐30B) and average value was noted down from
the digital display of the machine. The pH meter was calibrated
before conducting the experiments using the standard
methodology.

2.5 | Optimization and Validation

For ANOVA analysis of independent parameters concerning
the effect on responses (galactooligosaccharides yield, total
phenolic content, antioxidant activity, and pH) were analyzed
and performed in Design expert software v11.1.2.0 64 – bit
(Stat‐Ease Inc., Minneapolis, MN, USA). The response pro-
duced by each experiment was evaluated by the quadratic
model (Equation 1) which was obtained by multiple factorial
regression analysis.

Yi = bo + b1A + b2B + b3C + b11A2 + b22B2 + b33C2

+ b12AB + b23BC + b13AC, (1)

where Yi = dependent variable or response; bo = arithmetic
mean response of 27 runs, bi = estimated regression coefficients;
A, B, and C = main effects exhibiting the mean result of
changing one factor at a time from the minimum value to a
maximum value; AB, AC, BC, ABC = interactions terms; and A2,
B2, and C2 = polynomial terms to check the nonlinearity.

The optimization of extraction conditions and validation of the
optimized results were carried out accordingly (Raigar
et al. 2017). To optimize the extraction conditions of microwave
heating methods with the aim of achieving the highest extrac-
tion of galactooligosaccharides, maximum total phenolic con-
tent, and antioxidant activity, numerical optimization was
applied using desirability function methodology (Equation 2).
For optimization, the software facilitates to set the desirable
conditions or “goal” with respect to independent variables as
well as response “in range,” “maximize,” “minimize” or “target
value.” The extraction combination having highest desirability
was taken as the optimized results. To validate the adequacy of
the developed model, triplicate trials were performed using
optimized results and compared with the software predicted
values. Validation was statistically supported by calculating
absolute residual error (% ARE) using Equation (3). The lower
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value of ARE is desirable for the justification of the use of the
optimized results.

YD = (ydr11 × ydr22 × ydr33 × ydr44 × ydr55 × ydr66 )
1

(r1+r2+r3+r4+r5+r6), (2)

where YD: desirability function, ydi: desirability index, and ri:
different constraints.

ARE (%) =
Experimental value − Predicted value

Experimental value
× 100. (3)

2.6 | Statistical Analysis

Statistical analysis was performed using the Design expert
software v11.1.2.0 64—bit (Stat‐Ease Inc., Minneapolis, MN,
USA). All experiments were performed in triplicate, and the
results obtained were expressed as mean � SD. The data were
analyzed by ANOVA (p < 0.05).

3 | Results and Discussion

3.1 | Effect of Extraction Conditions on
Galactooligosaccharides Yield

The obtained experimental data are presented in Table S1. The
obtained experimental data was analyzed by using the design
expert software and developed models. The predicted coeffi-
cient of the polynomial regression equations, linear, interac-
tion, and quadratic terms of microwave power of the predicted
quadratic model were tested for adequacy and fitness by

ANOVA (analysis of variance) and presented in Table 2 and
Equations (2) and (4).

The ANOVA data for the predicted model of gal-
actooligosaccharidesn yield (GOS) was presented in Table 2.
The varioon of the GOS (g/L) data were fitted and represented
by regression Equation (4). The F value (19.32) indicates that
the predicted model was highly significant with a p value of
< 0.0001. Furthermore, the high‐value coefficient of determi-
nation value (R2 = 0.91) and adjusted R2 = 0.86 are also an
indication of good fitness of the model to experimental data of
GOS yield. The F value (19.32) indicated that the quadratic term
of microwave power significantly affected the model of extrac-
tion of galactooligosaccharides yield. The negative value of
linear terms describes that an increase in microwave power,
time, and water to flour ratio resulted in a decrease in extraction
of galactooligosaccharides in the extracted solution. The adverse
effect of high microwave power was also reported by Carrero‐
Carralero et al. (2018) for the mung bean. The quadratic term
of microwave power was also significant for the GOS yield.

YGOS = +5.34908 + 0.020A − 0.197B − 0.737C − 2.36
× 10 − 5AB + 7.12 × 10 − 6BC + 0.0201AC
− 0.000024A2,

(4)

where, YGOS = GOS in ricebean oligosaccharides water
extract, A = microwave power (W), B = time (minutes), and
C = W to F ratio (mL/g),

Response surface graphs was illustrated to study the effects of
parameters and their interactive effect in the microwave heating
process on the GOS yield (Figure 1a). From Figure 1a, the GOS
yield increased with an increase in microwave power up to

TABLE 2 | Analysis of variance (ANOVA) and model coefficients presenting the effect of microwave heating on responses.

Galactooligosaccharides yield
(g/L)

Total phenolic content (mg
GAE/g)

Antioxidant
activity (%)Parameter pH

Intercept þ1.74 þ150.94 þ29.39 þ5.44

A −0.4311** −13.25* −13.09** −0.2009**

B −0.1305* −15.49* −0.9230* þ0.0100ns

C −0.2080* −18.77* −6.52* −0.0050ns

AB −0.1416ns −7.01ns −7.18ns —

AC þ0.0043ns þ17.06* −0.5928ns —

BC þ0.1817* þ7.39ns þ4.38* —

A2 −0.9565** — — —

B2 −0.0644ns — — —

C2 þ0.1439ns — — —

R2 0.91 0.76 0.86 0.64

Lack of fit 0.097ns 0.088ns 0.061ns —

Adj R2 0.86 0.69 0.83 0.59

p value < 0.0001 < 0.0001 0.0017 0.0061

F value 19.32 10.75 22.20 13.68
Note: A = microwave power (W), B = time (minutes), C = W to F ratio (mL/g), ns = non‐significant.
*p < 0.05.
**p < 0.01.
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440 W and beyond this, it decreased. This might be due to the
saturation of GOS, leading to no significant effect of microwave
power on the ricebean samples.

Microwave power has a significant effect on the gal-
actooligosaccharides (GOS) as it improves the extraction by
providing the thrust for breaking the ricebean flour matrix.
The prolonged microwave heating causes a slight increase in
the concentration of galactooligosaccharides in the extracts,

leading to the cessation of migration of GOS from ricebean
flour to GOS extract water; this might be attributed to the
complete fragments of carbohydrate within the ricebean.
However, the adverse effect of using excessive microwave po-
wer (640 W) on the extraction of GOS was observed
(Figure 1a). The obtained adverse effect might be attributed to
the evaporation of water which stimulated the mass transfer
barrier for elution of GOS to water. The interaction between
microwave power and W to F ratio in Figure 1b showed that

FIGURE 1 | Effects of independent variables power and time, microwave power and W to F ratio, and time and W to F ratio on the extraction of
(a–c) galactooligosaccharides, (d–f) TPC and (g–i) antioxidant activity.
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with an increase in the water to flour ratio (for all microwave
power), a decrease in the concentration of GOS was observed.
This might be due to the dilution effect of the solvent.
Nevertheless, the interaction between heating time and water
to flour ratio indicated that prolonged heating at higher W to F
ratio might not be useful as no increase in extraction of GOS
was observed (Figure 1c).

3.2 | Effect of Independent Variables on TPC

The concentration of total phenolic content in ricebean oligo-
saccharides water extracts varied from 102.56 to 224.27 mg
GAE/g. The model was adequate to fit experimental data with an
R2 value of 0.76 (p< 0.0001). The changes in the TPC (mgGAE/g)
data were fitted and represented by regression Equation (5). The
signal‐to‐noise ratio (greater than 4 is desirable) was 12.11, which
was also an indication of adequate fitness of the model to exper-
imental data. The predictedmodel can be used to steer the design
space. The significant terms of the predicted model are the linear
effect of microwave power, time, and W to F ratio, and the
interaction term of microwave power and W to F ratio.

YTPC = +583.0 − 0.48A − 13.97B − 23.69C
− 1.1 × 10−2AB + 0.029BC + 0.83AC,

(5)

where, YTPC = total phenolic content in ricebean oligosaccha-
rides water extract, A = microwave power (W), B = time (mi-
nutes), C = W to F ratio (mL/g),

The combined effect of microwave power and time of heating on
the extraction of total phenolic content was presented in
Figure 1d. It was espied from Figure 1d, that increasing the
power of microwave heating from 240 to 640 W, resulted in a
slight reduction in the concentration of total phenolic content.
The greatest reduction in the concentration of total phenolic
content was observed at the highest power (640 W) and highest
time (9 min). The reduction of TPC was might be due to the
thermal degradation of phenolic compounds. A higher temper-
ature led to the synthesis of new molecules or interactions be-
tween different compounds within ricebeans (De Lima Marsiglia
et al. 2023). From Figure 1e,f, the highest concentration of total
phenolic compound was observed at 240 W power and 1:14 W to
F ratio. Thereafter, by increasing either power or W to F ratio, a
reduction in total phenolic content of extracts was observed. The
reduction might be due to the dilution effect of using too much
solvent. The time has no significant effect on the TPC content
this might be due to insufficient reaction within ricebean.
Similar results were also reported by Ballard et al. (2010), Singh
et al. (2011), and Tsubaki et al. (2010) for peanut skins, tea
leaves, and potato peels, respectively.

3.3 | Effect of Independent Variables on
Antioxidant Activity

Antioxidants are important food additives to reduce the oxidative
degradation of many food products. The variability of antioxi-
dants % in the extracts at different conditions of the microwave
heating process was evaluated using a regression models. The

varitions in antioxidant of experimental data were fitted and
represented by Equation (6). The interaction of time and flour to
water ratio has a significant effect on the antioxidant of the
ricebean GOS extract. The analysis of variance (ANOVA) data
indicated that the obtained model was significant (Table 2) at 1%
and 5% level of significance. The linear terms of microwave po-
wer and time significantly influenced the antioxidant activity of
the ricebean GOS extract. This might be due to disturbed cell
wall and released more sugar and phenolic compounds.

YAC = +107.60 + 0.023A − 3.31B − 4.65C
− 1.1 × 10−2AB + 9.88 × 10−4BC + 0.48AC,

(6)

where, YAC = antioxidant activity (%), A = microwave power
(W), B = time (minutes), C = W to F ratio (mL/g),

From Figure 1g, it was espied that when the solution of ricebean
flour and water was heated at low microwave power (240 W), a
high amount of antioxidants leached out to the water. There-
after, the adverse effect of using high microwave power was also
observed in the case of antioxidants during the experiments.
Addtionally, when water was added in higher amounts to flour,
a very low antioxidant activity in extracts was detected
[Figure 1h,i].

3.4 | Effect of Extraction Conditions on pH

The pH of the ricebean GOS extracts was varied from 5.21 to
5.95 at different combination of experiments. F value (13.68)
indicated that the linear model was significant for GOS extract
of ricebean (Equation 7). However, only the linear effect of
microwave power was found to significantly affect the pH of
GOS extracts.

YpH= + 5.89 − 9.72 × 10−4A + 01.29 × 10−4B − 1.66C, (7)

where, YpH = pH of ricebean GOS extract, A = microwave po-
wer (W), B = time (minutes), C = W to F ratio (mL/g),

The effect of microwave power on the pH of extracts is illus-
trated in Figure 2. A decrease in the pH of extracts was observed
when the microwave power was increased from 240 to 640 W.
This might be due to higher leaching of amino acids to water,
and also the breakdown of ricebean starch could release acids at
higher microwave power and result in a decrease in the pH of
the extract (Li et al. 2018).

3.5 | Optimization and Validation

The numerical optimization of the microwave heating process
was done based on obtained response values. The dependent
responses were maximized or kept in range, whereas all the
independent variables were kept in the range based on the
desirability of the ricebean GOS extracts. The optimum con-
ditions to maximize the GOS yield were 400 W microwave
power, 3 min time, 14:1 W to F ratio in the ricebean flour at
maximum desirability score of 0.77. For the validation of
optimized conditions (400 W microwave power, 3 min time,
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14:1 W to F ratio), the experiment was performed and the
responses were measured. The predicted and actual experi-
mental values are presented in Table 3. The percentage abso-
lute residual error (ARE %) of less than 5% indicated that the
obtained experimental values were in close agreement with the
predicted values, which demonstrated the validation of the
model.

4 | Conclusions

The customized full factorial design was used to optimize the
extraction parameters of microwave heating. In conclusion, our
results suggest that the microwave extraction technique has
great potential to extract the GOS from ricebean. The GOS
yield, total phenolic content, antioxidant activity, and pH dur-
ing the microwave‐assisted extraction process was ranged from
0.18 to 2.84 g/L, 102.56–224.67 mg GAE/g, 5.32%–55.73%, and
5.21 to 5.95, respectively. The predicted model was developed
and the ANOVA test indicated the developed model was sta-
tistically significant (p < 0.05). The obtained optimum GOS
extraction conditions were 400 W microwave power, 3 min
time, 14:1 W to F ratio, and a maximum desirability score of
0.77. Based on the calculated absolute residual error, the

experimental values were in close agreement with the software
predicted values.
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