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KEYWORDS Abstract The various health challenges posed by conventional candies necessitate the development
Antioxidant: of health-promoting and phytochemicals supplemented varieties. The current study explored medic-
Candy; inal properties of date palm and tamarind in the formulation of a starch-based candy, using
Date-palm; response surface method for the production optimization. Experimental design variables include
Response surface methodol- the starch (90-100%), date palm (0-10%), and tamarind (0-10%), while the functional, phyto-
ogy; chemical, and antioxidant properties were the responses. The candy modification response results
StaTCh{ are as follows: pH (2.80-3.00), crude fibre (4.41-6.43%), soluble sugar (91.69-126.96%), total titra-
Tamarind ble acidity (90.00-120.00%), total phenolics (0.039-0.063 mg GA/mL), total flavonoids (0.0006—

0.001 mg RU/mL), vitamin C (0.362-0.516 mg/mL), hydroxyl radical scavenging activities
(14.28-26.67%), 1, 1- diphenyl-2-picryhydrazyl (1.12-3.88%) and ferric reducing property (0.09—
0.31 mg/mL). The experiments revealed that most of the nutritional properties of the candies
increased favorably with the incorporation of date palm and tamarind pulps and decreasing starch
content. Significant (p < 0.05) interactive effects were revealed between the diverse variables. The
experiments also revealed the positive influence of the date palm and tamarind fruit pulps on the
functional, phytochemical, and antioxidant properties of starch-based candies; hence demonstrating
the possibility of developing nutraceutical based-candies with a more beneficial health effect.
© 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

* Corresponding author.
E-mail address: oooluwasina(@futa.edu.ng (0.0. Oluwasina).

1. Introduction
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Food is vital for human existence and its health-promoting

effects are without doubt. Candies as food materials are con-
fectionery products that have sweet tastes because they contain
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2011). Although the high sugar content of candies helps in pre-
venting microbiological spoilage (Rawat, 2015), it has atten-
dant health-related problems such as a high surge in body
mass and obesity (Malik et al., 2006; Daniels et al., 2010), oral
plagues (Touger-Decker and van Loveren, 2003), increase
blood pressure, diabetes and related heart diseases (Nguyen
et al., 2009; Malik et al., 2010; Welsh et al., 2011; Pollock
et al., 2012). In response to consumer demand, food manufac-
turers have geared towards the production of organic-based
health-promoting foods, without sacrificing taste, texture,
and cost.

The nutritional benefits of date palm (Phoenix dactylifera
L.) have made it a fruit of choice for many people who desire
sweet taste. It is rich in both micro-and macro-minerals, fibre,
nicotinic acid, small amounts of protein (Singh et al., 2013;
Awolu and Olabiran, 2019) and vitamins (Al-Farsi et al.,
2005; Khan et al., 2008). Date palm possesses free radical scav-
enging activities, immunomodulatory activities (Allaith, 2008;
Saafi et al., 2009) and ferric antioxidant property (Awolu
and Olabiran, 2019). It also has a protective influence against
some life-threatening diseases (Vyawahare et al., 2012).
Tamarind (Tamarindus indica L.) fruit pulp contains carbohy-
drate sugars, protein, lipids, and vitamins. Various healthy
drinks and confectionaries have been produced from it
(Obasi et al., 2013). Tamarind also has antimicrobial and
anti-inflammatory properties, and it has been used for the
treatment of intestinal ailments, skin infections, and sore
throats (Hirun et al., 2015; Soradech et al., 2016). Further-
more, the antioxidant properties of the crude extracts of
tamarind pulp have been reported (Lim et al., 2013;
Buchholz and Melzig, 2016). Trifoliate yam tuber has been
reported to be rich in starch, fiber, phytochemicals, with high
hypoglycemic activity (Ogbunugafor et al., 2014).

Response surface methodology (RSM) is a statistical soft-
ware developed for products and process (Awolu and
Layokun, 2013; Awolu et al., 2015) optimizations. Common
designs deployed for the product optimization processes are
the optimal mixture and simple lattice, while central composite
and Box-Behnken are the designs for process optimization
(Awolu and Layokun, 2013; Awolu et al., 2015). In both pro-
cess and product optimization, the major model factors con-
sidered are p-value (preferably at less than 0.05), lack of fit,
R squared, and adjusted R squared values for model reliabil-
ity. The visual presentation of the optimization results is either
by contour or 3D plots (Awolu et al., 2015; Awolu and
Olokunsusi, 2017).

This study is aimed at the development of candy with date
palm fruit and tamarind pulp using a response surface method
and assessing its nutritional, functional, and antioxidant prop-
erties. In addition, there has not been any publication on the
optimization of the trifoliate yam starch, tamarind and date
palm as raw materials for producing functional candies.

2. Materials and methods

2.1. Materials

Trifoliate yam tubers (Dioscorea dumetorum) were obtained
from the Federal University of Technology Akure’s research
farm. The date palm (Zaghloul cultivar) was purchased from
an open market in Jega, Kebbi State, while tamarind was

purchased from King’s Market in Osogbo, Osun State, Nige-
ria. These materials were authenticated at the Department of
Crop Soil and Pest Management, Federal University of Tech-
nology Akure, Ondo State.

2.2. Isolation of starch from trifoliate yam

Starch was isolated from the tuber using a method previously
developed by our research group (Oluwasina et al., 2016).
Briefly, damaged tubers were sorted out from the collection
and the good ones were washed with water to remove soil par-
ticles. They were peeled, cut, and blend for 2 min in a warring
blender (Marlex, CM/L 7962804) at 1800 rpm with exactly 2 L
of distilled water. It was then sieved and allowed to settle for
24 h. The obtained sediment was re-dissolved in 1 L of distilled
water and the process was repeated three times. The resulting
material was subjected to drying at 50 °C until constant weight
was obtained. The samples were store for immediate use.

2.3. Acid thinned starch

Acid thinned starch was used because of its slow release of glu-
cose in the body which will indirectly prevent negative insulin
response that could lead to diabetic. For this preparation,
starch (1 g) was treated with hydrochloric acid
(10 mL/1.5 M) at 40 °C for 2 h under stirring and sodium
hydroxide (5 mL/1 M) was added to halt the reaction. The
pH was then adjusted to 7 using sodium hydroxide (0.1 M)
after cooling. Deionized water (500 mL) was used for the
washing of the product (thrice) and the dried sample was
obtained after 48 h of drying (45 ©°C/oven)
(Atichokudomchai and Varavinit, 2003). The sample was
turned to powder and kept before analysis.

2.4. Preparation of date palm and tamarind pulps

The fruit samples (date palm and tamarind) were cleaned of
foreign materials. The seeds were removed from the flesh
and the pulps (30% w/w) were prepared with distilled water.
Samples were kept in a freezer before use.

2.5. Experimental design and candy preparation

Candy preparation (Table 1) optimization experiment was
designed using response surface methodology (trial version
8.0.3.1, Stat-Ease Inc., Minneapolis USA). The optimal mix-
ture design of the RSM was used according to Awolu et al.,
2015. The variables were starch (A) (90-100%), date palm
pulp (B) (0-10%) and tamarind pulp (C) (0-10%). The
responses were all the properties evaluated in the study.

To prepare the candy, starch was added to water
(50 °C/100 mL) and boiled with constant stirring until gela-
tinization. It was then allowed to boil for about 10 min at an
optimum temperature of 120 °C and cooled to 60 °C. Sugar
(5 g), date palm pulp, and tamarind pulp were added and
allowed to boil for about 5 min. The system was allowed to
cool to about 30 °C and other ingredients such as citric acid
(0.5 g), color (0.2 g), and flavor (1 g) were added and heated
(60 °C) for about 2 min. After cooling to 45 °C, it was poured
in the molds. The resulting candies were allowed to solidify
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Table 1 Candy formulation.

Runs Starch (g) Date palm (g) Tamarind (g)
1 94.9456 4.9836 0.0708
2 91.5653 6.7268 1.7079
3 100 - -

4 90 2.4196 7.5804
5 94.9456 4.9836 0.0708
6 96.826 1.3858 1.7882
7 90 10.0000 -

8 90 10.0000 -

9 93.6603 3.1187 3.2210
10 94.9456 4.9836 0.0708
11 92.4141 - 7.5859
12 90 4.9927 5.0073
13 949172 - 5.0828
14 90 - 10.0000
15 90 4.9927 5.0073
16 949172 - 5.0828

Where A: starch, B: date palm and C: tamarind.

and kept in a freezer before analysis. For the experimental
responses, antioxidant properties such as ferric reducing activ-
ity, hydroxy free radical scavenging activity, and 1,
1- diphenyl-2-picryhydrazyl reducing activity were determined.
Quality characteristics such as phytochemicals (total phenol
and flavonoids), pH, total titrable acidity, crude fibre, soluble
sugar, and vitamin C were also determined.

2.6. Analyses of candy

pH and total titrable acidity
Candy (10% in distilled water) was subjected to a pH test
(pH-016A benchtop pH meter) of three replicates. Into dis-
tilled water (50 mL) was added candy sample (2 g), stirred until
it dissolved, boiled, and titrated against NaOH (0.1 M) with
phenolphthalein indicator to a persistent faint pink coloration
(Sulieman et al., 2015). The acidity was calculated from the fol-
lowing equation,
(mL of NaOH)(M.NaOH)(dil Factor)(Equivalent weight)

Acid(%) = Wt.of sample

x 100

2.7. Crude fibre

A 2 g defatted candy (after 8 h hexane extraction) was added
to a hot H,SOy4 solution (200 mL/1.25 M) and the mixture
was boiled for 30 min. The solid content was obtained by filtra-
tion, washed to neutral pH with hot water, and then boiled
(30 min) with NaOH (200 mL/1.25 M). The mixture was sieved
and washed successively with H,SO, solution (100 mL/0. 5 M),
distilled water (200 mL), and ethanol (100 mL/98%). The resi-
due was put in a weighted ash crucible and dried in an oven
(3 h/105 °C). The crucible with its content was then weighed
after cooling (W), before subjecting to furnace ashing
(550 °C/5h) (Madhu et al., 2017). The crucible with its content
was weighed again after cooling (W) and the crude fibre (trip-
licate value) was determined as,

. W, - W,
Crude Fibre (%) = 100
rude Fibre (%) weight of the sample X

2.8. Determination of soluble sugar

Candy sample (0.1 g) was dissolved in distilled water (20 mL),
and the liquid portion was transferred into a volumetric flask
(100 mL) and was made up to the mark. To the liquid candy
(1 mL) was added distilled water (1 mL), phenol (1 mL/5%)
and concentrated sulfuric acid (5 mL) successively, followed
by shaking and resting for 10 min. The mixture was incubated
in a water bath (20 min, 30 °C), and absorbance was taken at
490 nm on a spectrophotometer (DuBois et al., 1956). This
same procedure was used for reference solution preparation,
but the candy was not used.

2.9. Preparation of candy for phytochemical and antioxidant
analyses

An aliquot solution of 10% candy in distilled water was used.

2.9.1. Determination of vitamin C, total phenolics and flavonoid

The aliquot solution of 10% candy (200 pL) was mixed with
trichloroacetic ~ acid (300 nL/13.3%) and 24
dinitrophenylhydrazine (75 pL) and was incubated at 37 °C
for 3 h, before adding H,SO,4 solution (500 pL). The absor-
bance (Ab) was then read at 520 nm, with ascorbic acid as
the reference (Benderitter et al., 1998). Folin ciocalteau’s
chemical (0.5 mL/10%) and sodium carbonate
(2.5 mL/7.5%) were added successively to aliquot solution of
10% candy (0.2 mL), incubated (45 °C/1 h) and the absor-
bance taken (700 nm) (Sun et al., 2007). Gallic acid (mg/mL)
was used as the reference phenol. For the flavonoid determina-
tion, an aliquot solution of 10% candy (0.2 mL) was mixed
with NaNO; (0.3 mL/5%), and allowed to stand for 6 min
before aluminium trichloride (6 mL of 10%) was added. An
incubation period (5 min) was allowed, before the addition
of NaOH (1 M, 2 mL) and distilled water (2.1 mL). The mix-
ture was then subjected to incubation for 15 min and the
absorbance was read at 510 nm (Zhishen et al., 1999).

2.9.2. Determination of antioxidant activities of 1, 1- diphenyl-2-
picryhydrazyl

An aliquot solution of the 10% candy (1 mL) and 1, 1-
diphenyl-2-picryhydrazyl (DPPH) solution (0.4 Mm, 1 mL)
were reacted together. A reference sample containing methanol
(1 mL) and DPPH solution (2 mL) was also prepared. After
the dark incubation of all the solutions (30 min), their absor-
bance (Ab) values were obtained at 516 nm (Brand-Williams
et al., 1995).

Percent (%) inhibition of DPPH activity

_ Reference sample,, — Test Sample,,,

100
Reference sampley,, x

2.9.3. Ferric reducing activity
To an aliquot solution of the 10% candy (0.1 mL), phosphate
buffer (0.25 mL/ 200 mM, pH 6.6) and potassium ferricyanide
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(0.25 mL /1%) were sequentially added, followed by incuba-
tion (50 °C/20 min). Trichloroacetic acid (0.25 mL/10%) was
then added and the mixture was  centrifuged
(2000 rpm/10 min). The supernatant from centrifugation
(1 mL) was mixed with distilled water (1 mL) and ferric chlo-
ride (0.2 mL/ 0.1%), and the absorbance (Ab) was measured at
700 nm. Distilled water was used as blank while ascorbic acid
was the standard (Pulido et al., 2000).

2.9.4. Hydroxyl radical scavenging activity

Chemical reaction was developed between aliquot solution of
10% candy (1 mL, test sample) safranin (1 mL/ 1.14 mM),
EDTA (0.5 mL/ 0.04 M), Fe** (0.5 mL/ 0.04 M) and H,O,
(2 mL/3%), with addition of enough phosphate buffer solution
(67 mM, pH 7.4) to produce 5 mL blend. This was followed by
incubation (37 ©C/30 min) and absorbance (Ab) measurement
at520 nm for the test sample solution (A;), blank solution ((Ag)
deprived of the candy), and the solution A, (without the candy,
EDTA, Fe** and H,0,) (Li et al., 2007). Hydroxy radical
scavenging activity (%) was obtained as follows,

(Ai - A(,)

—x1
(4.~ 4,) x 100

2.10. Statistical analysis

The obtained data were analyzed using SPSS 20.0, with the
means compared by Duncan’s multiple range tests. The
response model and regression equation were generated using
DOS (10.0 (Stat-ease).

3. Results and discussion

3.1. Physicochemical properties of candy

Candy’s physicochemical properties as presented (Table 2) had
crude fibre values from 4.41 to 6.43%. Experimental run 3

Table 2 Physicochemical properties of candies.

recorded the lowest value (4.41%) and the highest was run 7
(6.43%). The crude fibre content of 6.43% could be because
the run 7 has the highest quantity of date palm in its produc-
tion. The date palm has been reported to have a reasonable
amount of crude fiber (9.40%) according to El-Sharnouby
et al., (2012). It can also be generally deduced from the results
that both fruits (date palm and tamarind) contributed to the
fibre content of the candies, as those produced with their addi-
tion recorded higher crude fiber content than that of run 3. The
crude fibre contents recorded for all the candies are higher
than 2.24% recorded by Manjula and Suneetha (2014) for
pumpkin candies and also higher than 2.01% and 4.01%
recorded by Obasi et al. (2013) for chewable- and non-
chewable- velvet tamarind candies. The high crude fibre con-
tent of these candies is desirable for better human digestion.
Atasie et al. (2009) noted that crude fibre-rich foods help to
prevent constipation, piles, appendicitis, and cancer. The
ANOVA results of the data from the response surface method
analysis, revealed the significant (p < 0.05) differences between
the model (special quadratic) and its terms [linear mixture, AB,
AC, BC, ABC, and ABC?, except A’BC]. The relationship
between the crude fibre and model terms obtained from the
regression equation is given in Eq. (1). The R* and adjusted
R? values were 0.9801 and 0.9573 respectively, suggesting a
good candy formulation and an indication of the adequacy
of the model to reveal the relationship between the experimen-
tal variables and the responses (Nath and Chattopadhyay,
2007; Awolu et al., 2015). The 3D graph (Fig. 1a) shows the
effect of acid-thinned starch (A), date palm (B), and tamarind
(C) proportions on crude fibre content. Results presented in
the graph show that the crude fibre content increases with
decreasing variable A (starch) from 100 to 90%, while increas-
ing variable B (date palm) and C (tamarind) from 0 to 10%.
From the graph, at a prediction point of 4.47% crude fibre,
99.31%, 0.33%, and 0.36% of A, B and C were predicted to
be used, respectively. Likewise, at fibre content of 6.00 and
6.09%, the predicted samples used are 94.16% of A, 0.25%
of B, and 5.59% of C; 90.70% of A, 6.56% of B and 2.74%

Sample Crude fibre (%) Soluble sugar (100 pg/mL) pH TTA (%)

Run 1 6.11%¢ + 0.29 124.48" + 0.87 2.90*® + 0.05 96.00%° + 1.00
Run 2 6.005%° + 0.19 119.36° + 0.52 2.90*® + 0.01 108.00¢ £ 1.00
Run 3 4.41* £ 0.39 91.69* + 0.88 2.85% + 0.09 90.00* + 2.00
Run 4 5.83%¢d + .37 114.09¢ + 2.87 2.80* + 0.10 114.00° + 4.00
Run 5 6.23%¢ + 0.10 124.36" + 0.06 2.90*" £ 0.08 96.00%° + 3.00
Run 6 5.55% + 0.15 115.93¢ + 1.16 3.00° + 0.18 99.00° + 3.00
Run 7 6.43° + 0.39 120.58% +1.61 2.90*° + 0.10 114.00° £ 4.00
Run 8 6.41° + 0.37 120.99° + 0.87 2.90*%° + 0.03 114.00° £ 2.00
Run 9 6.38° + 0.02 104.01° + 2.27 3.00° £ 0.10 93.00%° + 3.00
Run 10 6.124¢ + 0.30 124.017 + 0.41 2.90*° + 0.03 96.00%° + 3.00
Run 11 6.05%¢ + 0.05 125.82%¢ + 0.35 2.85% £ 0.05 118.67%" + 1.54
Run 12 6.08%° + 0.16 104.25° + 0.41 2.83% + 0.03 108.00¢ + 3.00
Run 13 5.50° + 0.10 126.40' + 0.12 2.80* £ 0.01 108.00¢ + 3.61
Run 14 6.019%¢ + 0.23 92.91* + 0.24 2.90*° + 0.01 120.00" + 1.00
Run 15 6.08%¢ + 0.08 104.54° + 0.12 2.80* £ 0.01 108.009 + 1.00
Run 16 5.70°%4 + 0.03 126.96' + 0.34 2.80% + 0.02 108.00¢ + 3.46

Values are mean of three replicates + standard deviation and means with different letters are significantly different at P < 0.05 (columnwise).
TTA - total titrable acidity.
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of C, respectively. It can be deduced from the 3D graph that
the date palm and tamarind fruits particularly enhanced the
crude fibre content of the candy.

Crude Fibre(%) = 4.40A + 6.43B + 6.00C + 3.13AB
+ 1.73AC — 0.74BC — 2.26A’BC
— 45.93AB*C + 76.34ABC” (1)

The candy soluble sugar had values ranging from 91.69 to
126.96 100 pg/mL with experimental run 16 having the highest
soluble sugar (126.96 100 pg/mL), followed by experimental
run 13 (126.40 100 pg/mL), 11 (125.82 100 pg/mL), 1 (124.48
100 pg/mL), 5 (124.36 100 pg/mL), and 10 (124.01 100 pg/

mL). The least soluble sugar value was recorded in experimen-
tal run 3 (91.69 100 pg/mL). The low value recorded in exper-
imental run 3 may be due to the absence of fruit samples (date
palm and tamarind) in the formulation. High soluble sugar in
experimental runs 16, 13, 11, 1, 5, and 10 could make them
consumers’ choice because of their potential sweetness.
Although, candies with high soluble sugar would be good
sources of energy (Rosa et al., 2009), but, experimental run 3
would be a better choice for people that require food with
low sugar content. The ANOVA revealed the significance of
the model (special quadratic) and the model terms (AB and
AC) (p < 0.05), and the insignificance of the linear model,
BC, A’BC, AB?C, and ABC? (P > 0.05). The relationship
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between the soluble sugar and model terms by the regression
equation is given in Eq. (2). The R? and adjusted R? values
were 0.8994 and 0.7845 respectively, an indication of not too
good candy formulation. The effect of acid-thinned starch
(A), date palm (B), and tamarind (C) on the candies produced
was shown by the 3D plot presented in Fig. (1b). The result
from the 3D graph shows that soluble sugar increases with
increasing variable A (starch) from 90 to 100% and also vari-
able B (date palm) and C (tamarind) from 0 to 10%. Given
consideration to the various prediction points on the 3D
graph, when the soluble sugars are 126.04, 120.09, 120.12
and 104.88 100 pg/mL, the predicted samples used are
94.11% of A, 0.82% of B, 5.07% of C; 92.44% of A, 0.05%
of B, 7.51% of C; 90.08% of A, 9.75% of B, 0.17% of C;
98.74% of A, and 0.69% of B, 0.57% of C, respectively. From
the various predicted values, it could be deduced that date
palm and tamarind have much higher effects on soluble sugar,
while starch only slightly influenced it.

Soluble Sugar =91.16A + 120.11B + 98.88C + 71.90AB
+ 132.95AC — 4.38BC + 280.68A’BC
+296.91AB*C (2)

The pH ranged from 2.8 to 3.0, with experimental runs 4,
13, and 16 having the lowest pH values. On the other hand,
experimental runs 6 and 9 recorded the highest pH values.
The pH values of the candies are responsible for the taste of
the food and all the candies are acidic. The acidic nature of
the candies aligns with the acidic nature of most of the natural
fruits (Bamise and Oziegbe, 2013). The lower pH values
recorded for experimental runs 4, 13, and 16 could be due to
the higher quantity of tamarind pulp incorporated compared
to the other variables. The observed pH values in this study
are similar to those reported by Masmoudi et al. (2010), which
ranged from 3.0 to 3.5 for candies prepared using dates juice
and a lemon by-product. Masmoudi et al. (2010) proposed that
the firmness of candy increases with decreasing pH from 3.5 to
3.0, while Endress and Mattes (2003) suggested that candy
becomes more rigid when pH is below 3.5. The ANOVA
results suggested a no significant difference between model (cu-
bic) and the terms of the model [linear mixture, AB, AC, BC,
ABC, AB (A-B), and BC (B-CO)], (p < 0.05), except AC (A-C).
The formulation is adjudged to be good because of the close-
ness of R? (0.9960) and adjusted R? (0.9900) to 1. The 3D plot
shows the effect of acid thinned starch (A), date palm (B), and
tamarind (C) on pH as shown in Fig. (1c). The result from the
3 D graph shows that pH decreases with decreasing variable A
(starch) from 100 to 90% while increasing variable B (date
palm) and C (tamarind) from 0 to 10%. Considering different
prediction points on the 3D graph, at 3.00 predicted pH,
97.51% of A (starch), 1.42% of B (date palm), and 1.07% of
C (tamarind) was also predicted to be used for the formula-
tion. It was also discovered that at predicted pH of 2.81 and
2.82, the predicted samples used were 90.18% of A, 2.24%
of B, 7.58% of C, and 92.43% of A, 6.88% of B, 0.69% of
C respectively. The pH and model terms relationship as
deduced from the regression equation is presented as follows,

pH = 2.85A +2.90B + 2.90C + 0.079AB — 0.30AC
—0.20BC + 4.35ABC + 1.81AB(A — B)
—0.11AC(A — C) + 0.74BC(B — C) 3)

The total titrable acidity (TTA) ranged between 90 and
120%, with experimental runs 3 and 14 having the lowest
and highest values, respectively. The absence of date palm
and tamarind in the formulation of experimental run 3 could
be responsible for its low pH value. In connection with oral
health, experimental run 3 candy, with the lowest total titrable
acidity, is probably the best since acidity and sweetness are
implicated in dental problems (Sovik et al., 2015). In a study
on pineapple candy with different sugar levels, total titrable
acidity of pineapple was found to be 0.69%, whereas those
of pineapple-based candies ranged from 0.59% to 0.6%
(Kumar and Kirad, 2013). The differences in our report and
that of Kumar and Kirad (2013), may be due to the nature
of raw materials used, formulation approach and candy prepa-
ration methods. The combination of date palm and tamarind
could have triggered a synergistic reaction that probably
resulted in increased acidity of the candy. The special
quartic-model and other model terms are significant
(p < 0.05) as shown by ANOVA. It can be predicted that
the candy formulation model was a good one because of the
values of R? (0.9902) and adjusted R? (0.9789) which are close
to a whole number. The 3D influence of acid thinned starch
(A), date palm (B), and tamarind (C) on total titrable acidity
is shown in Fig. (1d). The result from the 3D graph shows that
the TTA content increases with decreasing variable A (starch)
from 100 to 90% while increasing variable B (date palm) and C
(tamarind) from 0 to 10%. From the graph, some of the pre-
dicted values of TTA are 119.31, 105.77 and 90.75%, while
the predicted samples used are 90.65% of C, 0.06% of B and
9.29% of C; 93.10% of A, 6.34% of B and 0.56% of C;
99.15% of A, 0.69% of B and 0.16% of C respectively. The
higher predicted TTA values recorded for some candies are
due to the presence of the fruit samples which is justified by
the high TTA of the fruits (date palm and tamarind). The
regression equation is presented in Eq. (4).

Total Titrable Acidity = 89.68A + 113.93B + 121.49C
— 28.44AB + 12.55AC
—37.16BC + 622.37A’BC
+ 685.70AB*C
—2130.13ABC’ (4)

3.2. Phytochemicals and vitamin C

Results for the total phenolic content of the candies, presented
in Table 3, show parameter variation from 0.039 to 0.063 mg
GA/mL. Experimental run 6 (0.039 mg GA/mL) recorded
the lowest value for total phenolic content followed by exper-
imental run 3 (0.040 mg GA/mL), while the highest result was
recorded by experimental run 14 (0.063 mg GA/mL).
Although the addition of date palm and tamarind caused an
increase in the candy phenol value. The ANOVA from the
response surface method analysis, revealed no significant dif-
ference between the special quartic-model and the model
terms. The no significant difference outcome could be sup-
ported by the R? (0.5356) and adjusted R? (0.0048) values,
which are low and far from a whole number. The phenolic con-
tent and model terms bond as expressed by the regression
equation is shown in Eq. (5). The effect of acid thinned starch,
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Table 3 Phytochemicals and Vitamin C of Candy.

Sample Phenol (mg GA/mL) Flavonoid (mg RU/mL) Vit. C (mg/100 mL)
Run 1 0.046° + 0.006 0.0006* £ 0.00006 0.505 ™ £ 0.002
Run 2 0.051>%9 + 0.001 0.0009%® + 0.00006 0.472 & + 0.002
Run 3 0.040% £ 0.001 0.0008* + 0.00006 0.437° £ 0.005
Run 4 0.050%¢ £ 0.006 0.0008° + 0.00010 0.516 X + 0.001
Run 5 0.045%° + 0.005 0.0006* + 0.00010 0.500 ™ + 0.003
Run 6 0.039* + 0.002 0.0008* + 0.00010 0.362* + 0.002
Run 7 0.052%4 + 0.007 0.0010*® £ 0.00006 0.478 &M + 0.004
Run 8 0.051>%4 + 0.007 0.0010*® £ 0.00006 0.485 ¢ + 0.004
Run 9 0.051>¢ + 0.003 0.0008* £ 0.00006 0.410%% £ 0.002
Run 10 0.047%° + 0.005 0.0008* + 0.0001 0.509" + 0.003
Run 11 0.042* + 0.001 0.0010*® £ 0.00006 0.444%" £ 0.003
Run 12 0.053>%% +0.002 0.0008* + 0.00058 0.416% + 0.01
Run 13 0.059%%¢ + 0.002 0.0010%° + 0.0001 0.405>¢ + 0.006
Run 14 0.063° £ 0.005 0.0010*® £ 0.00006 0.447" + 0.01
Run 15 0.052>%% £+ 0.006 0.0009*® £ 0.00015 0.417¢ + 0.006
Run 16 0.058%% +0.005 0.0008* + 0.0010 0.400° + 0.006

Values are mean of three replicates + standard deviation and means with different letters are significantly different at P < 0.05 ((columnwise).).

date palm, and tamarind on the candy produced was shown by
the 3D plot presented in Fig. (2a). The result from the 3D
graph shows that total phenol content slightly increases with
increasing variable B (date palm) and C (tamarind) from 0
to 10% while decreasing variable A (starch) from 100 to
90%. Given consideration to the various prediction points
on the 3D graph, when the total phenol contents are 0.041,
0.056, 0.051 and 0.062 mg GA/mL, the predicted samples used
are 98.60% of A, 0.65% of B and 0.75% of C; 90.42% of A,
4.92% of B and 4.66% of C; 90.15% of A, 8.23% of B and
1.62% of C; 92.14% of A, 0.70% of B and 7.16% of C,
respectively.

Phenol = 0.042A + 0.051B + 0.056C — 6.132 x 10 *AB
+0.016AC — 0.011BC — 1.09A’BC
+0.025AB*C + 1.26ABC” (5)

Table 3 shows that the total flavonoid content of the can-
dies ranges between 0.0006 and 0.001 mg RU/mL. Experimen-
tal runs 7, 8, 11, 13, and 14 recorded the highest values of
0.001 mg RU/mL, while experimental runs 1 and 5 recorded
the lowest value of 0.0006 mg RU/mL of total flavonoid. From
the response surface analysis, the quadratic - model and linear
mixture and AB-model term have a significant relationship, as
shown by the ANOVA. Although, the R? (0.7294) and
adjusted R? (0.5940) results suggest that the formulation was
not a good one. The 3D graph is presented in Fig. 2b. The
result from the 3D graph shows that total flavonoid content
insignificantly increases with increasing variable B (date palm)
and C (tamarind) from 0 to 10% while decreasing variable A
(starch) from 100 to 90%. Given consideration to the various
prediction points on the 3D graph, when the total flavonoid
contents were 0.00096, 0.00082 and 0.00079 mg RU/mL, the
predicted samples used were 90.35% of A, 0.20% of B and
9.45% of C; 91.23% of A, 5.02% of B and 3.75% of C;
99.58% of A, 0.21% of B and 0.21% of C respectively. The
total flavonoid and model terms interrelation as presented by
the regression equation is shown in Eq. (6).

Flavonoid = 7.904 x 107*A + 1.012 x 10°B 4+ 9.717
x 107*B — 8.783 x 107 *AB + 1.823
x 107*AC — 5.821 x 107*BC (6)

Vitamin C has been shown to promote human health and is
potent in controlling and preventing various diseases (Simon
et al., 2001). Vitamin C contents (Table 3) revealed the highest
value for the experimental run 4 (0.516 mg/100 g), while exper-
imental run 6 had the lowest (0.362 mg/100 g). The non-
inclusion of date palm and tamarind pulp may be the reason
for the lowest value obtained for experimental run 3. The
results obtained for the candies are higher than
0.36 mg/100 g recorded by Okudu and Ogubuike (2016) for
vitamin C content of tiger nut candy. The results are within
the range of 0.09-1.19 mg/100 g recorded by Obasi and
Ugwu (2015) for vitamin C content of tiger nut milk candies
and milk. The non-significance of the cubic-model and the
model terms except for AB (A-B) and BC (B-C) was revealed
by the regression ANOVA. This probably might be the reason
for the low values of R? (0.8541) and an R* adjusted (0.6352).
The 3D plot was presented in Fig. 2c. Results from the 3D
graph shows that the effects of the variables (starch, date palm,
and tamarind) on vitamin C were not consistent, though date
palm and tamarind show more influence on vitamin C content.
From the graph, some of the predicted values of vitamin C are
0.49, 0.43, 0.38, 0.32 and 0.42 mg/100 g and the predicted sam-
ples used are 90.18% of A, 3.21% of B, 6.61% of C; 91.71% of
A, 4.55% of B, 3.74% of C; 90.40% of A, 6.85% of B, 2.75%
of C; 98.08% of A, 1.60% of B, 0.32% of C; and 99.00% of A,
0.25% of B and 0.75% of C respectively. The inconsistency
could also be justified by the insignificance of the model
(p > 0.05). Vitamin C and model terms association is given
by the regression equation is presented in Eq. (7).

Vitamin C = 0.44A + 0.48B + 0.45C + 0.20AB
+0.042AC — 0.19BC — 1.23ABC
— 1.62AB(A — B) + 0.064AC(A — C)
~1.03BC(B - C) (7)
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3D plot showing the effect of acid thinned starch, date palm, and tamarind on the total phenol, flavonoids and vitamin C. Where,

Fig. 2
A — Yam starch, B — Date palm, C — Tamarind.

3.3. Antioxidant activities of candy

The antioxidant activities for the candies produced are pre-
sented in Table 4. Natural antioxidants can be used as food
products preservative and human-health promoter (Nanditha
and Prabhasankar, 2008; Awolu and Olabiran, 2019). The
oOH results (Table 4) extended from 14.28 (experimental run
4) t0 26.67% (experimental run 14). From the response surface
analysis, significance relation. The cubic-model and the model
terms [AB, AC, BC, ABC, AB (A-B), and BC (B-C)] were
ascertained by the model ANOVA. The ¢OH action and model

C (10)

B (10)

Flavonoid

C (10)

terms association as predicted by the regression equation is
shown in Eq. (8). The R? and adjusted R? values are 0.9877
and 0.9693 respectively. The high values of R? and adjusted
R? show that the model is good. The ANOVA results indicate
that the independent variables enhanced ¢OH scavenging abil-
ity of the candy products. The 3D plot (Fig. 3a) showed that
date palm and tamarind fruits promote the hydroxyl scaveng-
ing ability of the candy. The result from the 3D graph shows
that OH scavenging ability of the candy products increases
with increasing variable B (date palm) and C (tamarind) from
0 to 10% while decreasing variable A (starch) from 100 to
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Table 4 Antioxidant Assays of Candy.

Samples oOH (%) DPPH (%) FRAP (mg/mL)
Run 1 22.615F + 2.61 1.39%° + 0.04  0.21°%2 + 0.01
Run 2 21.524%0 £ 1.52 248%" £ 028  0.28 + 0.01
Run 3 1957540 £ 044 125 £ 0.54  0.09* + 0.00
Run 4 14.28* + 0.95 2.42%¢ + 079 02157 + 0.00
Run 5 22.76F + 4.06 1.12* + 0.05 0.22 8" £ 0.01
Run 6 16.60%%° + 3.56  1.71*%° £ 0.08 0.15°>° + 0.00
Run 7 19.28%4f £ 058  1.81™° £ 0.28  0.31 % £ 0.00
Run 8 19.35%%¢0 + 0,65 1.66%>° + 0.13 031 % + 0.01
Run 9 15.00%° + 0.07 1.99%¢ £ 0.00  0.19¢ £ 0.00
Run 10  22.68% + 2.68 1.29%° + 0.06  0.22%¢ + 0.01
Run 11 20.379%f+1.53 2.81° + 0.05 0.21%¢ + 0.00
Run 12 16.45%>+2.68 2.94° + 0.59 0.31 % £ 0.00
Run 13 19.13%%¢f + 0.58 1.38%° + 0.05 0.23 " + 0.00
Run 14  26.67 % + 0.29 3.88" + 0.26 0.25' + 0.00
Run 15  18.05%%+1.09  3.79" + 0.35 0.31 % + 0.00
Run 16  18.99%¢ + 352  1.15* + 0.18 0.23 ¢ + 0.01

Values are mean of three replicates + standard deviation and
means with different letters are significantly different at P < 0.05
(column). Where, «OH - hydroxyl radical scavenging activity,
DPPH - 1, 1- diphenyl-2-picryhydrazyl, FRAP — Ferric reducing
activity.

90%. Considered the various prediction points on the 3D
graph, when the OH scavenging ability of the candies are
24.38, 20.74 and 18.20%, the predicted samples used are
90.36% of A, 0.11% of B and 9.53% of C; 90.18% of A,
9.62% of B and 0.20% of C; 97.99% of A, 1.07% of B and
0.94% of C respectively.

OH = 19.50A + 19.29B + 26.54C + 13.69AB — 16.36AC
—23.00BC — 114.87ABC — 24.13AB(A — B)
+12.91AC(A — C) + 64.21BC(B — C) (8)

Results obtained for the DPPH activity had experimental
run 5 having the lowest value (1.123%) and experimental
run 14 the highest value (3.88%). From the response surface
analysis, cubic-model and the model terms [linear mixture,
AC, AB(A-B) and BC(B-C)] had a significant relationship,
while the model terms [AB, BC, ABC, and AC(A-C)] were
insignificant, as presented by the ANOVA. The regression
equation expressing the relationship between DPPH scaveng-
ing assay and model terms is shown in Eq. (9). The closeness
between R? (0.9605) and adjusted R? (0.9012) and their near-
ness to 1, is a suggestion of a significant model and good for-
mulation, respectively. The effect of acid-thinned starch, date
palm, and tamarind on the DPPH scavenging assay of the
candy produced is shown by the 3D plot presented in
Fig. 3b. The result from the 3D graph shows that the DPPH
scavenging assay of the candy products increases with increas-
ing variable B (date palm) and C (tamarind) from 0 to 10%
while decreasing variable A (starch) from 100 to 90%. Given
consideration to the different prediction points on the 3D

graph, when the DPPH scavenging assay of the candies is
2.98, 3.24, 1.31 and 1.28%, the predicted samples used were
91.02% of A, 4.86% of B, 4.12% of C; 90.24% of A, 0.48%
of B, 9.28% of C; 92.74% of A, 6.46% of B, 0.80% of C;
and 99.64% of A, 0.14% of B, 0.22% of C respectively.

DPPH SA = 1.27A + 1.74B + 3.92C — 1.03AB
— 5.35AC +2.25BC + 8.14ABC
+ 12.66AB(A — B) — 4.67AC(A — C)
+15.16BC(B - C) 9)

The FRAP values obtained for the different processed
products of the candy are presented in Table 4, which shows
variation from 0.095 to 0.313 mg/mL, with experimental run
7 recording the highest FRAP value and experimental run 3
the least. The least value recorded for the experimental run 3
may be attributed to the non-inclusion of fruit pulps (date
palm and tamarind) in its formulation. From the response sur-
face analysis, the ANOVA revealed that the special quartic-
model and the model terms [linear mixture and AC] were sig-
nificant (p < 0.05) except for the following model terms [AB,
BC, A’BC, AB?C, and ABC?]. The R? (0.9162) and adjusted
R? (0.8205) are close to 1, suggesting a good formulation.
The 3D plot, presented in Fig. 3¢ shows that the ferric reducing
ability of the candy products increases with increasing variable
B (date palm) and C (tamarind) from 0 to 10% while decreas-
ing variable A (starch) from 100 to 90%. Considering the dif-
ferent prediction points on the 3D graph, when the ferric
reducing ability of the candies are 0.23, 0.21, and 0.13 mg/
mL, the predicted samples used are 90.93% of A, 0.06% of
B, 9.01% of C; 92.53% of A, 1.30% of B, 6.17% of C; and
99.10% of A, 0.09% of B, 0.81% of C, respectively. The
regression equation expressing the relationship of the term
coefficients with the FRAP is expressed in Eq. (10).

FRAP = 0.098A + 0.31B + 0.22C + 0.050AB
+0.24AC 4 0.097BC — 3.01A’BC
+0.57AB*C — 2.29ABC? (10)

4. Conclusion

This research is focused on the production of health-
promoting candies by utilizing the nutraceutical potentials of
date palm and tamarind. The results indicate that candies pro-
duced have an appreciably high amount of crude fiber, soluble
sugar, titrable acidity, vitamin C, phytochemicals, and antiox-
idant activities. The high content of crude fibre of the candies
indicates that its consumption could help in the digestion pro-
cess and the overall bowel health. The low values recorded for
the pH of the candies could help to improve the firmness of the
candies. The candies could be a good energy source because of
its high soluble sugar. Obtained results also signify that the
candies have considerable antioxidant activities, which would
be useful in fighting oxidative stress.
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