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Abstract

In C&e d'lvoire, 90% of cashew apples are currently wasted and converting them into fruit leather is a promising sustainable
valorization strategy. This study focuses on developing cashew apple leather puree blends and evaluating the impact of
cooking before drying on their characteristics. Starting with a base puree of cashew apple and mango (CMP), five formulations
of leather puree were developed: F1 (CM, plain), F2 (CM-roselle), F3 (CM-tamarind), F4 (CM-baobab) and F5 (CM-ginger).
Moisture content (68.95+40.66-73.9140.08%), pH (3.1940.01-3.26+0.03), Total soluble solids (24.3440.03-24.7440.02 Brix)
and titratable acidity (0.9240.02-1.6440.02%) varied across the formulated leather purees. Both F2 and F4 exhibited the
highest total phenolic content, with F2 exhibiting the highest flavonoids and F4 the highest tannin content. The fresh purees
of F2 and F1 were richer in carotenoids and vitamin C, respectively, and that of F2 exhibited the highest antioxidant activity.
Significant variations in all evaluated parameters (on a dry weight basis) were observed when freshly formulated leather
purees were cooked at 80 T for 14 minutes in an open stainless-steel pan. In terms of phytochemical content and antioxidant
activity, F4 and F5 showed the greatest decrease at all levels. Only F2 showed an increase in tannins. However, carotenoids,
tannins, and antioxidant activity increased in F1, only the last two increased in F3. This study showed that formulating cashew
apple puree blends for leather production is an effective way to produce functional snacks. However, the cooking step before
drying must be customized because each blend reacts differently to heat.
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1. Introduction

In C&e d'lvoire, cashew cultivation covers almost 1.6 mil-
lion hectares with over 500,000 farming households, primarily
located in the north of the country, being involved in this ac-
tivity. Cote d’Ivoire is the world’s leading producer of cashew
(Anacardium occidentale L.), with an annual output of over
1.2 million tons of raw nuts. However, the production of
cashew apples, which typically weigh 9-10 times more than
the nut itself [1], remains unexploited, resulting in significant
waste. The transformation of cashew apples into valuable
products has attracted the attention of researchers [1, 2].

Another fruit from the north, mango (Mangifera indica L.),
is the third-largest export product after cotton and cashew nuts
[3]. Domestic production is estimated at 135,000 tons, and
around 25% of which is exported. As with cashew apples, sig-
nificant post-harvest losses also occur in the mango supply
chain due to the fruit's high perishability and inadequate pro-
cessing and handling [4].

Production of fruit leather from underutilized and perisha-
ble fruits is a novel preservation technique that has proven to
be an efficient means of making the most of these fruits [5].
Fruit leather is a dried sheet of fruit pulp with a soft, rubbery
texture. It is obtained by dehydrating fruit puree [6]. Its for-
mulation depends on the type of fruit used, as variations in
acid, sugar and pectin content affect the quality of the final
product [7]. Recent studies have reported on the potential of
cashew apple fruit for use in producing fruit leather.
Arinzechukwu and Nkama [8] made cashew fruit bars with a
blend of ripe banana and cashew apple puree at ratios of 90:10,
80:20, 70:30, 60:40 and 50:50. Sensory scores showed that all
samples were well accepted. Niveditha et al. [9] found that
leather was more acceptable when cashew puree was mixed at
a ratio of 50:50 with either pineapple or orange. And, regard-
ing mango, some recent publications on leather production in-
clude studies by Kuria et al. [10] and Sarkar et al. [11].

The potential for producing innovative and functional fruit
leathers by mixing cashew apple with mango and blending the
resulting puree with roselle calyces, tamarind, baobab or gin-
ger has not yet been explored. These ingredients were chosen
due to their reported use in jam and fruit leather production,
as well as their well-known health-promoting properties. Red
roselle calyces (Hibiscus sabdariffa) are a rich source of vita-
min C, minerals, organic acids, fibers and bioactive com-
pounds. They have been successfully used in the production
of various foods, including pineapple roselle leather [12], ro-
selle-fig bars [13]. Tamarind fruits (Tamarindus indica L.) are
a good source of nutriment and have been used to produce
tamarind date leather [14], tamarind jam with pepper [15] and
tamarind leather containing jaggery [16]. The baobab fruit
(Adansonia digitata L.) is an excellent source of organic acids,
water-soluble pectin, calcium, iron and vitamin C. It has been
used to make baobab pineapple and baobab fruit jams [17, 18].
Ginger (Zingiber officinale) contains several antioxidant com-
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pounds, including zingerone, gingerdiol, zingiberene, gin-
gerols and shogaols. Its essential oil and oleoresin exhibit sig-
nificant antioxidant and antimicrobial properties [19]. Ginger
has been used in leather production [20] and as a natural pre-
servative in carrot and mandarin blended jam [21].

In leather making, the processing methods generally affect
the quality of final product [22]. The leather puree or blend
can be cooked or left uncooked before spreading and drying.
Al-Hinai et al. [14], Arinzechukwu & Nkama [8] and Sarkar
et al. [11] dried the leather puree without cooking. However,
in other studies, it was heated at 70<C for 5 min [10], to 70-
80 <C until thickened [23], at 92 <C for 2 min [16], or boiled [9,
20, 24]. Nevertheless, literature lacks data on the impact of
heat treatment on puree characteristics prior to drying into
leathers. The cooking effects on pH, titratable acidity, and to-
tal soluble solids were only reported by Concha-Meyer et al.
[25] for strawberry and kiwi fruit leather purees.

This study focuses on developing cashew apple leather pu-
rees blended with mango, roselle, tamarind, baobab and gin-
ger. The goal of this mixing is to improve the nutritional, func-
tional, and sensory aspects of the cashew apple fruit leather
while promoting the sustainable use of by-products and un-
derutilized resources. Additionally, the study evaluated the
impact of cooking prior to drying on the physicochemical,
phytochemical, and antioxidant properties of the formulated
cashew apple leather puree blends.

2. Material and Methods

2.1. Preparation of Ingredients and
Development of Formulations

2.1.1. Collection and Treatment of Ingredients

Figure 1 presents the ingredients used in the formulation of
the cashew apple leather puree blends. Depending on the
blending method, leather purees of various colors and flavors
were developed. The cashew fruits (Anacardium occidentale
L.) were collected from an orchard in Logbokaha, situated at
25 Km from korhogo (North of Cote d’Ivoire) during the peak
season in 2025. After sorting, washing, disinfecting and de-
seeded, cashew apples were steam-blanched for 20 min,
peeled [26] and kept at — 50<C (ProfiLine Pegasus freezer,
Model PLPE6286, Neo-Tech, Belgique). The mango fruits
(Mangifera indica, var. Kent) and all the other ingredients
used were purchased from the market. Mango fruits were
washed and disinfected, and the peel and pulp were collected
and stored at — 50<C. Dried roselle calyces (Hibiscus sabdar-
iffa) were washed and blanched at 70<C for 10 minutes [16]
after addition of water (1:2 w/w) [24] and then pureed using a
food processor with Auto 1Q (Ninja 3 in 1). Tamarind fruits
(Tamarindus indica L.) were soaked in hot water (1:2 w/w)
for six hours, after which the pulp was extracted by filtering
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[16]. Baobab (Adansonia digitata) powder was mixed with
hot water (1:2 w/w) to make a paste. Fresh ginger (Zingiber
officinale) was washed, peeled, steam blanched for 20 minutes
[12] and then pureed after addition of 30% water [20]. Lemons
were washed, disinfected and squeezed to obtain the juice.

2.1.2. Base Puree and Cashew Apple Puree Blend
Formulations

The mango puree (MP), consisting of 80% pulp and 20%
peel [27], and cashew apple puree (CP) were blended at a ratio
of 50:50 [28] to obtain the base puree (CMP). Table 1 shows
the composition of the formulated cashew apple puree blends.
Formulation 1 was plain, made only with CMP. Formulations
2, 3 and 4 were prepared by mixing CMP at a ratio of 3:1 (w/w)
[24] respectively with roselle calyces, tamarind and baobab

Cashew apple

pastes. Formulation 5 was made by mixing 7% (w/w) ginger
paste with CMP [29]. The initial pH and total soluble solids
(TSS) of the obtained smooth purees were checked and ad-
justed, using lemon juice (or sodium bicarbonate) and honey
respectively.

2.1.3. Cooking the Cashew Apple Leather Puree
Blends

Before cooking, each of the formulated purees were divided
into 2 equal parts. One was kept as control, and the other one
was poured into an open stainless-steel pan and heated to 80C
under continuous stirring within 14 minutes [23]. The fresh
and cooked purees were all kept at —-50<C until needed for
analysis.

F1 F2 F3

Fa4 F5

Figure 1. Cashew apple fruits, mango fruits, cashew apple and mango fruit puree (CMP, base puree), F1: Cashew-mango leather puree (CM),
F2: CM-roselle leather puree, F3: CM-tamarind leather puree, F4: CM-baobab leather puree, F5: CM-ginger leather puree.

2.2. Physicochemical Analysis

2.2.1. Moisture Determination

Moisture content was determined at 105<C (Memmert oven,
Neo-Tech, Belgique) by drying 5 g of purees for 18 hours [14].

2.2.2. pH, Titratable Acidity and Total Soluble
Solids Determination
Ten grams of sample were diluted in 50 mL of cold deion-

ized water, stirred at room temperature for 30 minutes and
then filtered using a nylon cloth [30]. The pH was measured
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with a Hanna pH meter (HI991001, Romania). TSS was de-
termined using a handheld standardized ATC refractometer
(0-90% Brix, Model RFO07BX). Titratable acidity (TA) was

w

__ EW.of acid x Titer X N of NaOH x diluted volume x 100

determined by titrating with 0.1 N NaOH until the pH reached
8.1. TA, as a percentage of citric acid, was calculated accord-
ing to equation (1):

A (5%)

E.W = Equivalent weight of the citric acid

1000 X aliquot taken x weight of sample

@)

Table 1. Formulation of cashew apple puree blends (g/100 g).

Ingredients F1 F2
CMP (base puree) 63.70 59.37
Roselle paste - 19.79
Tamarind paste - -
Baobab paste - -
Ginger paste - -
Initial TSS (Brix) 16 12
Initial pH 4.10 3.01
Adjustment of TSS to 25 Brix?

Honey 21.15 20.81
Adjustment of pH to 3.2°

Lemon juice 15.15 -

S. bicarbonate - 0.03

F3 F4 F5
56.79 52.68 58.24
18.93 - -

- 17.56 -

) ; 4.38
16 20 14
3.09 3.48 4.16
24.26 18.00 21.24
- 11.76 16.14
0.02 - -

CMP: Cashew apple mango puree, TSS: Total soluble solids, S: Sodium, F1: Cashew-mango leather puree, F2: CM-roselle leather puree, F3:
CM-tamarind leather puree, F4: CM-baobab leather puree and F5: CM-ginger leather puree, a: [7], b: [24].

2.3. Total Polyphenolics, Total Flavonoids,
Tannins and Antioxidant Analysis

Samples were mixed with 70% methanol [10] and kept at
room temperature away from light for 12 hours [31]. After fil-
tration, the final volume was raised to 50 mL with the solvent
and then stored at -20<C. TPC was analyzed according to [31],
with some modifications. Briefly, extract (1 mL) was mixed
with Folin-Ciocalteu’s phenol reagent (1 mL) followed by 20%
(w/w) sodium carbonate solution (1 mL) and kept for 1 h at
room temperature away from light. Reading was done at 765
nm, and results were expressed as mg of gallic acid equivalents
(GAE) per g of sample. Flavonoids were analyzed according to
Shraim et al. [32] and expressed as mg of quercetin equivalent
(QE) per g of sample. To 1 ml of the extract, 0.5 mL of 10%
AICI3 and 0.5 mL of 1 M sodium acetate were added. The mix-
ture was kept at room temperature away from light for 30 min
before reading at 415 nm. Tannins was determined with a mod-
ified method of Ayalew & Emire [33]. Extract (0.5 mL) was
mixed with 1% (w/v) vanillin solution (2.5 mL) and incubated
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for 30 min in the dark. Absorbance was read at 500 nm, and
results were expressed as mg of tannic acid equivalent (TAE)
per g of sample. Antioxidant analysis was determined using
DPPH solution following the modified method of Alam et al.
[5]. Extract (100 L) was mixed with 0.1 mM DPPH solution
(3 mL) and kept in the dark at room temperature for 1 h. Ab-
sorbance of control sample, prepared by mixing the extracting
solvent with DPPH solution, was taken immediately after prep-
aration at 517 nm. The extracting solvent (70% aqueous meth-
anol) was used as a blank. The DPPH scavenging activity was
calculated based on equation (2):

Antioxidant capacity (%) = % x 100

)
A is the absorbance of the DPPH solution (control) and Ao

is the absorbance of the DPPH solution after reacting with the
sample.

2.4. Carotenoids Analysis

Puree samples (10 g) were mixed with 85% acetone (30 mL)
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in an aluminum-foil-covered bottle and left to stand for 15
hours at room temperature [34]. After centrifugation at 4,500
rpm for 1 minute (Sigma, Model 3-16L, Germany) superna-
tant was transferred to a 100 mL volume flask, topped up with
85% acetone before being analyzed at wavelengths of 662,
644, and 440 nm with a spectrophotometer (Drawell UV-VIS
Model DU-8800RS, Shanghai). The crude pigment content
(mg/L) was calculated as follows:

Chlorophyll a =9.784 X Agg —0.990 X Aguy (3)

Chlorophyll b = 21426 X Aguy —4.650 X Agea
(4)

Chlorophyll a+b =5134 X Agg +20.436 X Aguy (5)
Carotenoids = 4.695 X Auu— 0268 X (a+b) (6)

A = absorbency at corresponding wavelength, the values
9.784, 0.990, 21.426, 4.650 and 0.288 are the molar absorp-
tivity coefficient for acetone. Conversion of carotenoid con-
tent in mg/L to mg/g FW was done based on equation (7).

C (%) — Ccaro X V

- (7)

C = carotenoid content of the sample (Fresh weight), Ccaro
= concentration of carotenoids (mg/L) calculated in equation
(6), V = final volume of the extract (mL), and m = weight of
fresh sample used (g).

2.5. Vitamin C Analysis

Vitamin C was determined by titration with 2,6-dichloro-
phenol indophenol (DCPIP), according to a modified method
of Nielsen [35]. The sample (10 g) was mixed with 50 mL of
3% (w/v) metaphosphoric acid solution (HPOs), transferred to
a 100 mL volumetric flask and topped up with same solvent
to the 100 mL mark. The mixture was then filtered through a
muslin cloth and 5 mL of the filtrate was titrated. To standard-
ize the dye, 5 mL of a 0.1 mg/mL standard ascorbic acid solu-
tion was mixed with 5 mL of metaphosphoric acid. The mix-
ture was then titrated with DCPIP until a faint pink color ap-
peared and remained visible for 15 seconds. The vitamin C
content of the sample was calculated on a fresh weight basis
using equation (8) and then converted to a dry weight basis
using equation (9).

[ i .5
Vitamin € (—2—) = 05 X V5 X V¢ X 100 @®)
100g FW Vx Vi x W
vit ¢ (2L Fw)x 100
Vitamin C ( mg ) = (1oojq ) ©)
100g DW 100 — % Moisture content

0.5 = mg of ascorbic acid contained in 5 mL of the standard
solution used for titration, V = volume of the dye solution re-
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quired to titrate the standard solution, V1 = volume of the sam-
ple extract used for dye titration, V2 = volume of dye required
to titrate the sample, W = weight of the sample used for ex-
traction with HPOgz solution, V; = final volume of the sample
made up with HPO3 solution.

2.6. Statistical Analysis

IBM SPSS Statistics Version 22 software was used for data
analysis. All data are expressed as the mean values *standard
deviation and significant differences between means were de-
termined using the Tukey test (p < 0.05).

3. Results

3.1. Physicochemical Analysis

3.1.1. Moisture Content

The moisture content of all the formulated fresh leather pu-
rees (FP) ranged from 68.95 +0.66% to 73.91 +0.08%, and
FP-F1 showed the highest moisture content (p < 0.05). A
lower moisture content was observed in the leather purees
when the base puree (CMP) was blended with flavoring pu-
rees made from roselle, tamarind, baobab and ginger. Of these,
the FP of F3 (CM-tamarind) had the lowest moisture content
(Table 2). In addition, the moisture content of the leather pu-
rees was significantly affected by the cooking process, with
F3 having the lowest content. CP-F1 and CP-F2 moisture con-
tents were not statistically significant nor were that of CP-F4
and CP-F5. Moreover, the moisture content of each formula-
tion varied significantly (p < 0.05) between the FP and CP
ones. Heating the formulated leather purees to a temperature
of 80T for 14 minutes in an open pan resulted in water losses
of 6.99%, 1.47%, 6.92%, 3.21% and 5.23% for F1, F2, F3, F4
and F5, respectively.

Table 2. Moisture content of formulated fresh and cooked purees.

Moisture (%)
Formulations

FP cP
F1 73.91 +0.08%A 68.74 +0.56%8
F2 70.46 +0.340cA 69.43 +0.1428
F3 68.95 0,664 64.16 +0.18°8
F4 70.10 +0.38°A 67.85 0,248
F5 71.17 +£0.06°A 67.45 0,058

For each parameter, numbers followed by the same letter in the same
column (a, b, ) or row (A, B, C) are not significantly different based
on Tukey's test 5%. FP: Fresh puree, CP: Cooked puree, F1: Cashew
apple-mango (CM) leather puree, F2: CM-roselle leather puree, F3:
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CM-tamarind leather puree, F4: CM-baobab leather puree, F5: CM-
ginger leather puree.

3.1.2. pH

Table 3. pH of the formulated fresh and cooked leather purees.

pH
Formulations

FP cP
F1 3.19 +0.010B 3.23 +0.009A
F2 3.24 +0.002A 3.23 +£0.0194
F3 3.26 +0.03*B 3.33 +0.002A
F4 3.25 +0.0128 3.31 +0.010A
F5 3.20 +0.01bB 3.28 +0.00%A

For each parameter, numbers followed by the same letter in the same
column (a, b, ¢) or row (A, B, C) are not significantly different based
on Tukey's test 5%. FP: Fresh puree, CP: Cooked puree, F1: Cashew
apple-mango (CM) leather puree, F2: CM-roselle leather puree, F3:
CM-tamarind leather puree, F4: CM-baobab leather puree, F5: CM-
ginger leather puree.

The initial pH of CMP was 4.10, which corresponded to the
initial pH value of the F1 fresh leather puree. Blending CMP

with flavorings produced initial pH values of 3.01, 3.09, 3.48
and 4.16 for F2, F3, F4 and F5 fresh leather purees, respec-
tively (Table 1). Adjusting the pH using lemon juice or so-
dium bicarbonate produced values of 3.19, 3.24, 3.26, 3.25
and 3.20 for the FP of F1 to F5, respectively (Table 3). The
FP of F1 and F5 had significantly lower pH values than the
others. Additionally, the pH of the leather purees was signifi-
cantly affected by the cooking process (p < 0.05). CP-F1 and
CP-F2 exhibited the lowest pH value (3.23) while CP-F3
showed the highest (3.3). Furthermore, the CP pH value was
significantly higher than the FP pH value for each formulation
except for F2.

3.1.3. TSS

TSS of the base puree (CMP) was 16 Brix, which corre-
sponded to the initial TSS of the FP of F1. After blending
CMP with each flavoring, the initial TSS values obtained for
the FP of F2, F3, F4 and F5 were 12, 16, 20 and 14 Brix,
respectively (Table 1). Adding honey to each of the FP re-
sulted in TSS values ranging from 24.34 £0.03 to 24.74 +
0.02 Brix (Table 4). These values differed statistically (p <
0.05) with FP-F4 having the highest value, followed by FP-F1.
The cooking process significantly affected the TSS content of
all formulated leather purees (p < 0.05). The lowest TSS value
was observed for CP-F3 while the values for CP-F1 and CP-
F4 were not statistically different, nor were those for CP-F2
and CP-F5. For each formulation, the TSS values of the for-
mulated FP and their corresponding CP were not found to be
statistically different (p > 0.05).

Table 4. Total Soluble Solids (TSS) and Titratable Acidity (TA) of the formulated fresh and cooked leather purees.

TA (% citric acid)

TSS (°Brix)
Formulations

FP CP
F1 24.62 +0.020A 24.68 +0.022A
F2 24.39 +0.02¢0A 24.41 +0.010A
F3 24.34 +0.039A 24.29 +0.02¢A
F4 24.74 +0.022A 24.71 £0.022A
F5 24.43 £0.02¢A 24.42 +0.010A

FP cp

1.61 0.022A 1.42 +0.0208
0.92 +0,020A 0.86 +0.02¢8
0.98 +0.02¢8 1.03 +0.02¢A
1.64 +0.0228 1.70 +0.023A
1.48 +0.01°A 1.40 +0.020A

For each parameter, numbers followed by the same letter in the same column (a, b, c) or row (A, B, C) are not significantly different based on
Tukey's test 5%. TSS: Total soluble solids, TA: Titratable acidity, FP: Fresh puree, CP: Cooked puree, F1: Cashew apple-mango (CM) leather
puree, F2: CM-roselle leather puree, F3: CM-tamarind leather puree, F4: CM-baobab leather puree, F5: CM-ginger leather puree.

3.14. TA

TA (% citric acid) of the formulated leather purees
ranged from 0.92 +0.02% to 1.64 £0.02% and were statis-
tically different (p < 0.05) (Table 2). Highest TA values
were observed for the FP-F1 and FP-F4, while FP-F2 and
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FP-F3 values were low. After cooking significant differ-
ence (p < 0.05) was observed between the TA values of CP-
F1 and CP-F5. For each formulation, TA value of the FP
and their corresponding CP differed significantly (p < 0.05),
except for F5.
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3.2. Phytochemical Content and Antioxidant
Activity

3.2.1. Total Polyphenolics
Table 5 shows that TPC of all formulated FP varied significantly

and ranged from 1.48 +0.04 to 2.18 +0.19 mg GAE/g on a fresh
weight basis. Among all the formulated fresh leather purees, TPC
was higher in F2 and F4 as compared to F1, F3, and F5. A similar
trend in TPC was also observed in the purees after the cooking pro-
cess. Furthermore, no significant variation was observed when the
TPC of the FP and CP were compared for each of the formulations.

Table 5. Total phenolics and flavonoids of the formulated fresh and cooked leather purees.

TPC (mg GAE/g FW)
Formulations

TFC (mg QE/g FW)

FP cP

F1 1.52 +0.030A 1.57 +0.03bA
F2 2.18 +£0.19A 2.00 +0.032A
F3 1.55 +0.020A 1.48 +0.020A
F4 1.96 +0.19%A 1.86 +0.112A
F5 1.48 +0.045A 1.42 +0.06°A

FP cP

0.99 0.08°A 0.31 0.06°8
2.34 +0.022A 1.83 +0.1928
1.25 +0.115A 0.26 +0.0758
1.12 +0.11bcA 0.31 +0.07°8
1.17 +0.06bcA 0.36 0.1208

For each parameter, numbers followed by the same letter in the same column (a, b, c) or row (A, B, C) are not significantly different based on
Tukey's test 5%. TPC: Total phenolic content, TFC: Total flavonoids content, GAE: Gallic acid equivalents, QE: Quercetin equivalents, FP:
Fresh puree, CP: Cooked puree, F1: Cashew apple mango (CM) leather puree, F2: CM-roselle leather puree, F3: CM-tamarind leather puree,

F4: CM-baobab leather puree, F5: CM-ginger leather puree.

3.2.2. Total Flavonoids

TFC content of all formulated FP differed significantly. The
highest TFC was found in the FP of F2 (2.34 +0.02 mg QE/g
fresh puree) while for F3, the TFC of the FP was similar to
that of the F4 and F5 purees, but different to the F1 puree.
(Table 5). The TFC of each formulation was significantly re-
duced by heating the fresh purees.

3.2.3. Tannin Content

All the added flavorings may contain a high level of tannins,
as reflected by the elevated levels found in the FP of F2-F5
(Table 6). Moreover, significant variation in tannin contents
was observed between all formulated FP. The highest content
was observed in F4 (354.31 +2.03 mg TAE/g) and the lowest
in F1 (228.33 +£3.43.mg TAE/g). With values expressed in
fresh weigh basis, an increase in tannin content of formulated
FP and their corresponding CP was observed after the cooking.

Table 6. Tannin and carotenoid content of formulated fresh and cooked leather purees.

Tannins (mg TAE/g FW)
Formulations

Carotenoids (lg/g FW)

FP CP

F1 228.33 +3.43%8 306.94 +0.73°A
F2 307.42 +3.13%8 384.63 £1.492A
F3 298.24 +2.8848 358.02 £1.27°A
F4 354.31 +2.038 370.81 £5.89bA
F5 321.19 +3.1208 329.97 +£2.16%A

FP CP

4.88 +0.12¢8 6.87 +0.019A
19.22 40.03*A 16.75 +0.3228
7.18 0,078 8.12 +£0.06°A
6.61 £0.20%A 6.65 £0.13%A
8.21 40.220A 7.56 0.22¢B

For each parameter, numbers followed by the same letter in the same column (a, b, c) or row (A, B, C) are not significantly different based on
Tukey's test 5%. TAE: Tannic acid equivalents, FW: Fresh weigh, FP: Fresh puree, CP: Cooked puree, F1: Cashew apple-mango (CM) leather
puree, F2: CM-roselle leather puree, F3: CM-tamarind leather puree, F4: CM-baobab leather puree, F5: CM-ginger leather puree.
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3.2.4. Carotenoid Content

Differences in the carotenoid content were observed be-
tween all the formulated fresh purees. Values ranged from
4.88 £0.12 to 19.22 £0.03 Lg/g FW and varied significantly
(Table 6). The fresh puree of F2 exhibited the highest carote-
noid content while F1 the least. The cooking process signifi-
cantly affected the carotenoid content of all the formulated pu-
rees, and a higher content was observed in F2. Contents in CP-
F1 and CP-F4 were the lowest and did not differ statistically.
When comparing the content of the formulated FP and their
corresponding CP on a fresh weight basis, increases were ob-
served for the leather purees of F4, F3 and F1, while a de-
crease was noticed for the leather purees of F5 and F2.

3.2.5. Vitamin C

Vitamin C content varied from 110.10 +0.63 to 165.51 +
0.51 mg/100 g of fresh puree (Table 7). The highest content
was observed in F1 and the lowest in F3. No significant dif-
ference was observed in F4 and F5 samples. The cooking of
the purees affected their vitamin C content. CP-F2 exhibited
the highest content and CP-F5 the lowest. Furthermore, vita-
min C content of CP was consistently higher than that of FP

across all formulations. Figure 2 shows that vitamin C reten-
tion after cooking is more than 80% for each of the formulated
leather puree blends.
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Figure 2. Percentage retention of vitamin C. It was calculated as the
ratio of vitamin C in the CP (DW) to the FP (DW) x 100. F1:
Cashew-mango (CM) leather puree, F2: CM-roselle leather puree,
F3: CM-tamarind leather puree, F4: CM-baobab leather puree, F5:
CM-ginger leather puree.

Table 7. Vitamin C and antioxidant activity of formulated fresh and cooked leather purees.

Vitamin C (mg/100 g FW)
Formulations

Antioxidant activity (%DPPH inhibition)

FP cp

F1 165.51 +0.5128 175.68 £0.01°A
F2 163.05 40,098 182.68 +0.95%A
F3 110.10 +0.63¢8 177.15 +0.07>A
F4 142.39 +0.06°8 173.57 +0.06%A
F5 142,92 +0.13¢8 162.80 +0.06°A

FP cp
11.12 +3.85¢8 26.79 +5.120A
35.67 +2.56%A 29.30 +2.03:8
20.21 +5.96%8 26.28 +1.550A

27.32 £1.380A
25.25 +2.60°A

26.11 +5.60°B
23.23 £5.96°8

For each parameter, numbers followed by the same letter in the same column (a, b, c) or row (A, B, C) are not significantly different based on
Tukey's test 5%. FW: Fresh weight, FP: Fresh puree, CP: Cooked puree, F1: Cashew apple-mango (CM) leather puree, F2: CM-roselle leather
puree, F3: CM-tamarind leather puree, F4: CM-baobab leather puree, F5: CM-ginger leather puree.

3.2.6. Antioxidant Activity

The DPPH inhibition activity values of the formulated fresh
purees ranged from 11.12 +3.85% to 35.67 +2.56%, and val-
ues were statistically different. Highest inhibition activity was
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observed with the FP of F2 and the lowest with the FP of F1.
The cooking step significantly affected the DPPH inhibition
activity of all the purees (p < 0.05) (Table 7). Moreover, when
the antioxidant activity of the FP and CP of each formulation
were compared, an increase was observed for F1 and F3, and
a decrease for F2, F4 and F5.
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Table 8. A recapitulation of the percentage variations in phytochemical parameters (based on dry weight) and antioxidant activity after cooking.

Parameters (%ovariation) F1 F2

TPC -14.29 -11.23 (NS)
TFC -74.22 -24.18
Tannin 12.19 20.90
Carotenoids 17.33 -15.82

AA 141.8 -21.74

F3 F4 F5
-17.43 -11.63 (NS) -15.09
-88.54 -74.43 -72.91
4.00 -2.67 -9.01
-2.04 -6.45 -18.44
30.11 -4.42 -7.98

TPC: Total phenolic content, TFC: Total flavonoids content, AA: Antioxidant activity, F1: Cashew-mango leather puree, F2: CM-roselle
leather puree, F3: CM-tamarind leather puree, F4: CM-baobab leather puree and F5: CM-ginger leather puree, NS: difference between FP and

CP content is not significant.

3.2.7. Recapitulation of the Impact of the Heating
Process on the Phytochemical Content of Each
of the Formulated Cashew Apple Leather
Puree Blends

This study involved formulating cashew apple puree
blends for leather production. Depending on the formulation
type, heating the fresh purees significantly impacted the phy-
tochemical content (Table 8). Cooking each formulated
leather puree resulted inareduction in TPC in F1, F3 and F5,
TFC in all purees, tannins in F4 and F5, carotenoids in F2,
F3, F4 and F5, and AA in F2, F4 and F5. However, no sig-
nificant variation in TPC was observed after cooking for F2
and F4. An increase in Tannins was noticed for F1, F2 and
F3 purees, an increase in carotenoids was noticed for F1, and
an increase in AA was also noticed for F1 and F3 purees.
Overall, F1 was least affected by the heating process, as re-
flected by its higher antioxidant activity. The fresh leather
purees F4 (CM-baobab) and F5 (CM-ginger) were the most
affected by the heating process. Therefore, it can be stated
that cooking the cashew apple blend before drying, a com-
mon step taken to ensure safety and improve texture, signif-
icantly altered the chemical composition of the resulting pu-
rees.

4. Discussion

4.1. Moisture Content

During the formulation process, the base puree (CMP) was
prepared by blending cashew apple and mango purees at a ra-
tio of 50:50, as this combination received the higher overall
acceptability for cashew apple-mango jam [28] and cashew
apple-pineapple leather [9]. Here, all the formulated FP con-
tained CMP in various proportions, with the highest level
found in FP-F1 (with no added flavorings). Mango pulp and
cashew apples are naturally high in water [9, 36], which, when
combined with lemon juice and honey, contributed to the high
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moisture level of the FP-F1. The low water loss percentage in
the F2 and F4 leather purees is probably because the flavor-
ings used in their formulations (roselle and baobab pastes, re-
spectively) had a much denser consistency than those used in
the other samples and probably because less free water was
available for evaporation due to high pectin content of these
pastes [37, 38].

4.2. pH of the Purees

In this study, the cashew apple puree had a pH of 4.3 £0.01
and was within the range reported by Adou et al. [39] (4.37-
4.5). The pH value of the mango puree was 3.98 £0.02 and
was within the range reported by Anon et al. [40] (3.38-4.42).
The reduced pH values observed for the F2 (CM-roselle), F3
(CM-tamarind), and F4 (CM-baobab) flavored FP was proba-
bly due to the more acidic nature of the flavorings used in
these formulations [16, 18, 41]. Aslam et al. [13] also reported
a reduction in the pH of roselle formulations during the pro-
duction of fruit leather and bars. For F5, the pH of the flavored
FP increased slightly to 4.16, probably because ginger is less
acidic than the other flavorings [42]. To ensure proper gel for-
mation during the drying process of the purees, firstly, the pec-
tin content of the mango puree was improved by adding
mango peel at a ratio of 80:20 [27]. Secondly, the initial pH of
all formulations was adjusted to 3.2 to create favorable condi-
tions for pectin gelation and thereby improving the texture of
the dried product [24]. The variability observed in the adjusted
pH values (Table 2) was most likely caused by experimental
errors. This is because the pH of the formulations was manu-
ally adjusted and checked every 30 minutes after the addition
of lemon juice or sodium bicarbonate, following the method
described by Tangpao et al. [30]. The cooking process in-
creased the pH value of the F1, F3, F4 and F5 leather purees,
and this is probably due to the breakdown of heat-sensitive
and soluble acids, the reduction of active carboxylic groups in
proteins, and the release of calcium and magnesium ions from
proteins [43].
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4.3. TSS Content

Blending CMP with roselle and ginger pastes resulted in a
decrease in the TSS value of the FP of F2 and F5. This is prob-
ably due to the dilution effect, given that roselle and ginger
have a low sugar content [13, 20]. Conversely, when CMP
was blended with baobab paste, the TSS content of the formu-
lated leather puree (F4) increased, probably due to the high
sugar content of the baobab powder [18]. Anand et al. [44]
stated that, in order to make the final leather products more
appealing to customers who prefer sweeter foods, the purees
used in their production must have a high sugar content. Con-
sequently, the TSS content of all the formulated FP was ad-
justed to 25 Brix [45], unfortunately, the adjusted TSS value
for all the formulated leather purees was below 25 Brix and
remained unaffected by the cooking process. This may be be-
cause, although honey adds soluble solids and sweetness, it
contributes slightly less TSS due to its water content [46].

4.4. TA (% Citric Acid)

Titratable acidity, which consists of various organic acids,
plays a central role in the sensory quality of fruit puree and is
a major contributor to its acidity [47]. In this study, lemon
juice was used to reduce the pH of the FP of F1, F4, and F5 to
3.2. And since lemon juice is naturally rich in citric acid [48],
its addition to the leather purees might have increased the acid
content of these formulations. Regarding the FP of F2 and F3,
the pH was increased by using a basic weak acid salt, such as
sodium bicarbonate, to neutralize some of the naturally occur-
ring organic acids present in the leather purees [49]. The re-
duced TA values observed after heating F1 and F2 may be at-
tributed to acid breakdown [43], whereas the increase ob-
served in CP-F3 and CP-F4 may be the result of thermal deg-
radation of complex compounds such as polysaccharides and
phenolic compounds into small-molecule organic acids, or
due to water loss and solute concentration [47].

4.5. Total Polyphenolic Content

Polyphenols are compounds that act as antioxidants, anti-
mutagens, antimicrobials and anticarcinogens. They inhibit
the proliferation of cancer cells, decrease lipid oxidation and
lower cholesterol. The higher content of TP found in the FP of
F2 (CM-roselle) and F4 (CM-baobab) may be attributed to its
high level in each of the flavorings used in these formulations
[50, 51]. With results expressed on a fresh weight basis (Table
5, fresh weight), an apparent stability of the TPC in the leather
purees after heating was observed. Saarniit et al. [52] linked
stable content of TP after cooking to the presence of tempera-
ture-stable compounds. In addition, TPC stability depends on
the formulated product's specificity, which generally depends
on the type and quantity of ingredients used and the pH level.
More specifically, the stability may be attributed to bound
phenolic acids being released to compensate for the degrada-
tion of heat-sensitive compounds, or to the acidic pH level

106

preserving the phenolic compounds [52]. However, when
these values are expressed on a dry weight basis (data not
shown), a substantial decrease in the TP content of each of the
formulated leather purees was observed. Yet, the extent of the
decrease varied according to the type of puree formulated. The
greatest reduction in TP value was observed in CP-F3
(17.43%), followed by CP-F5 (15.09%), CP-F1 (14.29%),
CP-F4 (11.66%) and CP-F2 (11.23%). The low percentage of
TPC reduction in F2 and F4 leather purees after cooking may
suggest that the phenolic compounds in these purees are more
stable than those present in the other formulations. Thus, it
could be inferred that all the formulated leather purees contain
a mixture of stable and less stable bioactive compounds in var-
ious quantities.

4.6. Total Flavonoid Content

Flavonoids are a class of organic compounds characterized
by a variety of phenolic structures. They exhibit promising
anti-diabetic, anti-inflammatory, antibacterial, antioxidant,
antiviral, cytotoxic and lipid-lowering activities [53]. Their
high content in roselle calyces [51] might explain the elevated
amount found in the fresh puree of F2. The reduction in TFC
upon cooking (Table 5, fresh weight basis) may suggest that
each of the formulated leather puree contains high amount of
flavonoid compounds that are less stable [52]. When values
are reported on a dry weight basis (data not shown), the small-
est decrease in TF value was observed in CP-F2 (24.18%)
while the greatest decrease was seen in CP-F3 (88.54%), fol-
lowed by CP-F1 (74.22%), CP-F4 (74.43%) and CP-F5
(72.91%). The results highlight the much greater stability of
the flavonoid compounds present in F2 leather puree com-
pared to the others.

4.7. Tannin Content

Tannins are a diverse class of polyphenolic compounds
known for their antioxidant, anti-inflammatory and cardiopro-
tective properties. They have been linked to a lower incidence
of chronic conditions such as cardiovascular disease, cancer,
and diabetes. In addition, tannins significantly contribute to
sensory and nutritional characteristics by influencing flavor,
color and nutrient absorption [54]. In this study, the astrin-
gency of the cashew apple, primarily caused by soluble tan-
nins [55], was reduced by steaming-blanching the fruits for 20
minutes prior to preparing the base puree (CMP). The high
amount of tannin found in the FP of F4 may illustrate its high
level in baobab powder. The apparent increase in tannin con-
tent (Table 6, fresh weight basis) could be due to the softening
or disruption of the plants' cell walls and the breakdown of
complex phenolic compounds into simpler ones [31]. How-
ever, when the values are reported on a dry weight basis (data
not shown), an increase in tannin levels was only observed in
F1 (12.19%), F2 (20.90%) and F3 (4.00%) purees. This in-
crease is consistent with the recurrence of tannins in tannin-
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rich fruit purees upon heating, as reported by Tsurunaga et al.
[56]. On the contrary, the reported values on a dry weight ba-
sis (data not shown) showed a decrease in tannin content for
F4 (2.67%) and F5 (9.01%) leather purees. From this decrease,
it can be inferred that adding baobab and ginger to CMP re-
duced the solubilization of tannins upon heating. Baobab is a
rich source of pectin [37], so incorporating it into CMP may
have increased the total pectin content of the resulting puree.
Since pectin forms complexes with insoluble tannins when
water evaporates during heating [56], the increase in pectin
levels due to concentration may have favored higher rates of
immediate complexation with the insoluble tannins in this pu-
ree. The presence of baobab in the formulated puree may also
have resulted in less cell walls rupturing, leading to greater
retention of bound tannins. Overall, it is hypothesized that the
formation of complexes between pectin and insoluble tannins,
and between proteins and soluble tannins, has reduced the
level of measurable tannins in both purees [57].

4.8. Carotenoid Content

Carotenoids are fat-soluble compounds that are responsible
for the color of many fruits and vegetables. Due to their anti-
oxidant properties, they may reduce the risk of diabetes and
inhibit the development of cardiovascular disease [58]. The
variation observed in the carotenoid content of all the formu-
lated FP may be due to the natural levels of carotenoids in the
ingredients used in the formulation, as well as the quantities
used [52]. After cooking, an apparent increase in content (Ta-
ble 6, fresh weight basis) was observed. An increase in carot-
enoids content after heat cooking, is thought to be due to the
release of more compounds from the cell matrix [59], or to the
presence of a greater quantity of more stable compounds [60].
But when these carotenoids values are reported on a dry weigh
basis (data not shown), a decrease in the content was noticed
in all the cooked purees except in CP-F1 where an increase in
the content (17.23%) was observed. A higher content of carot-
enoids for orange-fleshed sweet potatoes boiled for between
15 and 35 minutes was reported by Kourouma et al. [58]. For
the other purees, the extent of the decrease varied depending
on the formulation type. CP-F5 showed the highest decrease
(18.44%), followed by CP-F2 (15.82%), CP-F4 (6.45%) and
finally CP-F3 (2.04%).

4.9. Vitamin C Content

Vitamin C is essential for maintaining connective tissue
throughout the body, including in the skin, blood vessels and
bones. Regarded as a physiological antioxidant, vitamin C is
an essential nutrient for maintaining good health [61]. As vit-
amin C is both water-soluble and sensitive to heat, it can easily
degrade during cooking. Severe losses of vitamin C have been
found to result from high temperatures and long cooking times.
In this study, all the formulated FP contains different levels of
vitamin C (Table 7, fresh weight basis), and this may mostly
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be due to the type and quantity of ingredients used during the
formulation [52]. When the vitamin C content values are re-
ported on a dry weight basis (Figure 2), a retention greater
than 80% was observed when each formulated puree was
heated to 80 <C within 14 minutes. The percentage retention of
vitamin C was calculated as the ratio of vitamin C in the
cooked sample to that in the fresh sample <100 [62]. F1 puree
had the lowest retention, while F3 puree had the highest vita-
min C retention after cooking. This outcome is probably due
to the combination of moderate temperature and acidic pH,
which may have had a protective effect [63]. Similar observa-
tion was also reported by Lee et al. [64] when broccoli was
either steamed for 10 min or microwaved for 2 min.

4.10. Antioxidant Activity

Antioxidants are chemicals that neutralize free radicals by
providing them with electrons, thereby minimizing the damage
they cause to the body [65]. Since a higher percentage of DPPH
radical scavenging activity indicates stronger antioxidant ca-
pacity [65], it can be concluded that the FP-F2 exhibits the
strongest scavenging activity, followed in order of decreasing
strength by FP of F3, F5, F4, and F1. Since antioxidant activity
in foods is related to the presence of phytochemicals [31], vita-
min C and carotenoids [66], as well as to the pH and type and
quantity of ingredients used in formulations [52], the observed
outcomes may be explained by these factors. Cooking the for-
mulated FP increased the antioxidant activity (AA) of F1 and
F3, but decreased that of F2, F4 and F5 (Table 7). Greater in-
crease in AA was noticed with CP-F1 (141.08%) than with CP-
F3 (30.11%). The highest increase in AA observed in CP-F1
may be related to the increased levels (dry weight basis) of both
tannins (12.19%) and carotenoids (17.50%) in the leather puree.
Tannins [54] and carotenoids [67] are reported as potent antiox-
idants that can effectively scavenge free radicals. The reduced
AA observed in the other formulations may be due to the anti-
oxidant compounds being inactivated during cooking. The
greatest reduction in value was observed in CP-F2 (21.76%),
followed by CP-F5 (7.98%) and CP-F4 (4.42%). The CP of F2
and F5 exhibited significantly greater reductions in DPPH inhi-
bition capacity, likely due to their substantial decrease in carot-
enoid content (15.82% and 18.44%, respectively).

5. Conclusions

Developing fruit leather formulations with cashew apple
and mango purees may reduce waste in the supply chains of
both fruits while providing consumers with healthy processed
products. This study successfully formulated plain cashew ap-
ple mango leather puree (F1) as well as mixed formulations
with various flavors, such as roselle (F2), tamarind (F3), bao-
bab (F4) and ginger (F5). These blends resulted in formula-
tions with different physiochemical, phytochemical, and anti-
oxidant properties. Significant changes in these properties
were observed when each formulated puree was cooked prior
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to being dried into leather (final product). The extent of the
impact depends largely on the ingredients used in the formu-
lation. This study showed that to preserve the functional prop-
erties of each formulated cashew apple leather puree blends,
the cooking step must be customized, as each blend reacts dif-
ferently to heat.
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CMP Cashew Mango Puree

TSS Total Soluble Solids

FP Fresh Puree

CP Cooked Puree

F1 Cashew Mango Leather Puree

F2 Cashew Mango Roselle Leather Puree

F3 Cashew Mango Tamarind Leather Puree

F4 Cashew Mango Baobab Leather Puree

F5 Cashew Mango Ginger Leather Puree

EW Equivalent Weight

TPC Total Phenolic Content

TFC Total Flavonoid Content

TAE Tannic Acid Equivalent

GAE Gallic Acid Equivalent

QE Quercetin Equivalent

FwW Fresh weight

DW Dry weight

A Absorbance at Corresponding Wavelengths of
Pigment

C Pigment Content of the Sample

Cearro Concentration of Carotenoid in mg/L

L Liter

V Volume of the Dye Solution Required to Titrate
Standard

Vi Volume of the Sample Extract

Vs Volume of the Dye Required to Titrate Sample

W Weight of the Sample

HPO Metaphosphoric Acid

Vi Final VVolume of the Sample

Ac Absorbance of DPPH Solution (Control)

Ao Absorption of DPPH Solution after Reacting
with Sample

DPPH  2,2-diphenyl-1-picrylhydrazyl
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