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Cashew apple bagasse (CAB) constitutes waste in cashew apple conversion in juice industries. This
study focused on modelling an optimal condition of antioxidant activity of CAB, in view of valuing it.
The response surface methodology through a Box-Behnken design was used to evaluate the effects of
three factors influencing antioxidant component extraction. The factors are ethanol proportion of
solvent (X1), sample/solvent ratio (X2) and time (X3). Non-toxic solvents (water and ethanol) were used
for extraction. Results of the 15 runs show that polyphenol, flavonoid and tannin content varied from
3.12- 7.44 mg GAE/g CAB; 4.28- 14.99 mg QE/g CAB and 1.95- 9.25 TAE/g CAB respectively. The yield of
ABTS radical scavenging varied from 22.9-75.9%. The DPPH 50% inhibiting concentration (IC50) varied
from 2.28-26.97 mg/ml. Optimal polyphenol and tannin levels (7.44 mg GAE/g CAB and 9.25 mg TAE/g
CAB respectively) were achieved using 50% ethanolic solvent. That of flavonoids was reached with the
solvent 100% ethanol. Optimal antioxidant activity was reached using 50% ethanolic solvent for both
ABTS and DPPH tests (75.9% and 2.28 mg/ml respectively). Statistical analysis showed that time has
had no significant effect. Optimal condition of phenolic compounds extraction endowed with
antioxidant property consists to macerate CAB powder in 46.1% ethanolic solvent at ratio of 9.5 g/100
ml for 6 h.

Key words: Cashew apple bagasse, non-toxic solvent, antioxidant activity, Box-Behnken design.

INTRODUCTION

Much pathology such as cancer, diabetes or resulting from free radicals (Phaniendra et al., 2015).
cardiovascular diseases is caused by oxidative stress These latter are produced at the end of uncontrolled
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metabolic processes of the body aerobic cells. These are
among others superoxide (O,"), hydroxyl (OH"), alkoxyl
(RO’ or peroxyl (ROO) radicals (Sarr et al., 2015).
During last recent decades, the prevalence of above-
mentioned pathologies has been steadily increasing. In
response, research has shown that the antioxidant
property imparted by phenolic compounds to certain fruits
is able to protect against oxidative stress (Oroian and
Escriche, 2015). Thus, due to the high cost of care,
ingestion of functional foods has found an important
place in the diet of populations (Wani et al., 2016).

In fact, it has been reported that antioxidant
compounds are associated with some properties
particularly anticancer, cardio protective and anti-
allergenic. Also, they have beneficial effects against
chronic degenerative diseases such as cataract, macular
degenerative, neurodegenerative disease, diabetes
mellitus as well as aging process (Phaniendra et al.,
2015). For this, synthetic antioxidant compounds like
butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), propyl gallate (PG) or tert-butyl
hydroquinone (TBHQ) have long been used in food
industries. They are used as additives and/or
preservatives for their stability and lower cost, in order to
retard oxidation reactions (Blasi and Cossignani, 2020).
However, as mentioned by Lourengo et al. (2019), animal
studies showed that BHA and BHT would be responsible
for carcinogenesis and would cause undesirable effects
on the liver. Use of natural antioxidants is therefore the
privileged alternative. For this, many natural source have
been reported among those is cashew apple (Andrade et
al., 2015; Kaprasob et al., 2017). Cashew apple is the
pseudo-fruit of cashew tree, a tropical fruit tree of
Brazilian origin belonging to the Anacardiaceous family
(Oliveira et al., 2019). Long devalued for its astringency
and high perishability, it currently enjoys particular
interest both in research and in the agro-industry
because of its excellent functional properties. Moreover,
scientific studies have focused on optimizing the
extraction of its phenolic compounds which can be
affected by several factors. The most important of them
include the sample to solvent ratio, the type of solvent
used, temperature, speed of agitation or time. Most of
these work used toxic solvents such as methanol or
acetone which are not suitable for human consumption
(Andrade et al., 2015; Felix et al., 2018). The objective of
this study consists in modelling an optimal antioxidant
activity of CAB obtained after pressing apples for juice
extraction, using non-toxic and environmentally friendly
solvents.

MATERIALS AND METHODS

Biological material is constituted of CAB obtained after pressing
apples for juice extraction. Thus, 580 kg of cashew apple were
harvested in March 2021 in an orchard of N'dakouassikro, a village
located to twenties kilometer from the city center of Yamoussoukro,
political capital of lvory Coast.

Solvents and reagents

All solvent and reagents used are analytical grade except technical
ethanol (EtOH) 96%. There are: Folin-Ciocalteu and vanillin from
Carlo Erba (France), methanol 99.6% from Honeywell (Germany),
sodium nitrite (NaNOy) from Merck (Germany), aluminum chloride
(AICI3) from VWR International (Belgium), ABTS from Alfa Aesar
(Germany), DPPH and gallic acid from Sigma Aldrich (USA),
sodium carbonate (Na,COs) from AppliChem (Germany), sodium
hydroxide (NaOH) from Fischer Scientific (United Kingdom) and
distilled water.

Equipment

Equipment used is composed of hydraulic press V. Stossier
(Austria), electric dryer (China), Forplex hammer mill equipped with
a sieve of 250 um diameter (France), magnetic stirrer RS Lab 1C
(France), ventilated oven Memmert UF55 (Germany), UV/Vis
spectrophotometer Jasco V-530 (Japan), Radwag PS 750/X
(Poland) and Sartorius Practum 213-1S (Germany) scales and a
Merit water still W4000 (United Kingdom).

Production of CAB powder

During the harvest, apples were separated from the nuts in situ,
and then convoyed to the school-factory located to the Centre site
of Institut National Polytechnique Houphouét-Boigny (INPHB) of
Yamoussoukro. Apples were washed five times in a row, the third
time in 100 mg/L bleach for 10 min about. Juice was extracted by
pressing apples using hydraulic press. The derived bagasse was
dried at 55°C for 24 h. Then, dried bagasse was milled. Powder
was conditioned in a glass bottle and preserved for further analysis.

Extraction of phenolic compounds

Extraction was carried out by maceration following the method
described by Bohui et al. (2018) with modification. Water and EtOH
were used as extraction solvents. A mass M of CAB powder was
mixed with 100 ml of solvent whose proportion of ethanol is C. The
mixture was kept stirring at 500 rpm for a time T. After stirring,
extract was filtered twice through a mousseline cloth, then oven
dried at 50°C for 24 + 4 h. The dry extracts were kept in glass
bottles until related analysis.

Experiment designing

To study the effects of three independent factors, extraction was
carried out using a Box-Behnken type experimental design. The
factors are EtOH proportion (X1), sample/solvent ratio (X2) and
maceration time (X3). Tables 1 and 2 show the experimental range
and matrix. The responses were expressed in function of
independent factors by the second degree polynomial Equation 1
as enunciated by Patra et al. (2021).

k k=1 <k k ,
Y=+ Z Bi X; + Z Z B XiX; + Z BuX;
i=1 i=1 &= i=1

1)

With: Y = response; Xi, Xj = independent factors affecting response;
Bo, Bi, Bii, Bij = regression coefficients of the model (intercept, linear,
quadratic and interaction terms, respectively); k = number of factors
(k = 3) (Table 1).
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Table 1. Experimental domain.
Factor Unit Symbol Level Value
(-1) 0
EtOH proportion % X1 0 50
(+1) 100
(-1) 1
Sample / solvent ratio  g/100 ml X2 0 5.5
(+1) 10
(1) 6
Time Hours X3 0 15
(+1) 24
Source: Authors
Table 2. Experimental matrix.
Coded value Real value
Extract EtOH Samp/solv Maceration EtOH Samp/solv Maceration
proportion ratio time proportion ratio time
E1l 0 (+1) (-1) 50 10 6
E2 0 (-1) (+1) 50 1 24
E3 (-1) (-1) 0 0 1 15
E4 0 0 0 50 55 15
E5 (+1) 0 (-1) 100 55 6
E6 (-1) (+1) 0 0 10 15
E7 0 (+1) (+1) 50 10 24
E8 (+1) (+1) 0 100 10 15
E9 (-1) 0 (-1) 0 5.5 6
E10 (-1) 0 (+1) 0 5.5 24
E11l 0 0 0 50 5.5 15
E12 0 0 0 50 5.5 15
E13 0 (-1) (-1) 50 1 6
E14 (+1) 0 (+1) 100 5.5 24
E15 (+1) (-1) 0 100 1 15

Source: Authors

Determination of polyphenol content

The determination of polyphenol content was carried out following
the colorimetric method using Folin-Ciocalteu’s reagent as
described by Wood et al. (2002). In a test tube, 2.5 ml of 10%
diluted Folin-Ciocalteu reagent was added to 30 pl of extract (2.5
mg/ml). The mixture was let to react for 2 min in the dark. Then, 2
ml of 7.5% Na,CO; were added. The tube was incubated in water
bath set at 50°C for 15 min. The tube was rapidly cooled under tap
water. The absorbance was measured spectrophotometrically at
760 nm against distilled water as blank. The contents were
expressed as milligram of gallic acid equivalent per gram of CAB
(mg GAE/g CAB).

Determination of flavonoid content

The flavonoid content determination was carried out by the

colorimetric method using AICI; reagent as described by Marinova
et al. (2005). In 25 ml volumetric flasks containing 2.5 ml of extract
(2.5 mg/ml), 0.75 ml of 5% NaNO- and 0.75 ml of 10% AICl; were
successively added. The mixture was let to react in the dark at
laboratory temperature (22 + 2°C) for 6 min. Then, 5 ml of NaOH
1IN were added. The volume was completed up to the mark with
distilled water. The solution was well mixed and the absorbance
was measured spectrophotometrically at 510 nm using distilled
water as blank. The flavonoid contents were expressed as milligram
of quercetin per gram of CAB (mg QE/g CAB).

Determination of total tannin content

The tannin contents were measured following the spectrometric
method using Folin-Ciocalteu’s reagent as described by Ci and
Indira (2016). 100 pl of extract were added to a test tube containing
7.5 mL of distilled water and 0.5 mL of Folin-Ciocalteu’s reagent.
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Then, 1 mL of 35% Na,CO; was added. The volume was completed
to 10 ml by adding 900 pl of distilled water. The tube was mixed
and let to react for 30 min at laboratory temperature (22 + 2°C). The
absorbance was measured spectrophotometrically at 700 nm using
distiled water as blank. Tannin contents were expressed as
milligram of tannic acid equivalent per gram of CAB (mg TAE/g
CAB).

Assessment of antioxidant activity
ABTSe+ cationic radical scavenging test

The ABTSe+ cationic radical scavenging test was carried out
following the method described by Teow et al. (2007) with slight
modification. ABTS<+ was generated by mixing at equal volume 3
mM of potassium persulfate to 8 mM of ABTS. Mixture was let to
react in the dark for 16 h at ambient temperature (25-30°C). Before
use, ABTSe+ solution was diluted with methanol to get an
absorbance of 0.7 + 0.02 at 734 nm. Then, 3.9 ml of the methanolic
ABTS++ working solution were added to 100 pl of extract and mixed
thoroughly. The reaction mixture was kept in the dark for 6 min at
laboratory temperature. Absorbance of extracts was thus measured
at 734 nm. The ABTS+ scavenging activity was calculated following
Equation 2:

Acont — Aext % 100

Scav. Act. grs (%) = 2 @
cont

With: Acont = absorbance of control, Aext = absorbance of extract.

DPPH radical scavenging test

The DPPH radical scavenging test was carried out following the
method described by Sanchez-Moreno (2002). The DPPH working
solution (C = 63.4 puM) was generated by dissolving DPPH in
methanol to get an absorbance of 0.88 + 0.02 at 517 nm. A
concentration range of the extracts (0.25; 0.5; 1; 2.5; 5; 10 and 15
mg/ml) was prepared. In the test tubes containing 50 pl of each
extract concentration, 1.95 ml of the DPPH working solution were
added. The tubes were mixed and kept in the dark for 30 min at
laboratory temperature. The absorbance of extracts was measured
spectrophotometrically at 517 nm. The yield of DPPH radical
scavenging was calculated following Equation 3:

Acont - Aext

Scav. Act.pppy (%) = x 100

Acont (3)
The 50% inhibitory concentration (IC50) of DPPH was determined
graphically by logarithmic regression. The lower the IC50 of an
extract is, the more its antioxidant power is strong.

Statistical analysis

All tests were performed in triplicate and results expressed as
mean. Analysis was performed using Excel 2013 (Microsoft, USA),
Statistica 7.1 (Tulsa, OK, USA) and Design-Expert 11 (Stat-Ease,
Minneapolis, MN, USA) software’s. Excel software was used for
tabulations. Design-Expert software was used to fit the model
through analysis of variance (ANOVA) at 5% threshold (p<0.05).
The determination coefficient or R squared SR 3, adjusted R
squared (adj. R?), predicted R squared (pred. R?) and plots were
also obtained from Design-Expert. Statistica software was used to
test homogeneity by one way ANOVA via Newmann-Keuls test at
5% threshold.

RESULTS AND DISCUSSION

Table 3 presents the polyphenol, flavonoid and tannin
contents, as well as the yield of ABTS radical scavenging
and IC50’s of DPPH. E2 got the highest polyphenol and
tannin contents (7.44 mg GAE/g CAB and 9.25 mg TAE/g
CAB respectively). The high flavonoid content (14.99 mg
QE/g CAB) was observed with E15 extract. As for
antioxidant activity, the high ABTS radical scavenging
activity was observed with E11, while the high IC50 of
DPPH was observed with E3; thus the less effective.

Inversely, the lower phenol and flavonoid contents
(3.12 mg GAE/g CAB and 4.28 mg QE/g CAB) were
observed with E8 and E1 respectively. E3 extract
exhibited the lower tannin content. The lower ABTS
scavenging yield comes to E15 extract, and the lower
IC50 of DPPH was observed with E7 extract; thus the
more effective.

Polyphenol

Polyphenol contents range from 3.12 (E8) to 7.44 mg
GAE/g CAB (E2). Regression analysis showed that
polyphenol extraction model is significant (p < 0.0001)
with non- sgmflcant lack of fit (p = 0.1125). The R
squared (R = 0.9157) shows that there is a good
correlation between the response and factors. The
predicted R squared is in reasonable agreement with the
adjusted R squared (adj. R? — pred. R? < 0.2). The
ANOVA shows that X1 and X2 factors significantly
impacted extraction. Effects of the factors on the linear
plan of X2, quadratic of X1 and interaction between X1
and X2 are significant (Table 4). So, the lower the
sample/solvent ratio is (level -1) and when ethanol
proportion is around 50% (level 0), the more extraction is
optimal; the effect of time being negligible (Figure 1).
Predicted model is as given by Equation 4:

Y; = 637 — 0.0388X; — 0.5625X, — 0.6675X, X, — 2.56X?

(4)
The polyphenol contents of our extracts are much higher
than those obtained (0.1215 to 0.3685 mg GAE/g CAB)
by Barretto et al. (2015) from the hydroethanolic
extraction (30 to 70%) of CAB. This difference could be
explained by the different treatments undergone by
apples or the extraction technic used (Dirar et al., 2019).
It could also be due to genetic variety, environmental
parameters, ripening stage and/or harvesting condition as
supported by Khorsand et al. (2022)(Figure 1).
Nevertheless, polyphenol contents of our extracts are
lower compared to those of Andrade et al. (2015) (19.75
mg GAE/g CAB). These authors used a sequenced
extraction process using 55% acetone followed by 50%
methanol. The different results in these two studies could
be explained by the solvents of different polarities used.
On the one hand, our results show that the optimal
extraction of polyphenol was reached with 50% ethanolic
solvent (4.97-7.44mg GAE/g CAB) compared to
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Table 3. Polyphenol, flavonoid and tannin contents, and antioxidant power through ABTS scavenging yield and IC50's of DPPH.
Polyphenols Flavonoids Tannins ABTS scavenging yield IC50
Extracts (mg GAE/g CAB) (mg QE/g CAB) (mg TAE/g CAB) (%) (mg/ml)
Exper Pred Residual Exper Pred Residual Exper. Pred Residual Exper. Pred Residual  Exper. Pred Residual

E1 542° 581 -0.39 4.28° 456 -0.27 6.42° 6.57 -0.15 58.0°  59.63 -1.63 2.4° 2.46 -0.06
E2 7.44*  6.94 0.50 9.38 751 1.87 9.25° 8.58 0.67 49.2°" 4758 1.62 473" 401 0.72
E3 3.339 374 -0.41 6.47°"  6.91 -0.44 1.95' 3.11 -1.16 314" 3293 -1.53 26.97° 198 7.17
E4 6.89%*  6.37 0.52 8.70¢ 7.70 1.00 8.01" 7.57 0.44 63.3° 71.63 -8.33 2.61° 2.52 0.09
E5 3.249 377 -0.53 10.99° 10.53 0.46 4569  4.88 -0.32 4700 46.90 0.10 6.87°°  4.46 2.41
E6 4.26"  3.95 0.31 7.10° 6.81 0.29 387" 371 0.16 38.0° 39.48 -1.48 7.63° 481 2.82
E7 497" 581 -0.84 4.44° 466 -0.22 5.01% 657 -1.56 71.6°  70.03 1.57 2.28° 246 -0.18
ES 3129 254 0.58 10.12°  9.45 0.67 3.23" 2.58 0.65 50.4%"  48.88 1.52 3.72° 4.26 -0.54
E9 4.14%" 385 0.29 587"  5.15 0.72 451 3.41 1.10 53.3°  50.20 3.10 416  5.06 -0.9
E10 3.66° 3.85 -0.19 468° 525 -0.57 3.31" 3.41 -0.10 52.8°  52.90 -0.10 4.08%® 506 -0.98
E11l 6.75°°  6.37 0.38 6.93°  7.70 -0.77 8.02 757 0.45 75.9%°°  71.63 4.27 2.4° 2.52 -0.12
E12 6.50°  6.37 0.13 7.00°  7.70 -0.70 7.46° 7.57 -0.11 75.7°  71.63 4.07 2.49° 252 -0.03
E13 6.64%  6.94 -0.29 6.50°  7.41 -0.91 8.84"  8.58 0.26 465" 48.08 -1.58 43°® 401 0.29
E14 3.86°  3.77 0.09 9.56°  10.64 -1.08 523"  4.88 0.35 51.0%  54.10 -3.10 4.98% 446 0.52
E15 486  5.00 -0.14 14.99°  15.05 -0.06 6.51° 7.19 -0.68 229 2143 1.47 6.89° 12.95 -6.06

Experimental values are means of runs performed in triplicate (n = 3). Means with different exponent letters in same column express a statistical difference (p < 0.05).

Source: Authors

100% ethanolic (3.12- 4.86 mg GAE/g CAB) and
aqueous (3.33- 4.26 mg GAE/g CAB). This result
could be explained by the fact that the use of
mixture of water and organic solvents would be
more effective than mono-solvents to extract
phenolic due to polarity.

According to Jovanovic et al. (2017) and Lezoul
et al. (2020), water adding increases the polarity
index of solvent, thus increasing solubility of
polyphenol, which helps to break hydrogen
bonding facilitating their maximum extraction. In
fact, 50 and 100% ethanolic solvents have
respective polarity of 0.827 and 0.654. Therefore,
polyphenols are more soluble in solvents of
polarity in range of 0.8; that could explain the
optimal content obtained by Andrade et al. (2015)

when using a 50% methanolic solvent which has
0.88 polarity. Similar result was reported by El-
Salam and Morsy (2019) who stated that optimal
yields of polyphenols were reached using 40 and
50% EtOH solvents whose polarities are 0.862
and 0.827 respectively. Similarly, work of Dirar et
al. (2019) conducted on Sudanese medicinal
plants  (Cyperus rotundus and  Guiera
senegalensis) revealed that polyphenol contents
of 50 and 70% ethanolic solvents were maximized
than those of mono-solvents (dichloromethane,
acetone, 95% ethanol and water).

On the other hand, our result show that
maceration time (X3) has had a negligible effect
on polyphenol extraction. In fact, extract E13 and
E2 were conducted in the same condition except

for maceration time: 6 h and 24 h respectively.
However, their phenolic contents were not
statistically different (p<0.05). This result means
that extension of the maceration time of extract E2
to 24 h has not help to maximize its polyphenol
content. The same is true for extracts E5 and E14.

This result can be explain by the fact that longer
extraction time could induce the polyphenol
degradation by hydrolysis resulting sometimes in
the decrease of the yield. This result is comforted
by those of El-Salam and Morsy (2019) who
report that phenolic content of Malva parviflora L.
leaves had not significantly increased at overl0
min; the extraction being extended till 45 min.
Likewise, Wani et al. (2017) showed that extraction
time had negligible effect when extracting
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Table 4. ANOVA for reduced quadratic model of polyphenol extraction.

Sum of

Source Df Mean Square  F-value p-value
squares
Model 28.87 4 7.22 27.17 < 0.0001* Significant
X1-EtOH prop. 0.0120 1 0.0120 0.0452 0.8359
X2- Samp/Solv ratio 2.53 1 2.53 9.53 0.0115*
X1Xz 1.78 1 1.78 6.71 0.0269*
Xq? 24.55 1 24.55 92.39 < 0.0001*
Residual 2.66 10 0.2657
Lack of fit 2.58 8 0.3223 8.26 0.1125 Not significant
Pure Error 0.0781 2 0.0390
Cor total 31.53 14
R? 0.9157
Adij. R? 0.882
Pred. R? 0.7475

Source: Authors

B: Sample/Solvent Ratio (g/100 mL)

A: Ethanol Prop. (%)

Figure 1. Response surface contours of EtOH proportion and Sample/solvent ratio effects
at constant time (T = 15 h) on polyphenol extraction.

Source: Authors

polyphenols from dried apricot fruit extracts (Prunus
armeniaca L.).

Flavonoid

Flavonoid contents range from 4.28 (E1) to 14.99 mg

QE/g CAB (E15). The model is significant (p = 0.0006)
and present no significant lack of fit (p = 0.5109). The R
squared (R? = 0.9184) show that it exists good correlation
between response and factors. The predicted R? is in
reasonable agreement with adjusted R% The ANOVA
shows that all the factors significantly impacted flavonoid
extraction. Effects of the factors on the linear plan of X1
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Table 5. ANOVA for reduced quadratic model of flavonoid extraction.

Source Sum of squares Df Mean Square F-value  p-value

Model 106.67 6 17.78 15.02 0.0006*  Significant
Xi- EtOH prop. 58.00 1 58.00 48.98 0.0001*

X2- Samp/solv ratio 16.25 1 16.25 13.72 0.0060*

X3-Time 0.0220 1 0.0220 0.0186 0.8948

X1X2 7.56 1 7.56 6.39 0.0354*

X312 12.80 1 12.80 10.81 0.0111*

X3? 10.28 1 10.28 8.68 0.0185*

Residual 9.47 8 1.18

Lack of Fit 7.46 6 1.24 1.24 0.5109 Not significant
Pure Error 2.01 2 1.00

Cor Total 116.14 14

R? 0.9184

Adj. R? 0.8573

Pred. R® 0.7186

Source: Authors

and X2, quadratic of X1 and X3, and interaction between
X1 and X2 are significant (Table 5). Thus, the higher the
EtOH proportion is (level +1) and low is the
sample/solvent ratio (level -1), the more flavonoid
contents are optimal (Figure 2). The model is written as
shown by Equation 5:

Y = 7.7+ 2.69X; — 143X, +0.0525X; — 137X,X, + 1.86X] ~ 1.66X3 (5)

The flavonoid contents of our extracts are higher (9.56 to
14.99 mg QE/g dw) compared to those obtained by
Krasnova and Seglina (2019) (1.45 to 5.59 mg CAE/g
dw) in ultrasound assisted extraction of flavonoids from
11 cultivars of apple (Malus domestica) using 70% EtOH
(Table 5 and Figure 2).

According to the results, it can be state that the use of
a solvent with high EtOH concentration and a low
sample/solvent ratio induces the extraction of high
content of flavonoid. In fact, the E14 and E15 extracts
were performed using 100% EtOH with sample/solvent
ratio of 5.5 g/100 ml and 1 g/100 ml respectively. It was
observed that E15 got the highest flavonoid content. This
result can be explain on the one hand, by the fact that the
use of lower sample/solvent ratio has been able to avoid
solvent saturation, allowing well molecular movement;
thus increasing the extraction of flavonoids (Cuijié et al.,
2016). The same is true for E5 and E8 extracts. Our
results are comforted by those of Pandey et al. (2021)
who found high flavonoid contents when combining the
high level of EtOH (90% EtOH) and low sample/solvent
ratio (1:40 and 1:30, w:v). On the other hand, this result
can be due to the predominant presence of some
flavonoid compounds more soluble in ethanol such as
quercetin, kaempferol or kaempferitrin (Cid-Ortega and
Monroy-Rivera, 2018; Pordevi¢ et al., 2018). Likewise,

work of Dirar et al. (2019) show that use of high EtOH
concentration solvent allowed to extract strong flavonoid
contents from 4 Sudanese medicinal plants (B. linariifolia,
C. rotundus, M. pseudopetalosa and T. bakis).

The ANOVA showed that time (X3) has had a
significant effect on flavonoid extraction. In fact, E2 and
E13 extracts were performed in the same conditions
excepted for the time: 24 h and 6 h for E2 and E13
respectively. Results showed that E2 got the highest
flavonoid content, indicating that extension of the
maceration time of E2 extract allowed to increase its
flavonoid content. Our findings are in convenience with
those of Tranquilino-Rodriguez et al. (2020). These
authors reported that flavonoid contents of 70, 83 and
96% ethanolic extracts of young cladodes of Opuntia
ficus-indica were ranged from 3.095 to 10.392 mg QE/g
dw proportionally with the increase of EtOH concentration
and extraction time from 30 to 120 min.

Total tannin

Tannin contents range from 1.95 (E3) to 9.25 mg TAE/g
CAB (E2). The model is significant (p<0.0001) and
present no significant lack of fit (p = 0.111). The R
squared (R2 = 0.8988) show existence of a good
correlation between the response and factors. ANOVA
shows that X1 and X2 factors have significantly impacted
tannin extraction. The linear effects of X1 and X2,
interaction between X1 and X2 and quadratic of X1 are
statistically significant (Table 6). The lower the
sample/solvent ratio is (level -1) and the EtOH proportion
turn around 60%, the more tannin extraction is
optimal(Figure 3); the influence of time being negligible.
Mathematic model is written following Equation 6:
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Flavonoid (mg QE/g CAB)

B: Sample/Solvent Ratio (g/100 mL)

A Ethanol Prop. (%)

Figure 2. Response surface contours of EtOH proportion and Sample/solvent
ratio effects at constant time (T = 15 h) on flavonoid extraction.

Source: Authors

Ys = 7.57 + 0.7362X, — X, — 1.3X, X, — 3.43XZ (6)

The 50% ethanolic solvent induced the extraction of high
tannin contents (5.01 to 9.25 mg TAE/g CAB) compared
to those obtained using 100% EtOH (3.23 to 6.51 mg
TAE/g CAB) and water (1.95 to 4.51 mg TAE/g CAB).
The factors’ effects in tannin extraction show similarities
as in the case of polyphenol extraction. Same
observation was reported by Detti et al. (2020) in their
work on optimization of ultrasound assisted green
extraction of polyphenols from Pistacia lentiscus leaves.
This observation could be explained by the fact that
tannins could be the most abundant components in the
CAB, given that flavonoid and tannin are included into
polyphenols.

Antioxidant activity
ABTS+ radical scavenging test

ABTS+ radical scavenging yields range from 22.9% (E15)
to 75.9% (E11). Model is significant (p = 0.0069) and
present no significant lack of fit (p = 0.8599). The R
squared (R® = 0.9556) show that it exists a good
correlation between response and factors. Predicted R? is
in reasonable agreement with adjusted R?. ANOVA
shows that X1 and X2 factors have impacted response.
The effect on the linear plan of X1 and quadratic of X1
and X2 are significant (Table 7). ABTS+ scavenging yield
is optimal when EtOH proportion is around 50% with
sample/solvent ratio situated around 7 g/100 ml (Figure
4); time’s effect being negligible. Mathematic model is as
described in Equation 7:

Y, = 71.63 — 0.525X, + 8.5X, + 2.48X5 + 5.23X, X, + 1.13X, X5 + 2.72X,X5 — 20.63X2

—15.33X% + 0.0208X7?

On the one hand, our results show that extraction solvent
impacted antioxidant power. 50% ethanolic extracts
exhibited the strong ABTS+ scavenging power (46.5
t075.9%) compared to those of aqueous (31.4 to 53.3%)
and 100% ethanolic extracts (22.9 to 51%). Optimal
ABTS radical scavenging yield was reached when EtOH

()

proportion range from 40 to 60%. Under or above this
interval, a drop of the ABTS scavenging power is
observed. This result could be due to components
extracted in solvent of EtOH proportion ranged in this
interval, relative to its polarity. Work of Li et al. (2019)
carried out on Gordonia axillaris fruit comfort this result.
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Table 6. ANOVA for reduced quadratic model of tannin extraction.

Source Sum of squares Df Mean square F-value p-value

Model 62.97 4 15.74 22.21  <0.0001* Significant
X1-EtOH prop. 4.34 1 4.34 6.12 0.0329*

X2- Samp/solv ratio 8.04 1 8.04 11.34 0.0071*

X1X2 6.76 1 6.76 9.54 0.0115*

X12 43.84 1 43.84 61.85 < 0.0001*

Residual 7.09 10 0.7087

Lack of fit 6.88 8 0.8602 8.38 0.1110 Not significant
Pure Error 0.2054 2 0.1027

Cor total 70.06 14

R® 0.8988

Adj. R? 0.8584

Pred. R 0.6471

Source: Authors

Tannins (mg TAE/g CAB)

B: Sample/Solvent Ratio (g/100 mL)

A: Ethanol Prop. (%)

Figure 3. Response surface contours of EtOH proportio and
Sample/solvent ratio effects at constant time (T = 15 h) on tannin

extraction.
Source: Authors

Similarly, Tranquilino-Rodriguez et al. (2020) reported
that a decrease in the ethanol concentration from 96 to
70% was inversely correlated to ABTS radical
scavenging power. On the other hand, our results show
that sample/solvent ratio is an important factor which
influences ABTS scavenging power. In fact, ABTS
scavenging yield was optimal at ratio ranging from 5
9/100 ml (that is, 1:20) to 8 g/100 ml (that is, 1:12.5). This
result means that in this interval, the solvent saturation is
avoided and compounds endowed with good ABTS
scavenging are extracted (Figure 4). This statement is in

convenience with that mentioned by Barretto et al. (2015)
and Pandey et al. (2021) who state that sample to solvent
ratio is the most important factor which influence ABTS
radical scavenging.

DPPH radical scavenging test
The extract IC50’s varied from 2.28 (E7) to 26.97 mg/ml

(E3). The model is significant (p = 0.0001) and present no
significant lack of fit (p = 0.0835). The R squared (R” =
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Table 7. ANOVA for quadratic model of ABTS radical scavenging.

Source Sum of squares Df Mean square F-value p-value

Model 3070.96 9 341.22 11.96 0.0069*  Significant
X1-EtOH prop. 2.20 1 2.20 0.0773 0.7922
Xo-Samp/solv ratio 578.00 1 578.00 20.26 0.0064*

X3-Time 49.00 1 49.00 1.72 0.2470

X1X2 109.20 1 109.20 3.83 0.1078

X1X3 5.06 1 5.06 0.1774 0.6911

XaX3 29.70 1 29.70 1.04 0.3544

X412 1571.31 1 1571.31 55.07 0.0007*

X2? 867.63 1 867.63 30.41 0.0027*

X3? 0.0016 1 0.0016 0.0001 0.9943

Residual 142.67 5 28.53

Lack of Fit 38.48 3 12.83 0.2463 0.8599  Not significant
Pure Error 104.19 2 52.09

Cor Total 3213.63 14

R? 0.9556

Adij. R? 0.8757

Pred. R® 0.7354

Source: Authors

ABTS Inhibition Yield (%)

B: Sample/Solvent Ratio (g/100 mL)

A: Ethanol Prop. (%)

Figure 4. Response surface contours of EtOH proportion and
Sample/solvent ratio effects at constant time (T = 15 h) on ABTS radical
scavenging.

Source: Authors

0.879) reveals that a good correlation is established shows that X2 and X1 factors impacted significantly the
between response and factors. Predicted R® is in response. Linear effects of X2 and quadratic ones of X1
reasonable agreement with the adjusted R”. The ANOVA and X2 were statistically significant (Table 8). Figure 5



Table 8. ANOVA for reduced quadratic model of DPPH radical scavenging.

Gnagne et al.

Source Sum of df Mean F-value p-value
Squares Square
Model 0.1899 4 0.0475 18.16 0.0001* Significant
X1-EtOH prop. 0.0014 1 0.0014 0.5441 0.4777
X2-Samp/solv ratio 0.0494 1 0.0494 18.91 0.0014*
Xi? 0.1277 1 0.1277 48.81 < 0.0001*
Xo? 0.0174 1 0.0174 6.67 0.0273*
Residual 0.0262 10 0.0026
Lack of Fit 0.0256 8 0.0032 11.35 0.0835 Not significant
Pure Error 0.0006 2 0.0003
Cor Total 0.2161 14
R? 0.879
Adj. R? 0.8306
Pred. R 0.6829

Source: Authors

shows that the lower the sample/solvent ratio (level -1)
for a proportion of EtOH oscillating around 50% (level 0),
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Figure 5. Response surface contours of EtOH proportion and Sample/solvent ratio
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effects at constant time (T = 15 h) on DPPH radical scavenging.

Source: Authors

80
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Y5

the lower the IC50. Maceration time showed no

significant effect. The mathematic model is as expressed

in Equation 8:

~0.3964 + 0.0133X, + 0.0786X, — 0.1854X7 — 0.0685X7

147

(8)

Similarly to the ABTS+ scavenging test, our results show

that the 50% ethanolic extracts were more effective in



148 Afr. J. Food Sci.

Table 9. Matrix of correlation.

Polyphenol Flavonoid Tannin ABTS CI50
Polyphenol 1.00
Flavonoid -0.11 1.00
Tannin 0.93 0.13 1.00
ABTS 0.46 -0.51 0.37 1.00
CI50 -0.43 0.04 -0.53 -0.59 1.00
Source: Authors
Table 10. Verification test of the model predictions.
) PoW%h:E/Ol Flavonoid Tannin ABTS IC50
Ert‘je‘:\'/‘zled (mgc AB) 9 (mg QE/g CAB)  (mg TAE/g CAB) (%) (mg/mL)
Pred. Exp. Pred. Exp. Pred. Exp. Pred. Exp. Pred. Exp.
95% Pl low 5.14 2.63 5.44 49.17 2.05
Mean. 5.9 6.62 461 5.31 6.7 5.45 61.74 74.06 2.48 25
95% PI high 6.67 6.58 7.94 74.3 3.01

Source: Authors

scavenging DPPH radical. Their IC50s ranged from 2.28
to 4.73 mg/mL, exhibiting stronger DPPH radical
scavenging power than the 100% ethanolic (3.72 to 6.89
mg/ml) and aqueous extracts (4.08 to 26.97 mg/ml). This
result is confirmed by that of Dirar et al. (2019) which
shows that the 50% ethanolic extract of Guiera
senegalensis leaves presented the strongest DPPH
scavenging trapping power compared to those of mono-
solvents (water, acetone, 95% EtOH and acetonitrile).

Optimization of antioxidant activity

The study of Pearson correlation (Table 9) shows that
antioxidant activity via the ABTS scavenging test is
positively correlated to polyphenol (r = 0.46; p < 0.05)
and tannins (r = 0.37; p < 0.05). However, it is negatively
correlated to flavonoids (r = -0.51; p < 0.05). Similarly,
antioxidant activity via DPPH scavenging test is
correlated to polyphenol (r = -0.43; p < 0.05) as well as
tannin (r = -0.53; p < 0.05). The negative correlation
coefficient (r < 0) indicates that the more polyphenol and
tannin contents are optimal, the lower IC50s are; thus
more effective. Flavonoids establish no correlation with
DPPH scavenging. Nevertheless, ABTS and DPPH
scavenging are correlated one to other (r = -0.59; p <
0.05).

Optimization of antioxidant activity with a desirability of
0.79 consists to macerate CAB powder at 9.5 g/100 ml
ratio in a 46.1% ethanolic solvent for 6 h. A run replicated
five times was carried out to verify this optimal condition.

All values of the verification tests ranged in the predicted
interval (PI) by the model (Table 10), meaning that the
model fits well with the optimization of antioxidant power
of CAB powder.

Conclusion

This study allows us to model optimal extraction condition
of antioxidant phenolic compounds from CAB using non-
toxic solvents. Evaluation of the effects of three factors
showed that effects of EtOH proportion of solvent (X1)
and sample to solvent ratio (X2) are significant. The
determination coefficient (R2 > 0.8) indicates that model
adequately explain experimental data. Correlation study
shows that flavonoids establish no correlation with ABTS
and DPPH antioxidant tests. For a desirability of 0.79, the
model to reach an optimal antioxidant power is as: EtOH
proportion (46.1%), sample/solvent ratio (9.5 g/100 ml)
and maceration time (6 h). To this condition, ABTS
scavenging Yyield reaches 74% and the IC50 of DPPH is
2.5 mg/ml, conceding with model predictions. Using non-
toxic solvents to reach optimal antioxidant bioactive
compound extraction allows envisaging its use in food
industry due to their benefits for health.

ABBREVIATIONS

CAB, cashew apple bagasse; GAE, gallic acid
equivalent; QE, quercetin equivalent, TAE, tannic acid



equivalent; EtOH, ethanol; ABTS, 2,2’-azinobis (3-ethyl-
benzothiazoline-6-sulphonic acid; DPPH, 1,1-diphenyl-2-
picryl-hydrazyl.
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