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1. Introduction

Abstract

A technique called "extraction” was used to get juice from the "Bournow' date cultivar so that it could be
used in the beverage industry. To reach this goal, dates were first studied to find out what their physical
traits were. Then, the four-factor centered composite design was used to find out how temperature,
time, volume to mass ratio, and enzyme volume affected Brix, color, and sugar/acid ratio. All second-
degree multivariate polynomial models with interactions were obtained and validated. To maximize the
responses, a multi-response optimization was done. The physical characterization permitted to get
values below the criteria for classification. This enabled to say that the Bowrnow dates have bad
qualities, which was why they needed to be valued. From center composite design the following
responses ranges were obtained: Brix, between 13.2 and 25.9 °B; color, between 125.5 and 206 ASBC;
sugar/acid ratio, between 6.24 and 46.90. It was observed that the selected factors have different effects
on the Brix, color, and sugar/acid ratio responses, increasing or decreasing them in a significant way in
single, quadratic, and interaction contributions. The multi-response optimization, whose goal was to get
the maximum of all responses in order to make nutrient-rich juice, came up with the following
compromise: temperature, 95 °C; time, 10 min; ratio water/pulp, 2:1, and pectinase volume, 0 mL. The
simulated optimum values resulted in the following respective maximums: Brix, 21.89 °B; sugar/acid
ratio, 13.99 and color, 197.49 ASBC.

Keywords: Phoenix dactylifera L., Juice, Extraction, Optimization

21,134.59 tons (FAOSTAT, 2022). The cultivar
most widely used in almost all production areas in

Consumer demand for functional foods has
resulted in the processing of lesser-known fruits
such as desert dates, which are known for their
medicinal properties rather than their culinary
These
dactylifera L., contain antioxidants, vitamins, and

value. products, such as Phoenix

other nutriive and functional compounds
(Chirinos et al., 2013). It 1s important for human
and animal nutrition because of its productivity,
nutritional quality of its fruits, and ability to adapt
to Saharan regions. Chad is Africa's eighth-largest

producer, with an annual output of about

Sahara 1s "Bournow' due to its high productivity,
ease of storage, the quality of its fruits for
marketing (dry date), and chmate adaptation.
Date palm products and byproducts are widely
used from the Sahara to the Sahel (Mahmoud er
al., 2022). The date can be used as a raw material
i the development of many products including
liquid sugar, date pastes, juices, syrups, soft
drinks, confectionery, alcohol, vinegar (Estanove,
1990). It 1s primarily the dry dates, soft dates, and
palms that are used mn human or animal food,
either locally or through traders throughout
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almost the entire Chad (Mahmoud er al, 2022).
Date juice could be an excellent substitute. That
jJuice 1s a beverage with a unique flavor and a lot
of nutritional benefits (Mahmoud er al, 2022).
Heat treatment causes several biological, physical,
and chemical changes in foods, resulting mn
sensory, textural, and nutritional changes. Heating
has been shown to improve food safety by
destroying or 1hibiting microorganisms and
Iactivating anti-nutritional factors. It 1s also
mvolved in the formation of desired compounds
such as flavor compounds, antioxidants, and
coloring agents. Furthermore, heating improves
digestibility and
(Echegaray et al., 2021). Chemical constituents of
food products must be affected by processing

food nutrient bioavailability

methods. Understanding the effect of processing
on functional components 1s critical for preserving
or improving the original activity of dates during
date juice preparation (Burapalit, 2019).

The food and beverage industry stll views
popular fruits as the only raw materials for juice
production; however, the discovery of previously
unknown nutritional facts about lesser-known
fruits (Amadou & Le, 2017) such as the Bournow
date presents an alternative source of juice raw
material. The study's overarching goal 1s to
contribute to the valorization of the date sector by
producing an adequate juice. This will entail
specifically developing mathematical models that
will allow the prediction of the profile of some
physicochemical characteristics of the "Bournow"
date extract as well as optimizing the extraction of

sugars, color, and the sugar/acid ratio.
2. Materials and Methods
2.1 Biological material

Date sampling was conducted at the N'Djamena
market i collaboration with Chadian Institute of
Agricultural Research for Development (ITRAD)

Kadlezir et al.

The variety "Bournow' was the best mdicated
because of its availability, good conservation,
producer appreciation, and high productivity.
This variety accounts for 70 9% of the Bornou
district's production (Allarangaye et al., 2011).

2.2 Physical characterization of date fruits

The physical characterization of date fruits was
performed according to Sawaya et al. (1983). The
color of the date fruits was assessed visually; the
measurements of the entire fruit and its core
(length and width) were taken with a caliper; and
the mass (pulp and core) was determined using an
analytical balance.

2.8 Determination of the water content of the
whole date

The mass lost during drying under typical
conditions determines the water content of dates
(EBC-Analysis-Committee, 1998). It  was
calculated using 3 grams of date powder. To
achieve a constant mass, the sample was crushed,
spread In a porcelain capsule, and dried mn a
103£2 °C for 24 h.

loss in weight

W (%)= x100 (1)

initial weight of sample
loss inweight = initial weight of sample - final weight of sample (aﬁ‘er drying)

With, W (%): water content

2.4 Response Surface Methodology (RSM)

A mathematical model 1s an equation or set of
equations that best describes the reality it depicts.
This model will then be used to describe any
analogous phenomenon as a whole, as well as to
make predictions (interpolation, extrapolation).
First, a phenomenon must be observed, followed
by the construction of a model that reproduces it
as precisely as possible, the i1dentification of the
model's limits, and finally, its validation. This

mathematical modeling method corresponds well
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to the scientific method steps used in the research

program, namely observation, analysis,

hypothesis, and validation (Gervais, 2007).

Temperature, extraction time, ratio (water/pulp),
and pectinase volume were all variables. A
centered composite design (CCD) was used to

select the experiments values.

N =Nf+ N +NO, or 24 + 24 + 4 = 28 trials, 1s the
total number of tests performed.

The value of alpha for CCD was calculated to
satisfy the condition of near orthogonality. The
dual-
mteraction model. Fach technique 1s carried out

proposed model 1s a second-degree
in triplicate. Minitab 21.3.1 was used to create the

experimental  design. For the laboratory
experiments, the coded variables were converted
mto real variables (Desobgo et al., 2010; Mathieu

1997),
experimental design shown in Table 1. The

& Phan-tan-luu, resuling in  the

transformation operations listed below were used:

U, =U%+x,AU, ©
o Ui AU 3)
J 2

With: x; value of the coded variable j; U, value of the
real variable j; U’, value of the real variable j at the
center of the domain; AU, increment; Umax, value of
the real variable at the upper bound of the domain;
Umin value of the real variable at the lower bound of
the domain.

The a prior postulated mathematical model 1s of
the second-degree polynomial type with

mteractions. It 1s expressed as follows

Y =85+ A%+ aXX+ D A X +e ()

Where: vy, the response; x; and x;, the independent
variables; as,, constant; a, a: and ai;, model coefficients

and ¢, error or residual.

Kadlezir et al.

2.5 Validation and optimization

To express the fit of second-degree equations, the
determination coefficient R* was wused. This
coefficient of determination was insufficient for
model validation on its own (Desobgo, 2012).
The absolute average deviation (AAD) (Bas &
Boyaci, 2007) was required to validate a model, as
was the use of the bias factor and the accuracy
factor (Ross, 1996). As a result, the model
validation criterion was calculated wusing the

formulas:

z Yi,exp - Yz’,ﬂreo
i=l1 Yz‘,exp (5)
AAD =
14
n Y.
%Zlog }j.,}‘heo "
B, =107 L7
f
n Y.
4 —10"H (-
= = ’
S

With: AAD, absolute average deviation; By, bias factor;
A, accuracy factor; Yiue, response obtained using the
model; Y., response obtained via experiment; n,

number of trials.

The calculated values must fall within the
following ranges: AAD, 0-0.3; By, 0.75-1.25, and
A, 0.75-1.25 (Dalgaard & Jargensen, 1998).

The optimization was carried out using a multi-
response approach that included maximizing the
brix, color and sugar/acid ratio as specifications.
The Minitab 21.3.1 software was used to find the
best combination respecting all the specifications.
Response optimization referred to a set of
variable parameters that worked together to
optimize a single response or a set of responses.

This was useful for determining the effect of
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Minitab
desirability to each

multiple variables on a response.

assigned an individual
response and determined 1t based on the
mmportance assigned to 1t. These values were

added

desirability of the multi-response system. When

together to determine the overall
the composite desirability reached its maximum,
an optimal solution emerged. Individual and
composite desirability determined how well a
combination of variables met the response
objectives. Individual desirability measured how
well the parameters optimized a single response,
whereas composite desirability measured how
well the parameters optimized a group of
responses. Desirability 1s scaled from 0 to 1. A
value of 1 would be 1deal, while a value of 0
would indicate that one or more responses were
out of the acceptable range. The weighted
geometric mean of individual desirability for
various  responses  would be  composite
desirability. Minitab

parameters for the input variables by maximizing

determined the optimal

the composite desirability.
2.6 Juice extraction

A solid-hquid

Extractions were carried out in accordance with

extracton was done here.

the parameters of the four-factor centered
composite design (CCD). The extraction process
of the date juice was carried out as shown in
Figure 1.

The dates were sorted, washed, and pitted. They
were then crushed to increase the exchange
surface and facilitate juice extraction. This
extraction was carried out by immersing beakers
containing crushed dates and water in a water
bath, using a centered composite design with the
variables temperature, time, water/pulp ratio, and
pectinase (enzyme) volume ranging from 25°C to
45°C, 10 min to 60 min, 2 to 5, and 0 mL to 0.5
mlL, respectively. This resulted in 28 trials (Table

Kadlezir et al.

1), each of which was filtered through a filter cloth
and then pasteurized for 15 seconds at 72 + 2°C
(Burapalit, 2019). The pasteurized juices were
kept in the fridge at 4°C.

2.7 Physicochemical analysis of date extracts

Every analysis was performed n triplicate at each
level, according to the experimental design. Brix,

color, and sugar/acid ratio were all measured.

2.7.1 Determination of the Brix degree of date
extracts

After calibrating the refractometer (Digital
Refractometer HI96801) with distilled water (as a
zero), a few drops of the sample were dispersed
on the refractometer's prism, and the amount of
soluble dry residue was recorded from the
mstrument's digital display. After each assay, the
prism plate 1s cleaned with distilled water and a
soft cloth. The operation 1s repeated three times
for each sample.

27.2 Measurement of titratable acidity of date
extracts

The titratable acidity was determined according to
(Martinez et al., 2012) as follows. About 10 mL of
sample was mtroduced m a 250 ml beaker
followed by 50 mL of distilled water Three drops
of phenolphthalein at 1% concentration were
added while stirring. When titrating, a solution of
0.1 N sodium hydroxide (NaOH) was used until a
pink color was maintained for 10 seconds. The
procedure was performed in triplicate. The
formula to determine titratable acidity was given

by:

0.0067V,

A(%)= 1100 ®)

0
With: Vi: volume of sample taken for titration (mL);
Vi: volume of 0.1 N sodium hydroxide solution used
(mL); 0.0067: acidity conversion factor in malic acid
equivalent.
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Ratio (water/pulp): 2 to 5
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Figure 1: Schematic of date juice extraction process

2.7.8 Determination of the juice color

After collecting the juice sample, an absorbance
reading was taken at 430 nm using a Jenway 6405
UV/Visible (Jenway Ltd Felstd, Dunmow, Essex
CM6 3LB, UK) spectrophotometer so that the
level of color mtensity could be determined

(ASBC, 2009).
Color (ASBC)=12.7x Abs (430 nm)x F (9)

With: Abs, absorbance; F, dilution factor; ASBC,
American Society of Brewing Chemists color units.

2.7.4 Determination of the juice color

Sugar/acid ratio (taste) was determined using TSS
and TA values, as previously stated (Solomakhin
& Blanke, 2010).

2.7.5 Determination of the free amino acd
content of extracts

The ninhydrin technique was used to determine
the concentration of free amino acids in extracts
(EBC-Analysis-Committee,

using  colorimetry

1998).

To make a 1/100 dilution, 99 ml of distilled water
was mixed with 1 ml of extract. The sample was
diluted and separated into three test tubes. Fach
test tube received 1ml of color reagent (100g/L
Na.HPO.,, 60g/I. KH:PO,, 5g/L. ninhydrin, and
3g/LL fructose). The tubes were immersed in
boiling water for 16 minutes. They were then
chilled in a water bath to 20-25 °C. Each received
Sml of dilution solution (2g of KIO3, 1L of a
mixture of H.O/Ethanol 96% (600:400, v/v)). A
Jenway 6405 UV/Visible spectrophotometer was
used to measure absorbance at 570 nm (Jenway
Ltd Felsted, Dunmow, Essex CM6 3LB, UK).
The obtained results were compared to the
control and standard results. To create the blank,
2ml of distilled water was used instead of the
diluted extract. The standard was 2 ml of glycine
(10.72 mg/L) mstead of the diluted extract. The
following relationship determined the proportion

of free amino acids:

2x4 4 o)

FAN(mg/L)=
FAN: free amino nitrogen (mg/L); A:: Absorbance of
the test solution at 570 nm; A.: Average absorbance of

the standard solution; d: dilution factor
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Table 1: Matrix of coded and real variables in the centered composite design

Kadlezir et al.

Trials x1 x2 x3 x4 Temperature Time Ratio Enzyme volume

(°C) (min) (water/pulp) (ml)
1 0 0 0 0 60.0 65 35 0.25
2 -1 -1 1 1 38.2 31 4.4 0.41
3 1 l 1 1 81.8 99 4.4 0.41
4 1 1 -1 -1 81.8 99 2.6 0.09
- -1 -1 -1 -1 38.2 31 2.6 0.09
6 0 0 1.607 0 60.0 65 5.0 0.25
7 0 0 -1.607 0 60.0 65 2.0 0.25
8 1 -1 -1 -1 81.8 31 2.6 0.09
9 -1 1 -1 1 38.2 99 2.6 0.41
10 0 -1.607 0 0 60.0 10 35 0.25
11 1.607 0 0 0 95.0 65 3.5 0.25
12 1 l 1 -1 81.8 99 4.4 0.09
13 0 1.607 0 0 60.0 120 35 0.25
14 1 1 -1 1 81.8 99 2.6 0.41
15 0 0 0 1.607 60.0 65 35 0.50
16 -1 1 1 -1 38.2 99 4.4 0.09
17 0 0 0 0 60.0 65 3.5 0.25
18  -1.607 0 0 0 25.0 65 35 0.25
19 1 -1 1 -1 81.8 31 4.4 0.09
20 -1 -1 -1 1 38.2 31 2.6 0.41
21 -1 1 -1 -1 38.2 99 2.6 0.09
22 0 0 0 0 60.0 65 3.5 0.25
23 0 0 0 -1.607 60.0 65 3.5 0.00
24 -1 1 1 1 38.2 99 4.4 041
25 0 0 0 0 60.0 65 3.5 0.25
26 1 -1 1 1 81.8 31 4.4 0.41
27 -1 -1 1 -1 38.2 31 44 0.09
28 1 -1 -1 1 81.8 31 2.6 0.41
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2.7.6 pH measurement of date juice

The electrode of the pH meter (Jual HANNA
HI9813-6 Portable pH/ EC/ TDS Meter Harga
Murah) was dipped into the beaker containing 20
mL of sample at 25" C; the pH value was read.
The operation was repeated three times.

2.7.7 Determination of the Vitamin C content of
date juice

An Erlenmeyer flask was filled with a volume V'
equal to 5 mL of sample measured with a
graduated pipette, followed by 5 ml of the
metaphosphoric acid-acetic acid solution (v/v)
(HPO.-CH: COOH) and 10 mL of distilled
water. A second empty Erlenmeyer flask was
filled with a standard ascorbic acid solution (250
mg/L). Vitamin C (Vit C) was ttrated with
dichlorophenolindophenol  (DCPIP)  solution
(8.61x10” mol/L) for 30 seconds until a pink hue
persists. The procedure was repeated thrice. The
following formula was used to calculate the

vitamin C content.

[DCPIP]xV x M
Vo

Vit C (mg/L)= (11)

M: molar mass of vitamin C (176g/mol); V: volume of
DCPIP (mL); Vo: volume of sample (mL)

2.7.8 Determination of total phenolic content in
date juice

The polyphenols in date juice were measured
using the Folin-Ciocalteu reagent (Matloob &
Balakita, 2016),
phosphotungstic-phosphomolybdenum complex.
2 mL of distilled water and 1.0 mL of Foln-
Ciocalteu reagent (diluted at 1/10) were added to
100 ul. of sample extract. After allowing the

which  produces a blue

mixture to stand for 5 min, 0.75 mL of Na.CO;
solution (60 g/I) was added. After 90 min,
absorption was measured at 765 nm using an UV-
visible spectrophotometer (Jenway Ltd Felstd,

Kadlezir et al.

Dunmow, Essex CM6 3LB, UK) against water as
a blank. For three replicates, the total phenol
concentration was expressed as g of gallic acid
equivalent (GAE) per 100 g of fresh sample.

3. Results and Discussion
3.1 Morphological characterization of date

The morphological characteristics of  the
Bournow date were measured as well as 1its water

content. The results are presented in Table 2.

Bournow dates have a water content of 12%
(Table 2). This characteristic leads to a relative
stability of their quality over a relatively long
period of time. This value 1s consistent with those
discovered 1n the literature which ranged from
12% to 45% (Acourene et al., 2001). Given the
low moisture content of this date, it 1s classified as
having a dry consistency according to Djoudi,
(2013). In terms of date length, the cultivar
Bournow  produced  shorter dates, which
measured 1.78 cm (Table 2). This value was
lesser than the maximum reported for other date
cultivars, which ranged from 2.59 to 6 cm
(Acourene et al., 2001; Djoudi, 2013). In Table 2,
it can be seen that the cultvar Bournow has a
diameter of 0.72 cm. This value differed from
those found in the 58 cultivars studied by
Acourene et al. (2001) 1n the Ziban region which
diameter was between 1.43 cm and 2.40 cm. This
attributed  to

According to the

could be varietal differences.

literature  classification
(Mohammed er al, 1983), the fruit and pulp
masses of 5.506 g and 4.69 g are low because they
are less than 6 g and 5 g, respectively (Table 2).
Defitely, Bournow dates have a poor character
globally for all measured characteristics. This
would justify their use in Chad as amimal feed. It
could also be considered for valorization in
beverages.
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3.2 Physicochemical characterization of the date
Juice

Although focused on the responses that are the

subject of this work (Brix, color and sugar/acid

ratio), other physicochemical characteristics were

determined to have a global view on the
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properties of date juice. These data are exhibited
in Table 3. From there it was seen that the pH
ranged from 4.21 £ 0.02 to 5.62 + 0.01, vitamin C
from 45 + 3 to 126 + 6 mg/100 g, titratable acidity
from 0.37 £ 0.04 to 2.13 £ 0.03 g/L,, free amino
nitrogen 430 + 8 to 617 + 11 mg/lL and
polyphenols from 270 + 6 to 687 + 8 mg
GAL/100 ¢ DM. When compared with literature,
it was noticed that, the value obtained were for
some characteristics (pH and titratable acidity)
within the range obtained by Abbes ef al. (2011)
after applying pectinase/cellulase to obtain juice
from date. Indeed, the values obtained by Abbes
et al. (2011) were for pH and titratable acidity,
respectively 3.12 to 4.87, 0.18 to 1.29 g/L.. The
result obtained

demonstrates the 1mpact of

chosen process variables.
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Table 4: Summary of physicochemical analysis of Bournow date

(Phoenix dactylifera L.) juice

x1 x2 X3 x4 Brix Color Sugar/acid ratio
(°B) (ASBC)
0 0 0 0 18 148 12.0624
-1 -1 1 1 15.5 172.5 10.9313
1 1 1 1 14.4 141.75 18.5757
1 1 -1 -1 21.2 180.5 46.9027
-1 -1 -1 -1 20.9 198 18.3041
0 0 1.607 0 13.2 103.25 12.5756
0 0 -1.607 0 259 168 34.078
1 -1 -1 -1 219 201 57.4171
-1 1 -1 1 21.5 153.5 21.278
0 -1.607 0 0 16.8 171.75 11.6193
1.607 0 0 0 17.3 145.25 35.2342
1 1 1 -1 134 148.25 36.2084
0 1.607 0 0 18 167.5 17.8241
1 1 -1 1 20.5 145.75 16.2319
0 0 0 1.607 17.1 179.25 11.0824
-1 1 1 -1 13.6 155 16.6667
0 0 0 0 17.1 143.75 9.6042
-1.607 0 0 0 17.3 166.5 13.9247
1 -1 1 -1 13.8 125.5 19.1332
-1 -1 -1 1 214 198 17.9681
-1 1 -1 -1 20.8 206 27.8075
0 0 0 0 16.7 134 11.016
0 0 0 -1.607 15.6 178.25 10.5774
-1 1 1 1 14.5 175.75 16.3848
0 0 0 0 16.3 150 8.8889
1 -1 1 1 13.9 167.5 16.1053
-1 -1 1 -1 13.3 158.75 6.2441

1 -1 -1 l 22.3 186.5 30.883
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33  Modeling  and
physicochemical parameters of date juice

optimization of

The influence of operating parameters
(temperature, time, ratio, and enzyme volume) on
the extraction of date juice was determined. The

findings are provided in Table 4.

Kadlezir et al.

CCD models linked singular factors, interactions,
and quadratic effects to response variables. These
models consisted of:

Y, =17.117-0.0014x, — 0.0286x, —2 3075x, + 0.2208x, +0.0055x +0.0180x

034540 — 0129457 —0.04 1 Lxa —0.0670xx, —0.0895x,x, +0.0460xx, (12)
— 0028225, +0.0783x;x,

Y, ,=10.11+0.186x, - 0.12x, -1 46x;, +0.13Lx, + 0.042x7 + 0.046x7
+0.248x7 —0.076x; - 0.006x,x, - 0.086x,x, - 0.033x,x, +0.056x,x, (13)
—0.018x,x, +0.047xx,

Y., —143.66-4.55% —3.18x, - 9.65x, 089, +1 889x + 395132

—1.148x7 + 531027 — 0.650x,x, - 0.902xx, +0.103x,x, + 228 1x x, (14)

=2.765x,x, +4.157x,x,
With, Ys: Brix; Ysa: Sugar/acid ratio; Ye.: Color; x1:
Temperature; x2: Time; x3: Ratio water/pulp; x4:
Pectinase volume.

These

beneficial if a few input variables are precised.

mteractive second-degree models are
Table 5 shows that all models are valid and can
thoroughly components. Table 5
ANOVA only considers variables with probability
<0.05. Thus, they are the only relevant elements.

evaluate

156 - 10.6
—— Color b 2
Sugar/acid rati
152 4 ugdrract aln| P L 10.4
o g
z -
< 148 -10.2 '3
J 7
144 4 = 10.0
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25 35 45 55 65 75 85 95
Temperature (°C)

Figure 2: Evolution of color and sugar/acid ratio,
as a function of temperature (time, water/pulp
ratio, and pectinase volume fixed respectively at
65 min, 3.5, and 0.25 mL)
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Table 6: ANOVA for the significance of the factors used during extraction of some
constituents from Bournow date (Phoenix dactylifera L.) juice

Brix Color Sugar/acid ratio

ferms Probabilities (P)

Constant 0.000 0.000 0.000
*| Temperature (°C) 0.988 0.002 0.003
%5 Titve (i) 0.744 0.020 0.037
*3 Ratio (water/pulp) 0.000 0.000 0.000
4 _Brzowie volome (mL) 0:923 0.475 0.024
: 0.935 0.067 0.319
0.792 0.001 0.277
X 0.100 0.246 0.000
£ 0.076 0.000 0.081
%% 0.514 0.458 0.865
b 5.1 0.295 0.314 0.036
XX, 0.168 0.907 0.176
0, 0.467 0.020 0.152
X, X,y 0.653 0.007 0.629
XX, 0.224 0.000 0.224

3.3.1 Impact of singular factors on responses

3.3.1.1 Impact of temperature and time

The sugar/acid

ratio

mcreased

significantly

(P=0.000, Table 6) from 9.92 to 10.51 as the
temperature increased from 25°C to 95°C (IFigure

2). Although temperature has no effect on Brix in

this scenario, it does cause cell weakening and
thus more mineral extraction. Because the juice
has alkaline 10ns in solution, they would engage in
acid-base reactions, lowering the titratable acidity
by that means. This resulted in an increase in the
ratio. The sugar/acid ratio range (7.82-15.4)
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mdicated a healthy balance of sweetness and
acidity, which was important for must quality and
flavor. The findings were consistent with the
literature, which placed this ratio at 10.78 for the
production of good juice (Benidir et al., 2020).

For temperatures ranging from 25 to 95 °C, the
color of date juice decreased significantly
(P=0.000, Table 6) from 155 to 141 ASBC. Date
pigments include chlorophyll, carotene, and
anthocyanins, which provide green, yellow, and
(Ashral & Hamidi-

Esfahani, 2011). Date syrups' color intensity may

red colors, respectively
be affected by pigments such as carotenoids,
flavonoids, tannin derivatives, and polyphenols
(Benamara et al, 1999). Lutein 1s the most
abundant carotenoid pigment in dates, followed
by B-carotene (Boudries et al., 2007). Carotenoids
were susceptible to destruction during processing
and storage due to exposure to high temperatures,
light, or pro-oxidant chemicals due to their highly
unsaturated nature. As a result, carotenoid loss
during food processing was documented and
quantified m various articles (Aman et al., 2005;
Hiranvarachat er al, 2008). The two major
carotenoid

changes that occurred during

processing was 1somerization and oxidation.
Carotenoids occurred naturally in all-trans form.
Heating, on the other hand, caused 1somerization
of all-trans-carotene to cis forms (Achir er al,

2010).

For a duration of 10 to 120 min, the sugar/acid
ratio decreased significantly (P=0.037, Table 6)
from 10.42 to 10.03 (Figure 3). The consequence
of the Maillard reactions was a reduction i the
sugar/acid ratio, which 1is the opposite of what was
shown for the temperature. In essence, the
reducing sugar like glucose first condensed with a
substance that had a free amino group (most
commonly the E-amino group of lysine, but also

the a-amino groups of terminal amino acids in

Kadlezir et al.

proteins) to produce N-substituted glycosilamine,
which then rearranged to produce the Amadori
rearrangement product (Martins et al., 2000). The
residual amount lowers when the sugars were
mvolved in that process, which caused the ratio to
fall. This Maillard reactions induced also the
reduction of amino nitrogen with time.

160 - r 10.5

—— Color

: ; : F10.4
Sugar/acid ratio

155 1

=103

e F10.1

150 4

Color (ASBC)

145 -

140 10.0

10 21 32 43 54 65 76 87 98 109 120

Time (min)
Figure 3: Evolution of color and sugar/acid ratio,
as a function of time (temperature, water/pulp

ratio, and pectinase volume fixed respectively at
65 min, 3.5, and 0.25 mL)

At 10 min, the color was 158.97 ASBC, and at 79
min, it was 143.02 ASBC, therefore it drops
significantly (P=0.020, Table 6). Following that,
there 1s a significant increase (P=0.001, Table 5)
till 148.75 ASBC at 120 min (Figure 3). During
the extraction, this phenomenon of date juice
discolouration as a function of time and
temperature was noticed (Benahmed Dylali &
Adiba, 2012).

carotenoids, anthocyanins, flavones, flavonoles,

Several pigments, 1ncluding
lycopene, carotenes, flavoxanthin, and lutein,
were found i dates (Echegaray er al., 2021). The
alteration of color and pigment during food

products' heat processing 1s controlled by a variety

Sugar/acid ratio
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of factors. These mclude browning and process
conditions that are enzymatic and non-enzymatic.
Numerous  studies on  the  qualitative
characteristics of fruit-based pigments, particularly
on carotenoid loss after heat processing, have

(Ahmed &

Ramaswamy, 2005). Indeed, compounds such as

been published mn the literature

anthocyanins are sensitive to heat treatment
(Weber & Larsen, 2017) and, the time of
application of heat treatment would therefore
contribute to a reduction of anthocyanins and
therefore color. The color enhancement in the
second stage could be due to Maillard reactions
that increased with time. Thermally treated food
can cause a chain reaction of reactions known as
the Maillard reactions or nonenzymatic browning.
These reactions are crucial in the development of
flavor and color i heated food. Under certain
conditions, the reaction happens between
carbonyl groups of reducing sugars and free
amino groups of amino acids, peptides, or
proteins. The final stage of the Maillard reaction,
where condensation of carbonyls and amines
generates brown-colored high molecular weight
molecules known as melanoidins, has been
(Starowicz &

related to color development

Zielinski, 2019).
3.3.1.2 Impact of ratio water/pulp

Brix declned significantly (P=0.000, Table 6)
from 21.72 °B to 14.30 °B as the water/pulp ratio
mcreased from 2 to 5 (Figure 4). This could be
explained by the diluting effect that an increase
water would have on sugar extraction. This was
consistent with the literature, which reported the
similar pattern for plantain juice extraction
(Bentahar er al., 2014; Makebe er al, 2017). Like
the brix, the decrease in all the other responses
with the increase of water/pulp ratio (Figure 4)
could be explamed by the dilution brought with
the mcrease of water.

Kadlezir et al.
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Figure 4: Evolution of brix, color and sugar/acid

ratio, as a function of ratio water/pulp
(temperature, time, and pectinase volume fixed

respectively at 60°C, 65 min, and 0.25 mL)
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Figure 5: Evolution of brix and sugar/acid ratio, as
a function of pectinase volume (temperature,
time, and ratio water/pulp fixed respectively at
60°C, 65 min, and 3.5)

3.8.1.3 Impact of pectinase volume

Brix begun at 16.42 °B before increasing
significantly (P=0.023, Table 6) to 17.14 °B, with
the addition of 0.5 mL pectinase. Abbes er al
(2011)

production of date syrups. This was related to the

made the same observation for the
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Figure 6: Evolution of sugar/acid ratio and color as a function of temperature/ratio (A), time/ratio (B),

time/pectinase volume (C) and ratio/pectinase volume (D). All the other factors for each curve are

fixed at the central value of the domain

breakdown of pectin mnto galacturonic acid units
and sugars in the plant cell wall matrix and middle
lamella (Abbes et al, 2011; Demir et al, 2001;
Landbo et al., 2007).

The volume of pectinase that was used, resulted
m a significant increase (P=0.024, Table 6) i the
sugar/acid ratio. It ranged from 9.7 when there
was no pectinase present to 10.12 when there was
0.5 mL of pectinase present in volume (Figure J5).
This rise can be explained by the fact that, as was
observed earlier, the sugar release kinetics seemed

faster than the titratable acid release kinetics,

which resulted 1In an overall increase 1n the
sugar/acid ratio.

3.2.2 Impact of interactions on responses

The interacton  between  x1 and  x3

(temperature/water/pulp ratio) greatly reduced
(P=0.036, Table 6) the sugar/acid ratio. In fact,
this effect was accentuated simultaneously by a fall
i temperature and a rise in the water/pulp ratio
(Figure 6 A). This might be explained by the fact
that the dilution effect dropped the brix quicker
than the ttratable acidity, which decreased the
sugar/acid ratio. Paul er al. (2018), who evaluted
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the effect of dilutton on banana fermentation,
made similar observation. The simultaneous drop
i temperature and sugar/acid ratio demonstrates
that the date's structure plays a crucial role in
fixing sugar and restricting its release.

The x2x3 interaction (time, water/pulp ratio)
significantly contributed to the color increase
(P=0.020, Table 6). This was seen when the
extraction time increased while the water/pulp
ratio decreased (Figure 6 B). Indeed, a longer
extraction time would help to extract the elements
that contributed to the color, such as pigments
and polyphenols, while a decrease 11n the
water/pulp ratio would concentrate the medium,
resulting in an increase of the date juice's color.
Furthermore, a longer extraction time would
permit an increase In color due to Maillard
reactions since the temperature was fixed at 60 °C.
Melanoidins are compounds formed during the
late stages of the Maillard reaction from reducing
sugars and proteins or amino acids. In food, they
have been identified as anionic and colored

compounds (Echavarria ef al., 2012).

The x2x4 interaction (time, pectinase volume)
significantly  contributed to color reduction
(P=0.007, Table 6). This occurred when the
extraction time increased while the pectinase
volume reduced (Figure 6 C). With time, the
pigments responsible for the color degrade
(Benahmed Dijilali & Adiba, 2012), and the
decrease in the volume of pectinase contributes to
the non-destruction of the pulp structure,

reducing the extraction of the compounds

responsible for the color.

The x3x4 mteraction (time, pectinase volume)
significantly contributed to the color ncrease
(P=0.000, Table 6). This was seen when the
volume of pectinase increased while the
water/pulp ratio decreased (Figure 6 D). Indeed,

lowering the ratio helps to reduce the dilution

Kadlezir et al.

effect, while increasing the pectinase volume helps
to weaken the pulp through pectin hydrolysis
(Srivastava & Tyagi, 2013), resulting in the release
of the compounds responsible for the color.

3.2.83 Optimization

To achieve the best physicochemical properties of
the date juice, multi-response optimization was
used. Brix, color, and sugar/acid ratio were all
maximized for this purpose. At the end of this
Minitab 21.3 optimization, the compromise was
as follows: extraction temperature 95 °C, time 10
min, water/pulp ratio 2 and pectinase volume 0
mL. This combination produced a Brix of 21.89
‘B, a sugar/acid ratio of 13.99, and a color of
197.49 ASBC. The mdividual desirability for the
brix, color and ratio sugar/acid were respectively
0.683, 0.917 and 0.768. While the composite
desirability was 0.784. The composite desirability
(0.7840) in the study was close to 1, indicating that
the parameters appeared to produce favorable
results for all responses as a whole. Individual
desirability, on the other hand, indicated that the
parameters were more effective m maximizing
color (0.91718) than for sugar/acid ratio
(0.76893), and finally for brix (0.68336).

4. Conclusion

The goal of this work was to contribute to the
valorization of the date Bournow variety in the
field of drinks. Its poor physical character, which
renders it unmarketable and consumable as is,
confirmed the need for valorization. The
response surface methodology was used to extract
the juice, which allowed us to see that the selected
factors, which are temperature, time, water/pulp
ratio, and pectinase volume, have different effects
on the responses Brix, color, and sugar/acid ratio,
either mcreasing or decreasing them significantly.
This extraction allowed us to highlight the nutrient

richness of date juice, as observed by other
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of dates. The

optimization, which consisted of maximizing all of

authors on other varleties
the responses (Brix, color, and sugar/acid ratio),
resulted mn the quadruplet: temperature 95 °C,
time 10 min, water/pulp ratio 2, and pectinase
volume 0 ml.. The resulting Brix was 21.89 °B,
the sugar/acid ratio was 13.99, and the color was
197.49 ASBC. The nutrient richness of the juice
produced under optimal conditions suggests that
the juice's quality could be mmproved, and the
Bournow date could be used in other industries
such as fermented beverages.
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