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Safou (Dacryodes edulis H.J.Lam) is a seasonal fruit of great importance in the diet and economy of the populations of safou-
producing countries. However, the valorization of this fruit is limited due to postharvest losses linked to the softening of the
fruit, though this fruit is an essential source of macro- and micronutrients. Thus, this study is aimed at contributing to the
valorization of softened safou by determining the optimum softening time, drying time, and temperature for good nutritional
and rheological flour. The effects of the softening time, drying time, and drying temperature on the fat, protein, carbohydrate,
dietary fibre, water, calcium, phosphorus, and potassium content were studied using the central composite design. The results
showed that all the responses were affected by the factors. Also, the softening time of 4.75 days, drying time of 40.55 hours,
and drying temperature of 41.83°C were the optimum conditions for producing safou flour with high nutritional value and
good rheological properties. These optimum conditions resulted in safou flour with 58.95%, 12.40%, 22.40%, 4.38%, 4.91%,
2207.90 mg/1000 mg, 1898.30 mg/1000 mg, and 478.540 mg/1000 mg as lipid, protein, carbohydrates, fibre, moisture calcium,
phosphorus, and potassium content, respectively. In addition, the pasting temperature, peak viscosity, breakdown, holding
viscosity, final viscosity, setback, setback ratio, and stability ratio of the aforementioned flour were 50.42°C, 58 cp, 0.5cp,
57.5¢p, 61.5¢cp, 4cp, 1.07, and 1, respectively. Based on its nutritional value and rheological properties, softened safou flour
can be used in food formulation, thus contributing to the valorization of safou fruits.

1. Introduction

Over the last few years, there has been a focus on noncon-
ventional crops with local and industrial development
potential [1]. Rainforest species, such as Dacryodes edulis,
Irvingia  gabonensis, and Baillonella toxisperma, have
attracted special attention. However, D. edulis is the most
popular as it is cultivated in many countries of central Africa
and the Gulf of Guinea [2]. Safou emerges as an economic

crop in Cameroon because it is cultivated in many parts of
the country and contributes to poverty reduction [3]. During
the fruit-producing season, Cameroon exports safou to
neighbouring countries and European countries such as
Belgium, France, and Switzerland. Safou fruit, commonly
known in Cameroon as “plum,” is ellipsoid drops, 4-8 cm
long by 3-6 cm wide. The safou fruit ranges in size, and the
skin and pulp colour varies with variety [4]. It can be used
in food, pharmaceutical, and cosmetic industries [1]. In food
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industries, pulp flour can be used for fortifying bakery and
pastry products [5]. Furthermore, this edible part contains
59% water, 32-44 g of lipids, 14-26 g of protein, 32-38 g of
carbohydrates, fibre, and 4-10 g of ash [6]. Also, except tryp-
tophan, safou pulp contains all the rest of amino acid [7]. In
addition, the aforementioned fruit is a good source of min-
erals such as calcium, potassium, zinc, sodium, magnesium,
manganese, and iron [2]. Nonetheless, the potential of this
fruit is not fully exploited due to important postharvest
losses resulting from fruit softening [8]. The highest posthar-
vest losses are estimated at 50% in two to three days after
harvest [9]. It is in this context that there is the recycling
of softened safou into flour or oil for its valorisation [2].
The fact that softened safou pulps are still rich in nutrients,
there is a need to understand their softening process and
drying conditions. It is in this token that Dossou et al. [8]
revealed that the softening process of safou pulp is influ-
enced by the cultivar, picking method, mode of packaging,
and temperature. In addition, Ndindeng et al. [10] high-
lighted that ripe and unripe fruits were most susceptible to
deterioration due to the high level of polygalacturonase in
the fruit. Also, Djedje et al. [1] found that the ripening phase
(softening time) significantly influenced the firmness and
the proximate components of safou pulp. Although the qual-
ity of fruit is affected by 1-methylcyclopropene during treat-
ment, this compound increases the fruit’s shelf life [11].
However, limited or no research has determined the opti-
mum drying conditions for safou and the effects of softening
time on the nutritional quality of softened fruit flour. Thus,
the objective of this study was to determine the optimum
drying conditions, softening time, and their effects on the
nutritional value of safou flour and evaluate the rheological
properties of the resulting product.

2. Materials and Methods

2.1. Materials. The plant material was matured safou fruit
collected from a farm in the locality of Kekem in the
Haut-Nkam division (West Region of Cameroon). This
locality was retained based on previous work. The skins of
the fruits collected were bluish and whitish, while the pulp
colour was greenish [4]. The size of the fruit was large,
and the pulp was thick. The fruits were harvested in October
2021 and transported in bags with holes to provide ventila-
tion. All the chemicals and reagents used in this study were
analytically graded.

2.2. Methods

2.2.1. Determination of the Optimum Drying Conditions and
Softening Time for the Production of Safou Flour

(1) Experimental Design. To determine the optimal condi-
tions for the production of safou flour with high nutritional
value, the response surface methodology was used. The
design chosen for this work was the central composite
design. The factors chosen were the softening time (X,),
the drying time (X,), and the drying temperature (X;).
These factors and their range of variation were selected
based on previous work and the literature review, and
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TaBLE 1: Experimental domain of factors.

Factors Abbreviation Range
Softening time (days) X, 3-12

Drying time (h) X, 24-48
Drying temperature ("C) X5 45-55

Table 1 shows the experimental domain. The latter domains
were used to generate the experimentation matrix (Table 2).

(2) Production of Safou Flour. The method proposed by Sika
et al. [12] with slight modifications was used for safou flour
preparation. Figure 1 shows the production procedure used.
Briefly, after collection, fruits were spread on bags at room
temperature (20-22°C) over at different storage time as
defined by the experimentation matrix (Table 2). About 10
fruits were randomly selected, washed, and pitted to separate
the pulps from the pits, and then, the pulps were steamed for
5 minutes at a temperature of 100°C to reduce microbiolog-
ical contamination. The pulps were spread on a rack and
dried in an electric-ventilated oven (Venticell MMM Group,
Sweden) at defined times and temperatures defined by the
software (Table 2). The dried samples were ground using a
dry blender (Moulinex, France), to obtain flour.

The latter was packaged in polystyrene bags and stored
in a desiccator for further analysis. Figure 1 shows the dia-
gram of the production of softened safou flour.

(3) Evaluation of Responses.

(I) Determination of the Proteins, Lipids, Carbohy-
drates, Fibres, Ash, and Water Contents of the Safou
Flour

The water content was determined by drying the samples
in a Venticell brand ventilated oven at 105 + 2°C until a con-
stant weight was obtained [13]. Concerning the ash content,
its determination was by incinerating the samples for 20
hours at 550°C. The nitrogen content was determined using
the Kjeldahl method, and protein content was calculated
according to the formula N*6.25 [13]. When it came to the
lipid content, it was evaluated according to the Soxhlet
method [13]. In addition, the total carbohydrate content
was determined by the differential method proposed by
AOAC [13]. For the fibre content, the method described
by Pauwels et al. [14] was used. All tests were done in
duplicate.

(II) Determination of the K, P, and Ca Contents

The evaluation of these minerals was due to their abun-
dance in safou pulp. Their determinations were done
according to the method described by Pauwels et al. [14].
Precisely, 1g of each safou powder sample was introduced
into a porcelain crucible and calcined in a Carbolite Euro-
therm muffle furnace at 450°C for 2 hours. After calcination,
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TaBLE 2: Experimentation matrix for the optimization process.

Trial X, =softening X, =drying Dryingtemperature = X,

number  time (days) time (h) (°C)

1 +1(12.00) -1 (24.00) -1 (45.00)
2 0 (7.50) 0 (36.00) 0 (50.00)
3 +1(12.00)  +1 (48.00) -1 (45.00)
4 0 (7.50) 0 (36.00) 0 (36.00)
5 -1 (3.00) -1 (24.00) +1 (55.00)
6 +1 (12.00) -1 (24.00) +1 (55.00)
7 -1 (3.00) +1 (48.00) -1 (45.00)
8 +1 (12.00) +1 (48.00) +1 (55.00)
9 -1 (3.00) -1 (24.00) -1 (45.00)
10 0 (7.50) 0 (36.00) 0 (50.00)
11 0 (7.50) 0 (36.00) 0 (50.00)
12 -1 (3.00) +1 (48.00) +1 (55.00)
13 0 (7.50) 0 (36.00) +a (58.17)
14 -a (0.15) 0 (36.00) 0 (50.00)
15 +a (14.84) 0 (36.00) 0 (50.00)
16 0 (7.50) +a (55.60) 0 (50.00)
17 0 (7.50) 0 (36.00) 0 (50.00)
18 0 (7.50) - (16.40) 0 (50.00)
19 0 (7.50) 0 (36.00) 0 (50.00)
20 0 (7.50) 0 (36.00) -o (41.84)

Spreading of fruits at room temperature over a
time interval defined by the software

pu

| Washing and pitting of fruits ‘

pu

| Steaming of pulp at 100 °C (5 minutes) ‘

«

Drying (time and temperature defined by the
software)

.

| Grounding ‘

FIGURE 1: Procedure steps for the production of safou flour.

the ash was digested with 10 ml of nitric acid of 1 N concen-
tration for 30 min then cooled and filtered using Whatman
No. 4 filter paper into 50 ml volumetric flasks, and the vol-
ume was completed with distilled water to the mark. Finally,
the sample was read directly using an atomic absorption
spectrophotometer for K. When it came to the P assay,
2ml of the ash extract was introduced into a test tube, and
then, 6ml of distilled water and 2ml of nitro-vanada-
molybdate reagent were added. The whole was homogenized
and left to stand for 1 hour. Finally, the sample was assayed
by spectrophotometry at 430 min. The absorbance obtained
was projected onto the respective linear regression equations
to determine the rate of Ca, K, and P in the safou powders.

(4) Proposition of the Model. The fitted response values were
represented using the following second degree polynomial
equation.

Y = by + axy + bx, + cx; + dxx, + ex x5 + fx,x5 (1)

+ gx, X + hxyx, + ixsxs + £,

where Y is the expected response; b, is the constant; a, b, and
c are the linear coefficients; g, h, and i are the square coeffi-
cients; d, e, and f are the interaction coeflicients; x;, x,, x5,
X, X5, X1y, X,X3, %,X,, X,%5, and x;,X; are the levels of the
independent variables; ¢ is the error.

(5) Validation of the Model. To validate the model, the coef-
ficient of determination (R?), absolute mean deviation anal-
ysis (AMDA), and the bias factor (Bf) were determined [15].

(6) Multiple Optimization and Validation of the Optimum
Conditions. Multiple optimizations were done using all the
responses, and the compromised conditions were deter-
mined. Validation of the compromised optimum condition
was done based on desirability and the level of significance
(p values <0.05) between the experimental and predicted
values [15].

2.2.2. Evaluation of the Rheological Properties of the
Optimized Safou Powder. It should be highlighted that the
safou flour obtained using the compromised optimum con-
dition was called the optimized safou powder. The method
described by Sanchez et al. [16] was used to determine the
rheological parameters of the powder using the rapid veloc-
ity analyser (Perten RVA master). Precisely, in 25 ml of dis-
tilled water, 3g of dry safou powder was dispersed, and
different temperatures were applied. The particle size was
not determined, and the moisture content was 4.91%. Hold-
ing viscosity was done at 50°C for 1min, heating from
6°C.min™" to 95°C, holding at 95°C for 5min, and cooling
at a rate of 12°C/min to 50°C, and final holding was done
for 2 min at 50°C. The means of 2 replicates were calculated
for each parameter. The pasting temperature (PT), peak vis-
cosity (PV), holding viscosity (HV), and breakdown (BD)
estimated from the ratio of PV and HV, final viscosity
(FV), setback viscosity (SB) estimated from the ratio of FV



and HV, the setback ratio (SBR = FV/HV), and stability ratio
(STR = HV/PV) were evaluated.

2.3. Statistical Analysis. The experimentation matrix and the
analysis of the optimization results were done using Minitab
software version 18.0. A p value of 0.05 was considered sig-
nificant. To plot response surface curves and isoresponse
curves for multiple optimizations, SigmaPlot version 12.5
software was used. GraphPad Prism version 5 software was
used to determine the significance threshold between the
experimental and predicted values. This significance was
done using the Student-Newman-Keuls comparison test at
the 5% probability level.

3. Results and Discussion
3.1. Results

3.1.1. Optimum Drying Conditions and Softening Time for
the Production of Safou Powder

(1) ANOVA and Coefficient of Determination for the Responses.
Table 3 presents the experimental results obtained during the
various tests as well as the adjusted values predicted by the
software. From this, the lipid, protein, carbohydrates, fibre,
moisture, calcium, phosphorus, and potassium contents
vary, respectively, as follows: 55.01-65.50%, 7.97-12.21%,
17.95-28.26%, 4.25-4.99%, 3.56-5.40%, 409.4-2100.5mg/
1000 mg, 613.98-1535mg/1000 mg, and 311.59-1110.20 mg.

Concerning ANOVA analysis, Table 4 presents the p
values of the different factors for the responses. It appears
that the linear effect and the quadratic effect of the drying
temperature and the drying time significantly affect the lipid
content of softened safou flour. The high value of the R* of
83.64% shows that the linear and quadratic effects of the
drying temperature contribute to 83.64% of the variation
of the lipid content.

The protein content on the other hand was significantly
affected (p < 0.05) by the linear effects of softening and dry-
ing times and the quadratic effects of these same factors.
Also, the interaction between softening time, drying time,
and drying temperature significantly affected the protein
content. The R? of 93.46% indicated that the linear and qua-
dratic effects of the softening time and the drying time con-
tribute to 93.46% of the variation of protein content.

Concerning the carbohydrate content, it was signifi-
cantly influenced (p < 0.05) by the linear effects of the vari-
ous factors and their quadratic effect. Here, the R? showed
that the linear effects of the various factors and their qua-
dratic effect contribute to 97.16% of the variation in total
carbohydrate content.

When it comes to the dietary fibre content, it was signif-
icantly affected (p < 0.05) by the interaction between drying
time and drying temperature. The R* of 80.94% revealed that
the interaction between drying time and drying temperature
contributed to variation in fibre.

Furthermore, the moisture content was significantly
influenced (p < 0.05) by the linear effect of softening time
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and drying temperature. This was also affected by the qua-
dratic effects of drying times and drying temperature and
the interaction between drying time and drying temperature.
The R* showed that 92.92% of the variation in water content
depended on the storage time and the drying temperature.

Also, the linear effects of drying time and drying temper-
ature significantly affected (p < 0.05) the calcium content of
softened safou powders. In addition, the interactions between
storage time and drying time and between drying time and
drying temperature as well as the quadratic effects of storage
time and drying time significantly affect this parameter.
These factors constitute a 99.33% (R?) variation in the cal-
cium content.

For the phosphorus content of softened safou powders,
the linear effects of storage time and drying temperature
significantly affected (p <0.05) it. Also, the interactions
between the factors and the quadratic effects of factors sig-
nificantly affected (p < 0.05) the potassium content. The R
showed that 98.73% of the linear and quadratic effects con-
tributed to the variation of phosphorus.

The linear effect of storage times and the interactions
between the factors affected significantly (p <0.05) the
potassium content of the flour from softened safou. The R
indicated that 91.16% of the linear effect of storage time
and the interaction between drying time and drying temper-
ature and storage time contributed to the variation of
potassium.

(2) Proposed Model and Validation. The regression equa-
tions for each of the responses are given below ranging from
(2)-(9). These equations showed the effect of each factor on
the responses.

Y1=-132.1+2.71X1 - 0.800X, + 8.40X,
~0.012X, X, +0.00049X,X, - 0.0900X,X,  (2)
+0.0094X, X, — 0.0325X, X; + 0.0135X,X;,

Y2 =163 —0.552X1 + 0.648X, — 0.636X,
-0.03938X,X, — 0.003617X,X, +0.0065X,X; (3)
~0.01334X, X, + 0.02947X, X; — 0.00516X, X,

Y3 =189.1-0.185X1 +0.173X, — 7.175X,
+0.1292X, X, +0.00543X,X, +0.08170X,X,  (4)
~0.00073X, X, — 0.0304X, X; — 0.01251X,X;.

Y4=9.52+0.013X1 — 0.1889X, — 0.043X,
- 0.00286X, X, — 0.000175X,X, + 0.01374X,X,
~0.001424X, X, — 0.00047X, X; + 0.003885X,X

(5)
Y5=-34.02 - 0.101X1 + 0.2907X,, + 1.447X,

+0.00387X,X, — 0.0001031X,X, — 0.01374X, X,
~0.00076X,X, +0.00017X, X, — 0.00417X,X,,

(6)
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TABLE 4: p values of the factors, coeflicient of determination (R?), AMDA, and the bias factor of the different responses.

Sources Lipid content Protein content Carbohydrate content Fibre content Moisture content

Calcium Phosphore Potassium

X, 0.505 0.001* 0.002*
X, 0.683 0.024* 0.006"
X, 0.009* 0.074 0.001*
X, X, 0.004* 0.000°* 0.001*
X,X, 0.900 0.033* 0.007*
X3X, 0.002* 0.248 0.001 *
XX, 0.483 0.002* 0.894

XX, 0.322 0.004* 0.042*
X, X, 0.275 0.102 0.029*
R 83.64% 93.46% 97.16%
AMDA 0.0 0.00 0.00

Bf 1.0002 1.0004 1.0003

0.808 0.001* 0.090 0.001* 0.001*
0.067 0.635 0.001* 0.115 0.089
0.605 0.001* 0.001* 0.008* 0.955
0.158 0.217 0.001* 0.010* 0.179
0.052 0.033* 0.001* 0.001* 0.074
0.583 0.001* 0.424 0.001 * 0.865
0.146 0.600 0.001* 0.071 0.006*
0.831 0.962 0.063 0.001* 0.059
0.001* 0.009* 0.001* 0.008* 0.017*
80.94% 92.92% 99.33% 98.73% 91.16%
0.0 0.00 0.00 0.00 0.00
1.0001 1.0005 1.0001 1.0005 1.0001

X,: softening time; X,: drying time; X5: drying temperature; X, X,: quadratic effect of softening time; X,X,: quadratic effect of drying temperature; X;X5:
quadratic effect of drying temperature; X, X,: interaction between softening time and drying temperature; X, X;: interaction between softening time and
drying temperature; X,X5: interaction between drying time and temperature; R?: coefficient of determination; AMDA: absolute mean deviation analysis;

Bf: bias factor of the *factor with significant effect p < 0.05.

Y6 = 3972 +316.9X1 + 84.7X, — 184.0X,
~10.324X, X, + 1.885X,X, +0.529X,X;  (7)
+2.083X, X, +3.01X, X, + 1.532X,X,,

Y7 = 13451 — 553.5X1 + 115.9X, — 474.4X,
~2.214X,X, - 0.8934X,X, + 4.163X,X; (8)
~0.653X,X, + 11.218X,X; — 0.973X,X,

Y8 = 4647 — 211.5X1 - 63.7X,, — 95X,
+1.76X,X, - 0.343X,X, +0.171X;X;  (9)
+2.083X, X, +3.01X, X, + 1.532X,X,,

where Y, — Y represent lipid, proteins, carbohydrates, fibre,
moisture, calcium, phosphorus, and potassium content; X,
is the softening time (days); X, is the drying time (h); X;
is the drying temperature (°C); and X, X, X, X,, X;X;, X,
X,, X,X;, and X;X; are the levels of the independent
variables.

Concerning the validation of the model, the AMDA and
the bias factor values for each response were, respectively,
equal to 0 and between 0.75 and 1.25 (Table 4). These
obtained values imply valid models.

(3) Response Surface Analysis of the Different Responses. For
response surface analysis, only the influencing factors on the
responses were considered. The different response surface
curves for each response are presented in Figure 2 (a-h2).
It appears that the lipid content decreases with increasing
drying temperature and softening time (a). As for the pro-
tein content (bl, b2), it decreases when the drying time is
reduced and increases until it reaches a peak when the soft-
ening time increases and then begins to decrease. Regarding
the carbohydrate content, it can be noted that the carbohy-

drate content increases with the drying temperature and
decreases with the softening time (c1). For the fibre content,
it can be seen from this figure that the fibre content increases
with decreasing drying temperature and drying time (d).
The moisture content (el and e2) decreases with increasing
drying time and drying temperature, and increasing the soft-
ening time favours the increase in this content and then its
decrease. The calcium content (f1 and f2) decreases when
the drying time and the softening time are reduced, and
the interaction between the drying time and the drying tem-
perature allows the increase of this content rather than a
decrease and an increase. As for phosphorus (gl and g2), it
increases when the softening time is reduced, and the drying
temperature and the interaction of drying time and drying
temperature favour an increase in this rate. When it comes
to the potassium content (hl and h2), it decreases when
the softening time and the drying time are reduced and
decrease with the interaction between the drying time and
the drying temperature and then increase.

(4) Multiresponse Optimization and Validation of the Com-
promised Optimum Condition. Multiresponse optimization
enables the building of an appropriate response surface
model that groups all the responses and then tries to find a
set of operating conditions for all responses by keeping them
in the desired ranges. Figure 3 shows the contour plot with
the shaded zone representing the compromise optimum
conditions for all the responses. From these zones, the values
of the nutritional parameters in Table 5 were obtained. Also,
from the latter table, the comparison of the experimental
and predicted values can be seen. It should be noted that
the desirability was closer to 1. Under this condition, the
optimized softening safou flour (Figure 4) was obtained.

3.1.2. Rheological Properties of the Optimized Safou Powder.
The pasting properties of the flour determine its suitability



International Journal of Food Science

Lipids content

<
8 ©

68

Nel
(e}

<
o«
g8 ERD

() YAIUOD sprdry

Yillg time (°C)

Dr

== 60
62
O 64
= 66
I 68
()

. 48
. 50
. 52
. 54
I 56
. 58

)

Protein content (%

)

Protein content (%

(b2)

(b1)

12

o 0

—

20

2

(h)

/11
 — )
/313
. 14

Dry, ing time

. 6
. 7
. 8
. °
. 10

—

—

(9) w000 NI

)

b

(

FiGure 2: Continued.



International Journal of Food Science
Carbohydrates content (%) Carbohydrates content (%)
(c1) g

(c2)

[
~

)

)
»
=

(o8]
(=}

A
- ”"’l 1]
O
T
THITHH T
]
i
i,

NN
BR R ®

Carbohydrates content (%)

[3%]
o
Carbohydrates content (%)

—
o}

= Drying time (h) 0 s 20 c,éé
fr— :  m— 0 - 20 3 28
20 = 30 2 .
: & 2 /3 32
: ; . 26 B 4
I 26
()

Fibre content (%)

5,2 -:
5,0 .
48 :
€ 46 A:‘
£ 44 7“
El :
: .
S 42
: .
g > 55
3,8

w
=)
w1
(=}

w
~
4

56

| | $o
54 4
52 . 5
D ey 20
g tempEr 46 "
atllre (OC) 42
N 34 44
3,6 0 46
3.8 0 48
4,0 == 5,0
N 42
(d)

FiGure 2: Continued.



International Journal of Food Science

Moisture content (%)

Moisture content (%)
(e1) o

(e2)

>

4,

Moisture content (%)
Moisture content (%)

>
=}

N
8 time (11) 20 3
. 6,5 e 4,5
. 3,0 /35,0
. 3,5 /35,5
B 6,5 — ) . 4,0 . 6,0
N 2,5 /15,0
I 3,0 55
N 3,5 N 6,0
I 4,0
(e)
Ca content (mg/1000 g)
Ca content (mg/1000 g) I
(f1)

(f2)

QM
SR
SR

TN
TN
2
ALt
o
HrHT1H]
THH]

Ca content (mg/1000 2)
Ca content (mg/1000 2)

56 54

, A@%
. 52 5T 25 Q
Tyin 48 4
8 tempel‘at 6 44
Ure (OC) 42

. 200 == 1000 I 400 [ 1200

I 400 [/ 1200 600 1 1400

. 600 1 1400 BN 800 [ 1600

800 1600 1000

®

Figure 2: Continued.



10

(g1)

P content (mg/ 1000 g)

P content (mg/1000 g)

angt
€ Perature 2
I 0 3 1500
. 500 /1 2000

I 1000 B 2500

(h1)

K content (mg/1000 8

200
400
I 600
800
3 1000
/3 1200
1400

K content (mg/1000 g)

FIGURE 2: Response surface curves of lipid contents (a), proteins (b1, b2), carbohydrates (c1, c2), water (d1, d2), fibre (e), calcium (f1, f2),
phosphorus (g1, g2), and potassium (h1, h2).

42

K content (mg/1000 )

International Journal of Food Science

P content (mg/1000 g)

(g2)

Z
‘;’,’/tf’//
I,
AT
L]
‘v';fffrtl',','ll"”
HH
11H1

P content (mg/1000 )

4
Perature ) 42
. 400 =1 1200
. 600 =1 1400
. 800 EEE 1600
EE 1000

K content (mg/1000 g)

42
I 0 I 0
I 200 I 200
I 400 I 400
@ 600 ™3 600
[ 800 [ 800
[ 1000 [ 1000



International Journal of Food Science

11

T v 58 P alf 171 30l
AU 0 P WK AL
N R g b 1w a0
lonn ] AN ) i
e 56 {W
LY 4 i
]L X ‘ i f
Ny 5447 K | 100
0 | AVAAY . ' C :
o L'y o A7 n
O I )
5 Jyes o _ Wl S s Amly
© g = / =) W L ¥
2 ; ] T fo] 2 i
5 g Y !
& = 250 ‘
? e . u £ ; 10
& = 2 \\' i ot 8 “
i~y f
2 a i = i
=S 2484 L
A W g [
P
Mg a6{l | | m kY
ﬂ‘sgg\ | 1 ‘ : i )TMU
i AR
: 4a4i:
20 W w4
I T 0o
T T T T : T u T T T |“ lf_wo*" 42 . —T . .I T T ~r |‘ T
2 4 6 8 10 12 14 2 4 6 8§ 10 12 14 20 25 30 35 40 45 50 5
Softening time (days) Softening time (days) Drying time (h)

FiGure 3: Overlaid contour plots of the lipid, protein, carbohydrate, fibre, moisture, calcium, phosphorus, and potassium contents for

powder from softened safou fruit.

TaBLE 5: Compromised optimum conditions and validation.

Softening  Drying Drying
time (days) time (h) temperature ("C)
4.75 40.55 41.83

Compromised optimum
conditions

Validation of optimal conditions

Responses Experimental values Predicted values
Lipid content (%) 58.95+0.28% 58.96"
Protein content (%) 12.40 + 0.14* 12.44%
Carbohydrate content (%) 22.40 +0.2° 22.55%
Fibre content (%) 4.38+0.15% 4.48°
Moisture content (%) 4.91+0.29% 4.98*
Calcium (mg/1000 g) 2207.90 +0.19° 2208.81°
Phosphorus (mg/1000 g) 1898.30 +0.20" 1898.40°
Potassium (mg/1000 g) 478.540 +0.16" 478.556"

Desirability 0.92

The values of the row with the same letter do not differ significantly
(p >0.05).

to be applied as a functional ingredient in food and other
industrial products. Using the viscosity profile (Figure 5),
the pasting parameters in Table 6 were obtained. It should
be noted that the pasting temperature which is the minimum
temperature at which there is a change in viscosity was
78.25°C. The peak viscosity was 58 cp, the holding viscosity
was 57.5¢cp, and the breakdown was 0.5 cp while the final
viscosity was 61.5 cp. The setback viscosity was 4 cp, the set-
back ratio was 1.07, and the stability ratio was 1. The peak
time was 324 sec.

F1GURE 4: Optimized softening safou flour.

3.2. Discussion. Lipids, proteins, and carbohydrates are the
macronutrients of food and play essential roles in the body.
They have structural, protective, and growth roles and good
sources of energy for the body’s cells [17]. These elements
participate in the repair and maintenance of tissues. In the
current study, different variations (increase and decrease)
of the contents of lipids, proteins, and carbohydrates were
observed. These different variations could be explained by
the action of the different factors (softening time, drying
time, and temperature). During the softening process, pro-
tein, lipid, and carbohydrate contents vary due to the action
of enzymes that cause the reduction or increase of nutrients
during softening. Indeed, during softening, there is initia-
tion, propagation, and decline of the softening process. The
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FIGURE 5: Viscosity profile of the optimum softened safou flour.

TABLE 6: Pasting parameters of the optimum softened safou

powder.

Pasting parameters Values
Pasting temperature 78.25+0.03
Peak viscosity (PV) 58.00 + 15.55
Breakdown (BD) 0.50+0.71
Holding viscosity (HV) 57.50 + 16.26
Final viscosity (FV) 61.50 + 17.68
Setback (SB) 4.00 +£1.41
Setback ratio (SBR = FV/HV) 1.07 £ 0.00
Stability ratio (STR = HV/PV) 1.00 £ 0.01
Peak time 324.00 +£0.00

propagation can cause modifications by increasing or
decreasing lipid, protein, and carbohydrate contents. Djedje
et al. [1] reported that during the propagation of softening,
there is an increase in protein, ash, and moisture contents
and a decrease in lipid, carbohydrate, and fibre contents.
Also, the degradation of some carbohydrates can explain
the change in the composition of the fruits during softening.
In addition, the metabolism of polysaccharides in the cell
wall and the starch hydrolysis during the softening process
can result in the decrease of carbohydrates and some other
components [18]. These changes during softening can be
explained by the actions of enzymes contained in the fruit
that have been activated during softening. According to
Mamiro et al. [19], fruit softening is attributed to the
reduction of insoluble pectin due to the action of some
endogenous enzymes like cellulose pectinesterase and poly-
galacturonase leading to the increase or decrease in lipid,
protein, and carbohydrates. Also, during softening, insoluble
pectin in fruits degrades and modifies the constituents of the
fruit [20]. Ndindeng et al. [10] reported that polygalacturo-

nase activity in fruit pulp influenced fruit softening while
Dossou et al. [8] reported that both the temperature and
method of fruit storage influenced fruit softening and that
very high temperatures favoured fruit softening. The drying
time and temperature on the other hand influence the com-
position of the food since these nutrients are sensitive to
them. During the drying process, there is nutrient content
modification as the drying time and temperature influence
the nutrient composition and contribute in some cases to
their increase or decrease [21]. While drying, the moisture
content of fruit decreases while protein, lipid, or other com-
ponent of fruit probably increased. It can be explained by
the fact that during the drying process, there is removal of
water and condensation of other nutrients present in food.
Depending on the time and the drying temperature, nutrient
contents might increase or decrease due to the condensation
or the deterioration of those nutrients [22]. Idah et al. [23]
reported that the drying temperature and time affect the
nutrient content of tomatoes. In addition, Miranda et al.
[24] reported the same observation where increasing the dry-
ing time and temperature reduces the nutrient content of
quinoa seeds. This shows that nutrients are sensible to drying
time and temperature. Also, the increase or decrease in
nutrients like lipids, proteins, and carbohydrates during the
softening process can be explained by the action of microor-
ganisms like bacteria especially Bacillus spp as shown by
Mokemiabeka et al. [25]. These authors reported that Bacillus
subtilis and Bacillus safensis degraded the pectin, amylose,
and protein contents of safou pulp during softening. Bacillus
spp can secrete pectinases, amylase, and proteases which are
used in the degradation of safou pulp components during
softening [25]. Also, Omogbai and Ojeaburu [26] showed
that the development of microorganisms like bacteria (Bacil-
lus subtilis) and fungi contributed to the softening and spoil-
age of safou fruits. When it comes to the coefficients of
determination (R*), 83.64%, 93.46%, and 97.16%, respec-
tively, for lipids, proteins, and carbohydrates greater than



International Journal of Food Science

75% show a valid model. According to Ross [27], when the
coefficient of determination is greater than 75%, the model
is valid. Also, the high coeflicients of determination obtained
being greater than 75% showed that the experimental values
obtained are equivalent to the theoretical values predicted by
the model [28]. For each response, the absolute mean devia-
tion analysis (AMDA) was substantially equal to 0, and the
bias factor was between 0.75 and 1.25. These conditions are
similar to those recorded by Baranyi et al. [15]. The coeffi-
cients of determination, the AMDA, and the bias factor for
each of the responses obtained in this study indicate that
the model has been validated. The values obtained in the con-
text of this work show that the use of safou flour or fruit can
allow the human body to fulfil daily recommended allow-
ances in these nutrients and consequently fight malnutrition
in safou-producing countries. The results from this study are
similar to those obtained by Silou et al. [29] in Congo-
Brazaville on different sizes of safou fruit and superior to
those obtained by Djedje et al. [1] in their study done on
two varieties of fruit (edulis and parvicarpa) in Ivory Coast.
Minerals are essential micronutrients required for the
normal functioning of the body. They are involved in several
metabolic processes within the body [30]. Calcium is an
essential constituent involved in the maintenance of skeletal
growth and structure, muscular function, nerve conduction,
and normal blood clotting; also, calcium is integral to multi-
ple intracellular signalling pathways and serves as a cofactor
in enzyme reactions. It is one of the most abundant minerals
in the body, accounting for approximately 2% of adult body
weight; 99% of body calcium is contained in bone, the rest
being found in teeth, connective tissue, extracellular fluid,
and blood (0.1%) [31]. It plays a role in insulin resistance
and secretion [31]. The recommended calcium intake is
between 300 and 1300 mg/day depending on the age, sex,
and status of a human [32]. Phosphorus is present in all
cells, acts as a component of bones and teeth, and a compo-
nent of some lipids, and helps in the maintenance of pH,
storage, and transfer of energy and nucleotide synthesis
[33]. The recommended phosphorus intake is between 580
and 1055 mg/day [32]. Potassium is a micronutrient that is
involved in the maintenance of fluid volume inside/outside
of cells, and thus, normal cell function acts to blunt the rise
in blood pressure in response to excess sodium intake and
decreases markers of bone turnover and recurrence of kid-
ney stones [33]. The recommended potassium intake is
between 4500 and 5100 mg/day depending on the age, sex,
and status of a human [33]. The decrease/increase observed
in minerals in this study can be explained by the fact that
during softening, there is a modification of fruit compo-
nents. Djedje et al. [1] reported that during softening, there
is an increase in ash content. Ash content indicates mineral
elements in food. The increase or decrease in ash content
during softening might explain the variation observed in
mineral elements. Also, the variation observed can be
explained by the presence of antinutrients like phytates, oxa-
lates, tannins, and cyanides in safou pulp as demonstrated
by Omogbai and Ojeaburu [26]. Concerning the validation
of the model, according to [27], when the coeflicient of
determination is greater than 75%, the model is validated.
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In addition, when the coefficients of determination are
greater than 75%, the experimental values obtained are
equivalent to the theoretical values predicted by the model
[28]. Based on the values of absolute mean deviation analysis
(AMDA) (substantially equal to 0), the bias factor (between
0.75 and 1.25), and the coefficient of determination of more
than 75% for each response, the model can be validated, and
these conditions are in the same line with those obtained by
Baranyi et al. [15]. The calcium, phosphorus, and potassium
contents recorded in this study were higher than those
obtained by Kadji et al. [2]. The calcium, phosphorus, and
potassium values obtained during this work are within the
range of recommended intake; thus, flour from softened
safou is a good source of minerals for people in producing
countries and can be used to supplement food in the popu-
lations of those countries.

Multiple optimizations build a suitable response surface
curve model that groups all responses and then tries to find
optimal conditions for all responses keeping them within
desired ranges. It is a good approach for optimizing multiple
responses because it uses the simultaneous optimization
technique made popular by Derringer and Suich [34]. This
procedure uses the desirability function [35]. The shaded
region represents the compromise zone for all the responses.
The obtained desirability closer to 1 indicates a satisfied
optimal condition. The obtained nutrient content of the
optimized flour is in the recommended range (lipids, pro-
teins, and carbohydrates must provide 20-35%, 10-20%,
and 50-55% of energy to the body, respectively). Also, the
obtained softening day of 4.75 shows that the obtained opti-
mized flour is free of heat-stable microorganisms such as
Bacillus species [25]. Hence, this safou powder or fruit could
be used in the human body to fulfil daily recommended
allowances in these nutrients and therefore help to fight
against malnutrition in developing countries. By so doing,
it would help contribute to the valorization of local crops
as shown by Njapndounke et al. [36] using “banane cochon”
in the formulation of biscuits for diabetic persons.

Concerning the pasting properties, the lower values
obtained in this study might be due to the higher lipid con-
tent and lower starch content of the flour from softened
safou. Wani and Kumar [37] reported that higher fat con-
tents have been shown to restrict starch from swelling as it
absorbs water and inhibits interactions among starch mole-
cules, as well as between starch and its paddles, and results
in affecting pasting properties. It can also inhibit the direc-
tional arrangement of dispersed molecular chains of starch
which induces the difficulty to retrograde. Safou powder is
a great source of lipids, protein, fibre, ash, and carbohy-
drates. The interaction between safou powder components
with starch or another ingredient in food formulation can
help to ameliorate the texture and specific volume and even
affect the organoleptic properties of products. Indeed, the
higher the fibre content of an ingredient, the lower the spe-
cific volume of the cookies because the gas retention capacity
is reduced [38]. As for the fat, it stabilizes and maintains the
air bubbles incorporated during kneading. These make safou
powder a suitable ingredient in the formulation of bakery
products. De Lamo and Gomez [39] reported that oilseed
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flour modifies the rheological properties of dough with or
without gluten. The values obtained in this work are lower
than the ones obtained by [37] on chickpeas and dried green
peas.

4. Conclusion

This study reveals that softened safou flour had proper
rheological properties, and it is a good source of macronu-
trients and micronutrients. Also, the combination of the
retained factors affects the nutritional value and rheologi-
cal parameters of softened safou flour. In addition, the
optimal conditions to obtain flour from softened safou
with high nutritional value and rheological properties are
as thus softening time (4.75 days), drying time (40.55
hours), and drying temperature (41.83°C). Hence, on the
bases of the nutritional and rheological properties, softened
safou flour (Dacryodes edulis H.J.Lam) can be used in for-
tifying food products intended for human consumption
and, thus, used in the fight against malnutrition in safou-
producing countries. The aforementioned points on safou
flour would contribute to the reduction of postharvest
losses of the safou fruit.
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