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Abstract

Background: The combined effect of drying temperature and time was evaluated on residual water content, yield
of oil extraction, total phenolic compounds and antioxidant activity of seed kernel from a Cameroonian local variety
of mango (Local Ngaoundere). Response surface methodology (RSM) using central composite design (CCD) as tool,
was used to develop, validate and optimize statistical models in order to establish the impact of the drying
parameters (temperature and time) either alone or in combination.

Results: It was shown that drying temperature individually in its first order (X1) contributed 30.81, 21.11, 41.28 and
33.24% while drying time individually in its first order (X2) contributed 39.91, 15.12, 29.92 and 25.87% for residual
water content, yield of oil extraction, total phenolic components and antioxidant activity respectively. The increase
of drying temperature increased antioxidant activity while the other physicochemical characteristics such as water
content, yield of oil extraction and total phenolic components decreased. Concerning drying time, only water
content was reduced with an increase of that factor. The synergetic effect of drying temperature and time was
effective only for antioxidant activity. A compromise for optimization were then fixed for water content ≤ 10% w/w;
oil content ≥ 9% w/w; total polyphenols ≥ 1 mg/g and antioxidant activity ≥ 1000 mg AAE/100 g DM. A
simulation for optimization gave, for 60 H and 60°C for drying time and temperature respectively permitted to
obtain 4.10% w/w, 9.53% w/w, 1340.28 mg AAE/100 g DM and 1.16 mg/g for water content, oil content,
antioxidant activity and total polyphenols respectively.

Conclusions: The physicochemical characteristics studied was globally influenced by the chosen factors (drying
time and temperature).
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Background
Consumption and industrial exploitation of mango gen-
erate significant waste, mainly made of the peels and the
seed kernel of the fruit, which account for 7% to 22% of
the weight of the whole fruit [1]. In Cameroon, a rapid
estimation of this waste based on the national mango
production, evaluated to 539,000 t in 2012 [2], showed
that nearly 38,500 to 121,000 t of mango waste are
produced. Environmental, hygienic, and public health
problems result in unorganized management of this
waste [3,4]. Valorization of mango seed kernels through
production of butter and biofunctional flour are the
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main solutions technologically proposed, since different
studies have shown that mango seed kernels contain
various phenolic compounds. Mango seed kernel butter is
used in cosmetics for its non-saponifiable matter content
and its antioxidant activity potential [5-7]. The mango
seed kernel flour displays interesting antioxidant and
antibacterial properties [8-13]. These properties have also
been found in mango peels [3]. Valorizing this biowaste as
a potential source of non-conventional oil and natural
antioxidants represents an opportunity to improve mango
producer's income, particularly in regions where poverty
is current. In this respect, drying of the seed kernels is one
of the main technological steps both for efficient extraction
of the functional components and for inactivation of
enzymatic degradation of the raw material. Drying of
mango seed kernels before extraction contributes then to
stabilize the product and to increase the yield of extraction.
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Since the temperature and the time of drying may affect
the activity and the stability of bioactive compounds, due
to chemical and enzymatic degradation, low evaporation,
and/or thermal degradation, a badly carried out drying can
lead to physicochemical reactions which can lead to losses
of the textural and nutritional values [14] and thus bring
damage in the quality of the product. Optimizing the dry-
ing of seed kernels would then enable to make sure that
the product obtained has desired quality.
The present paper aims at determining the optimal

drying parameters (temperature and time) for mango
seed kernels in order to improve the butter extraction
with preservation of its total phenolic compounds and
antioxidant capacity. Response surface methodology is
used in this respect, the optimization procedure consisting
in determining the drying temperature and time which
minimize moisture and maximize total polyphenol con-
tent, oil content, and antioxidant activity.
Methods
Material
Biological material
Mango (Local Ngaoundere) was collected from a farm
in Ngaoundere (Adamawa region, Cameroon) at harvest
stage maturity acceptable by consumers.
Chemicals
Acetone, n-hexane, tannic acid, methanol, trichloroacetic
acid, and ascorbic acid were obtained from Sigma-Aldrich
Table 1 Central composite design: coded variables, real varia

Number Coded
variables

Real
variables

Responses

Moisture (%) Oil con

x1 x2 X1 X2 Exp Cal Res Exp

1 −1.00 −1.00 44.85 13.64 16.59 17.86 −1.27 9.14

2 1.00 −1.00 75.15 13.64 10.36 10.30 0.05 8.78

3 −1.00 1.00 44.85 61.36 7.72 8.11 −0.39 9.16

4 1.00 1.00 75.15 61.36 1.72 0.79 0.93 8.79

5 0.00 0.00 60.00 37.50 4.80 5.79 −0.99 9.45

6 0.00 0.00 60.00 37.50 6.31 5.79 0.52 9.42

7 0.00 0.00 60.00 37.50 4.91 5.79 −0.88 9.49

8 −1.32 0.00 40.00 37.50 12.35 11.16 1.20 9.16

9 1.32 0.00 80.00 37.50 0.53 1.34 −0.81 8.65

10 0.00 −1.32 60.00 6.00 18.61 17.75 0.86 8.92

11 0.00 1.32 60.00 69.00 4.56 5.03 −0.47 9.66

12 0.00 0.00 60.00 37.50 4.77 5.79 −1.02 9.39

13 0.00 0.00 60.00 37.50 6.41 5.79 0.62 9.83

14 0.00 0.00 60.00 37.50 7.45 5.79 1.66 9.75
Chemie GmbH, Munich, Germany. Sodium carbonate and
phosphate buffer solution was obtained from SERVA Elec-
trophoresis GmbH, Germany. Folin-Ciocalteu, potassium
hexacyanoferrate, and ferric chloride were from Fisher Sci-
entific UK Ltd., Bishop Meadow Road, Loughborough, UK.
Sample preparation
The mango flesh was removed, the seed sundried, and the
seed kernels extracted manually using a stainless steel knife
to open the shell. The seed kernels were then open in two
cotyledons of about 9.7 ± 2.4 mm thickness for drying.

Drying process
The drying process parameters considered for the study
were drying temperature and drying time. Preliminary tests
were allowed to fix the limits of these factors. The seed ker-
nel cotyledons were laid on a tray and dried using fixed
temperatures and times according to the central composite
design (CCD), in a tropical oven dryer [15]. The air velocity
in the drying chamber was constant (0.55 ms−1), and the
relative humidity of the chamber was 75 ± 3% (Hanna In-
struments HI 8564 Thermo hygrometer, Hanna Instru-
ments, Woonsocket, RI, USA). The dried seed kernels were
reduced in powder form with knife mills (Retsch GM 200
GmbH, Retsch-Allee 1-542781 Haan, Germany) which are
particularly suitable for grinding and homogenizing soft to
medium-hard, elastic, fibrous, dry, or wet materials. It was
assisted by a Retsch sieving shaker AS 300 permitted to ob-
tain a particle size less than 1 mm. That powder was pre-
served in a plastic bag at 4°C in darkness until use.
bles, and responses

tent (%) Total polyphenols
(% DM)

Antioxidant activity
(eq g of VitC/100 g DM)

Cal Res Exp Cal Res Exp Cal Res

9.05 0.09 0.99 1.11 −0.12 477.12 581.02 −103.90

8.68 0.11 0.37 0.41 −0.04 781.64 924.62 −142.98

9.32 −0.16 1.30 1.30 0.00 892.26 723.22 169.04

8.94 −0.15 1.05 0.97 0.08 2,326.22 2,196.42 129.80

9.56 −0.11 0.86 0.94 −0.08 1,144.65 1,148.92 −4.27

9.56 −0.14 0.91 0.94 −0.03 1,164.00 1,148.92 15.08

9.56 −0.07 0.81 0.94 −0.13 1,150.18 1,148.92 1.26

9.12 0.04 1.29 1.21 0.08 708.29 753.06256 −44.78

8.63 0.02 0.49 0.53 −0.04 1,966.91 1,952.15056 14.76

9.08 −0.16 0.89 0.78 0.11 596.20 404.3872 191.81

9.44 0.22 1.20 1.27 −0.07 1,116.10 1,337.6272 −221.53

9.56 −0.16 1.07 0.94 0.13 1,145.52 1,148.92 −3.40

9.56 0.27 0.92 0.94 −0.02 1,149.64 1,148.92 0.72

9.56 0.19 1.05 0.94 0.11 1,147.22 1,148.92 −1.70
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Experimental design, modelling, validation of the model,
and optimization
Response surface methodology (RSM) with CCD was used
to carry out the experiments in order to model and
optimize the following responses: residual water content,
yield of oil extraction, total phenolic components, and
antioxidant activity of the dried seed kernels. The inde-
pendent variables (factors) were drying temperature (x1)
and drying time (x2). The intervals of these factors were
respectively 40°C to 80°C and 6 to 69 h (Table 1). The
interval values of the factors were chosen considering the
heat-sensitive effect of seed kernel components on oil [14]
and polyphenols [16,17].
From the coded variables, many equations were used

to transform them into real values to realize experiments
in the laboratory. Those equations were as follows:

Xi ¼ X0i þ xi � ΔXi ð1Þ
N ¼ k2 þ 2k þ k0 ð2Þ

With the two factors, CCD had given a total of 14 ex-
periments (with six replicates at the central point) as
shown in Table 1. The value of α was calculated in order
to respect the orthogonality criterion [18] using the
formula:

α ¼
2k

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2k þ 2k þ n0

p
þ

ffiffiffiffiffi
2k

p� �2

4

0
B@

1
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1
4

ð3Þ

Mathematical models describing the relationships among
the process-dependent variable and the independent vari-
ables in a second-order equation were developed [19].
Design-based experimental data were matched according
to the following second-order polynomial equation:

Y ¼ β0 þ
Xk

i¼1
βixi þ

Xk

i¼1
βiix

2
i þ

XXk

i<j
βijxixj þ ε

ð4Þ
where Y is the response, xi and xj are the variables, β0 is
the constant, βi is the coefficient of the linear terms, βii
is the coefficient of the quadratic terms, and βij is the
coefficient of the interaction terms.
The coefficients of the models and statistical analysis

(ANOVA) were obtained using the Minitab version 16
software (Minitab, Ltd., Brandon Court, Unit E1-E2 Pro-
gress Way, Coventry, CV3 2TE, UK), and the curves
were plotted using Sigmaplot version 12.1 (Systat Soft-
ware, Inc., 1735 Technology Drive, Suite 430, San Jose,
CA 95110, USA).
Validating the models was obtained by calculating the

absolute average deviation (AAD), the bias factor (Bf ),
and the accuracy factor (Af ) [20,21] which were expressed
as follows:
AAD ¼

XN

i¼1

Y i; exp−Y i;cal

�� ��
Y i; exp

� �� 	

N
ð5Þ
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N
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where Yi,exp and Yi,cal are respectively experimental and
calculated responses and N is the number of experi-
ments used in the calculation.
Each linear, interaction, and quadratic contribution of

each factor were obtained as follows:
For linear terms,

Contribution %ð Þ ¼ βi
�� ��

Xk
i¼1

βi
�� ��þXk

i¼1

βii
�� ��þXXk
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��� ���
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For quadratic terms,

Contribution %ð Þ ¼ βii
�� ��

Xk
i¼1
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For interaction terms,

Contribution %ð Þ ¼
βij

��� ���
Xk
i¼1

βi
�� ��þXk
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�� ��þXXk
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Lastly, optimization was done using the software
Mathcad 15.0 (build 15.0.0.436 Parametric Technology
Corporation, 140 Kendrick Street, Needham, MA 02494,
USA). The conditions fixed were to minimize moisture
and total polyphenols and maximize oil content and anti-
oxidant activity. The use of Sigmaplot version 12.1 (Systat
Software, Inc., 1735 Technology Drive, Suite 430, San Jose,
CA 95110, USA) permitted to draw the contour plots and
superimpose the graphs in order to determine the optimal
zone.

Analysis
Moisture content
The determination of the moisture content was done
using a standard method [22] and an isothermal oven
(Heraeus, Type: T6, manufacturing no. 20001046, Kendro
Laboratory Products, Langenselbold, Germany) for drying
a known mass of the sample (using an electronic balance
Gibertini no. 125186, made in Milan, Italy) at 105°C for



Table 2 Model validation data

Models R2 AAD Bf Af

Ywater(x1, x2) 0.966 0.246 1.023 1.245

Yoil(x1, x2) 0.824 0.014 1.000 1.015

Ypolyphenols(x1, x2) 0.890 0.083 1.008 1.086

Yantioxidant(x1, x2) 0.948 0.090 0.996 1.097
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24 h. After cooling in a desiccator, the samples were
reweighed (using an electronic balance Gibertini no.
125186, made in Milan, Italy). The water content (TE)
representing the ratio of mass before and after heating in
the oven is determined as a percentage.

Lipid content
The extraction of the lipid from seed kernels was made
by the Soxhlet extraction method [23], using n-hexane
as solvent. In practice, 600 g of dried mango seed kernel
powder was used. The oil-hexane mixture obtained after
extraction was separated on a rotary evaporator (Heidolph
Salvis Electronic W 60) at 70°C to recover hexane. The
oily extract, previously dried in an oven at 105°C for
20 min to evaporate residual n-hexane solvent, was then
weighed. The lipid content was determined in g/100 g of
dry matter (DM).

Determination of total phenolic compound
These analyses were based on the oxidation/reduction
principle and employed Folin-Ciocalteu reagent [24].
Briefly, 0.5 g of each sample was weighed in a glass beaker,
and 10 mL of 70% acetone was added. The whole was
stirred for 20 min at room temperature (25°C). The
extract was centrifuged at 3,000 G for 10 min at 4°C. The
supernatant was recovered and stored at 4°C. Volumes of
0, 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 μL of a tannic
acid standard solution (0.1 mg/mL) for calibration curve
and a suitable volume of extract were introduced into test
tubes. The volumes were made up to 500 μL with distilled
water. To these solutions, 250 μL of Folin-Ciocalteu
reagent (1 N) and 1.25 mL of sodium carbonate
(20%) were added. The mixtures were agitated and in-
cubated at room temperature in the dark. After 40 min,
the absorbance was read at 725 nm against the blank. The
amount of total phenolic compound expressed by weight
of tannic acid was then determined.

The antioxidant activity
To obtain the extract, 250 mg of powder was mixed in
25 mL of methanol at room temperature (25°C) for 2 h
and centrifuged for 10 min at 4,000 G. The residue was
extracted again with 25 mL of methanol and centrifuged
(4,000 G) for 2 h again. The mixture of the two volumes
of extract was then evaporated using a rotary evaporator
to reduce the sample to 25 mL. This extract was recov-
ered in sealed tubes and stored at 4°C until use. The
antioxidant capacity of the different powder samples was
assessed by determining their ability to reduce iron (III)
to iron (II) [25].
In a test tube, 1 mL of each extract was mixed with

2.5 mL of a phosphate buffer solution (0.2 M, pH 6.6)
and 2.5 mL of 1% potassium hexacyanoferrate [K3Fe
(CN)6]. The whole was incubated for 30 min at 50°C in
a water bath. Then, 2.5 mL of 10% trichloroacetic acid
was added and the mixture was centrifuged for 10 min
using a Heraeus Biofuge Primor, Kendro Laboratory
Products, Langenselbold, Germany. After that, 2.5 mL of
the supernatant was taken and mixed with 2.5 mL of dis-
tilled water and 0.5 mL of an aqueous solution of 0.1%
FeCl3. The absorbance was read at 700 nm using a spec-
trophotometer Rayleigh VIS-723N (Beijing Beifen-Ruili
Analytical Instrument (Group) Co., Ltd., Beijing, China).
A calibration curve was done using ascorbic acid as refer-
ence at different concentrations. The total reducing power
was expressed as equivalent of ascorbic acid (AAE).

Results and discussion
Mathematical modelling
Modelling of the action of drying temperature and time on
four key drying parameters, residual water content, yield of
oil extraction, total phenolic components, and antioxidant
activity was carried out by modelling the experimental
design required for laboratory purposes (Table 1). The
mathematical models obtained were as follows, respectively:

Ywater x1; x2ð Þ ¼ 5:793 − 3:718x1 − 4:816x2
þ 0:060x1x2 þ 0:261x21
þ 3:212x22 ð11Þ

Y oil x1; x2ð Þ ¼ 9:558 − 0:187x1 þ 0:134x2
−0:002x1x2 − 0:391x21 − 0:172x22

ð12Þ

Y polyphenols x1; x2ð Þ ¼ 0:939− 0:258x1 þ 0:187x2
þ 0:092x1x2 − 0:040x21
þ 0:048x22 ð13Þ

Y antioxidant x1; x2ð Þ ¼ 1;148:92þ 454:2x1
þ 353:5x2 þ 282:4x1x2
þ 116:9x21 − 159:5x22 ð14Þ

with Ywater(x1, x2) representing the mathematical model
for water content; Yoil(x1, x2), the mathematical model for
oil content; Ypolyphenols(x1, x2), the mathematical model for
total polyphenols; Yantioxidant(x1, x2), the mathematical
model for antioxidant activity; x1, the drying temperature;
and x2, the drying time.
The mathematical models were polynomials and vali-

dated according to the method described by Ross [20] as
shown in Table 2. The factors of the models were of first



Table 3 Estimated coefficient impact and contributions to moisture, oil content, total polyphenols, and antioxidant
activity
Source Moisture Oil content Total polyphenols Antioxidant activity

Coefficients P Contribution
(%)

Coefficients P Contribution
(%)

Coefficients P Contribution
(%)

Coefficients P Contribution
(%)

A:x1 −3.718 0.000 30.81 −0.187 0.033 21.11 −0.258 0.000 41.28 454.200 0.000 33.24

B:x2 −4.816 0.000 39.91 0.134 0.104 15.12 0.187 0.002 29.92 353.500 0.000 25.87

AA 0.261 0.612 2.16 −0.391 0.001 44.13 −0.040 0.397 6.40 116.900 0.080 8.55

BB 3.212 0.000 26.62 −0.172 0.067 19.41 0.048 0.321 7.68 −159.500 0.026 11.67

AB 0.060 0.924 0.50 −0.002 0.986 0.23 0.092 0.137 14.72 282.400 0.004 20.67
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degree (x1 and x2), of second degree (x21 and x22 ), and of
interaction (x1x2) form. They were statistically significant
or not if the probability (P) was ≤0.05 or ≥0.05, respect-
ively (Table 3).
Figure 1 Effect of drying temperature and drying time on
moisture. (a) Effect of drying temperature as the sole factor on the
moisture of mango seed kernels (drying time fixed at 6 h). (b) Effect
of drying time as the sole factor on the moisture of mango seed
kernels (drying temperature fixed at 40°C).
Effect of drying temperature
The impact of drying temperature (x1) on physicochemical
characteristics of Local Ngaoundere mango seed kernels
was significant on the decrease of water content (P = 0.000),
oil content (P = 0.033), and total polyphenols (P = 0.000),
respectively (Table 3). Moreover, it had significant impact
on the increase of antioxidant activity with P = 0.000
(Table 3).
The effect of drying temperature on the moisture of

mango seed kernels is shown in Figure 1a. Moisture
decreased from 23.2% w/w (at 40°C) with increasing drying
temperature to attain a minimum level of 13.1% w/w
at 80°C. In this case, it could be linked to effective
moisture diffusivity which increased with a decrease
in moisture content. This may indicate that as the
moisture content decreased, the permeability to vapor
increased, and the pore structure remained open. The
temperature of the seed kernels raised rapidly in the
initial stages of drying, due to more absorption of
heat during drying, as the seed kernels could have a
high loss factor at higher moisture content. This in-
creases the water vapor pressure inside the pores in-
ducing the opening of seed kernel pores so that, in
the first stage of drying, liquid diffusion of moisture
could be the main mechanism of moisture transport.
As drying progressed further, vapor diffusion could
have been the dominant mode of moisture diffusion
in the later part of drying as reported by the litera-
ture [26-30].
The effect of drying temperature on the oil content

of mango seed kernels is shown in Figure 2. The oil
content started from 8.64% w/w at 40°C, then in-
creased to 9.10% w/w at 56°C slightly (with a gap of
0.46% w/w obtained), and decreased significantly to
8.15% w/w at 80°C (with a gap of 0.95% w/w ob-
tained) with a probability P = 0.033 (Table 3). This
could be explained by lipid autoxidation and photo-
oxidation. In fact, due to the increase of drying
temperature and oxygen, the oil oxidation autoxida-
tion and photo-oxidation was promoted. This could
have been virtually inevitable since mango seed kernel
oil content polyunsaturated triglycerides could play a
role in that oxidation [31]. Other factors that could
affect oxidation included moisture content, presence
of metals, enzyme activity, UV light, protein content,
and other chemical reactions [32,33].



Figure 2 Effect of drying temperature on oil content. Effect of
drying temperature as the sole factor on the oil content of mango
seed kernels (drying time fixed at 6 h).

Figure 3 Effect of drying temperature and drying time on total
polyphenol content. (a) Effect of drying temperature as the sole
factor on total polyphenol content of mango seed kernels (drying
time fixed at 6 h). (b) Effect of drying time as the sole factor on total
polyphenol content of mango seed kernels (drying temperature
fixed at 40°C).
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The effect of drying temperature on total polyphenols
of mango seed kernels is shown in Figure 3a. Total poly-
phenols decreased from 1.20 mg/g (at 40°C) with in-
creasing drying temperature to attain a minimum level
of 0.20 mg/g at 80°C. The reduced levels of the polyphe-
nol compounds obtained from oven-dried mango seed
kernels resulted from the degradation of phenolic com-
pounds at high temperatures, due to chemical, enzym-
atic, or thermal decomposition [34].
The effect of drying temperature on antioxidant activ-

ity of mango seed kernels is shown in Figure 4a. The
antioxidant activity started from 500.59 mg AAE/100 g
DM at 40°C, then decreased to 390.21 mg AAE/100 g
DM at 54.72°C (with a gap of 110.38 mg AAE/100 g DM
obtained), and increased significantly to 715.57 mg
AAE/100 g DM at 80°C (with a gap of 325.36 mg AAE/
100 g DM obtained) with a probability P = 0.000 (Table 3).
This could be explained by considering that high temper-
atures promote the inactivation of oxidative enzymes
Figure 4 Effect of drying temperature and drying time on
antioxidant activity. (a) Effect of drying temperature as the sole
factor on antioxidant activity of mango seed kernels (drying time
fixed at 6 h). (b) Effect of drying time as the sole factor on
antioxidant activity of mango seed kernels (drying temperature fixed
at 40°C).



Figure 5 Effect of interaction (drying temperature/drying time)
on antioxidant activity of mango seed kernels.
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[35], avoiding the degradation of antioxidants. Fur-
thermore, at high temperatures, the generation and
accumulation of Maillard-derived melanoidins with a
varying degree of antioxidant activity could also en-
hance the antioxidant properties of extracts [36].

Effect of drying time
The drying time (x2) as a sole factor on some physico-
chemical characteristics of Local Ngaoundere mango
seed kernels had a significant impact on the decrease of
water content (P = 0.000) and had a significant impact
on the increase of total polyphenols (P = 0.002) and anti-
oxidant activity (P = 0.000), respectively (Table 3), while
it had no significant impact on the increase or decrease
of oil content with P = 0.104 (Table 3).
The effect of drying time on the moisture of mango

seed kernels is shown in Figure 1b. It started from 23.2%
w/w at 6 h and then decreased to a minimum value of
9.3% w/w at 55.68 h. After that, a slight increase until
10.3% w/w was observed at 69 h. This could be explained
by the fact that when air held the maximum possible
amount of vapor, the vapor exerted a saturation vapor
pressure, and since the water vapor present was less than
the maximum, the air took up more moisture. This evap-
oration which took place from the surface of the seed ker-
nels induced moisture decrease, and it could be attained
using time [37].
Although phenolic compounds are considered as

heat-sensitive compounds [38], the increase in the total
polyphenols as the drying time lengthened was observed
(Figure 3b). In fact, it started from 1.20 mg/g at 6 h and
then increased to 1.38 mg/g at 69 h. As far as this aspect
is concerned, the literature shows contradictory results.
But it could be explained by the sum of the content of
the individual phenolic acids in the free fraction which
significantly increased as the drying time lengthened as
observed also for mandarin pomace [39].
The effect of drying time on antioxidant activity of

mango seed kernels is shown in Figure 4b. It started
from 500.58 mg AAE/100 g DM at 6 h and then in-
creased to a maximum value of 753.64 mg AAE/100 g
DM at 36.05 h. After that, it decreased until 449.71 mg
AAE/100 g DM at 69 h. This result highlights the rela-
tionship between the previously observed enhancement
of antioxidant potential and the increase in the content
of some individual polyphenols. In fact, this could be
explained by the fact that Maillard reaction products,
which can be formed as a consequence of heat treatment
or time, generally exhibit strong antioxidant properties
[40-43].

Effect of interaction drying temperature/drying time
The impact of interaction of drying temperature/drying
time (x1x2) on some physicochemical characteristics of
Local Ngaoundere mango seed kernels was not signifi-
cant on water content (P = 0.924), oil content (P =
0.986), and total polyphenols (P = 0.137) (Table 3), while
it was significant on the increase of antioxidant activity
(P = 0.004) (Table 3).
The effect of interaction of drying temperature/drying

time (x1x2) on the increase of antioxidant activity of
mango seed kernels is shown in Figure 5. This could be
explained as before by the fact that an increase of
temperature and time results in more Maillard reaction
products, permitting to exhibit strong antioxidant activ-
ities as mentioned in the literature [40-43].
Optimization
The results obtained for the action of drying parame-
ters (time and temperature) on water content, fats
content, total polyphenols, and antioxidant activity on
the basis of the models were optimized to determine
satisfactory domains of compromise. These domains
were obtained for four key physicochemical character-
istics of mango seed kernels, by fixing them at water
content ≤10% w/w [44], oil content ≥9% w/w, total
polyphenols ≥1 mg/g, and antioxidant activity ≥1,000
mg AAE/100 g DM.
A drying parameter couple of 60 h and 60°C respect-

ively for drying time and temperature permitted to
obtain 4.10% w/w, 9.53% w/w, 1,340.28 mg AAE/100 g
DM, and 1.16 mg/g respectively for water content, oil
content, antioxidant activity, and total polyphenols. Also,
a drying parameter of 60 h and 65°C respectively for
drying time and temperature permitted to obtain 2.92%
w/w, 9.43% w/w, 1,590.49 mg AAE/100 g DM, and



Figure 6 Response surface curves for drying temperature and time combinations. Response surface curves for drying temperature and
time combinations providing for compromised physicochemical properties for mango seed kernels (Local Ngaoundere).
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1.10 mg/g respectively for water content, oil content,
antioxidant activity, and total polyphenols. The results
were thus confirming that the areas exploitable (Figure 6)
for efficient drying respecting the conditions fixed before
were valid.
Conclusions
The effects of drying parameters (drying temperature
and time) on some physicochemical characteristics of
mango seed kernels were studied. Drying temperature
was impacting more than the drying time. The inter-
action was only significant for antioxidant activity,
meaning that there was no synergetic action of drying
temperature and time for water, oil, and total polyphenol
content. The study showed that satisfactory properties
could be achieved when acting on drying parameters.
Optimization of physicochemical properties of mango
seed kernels showed that compromise could permit to
obtain physicochemical characteristics of importance in
order to assess the exploitability of the results for the
valorization of mango seed kernels.
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