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  Abstract 
Safou is a fruit rich in fat, whose traditional processing methods suffer from a lack 
of scientific data. Modelling of the kinetics of its sun drying, smoking, and 
transpiration during storage in the shade has been studied. The experimental curves 
show a faster evolution with the rack than with the tray during sun drying and with 
the endocarp facing downwards than with the endocarp facing upwards during 
smoking; these evolutions are also proportional to the mass and water content when 
the masses are similar. As a result, safou is dried in two and a half days with the 
rack compared to four days with the tray in the sun, and in two and a half days with 
the endocarp facing downwards compared to three and a quarter days with the 
endocarp facing upwards during smoking. The influence of the rack structure on 
the duration of dehydration was not observed during storage in the shade. From an 
economic and finished product quality perspective, sun drying of safou can be used 
as a preliminary process prior to oil extraction. Storage in the shade does not appear 
to be conducive to extending the shelf life of fresh safou, given the high 
temperatures recorded during the harvest periods. The experimental curves validate 
Peleg’s empirical model better than Fick’s diffusion model. The kinetic values of 
these two models give predictable values that are sometimes too far from the 
experimental values obtained. 
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1. Introduction 

Safou (Dacryodes edulis), an oilseed crop widely domesticated and valued in sub-Saharan Africa [1-14], is a highly 
perishable fruit [4, 15-22]. It softens 3 to 5 days after harvesting [23], which makes its storage and marketing 
particularly difficult [17, 24-28], leading to post-harvest losses sometimes exceeding 50% [8, 17, 29, 30]. In certain 
parts of Africa where there is limited access to energy resources [31], actors in the sector use various processing 
techniques, acquired from generation to generation, sometimes varying according to the crop, in order to build up 
reserves that can be used during periods of shortage [5, 8, 18, 32-37]. These practices, generally described as 
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traditional, suffer from a lack of scientific data [8], even though they are part of everyday technology, sometimes 
innovative, contributing to food security for many populations [31]. Throughout the world, in general, and in Congo-
Brazzaville in particular, sun drying and smoking are common techniques for processing foodstuffs for long-term 
preservation in rural and even urban areas [31, 38-43]. 

Safou, which is the subject of this study, is no exception to these practices [4, 44, 45], the first of which (sun 
drying) has even been the subject of proposals for improvement [18, 19, 46]. 

Safou is also dried in the open air in the sun in some parts of the country [4, 45] and smoked over hearths in 
others. 

Apart from these two practices, in order to extend the shelf life of fresh safou before it is sold or consumed, newly 
harvested fruit is often spread out in sheds or kitchens to benefit from good ventilation and moderate temperatures, 
which slow down the softening process. This technique, practised in almost the entire sub-region, was reported by 
Kengué [4]. Dossou et al. [20, 47] studied the influence of storage conditions. 

After harvesting, fruit and vegetables gradually lose quality due to deterioration, one of the causes of which is 
physiological ageing caused by transpiration, respiration, and the metabolism of plant tissues [31, 48, 49]. 
Transpiration, which is a natural loss of water, causes a loss of mass in stored products because, unlike living plants, 
they can no longer replace the water lost by drawing it from the soil. 

In addition, two other processing techniques, which are rarely used, involve making a spread by softening the 
safou, a practice also used in Cameroon [8], and extracting oil from the pulp for cosmetic and food purposes. 

These findings indicate the diversity of processing and preservation techniques for processing and preserving 
safou on a daily basis, which vary according to the culture. Sun drying, smoking, and transpiration during storage 
in the shade are governed by physical laws, in particular dehydration (or water desorption), the underlying 
mechanisms of which remain unknown to date. We are therefore interested in modelling the kinetics of water 
desorption in these three preservation techniques in order to understand how these dehydration processes take place. 

2. Materials and Methods 

2.1 Plant Material 

Congo-Brazzaville, straddling the equator, benefits from two safou production cycles: the first between December 
and March, when safou fruits are harvested in the southern region of the country; the second between March and 
July, for safous in the northern zone. The study was conducted in May, which is one of the hottest months in 
Brazzaville, Congo. 

The safou samples used in this study were sourced from the Plateaus and two Basin departments of the Plateaus 
and the two Basins, and were purchased at the Ngamakosso market in Brazzaville (Republic of Congo). The only 
selection criterion was the ripeness of the fruit (dark blue or black colour). 

2.2 Study Methods 

After purchase, the safous were transported to the laboratory where they were cleaned and weighed. 
The experiments were conducted in accordance with local practices; that is, sun drying and smoking were carried 

out with half-pulps, while whole fruits were stored in the shade. In addition, for comparison purposes, we also 
monitored the storage of half-pulps in the shade. 

2.2.1 Category of safous studied 

Table 1. Category of fruits studied 

 Sun drying Smoking Shade storage 

Number 9 8 12 

Diameter (cm) 4.44 ± 0.32 4.87 ± 0.38 5.37 ± 0.47 

Thickness (cm) 0.65 ± 0.03 0.73 ± 0.04 0.83 ± 0.04 

Mass (g) 62.1 ± 6.68 71.54 ± 11.17 73.51 ± 10.28 

Category II II and III II and III 
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Fruit mass was measured using a CONSTANT PN-Model precision balance (Model 14192-005R; max capacity: 
620 g; precision: 0.01 g), and the morphological dimensions (fruit width (diameter) and pulp thickness) were 
determined using a calliper. These fruits are categorized as II and III as previously defined by Silou et al. [50] and 
then by Ondo Azi et al. [51] (Table 1). 

2.2.2 Monitoring of kinetics 
For each storage method [52], three whole fruits and half-pulps were randomly selected for mass monitoring until 
stabilisation. After mass stabilisation, the samples were dried in an oven at 105 °C to determine the amount of 
residual water (mr), defined by the formula: 

𝑚𝑚𝑟𝑟 = 𝑚𝑚𝑓𝑓𝑓𝑓 −𝑚𝑚𝑓𝑓𝑓𝑓                                    (1) 

where: 
𝑚𝑚𝑓𝑓𝑓𝑓: final mass of the sample after the process. 
𝑚𝑚𝑓𝑓𝑓𝑓: final mass of the sample after drying in the oven. 
The water content is thus obtained by the equation: 

%(𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤) = 𝑚𝑚0−𝑚𝑚𝑓𝑓𝑓𝑓

𝑚𝑚0
𝑥𝑥100                               (2) 

Where 𝑚𝑚0, is the initial mass of the sample. 

2.2.2.1 Solar drying in the open air 
To better replicate local practices, drying was carried out on the roof of a house using two different supports: a tray 
and a drying rack. The rack was turned over to allow the samples to be aired (Figure 1). Every morning at 6 a.m., 
after weighing, the two supports carrying the samples were placed on the roof until 6 p.m. If there was no rain, then 
they were removed, and the samples were weighed again. They were then stored inside the laboratory, protected 
from the elements, to be exposed to the sun again the next morning, and so on. 

  
a) Safou pulp on the tray b) Safou pulp on the drying rack placed on the 

roof 
Figure 1. Experimental equipment used. 

2.2.2.2 Smoking drying 
Smoke drying was carried out under traditional local conditions in the village of Kissila (Mvouti district) at the 
usual daily domestic rate. To this end, measurements were taken at 6:00 a.m. before the smoking system was set up, 
at 12:00 p.m. after breakfast, and at 6:00 p.m. after the main meal. A fan-powered grill commonly used for domestic 
smoking was used. It was placed one metre above the hearth and attached to a movable wire allowing height 
adjustments when the heat intensity varied, and was used as the smoking system (Figure 2). The half-pulps were 
spread out on the rack in alternating layers (top and bottom). For each sampling interval, the fire was maintained 
for 3 hours, even after the food had been cooked. 

2.2.2.3 Storage in the shade 
The whole fruits and half-pulps were spread out on the tray and rack of the oven and placed on the workbench in 
the laboratory. The mass was measured every morning at 6:00 a.m. 
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Figure 2. Traditional smoking of safou. 

2.2.2.4 Meteorological data 
For solar drying in the open air and storage in the shade, meteorological information was provided by AccuWeather 
for the city of Brazzaville (Table 2). 

Table 2. Weather data for the city of Brazzaville during the study (May 2025) 

Day 1 2 3 4 5 6 7 8 9 10 11 

∆T (°C) 24-34 23-32 23-34 23-32 23-30 21-32 23-33 23-33 23-32 23-33 23-34 

Humidity (%) 85 60 87 81 73 81 89 77 62 83 62 
Note. No temperature data was recorded for smoking. 

2.2.3 Dehydration kinetics parameters 
The kinetic parameters taken into account are used to plot dehydration curves representing either the variation in 
dry matter water content X as a function of time t or the dehydration rate −𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
 as a function of time t or as a function 

of dry matter water content X. 
Using the measured masses mt, the dry basis water contents are calculated using the formula below: 

𝑋𝑋 = 𝑚𝑚𝑡𝑡−𝑚𝑚𝑓𝑓𝑓𝑓

𝑚𝑚𝑓𝑓𝑓𝑓
                                       (3) 

The instantaneous dehydration rates are determined by the formula: 

−𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −[𝑋𝑋(𝑡𝑡+∆𝑡𝑡)−𝑋𝑋(𝑡𝑡)]
∆𝑡𝑡

                                  (4) 

2.2.4 Modelling 
There are numerous studies on modelling the kinetics of plant drying, including those by [53-58]. To our knowledge, 
only two studies on safou have been conducted, one using an oven at three temperatures [59] and the other using a 
microwave at three power levels [46]. 

In this study, we wanted to test the Fick diffusion model developed by Crank (first-order kinetics) and the Peleg 
model (second-order kinetics), which are widely used in the agri-food industry. The drying curves were plotted 
using the reduced water content X* as a function of time t (X* = f(t)) given by the relationship: 

𝑋𝑋∗ = 𝑚𝑚𝑡𝑡−𝑚𝑚𝑓𝑓𝑓𝑓

𝑚𝑚0−𝑚𝑚𝑓𝑓𝑓𝑓
                                      (5) 

where 𝑚𝑚𝑡𝑡, the mass of the pulp at time t. 
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2.2.4.1 Fick’s Diffusion Model (Crank) 
The development of Fick’s second law by Crank [60] led to the following expressions: 

𝑋𝑋∗ = 8
𝜋𝜋2
∑ 1

(2𝑛𝑛+1)2 𝑒𝑒𝑒𝑒𝑒𝑒 �−
(2𝑛𝑛+1)2𝜋𝜋2𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒

4𝐿𝐿2
𝑡𝑡�∞

𝑛𝑛=0                        (6) 

where n is the number of terms taken into account; Deff (m2 /j) is the effective moisture diffusivity; and L (m) is 
half the thickness of the sample. 

For long drying times and small sample diameters or thicknesses, the terms in the summation of this equation 
corresponding to n>1 are relatively small. Thus, the latter can be simplified to the first term only, as follows: 

𝑋𝑋∗ = 8
𝜋𝜋2
𝑒𝑒𝑒𝑒𝑒𝑒 �−𝜋𝜋2𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒

4𝐿𝐿2
𝑡𝑡� = 8

𝜋𝜋2
𝑒𝑒𝑒𝑒𝑒𝑒(−𝑘𝑘𝑘𝑘)                   (7) 

with 

𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒 = 4𝐿𝐿2𝑘𝑘
𝜋𝜋2

                                      (8) 

where k (j-1) is the first-order kinetic constant. 
For whole fruits, only the width of the fruit will be taken into account as thickness. 

2.2.4.2 Peleg’s empirical model 
Peleg [61] proposed a mathematical model to describe the moisture absorption of rice. Since then, this model has 
been widely used to describe sorption phenomena in food science. In the case of desorption, this model is written 
as: 

𝑋𝑋∗ = 1 − 𝑡𝑡
𝑎𝑎+𝑏𝑏.𝑡𝑡

                                    (9) 

with a (j.%-1 ) being Peleg’s kinetic constant and b (%-1 ) being Peleg’s capacity constant.  
This equation can be linked to the mass of the sample by the relationship:  

𝑚𝑚𝑡𝑡 = 𝑚𝑚0 −
�𝑚𝑚0−𝑚𝑚𝑓𝑓𝑓𝑓�𝑡𝑡

𝑎𝑎+𝑏𝑏.𝑡𝑡
                              (10) 

The initial dehydration rate and the predicted final mass can thus be determined. 

(𝑅𝑅)0 = −�d𝑚𝑚𝑡𝑡
d𝑡𝑡
�
𝑡𝑡0

= �𝑚𝑚0−𝑚𝑚𝑓𝑓𝑓𝑓�
a

                            (11) 

and 

𝑚𝑚∞ = lim
𝑡𝑡→∞

𝑚𝑚 = 𝑚𝑚0 −
�𝑚𝑚0−𝑚𝑚𝑓𝑓𝑓𝑓�

b
                           (12) 

2.2.5 Statistical processing 
Statistical processing was performed using Excel 2010 and OriginPro 2021 software. 

3. Results and Discussion 

3.1 Kinetics 

The measured masses are shown in Tables 3, 4, and 5. 

Table 3. Masses measured during solar drying in the open air 

 Try Rack 

Time of sampling Time (d) ST1 ST2 ST3 SR1 SR2 SR3 

3:30 p.m. 0 30.24 21.41 25.04 - - - 

6:00 p.m. 0.0623 28.56 20.04 23.54 - - - 

6:00 0.5625 27.00 18.66 22.12 25.74 21.05 26.68 

16:50 1.0139 20.95 13.12 16.78 18.38 15.50 19.70 
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Table 3 Continued 

Time of sampling Time (d) ST1 ST2 ST3 SR1 SR2 SR3 

6:00 1.5625 19.95 12.20 15.94 16.94 14.42 18.40 

6:30 p.m. 2.0833 17.33 9.90 13.28 13.60 12.03 15.07 

6:00 r 2.5625 16.89 9.56 12.91 13.02 11.62 14.47 

6:00 p.m. 3.0625 16.44 9.25 12.52 12.52 11.37 14.02 

6:00 3.5625 16.22 9.10 12.32 12.23 11.21 13.80 

6:30 p.m. 4.0833 14.78 8.02 10.68 10.80 10.61 12.93 

7:40 4.6389 14.71 8.03 10.62 10.70 10.60 12.90 

6:00 p.m. 5.0833 13.88 7.55 9.76 10.02 10.30 12.53 

7:20 5.6389 13.94 7.64 9.81 10.13 10.38 12.60 

7:25 p.m. 6.1424 13.62 7.49 9.53 9.83 10.22 12.40 

7:00 6.6250 13.64 7.52 9.55 9.90 10.25 12.44 

6:00 p.m. 7.0830 13.24 7.29 9.18 9.55 10.03 12.17 

Oven at 105 °C 12.25 6.72 8.32 9.0 9.47 11.38 
Note. r = rain 

Table 4. Masses measured during smoking 

 Endocarp at the top Endocarp at the bottom 

Time of sampling Time (d) SMT1 SMT2 SMT3 SMB1 SMB2 SMB3 

6:00 0 29.40 23.35 32.87 32.97 29.08 30.93 

12:00 p.m. 0.25 24.54 20.12 29.41 28.24 24.75 26.58 

6:00 p.m. 0.50 20.62 17.02 26.54 23.15 20.20 21.17 

6:00 1.00 19.66 16.25 25.98 22.54 19.62 20.52 

12:00 p.m. 1.25 17.60 13.83 23.24 19.70 17.26 17.75 

6:00 p.m. 1.50 15.75 12.11 19.88 16.90 15.10 15.35 

6:00 2.00 15.67 12.11 19.57 16.54 14.82 14.95 

12:00 p.m. 2.25 14.37 11.17 17.75 14.70 12.95 12.88 

6:00 p.m. 2.50 13.62 10.47 16.31 13.78 11.91 11.52 

6:00 3.00 13.68 10.59 16.22 13.89 12.02 11.61 

12:00 p.m. 3.25 13.07 10.05 15.36 13.60 11.71 11.23 

6:00 p.m. 3.50 12.88 9.97 14.92 13.08 11.21 10.69 

6:00 4.00 12.97 10.06 15.01 13.17 11.28 10.77 

12:00 p.m. 4.25 12.88 9.96 14.87 12.98 11.15 10.59 

Oven at 105 °C 11.83 9.09 12.98 12.06 10.34 9.72 
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Table 5. Masses measured during storage in the shade 

   Try      Rack    

  Whole fruit   Half pulp   Whole fruit   Half pulp  

Time (d) TTF1 TTF2 TTF3 TTH1 TTH2 TTH3 TRF1 TRF2 TRF3 TRH1 TRH2 TRH3 

0 83.32 67.21 82.50 24.27 27.50 27.97 57.55 60.11 50.04 15.20 17.37 17.30 

1 80.03 65.09 79.21 21.92 24.87 25.05 54.64 57.81 48.12 13.63 15.64 15.56 

2 76.57 62.41 75.18s 19.46 21.86 22.03 52.08s 55.52 45.94 12.24 14.16 14.14 

3 73.63 60.05 71.05m 17.43 19.42 19.75 49.22 r 53.17s 43.67s 10.65s 12.84s 13.17 

4 70.08 56.68 67.03 15.60 17.54 18.06  50.85 41.46m 9.18 11.55 12.33 

5 67.51s 54.71 64.10r 14.23 16.13 16.90  49.32m 40.07 8.07 10.46m 11.64 

6 64.52r 52.41s  13.69 14.84 15.87  47.38 r 37.92 r 7.10m 9.48 10.94 

7  50.13  11.96 13.69 14.96    6.47 8.78 10.26 

8  48.33m  10.76 12.76 14.1    6.10 8.32 9.75 

9  46.28  9.93 12.28 13.24    5.77 7.93 9.28 

10  43.98 r  9.33 11.93 12.75    5.55 7.59 8.88 

11    9.26 11.90 12.62    5.48 7.39 8.63 

Oven at 105 °C 52.74 42.06 52.23 8.31 10.80 11.46 34.10 37.00 27.90 5.42 7.28 8.56 
Notes. s =start of softening, m=appearance of mould on the softened area, r=rot 

The mass evolution curves show a curvilinear staircase-like decrease during open-air solar drying and smoking 
(decreasing rate phase), without a temperature adjustment phase [62] for solar drying in the open air and smoking 
(decreasing speed phase) and a linear decrease (constant speed phase), slightly curvilinear in the case of half-pulps 
(decreasing speed phase), during storage in the shade, although it may vary slightly between day and night due to 
the difference in temperature, followed by stabilisation (Figure 1). This difference in decrease shows that water is 
not extracted in the same way from whole fruits and half-pulps. The constant-speed phase, which corresponds to 
the evaporation of surface water compensated by the movement of internal moisture driven by capillary forces and 
renewed at a sufficient speed, is rarely identifiable during the drying of plant products [63], but is observed in whole 
fruits during storage in the shade. 

The staircase-like decrease characterises the variations in water desorption during the day and night due to the 
sun setting in the evening, thus disrupting the drying process. Failure to take this into account would lead to the 
curvilinear patterns usually observed in plants: Massamba et al. [46] and Binaki et al. [59] on safou, Toğrul and 
Pehlivan [64] on apricots, Ferradji [65] on figs, Tetang et al. [66] on carrots, and Boy et al. [67] on apples and 
mangoes. 

Traditional safou drying is therefore slower, compared to protected and temperature-controlled processes [31], 
because every evening, the samples must be brought back to the laboratory to protect them from bad weather or 
pests. This fact is clearly observed on days 2.08 and 3.56 during sun drying (Figure 3a), marked by a virtually 
constant change in mass due to the samples not being exposed on the third day of drying because of rain, thus 
demonstrating the disadvantage of open-air drying. It should also be noted that, from the fifth day for sun drying 
and from the third day for smoking, the samples rehydrate at night when stored indoors (Tables 3 and 4). This 
phenomenon of rehydration of the safou pulp during drying occurs at moisture contents rarely exceeding 15%, with 
varying degrees of variability in each drying process. 

Water loss is faster with the drying oven rack than with the tray during sun drying. The rack, which facilitates 
aeration of the samples on both sides, has steeper slopes than the tray. The dehydration of the samples is therefore 
influenced by the structure of the supports. 
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Regarding smoking, half-pulps positioned with the endocarp facing downward dehydrate more rapidly, likely 
due to differences in texture between the epicarp and endocarp surfaces. 

As a result, under our experimental conditions, safou dried in two and a half days on the rack and in four days on 
the tray during sun drying on the roof of a house, excluding the day when the samples were not exposed outside due 
to rain. Similarly, during smoking, the endocarp facing downwards dries in two and a half days and the endocarp 
facing upwards in three and a quarter days. Drying on a rack in the sun gives similar results to smoking with the 
endocarp facing downwards. 

Furthermore, the residual water content obtained during these two processes is very favourable for oil extraction. 
A study conducted by Noumi et al. [68] on the effects of drying on the yield and quality of oil extracted from safou 
pulp showed that drying had a significant influence on extraction yield and that the final water content corresponding 
to maximum extraction yield and providing the best ratio of extracted oil quality to energy consumption was 6.17%. 

On the other hand, smoking, which appears to be a faster means of preserving safou pulp than drying in the open 
air, if maintained continuously until stabilisation, requires a study on the nutritional quality of smoked safou, which 
is currently underway, for a better assessment of the process. A study conducted in Congo-Brazzaville on traditional 
smoking of Atherura spp. meat reported a potential association with cardiovascular disease [40]. 

We also compared the results of sun drying with oven drying. Despite the stepwise decrease in mass, sun drying 
showed unexpected performance during the exposure of samples to the sun. The drying speed of safou in the sun 
appears to be similar to that of oven drying at 50°C, which shows a stabilization from the 36th hour. When only 
periods of sun exposure are considered, the mass evolution curves merge with those of drying in an oven at 50°C. 
Figure 2 shows, for example, the mass evolution curves of samples dried in the sun on a rack and in an oven at 50°C. 

The superposition of the curves clearly shows the similarity between these two methods when the intervals during 
which the safou is stored indoors are not taken into account. This suggests that if the safou were dried continuously 
in the sun on the roof of a house under the experimental conditions of the study, it would be ready in a day and a 
half. The only constraint for this method is that the products must be sheltered at night, which delays the drying 
process by almost half and causes them to rehydrate towards the end of the operation. These two factors, which 
greatly delay the drying of safou in the sun, could confirm, certainly for other reasons, the conclusions drawn by 
Dissa [69] on mangoes and by Danjouma [70] on tomatoes, who recorded decreases in drying speed after the first 
day of drying by exposure to the sun compared to drying in dryers at 50°C due to the temperatures of the products 
approaching that of the air. 
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b) Smoking c) Storage in the shade 

Figure 3. Change in mass during each storage process. 

 
Figure 4. Drying on a rack in the open air during exposure to sunlight and drying in an oven at 50°C. 
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fact that the safou was not attacked by birds or insects during open-air drying is further evidence in favour of open-
air drying. The study conducted by [43] on mango drying, revealing that sun drying boosted the nutritional properties 
of mangoes more than oven drying, except for fungal contamination, which can be controlled [22], could encourage 
this practice. The work of Bouverat-Bernier [72] and Odile [73] also showed, respectively, that the essence (aroma) 
content was preserved at 95% and the green colour of certain leaves was maintained when the drying temperature 
was below or equal to 55°C. 

Furthermore, during storage in the shade, dehydration of safou is initially less pronounced in whole fruits than in 
half-pulps. The curves for half-pulps follow the typical pattern, with a curvilinear decrease followed by stabilisation, 
whereas this pattern is barely visible in whole fruits. The curvilinear decrease followed by stabilisation is barely 
visible, unlike those of whole fruits, which show a linear decrease, clearly observable in sample TTF2, which would 
have been more resistant to softening. Contrary to the results obtained during sun drying, the loss of mass appears 
to be slightly faster with the tray than with the rack for half-pulps (Figure 3c). The structure of the support does not 
seem to influence the rate of dehydration in a controlled environment, but rather seems to be linked to the difference 
in mass, which appears to contradict the results obtained in the oven by Binaki et al. [59]. The curves for the pulp 
stored on the tray, which has a higher mass, show steeper initial slopes than those for the pulp stored on the rack, 
which has a lower mass. The same observation, although slight, is also made for whole fruits. This proportionality 
between mass and the rate of dehydration of safou is also observed, within each process, during the evolution of the 
moisture content of the samples (Figure 5, Table 6). 

 

 

a) Sun drying (try) b) Sun drying (rack) 

 

 

c) Smoking d) Storage in the shade 
Figure 5. Variations in dry matter water content over time. 

0

0.5

1

1.5

2

2.5

0 2 4 6 8

X

time (d)

ST1 ST2 ST3

0

0.5

1

1.5

2

0
0.

54
86

1.
06

94
1.

54
86

2.
04

86
2.

54
86

3.
06

94
3.

61
8

4.
04

86
4.

60
42

5.
10

77
5.

59
03

6.
04

86
6.

50
69

X

time (d)
SR1 SR2 SR3

0

0.5

1

1.5

2

2.5

0
0.

25 0.
5 1

1.
25 1.

5 2
2.

25 2.
5 3

3.
25 3.

5 4
4.

25

X

time (d)

SMT1 SMT2 SMT3

SMB1 SMB2 SMB3

0

0.5

1

1.5

2

0 1 2 3 4 5 6 7 8 9 10 11

X

time (d)
TTF1 TTF2 TTF3 TTH1

TTH2 TTH3 TRF1 TRF2

TRF3 TRH1 TRH2 TRH3



Feueltgaldah Christian Bopoundza et al. 
 

 

DOI: 10.26855/ijfsa.2025.12.006 308 International Journal of Food Science and Agriculture 
 

Table 6. Water content of the pulps and fruits studied 

Sample ST1 ST2 ST3 SR1 SR2 SR3 FT1 FT2 FT3 FB1 FB2 FB3 

%water 59.49 68.61 66.77 65.03 55.01 57.34 59.76 61.07 60.51 63.42 64.44 68.57 

Sample TTF1 TTF2 TTF3 TTH1 TTH2 TTH3 TRF1 TRF2 TRF3 TRH1 TRH2 TRH3 

%water 36.70 37.42 36.69 65.76 60.73 59.03 40.75 38.45 44.24 64.34 58.09 50.52 

These two facts are clearly observable in the curves showing instantaneous velocity –dX/dt as a function of time 
t. Samples with a high water content (sun drying and smoking) or a greater mass (storage in the shade) have higher 
initial instantaneous velocities than samples with a lower water content or a smaller mass, respectively (Figure 6, 
Tables 3, 4, 5, and 6). 

  

a) Sun drying (try) b) Sun drying (rack) 

 

 

c) Smoking d) Storage in the shade 
Figure 6. Instantaneous dehydration rate during each preservation process. 
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23], appear to be more fragile than pitted half-pulps. The softening spreads throughout the whole fruit, generally 
within two days [47], followed by mould attack and then rotting, whereas it appears to slow down in the pulp halves 
(samples TRH1 and TRH2, Table 5). This slowdown in softening observed in the half-pulps seems to be linked to 
their accelerated dehydration, estimated to be at least double that of whole fruits when assessing successive water 
loss yields (mass of water lost/previous mass of the sample). The softening of safou pulp, therefore, appears to be a 
joint process involving its high water content and softening enzymes, as reported in the literature [74-76, 8, 10, 22]. 

3.2 Modelling 

The values of the coefficients of determination (R2), reduced chi-square (𝜒𝜒2), and estimated parameters are presented 
in Table 7. 

Table 7. Statistical data for the two models 

 
Peleg Fick 

R2 𝜒𝜒2 a b R2 𝜒𝜒2 k 

Sun drying 

ST1 0.9814 0.0020 1.35 ± 0.14 0.86 ± 0.04 0.9387 0.0060 0.40 ± 0.04 

ST2 0.9748 0.0029 1.14 ± 0.14 0.85 ± 0.04 0.9361 0.0068 0.50 ± 0.05 

ST3 0.9688 0.0034 1.54 ± 0.20 0.83 ± 0.05 0.9222 0.0080 0.38 ± 0.04 

SR1 0.9906 0.0007 0.86 ± 0.06 0.90 ± 0.02 0.9507 0.0036 0.56 ± 0.04 

SR2 0.9903 0.0007 0.65 ± 0.05 0.95 ± 0.02 0.9356 0.0045 0.64 ± 0.06 

SR3 0.9890 0.0008 0.73 ± 0.06 0.93 ± 0.02 0.9400 0.0042 0.60 ± 0.05 

Smoking 
FT1 0.9859 0.0013 0.69 ± 0.06 0.88 ± 0.03 0.9526 0.0039 0.73 ± 0.06 

FT2 0.9810 0.0018 0.82 ± 0.08 0.84 ± 0.04 0.9453 0.0049 0.70 ± 0.06 

 

FT3 0.9753 0.0025 1.47 ± 0.16 0.72 ± 0.06 0.9212 0.0072 0.49 ± 0.05 

FB1 0.9792 0.0021 0.85 ± 0.09 0.82 ± 0.04 0.9447 0.0051 0.70 ± 0.06 

FB2 0.9850 0.0015 0.90 ± 0.08 0.81 ± 0.03 0.9495 0.0046 0.68 ± 0.06 

FB3 0.9804 0.0020 0.93 ± 0.09 0.80 ± 0.04 0.9431 0.0053 0.67 ± 0.06 

Storage in the shade 

TTF1 0.9995 0.0000 8.85 ± 0.21 0.15 ± 0.04 0.7218 0.0137 0.09 ± 0.02 

TTF2 0.9986 0.0002 9.41 ± 0.26 0.15 ± 0.03 0.8151 0.0176 0.12 ± 0.02 

TTF3 0.9901 0.0008 6.50 ± 0.78 0.23 ± 0.19 0.7422 0.0164 0.13 ± 0.03 

TTH1 0.9964 0.0004 5.40 ± 0.23 0.54 ± 0.03 0.8987 0.0101 0.17 ± 0.02 

TTH2 0.9942 0.0006 4.28 ± 0.24 0.63 ± 0.03 0.9154 0.0086 0.19 ± 0.02 

TTH3 0.9981 0.0002 4.10 ± 0.13 0.68 ± 0.02 0.9286 0.0066 0.18 ± 0.02 

TRF1 0.9994 0.0000 8.27 ± 0.36 0.07 ± 0.14 0.2665 0.0169 0.05 ± 0.05 

TRF2 0.9989 0.0000 9.20 ± 0.32 0.27 ± 0.07 0.6832 0.0127 0.07 ± 0.02 

TRF3 0.9980 0.0000 10.18 ± 0.47 0.13 ± 0.09 0.6531 0.0138 0.07 ± 0.02 

TRH1 0.9878 0.0016 4.40 ± 0.36 0.55 ± 0.05 0.8907 0.0132 0.21 ± 0.03 

TRH2 0.9955 0.0006 4.70 ± 0.23 0.55 ± 0.03 0.9009 0.0110 0.20 ± 0.02 

TRH3 0.9993 0.0000 4.63 ± 0.09 0.58 ± 0.01 0.9176 0.0083 0.19 ± 0.02 

 
Based on these results, the experimental curves validate Peleg’s model better than Fick’s diffusion model, with 

R2 values ranging from 0.9995 to 0.9753 and from 0.9526 to 0.2665, respectively, and 𝜒𝜒2 values ranging from 
0.0000 to 0.0034 and from 0.0036 to 0.0176. The fitting results of Peleg’s model indicate that during traditional 
safou preservation processes, water dehydration occurs in two stages: free water is first removed quickly (decay), 
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followed by the slow removal of bound water (stabilization). On the other hand, the validation of Fick’s model, 
observed in sun drying and smoking, means that this water is extracted by diffusion before being evaporated from 
the surface of the sample. The same results were obtained during microwave drying of the same species [46], but in 
reverse, and during oven drying [59]. The intimate mechanisms of water desorption from safou pulp, similar to 
those of other plants [55, 77], appear to be contrary to those of other metabolites such as fat, where the adjustment 
of experimental data to first-order kinetic models is generally obtained when the diffusion capacity of the solvent, 
favoured by the transformation of the sample into powder and/or by an increase in temperature, merges with elution 
[78]. 

Furthermore, the poor fit of Fick’s diffusion model to the experimental data obtained for storage in the shade, 
especially with whole fruits, can be explained by the increased resistance of the latter to dehydration, as reported in 
the literature [79, 80]. Whole fruits, whose biological cycle was interrupted during harvesting, appear to be more 
resistant to dehydration than half-pulps without their pits. This resistance to dehydration during storage is a natural 
behaviour of plants to combat physiological ageing, which leads to drying out, weight loss, wilting, softening, 
deterioration in appearance, and a reduction in the shelf life of the harvested organ [48, 49, 31]. Thus, the water 
released by whole fruits during storage in the shade appears to be extracted in two stages, leading to second-order 
kinetics, not expressed in the kinetic curves, which seem to show that the phase is at a constant rate. 

Table 8. Kinetic values of the two models tested 

 
Peleg Fick 

𝑅𝑅0 (g/j) 𝑚𝑚∞ (g) Deff (10-6 m2/j) 

Sun drying 

ST1 13.33 9.29 1.73 
ST2 12.93 4.19 2.12 
ST3 10.87 4.86 1.63 
SR1 19.40 7.21 2.38 
SR2 32.20 8.82 2.75 
SR3 20.96 10.30 2.59 

Smoking 

FT1 12.18 9.48 4.16 
FT2 11.70 6.32 3.99 
FT3 29.23 4.89 2.77 
FB1 17.69 15.84 4.02 
FB2 20.83 5.81 3.89 
FB3 22.88 4.36 3.83 

Storage in the shade 

TTF1 3.46 -117.75 26.32 
TTF2 2.67 -106.01 49.72 
TTF3 4.66 -49.38 38.02 
TTH1 2.96 -5.43 1.19 
TTH2 3.90 1.12 1.33 
TTH3 4.03 3.68 1.26 
TRF1 2.83 -294.71 14.62 
TRF2 2.51 -24.39 20.47 
TRF3 2.18 -123.66 20.47 
TRH1 2.22 -2.52 1.47 
TRH2 2.15 -1.00 1.39 
TRH3 1.89 2.31 1.33 

We calculated the kinetic values for both models (Table 8). These values, which vary across processes, do not 
appear to follow the proportionality relationships described above. The initial dehydration rate obtained by Peleg’s 
model is proportional to mass during storage in the shade, but not to water content, as obtained with the kinetic 
curves, while it only shows consistent behavior for whole fruits, for which the model is less consistent with the 
experimental curves. This inconsistency can be explained by the longer time frames (12 hours for sun drying and 6 
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hours for smoking) used in the experiment compared to the instantaneous values obtained with the two models. 
However, the structure of the support and the position of the sample comply with the rule. The initial drying rate is 
higher for the rack system than for the tray system, and also greater with the endocarp at the bottom than with the 
endocarp at the top. 

The predicted masses show large discrepancies with the final experimental masses (Tables 3, 4, and 5), except 
for sun drying using the rack, which generally shows discrepancies of less than 15%. These values, which are 
inconsistent with storage in the shade, may be due to disruption of the water desorption process caused by sample 
alteration. 

4. Conclusion 

Sun drying, smoking, and storage in the shade are among the most commonly used preservation techniques in rural 
areas by those involved in the safou industry. During these processes, the safou pulp dehydrates at a decreasing rate, 
as commonly observed during plant drying processes. These curves are curvilinear with half-pulps and linear with 
whole fruits, which appear to have a virtually constant rate of dehydration during storage in the shade. The drying 
rack (grate), which facilitates the aeration of the samples, allows for faster sun drying compared to the tray. This 
influence of the support on the dehydration rate was not observed during storage in the shade, probably due to poor 
ventilation of the samples inside the laboratory. Pulps placed with the endocarp facing downwards dehydrate more 
quickly during smoking than pulps positioned with the endocarp facing upwards. Beyond the influence of the 
structure of the drying supports and the position of the endocarp, the slopes of the dehydration curves are 
proportional to the mass of the samples and to the water content when the masses are similar. 

Consequently, smoking, carried out according to family needs, which could predispose to cardiovascular disease, 
as reported in the literature on smoking fatty fish, dries the safou in two and a half days for the lower endocarp and 
three and a quarter days for the upper endocarp, while sun drying also takes two and a half days on the rack and 
four days on the tray. As the residual water content obtained is very favourable for oil extraction, sun-drying safou, 
which reduces processing costs thanks to the solar energy available and benefits from a range of temperatures that 
is very favourable for preserving the nutritional properties of dried products, could well be integrated into the 
process of extracting oil from safou pulp. This process, excluding the periods when the samples are stored indoors 
at night, is similar to drying in an oven at 50 °C, which dries the safou in 1½ days. 

On the other hand, storage in the shade appears to be less advantageous. Disadvantaged by high temperatures 
during the experimental period, this causes the fruit to soften prematurely. Thus, it does not seem to extend the shelf 
life of safou. 

Apart from storage in the shade, where the experimental data are less consistent with Fick’s diffusion model, 
these two models, which fit more closely with Peleg’s model, can be used to describe the dehydration mechanisms 
of these processes. Furthermore, and in general, the kinetic variables, which vary little for each process, do not seem 
to strictly follow the rules of proportionality observed in the experimental curves, except for the structure of the 
support and the position of the sample, which obey the rule. Furthermore, the predicted masses show large deviations 
from the final experimental masses, except for sun drying using a drying rack, which generally shows deviations of 
less than 15%. 
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