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Abstract: Hydration of kenaf seed was studied at 25, 35 45, 55 and 65 °C by the method of weight gain until 
equilibrium was achieved along with the physicochemical properties of the seed. The results showed that the kenaf 
seed had a small dimension and brownish surface color. Water absorbed during soaking was a function of soaking time 
and temperature. Soaking at higher temperatures increased the hydration rate constant and decreased the soaking time 
needed to reach equilibrium. Sigmoidal, Peleg and Page models effectively described the hydration characteristics of 
the seed under the soaking temperatures. The half-saturation time; τ, Peleg’s rate constant; K1 and Page rate constant 
K3 decreased from 199.78-32.97 min, 2.55-0.47 min/% and 3.14-2.74 min/%, respectively, while the sigmoidal rate 
constant; K increased from 0.85-6.83 min-1 with an increase in soaking temperature from 25-65 °C. The rate of water 
absorption of the seed at a higher temperature was faster. The temperature dependence of K was explained by the 
Arrhenius equation, from which activation energy of 71.31 KJ/mol was obtained. 

Keywords: hydration, kenaf seed, soaking temperature, soaking time, water absorption

1. Introduction
Kenaf (Hibiscus cannabinus L.) is an herb of sub-Saharan Africa, an important fiber crop initially used to produce 

inedible materials. It is a multipurpose crop that has been utilized as a source of raw material for industrial and energy 
applications [1] an alternative fiber crop for paper pulp production, is normally grown during the entire summer growing 
season (150 days and longer. On a dry weight basis, the seed contains 18.9-24.8% of fat, 24.9-30.5% of protein, 23.2-
33.1% of carbohydrates and 12.5-13.5% of fiber [2-3]. The seed is usually dried after harvesting to a moisture content 
of around 9.00-12.00%. A review on kenaf seed has discussed its possible uses as a value-added ingredient in food 
processes [4]. In an effort towards optimum utilization of this seed, soaking plays an important role, which facilitates 
subsequent operational processes. Soaking is often a long-time process, especially at ambient temperature. Increasing 
the temperature of the soaking medium has been reported as an effective means of reducing soaking time [5]. The 
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physical characteristics of seeds are vital factors that affect the behavior of seeds during hydration, intrinsic (physical 
and chemical) and extrinsic (soaking medium and soaking temperature) factors are known to affect the water absorption 
kinetics of seeds [6].

Hydration is an essential process in dried foods [7]. Knowledge of the physical properties and hydration behavior 
of kenaf seed is crucial for the design of equipment such as for storing, handling and processing. Furthermore, the 
knowledge of the hydration behavior of seeds during soaking is essential, since it affects the subsequent processing 
conditions such as fermentation, extraction and the quality of the final products [8]. Empirical models such as first-order 
kinetics, exponential, Weibull and Peleg are often used in the rehydration of plant seeds and are usually considered 
important for the designing and optimization of food processing [6].

Several studies have been conducted on the water absorption properties of different seeds such as chickpea seeds 
[9-10], navy beans [11], Andean lupin [12], red lentil [13] and whole moong grain [5]. No work has been carried out on 
the physical characteristics and water hydration model of kenaf seed. Studying the hydration kinetics of KB6 kenaf seed 
could provide useful information on the appropriate soaking temperature and time and will provide valuable information 
on process optimization. Thus, this study was conducted to determine the physical characteristics of KB6 kenaf seed, 
the effect of soaking temperature on hydration capacity, hydration time and to develop a model for water absorption 
kinetics of the seed.

2. Materials and methods
KB6 kenaf seeds were obtained from National Tobacco and Kenaf Board, Pasir Putih, Kelantan, Malaysia. 

The seeds were cleaned, and the moisture content of the seed was determined. The seed flour of 2.00 g was dried to 
a constant weight in an oven (Gallenkamp, Japan) at 105 °C for 24 h and the moisture content was expressed as a 
percentage dry basis (% d.b.).

2.1 Determination of physical characteristics of kenaf seed

The physical characteristics of the seed were determined according to Kaptso et al. [6]. Hundred healthy seeds 
were randomly selected in triplicates and the mean weight was determined using an electrical weighing balance of 0.001 
accuracy. The bulk density (ρb) of the seed was evaluated as the weight of the seed to the volume occupied (g/mL), and 
the true density (ρg) was evaluated as the ratio of the seed weight to the volume of water displaced (g/mL). The porosity (ε) 
of the seed was calculated from the values of the seed’s true density and bulk density using the expression in equation 
(1). Length (L), width (W) and thickness (T) of each seed were measured using a Digimatic caliper (Mitutoyo Corp. 
CD-15APX, Japan) with an accuracy of 0.01 mm. The L was defined as the distance from the eye’s seed to the other 
end. The W was defined as a direction perpendicular to the eye’s seed and the T was considered as the dimension of the 
fullest side of the seed. The geometric mean diameter (mm), Dg was calculated using the expression in equation (2).

( ) 100g b

g

ρ ρ
ε

ρ

− ∗
= (1)

1
3( )gD LWT= (2)

The sphericity, ϕ was calculated using the expression in equation (3)
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The volume of the seed was computed using equation (4)

(4)0.5
2

6[2 ( ) ]
g

WT LV
L WT

π ∗ ∗
=

−

The surface area, S(mm2) was equally calculated using the expression in equation (5)

(5)2
gS Dπ=

2.2 Hydration capacity of kenaf seed

The effect of water-soaking temperature on the hydration capacity of kenaf seed was determined following the 
method of Clemente et al. [14]. Ten (10) gram of kenaf seed was separately soaked at different water temperature of 
25, 35, 45, 55 and 65 oC. The gain weight was monitored at 1 h interval for a period of 5 h. Hydration capacity was 
determined as the difference between weight after soaking (Ws) and weight before soaking (WDS) divided by weight of 
dry seeds (WDS). 

(6)( )  2 / s DSW W
WDSHydration capacity gH O gDS −=

2.3 Determination of water absorption of kenaf seed

Water absorption of kenaf seed was conducted according to the previous method reported by Maskan [15]. 
Following this method, 20 g of kenaf seeds were weighed into a conical flask. The flask plus the seed was equilibrated 
in a water bath to the desired soaking temperature (25, 35, 45, 55 and 65 °C), after which the seed was transferred into 
another conical flask containing 250 mL of distilled water already pre-set at the required temperature in a water bath 
and the temperature was maintained at the desired soaking temperature throughout the experimental study. The conical 
flasks were removed at 10, 20 30 min intervals at the initial and subsequently at 30 min interval until a constant weight 
was obtained, the soaked seeds were drained and then blotted on an absorbent towel 3 times to remove excess water 
at the surface of the seeds as previously reported by Gowen et al. [16]. The seeds were then weighed on a weighing 
balance and the difference between the weight measured at a given time and the initial weight (20 g) was recorded as 
weight gain due to water absorption and the seeds were returned to the soaking water at the desired temperature. The 
gain weight was added to the initial moisture content and was converted to the instantaneous moisture content (% d.b.). 
The instantaneous moisture content was then used to plot the kinetic curve of water absorption. This experiment was 
carried out in triplicate for each experimental temperature at 10 min intervals for the initial 30 min and subsequently 30 
min interval until equilibrium was attained in the absorbed moisture content of the soaked seeds.

2.4 Mathematical modeling of water-soaking kenaf seed

Mathematical modeling of water absorption of kenaf seed during different soaking temperatures 25, 35, 45, 55 
and 65 °C was carried out using the Peleg, Page, and Sigmoidal kinetics as described by Sharanagat et al. [5]. Model 
parameters were estimated, and the performances of models were evaluated according to coefficient of determination 
(R2) and standard error of estimation (SEE). The Peleg’s model for water absorption of the seed assumed the form of 
equation (7).
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where: Mt = moisture content at time t (% d.b.), M0 = initial moisture content (% d.b.), t = soaking time (min), K1 = 
Peleg rate constant (min/%), K2 = Peleg capacity constant (1/%). 

In addition to Peleg’s model, Page mathematical model was also evaluated for its suitability in explaining the water 
absorption of the seed using the expression in equation (8).
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where MR is moisture ratio, Mt (% d.b.) is moisture content at time t, M0 (% d.b.) is initial moisture content, Ms (% d.b.) 
is saturation moisture content, t is soaking time (min) and K3 (min-1) is the absorption rate of the process.

A sigmoidal mathematical model was also evaluated based on the expression in equation (9).
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M(t) is the moisture content of kenaf seed as a function of the soaking time, Meq is the equilibrium moisture content 
and k (min-1) is the constant rate of hydration. The soaking time (t, min), τ (min), is defined as the time needed to attain 
half-saturation (50%) of the kenaf seed.

2.5 Determination of effective diffusivity and activation energy

The rate constant obtained from equation (9) was used in conjunction with the seed radius (r) using the Fick’s law 
of diffusion with a constant moisture diffusivity for spherical shape as described in equation (10).
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where k (s-1) is the constant rate of diffusion for the sigmoidal obtained in equation (9). Deff (m
2s-1) is the effective 

diffusivity and r (m) is the seed radius which is half of Dg.
The diffusivity coefficients obtained for each temperature were related to the reciprocal of absolute temperature 

using the Arrhenius equation (11). The energy of activation was determined by linear regression of Ln(Deff) versus 1/T.
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where D0 is the diffusivity for an infinite temperature, Ea (KJ/mol) is the activation energy for water diffusion, R is the 
molar gas constant (8.314 J/mol K) and T the absolute soaking temperature expressed in Kelvin (K).

2.6 Data analysis

Minitab version 17.0 was used for descriptive and inferential statistics and results were presented as mean ± 
standard deviation. The modeling of hydration kinetics was studied using Curve Expert Professional version 2.6.5 and 
GraphPad prism version 7.0. 
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3. Results and discussion

Table 1. Physicochemical characteristics of KB6 kenaf seed

Parameters Values

Length, L (mm) 2.92 ± 0.07

Width, W (mm) 1.08 ± 0.13

Thickness, T (mm) 0.24 ± 0.02

Hundred seeds mass (g) 2.61 ± 0.19

Geometric mean diameter, Dg (mm) 0.88 ± 0.04

Sphericity, ɸ 0.33 ± 0.03

Surface area, S (mm2) 2.86 ± 0.58

Volume, Vg (mm3) 0.22 ± 0.04

True density, ρg (g/ml) 0.97 ± 0.02

Bulk density, ρb(g/ml) 0.64 ± 0.01

Porosity, ɛ (%) 34.57 ± 1.35

Surface colour Brownish

Lightness, L 31.68 ± 0.38

Redness, a* 2.86 ± 0.08

Yellowness, b* 6.41 ± 0.10

Moisture (%) 9.00 ± 0.00

Crude protein (%) 21.88 ± 0.42

Crude fat (%) 24.69 ± 0.15

Crude fiber (%) 18.67 ± 0.80

Carbohydrates (%) 18.61 ± 0.95

Ash (%) 6.17 ± 1.18

The physicochemical properties of KB6 kenaf seed were presented in Table 1. The length, width, thickness, 
geometric mean diameter and hundred seeds mass were found to be 2.92 mm, 1.08 mm, 0.24 mm, 0.88 mm and 2.61 
g, respectively. These values were significantly less than values reported for other seeds such as lupin [17], cowpea 
and Bambara groundnut seeds [6]. These implied that the kenaf seed has a smaller dimension. The hundred seeds mass 
(2.61 g) of the KB6 kenaf seed cultivar at moisture content 9.00% was like the other kenaf varieties such as Everglades 
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(2.95 g) at moisture content of 7.67%, Tainung (2.88 g) at moisture content of 7.35% and SF-459 (2.81 g) at moisture 
content of 7.27% [18]. The degree of sphericity of kenaf seed was found to be 0.33 at moisture content of 9.00%, which 
is significantly lower than the sphericity values (0.75-0.77) of Everglades, Tainung and SF-459 kenaf seed varieties at 
moisture range of 7.27-26.21% [18], this indicates that KB6 kenaf seed cultivar has an angular shape different from the 
oviform of the other kenaf cultivars. As reported by Izli [18], the sphericity of the earlier studied kenaf seed cultivars 
increased linearly as the moisture content increased. Thus, the differences observed in this study to that of the earlier 
reports might be attributed to variations in cultivar and differences in moisture content. The surface area for KB6 kenaf 
seed (2.86 mm) at moisture content of 9.00% was found to be significantly lower than what has been reported for other 
kenaf seed cultivars (4.69-6.49 mm) at moisture content of 7.27-26.21% [18]. It has been reported that a direct positive 
association existed between the moisture content of seeds and the surface area [19]. This might have accounted for the 
significant variations in the surface area of KB6 kenaf seed to the variants studied earlier. The bulk density of KB6 
kenaf seed at moisture content 9.00% was 0.64 g/mL. A similar result for bulk density has been reported for kenaf 
seed Tainung variety (0.64-0.69 g/mL), as the moisture content decreased from 25.96-7.67%. Also, 0.61-0.67 g/mL 
for Everglades variety as the moisture content equally decreased from 26.21-7.67% [18]. The similarity in the density 
of KB6 cultivar to the Tainung and Everglades varieties might be due to the variations in the moisture content, that 
positively affected the mass of the seed without a corresponding expansion in the volumetric of the bulk [20]. The true 
density of KB6 kenaf seed variant at moisture content 9.00% was 0.97 g/mL. This value was significantly lower than the 
values (1.25-1.36 g/mL) reported for Everglades, Tainung and SF-459 kenaf seed variants at moisture content of 7.27-
26.21% [18]. The difference in the true densities of KB6 cultivar and kenaf seed cultivars in earlier studies might be due 
to variation in moisture content and bigger dimensions of seeds used in earlier studies. The porosity of KB6 kenaf seed 
34.57%, was 41.13-47.23% less than the porosity values of the other cultivars (Everglades, Tainung and SF-459) found 
by Izli [18] at moisture range of 7.27-26.21%. 

Visual observation of the surface color of the seed revealed a brownish color. This concurred with the dark greyish 
brown reported by LeMahieu et al. [21]. The low values of L (31.68), a* (2.86) and b* (6.41) of the seed further 
suggested that the kenaf seed was less bright in appearance. Compared to cowpea seed which has higher values of L 
(48.14-55.06), a* (3.41-8.47) and b* (16.58-25.23) manifesting its brighter/yellowish color [6]. The composition of 
KB6 kenaf seed used in this study was 9.00% moisture content, crude protein 21.88%, crude fat 24.69%, crude fiber 
18.67%, carbohydrates 18.61% and ash 6.17%. The moisture content and crude fat content of this seed were comparable 
to the values reported for QP3 and V36 [3]. In contrast, the crude protein (29.8-30.5%) and carbohydrates (19.2-23.2%) 
of QP3 and V36 were higher than the values reported in this study. However, the crude fiber (11.5-12.5%) and ash (4.5%) 
of both QP3 and V36 were lower than the values found in this study. These variations might be due to differences in 
geographical location, planting season and soil type.

3.1 Effect of soaking temperature and time on the hydration capacity of kenaf seed

The effect of different soaking temperatures and time on the hydration capacity of kenaf seed was presented in 
Figure 1. The hydration capacity for the seeds soaked at 25 °C and 35 °C ranged from 0.144 to 0.563 g H2O/g DS and 0.17 
to 0.815 g H2O/g DS respectively. These values are like values reported for different cultivars of kidney beans [22-23]. 
However, the hydration capacity of seeds soaked at 45 °C, 55 °C and 65 °C ranged from 0.291 to 0.997 g H2O/g DS, 
0.566 to 1.02 g H2O/g DS and 0.864 to 1.015 g H2O/g DS respectively. The hydration capacity significantly (P < 0.05) 
increased as the duration of soaking was prolonged. There was a significant increase (P < 0.05) in the hydration capacity 
of the soaked kenaf seeds as the soaking temperature increased from 25 to 65 °C. At 1 h soaking time, there was no 
significant (P > 0.05) difference in the hydration capacity of the seeds soaked at 25 and 35 °C. Temperature and time 
have significant effects on the hydration capacity of the kenaf seed. Signifying that, hydration capacity is both a function 
of soaking temperature and time. At a high soaking temperature of between 55 and 65 °C, the seeds reached maximum 
water absorption capacity at 2 h of soaking, with hydration capacity greater than 1.0 g H2O/g DS and continuing 
soaking at the temperatures above soaking time 2 h does not significantly increase the hydration capacity of the seeds. 
The hydration capacity of seeds is important for the determination of the technological application of food. It would 
provide useful information for designing appropriate instruments for packaging, transporting, cooking and formulation 
of different food products from kenaf seed. It is also, a vital property that determines the degree of water absorption by 
soaked seeds and is a function of chemical constituent of the seed coat and cotyledons [24].
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Figure 1. Effect of soaking temperature and time on hydration capacity of kenaf seed
                          Values are means of triplicates. The bars at each data point represent the standard deviation

3.2 Hydration kinetics of water soaking kenaf seed

Table 2. Effect of soaking temperature on saturation moisture content and required soaking time

Temperature (°C) Saturation moisture content (% d.b.) Soaking time (h)

25 110.95 ± 0.38a 10.27

35 109.35 ± 0.13b 7.00

45 108.40 ± 0.24bc 5.00

55 111.07 ± 0.43a 3.50

65 107.79 ± 0.58c 2.67

                                         Data are mean ± SD of triplicates. Values with the same superscripts letters down the column are statistically not significant 
                                           at α = 0.05. Note: d.b.: dry basis; h: hour.

The temperature of this experiment was between 25 to 65 °C, these were based on the commonly used temperature 
at home for soaking grains. The high temperature selected was because the lower temperature required additional cost 
in terms of refrigeration which is more expensive than heating and more time would be needed. Elevated temperature 
above 65 °C can be of disadvantage like denaturation of proteins. The effect of soaking temperature on saturation 
moisture content and required soaking time (Table 2). The saturation moisture content for the temperature 25 to 65 °C 
ranged from 107.79% to 111.07%. Soaking temperature 25 °C and 55 °C had significantly (P < 0.05) higher saturation 
moisture content of 110.95% and 111.07%, respectively. It took 10 h:16 min for the kenaf seeds soaked at 25 °C to 
attain saturation and 7 h for the seeds soaked at 35 °C. Whereas, the seeds soaked at 45 °C, 55 °C and 65 °C required 
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5 h, 3 h:30 min and 2 h:40 min, respectively to attain saturation. These indicate that soaking at a higher temperature 
increased the rate of water absorption and reduced the soaking time required for the seeds to be saturated. This finding 
corroborates with the previous report of Miano et al. [12] that increasing operational temperature speed-up the hydration 
process of grains.

The moisture content of the soaked seed increased with an increase in soaking temperature and time (Figure 2). 
The optimum moisture content of between 100 to 120% was achieved between temperature 47 °C to 67 °C and soaking 
time of 150 to 200 min. However, prolonging the duration of soaking above 200 min does not have a significant increase 
in the moisture content of the seeds soaked between 47 to 67 °C. This implied that the amount of water absorbed upon 
hydration was both the function of soaking temperature and time. 
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Figure 2. Surface plot of moisture content versus soaking time and temperature
           Note: d.b.: dry basis

3.2.1 Kinetics of water absorption

The kinetics of the water absorption curve of kenaf seed at the different soaking temperature was presented in 
Figure 3. The hydration process of the seed showed a higher rate of water absorption in the diffusion stage. Followed 
by a slower rate of absorption in the relaxation stage and reaching maximum moisture content as the soaking time is 
prolonged especially at 45, 55 and 65 °C. These indicate that saturation condition was achieved much faster at higher 
temperatures than lower temperatures. The water absorption curve of the seed demonstrated a sigmoidal behavior with 
a non-linear regression coefficient value (R2 > 99.61%). This was similar to previous curves reported for other seeds [7, 
12, 25].

The kinetics parameters of the different mathematical models (Sigmoidal, Page and Peleg’s) of water absorption 
of the seed are presented in Tables 3&4. For all the models the correlation coefficients (R2) were higher (82.10-99.86%) 
with a low standard error of estimation, SEE (0.05-2.67). These justified the accuracy of the models in explaining the 
water absorption characteristics of the seed at the different soaking temperatures. 
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Figure 3. Water absorption curves of kenaf seeds at different soaking temperatures
                            Data are mean ± SD (vertical bars of n = 3). Note: d.b.: dry basis.

3.2.2 The kinetics rate of hydration

The constant rate of hydration for each of the models differs significantly from the variation in the soaking 
temperature. The sigmoidal rate of hydration, K (Table 3) consistently increased with an increase in soaking 
temperature. The soaking temperatures 25 °C and 65 °C had 0.0085 min-1 and 0.0683 min-1, respectively. Accordingly, a 
high temperature leads to a higher water absorption rate. This observation has been reported by Solomon [17] for lupin 
seeds, Thakur & Gupta [26] for cereal grains and Turhan et al. [8] for peas and beans. 

Table 3. Water absorption characteristics of KB6 kenaf seed following sigmoidal model

Soaking temperature (°C) Meq (Exp % d.b.) Meq (Obs % d.b.) K (× 10-2min-1) τ (min) R2 (%) SEE

25 112.15 ± 0.73aA 110.95 ± 0.38aA 0.85 ± 0.02d 199.78 ± 3.87a 99.65 2.16

35 112.48 ± 1.49aB 109.35 ± 0.13bC 1.39 ± 0.03d 128.24 ± 2.74b 99.65 2.34

45 110.37 ± 0.41abD 108.40 ± 0.24bcE 2.58 ± 0.06c 72.28 ± 1.94c 99.61 2.67

55 112.33 ± 0.36aF 111.07 ± 0.43aG 4.25 ± 0.15b 46.54 ± 0.30d 99.85 1.72

65 109.43 ± 0.29bH 107.79 ± 0.58cI 6.83 ± 0.60a 32.97 ± 1.80e 99.86 1.69

      Note: 
      Meq: equilibrium moisture content; 
      Exp: expected moisture content; 
      d.b: dry basis; 
      Obs: observed moisture content; 
      K: sigmoidal rate constant; 
      τ: half saturation time; 
      R2: regression coefficient; 
      SEE: standard error of estimation. 
      The values with the same lower-case letter down the column are not statistically significant and values with the same upper-case letter between the 
      rows of expected moisture content and observed moisture content are not significantly different P ≥ 0.05.
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An opposite effect of soaking temperature was observed for the Page (K3) and Peleg’s (K1) constant rate of 
hydration. The Page constant rate (K3) of hydration varied from 3.15 min-1 at 25 °C to 2.74 min-1 at 65 °C. The Peleg’s 
rate constant (K1) is in the same order of variations but lower than the Page rate constant. The K1 relates to the mass 
transfer rate and its values under the soaking conditions (25 to 65 °C) decreased linearly from 2.55 to 0.47 min/% 
(Table 4). This indicates that an increase in the soaking temperature leads to a corresponding increase in the water 
absorption rate. This finding agreed with earlier reports for other seeds [5, 11, 27-28]. The Peleg’s capacity constant (K2) 
ranged from 0.00587 to 0.0078 1/% (Table 4). This is an indication that the water absorption rate increased, and water 
absorption capacity decreased as the soaking temperature increased. K2 relates to maximum water absorption capacity [8, 
27]. 

Table 4. Water absorption characteristics of KB6 kenaf seed following Peleg’s and Page models

Soaking Temperature (°C)
Peleg’s model Page

K1 (min/%) K2 (× 10-3 1/%) R2 (%) SEE K3 (min/%) R2 (%) SEE

25 2.55 ± 0.05a 5.87 ± 0.06c 83.19 0.58 3.14 97.5 0.05

35 1.69 ± 0.02b 5.67 ± 0.15c 85.95 0.34 2.90 97.1 0.06

45 1.12 ± 0.05c 5.30 ± 0.20d 90.17 0.19 2.70 96.7 0.07

55 0.68 ± 0.04d 6.67 ± 0.12b 94.07 0.2 2.69 89.8 0.13

65 0.47 ± 0.03e 7.80 ± 0.10a 94.98 0.19 2.74 82.1 0.17

      Note: 
      K1: Peleg’s rate constant of hydration; 
      K2: Peleg’s capacity constant; 
      R2: regression coefficient; 
      SEE: standard error of estimation; 
      K3: Page rate constant of hydration. 
      The values with the same letter down the column are not significantly different P ≥ 0.05.

The observed saturation moisture content of the seed varied significantly. The seed soaked at temperatures 25 °C 
and 55 °C had the highest saturation moisture content of 110.95% and 111.07%, respectively. However, the seed soaked 
at 65 °C has the least saturation moisture content of 107.79%. The predicted saturation moisture content obtained 
by the sigmoidal model varied significantly from the observed saturation moisture content, except for seed soaked 
at 25 °C (Table 3). Soaking at a higher temperature reduces the time required for the seeds to reach half saturation. 
The seed soaked at 65 °C required 32.97 min and the one soaked at 25 °C required 199.78 min to be half saturated. 
These correlate with previous findings on rice [29], adzuki beans [30], guar splits [31] and for lens culinaris [7]. The 
various soaking time obtained for the experimental temperature could be helpful during food formulation processes. 
The decrease in saturation moisture content has been reported to be related to the higher extraction of water-soluble 
components of the seed at a higher temperature [7]. Also, the behavior of saturation moisture could be related to the cell 
integrity and mass transfer phenomenon of the seed. It was observed that higher temperature damage cell membrane 
of seeds and lead to lower water holding capacity [7]. Likewise, as the absorption rate of the seed was faster at higher 
temperatures. The seed edges and rapidly absorb water. Consequently, the external layer becomes saturated and the mass 
transfer from the soaking water to the surface of the seed was reduced [7, 30]. 

3.3 Effective diffusivity and activation energy

The effective diffusion coefficient (Deff ) of KB6 kenaf seed increased (2.78 × 10-12 to 22.35 × 10-12 m2/s) with the 
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increase in soaking temperature (Table 5). A similar observation has been reported for soybean [16], rice [32], chickpeas 
[33] and sorghum [34]. The differences in the Deff of the kenaf seed at the different soaking temperatures was found to 
be linearly correlated to the reciprocal of their absolute temperature. 

Table 5. Effective diffusivity of KB6 kenaf seed at different soaking temperatures

Soaking Temperature (°C) Diffusion coefficient (m2s-1) Activation energy Ea (KJ/mol) R2 (%)

25 2.74 × 10-12 71.31 99.84

35 4.55 × 10-12

45 8.44 × 10-12

55 1.39 × 10-11

65 2.24 × 10-11

                            Note: R2: regression coefficient

The activation energy (Ea) of hydration of the kenaf seed was computed by the linear relationship of effective 
diffusivity and absolute temperature; T (Figure 4). The plot showed linear relation with a high R2-value (99.84%). The 
logarithm of the reciprocal of Deff  decreased linearly with an increase in the reciprocal of T. This is like previous reports 
on hydration studies for different seeds [5, 27]. The seed possesses a high activation energy 71.31 KJ/mol. This value is 
like the activation energy (78.81 KJ/mol) reported for GC variety of cowpea seed [6] and higher than values reported for 
sorghum (24.21 KJ/mol) [35] and 51.67 KJ/mol for Barley [36].
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Figure 4. Arrhenius plot for determination of activation energy of hydration of kenaf seed
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4. Conclusion
This study disclosed the physicochemical properties of KB6 kenaf seed. The seed has a small dimension and a 

brownish surface color. Temperature and time had a significant (P < 0.05) effect on the hydration capacity of the seed. 
An increase in the soaking temperature decreased the soaking time required to achieve saturation moisture content. 
The optimum soaking time for the seed is 160 min at 65 °C, 210 min at 55 °C, 300 min at 45 °C, 420 min at 35 °C and 
616 min at 25 °C. The water absorption curve of the seed assumed a sigmoidal with an increased rate of absorption 
as the soaking temperature increased. The sigmoidal model produced the half-saturation time (τ), which decreased as 
the soaking temperature increased. All the models; sigmoidal, Page and Peleg’s were accurate at describing the water 
absorption of the seed. The Deff of the seed increased as the soaking temperature increased. This signified that the rate 
of diffusion of water into the seed at higher temperatures was faster. 
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