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Abstract  

Ginger has a high moisture content, which makes it highly susceptible to 

spoilage. Therefore, the shelf life can be extended through drying. In the 

drying process, osmotic dehydration is applied as pre-treatment due to its 

simple operation and energy-saving process for removing moisture from 

food. However, large solute gain during the osmotic dehydration has be-

come the major challenge of this process as it has a negative impact on the 

final product. The edible coating is the key step to circumventing this issue. 

Alginate is a potential candidate for the coating material to enhance the 

mass transfer kinetics of the osmotic dehydration process. This study inves-

tigated the surface modification of ginger slices caused by the cross-linker 

calcium chloride and plasticizer glycerol on alginate coating using a Scan-

ning Electron Microscope. Furthermore, the kinetics of water loss and solute 

gain were evaluated and modelling aspects were conducted. It was ob-

served that the surface roughness of ginger coated with a combination of 

alginate, glycerol and calcium ions has reduced. This facilitated the mass 

transfer process, which was observed to have a high water loss and a lower 

solute gain. The Peleg model presented the best fitting model of mass trans-

fer kinetics during osmotic dehydration of ginger slices. From this work, it 

can be deduced that alginate-based coating can be a promising pre-

treatment step in the osmotic dehydration process.  
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Introduction  

Ginger (Zingiber officinale) a member of the Zingiberaceae family, is widely 

used as a spice in foods and beverages throughout the world. It is also a 

good source of numerous bioactive phenolics, including non-volatile pun-

gent compounds such as gingerols, paradols, shogaols and zingerones (1). 

In 2019, the total world production of ginger reached 4.08 million tonnes, 

with the majority of the production coming from India (2). Fresh ginger is 

reported to have a high-water content which is around 90% (3-5). Water 

provides conditions for microorganisms to grow and multiply, which causes 

the deterioration of food products and thus contributes to food wastage. 

Therefore, it is a vital step to lower the moisture content with appropriate 

preservation technologies.  

 

RESEARCH ARTICLE 

PLANT SCIENCE TODAY 
ISSN 2348-1900 (online) 
Vol 10(1): 67–73 
https://doi.org/10.14719/pst.1849 

HORIZON  
e-Publishing Group 

Surface modification via alginate-based edible coating for 
enhanced osmotic dehydration mass transfer of ginger slices  
Muhammad Hafiz Hissham1, Khadijah Hilmun Kamarudin1, Aima Ramli1, Mohd Nizam Lani2, Mohd Ikmar Nizam 
Mohamad Isa3 & Nora Salina Md Salim1* 

1Faculty of Science and Marine Environment, Universiti Malaysia Terengganu, 21030, Kuala Nerus, Terengganu, Malaysia 
2Faculty of Fisheries and Food Science, Universiti Malaysia Terengganu, 21030, Kuala Nerus, Terengganu, Malaysia  
3Energy Materials Consortium (EMC), Advanced Materials team, Ionic & Kinetic Materials Research (IKMaR) Laboratory, Universiti Sains Islam Malaysia, 
71800, Nilai, Negeri Sembilan, Malaysia  
 

*Email: nora.salina@umt.edu.my  

http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.14719/pst.1849
http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.1849&domain=horizonepublishing.com
http://www.horizonepublishing.com/
https://doi.org/10.14719/pst.1849
mailto:nora.salina@umt.edu.my


 68 HISSHAM ET AL 

https://plantsciencetoday.online 

Currently, a plethora of improved drying techniques has 

emerged in food processing to enhance the quality of food 

products and the sustainability of processing. Osmotic 

dehydration has received great attention as a pre-

treatment step in the drying process due to its simple op-

eration, where a partial amount of water is removed from 

a food product by immersion in a hypertonic solution. 

Moreover, it is also described as a quality improvement 

and an energy-saving process. Previously, it was reported 

that applying osmotic pre-treatment prior to microwave-

assisted vacuum drying of blackberries results in reduced 

drying time and increased anthocyanin retention (6). In a 

study conducted, it was shown that osmotic dehydration 

improved the colour of apricots after hot air drying (7). A 

techno-economic study reports that by combining osmotic 

dehydration as pre-treatment prior to the drying process 

of broccoli stalk slices, the energy input can be reduced by 

68% (8).  

 During the immersion time in the osmotic process, 
the two major mass transfers that occur simultaneously 

are the water outflow from the product to the solution and 

the solute inflow from solution to product. The former is 

known as water loss (WL) and the latter as solute gain (SG). 

The major challenge of the implementation of this process 

in the food industry was due to the large solute gain, which 

has a negative impact on the final product. To address this 

issue, edible coating is a key step to minimise solute gain 

during the osmotic dehydration process. 

 The edible coating is a thin layer applied to the 
product's surface to prevent the migration of moisture, 

oxygen and solutes into the food (9). Over the last decade, 

the production of edible coatings from food-grade biopol-

ymers, in particular polysaccharide, has progressed signifi-

cantly owing to increased interest in the food, pharmaceu-

tical and cosmetics industries (10-12). Alginate is a natural 

polysaccharide extracted from brown algae that consists 

of a linear block co-polymer made of 1-4 linked β-D-

mannuronic acid (M) and α-L guluronic acid (G) and widely 

used as a coating material due to its good film-forming 

ability (13). Formerly, the coating material was applied as 

a single-component formulation, but recent research has 

concentrated on developing the formulation of composite 

or multi-component edible materials with improved func-

tional properties (14, 15). 

 As a natural biopolymer, alginate films are water-
soluble, but they can be rendered insoluble by crosslinking 

with divalent cations or polyvalent cations such as calcium 

ions (16). When alginate crosslinks with calcium, a strong 

gel is formed and this could potentially improve the barrier 

and mechanical properties of alginate films. It has been 

reported that calcium chloride has the fastest gelation rate 

when compared to the other calcium used (17). Mean-

while, plasticizers are small molecules with low molecular 

weight and volatility that contribute to the strength and 

flexibility of polymeric materials (18). The incorporation of 

the plasticizer with the polymer matrix in terms of solubili-

ty and compatibility is important for effective plasticiza-

tion (19). Polyols, organic esters and oils and glycerides are 

the 3 types of plasticizers that are commonly used. Glycer-

ol, the water-soluble polyol, was found to be an excellent 

plasticizer for alginate films (20). Previously, an attempt 

was made to use glycerol as an osmotic agent to improve 

the performance of mass transfer during the osmotic dehy-

dration process (21, 22). So far, the use of glycerol in coat-

ing formulations for accessing the mass transfer exchange 

during the osmotic dehydration process is scarce in the 

literature. 

 Therefore, the goal of this study was to investigate 

the effects of calcium as a cross-linker and glycerol as a 

plasticizer of alginate as an edible coating on the surface 

modification of ginger and its impact on the mass transfer 

kinetics of osmotic dehydration. In addition, the best 

mathematical model that can describe the mass transfer 

kinetics was also evaluated.  

 

Materials and Methods  

Materials  

Sodium alginate (SA, CAS No. 9005-38-3), anhydrous calci-

um chloride (CaCl2, purity ≥ 97%) and glycerol (ACS rea-

gent, purity ≥ 99.5%) were obtained from Sigma Aldrich 

(Germany). Commercial sucrose (Prai, Malaysia) was used 

as the osmotic agent, and distilled water was used to pre-

pare the coating and osmotic solution. Ginger was pur-

chased from the local market in Kuala Nerus, Terengganu, 

Malaysia. The ginger was cleaned before being mechani-

cally sliced to a uniform thickness of 1 mm and a diameter 

of 4 mm. Fresh ginger had a moisture content of 90.55 ± 

1.55 % (wet basis), as determined by the Association of 

Official Analytical Chemists (AOAC) method (23). 

Preparation of coating solution and coating process  

The coating solution was prepared as per standard proce-

dure (24). The 2% (w/w) of alginate solution was obtained 

by dissolving the alginate powder in distilled water and 

stirring continuously using a magnetic stirrer (WiseStir, 

MSH-200, Finland) at a temperature of 70 °C until a clear 

solution was achieved. The 2% (w/w) of CaCl2 solution was 

prepared by dissolving the CaCl2 powder in distilled water 

and stirring at room temperature. The solution of alginate 

and glycerol was prepared by mixing 2% of alginate 

and 2% of glycerol and dissolving the mixture with distilled 

water. The mixture was then stirred continuously at 70 °C 

until a clear solution was obtained. 

 Ginger slices were divided into 4 portions for coat-
ing process by dipping. The first portion was coated with 

only alginate. The second portion was initially dipped in 

alginate solution and then in CaCl2 solution. The third por-

tion involved dipping the ginger slices in a mixture of algi-

nate and glycerol solution and then in a CaCl2 solution. The 

last portion is the uncoated condition, which is used as a 

control. The dipping process for each solution took about 

2 min and the excessive coating solution was drained off 

using a mesh tray before being dried in an oven (Memmert, 

UNB 100, Germany) for 10 min at a temperature of 55 °C. 

Scanning Electron Microscope (SEM)  

The uncoated and coated ginger was immersed in a 2.5% 

glutaraldehyde fixation in a 0.1 M sodium phosphate solu-

https://plantsciencetoday.online


69 

Plant Science Today, ISSN 2348-1900 (online) 

tion for 2 hrs at room temperature. All samples were rinsed 

3 times with 0.1M sodium cacodylate buffer, pH 7.2 for 10 

min. After that, the samples were post-fixed in phosphate 

buffer with 1% osmium tetroxide in the absence of light at 

room temperature and followed by an ethanol series dehy-

dration (30, 50, 60, 70, 80, 90, 95 and 100%, keeping the 

sample for 15 min at 100%). Then, the samples were sub-

jected to chemical drying via hexamethyldisilazane 

(HMDS) for overnight according to the standard procedure 

(25). Subsequently, each of the samples was coated with a 

layer of gold to produce electrical conductivity on the sam-

ple surface before being mounted onto an aluminium stub 

using double-sided sticky carbon tabs. The sample was 

scanned using a SEM (JEOL, JSM 6360 LA) operating at 10 

kV in a high vacuum mode. 

Osmotic dehydration  

The 50% (w/w) osmotic solution was prepared by dissolv-
ing the sucrose in distilled water. The osmotic dehydration 

process was conducted by immersing the samples into the 

sucrose solution for 30, 60, 90, 120 and 150 min at room 

temperature. The ratio of sample to solution was set at 

1:10. The sample was then separated from the solution, 

washed and rinsed with distilled water until the coating 

layer was removed. The surface was then wiped with tis-

sue paper. 

Mass transfer determination   

The mass exchange between ginger slices and sucrose so-

lution during osmotic dehydration was determined using 

the following equations (26): 

  

(Eqn. 2) 

where Wwo is the mass of water in sample before dehydra-
tion (g), Wt is the mass of the sample after dehydration (g), 

Wso is the mass of the solids in the sample before dehydra-

tion (g) and Wst is the mass of the solids in the sample after 

dehydration (g). 

Mass transfer kinetics modelling  

The empirical models for osmotic dehydration listed in 

Eqn. 3 to 5 were used to predict the kinetics of water loss 

and solute gain during the osmotic dehydration process of 

ginger slices (27). 

 

 

 

 

 

Where A and k are constant and t is time (min). 

The statistical parameters such as determination coeffi-

cient (R2), reduced chi-square (X2) and root mean square 

error (RMSE). The R2 at its highest and the lowest X2 and 

RMSE values required for assessing fitness were used. 

 

 

 

 

 

 

 

 

 

 

 

 

where n is the number of observations, Xpred
i is the WL or SG 

predicted ith value, is the WL or SG, Xexp
i experimental ith 

value, m is the number of variables and Xexp is the mean of 

the WL or SG experimental value.  

 

Results and Discussion  

Microstructure analysis (SEM)  

The SEM micrographs demonstrated the microstructure 

of uncoated ginger and different alginate coating condi-

tions of ginger slices are presented in Fig. 1. The Fig. 1 (A) 

shows the surface structure of uncoated ginger slices 

where cellulosic walls and starch granules can be clearly 

seen in the micrographs. As alginate was applied as a 

coating material, a gel structure was observed on the 

surface of the ginger, as shown in Fig. 1 (B). Due to weak 

coating-sample adhesion, the surface appears to be 

rough and non-smooth. According to previous research, 

the presence of a hydrophilic cut surface on the sample 

makes adhesion extremely difficult due to the low sur-

face energy (14, 28). As shown in Fig. 1 (C), the presence 

of calcium as a divalent cation induces gelation of algi-

nate and the surface roughness increases. It was found 

(Eqn. 1) 

(Eqn. 3) 

(Eqn. 4) 

(Eqn. 5) 

(Eqn. 6) 

(Eqn. 7) 

(Eqn. 8) 

A 
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that calcium increases crosslinking in the polymer chain, 

which makes the intermolecular bonds more cohesive 

(29). Meanwhile, good adherence of the surface coating 

was seen on a combination of alginate, glycerol and 

CaCl2. The addition of glycerol to the coating formulation 

results in more pronounced changes to the surface coat-

ing, as illustrated in Fig. 1 (D) where the surface rough-

ness is reduced. The small molecular chains in glycerol 

allow it to penetrate polymer networks, occupying space 

more easily through hydrogen bonds and causing the 

polymer structure to become flexible (30).  

Water loss (WL)  

The kinetics of WL during osmotic dehydration of ginger 

slices are shown in Fig. 2. The gradual increase in WL can 

be observed for all process conditions when immersion 

time is increased during the OD process. Rapid water re-

moval was reported on various agricultural products for 

the first 2 hrs of processing time due to a high osmotic 

driving force between the sample and the hypertonic solu-

tion (31-33). From the graph, it is apparent that the WL 

increased for all coating conditions when compared to the 

uncoated sample. This indicates that the hydrophilic na-

ture of alginate gels enables the transfer of water mole-

cules (34). This finding is consistent with an earlier study 

(35) which was also found that higher WL was obtained 

when an alginate coating was applied during the osmotic 

dehydration process of pumpkin cubes. 

 On the other hand, the surface modification caused 

by the addition of CaCl2 as a cross-linker and glycerol as a 

plasticizer had a correlation with the WL performance. The 

calcium-induced gelation of alginate was sufficiently 

strong to maintain the osmotic pressure of the sucrose 

solution, resulting in a higher WL than alginate-coated. It 

was reported that the "egg structure" formed by calcium 

ions and alginate solution allows water to pass through 

the coating with significantly greater ease during the os-

motic dehydration process of strawberries (36). 

 Surprisingly, the proportion of glycerol in the coat-

ing formulation of ginger samples has a higher WL value of 

50%. It has been confirmed in this study that the presence 

of glycerol in the polymeric structure results in improved 

adhesion and greater flexibility of the coating, which helps 

to maintain osmotic pressure and thus improves the per-

formance of WL. Glycerol is also hydrophilic in nature, giv-

ing the polymer molecules greater affinity to bind water 

within the structure (37, 38). 

Solute gain (SG)  

The kinetics of SG during osmotic dehydration of ginger 

slices is depicted in Fig. 3. During the first 30 min of immer-

sion time, non-coated samples presented significantly in-

B 

C 

D 

Fig. 1. The microstructure of surface morphology of (A) Uncoated,  (B) Algi-
nate coated, (C) Alginate + CaCl2 coated and (D) Alginate + glycerol + CaCl2 
coated.  

Fig. 2. The kinetics of water loss (WL) during osmotic dehydration of ginger 
slices.  
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creased SG values compared to coated samples. After 150 

min of immersion time, the SG values were around 6.3% 

for the uncoated sample. These findings indicate that a 

significant amount of SG can be minimised once the coat-

ing is applied to the ginger slices. The layer of coating and 

the accumulation of solids on the coating surface may act 

as hindrances to SG during the osmotic process. These 

results match those observed in earlier studies on straw-

berries (36). 

 In the case of coated samples, SG was slightly high-

er in the absence of glycerol. This result shows that the 

combination of alginate, glycerol, and CaCl2 as coating 

material results in an improved mass transfer barrier with 

only 2% of SG. Remarkably, the SG obtained in this study 

was also significantly lower than the SG obtained in a pre-

vious study that used carboxymethyl cellulose as a coating 

material for osmotic dehydration on ginger slices (39). As a 

result of these findings, it is clear that the component's 

effect on the surface tension of the coating solutions is 

crucial. Thus, better uniform spreading ability of the edible 

coating has become a desired property when creating edi-

ble coating formulations. 

Modelling of osmotic dehydration mass transfer kinetics  

Mathematical modelling is required to determine whether 

a model adequately describes a process and to estimate 

model parameters accurately. Fig. 2 and Fig. 3 depict the 

curve fitting of the three models that were considered in 

this study for WL and SG respectively. Curve fitting statis-

tics for the Peleg models are presented in Table 1. The 

Peleg model constant is related to the mass transfer rate, 

where k1 is inversely related to the initial mass transfer rate 

and the k2 values inversely describe the values at equilibri-

um. For WL, the k1 did not exhibit a trend when conditions 

were compared. However, the value of k2 was decreased 

accordingly as coating material was proportionately ap-

plied, indicating that a high amount of water was removed 

from the products. In contrast to SG, both k1 and k2 in-

creased when coating was applied, noting that the lower 

solute was diffused into the products. 

 The parameters obtained for WL and SG using the 

Magee model are presented in Table 2. For parameter A, 

which represents the contribution of hydrodynamic mech-

anism due to capillary pressure at a very short time did not 

demonstrate a trend for both WL and SG. However, the 

rate of mass transfer rate which represent as parameter k, 

showed an increasing trend for WL and decreasing trend 

for SG as coating material was proportionately applied to 

ginger slices. The penetration model parameters obtained 

from the curve fitting statistics are shown in Table 3. For 

WL, the k value increased as the coating material was ap-

plied. A higher k value can be seen under alginate + glycer-

ol + CaCl2 coated conditions for WL. While for SG, the oppo-

site trend was observed. 

 For all conditions, the Peleg model exhibits an ex-

cellent fit of WL and SG experimental data compared to 

the Magee and Penetration models. The R2 value of the 

Peleg fits was determined to be the highest at 0.99, while 

X2 and RMSE were the lowest under all conditions. The X2 

and RMSE for Magee and the Penetration models are 

slightly larger than the Peleg model. As previously report-

ed, the Peleg model has proven to be an excellent model 

for predicting the mass transfer of the osmotic dehydra-

tion process (40-42).  

 

Conclusion  

The alginate-based coating shows a promising step in im-

proving the osmotic dehydration performance. Alginate as 

a single component coating enhances the mass transfer 

when compared to an uncoated sample. The addition of 

CaCl2 to strengthen the alginate gel positively improves 

the WL and SG performance. Ultimately, the addition of 

glycerol to the alginate solution and its combination with 

CaCl2 changed the surface of the ginger slice, resulting in a 

higher WL and a lower SG compared to the other condi-

tions. Among the mathematical models used in this study, 

the Peleg model adequately described the mass transfer 

kinetics of WL and SG during osmotic dehydration of gin-

ger slices under all conditions.  

Fig. 3. The kinetics of solute gain (SG) during osmotic dehydration of ginger 
slices.  

Condition 
WL (%) SG (%) 

k1 k2 χ2 RMSE R2 k1 k2 χ2 RMSE R2 

Uncoated 0.7166 0.0188 0.2095 0.4577 0.9991 5.1432 0.1281 0.0165 0.1284 0.9975 

Alginate coated 0.7492 0.0170 0.4245 0.6516 0.9988 6.8805 0.1963 0.0042 0.0650 0.9985 

Alginate + CaCl2 coated 0.6995 0.0167 0.6161 0.7849 0.9983 9.1690 0.2010 0.0148 0.1217 0.9942 

Alginate + glycerol + CaCl2 coated 0.7241 0.0152 0.3011 0.5487 0.9993 20.0163 0.3167 0.0018 0.0428 0.9978 

Table 1. Value of Peleg model parameters for water loss (WL) and solute gain (SG).  
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