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Abstract 
 

This study was carried out to evaluate the effects of different drying methods (sun drying, cabinet 
drying and convection oven) and hydrocolloids (carrageenan and alginate) on physicochemical 
properties of semi-dried catfish jerky. The concentration of hydrocolloids used was 1% and 2%. 
Samples without the addition of hydrocolloid served as the control group. The water activity of semi-
dried catfish jerky decreased with the addition of hydrocolloids. For colour properties, lightness (L*) 
value of semi-dried catfish jerky increased with the increased concentration of hydrocolloids. The 
addition of 2% alginate (2%A) and 2% carrageenan (2%C) showed higher lightness (L*) than the 
controlled group for all drying methods, except for sun drying with carrageenan. Both carrageenan and 
alginate added into semi-dried catfish jerky increased the processing yields. The addition of 2% 
carrageenan (2%C) and 1% alginate (1%A) improved the product yields for all drying methods. This 
paper argues that the application of cabinet dryer gives better shelf stability due to the lower range of 
water activity than other drying methods while preserving colour quality and product yields. 
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Introduction 
 
Jerky has a shelf-stable property, needs no refrigeration during commercial distribution due 
to its low water activity. The growing consumer demand for convenient and nutritious food 
products has led to increasing sales of ready-to-eat snack food in many countries (Yang et 
al., 2009). According to Li et al. (2014), jerky is an important part of snack food with the 
characteristics of low moisture content, endurable storage, small size, and convenience for 
transportation. Jerky is a very convenient food product and suitable to be consumed by 
backpackers and others who do not have access to refrigeration (FSIS, 2013). Traditionally, 
jerky is made from beef and pork. However, the growing consumers demand for various 
types of food products in different texture and flavour, jerky is now made from poultry and 
fish meats (Konieczny et al., 2007).  

Intermediate moisture (IM) meat products such as jerky can be preserved by salting 
and drying to reduce water activity. Drying is the world’s oldest and most common method of 
food preservation in the production of meat and meat products (Lim et al., 2012). Drying 
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lowers water activity by controlling the moisture content and relative humidity of meat thereby 
inhibiting the growth of microorganisms. Different microorganisms would grow since water 
activity varies depending on the products (Ku et al., 2013). After drying, the IM meat product 
reaches water activity of 0.6-0.9 equivalent to a relative humidity (RH) of 60-90% at ambient 
temperature (Chang et al., 1996). There is various type of drying methods in making jerkies, 
such as natural drying and hot air drying. Hot air drying that uses circulated heated air is 
effective to eliminate moisture quickly, then jerky acquire microbial safety and economy of 
time (Kim et al., 2014). In regards to colour and texture, time and temperature control is very 
crucial in jerky preparation. If meat is over-dried, whole muscle jerky products may be too dry 
or brittle, and may have the undesirable colour (Miller et al., 1996) and resulted in a lower 
yield. 

In order to achieve a desirable texture and stability of jerky, various texture modifying 
ingredients, additives, antioxidants, and humectants are used. In this study, hydrocolloid of 
carrageenan (a mixture of iota and kappa carrageenan) and sodium alginate are used in the 
preparation of catfish jerky. Carrageenan is a linear anionic sulfated polymer of galactose 
and anhydrogalactose, which is extracted from red seaweeds; three main carrageenan 
fractions are kappa (thermoreversible brittle gel formation), iota (thermoreversible elastic gel 
formation) and lambda (thickener, non-gelling). They are widely used in the food industries 
such as canned meat, reduced fat products (frankfurters) for its gelling characteristic, 
thickening and water binding properties (Candogan and Kolsarici, 2003a, 2003b; Bixler and 
Porse, 2010). 

Alginate is the salt of alginic acid and a gum-like derivate from seaweed Macrocystis 
pyrifera and it is applied as a gelling agent or thickener. In the presence of calcium ions, 
alginate forms a heat stable gel that “cold-sets” at refrigeration or room temperatures. In the 
poultry meat industry, it is used for binding small meat particles and also to enhance texture 
(Keeton, 2001; Barbut, 2002). Alginates can also be used for the production of meat 
replacers whereby a little amount of meat is combined with a high amount of water plus 
flavours and colorants to yield a gelled alginate matrix that can be subsequently used as a 
raw material for a variety of low-value meat products (Petracci and Bianchi, 2012). Finally, 
some applications of alginate preparations allow to produce stable cold fat emulsions (i.e. 
with chicken skin) to be used for including a stable form of fat/skin in product formulations 
such as chicken nuggets or sausages (Petracci and Bianchi, 2012). Therefore, the objective 
of this study was to investigate effects of various drying methods on the physicochemical 
quality of semi-dried catfish jerky and to determine whether hydrocolloids treatment can be 
effectively utilized during jerky processing..  
 
 
Materials and Methods 
 
Raw Materials and Curing Solution Preparation 
 
Freshwater catfish (Clarias marcrocephalus, mincemeat moisture contents 75.15 ± 0.11%, 
protein contents 74.58 ± 0.12%, fat contents 29.36 ± 0.41%, ash contents 4.27 ± 0.01%, 
water activity 0.99 ± 0.00, and pH 6.95 ± 0.02) was purchased from a local market in Besut, 
Terengganu, Malaysia. Catfish was placed in an ice box and transported to the laboratory for 
further processing.  Catfish was gutted and trimmed of visible fat and ground through a 2-mm 
grinder plate (Rheninghaus, Eve/All-12, Torino, Italy). The composition (%, w/w) of the curing 
solution was based on the method of Han et al. (2011) with some modification. The 
ingredients used as described in Table 1. Additionally, each hydrocolloid was added in the 
formulation with the following amount: (i) 1% carrageenan (labeled as 1%C); (ii) 2% 
carrageenan (labeled as 2%C); (iii) 1% alginate (labeled as 1%A); (iv) 2% alginate (labeled 
as 2%A); and without hydrocolloid added was used as a control. The carrageenan was 
prepared with 50% kappa and 50% iota fractions of food grade quality (Sim Company Sdn. 
Bhd., Penang, Malaysia) and was diluted in hot water (70C) prior to add into the formulation. 
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While alginate powder (Sim Company Sdn. Bhd., Penang, Malaysia) was added directly into 
the formulation. 
 
 

Table 1. Curing solution formula for semi-dried catfish jerky 
 

Ingredients Formulation (% in batch) 

Water 22% 

Soy sauce 5% 

Sorbitol (70%) 5.8% 

Lemon juice 1% 

Smoke flavour 0.5% 

Salt  0.6% 

Sugar  1.8% 

Black pepper powder 0.18% 

Ginger powder 0.09% 

Garlic powder 0.18% 

Onion powder 0.18% 

Soup stock powder 0.09% 

Sodium tripolyphosphate 0.1% 

 
 
Preparation of Jerky 
 
The preparation of jerky was based on Han et al. (2011) with a slight modification. The 
ground catfish was mixed with the curing solution and hydrocolloid by a hand mixer for 4 
minutes. Cured meat was stuffed into a moulder to form strip shape with 8 cm length and 2 
mm thick. Each group of semi-dried catfish jerky samples was subjected to undergo three 
different drying methods. For sun drying, the sample was dried directly in the sun at a 

temperature of 32-33C for 12-15 hours until a 0.70-0.75 water activity is achieved. For 
cabinet drying and convection oven, samples were dried continuously at a different time and 

temperature for 180 min at 55C, for 180 min at 65C, and for 60 min at 75C. 
 
 
Water Activity  
 
The semi-dried catfish jerky samples were chopped into a small size and spread evenly into 
Retronic cup. Water activity of the sample was measured using dew point water activity 
meter (AQUA LAB, 4TE). The calibration was made using distilled water. 
 
 
Colour 
 
The colour of surface semi-dried catfish jerky was measured by the lightness (L*), redness 
(a*), and yellowness (b*) using Chromameter (Model CR-400, Konika Minota Co. Ltd., 
Japan), with measurements standardized with respect to a white calibration plate. 
 
 
Processing Yield 
 
Processing yields were determined by calculating the weight differences of jerky before and 
after drying (Han et al., 2011) as follows: 

 
 

 
100

gdryingbeforeweightmeatcured

gdryingafterweightjerky
%yieldsgsinocesPr   
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Statistical Analysis 
 
The analyses were run in triplicate. The results were expressed as mean value ± standard 
deviation. The sample physicochemical characteristics were compared using one-way 
Analysis of Variance (ANOVA) and a Duncan test for multiple mean comparisons. The 
interaction between drying methods, hydrocolloids and concentration were carried by two-
way MANOVA. Data were processed using SPSS version 17.0. The level of significance was 
95%, i.e., p<0.05. 
 
 
Results and Discussion 
 
The results of water activity, colour, and processing yields are presented in Table 2. 
Generally, the water activity of semi-dried food should be ranged 0.60-0.90 so that are 
considered to be relatively safe food against microorganisms (Ku et al., 2013). In this study, 
the water activity of semi-dried catfish jerky samples was ranged from 0.62-0.71, 0.58-0.64, 
and 0.58-0.70 according to the drying methods of sun drying, cabinet drying and convection 
oven, respectively. The cabinet drying method showed the lower value in water activity than 
other drying methods and the water activity of catfish jerky decreased by 1% and 2% of 
hydrocolloids added (p<0.05), except for sun drying 1%C and 2%C. This is similar to the 
result by Ku et al. (2013) who observed that water activity of restructured jerky decreased as 
additives added into the formulations. According to FSIS (2014) in order to achieve a shelf-
stable product, a water activity critical limit should be 0.85 or lower for products stored in an 
aerobic or oxygen containing environment. For products stored in an anaerobic environment 
or vacuum packaged the water activity critical limit can be 0.91 or lower. The water activity 
obtained in the present study was under the recommended values. 

Colour is a major factor in consumer purchase decisions because it is presumed to be 
an indicator of meat quality (Brewer et al., 2002). Colour values of semi-dried catfish jerky 
with hydrocolloids added show brighter colour than the control (Table 2). The increased 
value of lightness (L*) in this study was similar to the finding by Lamkey (2010) and Demirci 
et al. (2014) in which the product incorporating with hydrocolloids give brighter colour. In this 
study, the highest lightness was shown by sample added with 2% alginate (2%A). The 
lightness of semi-dried catfish jerky samples was differed significantly (p<0.05) between 
drying methods. The findings obtained by Lim et al. (2012) showed that hot air-dried beef 
jerky have a lower lightness than sun-dried, 33.01 and 37.24, respectively. Raw material, 
temperature and time, and ingredients used (addition of nitrite) all these could influence the 
variation in colour properties. Redness (a*) values of semi-dried catfish jerky seemed to be 
improved with carrageenan added for both cabinet drying and a convection oven. For 
yellowness (b*), the b* values tended to be increased after addition of hydrocolloids. 
Numerous studies have reported that the colour of restructured jerky is typically dependent 
on light, oxygen, temperature, and process and packaging conditions and the colour based 
upon drying duration is influenced by the moisture content of the products (Acton and Dick, 
1977; Chasco et al., 1996; Garcı́a-Esteban et al., 2004; Mancini and Hunt, 2005; Rubio et al., 
2008; Cava et al., 2009). 

The process yields of semi-dried catfish jerky samples ranged between 31.12–34.70% 
(sun drying), 32.01–34.95% (cabinet drying), and 30.76–39.22% (convection oven). The 
catfish jerky containing hydrocolloids had higher yields than the control for all drying methods 
(p<0.05), except for cabinet drying 2%A treatment. Han et al. (2011) reported similar results 
with the processing yields of semi-dried chicken jerky containing humectants. The addition of 
additives for example, chicken feet gelatin and wheat fiber (Kim et al., 2012) and glutinous 
rice flour, potato starch, soybean and acorn powder (Ku et al., 2013) to meat products 
increased the processing yields. These additives were improved water holding capacity and 
fat binding properties. According to Demirci et al. (2014) the cooking loss of the high-fat 
control (no hydrocolloid added) was higher than the hydrocolloid added meatball samples, 
due to the high loss of fat and moisture during cooking. Nevertheless, the processing yield of  
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the samples increased with the hydrocolloids added. Overall, the highest and the lowest 
processing yield of the semi-dried catfish jerky in the present study was obtained from the 
convection oven which using the formulation of 1% alginate (1%A) and without hydocolloid-
added (control), respectively. 

Overall, based on the result presented in Table 3, there was a statistically significant 
interaction effect between drying methods, hydrocolloid (alginate and carrageenan) and 
concentration (0,1% and 2%) on the combined dependent variables, F (6, 56) = 5.226, p = 
0.000; Wilks’ λ = 0.411. 

 
 

Table 3. Two-way MANOVA for the semi-dried catfish jerky prepared using different drying method 
and hydrocolloids 

 

Effect Wilks’ λ-value F Hypothesis df Error df P-value 

Drying 0.023 51.674 6.000 56.000 0.000 

Hydrocolloid 0.081 105.206 3.000 28.000 0.000 

Concentration 0.169 45.991 3.000 28.000 0.000 

drying * hydrocolloid 0.059 28.993 6.000 56.000 0.000 

drying * concentration 0.105 19.419 6.000 56.000 0.000 

hydrocolloid * concentration 0.250 28.060 3.000 28.000 0.000 

drying * hydrocolloid * 
concentration 

0.411 5.226 6.000 56.000 0.000 

df: Degree of freedom 

 
 
Conclusion 
 
As a conclusion, the use of hydrocolloids enhanced the quality properties of semi-dried 
catfish jerky. The results of this study showed that both carrageenan and alginate could 
reduce water activity of semi-dried catfish jerky, improve lightness and processing yields. 
Application of cabinet dryer gives better shelf stability due to the lower range of water activity 
than other drying methods without compromising colour quality and product yields.. 
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