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Abstract

The sweet-dried chicken, an intermediate-moisture meat (aw 0.7-0.8), was prepared by 
marinating ground chicken meat with 2% salt and 35% sugar level by weight of meat. The 
mixture of sweet-dried chicken meat varied sugar types (sucrose, fructose, lactose and sorbitol) 
underwent drying (45°C) and frying (120°C) processes, respectively. The color (L*, a*, b*), 
browning intensity, shear force values, X-ray diffraction (XRD) and sensory evaluation of 
sweet-dried chicken meat samples were determined. Samples prepared with fructose and 
lactose after frying showed darker brown color than those of sucrose and sorbitol treatment 
samples (p < 0.05). Shear force values of samples prepared with sorbitol and sucrose were 
lower than those of fructose and lactose treatment samples (p < 0.05) which was corresponded 
to the higher sensory score in tenderness and overall acceptance. The sweet-dried chicken meat 
prepared with sucrose and sorbitol had the highest sensory scores in all attributes (p < 0.05). 
Degree of molecular ordering of samples was evaluated by X-ray diffraction patterns. After 
frying, sample prepared with lactose showed the highest order of crystalline structure compared 
to other treatments. However, the sensory score in glossy of sample prepared with lactose was 
lower than those prepared with sucrose, sorbitol and fructose, respectively (p < 0.05).

Introduction

Jerky or dried cured meat is preferable with glossy 
and light brown color, specific flavor and chewiness 
texture. It has been promoted as nutritious and low 
calorie product which is low in cholesterol and fat 
and high in protein and energy (Nummer et al., 2004; 
Pegg et al., 2006). Color is an important attribute 
since it is perceived immediately by the consumer 
for the formed and/or degraded compounds which 
contribute a specific coloration. A chicken-jerky type 
is one choice of jerky meat because chicken meat is 
considered as the cheapest meat, lower cholesterol 
and restriction food in religion. However, the color 
of dried chicken meat was undesirable for the 
consumers because chicken meat has low myoglobin 
content (Pearson and Young, 1989). In Thailand, the 
dried meat sometimes is added more sugar level to 
produce the palatable sweet taste which is different 
to jerky. This product is formulated like the Chinese-
style processed meats (Chen et al., 2002), and in 
this work also called “sweet-dried meat”. There are 
two main thermal processing for sweet-dried meat 
production after marinating. The sweet-dried meat is 
dried approximately at 45-60°C to reduce moisture 
content and stabilize protein in jerky product. Then, 
the dried meat is fried (110-130°C) by deep-fat frying 
to produce the ready-to-eat and shelf-stable product.

The sweet-dried meat is a kind of intermediate-
moisture foods that are preserved by salting, sugar 
addition and drying to reduce water activity (aw) in 
the region 0.9–0.6 (Roos, 2001). A ready-to eat sweet-
dried meat is generally considered to be shelf-stable 
product that does not require refrigeration after proper 
processing. Although the microbial deterioration 
of this product is more stable than raw or cooked 
meat, they are still subjected to deterioration through 
chemical and physical processes (Huang and Nip, 
2001). Sugar is the main ingredient in sweet-dried 
chicken meat product which has two different effects 
on muscle protein. First, sugar can cause brown color 
by Maillard reaction and caramelization. Second, 
sugar can act to stabilize proteins to heat denaturation 
(Rich and Foegeding, 2000). 

Maillard reaction is the spontaneous interactions 
occurring between carbonyls and amines, mainly in 
the form of reducing sugars and amino groups of 
proteins (Ajandouz et al., 2008). The rate of Maillard 
reaction accelerates as aw increased above 0.25-0.3 
(Esse and Saari, 2004). The other nonenzymatic 
browning reaction which may occur in sweet-dried 
chicken meat process is caramelization or sugar 
degradation in which is usually formed when sugar 
are heated at high temperature without amino groups 
(above 120°C and 9 < pH < 3) (Kroh, 1994; Laroque 
et al., 2008). The rate of nonenzymatic browning 
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reactions is strongly dependent on pH (Ajandouz et 
al., 2008; Tsai et al., 2009), time, temperature (Quintas 
et al., 2007; Ajandouz et al., 2008), concentration of 
reactants and reactants type (Morales and Jiménez-
Pérez, 2001; Ajandouz et al., 2008; Laroque et al., 
2008). The different types of sugar significantly 
affected on nonenzymatic browning reaction. Laroque 
and coworkers (2008) studied the reactivities of five 
reducing sugars (ribose, xylose, arabinose, glucose 
and fructose) with shrimp hydrolysate (55°C, pH 6.5) 
and found that brown color development (absorbance 
at 420 nm) of systems containing pentose was higher 
than the systems containing hexose. The hexose 
reactivity in the browning development was found 
in aldoses are more reactive than ketoses (Laroque 
et al., 2008). Additionally, Kwak and Lim (2004) 
showed the browning intensity of the Maillard 
reaction products from lysine which reacted with five 
reducing sugars, the sugar reactivity was in the order 
of xylose higher than arabinose, glucose, maltose and 
fructose, respectively.

Furthermore, thermal treatments could induce 
changes in functional properties of proteins. As a 
consequence of high temperature on food texture 
may be covalently or non-covalently modified 
proteins, resulting in conformation changes and/
or aggregation (Arakawa et al., 2001; Semenova 
et al., 2002). Sugars can stabilize the proteins from 
heat denaturation (Yoo and Lee, 1993; Rich and 
Foegeding, 2000). Rich and Foegeding (2000) 
indicated the ability of sugars to inhibit heat-induced 
aggregation of proteins that the addition of ribose or 
lactose increased peak denaturation temperature of 
whey protein isolate solutions. Yoo and Lee (1993) 
concluded the proposed mechanisms of sugars to 
stabilize proteins are as follows: (1) promotion of 
preferential hydration which is facilitated by an 
increased surface tension of water during freezing; 
(2) preservation of the native conformation through a 
direct interaction between sugars and polar residues 
in the protein surface during drying; (3) strengthening 
of hydrophobic interaction during heating. The 
objective of this study was to evaluate the effect 
of different sugar types on color, texture and X-ray 
diffraction patterns of sweet-dried chicken meat 
accompany with the sensory evaluation. 

Materials and Methods

Materials
The chicken meat (mixed thigh and leg) obtained 

from Saha Farms Company Limited (Songkhla, 
Thailand). The frozen chicken meat was thawed at 
4°C for 24 h. The obvious fat and connective tissue 

were removed from chicken thigh and leg. After that, 
the chicken meat was ground using blender (MK-
5086M, Panasonic Co., Ltd., Malaysia). The ground 
chicken meat was held at 4°C before ingredients 
mixing.

Sweet-dried chicken meat preparations
The ground chicken meat was marinated directly 

with 2% salt and 35% sugar (w/w of meat) using 
different sugar types include of sucrose, fructose, 
lactose, and sorbitol, and then held at 4°C for 15 
min. The mixture paste were formed a piece with a 
plastic block into size 4 × 6 × 0.3 cm3. Samples were 
preheated in air dryer at temperature of 45°C until 
obtained 30±3% moisture content of samples. All 
sample treatments (before frying, BF) were collected 
in plastic zip-lock bag and kept at room temperature 
for analysis. The remaining of samples after drying 
was deep-fried in palm oil at 120°C for 8 min. All 
samples with different sugar types were cooled at 
room temperature and blotted the excess surface oil 
with towel paper. All samples of sweet-dried chicken 
meat (after frying, AF) were placed in plastic zip-
lock bag and kept at room temperature for analysis. 
The sweet-dried chicken meat with various sugar 
types both before and after frying were subjected to 
analyse the physical and chemical characteristics, 
X-ray diffraction and sensory evaluation within 3 
days.

Color measurement
Samples were measured in ten replicates using 

a Hunterlab colorimeter (ColorFlex, Hunter Lab 
Reston, USA) and were reported as the complete 
International Commission on Illumination (CIE) 
system color profiles of lightness (L*), redness (a*), 
and yellowness (b*).

Warner-Bratzler shear force measurement
Samples were cut into size 2 × 3 × 0.3 cm3 for 

shear force measurements using the Texture Analyzer 
equipped with a Warner-Bratzler shear apparatus 
(Stable Micro System, TA-XT2i, UK). The operating 
parameters consist of a cross head speed of 2 mm/s 
and a 50 kg load cell. The shear force of the sample 
was measured in ten replicates for each treatment. 
The peak of the shear force profile was regarded as 
the shear force value (kg).

Water activity measurement
The blended samples were put into water activity 

cups, and determined in triplications with a water 
activity meter (AquaLab 3TEB, Decagon, USA).  
The calibration was done at ambient temperature 
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(25°C) with distilled water (aw = 0.999).

Moisture content
The blended samples were dried in hot air oven at 

105°C until constant weight by the standard method 
of AOAC (1999). The measurement was performed 
in triplications.

Browning intensity
The degree of browning usually measure via 

absorbance at wavelength 420 nm which assesses the 
extent of nonenzymatic browning reaction took place. 
A protocol described by Ramírez and Cava (2005) 
was applied with slight modification for extraction of 
sample’s brown color. Blended samples (5 g) were 
homogenized in methanol (40 ml) and adjusted the 
volume to 50 ml. The homogenate were extracted 
brown color in hermetically closed bottle (100 ml-
Duran) using magnetic stirrer at room temperature 
for 2 h. The suspension was centrifuged at 8000 g for 
15 min and recorded the absorbance at wavelength 
420 nm.

X-ray Diffraction (XRD)
The XRD investigations were carried out on 

a Philips X-ray generator (X’ Pert MPD, Philips, 
Netherlands)  with 30 kV accelerating voltage and 30 
mA current. CoKα1 radiation was used. A variable 
divergence slit was used to give an irradiated area 
with a diameter of 20 mm. An anti-scatter slit of 0.6 
mm and a detector slit of 0.2 mm was employed. 
Diffractograms were taken between 0 and 100º (2θ) 
at a rate of 1º/min (2θ) and with a step size of 0.1º 
(2θ). 

Sensory evaluation
The sweet-dried chicken meat samples after 

frying were evaluated for glossy, tenderness, color, 
sweetness, taste and overall acceptance by 30 
panellists using 9-points hedonic scales (1 = extremely 
dislike to 9 = extremely like). The panellists required 
cleansing their palate between samples with water.

Statistical analysis
The completely Randomized Design (CRD) was 

used to study for physical and chemical analysis. 
The sensory evaluation was experimented with 
Randomized Complete Block Design (RCBD). All 
experimental data were analyzed by analysis of 
variance (ANOVA). The statistical analyses were 
performed at a significant differences level of 95% 
(p < 0.05) applied by Duncan’s Multiple Range Tests 
(DMRT) among the means from triplicate.

Results and Discussion

All sweet-dried chicken meat with various sugar 
types before frying were dried at mild temperature 
(45°C) to reduce moisture content until obtained 
29-33% (Table 1). The surface color of sweet-dried 
chicken meat with different sugar types is shown in 
Figure 1 and Table 2. The sweet-dried chicken meat 
before frying performed in golden-brown color with 
the transparent paste except lactose sample (Figure 
1). The sample prepared with lactose showed an 
opaque brown color which contributed to high L*, a* 
and b* values compared to other samples (p < 0.05). 
After frying, the sweet-dried chicken meat prepared 
with fructose and lactose had lower in L* and higher 
in a* compared to samples before frying. While, the 
opposite results were obtained from samples prepared 
with sucrose and sorbitol (Table 2). During thermal 
processing, Maillard reaction was continuously 
underwent resulting in decreasing L* as well as the 
increasing a* and b* values (Bosch et al., 2007; Ngadi 
et al., 2007). This result showed the development 
of brown color pigment in Maillard reaction and 
sugar degradation by which fructose and lactose 
were more reactive than sucrose and sorbitol. After 
frying at high temperature (120°C), samples prepared 
with fructose had the lowest L* values and highest 
a* values (p < 0.05) because Maillard reactions 

Table 1. Moisture content, water activity (aw) and shear 
force value of sweet-dried chicken meat prepared with 
different sugar types before frying (BF) and after frying 

(AF)
Treatment Moisture content (%) water activity (aw) Shear value (Kg)

BF AF BF AF BF AF
Sucrose 29.43±0.39c 20.17±0.09c 0.809±0.003b 0.685±0.003b 0.62±0.10c 1.47±0.29b

Fructose 28.60±0.31 d 23.47±0.46a 0.696±0.002d 0.595±0.002d 1.20±0.23a 2.19±0.31a

Lactose 30.69±0.63b 15.56±0.04d 0.888±0.000a 0.745±0.006a 0.96±0.20b 2.41±0.23a

Sorbitol 33.19±0.32a 20.79±0.23b 0.730±0.003c 0.610±0.002c 0.42±0.11d 1.31±0.14b

a,b,c,d  Mean within columns with differing superscripts are significantly different at p < 0.05

Table 2. Color values (L*, a*, b*) and browning intensity 
of sweet-dried chicken meat prepared with different sugar 

types before frying (BF) and after frying (AF)
Treatments L* a* b* Browning intensity

BF AF BF AF BF AF BF AF
Sucrose 38.05±1.81c 43.40±1.71b 3.36±0.37b 2.61±0.34c 12.24±0.99c 15.52±1.25b 0.025±0.001b 0.045±0.010c

Fructose 35.50±2.62d 27.91±1.80c 2.77±0.40c 10.99±0.91a 13.06±0.96b 10.43±1.52c 0.034±0.002a 0.195±0.009a

Lactose 60.43±1.11a 53.50±1.54a 4.33±0.35a 7.59±1.27b 20.07±0.65a 24.17±1.66a 0.034±0.002a 0.175±0.002b

Sorbitol 40.53±1.37b 43.61±0.82b 2.82±0.36c 2.76±0.63c 13.11±0.87b 14.46±0.78b 0.020±0.001c 0.028±0.005d

a,b,c,d  Mean within columns with differing superscripts are significantly different at p < 0.05

Figure 1. Appearance of sweet-dried chicken meat prepared 
with different sugar types before frying and after frying
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between reducing sugars and amino groups took 
place contributing to the brown color. The results of 
color (L*, a*, b*) values were consistent to browning 
intensity which is shown in Table 2. Brown color 
development is often used analytically to assess the 
extent of nonenzymatic browning reaction in foods 
(Laroque et al., 2008).  It was found that sample 
prepared with fructose had higher browning intensity 
after frying than those prepared with lactose, sucrose 
and sorbitol, respectively (p < 0.05). Fructose is 
a monosaccharide of the family of ketose sugar. 
Lactose and sucrose are disaccharides, but sucrose is 
a kind of non-reducing sugar which no contribution 
in the Maillard reaction (BeMiller and Whistler, 
1996). Sorbitol is sugar alcohol which is very stable 
and chemically unreactive. It can withstand high 
temperatures and does not participate in Maillard 
browning reactions (Nezzal, 2009). These sugars 
differ in their structure resulting in different rate of 
browning. Some investigators reported the following 
order of reactivity: aldopentoses > aldohexoses > 
ketohexoses > disaccharides (Laroque et al., 2008). 
The reactivities of reducing sugars in chemical 
and biochemical involved in an acyclic or an open 
chain form (Naranjo et al., 1998). Fructose has a 
high proportion of open chain form which highly 
dependent on high temperature (Naranjo et al., 
1998; Laroque et al., 2008). This was agreed with 
the study of Brands and van Boekel (2001) by which 
concluded that ketoses seemed to be more reactive in 
the sugar degradation reactions and Maillard reaction 
than their aldose isomers. In contrast, Kwak and Lim 
(2004) showed the browning intensity of the Maillard 
reaction products from lysine which reacted with 
five reducing sugars, the sugar reactivity was in the 
order of xylose > arabinose > glucose > maltose > 
fructose. This might be described to the ketose sugar 
proceeding through imine intermediates that favor 
the formation of Heyns’ products, while the aldose 
sugars proceeded through Amadori products (Silván 
et al., 2006). The rate of browning of Heyns’ products 
is known to be slower than that of Amadori products 
(Jing and Kitts, 2002). However, the differences 
between the reactivities of sugar might be due to the 
diversity of the composition of the systems and of the 
condition of the reactions such as temperature, pH, 
solvent and inorganic salts affected Maillard reaction 
rates of sugars (Naranjo et al., 1998).

The moisture content and aw are an important 
attributes of jerky-type meat which are shown in Table 
1. Moisture content of all treatments before frying 
was controlled in a range of 30±3%. After frying, 
moisture content of those samples was decreased 
which varied between 15-23%, and aw ranged from 

0.59-0.75.
Table 1 showed a significantly different in 

moisture content and aw of samples with different 
sugar types after frying (p < 0.05). After frying, it 
was found that sample prepared with fructose had 
high moisture content and low aw, while, sample 
prepared with lactose had low moisture content and 
high aw. It is generally known that sugar is hydrophilic 
substance. The interactions between water and 
hydrophilic solutes are water-solute hydrogen bonds 
(Yoo and Lee, 1993). The aw of those samples was 
different probably due to the water binding ability 
of sugar to other components. Fructose had higher 
water solubility that can easily bind to proteins 
compared to lactose resulting in higher bound water 
of sample prepared with fructose compared to sample 
prepared with lactose (Jouppila, 2006). Grosso et al. 
(2000) indicated that the weakest gels (amidated low 
methoxyl pectin) with fructose and sorbitol had the 
highest content of bound water. The moisture content 
of samples after frying was corresponding to the 
shear force value (Table 1). The results showed that 
samples prepared with sucrose and sorbitol had the 
lowest shear force values (p < 0.05). Iseya et al. (2000) 
found that sorbitol curing effectively suppressed the 
hardening of the dried squid meats which meat protein 
impaired by heat denaturation. By the way, sugar can 
promote preferential hydration which is facilitated 
by an increased surface tension of water (Yoo and 
Lee, 1993). Lee and Timasheff (1981) indicated 
that the protein structure stabilization related to the 
increase in free energy required unfolding the protein 
in the presence of sucrose. The sucrose induced 
an increase in enlarging the surface cavities which 
contain the bulky solute molecules corresponding 
to the transition temperatures of the proteins at the 
various solvent compositions (Lee and Timasheff, 
1981; Semenova et al., 2002). On the other hand, 
Semenova et al. (2002) reviewed that the presence 
of sugar might cause slower gelation rate which was 
attributed to an increase in viscosity of the continuous 
phase, causing a decrease in the frequency of protein-
protein encounters. Furthermore, it was found that 
sample prepared with lactose had the lowest moisture 
content (p < 0.05) resulting in highest shear value (p 
< 0.05) (Table 1). This might be implied that lactose 
sugar had low solubility because lactose had the 
composition endotherm near 220°C (Jouppila, 2006), 
so lactose sugar conjoined in a cluster and had no 
interaction with meat protein to produce surface 
tension of water. However, fructose had the highest 
moisture content but showed a high shear value 
(Table 1). This was probably due to fructose has a 
faster rate of glycation to form covalent cross-links 
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within the protein network during Maillard reaction 
development (Rich and Foegeding, 2000).

The sensory scores of sweet-dried chicken meat 
after frying in color, tenderness and overall acceptance 
attributes (Table 3) are corresponding to the shear 
force values and brown color of samples (Figure 1, 
Table 1 and 2). Shear values of samples prepared 
with fructose and lactose were higher than those of 
sucrose and sorbitol (p < 0.05) which concordant 
with the lowest tenderness in sensory evaluation (p 
< 0.05) (Table 3). Color of sample prepared with 
sucrose and sorbitol showed in light brown color 
while fructose samples were dark brown because 
of the high nonenzymatic browning reaction rate of 
fructose. Sample prepared from lactose displayed in 
opaque brown color which might be due to protein 
denaturation and no interaction of protein-lactose 
complex. The sweet-dried chicken meat prepared 
with sucrose and sorbitol had the lowest shear 
values and highest sensory scores in glossy, color, 
tenderness, taste and overall acceptance attributes 
(Table 3). In contrast, the sweet-dried chicken meat 
prepared with fructose and lactose showed the lowest 
sensory scores in all attributes.

The X-ray diffraction patterns of sweet-dried 
chicken meat containing sucrose, fructose and sorbitol 
as well as the sample without sugar before frying are 
amorphous as measured by X-ray diffraction (Figure 
2A). The crystallization of sugar ingredients in sweet-
dried chicken meat was hindered by the composition 
of muscle protein. The amorphous characteristic 
was observed in barely strong crystalline structure 
(Barrett et al., 2000). While, sample prepared with 
lactose showed crystalline structure (Figure 2A). 
The predominant peak position at 2θ=12.48º, 16.43º, 
19.13º, 19.53º, 19.98º and 20.08° were observed 

in lactose sample. It was supported to the study of 
Barhama et al. (2006) who indicated that the features 
of β-lactose showed the small peak at 2θ=10.5°, 
peaks of α-lactose monohydrate showed at 2θ=12.5° 
and 16.4º. Moreover, this result was coincident to the 
investigation of Jouppila et al. (1998) and Barhama 
et al. (2006). The predominant crystalline peak of 
sweet-dried chicken meat before frying probably due 
to lactose sugar cannot dissolve homogeneously with 
chicken meat. The dissolution of lactose sugar might 
be flocculated into crystal, and then showed more 
order of crystalline structure (Figure 2A). Figure 2B 
displayed the X-ray diffraction patterns of sweet-
dried chicken meat after frying with various sugar 
types, it was found that crystalline of sucrose and 
lactose sample were prominent. The peak intensities 
of lactose after frying in diffractogram was decreased 
compared to the sample before frying might be due to 
the sugar loss during frying. The crystallinity of sucrose 
sample after frying was remarkable at 2θ=11.63º, 
13.13º, 18.78º, 19.58º and 24.73° (Figure 2B). The 
X-ray diffraction patterns of sucrose were concordant 
to the study of Li et al. (2009) who revealed several 
peaks for sucrose at 11.7°, 13.2°, 18.9°, 19.6°, and 
24.8°. The predominance of sucrose crystallinity was 
probably due to lower moisture content during frying 
resulting in moisture migration to surface layer and 
sucrose formed agglomerated matrix particles into 
crystallization (Li et al., 2009). As consider to the 
results of crystalline structure and glossy attributes, 
the crystalline structure feature of sample prepared 
from sucrose after frying was observed (Figure 2B) 
which was coinciding to the highest glossy of the 
sensory score (Table 3). However, sample prepared 
with lactose showed a high order of crystalline 
structure (Figure 2B) which was contrasted to the 
lowest glossy attributes in sensory score (Table 3). 
This was probably due to the dissolution of lactose 
crystal in the sample was detected.  In addition, the 
sweet-dried chicken meat prepared with sorbitol and 
fructose showed amorphous structure both before and 
after frying might be because of sorbitol and fructose 
is easily to dissolve (Jouppila, 2006).

Conclusion

Sweet-dried chicken meat prepared with different 
sugar types had different color, texture, and overall 
acceptance. Product prepared with fructose caused 
darker brown color compared to sucrose, lactose, 
and sorbitol. The sweet-dried chicken meat prepared 
with sucrose and sorbitol had the lowest shear values 
and highest sensory scores in all attributes. Sample 
prepared with sucrose had the highest sensory score in 

Table 3.  Sensory evaluation of sweet-dried chicken meat 
prepared with different sugar types after frying at 120°C 

for 8 min
Treatments Glossy Tenderness Color Sweetness Taste Overall 

acceptance
Sucrose 7.08±1.04a 6.84±1.14a 7.04±1.17a 6.40±0.91a 6.68±1.03a 6.88±1.09a

Fructose 4.80±1.73b 5.24±1.64b 2.52±1.48c 4.56±1.47b 4.56±1.58b 4.36±1.41b

Lactose 3.84±1.31c 3.52±1.64c 3.72±1.51b 3.36±1.55c 3.40±1.68c 3.36±1.66c

Sorbitol 6.48±0.96a 6.60±1.08a 6.68±1.22a 6.72±0.98a 6.68±0.85a 6.60±0.82a
a,b,c,d  Mean within columns with differing superscripts are significantly different at p < 0.05

Figure 2. X-ray diffractogram of sweet-dried chicken meat 
prepared with different sugar types before frying (A) and 

after frying (B)
Note: control, meat without sugar; sorbitol, meat prepared with sorbitol; fructose, meat prepared 
with fructose; sucrose, meat prepared with sucrose; lactose, meat prepared with lactose
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glossy attribute which was coinciding to the ordered 
crystalline structure in X-ray diffraction pattern.
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