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Abstract 17 

Improving functional and eating qualities of processed meat products through 18 

incorporation of plant fibre is of interest to both consumers and food industry. This 19 

project investigated the physicochemical and sensory properties of chicken sausages 20 

with incorporation of up to 3% sugarcane fibre, a byproduct of sugarcane processing. 21 

Compared with no sugarcane fibre sample, the cooking yield of chicken sausage with 22 

3% of fibre and 10% of water addition was increased from 94.20% to 97.52%, total 23 

phenolic content from 25.43 to 57.09 mg GAE/100g and radical scavenging activity 24 

from 28.11% to 60.72%, whereas lipid oxidation of TBARS value was decreased 25 A
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from 0.535 to 0.428 MDA mg/kg. Moreover, consumer overall liking of chicken 26 

sausages was not affected by the incorporation of sugarcane fibre. This research 27 

suggested that incorporation of sugarcane fibre could  improve eating quality and 28 

health benefits of the chicken sausage product, and add value to both the food and 29 

sugarcane industry. 30 

 31 

Key words: sugarcane fibre; chicken sausage; dietary fibre; antioxidant activity; 32 

sensory property 33 

1. Introduction 34 

Compared to red meat, white meat such as poultry meat has become popular due to 35 

several advantages such as low fat content and high nutritional value including high 36 

levels of digestible proteins and unsaturated lipids (Marangoni et al. 2015). It is 37 

predicted that poultry meat production will likely keep growing due to its relatively 38 

lower price and less religious influences (Petracci et al. 2013). There is also an 39 

increased demand for processed chicken meat products for convenience to consumers 40 

and added value to food industry (Michel et al. 2011).  41 

 42 

Dietary fibre is mainly derived from edible parts of plants, and is low in calories and 43 

cannot be completely digested and absorbed by small intestine. In addition, dietary 44 

fibre demonstrates potential health benefits by reducing the risk of chronic diseases 45 

such as cardiovascular disease and diabetes (Ozyurt & Otles 2016). Dietary fibre is 46 

also considered as a technologically beneficial ingredient in food processing as it 47 

improves both physicochemical and sensory properties such as cooking yield, water 48 

holding capacity and gel forming capacity (Elleuch et al. 2011). It has been reported 49 

that dietary fibre could be incorporated into food products including bakery products, 50 

beverages, dairy and meat products (Buriti et al. 2014; Choi et al. 2014; Liutkevičius et 51 

al. 2016; Karp et al. 2017) to improve the product quality and add value to the food 52 

industry. 53 
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 54 

Sugarcane (Saccharum officinarum L.) is a main source of sugar and is cultivated 55 

widely around the world. Australia is a major sugarcane producer and a large amount 56 

of sugarcane bagasse is generated after manufacturing sugar, which is mainly left in 57 

the field or transformed into energy (Renouf et al. 2013). In 2016, 36.5 million tonnes 58 

of sugarcane were crushed in Australia in which about three tenth of sugarcane was 59 

produced as wet bagasse (Australian Sugar Milling Council, 2016). Sugarcane 60 

bagasse can be processed into edible sugarcane fibre. Although sugarcane fibre has 61 

been utilized in the production of paper pulp (Andrade & Colodette 2014), or 62 

incorporated into high density polyethylene to prepare reinforced polymer composites 63 

(El-Fattah et al. 2015), there are limited high value applications such as food products. 64 

It was reported that adding sugarcane fiber by 10 g /100 g of flour mass would not 65 

compensate costumer’s satisfaction on the bread product (Sangnark & Noomhorm 66 

2004). More recently, it was observed that the extract of sugarcane bagasse exhibited 67 

antimicrobial activities against foodborne pathogens of Staphylococcus aureus, 68 

Listeria monocytogenes, and Escherichia coli, mainly because of the phenolic 69 

compounds (Zhao et al. 2015). However, no information is available on incorporating 70 

of sugarcane fiber in meat product. Therefore, the objective of this work was to 71 

investigate the physicochemical and sensory properties of chicken sausages after 72 

incorporation of sugarcane fibre. The results of this research may promote the 73 

development of healthier chicken products by utilization of an agricultural byproduct 74 

of sugarcane fibre, providing potential benefits to the food and sugarcane industries 75 

and also providing potential benefits for human health. 76 

 77 

2. Materials and methods 78 

2.1  Materials 79 

After extraction of juice from sugarcane, sugarcane fibre was obtained by drying the 80 

residue and grinding it into powder. The sugarcane fibre used in this study was a gift 81 
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from KFSU Ltd. (Ayr, QLD, Australia). According to analysis, every 100 g of 82 

sugarcane fibre contains 85.0 g insoluble fibre, 2.1 g soluble fibre, 4.6 g total sugar, 83 

2.2 g protein, 2.6 g fat and 2.0 g moisture content, with traces of minerals. The 84 

average particle size of the fiber is about 93 µm. Chicken thigh meat (skin on) and 85 

sodium chloride (salt) were purchased from Woolworths supermarket (Australia), and 86 

sausage seasoning (Beaut chicken meal, mainly composed of maize flour, salt, soy 87 

protein isolate, spices and herbs) from Denco Trading Pty Ltd. (Healthwood, QLD, 88 

Australia). Sausage casings (collagen) were purchased from Nippi Inc. (Tokyo, Japan). 89 

trichloroacetic acid, 2-thiobarbituric acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 90 

methanol, Folin-Dennis reagent, sodium carbonate and gallic acid were purchased 91 

from Sigma-Aldrich (Castle Hill, NSW, Australia). All  chemicals were analytical 92 

grade.  93 

 94 

2.2  Preparation of chicken sausage 95 

Two batches of chicken sausages were prepared using 9 different formulations with 96 

and without incorporation of sugarcane fibre. Briefly, the nine formulations were 3 97 

levels of fibre (0, 2, 3 g) x 3 levels of water (5, 10, 15 g) with the amount of chicken 98 

meat adjusted so the total weight was 98 g prior to addition of 1g of salt and 1g of 99 

seasoning for each formulation to make up to 100 g (Table 1).  100 

 101 

Each formulation was prepared in 3 kg per batch. With the addition of the fibre and 102 

other ingredients (formulations are reported in Table 1), chicken thigh meat was 103 

chopped for 3 min to form meat batter in a bowl chopper (model MTK562, CBS 104 

Foodtech Pty Ltd., NSW, Australia). The meat batter was then stuffed into the sausage 105 

casings (2.6 cm diameter) using a sausage stuffer (model H31PA, CBS Foodtech Pty 106 

Ltd., NSW, Australia). All sausage samples were kept in a refrigerator at 2-4 °C for 24 107 

hours before cooking and further analysis, to allow for hydration of the sugarcane 108 

fiber. 109 
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 110 

2.3  Cooking yield, water loss and fat loss 111 

Chicken sausages (about 500 g) were packed in plastic bags, hence sausages had no 112 

direct contact with the water to avoid water gain and loss by the heating media, and 113 

were then cooked in a temperature equilibrated Julabo water bath (John Morris 114 

Scientific Pty Ltd., VIC, Australia) set at 95 °C for approximately 30 min to achieve 115 

an internal temperature of 74 °C, monitored by inserting a thermometer into the meat. 116 

After cooking, the chicken sausages, still in the plastic bags, were cooled in cold 117 

water to room temperature, weighed, packed in a plastic box, and refrigerated at 4 °C 118 

until further analysis. The weights of fresh and cooked sausages were recorded to 119 

calculate cooking yield and cooking loss based on the formula as follow:  120 ������� ����� (%)  =  
����ℎ� �� ������ �����������ℎ� �� ��� �������  × 100% 

 121 

Cooking loss (%) =
Weight of fresh sausage - Weight of cooked sausage

Weight of fresh sausage
 × 100% 

 122 

The weight lost during cooking was determined according to the methods described 123 

by Petersson et al. (2014). Total moisture content (M %) of raw and cooked sausage 124 

samples were determined by drying 5 g of both fresh and cooked sausage at 100 °C 125 

for about 24 h until constant weight. Water loss and fat loss were calculated by 126 

following formula. Each determination was conducted in three replicates. 127 ����� ���� (%)  

=  �% �� ��� ������� − (�% �� ������ ������� ×  ������� �����) ��� ���� (%)  =  ������� ���� −  ����� ���� 
 128 

2.4  Colour measurement 129 

Colour of fresh and cooked chicken sausage was determined using a Minolta 130 

Chromameter (model CR-300, Konica Minolta Sensing Inc., Osaka, Japan). D65 131 

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



This article is protected by copyright. All rights reserved 

illumination and a 10° observer angle were used. The sausage was sliced across the 132 

diameter and the colour measured on the internal surface (Yadav et al. 2016). The 133 

measurements were expressed by L* for lightness, a* for redness and b* for 134 

yellowness. Six measurements of each sample were recorded. 135 

 136 

2.5  Total phenolic content 137 

Total phenolic content (TPC) of sausage samples (casing removed), sugarcane fibre as 138 

well as the sausage seasoning were measured using the Folin-Dennis reagent method 139 

(Song et al. 2013; Akcan et al. 2017). The sausage sample (4 g), 0.5 g sugarcane fibre 140 

and 0.5g seasoning were thoroughly mixed with 20 ml methanol respectively and 141 

allowed to stand for 1 h at room temperature. The samples were centrifuged at 4000 g 142 

for 10 min, and 0.5 ml supernatant was mixed with 2.5 ml Folin-Dennis reagent and 143 

left to stand for 5 min. The mixture was then added to 2 ml 7.5% sodium carbonate 144 

solution, and then heated at 50 °C for 10 min. After cooling, the sample absorbance 145 

was measured on a UV/Vis 3200 double beam spectrophotometer (Labomed, Inc., 146 

Los Angeles, USA) at 760 nm. The TPC was expressed as mg gallic acid equivalent 147 

(GAE) /100 g sample based on a standard curve of gallic acid. 148 

 149 

2.6 Antioxidant activity analysis 150 

Antioxidant activity of the sausage samples was analyzed by radical scavenging 151 

activity using 2,2-diphenyl-1-picrylhydrazyl (DPPH), according to the method by 152 

Malav et al. (2015). Four grams of chicken sausage samples was mixed with 20 ml of 153 

methanol in a 50 ml test tube. The tube was shaken on a Ratek vortex mixer (Ratek 154 

Instruments Pty Ltd., VIC, Australia) for 3 min and kept at room temperature for 1 h 155 

for extraction and then filtered through a Whatman No. 1 filter paper. One ml of 156 

filtrate was mixed with 4 ml of 0.1 mM DPPH in methanol and then kept in the dark 157 

for 30 min. Methanol was used as the blank and a mixture of methanol and DPPH was 158 

used as control. The sample absorbance was recorded at 517 nm on the UV/Vis 3200 159 
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spectrophotometer and the RSA was calculated as:  160 

 161 ��� (%)  =  
���������� �� ������� −  ���������� �� ���������������� �� �������  ×  100% 

 162 

2.7 Thiobarbituric acid reactive substances (TBARS) value 163 

The chicken sausage lipid oxidation was measured as thiobarbituric acid-reacting 164 

substances (TBARS) value, according to the methods described by Alina et al. (2012) 165 

and Xiong et al. (2015). Briefly, 5 g of sausage sample (casing removed) was mixed 166 

thoroughly with 25 ml aqueous solution containing 5 ml of trichloroacetic acid (TCA, 167 

≥99.0%), then mixed with 20 ml Milli -Q water. The mixture was placed in a 100 ml 168 

beaker for 1 h at room temperature, and then filtered through a Whatman No.1 filter 169 

paper. The filtrate was diluted to 50 ml with Milli -Q water. A mixture of 5 ml 0.02 M 170 

aqueous solution of 2-thiobarbituric acid (TBA) and 5 ml diluted filtrate was heated in 171 

a water bath at 95 °C for 20 min to formation of a pink colour. The sample absorbance 172 

was recorded at 532 nm on the UV/Vis 3200 spectrophotometer. The TBARS value 173 

was expressed as mg malondialdehyde (MDA) equivalent/kg sample.  174 

 175 

2.8  Texture profile analysis 176 

Texture profile of the sausages was measured based on a double bite test on a Lloyd 177 

material single column testing machine (Ametek Test Inc., Largo, FL, USA). Samples 178 

were taken from the middle of a sausage and cut to 20 mm of height with casing 179 

removed. The samples were then refrigerated at 4 °C overnight, and tested after 180 

allowing them to reach room temperature. Each sample was compressed twice to 50% 181 

of its original height with a test speed of 2 mm/s, using a cylindrical probe with a 182 

diameter of 20 mm. The time interval between the two cycles was 5s (Park et al. 2012; 183 

Petersson et al. 2014; Yadav et al. 2016). The mean of ten measurements on ten 184 

separate sausages was calculated for each treatment. The values of hardness (N), 185 

cohesiveness, and springiness (mm) were calculated based on the force vs time graphs 186 
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of the measurements (Bourne 1978).  187 

 188 

2.9  Sensory evaluation 189 

Sensory evaluation was used to predict the acceptability  of the sugarcane fibre 190 

chicken sausage in terms of appearance, flavour, texture as well as overall liking. 191 

Chicken sausages were cooked in the water bath until an internal temperature of 192 

74 °C was reached, then cooled to room temperature. Sausage samples were then 193 

sliced into pieces of about 1 cm thick and packed in insulated boxes to keep warm 194 

(Alina et al. 2012). Sausage samples were coded with randomly selected numbers, 195 

and served in random order. Thirty Food Science major postgraduate students from 196 

the University of Melbourne were recruited to evaluate the chicken sausages based on 197 

9-point hedonic scale (1 = extremely dislike, 9 = extremely like). All students have 198 

food sensory evaluation experiences. Warm water and biscuits were provided to the 199 

panelists to refresh palates between different samples to reduce sample influence 200 

(Zhuang et al. 2016). 201 

 202 

2.10 Statistical analysis 203 

Unless otherwise stated, 3 individual sausages were tested for each formulation 204 

treatment and 2 batches of sausages were analyzed (n = 6). All data were presented as 205 

mean ± standard deviation and analyzed by one-way analysis of variance (ANOVA) 206 

using SAS software (version 9.4, NSW, Australia). Tukey test with 95% of confidence 207 

was used to compare the differences between different samples.  208 

 209 

3. Results and Discussion 210 

3.1  Cooking yield, cooking water loss and fat loss 211 

As shown in Table 2, samples with 10% of water addition resulted in the highest 212 

cooking yield, lowest water loss and fat loss; followed by 5% water content samples; 213 

and the highest water addition samples (15% water) had the lowest cooking yield and 214 
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the highest water loss and fat loss. Generally, when the samples had the same water 215 

content, addition of sugarcane fibre significantly increased the cooking yield, and 216 

reduced the water loss and fat loss (p<0.05) (Table 2). However, there was no 217 

difference between the samples of Water10-Fibre2 and Water10-Fibre3 in terms of the 218 

above parameters, indicating addition of 2% or 3 % of sugarcane fiber didn’t change 219 

the sausage cooking yield when the water addition to the sausage was 10%. 220 

 221 

The increased cooking yield of chicken sausage with addition of sugarcane fibre 222 

could be due to the porosity and large surface area of sugarcane fibres binding more 223 

water and fat molecules, thus less is lost during the cooking process. Moreover, plant 224 

fibres including sugarcane fibre, are hydrophilic polyhydroxy compounds, which 225 

might also have contributed to its high water binding capacity. The water binding 226 

capacity of this commercial sugarcane fibre was about 5.82 g of water/g and oil 227 

binding capacity was 4.68 g of peanut oil/g (data from the company), which could be 228 

the main reason of increased cooking yield of the sugarcane fibre incorporated 229 

sausage samples. Zhuang et al. (2016) reported that pork batter containing sugarcane 230 

fibre had reduced water loss and fat separation in the product. Kim et al. (2016) also 231 

observed that the moisture content was significantly increased and cooking loss 232 

decreased in frankfurters by the addition of pumpkin fibre. However, the highest 233 

water addition level (15%) in our study resulted in larger amounts of water loss after 234 

cooking (Table 2), indicating 3% of sugarcane fibre addition might not be sufficient to 235 

hold this amount of water in the chicken sausage. 236 

 237 

3.2 Colour analysis 238 

The colour values of fresh and cooked chicken sausages are significantly influenced 239 

by the sugarcane fibre addition, as presented in Table 3. In both fresh and cooked 240 

sausages, the incorporation of sugarcane fibre increased the L* values and b* values 241 

while the a* values were decreased (p<0.05 for all). This is mainly because the 242 
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sugarcane fibres themselves had a relatively higher L* value and b* value, but lower 243 

a* value (data not show). However, there was no difference (p>0.05) between the 244 

samples with the sugarcane level of 2% and 3%, suggesting these two levels of fibre 245 

addition had similar effects on the sausage colour property. Other researchers also 246 

reported that the incorporation of plant fibre altered the colour of food products. For 247 

example, chicken nuggets with high mugwort fibre content had higher b* values but 248 

lower a* values (Hwang et al. 2011), whereas chicken sausages with addition of 249 

makgeolli lees fibre showed lower L* and a* values but higher b* values (Park et al., 250 

2012).  251 

 252 

Table 3 also shows that the cooked sausage L* values were increased while a* and b* 253 

values were decreased relative to raw sausage. The cooking process causes myoglobin 254 

denaturation, thus increasing soluble myoglobin content and decreasing redness a* 255 

value (Sen et al. 2014). The redness values of cooked chicken sausages fortified with 256 

brewer’s spent grain fibre were also lower compared to uncooked samples (Choi et al. 257 

2014). In addition, sausages with higher water content (e.g. 15% water) had relatively 258 

higher L* values, but lower a* and b* value (Table 3), which could be due to reduced 259 

density of the sausage matrix under higher water content formula. 260 

 261 

3.3  Total phenolic content (TPC) 262 

At the same water content, increasing sugarcane fibre level in the chicken sausages 263 

increased the TPC (p<0.05), and the highest TPC was observed when the fibre was 264 

added at the highest level of 3% (Table 4). Based on our analysis, the raw sugarcane 265 

fibre contains 45.17 ± 1.14 mg GAE/ 100g of TPC, and 47.88 ± 0.87 mg GAE/ 100g 266 

of TPC after cooking, thus explaining the TPC increase with increasing levels of fibre 267 

addition. For sausages with the same fibre content, sausages with addition of the 268 

lowest water content (5%) had the highest TPC while those added with the highest 269 

water content (15%) had the lowest TPC (Table 4), because of the diluting effect of 270 
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water. For example, when the fibre addition was same at 3%, the TPC in fresh chicken 271 

sausage was 60.73 ± 0.82 mg GAE/ 100g in the 5% water addition sample, which was 272 

reduced to 54.71± 0.72 mg GAE/ 100g when 15% of water was added in the sausage. 273 

 274 

The presence of TPC in sausage samples without fibre addition (samples 275 

Water5-Fibre0, Water10-Fibre0 and Water15-Fibre0 in Table 4) could be due to the 276 

phenolic structure of some aromatic amino acids in the chicken meat (Akcan et al. 277 

2017). The 1% of chicken seasoning (containing 19.94±0.53 GAE/ 100g in native 278 

sample and 20.72±0.25 mg GAE/ 100g after cooking) might also partly contribute to 279 

these results. In addition, the TPC values in cooked chicken sausages were higher 280 

than those of fresh chicken sausages, probably because the mild cooking conditions 281 

(cook to internal temperature of 74 °C) may have caused partial release of the 282 

phenolic compounds in the sugarcane fibre (Turkmen et al. 2005).  283 

 284 

3.4  Antioxidant capacity 285 

The free radical scavenging activities (RSA%) of fresh and cooked chicken sausages 286 

are presented in Table 4, which indicates that at the same water content, the RSA% 287 

was increased (p<0.05) with the increased fibre level, and the highest RSA% was 288 

noticed when the fibre concentration was at 3%. This is most likely because of the 289 

antioxidant capacity of sugarcane fibre, as the DPPH analysis data showed that the 290 

sugarcane fibre had an RSA% of 63.11±2.26 for the raw sample and 51.10±3.07 after 291 

cooking. The antioxidant capacity of sugarcane fibre in the diet could mainly arise 292 

from its phenolic compounds as discussed in section 3.3, and also from the lignin in 293 

sugarcane fibre (Kaur & Uppal 2015). Song et al. (2013) also indicated that there was 294 

a positive relationship between TPC and antioxidant capacity. The increased 295 

antioxidant activity of meat products by addition of plant materials has been 296 

recognized in other research, such as addition of cabbage powder into mutton patties 297 

(Malav et al. 2015) and guava powder into sheep meat nuggets (Verma et al 2013), 298 
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mainly due to the phenolic compounds and antioxidant activity of these plant 299 

powders.  300 

 301 

It was noticed that RSA% of sausages without incorporation of fibre also exhibited 302 

antioxidant activity, and the cooked chicken sausages had respectively higher 303 

antioxidant activity than those of fresh chicken sausages (Table 4). Meat and meat 304 

products may contain some endogenous antioxidants such as proteins and amino acids 305 

(Serpen et al 2012). During the cooking process, the secondary and tertiary structure 306 

of proteins may be altered and their physicochemical properties could be modified 307 

(Sante-Lhoutellier et al. 2007). The denaturation of proteins may increase the exposure 308 

of amino acids with antioxidant capacity which is generally present in the centre of the 309 

original protein structure, thus increasing their antioxidant activity (Elias et al. 2007). 310 

The release of phenolic compounds in plant fibre by heating might also have 311 

enhanced the antioxidant activity after cooking (Turkmen et al. 2005). 312 

 313 

3.5  TBARS value 314 

TBARS value is commonly used to indicate the extent of lipid oxidation in food 315 

products, and a higher TBARS value suggests a higher level of oxidation. At the same 316 

water content, the TBARS values in both the fresh and cooked chicken sausages were 317 

reduced (p<0.05) with the increase of sugarcane fibre (Table 4). The lowest TBARS 318 

values were observed when the fibre concentration was the highest, at 3%, regardless 319 

of the added water level, indicating lower lipid oxidation in these samples and 320 

potential antioxidant capacity of the sugarcane fibre as discussed above. It was 321 

reported that the TBARS values were also decreased in sausage (mortadella) with 322 

citrus fibre incorporated (Viuda-Martos et al. 2010), mutton patties with addition of 323 

cabbage powder (Malav et al. 2015), and goat meat nuggets with incorporation of 324 

broccoli powder extracts (Rituparna et al. 2012), mainly because of the increased 325 

phenolic compounds and antioxidant activities in the meat products. For the sausages 326 
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with the same fibre content, samples containing 5% of added water had the highest 327 

TBARS value while those containing 15% of added water had the lowest. This is 328 

likely due to the dilution effect of water and reduced density of sausage matrix. 329 

 330 

Significant increases in TBARS values were observed for all sausage samples after 331 

cooking (Table 4), indicating increased lipid oxidation. It is likely that the cooking 332 

process promotes lipid oxidation due to lipolysis during heating, inactivation of 333 

antioxidant compounds, and release of iron from haem pigments that accelerate lipid 334 

oxidation by catalytic reactions (Sen et al. 2014; Kilic  et al. 2015). Free radicals may 335 

also be generated during cooking by the interactions between pro-oxidants and low 336 

molecular weight metals which could propagate oxidative reactions (Akcan et al. 337 

2017). As discussed in section 3.3 and 3.4, the cooking process increased the TPC and 338 

antioxidant activity of sausage samples, but this was not sufficient to inhibit the lipid 339 

oxidation as determined by TBARS value. However, incorporation of sugarcane fibre 340 

reduced the increase in level of TBARS values caused by the cooking process (Table 341 

4). This also suggested the antioxidant capacity of sugarcane fibre in the sausage 342 

samples.  343 

 344 

3.6  Texture analysis 345 

Double bite compression test was applied to imitate the mastication process in the 346 

mouth, using two compression cycles. At the same water content, the chicken sausage 347 

samples were harder with the increased fibre content, and at the same fibre content, 348 

sausages were softer when more water was added (Table 5). The addition of 349 

sugarcane fibre increased the hardness of chicken sausage, probably due to the 350 

formation of a stronger three-dimensional network within the meat matrix (Park et al. 351 

2012). However at the same water content, the sausage cohesiveness was similar 352 

between fibre levels (p>0.05) (Table 5), suggesting addition of up to 3% of sugarcane 353 

fibre does not change the cohesiveness of the chicken sausages. 354 
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 355 

The springiness was similar for sausage samples with 5% and 15% of water content; 356 

the values were decreased with the increasing fibre concentration, possibly because of 357 

the increased hardness of the samples. However, at 10% water addition, the sample 358 

springiness was relatively higher, especially when the fibre content was 3% (p<0.05, 359 

Water10-Fibre3). This could be because the appropriate ratio of water, fibre and 360 

chicken meat in the sausage matrix had formed a fine gel network and resulted in 361 

higher springiness.  362 

 363 

The incorporation of plant fibre into meat products may alter the product texture 364 

properties, depending on the fibre and meat types. For example, the hardness of 365 

chicken sausages was enhanced by the addition of corn bran and dried apple pomace 366 

together, but was not affected by the addition of dried tomato pomace alone (Yadav et 367 

al., 2016). Chicken sausage hardness was increased, but cohesiveness was decreased, 368 

by the addition of makgeolli lees fibre (Park et al. 2012), while the incorporation of 369 

pumpkin fibre into frankfurters increased both the hardness and springiness (Kim et al. 370 

2016). The present research indicated that the incorporation of up to 3% sugarcane 371 

fibre into chicken sausage increased the product hardness, with no significant 372 

influence on the cohesiveness, while the springiness was also enhanced when the 373 

water addition was at 10% level. 374 

 375 

3.7  Sensory analysis 376 

Addition of sugarcane fibre did not have a significant influence on the appearance 377 

score of chicken sausages (Table 6), which could be due to the similar colour of 378 

native sugarcane fibre and chicken meat. The neutral sugarcane fibre colour and 379 

similarity to chicken meat might be another advantage of incorporation of this plant 380 

fibre into chicken meat products. The relatively lower appearance scores of high 381 

water content (15%) sausage samples might be result from their pale colour. In 382 
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addition, there was no difference (p>0.05) among flavour scores for all sausage 383 

samples, suggesting chicken sausages with the incorporation of sugarcane fibre at 3% 384 

had a similar flavor to that of pure chicken sausages. The chicken sausage flavor was 385 

mainly determined by the commercial seasoning and this ingredient was same to all 386 

formulations, which also partly explained that there was no significant flavor 387 

difference among all sausage samples. 388 

 389 

At the water addition level of 5% and 15%, there was no difference in sensory texture 390 

scores among samples at the same water content, when the fibre content increased 391 

(Table 6). However, at the water addition level of 10%, addition of sugarcane fibre 392 

resulted in significantly higher texture scores (p>0.05, samples Water10-Fibre2 and 393 

Water10-Fibre3), probably because of their higher springiness as discussed in section 394 

3.6 and presented in Table 5. The overall liking score of chicken sausages also 395 

exhibited similar variations relative to the texture scores, as these two samples had the 396 

highest scores. The sensory evaluation suggested that the overall sensory properties of 397 

chicken sausages were not influenced by addition of 3% of sugarcane fibre, and these 398 

properties could be even enhanced if the water addition was appropriate (10%). 399 

However, Choi et al. (2014) reported that addition of brewer’s spent grain fibre 400 

decreased the sensory scores for colour, flavour, tenderness, juiciness as well as 401 

overall liking of chicken sausage. Malav et al. (2015) observed that addition of 402 

cabbage powder slightly decreased the sensory scores of mutton patties. The sensory 403 

property is a very important indicator to predict the consumer acceptance of a new 404 

food product. These researches suggested that addition of plant fibres into meat 405 

products may result in negative or positive sensory properties, and therefore selection 406 

of appropriate types of plant fibre into appropriate type of meat is of great importance.  407 

 408 

Conclusion 409 

In conclusion, when water content was added at 10%, incorporation of 3% sugarcane 410 
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fibre into chicken sausage improved the product quality as demonstrated by increased 411 

cooking yield from 94.20% to 97.52%, increased total phenolic content from 25.43 to 412 

57.09 mg GAE/100g and radical scavenging activity from 28.11% to 60.72%. The 413 

lipid oxidation of TBARS value was decreased from 0.535 to 0.428 MDA mg/kg, 414 

whereas the consumers’ overall liking was not affected. This research demonstrated 415 

that application of agricultural byproduct of sugarcane fibre in chicken sausage have 416 

the potential to improve the product quality, provide economic benefits to the food 417 

and sugarcane industries and health benefits to human. 418 
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Table 1. Formulations of chicken sausages (per 100 g) with incorporation of 550 

sugarcane fibre (each formulation includes 1 g of seasoning and 1 g of salt). 551 

Formulations 
Chicken 

thigh (g) 

Fibre 

(g) 

Water 

(g) 

Water5-Fibre0 93 0 5 

Water5-Fibre2 91 2 5 

Water5-Fibre3 90 3 5 

Water10-Fibre0 88 0 10 

Water10-Fibre2 86 2 10 

Water10-Fibre3 85 3 10 

Water15-Fibre0 83 0 15 

Water15-Fibre2 81 2 15 

Water15-Fibre3 80 3 15 
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Table 2. Cooking properties of chicken sausages with incorporation of sugarcane fibre 552 

Formulations Yield (%) Water loss 

(%) 

Fat loss (%) 

Water5-Fibre0 93.43±0.82 3.52±0.17def 3.05±0.11c b 

Water5-Fibre2 95.77±0.80 2.38±0.12bc 1.85±0.12e 

Water5-Fibre3 

e 

97.14±0.24 1.52±0.09ab 1.34±0.07f 

Water10-Fibre0 

f 

94.20±0.69 3.27±0.05de 2.53±0.07d 

Water10-Fibre2 

c 

97.23±0.24 1.65±0.10a 1.12±0.10f 

Water10-Fibre3 

g 

97.52±0.46 1.33±0.06a 1.15±0.04g 

Water15-Fibre0 

g 

92.12±1.05 4.52±0.08f 3.36±0.06a 

Water15-Fibre2 

a 

93.17±1.04 3.87±0.06ef 2.96±0.11b 

Water15-Fibre3 

b 

94.70±0.90 3.23±0.07cd 2.07±0.05d d 

Formulations refer to Table 1. 553 

Values with different superscripts within the same column indicate significant difference (p<0.05). 554 

 555 
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Table 3. Colour values (L*, a*, b*) of fresh and cooked chicken sausage with incorporation of sugarcane fibre. 556 

Formulations Fresh sausage Cooked sausage 

 L*  a* b* L*  a* b* 

Water5-Fibre0 64.68±0.37 7.49±0.22e a 8.00±0.45  71.58±0.12d 5.18±0.74bc 7.35±0.29b d 

Water5-Fibre2 65.85±0.75 7.04±0.34cd 10.80±0.30abc 71.64±0.73ab 4.21±0.15bc 9.06±0.29cd 

Water5-Fibre3 

b 

66.45±0.87 6.77±0.36abc 10.85±0.75bcd 72.21±0.73ab 3.99±0.37abc 9.33±0.11cd 

Water10-Fibre0 

ab 

64.73±0.65 7.58±0.37de 8.47±0.54a 70.99±0.88c 6.25±0.26c 8.32±0.34a 

Water10-Fibre2 

cd 

66.22±0.53 6.54±0.15bc 11.10±0.34cd 71.94±0.37a 4.26±0.22bc 9.16±0.31cd 

Water10-Fibre3 

b 

67.03±0.40 6.36±0.16ab 10.71±0.24d 72.59±0.54ab 3.05±0.37ab 9.36±0.35e 

Water15-Fibre0 

ab 

65.58±0.72 7.29±0.46c 8.91±0.43ab 71.70±0.51bc 4.63±0.30bc 8.45±0.44bc 

Water15-Fibre2 

c 

66.88±0.56 6.80±0.20abc 10.11±0.47bcd 72.00±1.04b 3.70±0.28bc 9.09±0.29de 

Water15-Fibre3 

b 

67.43±0.31 5.58±0.16a 10.65±0.85e 73.41±0.65ab 3.73±0.14a 9.79±0.26d a 

Formulation refer to Table 1. 557 

Values with different superscripts within the same column indicate significant difference (p<0.05). 558 

 559 

Table 4. Total phenolic content (TPC), DPPH radical scavenging activity (RSA), and TBARS value of fresh and cooked chicken sausages with 560 

incorporation of sugarcane fibre.  561 
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Formulations TPC (mg GAE/ 100g) RSA (%) TBARS (MDA mg/kg) 

Fresh  Cooked Fresh cooked Fresh  Cooked 

Water5-Fibre0 29.84±1.25 32.65±1.11g 35.54±0.47g 41.00±0.25g 0.582±0.014f 0.817±0.016a a 

Water5-Fibre2 49.11±1.04 52.64±0.72d 57.88±0.44d 62.37±0.48c 0.489±0.037c 0.647±0.024c 

Water5-Fibre3 

cd 

60.73±0.82 65.88±0.61a 63.21±0.35a 67.24±0.32a 0.463±0.009a 0.606±0.017cd 

Water10-Fibre0 

de 

25.43±0.49 30.19±0.83h 28.11±0.32h 32.28±0.31h 0.535±0.027g 0.735±0.013b 

Water10-Fibre2 

b 

46.43±0.53 50.77±0.57e 55.12±0.44e 61.25±0.51e 0.456±0.022d 0.603±0.020cde 

Water10-Fibre3 

de 

57.09±0.53 62.80±0.57b 60.72±0.51b 65.06±0.52b 0.428±0.015b 0.567±0.038def 

Water15-Fibre0 

ef 

21.46±0.88 27.39±0.65i 22.19±0.24i 26.42±0.58i 0.479±0.022h 0.667±0.015c 

Water15-Fibre2 

c 

44.19±0.84 48.37±0.55f 53.07±0.35f 58.25±0.35f 0.412±0.029e 0.566±0.038ef 

Water15-Fibre3 

ef 

54.71±0.72 60.67±0.74c 57.05±0.21c 62.18±0.44d 0.386±0.025c 0.524±0.011f f 

Formations refer to Table 1. 562 

Values with different superscripts within the same column indicate significant difference (p<0.05).563 
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Table 5. Texture properties of chicken sausages with incorporation of sugarcane fibre 564 

Formulations Hardness (N) Cohesiveness Springiness (mm) 

Water5-Fibre0 45.58±2.07 0.384±0.037d 0.475±0.097a ab 

Water5-Fibre2 55.83±2.74 0.354±0.032b 0.389±0.078ab 

Water5-Fibre3 

bc 

64.33±1.64 0.333±0.064a 0.283±0.068abc 

Water10-Fibre0 

c 

41.82±2.83 0.365±0.026e 0.381±0.087ab 

Water10-Fibre2 

bc 

47.19±2.85 0.320±0.058d 0.513±0.105abcd 

Water10-Fibre3 

ab 

50.93±2.75 0.308±0.052c 0.591±0.094bcd 

Water15-Fibre0 

a 

30.05±1.95 0.319±0.064g 0.453±0.117abcd 

Water15-Fibre2 

b 

35.33±2.47 0.276±0.076f 0.429±0.108cd 

Water15-Fibre3 

b 

37.43±2.12 0.255±0.051f 0.258±0.074d c 

Formulations refer to Table 1. 565 

Values with different superscripts within the same column indicate significant difference (p<0.05). 566 

Table 6. Sensory scores (0-9) of chicken sausages with incorporation of sugarcane 567 

fibre 568 

Formulations Appearance Flavour Texture Overall liking 

Water5-Fibre0 6.33±0.88 6.20±0.76ab 5.87±1.61a 5.73±1.14abc bc 

Water5-Fibre2 6.37±0.96 6.10±0.66ab 5.97±0.81a 5.70±0.90abc 

Water5-Fibre3 

bc 

6.40±0.97 6.07±1.05ab 6.07±1.08a 5.67±1.06abc 

Water10-Fibre0 

bc 

6.20±1.03 6.13±1.20ab 5.43±1.14a 5.27±0.69c 

Water10-Fibre2 

c 

6.60±0.93 6.10±0.80a 6.57±1.10a 6.37±1.13ab 

Water10-Fibre3 

ab 

6.80±1.06 6.07±1.11a 6.83±1.34a 6.73±1.36a 

Water15-Fibre0 

a 

5.67±0.96 5.93±1.05b 5.53±1.57a 5.20±1.63c 

Water15-Fibre2 

c 

5.73±0.69 5.70±0.95b 5.60±1.00a 5.33±0.84bc 

Water15-Fibre3 

c 

6.10±1.52 5.63±1.40ab 5.63±1.45a 5.37±1.27bc c 

Formulations refer to Table 1. 569 

Values with different superscripts within the same column indicate significant difference (p<0.05). 570 
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