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The effects of pineapple dietary fibres (PDF) on physical, chemical and textural attributes of species 

sausage were investigated. Samples containing 1% of three different PDF (NSP60, NSP100, NSP200) and 

water (replacing pork back fat) were compared to the control. The control species sausages differed in 

moisture, protein, total fat, ash and total fibre from those containing fibre. Fibre containing sausages were 

similar in terms of proximate  composition. The ground meat mixture  stability was based on total 

expressible fluid (TEF), cooking loss and purge. The NSP200 samples had cooking loss and TEF similar to 

the control. NSP100 samples had the lowest cooking loss though similar to both the control and NSP200 

sausages. NSP60 samples had higher cooking loss and TEF values than all sausage samples. Addition of 

fibre and water caused increases in purge, lightness, hue and chroma while reducing pH and textural 

properties. Fibre NSP100 was the most suitable for use in species sausage. 

 

 
 

 

 

1. Introduction 

 

The association of fat with a variety of pathologies has resulted in 

the food industry investing in research into new products. 

Consumer demands for healthier meat products as well as the 

ferocious competition within the food industry  are the major 

drivers of such research (Jimenez-Colmenero, 2000). Fat, however, 

is an important source of energy and essential fatty acids as well as 

carrier of fat soluble vitamins in meat products (Choi et al., 2009; 

Vural, Javidipour, & Ozbus, 2004). Additionally, fat plays an 

important  role  in  stabilisation  of  meat  emulsions,  reduction  of 

cooking losses, improving texture, tenderness, juiciness and mouth 

feel (Kim et al., 2010). The success of any food product, however, is 

dependent on its organoleptic, textural and nutritional qualities. 

Stability in storage, cooking yield and cost of production are also 

important in this regard (Heinz & Hautzinger, 2007; Mapanda, 

Hoffman, Mellett, & Muller, 2015). Low-fat meat products that are 
not acceptable in such terms will not sell regardless of the health 

characteristics attributed to them (Jimenez-Colmenero, 2000). 

Various procedures have been followed to reduce fat content in 

meat products, either on their own or in combination with other 
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ingredients, and are based on selecting suitable meat ingredients in 

terms of composition and functionality, using non-meat in- 

gredients that lend desirable characteristics (especially those 

enhancing water holding) and adopting appropriate manufacturing 

practices that induce functionality or vary final product composi- 

tion (Jimenez-Colmenero, 1996). The practices are meant to offset 

the undesired effects of formula changes and thus maintaining the 

product characteristics to compete with non-substituted original 

products (Giese, 1992). Inulin, cereal and fruit fibres and water have 

been used for such purposes in the meat industry (Fernandez- 

Lopez et al., 2008). These practices should pay attention to the 

nutritional factors, the safety of the products, technological and/or 

processibility factors, general consumer appreciation, legal regu- 

lations as well as the costs of the products (Jimenez-Colmenero, 

2000). The dietary fibres provide technological functions such as 

water holding and retention thereby reducing shrinkage, cooking 

loss, drip loss during storage, minimising production costs without 

affecting sensory properties (Besbes, Attia, Deroanne, Makni, & 

Blecker, 2008; Biswas, Kumar, Bhosle, Sahoo, & Chatli, 2011). 

Most ingredients are functional, as they have the ability to 
introduce or improve certain textural and organoleptic quality 

characteristics, whilst improving water binding, counteracting fat 

separation and preservation (Heinz & Hautzinger, 2007). Func- 

tionality is also attributed to an ingredient’s ability to provide 

additional physiological and health benefits beyond their basic 
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nutrition value (Thomas & Earl, 1994; International Life Sciences 

Institute,  1999;   American   Dietetic   Association,   2004;   Health 

Canada, 2004; International Food Information Council, 2006). 

Addition of functional ingredients in meat products is also an 

attempt to change the meat products’ image in these health 

conscious days (Fernandez-Gines, Fernandez-Lopez, Sayas-Barber, 

Sendra, & Perez-AAlvarez, 2004). 

Dietary fibres from various sources have been used as fat re- 

placers and as means to introduce functionality in meat products 

(Eim, Simal, Rossello, & Femenia, 2008; Fernandez-Lopez, Sendra, 

Sayas-Barbera, Navarro, & Perez-Alvarez, 2008; Garcia, Caceres, & 

Selgas, 2007; Keeton, 1994; Mansour & Khalil, 1997; Grigelmo- 

Miguel, Gorinstein, & MartoAn-Belloso, 1999). Dietary fibre has a 
protective effect against weight gain and obesity, cardiovascular 

disease (CVD), infectious and respiratory diseases (WHO, 2003). 

Fillers are low protein plant abstracts such as cereals, roots, tubers 

and vegetables or starches and flours. These components are added 

to “fill up” product volumes or add new components that are not 

usually inherent in meat such as carbohydrates or fibre (Heinz & 

Hautzinger, 2007). 
The objective of this study was to evaluate the effects of three 

commercial pineapple dietary fibres [(PDF), (NSP60, NSP100 and 

NSP200)] in combination with water, on the physico-chemical, 

shelf-life stability, and textural characteristics of reduced fat beef 

species sausage. The fibres were incorporated at a level of 1% and 

water was added in accordance to the water holding capacity of the 

specific fibre (as per supplier recommendations, Summerpride Pty 

Ltd, S.A.). 

 

 

 
2. Materials and methods 

 

2.1. Raw materials 

 

Vacuum packed lean beef meat, (90% lean meat and 10% fat), 

was obtained from a reputable meat distributor (Roelcor Meats, 

Kraaifontein, Cape Town) and stored at 20  C until used. Pork back 

fat was obtained from PK Vleis (Stikland, Cape Town) and stored at 

20 C. Vinegar (3% in sausage formulation) and a spice mix (2% in 

sausage formulation); which consisted of salt (80% of the spice 

mix), thyme (10%), coriander (7.5%) and white pepper (2.5%), were 

purchased at a local supermarket (Pick ‘n Pay, Bellville). Sheep 

casings were purchased from Crown National (Montague Gardens, 

Cape Town). Three commercial (Fibiz™) pineapple dietary fibres 

(NSP60, NSP100 and NSP200) of neutral taste and aroma were 

provided by Summerpride Foods (PTY) Ltd. (East London, South 

Africa). The properties of the fibres are outlined in Table 1. 

2.2. Manufacture of species sausage 

 

All sausages were manufactured as beef species sausage ac- 

cording to SANS 885:2011. The adjusted formulations used in the 

manufacture of the control, the different species sausage batches 

containing the three different PDF at 1.0% level are shown in Table 2. 

Note that for the formulations containing fibre, fat was replaced by 

an equal weight of the added fibre as well as the water to be bound 

by that fibre in accordance to Fibiz™ water binding specifications 

(Table 1). All formulations (control, NSP60, NSP100, and NSP200) 

were manufactured in six replicate batches. The meat and fat were 

thawed overnight at 4 C and separately minced through a 6 mm 

dice. The minced meat and fat, vinegar, fibre and spice mix were 

mixed with gradual addition of crushed ice-water using a hand 

mixer, ensuring the temperature did not exceed 10   C. 

Six samples of approximately 25 g each were drawn from each 

ground batch for each formulation for the analysis of “emulsion” 
stability, making a total of 36 samples. The rest of the ground 

samples were used to manufacture sausages per batch per formu- 

lation for shelf-life and proximate composition analysis. 

The sausages were manufactured by stuffing the ground mix- 

tures into 20 mm sheep casings, packaged into punnets containing 

absorbent paper, and covered in low-density polyethylene wrap 

(LDPE) (moisture vapour transfer rate of 585 g/m2/24 h/1 atm, O2 

permeability of 25 000 cm3/m2/24 h/1 atm, and a CO2 permeability 

of 180 000 cm3/m2/24 h/1 atm) as normally done in South African 

supermarkets, weighed and stored at 4  C. For the shelf-life stability 

analysis, four packages of sausages were randomly selected from 

each of the 6 batches per formulation, making 24 samples of sau- 

sages per formulation, for analysis of pH, colour, purge, cooking- 

loss, and texture profile over a period of 7 days. Of the four sam- 

ples drawn, random computer generated numbers were allocated 

as a means to reduce bias in the order of analysis for days 0, 2, 4 and 

7. Colour and pH analysis were performed from day 0e7 on all the 

samples, whilst purge started at day 2, cooking loss and texture 

profile analysis (TPA) were performed only on day-7 samples. The 

remaining sausages from each batch were vacuum packaged and 

stored at    60  C for proximate analysis. 

 
2.3. “Emulsion” stability 

 

“Emulsion” stability was determined by a modified procedure 

described by Hughes, Confrades, and Troy (1997). Although it is 

recognised that these samples were not in fact emulsions, this 

procedure is ideal for the determination of water binding ability/ 

capacity in meat mixtures such as found in ground meat products 

and/or emulsions (Yang, Choi, Jeon, Park, & Joo, 2007; Zhigang & 

Zhongyue, 2011). Six replicate samples 25 g from each batch were 
weighed into 50 ml centrifuge tubes and centrifuged at 3000 rpm 

 

Table 1 

Specific characteristics of the three Fibiz™ pineapple dietary fibres (NSP60, NSP100, 

and NSP200) as supplied by product specification sheets. 

 

 
Table 2 

   Formulation of species sausage per 500 g batch for the four different formulations 

Characteristic Fibre type (control, and the three batches; NSP60, NSP100, and NSP200, containing 1% of the 

specific fibre). 
NSP60 NSP100 NSP200    

 

  
a  

WBC ¼ Water binding capacity. 
TME

a
 83 83 74 74.6 74.2 

b   
OBC ¼ Oil binding capacity. 

c  
Parameters determined in laboratory. 

a  
Calculated Total Meat equivalent (TME) ¼ % Lean Meat þ % Total Fat where % 

Lean Meat ¼ % N in the sample     30 (Anonymous, 2011). 

Ingredient Control (%) Control (g) NSP60 (g) NSP100 (g) NSP200 (g) 

Lean beef 57 285 285 285 285 

Pork back fat 26 130 85 88 86 

Water 12 60 100 97 99 

Vinegar 3 15 15 15 15 

Spices 2 10 10 10 10 

Fibre 0 0 5 5 5 

Total 100 500 500 500 500 

 

WBC
a 

(g/g fibre) 8 7.4 7.8 

OBC
b 

(g/g fibre) 

Particle size (mm) 

6 

<63 

4.2 

63˃<100 

5.0 

100˃<400 

Colour 7.06 4.44 5.54 

L/a ratio 
   

a/b ratio  0.009 0.10  2.88 

pH 4.45 4.37 4.53 

Instrumental Lightness
c

 85.36 80.91 80.25 

 



S.St.Clair Henning et al. / LWT - Food Science and Technology 74 (2016) 92e98 94 

 

 

for 1 min (Jouan MR1812 centrifuge, Thermo electron Industries, 

Germany). The tubes were submerged into a water bath at 70 C for 

30 min. The tubes were removed from the water bath and centri- 

fuged at 4000 rpm for 3 min. The expressed fluid was transferred 

into pre-weighed crucibles, cooled in a desiccator and reweighed to 

determine the amount of water and fat in the total expressible fluid. 

The Total Expressible Fluid (TEF) was calculated as follows: 

 

TEF ¼ (weight of centrifuge tube þ sample)  (weight of 

tube þ pellet), and 
 

% TEF ¼ (TEF/sample weight)      100, and 

 

% Fat in TEF ¼ [(weight of crucible þ dried supernatant)  (weight of 

empty crucible)]/TEF    100 
 

% Water in TEF ¼ 100  % Fat (Hughes et al., 1997). 

 

 

 

2.4. Chemical analysis 

 

Homogenised samples of sausages for each of the six replicate 

batches of the four species sausage formulations were analysed in 

duplicate for percentages of moisture, protein, total fat, ash and 

dietary fibre (12 samples for each formulation). The moisture 

content was analysed by drying 2.5 g at 100 C for 24 h and ashing 

was done at 500 C for 6 h (AOAC, 2005). Samples of 1 g were 

analysed for protein content using the Kjeldhal method according 

to the AOAC (1992) methods of analysis and the Government 

Gazette (2010). The protein concentration in the sample was 

determined as Nitrogen 6.25. The total fat content was deter- 

mined by extracting the fat with a 2:1 mixture of chloroform- 

methanol. A mass of 1 g were analysed for crude fibre, neutral 

detergent fibre (NDF) and acid digestible fibre (ADF) based on the 

AOAC (2002) methods of analysis using the Fibertec system. 

 

2.5. pH changes during storage 

 

Sausage samples were stored at 4 C and analysed at days 0, 2, 4 and 

7 for pH. The pH readings were taken from each sample at 

three centre positions using the HANNA pH-Temperature Meter (HI 

99163). A total of 18 pH readings were taken for each of the sausage 

formulations (Control, NSP60, NSP100 and NSP200) at each time 

(day). 

 

2.6. Purge analysis during storage 

 

Weighed and packed samples in punnets, containing absorbent 

paper, stored at 4 C, were removed from the trays, dried with an 

absorbent paper towel and weighed to analyse purge loss at days 2, 

4 and 7. Six purge readings were obtained from each sausage 

formulation at each time (day) and were calculated as follows: 

 

Purge ¼ (Initial weight of sausage   weight of sausage after storage), 

 

% purge was calculated as: (Purge/Initial weight of sausage)     100. 

 

 

 

2.7. Colour analysis 

 

Sausage samples were analysed for colour attributes at days 0, 2, 4 

and 7. Colour measurements were recorded at three randomly 

selected positions as described by Honikel (1998), using the colour 

guide 45 /0   colorimeter (BYK-Gardner GmbH, Ser. no: 220162). 

The Hue angle (hab) ( ) and Chroma (C*) were calculated as follows: 

Hue angle (hab) ¼ tan 1 (b*/a*) 

Chroma (C*) ¼ √ (a*)2 þ (b*)2 

In total, 18 colour coordinate readings were recorded for each 

sausage formulations at each time (day). 

 

2.8. Cooking loss analysis 

 

On day 7, the sausage samples were weighed, after which they 

were oven cooked (Defy Multifunction Thermofan, 831) until the 

sausage centre temperature reached 70   C for 3 min. Temperature 

was  monitored  using  a  KIMO  TR  151  temperature  probe.  The 

cooked sausage was weighed to determine cooking loss as follows: 

Initial weight of sausage  weight of sausage after cooking; % 

cooking  loss  was  calculated  as:  (Cooking  loss/Initial  weight  of 

sausage)    100. 

A total of six samples were assessed for cooking loss for each 

formulation. 

 

2.9. Texture profile analysis 

 

Five sausage pieces (2.5 cm height 2 cm diameter) were 

prepared from each of the cooked sausage samples at day 7. The 

sausage pieces were analysed for hardness, cohesiveness, gummi- 

ness, springiness and chewiness (Choe, Kim, Lee, Kim, & Kim, 2013; 

Yang, Kim, Choi, & Joo, 2010) using the Instron Universal Testing 
Machine (Instron ID 3344K6233, Advanced Lab Solutions, S.A.). A 

circular plate of 5 cm diameter was attached to a 2000 N load cell 

and the sample compressed to 50% its original height at cross head 

speed of 200 mm/min in two cycles as described by Desmond and 

Troy (2004). A total of 30 samples were analysed for the textural 

properties for each formulation. 

 

2.10. Statistical analysis 

 

Analysis of variance was performed on all variables accessed 

using GLM (General Linear Models) Procedure of SAS statistical 

software version 9.2 (SAS Institute Inc., Cary, NC, USA). Shapiro- 

Wilk test was performed to test for normality (Shapiro & Wilk, 

1965). Fisher’s least significant difference was calculated at the 5% 

level to compare treatment means. A probability level of 5% was 

considered significant for all significance tests. 

 

3. Results and discussion 

 

3.1. Total meat equivalent (TME) and fat maximum percentage 

 

In this study the TME values of the species sausage were within 

the recommended specified limit of 60% (Table 3) in accordance to 

the South African legislation; SANS 885:2011. The fat maximum 

percentage was also within the specified limits of not more than 

30%.   The   control   contained   the   highest   amount   of   fat   of 

28.6 ± 0.36%; while the fibre containing formulations contained fat 

between 15 and 16% (Table 3). 

 

3.2. Chemical composition 

 

Fibre and water incorporation resulted in an increase in mois- 

ture content for all species sausage formulations. The NSP60 sau- 

sages which had the most water added (Table 2) also had the 

highest moisture content of 68. ± 0.66%, whilst the control had a 
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Table 3 

 

Mean and standard error for chemical composition, “emulsion” stability, and textural properties of sausages containing 0% fibre (control) and 1% of fibres: NSP60, NSP100, and 

NSP200, respectively. 

 Fibre type  

Control NSP60 NSP100 NSP200  

Chemical composition      
Moisture (%) 58.1

a 
± 0.23 68.1

c 
± 0.66 60.6

ab 
± 1.03 62.8

b 
± 0.69 

 
Fat (%) 28.6

a 
± 0.36 16.0

b 
± 0.33 15.2

b 
± 0.22 15.5

b 
± 0.18 

 
Protein (%) 16.2

a 
± 0.22 13.3

b 
± 0.37 13.9

b 
± 0.38 12.8

b 
± 0.29 

 
Ash (%) 2.8

a 
± 0.03 2.2

b 
± 0.03 2.0

c 
± 0.04 2.0

c 
± 0.02 

 
Total fibre (%) 0.4

a 
± 0.01 0.6

bc 
± 0.01 0.6

b 
± 0.01 0.6

c 
± 0.01 

 
*NDF (%) 2.2

a 
± 0.03 3.5

c 
± 0.04 3.7

b 
± 0.05 3.8

b 
± 0.03 

 
**ADF (%) 
a
TME (calculated) 

0.8
a 

± 0.02 

85.6 

1.4
b 

± 0.03 

73.0 

1.4
b 

± 0.03 

72.2 

1.55
c 

± 0.04 

72.5 
 

“Emulsion” stability      
TEF (%) 19.6

a 
± 0.35 24.2

b 
± 0.18 23.1

b 
± 0.41 20.2

a 
± 0.32 

 
Fat in TEF (%) 32.9

a 
± 1.65 13.4

b 
± 0.30 32.8

a 
± 0.93 28.7

a 
± 0.83 

 
Water in TEF (%) 67.2

a 
± 1.65 86.6

b 
± 0.30 67.2

a 
± 0.93 71.3

a 
± 0.83 

 
Cooking loss (%) 31.0

a 
± 1.67 37.3

b 
± 1.55 28.3

a 
± 2.13 30.0

a 
± 1.71 

 
Textural properties 

     
Hardness (N) 11.5

a 
± 0.64 11.2

ab 
± 0.34 6.3

b 
± 0.25 8.6

bc 
± 0.13 

 
Chewiness (N) 482.5

a 
± 14.68 317.6

d 
± 6.31 164.9

b 
± 8.66 251.1

c 
± 5.44 

 
Cohesiveness (ratio) 2.8

a 
± 0.16 2.8

a 
± 0.18 2.2

a 
± 0.02 2.9

a 
± 0.12 

 
Gumminess (N) 55.4

a 
± 1.78 38.3

d 
± 0.79 19.9

b 
± 1.04 30.8

c 
± 0.59 

 
Springiness (mm) 7.3

a 
± 0.09 6.9

c 
± 0.05 6.4

b 
± 0.05 6.6

bc 
± 0.04 

 

Values are mean ± standard error. Statistical analysis was performed on all data with the exception of TME, which was calculated once per treatment. 

*NDF ¼ Neutral detergent fibre. 

**ADF ¼ Acid digestible fibre. 
a
TME ¼ % Lean meat þ % Total fat where % Lean Meat ¼ % N in the sample     30 (Anonymous, 2011). 

aed
Means within the same row with different superscripts differ significantly (P   0.05). 

 

lowest value of 58.1 ± 0.23% (Table 3). The moisture content of 

NSP100 sausages was, however, similar to that of the control, which 

indicates that NSP100 binds additional water added to the sausage 

mixture. Once bound, the water becomes part of the fibre matrix. 

The porous and the hydrophilic nature of the fibre could be the 

means by which it binds water (Figuerola, Hurtado, Estevez, 

ChiffelleI, & Asenjo, 2005). 

The total fat content of the control (28.6 ± 0.36%), which had the 
highest added fat in the formulation, was higher compared to that 

of the sausages containing fibres NSP60, NSP100, and NSP200. Fat 

content was similar (P > 0.05) amongst fibre containing sausages 

ranging between 15.2 ± 0.22% and 16.0 ± 0.33%. These lower total 

fat values are attributed to the low amounts of fat added in the NSP- 

sausage formulations. Such a trend is in line with Choi et al. (2010) 

who noted an inverse relation between fat content and added 

water in sausages. 

The protein content of the control sausage was higher than the 

rest of the formulations at 16.2 ± 0.22%; while the sausages con- 

taining the different fibres were similar in protein content, ranging 

from 12.8 ± 0.29% to 13.9 ± 0.38% (Table 3). This could be explained 

by the availability of meat protein in the added fat in the formu- 

lation which was highly reduced in the sausage samples containing 

the NSP-fibres. As expected, fibre addition resulted in higher total 

fibre content in the fibre containing sausages as compared to the 

control. The high amounts of water added in the fibre containing 

formulations, and a reduced amount of fat could explain the low 

ash contents in the fibre containing sausage formulations as 

compared to the control. 

 
 

3.3. “Emulsion” stability as indicated by TEF, fat and water in TEF 

 

Addition of fibre with additional water in the sausage formu- 

lations increased the total expressible fluid (TEF), especially for 

NSP100 and NSP60 (Table 3). NSP200 containing sausages however 

had similar TEF to the control, this could be an indication that the 

fibre  managed  to  merge  well  and  stabilise  the  ground  meat 

mixture. The chemical structure of the fibre could improve its su- 

periority in stabilising meat mixtures. The larger particle size of 

NSP200, the high water binding capacity (1 g/7.8 g) and high oil 

binding capacity (1 g/5 g according to Fibiz™ specifications, 

Table 1) could explain the superiority of NSP200 in stabilising the 

meat mixture. NSP60 containing sausages had the lowest amount 

of fat in TEF at 13.4 ±  0.30%  as  compared  to  the  control 

(32.9 ± 1.65%), NSP100 (32.8 ± 0.30%), and NSP200 (28.70 ± 0.83%) 

fibre containing formulations. The superior ability to bind fat in the 

ground meat can be attributed to the high oil binding capacity 

(OBC) of 6.0 for NSP60 (Table 1). 

Although NSP60 is attributed to be the highest water binder 

(Table 1), it proved to be the weakest in the sausage mixture as it 

had the highest water content in the TEF. The control, NSP100 and 

NSP200 sausage mixtures were similar in terms of water in the TEF. 

Excessive grinding of the NSP60 fibre to small fine particles 

(Table 1) could have played a role in interacting with the porous 

structure and the binding sites of the fibre resulting in it being a 

poor water binder. The effectiveness of a fibre in ground meat 

mixtures and emulsions is usually affected by its chemical struc- 

ture, porosity, particle size, ionic form, pH as well as the types of 

ions in the system (Elleuch et al., 2011). 

 
 

3.4. Cooking loss 

 

Samples containing fibres NSP100 and NSP200 had the lowest 

cooking loss values of 28.3 ± 2.13% and 30.0 ± 1.71%, respectively; 

but did not differ (P > 0.05) from that of the control (Table 3). This 

trend is supported by numerous researchers who have documented 

an improvement in cooking yield by the addition of fibres in meat 

mixtures/emulsions. Crehan, Jughes, Troy, and Buckley (2000) and 

Hughes et al. (1997) reported an improved cooking yield in frank- 

furters with fat replaced with maltodextrin and oat fibre, respec- 

tively. Spent brewer’s grain fibre extracts were also found to reduce 

cooking loss in burger patties (Kim et al., 2013). The samples con- 

taining  NSP60  had  a  significantly  higher  cooking  loss  of 
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37.3 ± 1.55%. This is a further indication of the weakness of NSP60 

fibre in strengthening the species sausage ground meat mixture. 

 
3.5. Textural properties 

 

Sausage samples containing fibres NSP60, 100 and 200 had 

significant lower values of chewiness, gumminess and springiness 

when comparing to the control samples (Table 3). The hardness for 

NSP60 was similar (P > 0.05) to that of the control samples and to 

that of the NSP100 and 200 samples; while the hardness for 

NSP100 and 200 was lower (P 0.05) than that of the control 

sample. The improvement in textural properties are in line with the 

findings of Salcedo-Sandoval, Cofrades, Ruiz-Capillas Perez, Solas, 

and Jimenez-Colmenero (2013), who noted the same trend with 

addition of konjac jell (with physio-chemical characteristics similar 

to dietary fibres) in frankfurters. The decrease in the textural 

properties of hardness, springiness, chewiness and gumminess can 

be attributed to the addition of water (Grigelmo-Miguel et al., 1999; 

Crehan et al., 2000; Choi et al., 2014). Fat replacement with 

different fibres has been shown to improve textural properties by 

many researchers (Barbut & Mittal, 1996; Pietrasak & Janz, 2010; 

Biswas et al., 2011). The cohesiveness, however, was similar in all 
samples. 

 

3.6. Instrumental colour 

 

An overall analysis of variance (ANOVA) for all sausage samples 

indicated that storage fibre addition alone and storage time alone 

had significant effects (P < 0.05) on the colour parameters; light- 

ness, hue and chroma (Table 4) whilst there were significant in- 

teractions for a*, b* and pH between fibre and time. Collectively, the 

lightness of all samples was lowest from day zero to day four, with a 

significant increase noted only at day seven (Table 5) of the storage 

time. The increase in lightness could be due to oxidation of the fat 

in the species sausage mixture in storage resulting in greying and 

hence a lighter colour (Sebranek, Sewalt, Robbins, & Houser, 2005). 

Analysis of individual species sausage formulations indicated that 

the lightness of the sausages was lowest for the control (highest fat 

amount), which did not contain any added fibre and higher for the 

samples containing fibre (NSP100 had the highest lightness). 

Sanchez-Zapata et al. (2010) added tiger nut fibre and noted the 

same trend in pork burgers. This is however, in contrast with ob- 

servations by Crehan et al. (2000) who stated that the highest fat 

containing samples had highest lightness for frankfurters with 

maltodextrin. Generally, lightness, redness and yellowness values 

of meat products have shown to be affected by the colour of the 

added dietary fibre sources (Eim et al., 2008; Jimenez-Colmenero 

et al., 2003; Saricoban et al., 2008). The addition of PDF, which is 

light in colour as well as water, could attribute to the higher values 

of lightness (L*) in the fibre containing species sausages. The added 

water and fibre can also affect the colour attributes by interacting 

with  the  light  scattering  properties  of  a  product  (Varnam  & 

Sutherland, 1995). The lightness of the sausages containing the 
 
 

Table 4 

P-values from ANOVA for the dependable variables: L*, a*, b*, Hue, Chroma, pH and 

purge with fibre, storage time and interaction between fibre and storage time, as the 

main effects. 
 

 

Main effects   Dependent variables 

fibres however, did not follow the lightness trend of the indepen- 

dent fibres, e.g., NSP60 fibre, which resembles the lightest in 

accordance to Fibiz™ specifications (Table 1) resulted in sausages 

with the lowest values of lightness. A possible interaction with the 

other components in the sausage mixture could be the reason for 

this. 

Overall, chroma for all the species sausage decreased with 

storage time (Table 5). This decrease in vividness of sausages could 

be caused by the reduction in redness due to myoglobin oxidation 

to metmyoglobin resulting in the sausage colour becoming more 

grey (MacDougall, 2002). Mincing, exposure to light, and lipid 

oxidation are known to destroy the metmyoglobin reductase sys- 

tem,  hence  increasing  the  rate  of  discolouration  (Varnam  & 

Sutherland, 1995). There was a significant decrease in chroma 
from days 0e4. A further decrease in chroma at  day  seven 

(12.52 ± 0.25) was noted, though not significant. However, addition 

of fibre increased chroma (P 0.05) with all fibre containing sau- 

sages being similarly higher than the control. 

The high fat amount in the control could be interacting with the 

vividness of the species sausage colour. The differences in the light 

scattering properties of the fat and fibres in the sausage mixtures 

could be the cause of the different colour parameters between the 

control and the fibre containing species sausages (Varnam & 

Sutherland, 1995). 
An overall analysis of the green-red chromacity coordinate (a*) 

for all species sausages showed a significant (P 0.05) interaction 

between fibre and time, this interaction being caused by NSP100 

having the highest a* value at time 0, but then having the lowest a* 

value at day 7. A comparison of the species sausage samples indi- 

cated that addition of fibre resulted in a reduction in redness 

(Table 5) from days 0e7. The control had a highest a* value of 

6.11 ± 0.68, while fibre containing samples had lower values 

ranging from 5.15 ± 0.62 for NSP60 to 5.87 ± 0.66 for NSP200. The 

addition of the whiter fibre and colourless water can possibly ac- 

count for this trend. Also, the fading of red for all sausages over time 

can be attributed to the oxidation of the oxymyoglobin (bright-red) 

to the metmyoglobin form; which is brownish-green in colour, as 

well as denaturation of the globin moiety during storage (Jakobsen 

& Beterlsen, 2002; Lawrie & Ledward, 2006). Oxidation of the meat 

oxymyoglobin and denaturing of the globin protein structure can 

be triggered by high amounts of oxygen, presence of free radicals 

from lipid oxidation, low pH, heat, salt and exposure to light in 

storage (Lawrie & Ledward, 2006). Moreover, inclusion of fibre into 

the sausage emulsion might have an effect on the light scattering 

properties hence resulting in totally different colour parameters as 

compared to the control. 

An overall analysis of the blue-yellow chromacity coordinate 

(b*) for all species sausages showed an interaction (P 0.05) be- 

tween fibre and storage time; again this was mainly attributed to 

NSP100 having the highest b* value at time 0, and a similar value to 

that of NSP60 at day 7. Overall, a decrease (P 0.05) in yellowness 

from day 0e7 (Table 5) was observed. A comparison of the different 

species sausage samples over the entire storage period indicated 

that addition of fibre resulted in an increase (P 0.05) in yellow- 

ness. The control had the lowest b* value of 11.38 ± 0.73, while fibre 

containing samples had higher values ranging from 12.87 ± 0.69 for 

NSP100 to 13.09 ± 0.62 for NSP60. 

The addition of fibre resulted in the decrease in a* and increase in 

b*, which is interpreted as an increase in hue (h*) angle towards 

the yellow, with an overall loss in chroma (C*), which is an indi- 

cation of the colour becoming more grey (MacDougall, 2002). The 

whiter/yellower fibre added to the meat emulsions could possibly 

explain such an increase between fibre containing samples and the 

control. 

An overall assessment of all the sausage samples over time 

 
L* a* b* Hue Chroma pH Purge 

Fibre <0.001 0.115 0.880 0.001 0.017 <0.000 0.000 

Time 0.041 0.000 0.000 <0.000 <0.000 0.580 0.000 

Fibre/time 0.918 0.000 0.000 0.071 0.279 0.000 0.352 

 



S.St.Clair Henning et al. / LWT - Food Science and Technology 74 (2016) 92e98 97 

Table 5 

 

Means and standard errors for L*, a*, b*, Hue, Chroma, pH, and purge for all sausage formulation for the 7 day storage period on average; and for the specific storage time (day). 

Sample Dependant variables 

L* a* b* Hue Chroma pH Purge (%) 
 

 

Means and standard errors for the 7 day storage period 

Control 44.23
a 

± 0.87 6.11
a 

± 0.68 11.38
a 

± 0.73 60.55
a 

± 2.41 13.30
a 

± 0.52 5.04
a 

± 0.03 2.08
a 

± 0.28 

NSP60 46.87
b 

± 0.61 5.15
b 

± 0.62 13.09
b 

± 0.62 68.19
b 

± 1.90 14.18
b 

± 0.45 4.99
ab 

± 0.02 5.35
b 

± 0.44 

NSP100 51.71
c 

± 0.60 5.29
b 

± 0.83 12.87
b 

± 0.69 67.45
b 

± 2.35 14.39
b 

± 0.53 4.97
b 

± 0.02 5.66
b 

± 0.36 

NSP200 48.69
b 

± 0.74 5.87
b 

± 0.66 12.98
b 

± 0.48 65.83
b 

± 2.05 14.51
b 

± 0.45 4.86
c 

± 0.03 5.34
b 

± 0.57 

Means and standard errors per storage time (day) 

Time (days) 

0 47.57
a 

± 0.95 8.66
a 

± 0.61 13.85
a 

± 0.52 57.88 
a 

± 1.49 16.55
a 

± 0.44 4.97
a 

± 0.01 . 

2 47.13
a 

± 1.08 6.05
b 

± 0.62 12.34
b 

± 0.79 62.01
b 

± 2.31 14.06
b 

± 0.24 4.99
a 

± 0.04 3.93
a 

± 0.67 

4 47.66
a 

± 1.03 4.49
c 

± 0.39 12.23
b 

± 0.70 69.48
c 

± 1.25 13.25
c 

± 0.40 4.96
a 

± 0.03 4.52
b 

± 0.72 

7 49.14
b 

± 0.71 3.22
d 

± 0.43 11.91
b 

± 0.46 74.16
d 

± 1.59 12.52
c 

± 0.25 4.96
a 

± 0.03 5.36
c 

± 0.73 
 

 

aed
Means within the same column with different superscripts differ significantly (P   0.05). 

 

showed a general increase in hue values from day 0e7 (Table 5). A 

comparison of the sausage formulations alone indicated that the 

control had a significant (P 0.05) lower hue value, while the fibre 

containing samples (NSP60, NSP100 and NSP200) had higher hue 

values although not significantly different from each other 

(Table 5). 

Analysis of variance results indicated an overall significant 

interaction (P 0.05) of fibre and time on pH (Table 4). The average 

overall pH of all sausages at day 0 was 4.97 ± 0.01 and increased to 

4.99 ± 0.04 at day 2, and remained constant at 4.96 ± 0.03 for days 

4e7. The addition of pineapple fibres NSP100 and 200 resulted in a 

reduction in pH (P 0.05); where the control samples had a mean 

value of 5.04 ± 0.03; compared to 4.97 ± 0.02 for NSP100 and 

4.86 ± 0.03 for NSP200. The fibre NSP60 did not reduce (P > 0.05) 

the pH compared to the pH for the control samples. Based on 

Fibiz™ specifications (Table 1), NSP200 containing sausages were 

expected to have higher pH values, since the fibre alone has a high 

pH value of 4.53, compared to the pH values of 4.45 and 4.37 for 

NSP60 and NSP100, respectively. It is, however the overall inter- 

action of the fibre with the  other components  in the ground 

sausage mixture that determines the overall physico-chemical 

properties of the products. Lee et al. (2008) and Choi et al. (2010) 

stated that the addition of fibre, increases, or has no effect, or re- 

duces pH values of meat products, depending on the type of fibre. 

Thus, based on these results, NSP60 had no significant effect on 

sausage pH; NSP100 containing sausage had a significantly lower 

pH compared to the control but no different to that of NSP60 

sausages. 

Analysis of variance indicated that the addition of fibre alone 

and storage time alone had an effect on purge in species sausage. 

Fibre addition in combination with storage time did not have any 

effect on purge (Table 4). The purge values of all species sausages 

significantly (P 0.05) increased within the seven day storage 

period from 3.93 ± 0.67% at day 2e5.63 ± 0.73% at day 7 (Table 5). 

This is an expected trend as most fresh sausage products lose fluid 

through drip during storage (Besbes et al., 2008; Biswas et al., 

2011). 

A comparison of the different fibre sausage samples indicated 

that the control had the lowest purge (2.08 ± 0.28%) when 

compared to the fibre containing samples, which had similar high 

purge values, ranging between 5.35 ± 0.44% for NSP60 and 

5.66 ± 0.36% for NSP100 (Table 5). The low purge in the control was 

expected since the control contained the least amount of water per 

formulation as compared to the fibre containing samples. Fat 

removal and addition of water alters the ground meat mixture/ 

emulsion moisture content, dilutes the ionic strength, and disturbs 

the emulsion microstructure and meat matrix functionality thereby 

causing the failure of the meat matrix to entrap water (Shand, 1999; 

2000). However, the addition of fibre should counter-act most of 

these changes. 

 

4. Conclusions 

 

Technologically, it is possible to replace fat using pineapple di- 

etary fibre (PDF), in combination with adding water, in order to 

produce low-fat healthier species sausages. In this study the stor- 

age parameters; pH, colour, and purge, of the PDF containing spe- 

cies sausage were similar to the control sausage. Addition of water 

and fibre can, however, increase purge values in sausages during 

storage. The pH, colour and textural properties of all fibre con- 

taining sausages, although differing slightly, were in the same 

range and it is debatable whether a consumer would notice the 

differences. The species sausage containing NSP200 performed 

quite well and close to the control in terms of ground meat mixture 

stability based on TEF, purge and cooking loss. The PDF, NSP100, can 

be of more economic value in low fat meat products followed by 

NSP200 and lastly NSP60. However, further research is required to 

assess how the PDF and water containing sausage will be accepted 

by consumers in comparison to the other sausages in the market. 
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