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ABSTRACT 

 
This study investigated the effects of three varieties of sweet potatoes: orange, purple 
and white-fleshed sweet potato purees on the sensory, nutritional and oxidation rate of 
frankfurter sausages. The study was conducted at University for Development Studies 
(UDS), Tamale. The products formulations took place at the Meat processing unit of 
UDS, while chemical and microbiological analyses were carried out at laboratories of 
University for Development Studies, Nyankpala Campus. A complete randomized 
design was used. Spices were randomly assigned to the minced meat and each treatment 
was replicated three times. The sweet potato purees were added to 2kg of meat at 0%, 
10%, and 15% each. Sensory attributes of products did not differ significantly (P>0.05) 
when puree was incorporated in frankfurter sausages except overall liking which was 
significantly higher (P<0.05) on the first day of production. The peroxide value of TO 
was significantly (P<0.05) higher throughout the period of storage than the other 
formulations. The peroxide value of the products ranged from 4.0 to 4.8meq/kg. There 
were significant differences (P<0.05) in pH and moisture. Among products, OFP1 10% 
had the lowest value whiles OFP2 15% had the highest pH value. Except for crude fat 
content all proximate parameters taken into accounts were significantly affected (p < 
0.05) among various formulations. The protein content ranged from 18.52-20.78% 
whiles ash and fat ranged from 5.15-6.80% and 15.62-17.50%, respectively. There was 
a significant reduction in protein content as sweet potato inclusion increased from (0%, 
10% and 15%). The moisture content of sweet potato frankfurter sausage ranged from 
56.15-66.45%. The inclusion level of 15% was found to have higher values to 10% 
inclusion level. However, significant differences (P<0.01) were observed among 
treatments for all minerals studied. Iron and zinc contents among formulations were all 
significantly different (P<0.01) from each other. The sweet potato puree did not 
negatively affect the sensory and nutritional qualities of frankfurter sausages.  
 

Key words:  Frankfurter sausage, extender, sweet potato, sensory attributes, nutritional, 
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INTRODUCTION 

 
Meat can be defined as the whole or part of the carcass of any animal slaughtered, but 
does not include eggs, or fetuses [1]. Meat is also a better source of various 
micronutrients: low-fat pork contains 1.8 mg iron, 2.6 mg zinc; and pig’s liver contains 
360 mg magnesium, 20 mg iron and 60μg selenium per 100 g [2]. Products from meat 
processing industries are widely accepted by meat consumers due to the increasing 
demand for fast and convenient meals [2]. The world faces the problem of shortage of 
food supply, which results in malnutrition problem and its consequences are more felt in 
the undeveloped countries [3].  
 
Processing of raw meat into finished products adds value, increases the yield, extends 
the shelf life and also serves as a source of income generation [4]. Extenders are used in 
meat products to improve meat particles cohesion, increase processing yield and increase 
dietary fiber to improve texture and reduce cost [5].  
 
As in the quest of reducing cost of production, sweet potato which is readily available 
and relatively cheaper than meat can serve as an extender in sausages. It has been 
observed that stored tubers had higher levels of antioxidant activity than fresh tubers [6].  
Sweet potato varies in carotenoid concentration. The primary vitamin A-forming 
carotenoid in sweet potatoes is beta-carotene [7]. Sweet potatoes are a rich source of 
energy, antioxidants and vitamins which is of a high value to humans [8]. Several other 
authors [9] and [10] reported that sweet potatoes are an excellent source of fibre and 
minerals which are important in reducing blood cholesterol and aiding digestion. Sweet 
potatoes have a percentage of insoluble fibre which is capable of preventing colon cancer, 
diverticular disease and constipation [11]. The high cost of meat products is a major 
challenge in meat processing.  This research sought to address this problem by combining 
sweet potato and meat to produce frankfurter at a reduce cost. This study, therefore, seeks 
to investigate the use of sweet potato puree as an extender in frankfurter sausages. 
 

MATERIALS AND METHODS 

 

Study site 

The study was conducted at the University for Development Studies (UDS), Tamale. The 
products formulations took place at the Meat processing unit of UDS, while 
microbiological and chemical analyses were carried out at laboratories of University for 
Development Studies, Nyankpala Campus and Kwame Nkrumah Science and 
Technology, Kumasi, respectively. 
 

Experimental design 

Completely randomized design was used in all the trials. The spices were randomly 
assigned to the minced meat and each treatment was replicated three times. Treatment 
means of the various levels of ingredients were compared against their respective 
controls. 
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Processing of sweet potato puree  

The orange, white and purple fleshed sweet potato used for the experiment were 
purchased from farmers in Kumbugu. They were peeled chopped into smaller sizes 
(4mm) and cooked for 15mins. They were then allowed to cool down at room 
temperature mashed/blended into puree and stored frozen at -2oC.  
 
Sausage formulations 

Seven kilogram each of beef and pork was used for the experiment. The meat was thawed 
for 3 hours at a temperature of 1°C and minced using a 5mm-sieve table top mincer 
(Taller Ramon, Spain). The minced meat was divided into two kilogram each, which was 
mixed with 1.0g black pepper, 1.0g white pepper, 0.5g red pepper, 2.0g mixed spice 
(Adobe®) and 15g curing salt. The spices were measured into a container and mixed 
thoroughly before adding it to the minced meat. 
 
Control: whole beef, WFP1: white flesh sweet potato, WFP2 15% white flesh sweet 
potato, OFP1: orange flesh sweet potato OFP2 15%: orange flesh sweet potato, PFP1 
10%: purple flesh sweet potato and PFP2 15%: purple flesh sweet potato. 
 

Comminution of meat 

Potato purees were included at 0, 100 and 150 (g/kg) to the various sausage formulations. 
The minced  meat was comminuted  in a 3-knife, 30litres- capacity bowl chopper (Tallers 
Ramon, Spain) into a meat butter at a final temperature of 16°C. 
 
Crushed ice was added to each set of products during comminution to obtain the desired 
consistency and temperature of meat butter, and to minimise the risk of fat separation 
from the muscles. The meat butter was immediately stuffed into natural casings, using a 
hydraulic stuffer (Talleres Rammon, Spain) and manually linked into equal length of 
about 10cm.  
 
The sausages were hung on smoking racks and smoked with charcoal and groundnut 
husk in a Laint smoker for 45 minutes and scalded to a core temperature of 70°C. They 
were then cooled in cold water and hung on racks for adhering water to drain before 
packaging and stored in deep freezer condition for sensory evaluation. 
 

Sensory evaluation of the products 

A total of 12 panelists were selected from the students and staff of UDS Nyankpala 
Campus and trained according to the British Standard Institution guidelines [12] for the 
evaluation of the products. The panelists were made up of 6 females and 6 males. The 
panelists evaluated the products for colour, aroma, flavour liking, juiciness, texture, taste 
and overall acceptability of the sausages. A 9-point hedonic scale (1= Extremely dislike 
to 9 = Extremely like). Sensory evaluation was carried out on day 1, 7 and 14 of storage 
to determine the effect of storage period on the sensory characteristics of the products. 
Colour: 1= Extremely dark 2=Very dark 3= Moderately dark 4= Slightly dark 5= 
Intermediate 6= Slightly pale 7= Moderately pale 8= Very pale 9= Extremely pale 
Aroma: 1= Extremely offensive 2= Very offensive 3= Moderately offensive 4= Slightly 
offensive 5= Intermediate 6= Slightly pleasant 7= Moderately pleasant 8= Very pleasant 
9= Extremely pleasant 
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Flavour liking: 1= Dislike extremely 2= Dislike very much 3= Dislike moderately 4= 
Dislike slightly 5= Intermediate 6= Like slightly 7= Like moderately 8= Like very much 
9= Like extremely 
Tenderness: 1= Very tough 2= Moderately tough 3= Slightly tough 4= Slightly tough 
5= Intermediate 6= Slightly soft/tender 7= Moderately soft/tender 8= Very soft/tender 
9= Extremely soft/tender 
Texture: 1= Extremely rough 2= Very rough 3= Moderately rough 4= Slightly rough 5= 
Intermediate 6= Slightly smooth 7= Moderately smooth 8= Very smooth 9= Extremely 
smooth 
Taste: 1= Extremely bitter 2= Very bitter 3= Moderately bitter 4= Slightly bitter 5= 
Intermediate 6= Slightly sweet 7= Moderately sweet 8= Very sweet 9= Extremely sweet 
Overall liking: 1= Dislike extremely 2= Dislike very much 3= Dislike moderately 4= 
Dislike slightly 5= Intermediate 6= Like slightly 7= Like moderately 8= Like very much 
9= Like extremely. 
 

Preparation of products for sensory analyses 

The stored products were removed from the refrigerator and allowed to thaw for three 
hours under normal room temperature.  They were then warmed in an electric oven 
(Turbonfan, Blue seal, UK), sliced into 2cm thickness and wrapped with coded 
aluminium foil. 
 

Laboratory analyses 

Analysis to determine the crude protein, crude fat, moisture, pH, mineral and peroxide 
values of the products were carried out to establish the nutritive value of the products. 
Analyses were done according to the methods of International Association of Official 
Analytical Chemists [13] methods. Analyses were done in triplicates. All reagent used 
were of analytical grades. For the determination of pH, 10g frankfurter sausage each 
treatment was ground with laboratory mortar and pestle, homogenized with 50ml 
distilled water and pH values were measured with digital pH-meter (CRISON, Basic 20, 
Spain). 
 
Statistical analysis 

All data collected were analysed using the general linear model (GLM) the Analysis of 
variance (ANOVA) of genstat statistical package, Edition.  
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RESULTS AND DISCUSSION 

 

  
Figure 1: pH of sweet potato frankfurter sausages  

 

 

 
Fig. 2: Peroxide value of frankfurter sweet potato sausage 

 

Sensory characteristics of sweet potato frankfurter sausages 

There was significant improvement in terms of general acceptability of the products with 
the inclusion of potato puree on day 1. Lack of significant differences among treatment 
means in terms of sensory characteristics of the product which indicates that frankfurter 
with sweet potato puree extender would equally be preferred by consumers as the control. 
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Protein, Fat Moisture, Ash content and pH of sweet potato frankfurter sausages 

There was a significant reduction in protein content as sweet potato inclusion increased 
from (0%, 10% and 15%). The difference in protein content was due to the addition of 
the potato. It has been reported by other workers [14] that adding substances which are 
low in protein will result in low protein content. 
 
Sweet potato is known to have low amount of fat. The fat content of the sweet potato 
frankfurter sausage was not negatively affected. Consumers tend to believe that potatoes 
are high in calories and in fat compared with other carbohydrate sources such as rice or 
pasta, an incorrect assumption since potato has negligible fat and a low energy density 
similar to legumes [15]. The insignificant difference in the fat content of the products 
indicated that consumers would not be at risk health wise when sweet potato puree is 
included in frankfurter sausages formulation. 
 
Less moisture makes meat dryer in the mouth while high moisture content in meat makes 
it more juicy [16]. Statistically, there was a trend in products per the percentage inclusion 
of puree which shows the correlation in the moisture content.  The inclusion level of 15% 
was found to have higher values to 10% inclusion level.  However, high moisture content 
enhances microbial growth and vice versa [17].  
 
Ash or mineral content is the portion of the food or any organic material that remains 
after it is burned at very high temperatures. Ash content of a product indicates the level 
of mineral available if consumed. Earlier workers [18] recorded ash content of meat 
which values are in the same range as this study. 
 
It was observed that sausages frankfurter, had similar pH as the control except the 15% 
test products. Lower pH of meat products creates an acidic medium, making it 
inappropriate for bacterial growth and reproduction [19]. Generally high acidic foods are 
less prone to bacterial spoilage. This implies that the inclusion of sweet potato puree up 
to 15% would have effect on the shelf life of frankfurter sausages. 
 
Peroxide value of sweet potato frankfurter sausages 

The sweet potato products had lower peroxide values than the control frankfurter sausage 
which was significantly higher from day one to the 14th day (Fig. 2). Carotenoids are 
found largely in orange and red sweet potatoes [20]. Products with sweet potato puree 
were not different from each other because of the antioxidant content which is known to 
halt or slow oxidation of lipids. In addition to the coloured flavonoids, sweet potatoes 
with skins contain a variety of colourless phytochemicals with antioxidant potential, 
most notably vitamin C [21]. These could be the major cause of stabilization of the 
peroxide values of the test products. 
 

Mineral content of sweet potato frankfurter sausages 

The iron content was significantly higher in the sweet potato product than the control 
frankfurter sausage with FP2 15% being the highest. Iron deficiency may affect three 
billion people worldwide [22]. This shows sweet potato sausage can provide some iron 
needed by human. Therefore, it would be predicted that sweet potato-based 
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complementary foods (sweet potato sausage), with cereal-based infant foods, would have 
better iron bioavailability [23].  
 
Significant amount of Zinc was recorded in the test products though the control was 
significantly higher than the test products. Courtney [24] found that genotypic variation 
of iron and zinc concentration exists in sweet potato storage roots. Health problems 
caused by zinc deficiency include anorexia, dwarfism, and weak immune system [25].  
Higher (P<0.001) selenium content was recorded in the control compared to the test 
products though all had appreciable amount of selenium. Selenium works with vitamin 
E to protect cells from damage that may lead to cancer, heart related disease and other 
health problems [26]. Selenium also has a role, besides vitamin E, in muscle function by 
improving endurance, recovery and slowing the ageing process [27, 28].  
 

CONCLUSION 

 
The inclusion of sweet potato puree as an extender did not negatively affect the sensory 
characteristics of both beef sausages. It improved on the tenderness and texture of both 
beef sausages. The beef sausages were not influenced negatively. Lipid per oxidation 
process was slowed by the sweet potato puree inclusion in the sausages. The three sweet 
potato varieties appeared to be rich sources of micro minerals (zinc, iron and selenium). 
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Table 1: Sensory characteristics of sweet potato frankfurter sausages on day 1 

Parameters TO 

0% 

WFP1 

10% 

WFP2 

15% 

OFP1 

10% 

OFP2 

15% 

PFP1 

10% 

PFP2 

15% 

S.e.d P 

value 

Colour 6.45 6.36 6.64 7.18 6.45 6.00 5.91 0.74 0.69 
Aroma 5.73 7.09 6.00 6.36 6.27 7.27 6.73 0.78 0.39 
Flavour 
liking 

6.42 6.92 6.17 6.33 6.75 6.75 6.08   0.59 0.73 

Tenderness 7.18 6.18 7.36 6.36 6.91 6.27 7.09 0.87 0.72 
Texture 6.73 6.09 6.45 6.73 6.27 6.64 6.00 0.90 0.97 
Taste 5.55 6.18 7.09 6.64 7.18 6.82 5.82 0.78 0.27 
Overall 
liking 

5.27a 7.45b 7.09ab 7.27ab 7.27ab 7.36ab 7.36ab 0.71 0.04 

Sed = standard error of difference. Means on the same row with the same 

superscript are not significantly different (P>0.05) 

 

 

Table 2: Sensory characteristics of sweet potato frankfurter sausages on day 7 

Parameters TO 

0% 

WFP1 

10% 

WFP2 

15% 

OFP1 

10% 

OFP2 

15% 

PFP1 

10% 

PFP2 

15% 

S.e.d P 

value 

Colour 5.92 6.08 7.25 6.17 6.58 5.58 5.17   0.73 0.13 
Aroma 6.83 6.92 7.00 6.50 6.75 6.67

  
6.17   0.61 0.85 

Flavour 
liking 

6.42 6.92 6.17 6.33 6.75 6.75 6.08 0.58 0.73 

Tenderness 6.17 5.75 6.33 5.33 5.17 5.00 5.67 0.85 0.65 
Texture 4.92 5.33 6.25 5.75 6.25 5.25 5.83 0.73 0.44 
Taste 6.67 7.17 6.75 6.33 7.42 6.83 6.83 0.55 0.58 
Overall 
liking 

7.08 7.08 6.92 6.42 7.17 6.92 6.33 0.62 0.74 

S.e.d = standard error of difference. Means on the same row with the same 

superscript are not significantly different (P>0.05) 
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Table 3: Sensory characteristics of sweet potato frankfurter sausages on day 14 

Parameters TO 

0% 

WFP1 

10% 

WFP2 

15% 

OFP1 

10% 

OFP2 

15% 

PFP1 

10% 

PFP2 

15% 

S.e.d P 

value 

Colour 5.55 5.82 6.91 6.27 5.73 5.00 5.09 0.77 0.19 
Aroma 6.00 6.00 6.27 6.27 5.82 5.91 5.45 0.71 0.93 
Flavour 
liking 

6.18 6.27 6.18 6.18 6.09 5.18 5.18 0.68 0.40 

Tenderness 6.00 5.64 5.09 4.73 4.82 4.91 6.09   0.77 0.35 
Texture 4.91 5.45 4.82 5.27 5.18 5.00 5.45 0.74 0.96 
Taste 6.18 6.64 6.00 6.45 5.73 5.91 5.45 0.64 0.56 
Overall 
liking 

6.27 6.82 6.00 6.45 6.18 6.09 5.82   0.70 0.85 

S.e.d = standard error of difference. Means on the same row with the same 

superscript are not significantly different (P>0.05) 

 

 

Table 4: Mineral composition of sweet potato frankfurter sausages 

Parameters Iron  Zinc  Selenium 

TO 0.197f 0.067a 0.573a 

WFP1 10% 0.238d 0.025e 0.086b 

WFP2 15% 0.302b 0.031c 0.071c 

OFP1 10% 0.211e 0.021f 0.055d 

OFP2 15% 0.289c 0.019g 0.057d 

PFP1 10% 0.159g 0.027d BDL 

PFP2 15% 0.321a 0.038b 0.056d 

Pooled standard error of means 0.0 0.0 0.0 

P value 0.01 0.01 0.01 

Means (± standard error) Means in the same column with different superscript are 

significantly different (P<0.01).  BDL- Below detection limit 
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Table 5: Proximate composition of sweet potato frankfurter sausage 

Means (± standard error) Means in the same row with the same superscript are not significantly different (P < 0.05)  
 

Parameter  TO WFP1 10% WFP2 15% OFP1 10% OFP2 15% PFP1 10% PFP2 15% P value 
Moisture 56.15 ± 0.14e 60.30 ± 0.14d 61.30 ± 0.14c 61.05 ± 0.14cd 63.20 ± 0.14b 63.25 ± 0.14b 66.45 ± 0.14a 0.0 
Protein 20.78± 0.10a 19.69±0.10b   18.52± 0.10c 19.76±0.10b 18.81± 0.10c 19.91±0.10b 18.89c±0.10c 0.0 
Fat  16.88 ± 0.54 17.50 ± 0.54 17.19 ± 0.54 16.88 ± 0.54 16.88 ± 0.54 16.88 ± 0.54 15.62 ± 0.54 0.4 
Ash 6.72 ±0.06a 6.80± 0.06a 5.15± 0.06c 5.79± 0.06b 6.92± 0.06a 6.78± 0.06a 5.84± 0.06b 0.0 



 
 

 DOI: 10.18697/ajfand.89.18720 15233 

REFERENCES 

1. Williams PG Nutritional composition of red meat, Nutrition and Dietetics, 2007; 
64(Suppl 4), S113-S119. 

2. Biesalski HK Meat as a component of a healthy diet – are there any risks or 
benefits if meat is avoided in the diet. Meat Science, 2005; 70: 509–524. 

3. Sheehy JE, Elimido AM, Genteno GS and PP Pablico Searching for new plants 
for climate change. Journal Agricultura. Meteorology, 2005; 60: 463-468. 

4. Smith JS and YH Hui Food processing: principles and Applications, Blackwell 
pub. Iowa, 2004: 14-18. 

5. Rosenthal S and S Jansky Effect of production site and storage on antioxidant 
levels in specialty potato (Solanum tuberosum L.) tubers. J. Sci. Food. Agric, 2008; 
88:2087–2092. 

6. Food and Agriculture Organization. Meat with high level of extenders and 
fillers, FAO 2013. 

7. Bengntson A, Namutebib A and ML Almingera Effects of various traditional 
Processing methods on the all-trans-β-carotene content of orange-fleshed sweet 
potato. Journal Food Composition and Analysis, 2008; (2): 134-143. 

8. Woolfe J A sweet potato; An untapped food resource, Cambridge UK; Cambridge 
University Press and the International Potato Center (CIP), 1992. 

9. Effah-Manu L, Oduro I and A Addo Effect of Dextrinized Sweet potatoes on 
the Physicochemical and Sensory Quality of Infra-Red Dried Mango Leather Food 
Process. Technol Environment, 2013; (2) 4: 5-7. 

10. Chukwu O, Nwadike N and N Nwachukwu Effect of cooking and frying on 
antioxidants present in sweet potato. Academic Research International, 2012; 2(2): 
104-109. 

11. U.S. Department of Agriculture and Health and Human Services. Dietary 
Guidelines for Americans, 2010 7th Ed. Washington, DC: US Government Printing 
Office. 

12. British Standard Institution Assessors for Sensory Analysis. Guide to selection, 
training and monitoring of selected assessors. British Standard Institution London, 
United Kingdom, 1993. 

13. Official Methods of Analyses of AOAC International In p. Cuniff (Ed.), 
International (16Ed) Gaithersburg, MD, USA: AOAC International, 1999. 

14. Nurul A, Roy SK, Ahmed T and AS Ahmed Nutritional status, dietary intake, 
and relevant knowledge of adolescent girls in rural Bangladesh. Journal of health, 
population, and nutrition, 2010; 28(1): 86. 



 
 

 DOI: 10.18697/ajfand.89.18720 15234 

15. Priestley H How to think like consumers and win! In: Potato developments in a 
changing Europe. Haase, N.U. and Haverkort, A.J. Eds. Wageningen Academic 
Pub. 2006; 20: 189–198. 

16. Colmenero J Relevant factors in strategies for fat reduction in meat products. 
Trending Food Science. Technology, 2000; 11: 56–66p.  

17. Lawrie RA and DA Ledward The eating qualities of meat. In: Lawrie’s Meat 
Science, 7th edition, Woodhead Publishing Limited, Abington Hall, Abington, 
Cambridge CB1 6AH, England, 2006: 1 - 14. 

18. Lucarini MG, Saccani L and D’Evoli “Micronutrients in Italian ham: A survey 
of traditional products,” Food Chemistry,vol. 140, 2013; 4: 837–842. 

19. Warris PD Fats fatty acids in meat. In: meat science, an introductory Text 
(2ndEdition). CAB International, Wallingford Oxford shire, UK, 2010: 77-96. 

20. Brown CR, Yang CP, Navarre D and D Culle Carotenoid and anthocyanin 
concentrations and associated antioxidant values in high pigment potatoes. Am. J. 
Potato Res, 2004; 81: 48. 

21. Barnes S, Prasain J and H Kim In nutrition, can we “see” what is good for us. 
Advance Nutrition, 2013; 4:327S–334S. 

22. Long Jennifer K, Marianne Banziger and Margaret E Smith Diallel analysis 
of grain iron and zinc density in southern-African adapted maize inbreds. Crop 
Science, 2004; 44: 2019-2026. 

23. Lung’aho MG and RP Glahn In vitro estimates of iron bioavailability in some 
Kenyan complementary foods. Food Nutrition, Bull; 2009; 30:145–152. 

24. Courtney M Genotypic Variability and Inheritance of Iron and Zinc in Sweet 
potato. Louisiana State Univ., Baton Rouge, MSc Thesis, 2007. 

25. Solomons NW “ZINC/Deficiency.” Encyclopedia of Food Sciences and 
Nutrition. 2nd ed. Ed. Benjamin Caballero. Oxford, England: Elsevier Science Ltd, 
2003. 

26. Nutrition Reference Guide Minerals: Spark diet resource center, United States, 
2013. 

27. Cabaraux JF, Dotreppe O, Hornick JL, Istasse L, and I Dufrasne Les oligo-
éléments dans l'alimentation des ruminants: État des lieux, formes et efficacité des 
apports avec une attention particulière pour le sélénium. CRA-W-Fourrages 
Actualités, 12ème journée, 2007: 28–36. 

28. Suttle J Symposium introduction: Enhancing the nutritional value of potato tubers. 
American Journal Potato Research, 2008: 85-266. 


