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ABSTRACT 

Objective 

In this study, orange-fleshed sweet potato (OFSP) puree was substituted with wheat flour (48:52%) in the production of 

spaghetti, herein denoted VitAspag and compared with three existing whole wheat brands (Local, Oba and Spaghetti). 

Methods 

Hundred untrained panel list evaluated the colour, taste, stickiness, firmness and overall acceptability using a 5-point hedonic 

scale. The proximate and β-carotene content of VitAspag was carried out using standard methods and compared with the most 

preferred existing brand, Spaghetti. 

Results 

The sensory scores for all spaghetti brands were above 3, an indication of good consumer acceptability. There was no 

significant (p>0.05) difference among vitAspag, Local, Oba and Spaghetti with respect to all sensory attributes considered. 

The moisture, ash and fibre content ranged from 8.90% - 9.50%, 1.15% - 1.20% and 0.42% - 0.62%, respectively. Spaghetti, 

had a significantly higher protein (2.02% vs. 0.05%; p<0.001) and carbohydrates (81.0% vs. 79.7%; p = 0.024) content 

compared with VitAspag. VitAspag, was also significantly (p<0.001) higher in β-carotene, almost 1.6 times higher than 

Spaghetti. A 125 g and 500 g of vitAspag per day will respectively meet 10% and 9.03% of the daily vitamin A requirement 

of children <5 years (300 µg RAE/day) and pregnant and lactating mothers (1,300 µg RAE/day). 

Conclusion 

Ranking VitAspag similar to the existing commercial brand is an indication that consumers will equally accept it. OFSP puree 

could be composited with wheat flour up to (48:52%) on as is basis to make spaghetti and will contribute to a significant 

amount of dietary intake of vitamin A. 
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1. INTRODUCTION 

Hidden hunger, particularly vitamin A deficiency, is a 

grave public health issue in most developing countries. In 

Ghana, vitamin A deficiency (VAD) is severe, with almost 

three fourth of pre-schoolers and one-fifth of expectant 

mothers are deficient in vitamin A [1]. Inadequate dietary 

intake of carotenoid-rich foods could partly account for 

the high prevalence of VAD in the country. This situation 

has resulted in the search for more sustainable actions to 

ameliorate the menace [2]. Food-based approaches such as 

fortification and biofortification of food; diet 

diversification and diet education have shown to be a more 

sustainable means of addressing VAD [3].  

Spaghetti and pasta are ancient foods that could be 

described as a type of dough extruded or stamped into 

various shapes for cooking. They are consumed in diverse 

ways all over the world and it is economical, easy to 

prepare and have a longer shelf life [4]. Noodle products 

are usually prepared from amber durum wheat that is 

processed into semolina and mixed with other ingredients 

[5]. In recent times, there have been conscious efforts to 

formulate noodles using non-traditional raw materials 

mainly to improve its nutritional and functional properties 

[4] as well as reduce the cost of importation of wheat flour, 

the main ingredient in noodles making. For instance, 

fortification and supplementation strategies have been 

previously employed to improve the vitamin and mineral 

content of food products [6-8]. However, enrichment of 

spaghetti with natural raw ingredients has been proposed 

by Marconi and Messia [4] as a sustainable approach to 

improving the nutrient profile of spaghetti.  

OFSP is a good dietary vitamin A source because it 

contains significant levels of β-carotene, a provitamin A 

[9]. For this reason, OFSP is being promoted in sub-

Saharan Africa as a food-based approach in combating 

VAD [10]. OFSP has previously been pureed and 

composited with wheat flour in the baking of bread that 

met 21% of the daily vitamin A requirement for lactating 

mothers and found to be acceptable by consumers [11]. 

Incorporation of OFSP puree in spaghetti production 

would help in product diversification and value addition to 

OFSP. This would provide rural-poor farmers with an 

exclusive opportunity to improve on their income 

generation.  

The objective of the study by was to develop OFSP-based 

composite spaghetti and evaluate its sensory quality. The 

proximate composition and β-carotene content of the 

OFSP-based composite spaghetti was also considered. 

2. MATERIALS AND METHODS 

Source of raw material 

Storage roots of Apomuden (Figure 1a & Figure 1b) were 

purchased from a local farmer at the Bontanga irrigation 

scheme, Kumbungu district, Northern Region. Hard wheat 

flour and salt were also purchased from the Tamale central 

market. 

Figure 1: (a) Wheat flour. (b) Apomuden, an orange-

fleshed sweetpotato variety. 

Preparation of OFSP Puree 

Storage roots of about 5 kg were sorted, washed under 

running tap water, peeled with a kitchen knife and sliced 

into a cube and steamed for 35 minutes. The steamed roots 

were pureed using a Robot Cook (Robot-Cook®, 
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I5720189101) at a speed of 3000 rpm for 3 minutes. The 

moisture content of the OFSP puree and wheat flour was 

72.8% ± 1.97% and 10.3% ± 0.24% respectively. 

Processing of Spaghetti 

OFSP puree and wheat flour were mixed at a ratio 48:52 

on as is basis and 0.5 g of iodized salt added to form a 

mixture. The mixture was then kneaded into a stiff dough 

and then cut into strands (Figure 2a) using a noodle cutting 

machine (Marcato Ampia 150, Italy). The strands were 

dried at room temperature for 24 hours and packaged into 

flexible polypropylene bags and sealed. Commercial 

noodles, produced from 100% wheat flour (Figure 2a - 

Figure 2c), were purchased used as the control. 

Figure 2: (a) VitAspag. (b) Oba spaghetti. 

 
(c) Spaghetti. 

Sensory evaluation of cooked spaghetti 

OFSP-based composite noodle was evaluated by 100 

untrained panelists, who regularly consume spaghetti. A 

5-point hedonic scale (1 - dislike extremely to 5 - like 

extremely) was used to evaluate the products based on 

colour, aroma, taste, firmness, stickiness and overall 

acceptability. Two commercial branded as Oba and 

Spaghetti and a non-branded product on the Ghanaian 

market were included in the consumer testing study. 

Proximate composition 

The spaghetti were analyzed, in triplicates using approved 

methods of the Association of Official Analytical 

Chemists (AOAC, 1995) for moisture (AOAC 925.10), 

crude protein (AOAC 960.52), Ash (923.03) and crude fat 

(AOAC 922.06). Total carbohydrate was estimated by 

difference. 

β-carotene determination 

The β-carotene content of VitAspag and spaghetti, one of 

the commercial noodles in the Ghanaian market was 

determined using standard methods as described 

elsewhere [12]. 

Statistical analysis 

Statistical analysis of the sensory data was performed 

using Microsoft® Excel 2010/XLSTAT©-Pro (Version 

2016.02, Addinsoft, Inc., Brooklyn, NY, USA). Kruskal-

Wallis non-parametric test procedure was employed to 

analyse the curing treatment. Multiple pair wise 

comparisons was done using the Steel-Dwass-Critchlow-

Fligner procedure/Two-tailed test when p <0.05. Data on 

proximate and β-carotene was subjected to a one-way 

analysis of variance in Minitab.v16.2.4.4TM (Minitab Inc., 

State College, PA, USA). The Turkey’s studentised range 

test was used to compare differences between means when 

the ANOVA result was significant (p<0.05). 

3. RESULTS AND DISCUSSIONS 

There was no significant (p>0.05) difference among the 

three commercial brands (local, Oba, Spaghetti) and 

VitASpag in terms of all the sensory properties evaluated 

(Figure 3). The sensory score for all the sensory attributes 

were ≥4, an indication of good consumer acceptance of the 

products assessed. The current findings do not support 

previous works that showed spaghetti made from whole 

wheat flour to be more acceptable to consumers compared 

to made from composite flours of sweetpotato, yam, 

cocoyam, plantain and cassava [13]. It is worth noting that 

sweetpotato puree was used in this current study as 
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opposed to flour in the previous study, and this may be 

attributed to the difference in findings. Although not 

significant, consumers rated the colour for VitAspag 

higher than the commercially available brands (Local, Oba 

and Spaghetti). The characteristic yellow colour of 

VitAspag could account for this higher consumer 

preference. Colour is an important quality index in 

spaghetti which impacts purchasing decisions [14]. 

Martinez, Ribotta, Leon, and Anon [15] reported that 

among other sensory attributes, yellow colour, can be 

considered a positive attribute; and an indication of better 

spaghetti quality. 

 

Figure 3: Sensory evaluation of boiled VitAspag and 

commercial brands. 

The compositional data of dry uncooked VitAspag and 

Spaghetti, one of the commercially available brands in 

Ghana are presented in Table 1. Generally, there was no 

significant (p>0.05) difference between VitAspag and 

Spaghetti in their moisture content. The moisture content 

of the all brands was lower than the standard of 14% as 

required by the codex alimentarius commission for non-

fried noodles [16], which could enhance the shelf life of 

the spaghetti. Low moisture content minimizes the 

incidence of physical and chemical reactions that may 

result in product deterioration and lower quality [17,18]. 

The fat content of VitAspag was significantly (p = 0.011) 

different; almost 1.6 times higher than Spaghetti, the 

commercial brand. The data in this study support earlier 

studies [13] that showed that noodles made with higher 

substitution levels of sweet potato or plantain flour 

resulted in increased fat content. 

 

Table 1: Proximate parameters of VitAspag and Spaghetti 

on as are basis. Note: Values are means ± SEM. 

The protein content of VitAspag was significantly 

(p>0.001) different form Spaghetti; almost 4 times lower 

than the commercial noodle (Table 1). Generally, the 

protein content of sweetpotato is low ranging from 1.0% - 

8.5% [18] and this could be attributed to the low protein 

content of VitAspag developed from the partial 

substitution of OFSP puree. The low protein content 

suggests that VitAspag may not be a good source of 

protein unless fortified with protein-rich sources such as 

legumes. Previous work by Gopalakrishnan, Menon, 

Padmaja, Sajeev, and Moorthy [19], fortified sweetpotato-

based pasta with three protein sources namely: whey 

protein concentrate, defatted soy flour and fish powder. 

This was because the protein content of pasta from whole 

wheat flour or composited contained relatively low protein 

content. 

The total carbohydrate content of commercial brand 

(Spaghetti) was significantly (p = 0.024) higher about 

1.6% more than VitAspag. However, the total 

carbohydrate content both spaghetti evaluated ranged 

from 79.71-81.26%. This indicates that VitAspag could be 

a good source of carbohydrates. The total carbohydrate 

content of VitAspag was higher than those reported by 

Akinsola, Idowu, Laniran, Ojubanire, and Oke [20] for 

composite sweetpotato-wheat flour spaghetti. However, 

the total carbohydrate content of VitAspag was similar to 

the 72% - 73% reported for sweetpotato wheat-based 

noodles.  
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The β-carotene content of dry uncooked VitAspag was 

compared with one of the commercially available noodles 

(Spaghetti) and the data is presented in Figure 4. 

 

Figure 4: β-carotene content of VitAspag and Spaghetti. 

Note: Bars are means ± SD. 

VitAspag showed a significantly (p<0.001; 0.0029 vs. 

0.0018 mg/g) higher β-carotene, almost 1.6 times higher 

than the existing whole-wheat brand, Spaghetti. The 

partial substitution of wheat flour with β-carotene-rich 

OFSP [21] puree led to the higher β-carotene content in 

VitAspag compared with the commercial spaghetti. The 

partial substitution of wheat flour with 48% OFSP puree 

in bread making proved to increase the vitamin A content 

of the bread relative to whole wheat bread [11].  

A 125 g and 500 g of VitAspag per day will respectively 

meet 10% and 9.03% of the daily vitamin A requirement 

of children <5 years (300 µg RAE/day) and pregnant and 

lactating mothers (1,300 µg RAE/day). 

4. CONCLUSION 

Spaghetti formulated from 48% OFSP puree and 52% 

wheat flour (VitAspag) had a higher consumer rating as 

the commercially available spaghetti and this will also 

contribute significantly to dietary intake of vitamin A. 

This is an indication that Ghanaian consumers will equally 

accept VitAspag just as the existing brands in the market 

as the evaluation was done using panel list familiar with 

commercially available spaghetti. VitAspag had good 

nutritional content except that the protein content was 

relatively lower. The protein content of VitAspag could be 

improved using protein-rich crops such as soybean.
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