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Abstract 
The study sought to evaluate shelf-storable OFSP puree as a possible alternative 

to fresh OFSP puree in bread baking. The physico-chemical attributes of the breads in 
which two treatments of shelf-storable OFSP puree, T1 and T2 with 0.5% potassium 
sorbate +0.5% sodium benzoate +1% citric acid and 0.2% potassium sorbate +0.2% 
sodium benzoate +1% citric acid respectively, were incorporated at 30 and 40%, were 
determined with fresh puree and white breads as controls. The results showed that 
there were no significant differences (p>0.05) in the crude protein, crude fat, 
carbohydrate and crude fiber contents of the breads. Both treatments of shelf-storable 
OFSP puree breads had higher crude ash content and moisture than control white 
bread (p<0.05). β-carotene content of bread in which 3-month old T2 shelf-storable 
OFSP purees was incorporated provided 121.30±8.05 mg 100 g-1 DW. Incorporation of 
shelf-storable OFSP puree into bread had no significant (p>0.05) effect on the loaf 
weight, volume and specific volume. Shelf-storable OFSP puree proved an alternative 
to fresh puree up to 3 months of its storage, thus recommended for use in bread 
baking. 
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INTRODUCTION 
Considerable research on food-based strategies using orange fleshed sweetpotato 

(OFSP) to combat vitamin A deficiency (VAD) in Sub-Saharan Africa (SSA) have largely been 
successful (Low et al., 2015). However, one of the challenges of biofortification is the 
sustainable adoption of the nutritious crop by target populations. Creation of market 
opportunities for OFSP through value chain development can result in sustainable adoption 
and consumption of vitamin A-rich OFSP (Wachira, 2012). This consumption can result in 
reductions of VAD and malnutrition among smallholder farmer households, especially young 
children and women at child bearing age (Jenkins et al., 2015). In Africa, there is a rapid 
growth in the middle class that is highly educated and are demanding local, safe and 
nutritious and modern foods, in line with the changing food systems; thus innovations 
around OFSP as food products and as versatile ingredients provide opportunities to address 
malnutrition in Africa. 

Currently, in Kenya, OFSP puree is cheaper than OFSP flour (Bocher et al., 2017). 
Unlike OFSP flour, the incorporation of OFSP puree into bread has both health and economic 
benefits. The substitution of wheat flour with OFSP puree increases the β-carotene 
composition, a provitamin A compound, of the bread as OFSP roots are rich in β-carotene as 
high as 6.9 mg 100 g-1 dry weight (Bonsi et al., 2014). OFSP puree incorporation into bread 
formulation results in reductions in sugar, fat, water and colorants, thus reducing the 
production costs. Adoption of locally grown and produced OFSP puree will reduce the 
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dependency on imported wheat for bakery products in SSA as was the case with cassava in 
Nigeria (Adeniji, 2013). 

In the USA, OFSP puree processing is advanced and uses microwave aseptic technology 
improving the keeping quality to 12-24 months (Steed et al., 2008). This advanced 
technology is yet to be adopted in SSA as much reliance is on the cold chain which is 
expensive (Bocher et al., 2017). Studies from pumpkin and peach puree shows that chemical 
preservatives can be used safely to extend the shelf-life of fruit and vegetable puree cost 
effectively (Gliemmo et al., 2014). Sorbic acid and its potassium salt are used as 
antimicrobial agents in a wide range of foods, including processed vegetable products (Aneja 
et al., 2014). Citric acid is generally added to fruit formulations to maintain their pH<4.6, 
because high-acid foods require less heat treatment to ensure stability. Different 
combinations of citric acid, sorbate and benzoate together with vacuum packing were shown 
to increase the shelf-life of OFSP puree by 3-6 months in Kenya and produced safe products 
for human consumption (unpublished data). This study evaluated the physico-chemical 
characteristics of composite breads developed from shelf-storable OFSP puree to provide an 
evidence-based justification for its use as an alternative to the fresh puree. 

MATERIALS AND METHODS 

Preparation of bread samples 
Shelf-storable OFSP puree made from Kabode variety of OFSP tubers was obtained 

from the sole processing plant in Homa Bay County. Wheat flour, Exe (Unga Limited, Kenya) 
was purchased from a retail outlet. Salt (Kensalt Limited, Kenya), Sugar (South Nyanza Sugar 
Company Limited, Kenya), baking powder (Kapa Oil Refineries, Kenya), baking soda (RH 
Devani Limited, Kenya) and yeast (Foodplus, Kenya) were purchased from the local shops in 
Homa Bay County. The OFSP puree was treated in two ways: treatment 1 had 0.5% 
potassium sorbate + 0.5% sodium benzoate + 1% citric acid while treatment 2 had 0.2% 
potassium sorbate + 0.2% sodium benzoate + 1% citric acid and stored away from light at 
ambient temperatures (15-23°C). The control fresh puree was stored frozen at -20°C for a 
period of 4 months. All the stored samples were packaged in sealed transparent 
polyethylene plastic bags (300 gauge). The purees were sampled monthly for use in bread 
baking for a period of 4 months. 

Both treatments were used to make bread with wheat flour substitution of 30%, which 
was the minimum level known to provide adequate quantity of beta carotene (Sindi et al., 
2013; Muzhingi et al., 2016), and 40% which is the practice in the Kenyan market. Sodium 
bicarbonate (baking soda) was used to neutralize acidity of shelf-storable puree according to 
the method used by Book and Brill (2015): 

Soda (g) =
Acid (g) ×  Neutralization value

100
 

The neutralization value that was used was 159 as stated by manufacturer (Univar 
Food Ingredients, UK). 

The bread samples were made as shown in Figure 1. The ingredient mixes were as 
shown in Table 1 which was adopted from recipes by Antonio Magnaghi of Euro-Ingredients 
Limited, Nairobi, Kenya. Water was first added to flour, puree, sugar, bread improver and 
baking powder mix. Fat, salt and baking powder were then added and kneading done. The 
dough was subdivided into 460-g sizes and transferred into an already greased aluminum 
loaf pan. Proofing was done for 45 min at 40°C and 85% RH. Baking was done for 30 min at 
200°C, then removed from the pan, cooled overnight, and packaged in a polythene bag and 
stored at 23°C. The samples were transported in frozen form for physico-chemical analysis 
in the Food and Nutritional Evaluation Laboratory (FANEL), Biosciences for east central 
Africa (BecA) Hub at the International Livestock Research Institute (ILRI), Nairobi, Kenya. 
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Figure 1. Schematic representation of baking of bread samples. 

Table 1. Ingredients for making standard white bread and different levels of OFSP puree 
substitution in composite breads. 

Ingredient (g) White 
bread 

Fresh puree bread T1 SS bread T2 SS bread 
30% 40% 30% 40% 30% 40% 

Flour 2,500 1,750 1,500 1,750 1,500 1,750 1,500 
Puree 0 750 1,000 750 1,000 750 1,000 
Sugar** 125 75 75 75 75 75 75 
Salt** 25 25 25 25 25 25 25 
Fat** 100 75 75 75 75 75 75 (3) 
Yeast** 37.5 50 50 50 50 50 50 
Bread improver** 0 7.5 7.5 7.5 7.5 7.5 7.5 
Baking powder** 0 0 0 12.5 12.5 12.5 12.5 
Baking soda 0 0 0 11.9 15.9 11.9 15.9 
*SS-shelf-storable, T1 had 0.5% potassium sorbate + 0.5% sodium benzoate + 1% citric acid and T2 had 0.2% potassium sorbate + 
0.2% sodium benzoate + 1% citric acid. **Ingredients added as proportion of the total quantity of wheat flour + OFSP puree 
composite. 

Analytical methods 

1. Determination of proximate composition of bread and puree. 
Proximate composition of bread and puree in terms of moisture content, crude 

protein, crude fiber, crude fat, crude ash and carbohydrate contents were determined as per 
AOAC (2012) methods. 

2. Determination of β-carotene content in OFSP puree and bread. 
The β-carotene content was determined using high-performance liquid 

chromatography (HPLC) by modification of the method described by Kurilich and Juvik 
(1999). The crumb and crust of each sample were separately subjected to analysis. 
Approximately one gram of the sample was accurately weighed into a 25-mL tube. For the 



192 

OFSP puree, 1 g of homogenized puree samples was weighed in 25-mL tube. To it, 5 mL of 
methanol was added and vortexed for 1 min to mix. The sample was incubated at 70°C for 10 
min in a water bath followed by centrifugation at 800×g for 10 min. The liquid part was 
decanted slowly into a 25-mL volumetric flask. To the remaining residue, 5 mL of 
tetrahydrofuran was added, vortexed for 1 min and centrifuged at 800×g for 10 min. The 
liquid part was decanted into the 25-mL volumetric flask. Extraction with tetrahydrofuran (5 
mL each time) was repeated thrice. The 25-mL volumetric flask was filled up to the mark 
with tetrahydrofuran and mixed by shaking. Upon mixing, 2 mL of the extract was 
transferred to a clean 25-mL tube; 4 mL HPLC hexane and 3 mL deionized water were added. 
The mixture was vortexed for 1 min and centrifuged at 800×g for 10 min. The upper phase 
was transferred into a 15-mL tube using a Pasteur pipette. The solvent was evaporated in an 
N-evaporator with temperature maintained below 40°C. The dry residue was reconstituted 
with methanol: tetrahydrofuran mixture (85:15). A mL of the reconstituted mixture was 
transferred into HPLC vials. The HPLC systems consisted of a Shimadzu CBM -20A 
Prominence Bus Module, SPD –M20A Prominence Photo Diode Array (PDA), DGU 20A5R 
Prominence Degasser Module, SIL 30AC Nexera Autosampler, two Nexera X2 LC 30AD 
pumps, a YMC Carotenoid S-3μm, 150×3.0 mm I.D. column, and Shimadzu Lab Solutions data 
management software. The HPLC mobile phase was methanol: methyl-tert-butyl ether: 
water (83:15:2, v/v/v, with 1.5% ammonium acetate in the water, solvent A) and methanol: 
methyl-tert-butyl ether: water (8:90:2, v/v/v, with 1% ammonium acetate in the water, 
solvent B). The gradient procedure at a flow rate of 1 mL min-1 was as follows: 1) 90% 
solvent A and 10% solvent B for 5 min; 2) a 12-min linear gradient to 55% solvent A; 3) a 12-
min linear gradient to 95% solvent B; 4) a 5-min hold at 95% solvent B; and 5) a 2-min 
gradient back to 90% solvent A and 10% solvent B. Carotenoids were monitored at UV 
maximum absorption of 450 nm and DAD spectral data from 250 to 550 nm were stored to 
examine spectrum peaks for carotenoids. Carotenoids were quantified by determining peak 
areas in the HPLC chromatograms calibrated against known amounts of standards as 
illustrated in Figure 2. Concentrations were corrected for extraction and extraction and 
handling losses by monitoring the recovery of the internal standard (Echinenone). 

 

Figure 2. HPLC spectra (A) and chromatogram (B) for isomers of β-carotene obtained for 
samples of shelf-storable OFSP puree bread. 
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3. Determination of physical characteristics of the breads. 
Loaf volume, weight and specific volume was determined as described by Nwosu et al. 

(2014). The loaf volume was determined using the seed displacement method. Loaf weight 
was determined on a calibrated weighing scale. The specific volume was calculated as 
follows: 

Specific volume (cm3 g−1) =
Loaf volume
Loaf weight

 

Statistical analysis 
The data were analyzed in Genstat version 15. Descriptive statistics such as mean and 

standard deviation of proximate characteristics, β-carotene content and physical attributes 
were obtained. The data from the proximate composition and β-carotene content of OFSP 
puree were analyzed using one way ANOVA while that from β-carotene content and 
proximate composition of bread were analyzed using two-way ANOVA in the test for 
statistical significance. LSD was used to separate means that were significantly different at 
p<0.05. 

RESULTS AND DISCUSSION 

Nutritional composition of OFSP puree 
The puree used in the current study had high moisture content of 68.59±0.17 g 100 g-1 

while other proximate components were low (Figure 3). Another study by Selvakumaran et 
al. (2017) that evaluated the moisture content in OFSP puree found a higher value, 75.0 g 
100 g-1. The difference observed can be explained by the variation of moisture content 
among varieties and as affected by various cooking techniques. The crude ash content of the 
OFSP puree was 1.36±0.06 g 100 g-1 which was comparable to the value, 1.39±0.18 g 100 g-1, 
obtained in a study by Haile and Getahun (2018). The crude protein content of the puree 
was found to be 1.39±0.17 g 100 g-1. This value agrees with values reported by Low et al. 
(2015) who concluded that OFSP purees are low in protein. 

 

Figure 3. Proximate composition of OFSP puree. 

The β-carotene content of the puree was significantly reduced by 45.6 and 57.3% for 
treatment 1 (T1) and treatment 2 (T2) shelf-storable OFSP purees respectively by the fourth 
month as shown in Table 2. This would possibly still be exploited in fortification as levels of 
100-1,600 µg RAE have been used in interventions aimed at eradicating VAD (Low et al., 
2007; Nzamwita et al., 2017). The purees were high in all-trans β-carotene which is a known 
isomer of β-carotene. In storage, β-carotene loss can occur through auto-oxidation and 
interaction with singlet oxygen, acids, metals and free radicles (De Moura et al., 2015). 
Photo-oxidation of the OFSP puree is usually avoided by storage of the puree away from 
light. OFSP puree itself has lower levels of β-carotene compared to the tubers due to the 
processing that entails boiling which is known to result into reduction of all-trans β-carotene 
by conversion into 13-cis form as reported by Failla et al. (2009). 



194 

Table 2. Beta carotene content of OFSP fresh puree and different treatment of shelf-stable 
OFSP puree after different storage periods (mg 100 g-1 dry weight). 

Sample OFSP 
puree* 

β-carotene 
isomer 

Period of storage in months 
0 1 2 3 4 

Fresh puree 13Z 1.34±0.55a 1.57±0.20a 1.57±0.14a 1.57±0.14a 1.41±0.16a 

All E 11.27±1.11a 10.11±1.6ab 9.53±0.57b 9.53±0.57b 9.03±0.72bc 

9Z 0.15±0.01a 0.11±0.09a 0.15±0.16a 0.15±0.16a 0.05±0.04a 

Total 12.75±1.66a 11.79±1.87a 11.25±0.67b 11.25±0.67b 10.48±0.91bc 

Treatment 1 13Z 1.34±0.55a 0.93±0.07b 0.71±0.10b 0.58±0.13b 0.75±0.05b 

All E 11.27±1.11a 7.67±0.41b 6.74±0.34bc 6.63±0.20bc 6.05±0.59c 

9Z 0.15±0.01a 0.22±0.02a 0.16±0.14a 0.06±0.06a 0.12±0.07a 

Total 12.75±1.66a 8.82±0.32b 7.62±0.30bc 7.27±0.13c 6.93±0.50c 

Treatment 2 13Z 1.34±0.55a 1.53±0.22a 0.86±0.13b 0.71±0.30b 0.71±0.07b 

All E 11.27±1.11a 7.85±1.50b 7.22±0.31c 6.66±0.08c 4.59±0.23d 

9Z 0.15±0.01a 0.40±0.55a 0.18±0.04a 0.18±0.03a 0.14±0.06a 

Total 12.75±1.66a 9.78±0.8b 8.26±0.33c 7.55±0.32c 5.45±0.25d 
Values with the same superscript are not significantly different at p<0.05. *12 mg of all trans β-carotene and 24 mg of 13 and 9 cis β-
carotene is equivalent to 1,000 µg RAE (FAO/INFOODS, 2012). Treatment 1 had 0.5% potassium sorbate + 0.5% sodium benzoate 
+ 1% citric acid and Treatment 2 had 0.2% potassium sorbate + 0.2% sodium benzoate + 1% citric acid. 

Vitamin A content of bread 
The vitamin A content of the shelf-storable OFSP puree bread was up to 173.98 µg RAE 

100 g-1 in dry weight. This alone has the potential to meet about a half of the recommended 
safe intake for children aged 1-3 years (300 µg RAE) (Kurabachew, 2015). The shelf-storable 
OFSP puree could be a good fortificant for bread up to 3 months at 40% substitution (Table 
3). The β-carotene-rich property of OFSP tubers has been exploited through incorporation in 
puree form in bread (Sindi et al., 2013). Bread made from 4-month old shelf-storable OFSP 
bread had low β-carotene content. This can be attributed to low levels of β-carotene in the 4-
month old shelf-storable OFSP puree. The focus was on the abundant bread crumbs as the 
crust have low levels of β-carotene due to the thermal degradation of the β-carotene during 
baking (De Moura et al., 2015). 

Table 3. Vitamin A content in OFSP bread made from different treatments of shelf-stable 
OFSP puree at different storage times (µg RAE 100 g-1 dry weight). 

Samples* Month Average** 1 2 3 4 
White bread ND ND ND ND ND 
F OFSP PB 30% 116.9±5.2e 105.4±4.7e 80.5±10.8bcd 85.8±11.1cd 108.1±22.0c 

40% 190.7±15.6f 168.3±13.8f 109.9±3.4e 118.7±2.2e 163.7±37.0d 
SS T1 OFSP PB 30% 62.7±13.5bc 6.6±0.3a 4.6±0.8a 4.9±0.5a 22.5±30.7a 

40% 110.7±5.7d 44.1±6.1b 56.4±3.5bc 5.2±0.6a 61.6±43.9b 
SS T2 OFSP PB 30% 70.8±10.2bc 40.8±6.5b 55.4±1.8b 8.3±1.3a 49.6±28.0ab 

40% 83.7±10.5bcd 174.0±2.2f 121.3±8.1e 8.7±0.6a 101.8±68.6c 
Average** 97.7±24.79C 87.4±60.59B 89.4±75.8B 63.7±49.8A  
*F=fresh, OFSP=orange fleshed sweetpotato, PB=puree bread, SS=shelf storable, T1 had 0.5% potassium sorbate + 0.5% sodium 
benzoate + 1% citric acid and T2 had 0.2% potassium sorbate + 0.2% sodium benzoate + 1% citric acid. **Values with different 
superscripts in the table (a-f) except for the averages where values with different superscripts along a row (uppercase A-C) and 
along a column (lowercase a-d) are significantly different at P<0.05. *12 mg of all trans β-carotene and 24 mg of 13 and 9 cis β-
carotene is equivalent to 1,000 µg RAE (FAO/INFOODS, 2012). 

Proximate composition of shelf-storable OFSP puree based bread 
The proximate composition of different bread samples produced from shelf-storable 

puree is shown in Table 4. There were no significant differences (p>0.05) in the proximate 
composition of breads made from purees sampled at different storage months. This is 
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because vacuum packaging results into insignificant changes in the proximate composition 
in the purees in storage (Murcia et al., 2003). 

The moisture content of OFSP-puree bread was significantly (p<0.05) higher than the 
white bread, ranging from 29.63 to 31.92 g 100 g-1. There was no significant difference 
(p>0.05) in the moisture content of bread made from fresh puree and that made from shelf-
storable OFSP puree. White bread had the lowest moisture content of 27.87±0.48 g 100 g-1. 
Another study by Bonsi et al. (2016) found a similar result, OFSP puree based bread had 
17% more moisture content than white bread whose value was 26.83±0.94 g 100 g-1. This 
can be attributed to the fact that OFSP puree is known to have higher moisture content than 
wheat flour, thus bakery products made from the puree have higher moisture content 
(Ginting and Yulifianti, 2015). Increasing the substitution level of wheat flour with OFSP 
puree from 30 to 40% amounted to no significant change in the moisture content (p>0.05). 

Table 4. Results for proximate composition of the OFSP puree composite breads compared 
to standard white bread (g 100 g-1 dry weight). 

Chemical 
composition* 

White 
bread 

Fresh puree bread T1 SS bread T2 SS bread 
30% 40% 30% 40% 30% 40% 

Moisture 27.9±0.5a 30.1±1.7b 31.9±1.7b 32.6±2.b 29.6±1.1b 29.9±3.0b 31.4±2.9b 

Crude ash 1.6±0.5a 1.7±0.3ab 2.2±0.3c 1.7±0.2ab 2.2±0.4bc 2.1±0.1bc 2.2±0.2bc 

Crude fat 6.2±1.1a 5.8±0.2a 4.7±0.9a 5.9±0.5a 5.2±1.1a 5.9±0.4a 6.5±1.8a 

Crude protein 11.0±0.8a 11.1±0.5a 11.1±0.9a 11.0±0.2a 10.9±0.3a 11.0±0.6a 10.5±0.2a 

Crude fiber 1.2±0.3a 1.8±0.8a 1.5±0.2a 2.0±0.8a 1.5±0.4a 1.4±0.2a 2.2±0.9a 

Carbohydrates 79.4±1.1a 78.9±1.3a 79.4±1.1a 78.5±0.4a 79.5±1.8a 78.9±0.9a 77.6±0.7a 

Values with the same superscript along a row are not significantly different at p<0.05. *Values expressed in dry weight apart from 
moisture content, SS (shelf storable), SS-shelf-storable, T1 had 0.5% potassium sorbate + 0.5% sodium benzoate + 1% citric acid 
and T2 had 0.2% potassium sorbate + 0.2% sodium benzoate + 1% citric acid. 

Crude ash content of the shelf-storable OFSP puree bread ranged from 2.07 to 2.24 g 
100 g-1 in dry weight which was significantly (p<0.05) higher than that of the white bread. 
The flour used in the study had the bran removed during processing. This is known to result 
into significant loss in the ash content, thus bakery products from such flours have lower ash 
content (Sibanda et al., 2015). Of all the composite breads, shelf-storable puree-based bread 
tended to have the highest crude ash content. The crude ash content of shelf-storable OFSP 
puree bread was not significantly different (p>0.05) from fresh OFSP puree bread. This can 
be attributed to the use of additional chemical leavening agents, baking soda and baking 
powder, in both fresh and shelf-storable OFSP puree bread; they significantly contribute to 
the mineral content of bread (Lopes et al., 2017). The sodium content of the bread should be 
a course for further research for labeling purposes. 

Physical characteristics of shelf-storable OFSP puree based bread 
There was no significant difference in the loaf weight, loaf volume and specific volume 

of the breads (p>0.05) (Figures 4-6). The variation in volume, weight and specific volume 
was not statistically significant (p>0.05) considering that enough time was provided for the 
bread with OFSP puree to proof. Shelf-storable OFSP bread achieved a loaf volume of 2,031-
2,192 cm3 and a specific volume of 5.394-5.923 cm3 g-1. This is also attributed to the fact that 
dough conditioners are used in dough with OFSP puree to improve the rising of the bread. 
Dough improvers in form of enzymes improve on dough characteristics such as the texture 
and fermentation speed which result into improved physical attributes in bread (Lopes et al., 
2017). For the shelf-storable puree, additional chemical leavening agents were used to help 
overcome the effect of inhibition of the yeast by the preservatives in the puree which are 
known antifungals (Wen et al., 2016). Chemical leavening agents are known to be fast acting 
in terms of release of carbon dioxide gas that causes the rising in bread (Lopes et al., 2017). 
Baking powder and baking soda (sodium bicarbonate) are two chemical leavening agents 
used in bakery for rising of bakery products. 
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Figure 4. Specific loaf volume of OFSP puree bread (g cm-3). The error bars represent the 
standard error of means. SS-shelf-storable, T1 had 0.5% potassium sorbate + 
0.5% sodium benzoate + 1% citric acid and T2 had 0.2% potassium sorbate + 
0.2% sodium benzoate + 1% citric acid. 

 

Figure 5. Loaf weight of OFSP puree bread in grams. The error bars indicate the standard 
error of means. SS-shelf-storable, T1 had 0.5% potassium sorbate + 0.5% sodium 
benzoate + 1% citric acid and T2 had 0.2% potassium sorbate + 0.2% sodium 
benzoate + 1% citric acid. 

 

Figure 6. Loaf volume of OFSP puree bread in cm3. The error bars indicate the standard 
error of means. SS-shelf-storable, T1 had 0.5% potassium sorbate + 0.5% sodium 
benzoate + 1% citric acid and T2 had 0.2% potassium sorbate + 0.2% sodium 
benzoate + 1% citric acid. 
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CONCLUSIONS 
Shelf-storable OFSP puree can be presented as an alternative to fresh OFSP puree in 

bread baking. OFSP puree can provide significant levels of β-carotene to consumers up to a 
period of 3 months of storage. It would thus be possible to exploit shelf-storable bread to 
expand the production of OFSP puree bread, even scaled down to small-scale producers. The 
shelf-storable OFSP puree provides crude protein, crude fiber, and carbohydrate similar to 
the levels in white bread and fresh OFSP puree bread. The incorporation of shelf-storable 
OFSP into bread has no detrimental effects on the composition of other nutrients in bread. 
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