X4

Food and Nutrition Sciences, 2025, 16(10), 1401-1413

X/

“’: gcelseen;:_gﬁ https://www.scirp.(?rg/journal/fns
94% Publishing ISSN Online: 2157-9458

o,

ISSN Print: 2157-944X

Preparation and Consumption of
Orange-Fleshed Sweet Potatoes in
Rural Households in Burundi

Ezéchiel Ndikumasabo1*®?, Paul Malumbaz?, Venant Nihorimbere3

"Food Technology and Quality, East African Nutritional Sciences Institute, University of Burundi, Bujumbura, Burundi
*Food Technology, Terra Teaching and Research Centre, University of Liége, Gembloux, Belgium
*Department of Food Science and Technology, Faculty of Agronomy and Bioengineering, University of Burundi, Bujumbura,

Burundi
Email: *ndikumez@gmail.com

How to cite this paper: Ndikumasabo, E.,
Malumba, P. and Nihorimbere, V. (2025)
Preparation and Consumption of Orange-
Fleshed Sweet Potatoes in Rural Households
in Burundi. Food and Nutrition Sciences,
16, 1401-1413.
https://doi.org/10.4236/fns.2025.1610081

Received: August 3, 2025
Accepted: September 27, 2025
Published: September 30, 2025

Copyright © 2025 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

Abstract

The aim of this study is to highlight how the orange-fleshed sweet potatoes
(OFSP) are prepared and consumed by rural Burundian households. The
study was carried out in 4 provinces in low-altitude regions, on the Imbo plain
and along the shores of Lake Tanganyika. A sample of 379 households out of
a total of 3312 farmers was drawn. The study revealed that the most common
methods of preparation were boiling (94.62%) and frying (46.75%). The ma-
jority of households surveyed consume the OFSP cooked by boiling water
(97.77%), and almost half of the population surveyed (49.54%) consume them
in the form of French fries. Many households (97.87%) consume the OFSP
after peeling, and 23.40% of the population surveyed do not remove the skin.
Most households (76.80%) have never processed orange-fleshed sweet pota-
toes into flour. 16.20% of households dry sweet potatoes using a solar dryer,
and 7.00% of them use natural convection dryers. The way the orange-fleshed
sweet potatoes are prepared affects the beta-carotene content, which is high in
this food and helps prevent vitamin A deficiency. Future research should
quantitatively assess the impact of the way rural households process the OFSP
on their S-carotene content.

Keywords

Orange-Fleshed Sweet Potato, Processing, Vitamin A, f-Carotene, Cooking,
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1. Introduction

Orange-fleshed sweet potatoes are rich in S-carotene [1], often exceeding 8000
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IU/100g, which can meet the recommended daily requirement of 5000~25,000 IU
[2] when consumed. Compared to white-fleshed sweet potatoes, OFSPs have high
antioxidant content [3], especially the beta-carotene which, once ingested, is con-
verted into the equivalents of retinol (vitamin A).

Scientific studies have shown that 12 units of beta-carotenes produce the equiv-
alent of one unit of vitamin A once consumed [4]. Vitamin A is one of the micro-
nutrients essential for the immune system and contributes to better visual acuity
in humans [5]. Huang et al [6] state that OFSP have a preventive effect against
infectious diseases and for vitamin A deficiency [7]. Consuming orange-fleshed
sweet potatoes is a recognized and effective approach to combating vitamin A de-
ficiency [8] [9].

According to Bouis and Saltzman [10] and Low ez al [11], orange-fleshed sweet
potatoes also help improve the nutrition of low-income groups and vulnerable
populations.

There are various ways of preparing OFSP to preserve its nutritional value. In
Brazil, studies have shown that flour made from OFSP is rich in vitamin A and
also has positive impacts on human health [12].

In Africa, orange-fleshed sweet potatoes have been shown to have a significant
capacity to increase vitamin A intake, although their preparation/processing results
in a 25% to 30% reduction in beta-carotene content [13]. In sub-Saharan Africa,
over 90% of sweet potato consumption is after boiling in water or steaming [14].

In the DRC, a scientific study has shown that boiling in water and preparing
French fries from orange-fleshed sweet potatoes are the cooking methods most
preferred by the population [15]. In Kenya, scientific research has revealed results
on how sweet potatoes are generally prepared. In fact, 88.6% of respondents pre-
ferred boiling in water, while 11.4% opted for frying [16].

In Burundi, the official launch of the cultivation of the orange-fleshed sweet
potato took place in November 2018 by the Government of Burundi with the ob-
jective of improving the nutrition of the population in general and preventing
avitaminosis A in particular, through cultivation, consumption, and processing of
OFSP into other food products.

However, there is a lack of research in Burundi into the methods used to pre-
pare OFSP, while the technological processes used in foodstuffs have an influence
on the nutrient composition of the finished product [17]. The results of this study
open up new avenues of research into this fascinating question, which deserves to
be explored in depth to find out whether the ways in which OFSP are prepared in
households preserve an adequate quantity of beta-carotene to prevent avitamino-
sis A in consumers of this food commodity.

The aim of the study is to highlight the ways in which orange-fleshed sweet
potatoes are prepared and consumed by rural households in the low-altitude re-
gions of the Imbo plain and on the shores of Lake Tanganyika in Burundi. It con-
cerns a sample of 379 households out of a total of 3312 farmers (where one indi-
vidual represents one household) who have been supported by an agricultural de-

velopment project focusing on OFSP cultivation.
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2. Materials and Methods

To identify the ways in which orange-fleshed sweet potatoes are prepared and
consumed in Burundian households, a survey questionnaire was used. The sample
size was calculated using the formula for a finite population, adding a rate of 10%
to prevent non-responses [18]:

’N
£ +(2e)' (N -1)

where:

n : household sample size;

N : Total number of households receiving support for OFSP cultivation;

t : Coefticient of the margin of error deduced from the confidence rate, £=1.96
if the confidence rate is 95%.

e: Margin of sampling error = 5% = 0.05.

In fact, the number of households supported in the cultivation of orange-
fleshed sweet potatoes is 3312, scattered over 59 hills in Burundi’s 4 provinces
(Bubanza, Bujumbura, Cibitoke, and Rumonge). After the formula was applied, a
sample of 379 households was found and surveyed.

Thus, the total of 379 was taken into account in the present study, after adding
10% of the households to prevent non-responses, with the aim of consolidating
the data set.

Stratified sampling was used to draw a representative sample in the hills. As the
survey took place in 4 provinces (Bubanza, Bujumbura, Cibitoke, and Rumonge),
there are 4 strata. Within each stratum, hills were randomly selected as sub-strata,
and the following formula was applied to determine the number of households to

be surveyed per hill [19]:

where:

n, : Household sample size for each hill;

n: Total household sample size;

N, : Number of households per hill;

N : Total number of households.

These households were chosen because they had received support in cuttings
from the OFSP in the period 2019 to 2023, to promote this crop in Burundi. Data
were collected individually from households. At the end of each day, the data col-
lected on smartphones were transferred to the Kobo Collect internet platform.
After collection, the data were statistically analyzed using STATA software, where
a proportion test was applied at a significance level of 5%.

Indeed, the proportion test is chosen because it is a statistical method used to
determine whether an observed proportion in a sample differs significantly from
a theoretical proportion or from another observed proportion. For this study, the

following null hypotheses were considered: 1) The proportion of households pre-
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paring boiled in water is equal to that preparing them in the form of French fries;
2) There is no difference between the proportions of households consuming OFSP
boiled in water and those consuming them in the form of chips; 3) The proportion
of households that cook OFSP after peeling them is equal to that of households
that cook them with the skin on; 4) The proportion of households that consume
OFSP after removing the skin is equal to that of households that consume them
with the skin on; 5) The percentage of households that check whether OFSPs are
ready to eat before stopping cooking is equal to the percentage of households that
stop cooking without checking.

The results enabled us to find out how orange-fleshed sweet potatoes are prepared
and consumed (boiling in water, preparation of French fries, cooking without peel-
ing, cooking after peeling, drying to obtain flour, as well as the level of consump-
tion of prepared products) by households in the low-altitude regions of Burundi.

In carrying out a study on the forms of preparation and consumption of orange-
fleshed sweet potatoes, we are committed to respecting fundamental ethical prin-
ciples, in particular the free and informed consent of participants, the confidenti-
ality of data, the anonymity of respondents, respect for their dignity and their
rights, and the exclusive use of data collected for strictly defined scientific or pro-
fessional purposes. It has been stated that no personal information will be dis-
closed without prior authorisation and that all measures will be taken in accord-
ance with the laws and regulations in force. We have therefore requested author-
isation from the local authorities to conduct this study in compliance with estab-
lished ethical standards.

3. Results

Different forms of preparation and consumption of OFSP were highlighted in the

households surveyed, and the results are as follows:

3.1. Orange-Fleshed Sweet Potato Derivatives

According to the results of the survey, 94.62% of households cook OFSP by boiling
water, and 46.75% prepare them in the form of French fries. Other types of prod-
ucts are prepared less frequently, as shown in Figure 1.

The proportion test shows that households preparing OFSP cooked by boiling
water are superior to those preparing French fries, and the difference is statisti-

cally significant (p-value < 0.05), as shown in Table 1.

Table 1. Preparation of fried and OFSP boiled in water.

Variable Average P>z [95% Conlf. Interval]
Rate of preparation by boiling water 0.95 0.93 0.97
Rate of preparation of French fries 0.47 0.43 0.51
Statistical difference between the two
0.48 0.000 0.43 0.52
prepared products
DOI: 10.4236/fns.2025.1610081 1404 Food and Nutrition Sciences
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OFSP French fries  Porridge Doughnuts Crepes pancake Chips
cooked by
boiing water

Types of products

Figure 1. Prepared products from orange-fleshed sweet potatoes (OFSP).

3.2. Consumption of Products Prepared from OFSP

The survey results show that 97.77% of households consume OFSP cooked by
boiling water, compared with 49.54% who eat French fries. Other forms of prep-
aration and consumption of this food, particularly in the form of porridge, dough-

nuts, crepes, pancakes, and grilled, are very poorly represented (Figure 2).

100.00%
90.00%
80.00%
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20.00%
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97.77%
49.54%
5.57% 0
g 4% 315%  130%  090%  0.74%
ay =y = =
OFSP French fries  Porridge  Doughnuts Crepes pancake Grilled other
cooked by
boiing water
Products consumed

Figure 2. Consumption rate of prepared products.
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The proportion test shows that households consuming OFSP cooked by boiling
water are higher than those consuming French fries, and the difference is statisti-

cally significant (p-value < 0.05), as shown in Table 2.

Table 2. Consumption rate of French fries and OFSP cooked by boiling water.

Variable Average P> |z [95% Conlf. Interval]
Boiling water consumption rate 0.98 0.97 0.99
Consumption rate of French fries 0.50 0.45 0.54

Statistical difference between the two
0.48 0.000 0.44 0.53
products consumed

According to the population surveyed, the reasons for preparing/consuming
OFSP cooked by boiling water and French fries at a high level are that they are
easy to prepare (89.17% and 77.55% respectively), while the reasons given for the

other products are shown in Figure 3 below.

100.00%

° 80.00%
o)
£

S 60.00%
o
(]

o 40.00%

17.08% 18.33%
20.00% 6.12% ) 9
4.08% 3.13% 00% 4.53% 0.00%
0.00%
Easy to prepare Unknown Preparations Preparations Others
techniques requiring many requiring a lot
ingredients handling
Reasons for consumption
m OFSP cooked by boiing water ~ ®French fries

Figure 3. Reasons for consumption of products derived from OFSP at various levels.

3.3. Peeling/Non-Peeling and Consumption of OFSP

As mentioned in Figure 4, 93.69% of households in the study area cooked OFSP
after peeling, compared with 73.46% of households that cooked them with the
skin on.

According to Table 3, the proportion test shows that households which cook
OEFSP after peeling are more likely to do so than those that cook with the skin on,
and the difference is statistically significant (p-value < 0.05).
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Figure 4. Cooking after peeling or with the skin on.

Table 3. Cooking OFSP after peeling or with the skin on.

Variable Average P> |z| [95% Conlf. Interval]
Cooking after peeling 0.94 0.92 0.96
Cooking with the skin 0.73 0.70 0.54

Statistical difference 0.20 0.000 0.16 0.24

3.4. Consumption of Peeled or Skin-On OFSP

Almost all households (97.87%) consume OFSP after peeling, while 23.40% of the
sample consume them with the skin on (Figure 5).

97.87%

100.00%

0,

% 80.00%
"s‘ 60.00% 23.40%

©  40.00%

[]
o 20.00%
0.00%
Consumption after Consumption with skin

peelling

Forms of consumption

Figure 5. Consumption with or without skin.

The proportion test indicates that households cooking OFSP after peeling are
superior to those cooking with the skin, and the difference is statistically signifi-
cant (p-value < 0.05), as shown in Table 4.
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Table 4. Comparison of OFSP consumption with skin and after peeling.

Variable Average P> |z| [95% Conlf. Interval]
Consumed after peeling 0.98 0.97 0.10
Eaten with the skin 0.23 0.19 0.28
Statistical differences 0.75 0.000 0.70 0.80

3.5. Cooking Time

With regard to the time taken to cook, many households estimate that they need
30 minutes (85.71%), total time cooking from start to finish. Those who estimate
one hour represent 13.36%, two hours 0.74%, and 0.19% say that they do not know
how long it takes to cook (Figure 6).

100.00% 85.71%
80.00%
(]
g 60.00%
T
[]
g 40.00%
o 13.36%
0,
20.00% 0.74% 0.19%
A A
0.00%
1 half hour 1 hour 2 hour Not known
Cooking time

Figure 6. Cooking time in boiling water.

86.83%

90.00%
80.00%
70.00%
60.00%
50.00%
40.00% 18.92%
30.00%
20.00%
10.00%

0.00%

Pourcentage

Stop cooking after Stop cooking without
checking checking

End of cooking

Figure 7. Determining when to stop cooking.
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To find out whether the orange-fleshed sweet potatoes are ready to eat, the sur-
vey results show that many households remove the cover from time to time to
check, taking a piece to taste (86.83%), while others stop cooking after a specific
time without removing the cover (18.92%) because they know from experience
how long it takes for the OFSP to be properly cooked (Figure 7).

The proportion test shows that many households stop cooking after checking
by removing the cover from time to time, compared with those who cook contin-
uously without checking the cooking level. Table 5 shows that there is a statisti-

cally significant difference between the two methods.

Table 5. Stopping cooking.

Variable Average P> |z [95% Conf. Interval]
After checking, remove the cover. 0.87 0.84 0.90
Without verification 0.19 0.16 0.22
Statistical difference 0.68 0.000 0.64 0.72

3.6. Converting OFSP into Flour

Another form of preparation that is very rarely found in Burundian households is
the processing of OFSP into flour. Our survey shows that 76.80% of households
never process OFSP into flour. We also found that 23.20% had already processed
OFSP into flour, of which 16.20% had dried them in the sun, while 7.00% had
dried them in an open-air shed (Figure 8).

76.80%

80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

16.20%

- 7.00%
=y

No Sun drying Drying a shed in
transformation the open air

Percentage

Types of drying

Figure 8. Current state of processing of OFSP into flour.

4. Discussion of the Results

The proportion test at the 5% significance level shows that there are more house-
holds preparing and consuming OFSP cooked by boiling water (97.77% and
94.62% respectively) than those preparing/consuming French fries (46.75% pre-
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pared and 49.54% consumed). The comparison ratio shows a statistically signifi-
cant difference at p-value < 0.05. The reason given by the majority of respondents
is that these two products are easy to prepare. These results are confirmed by a
study carried out by [15] showing that boiling water and preparing French fries
from OFSP are the cooking methods most preferred by consumers at 56.7% and
23.3% respectively. The same authors confirm that boiling OFSP in water is pre-
ferred by consumers over other cooking methods because this method is more
practical, but also less expensive. Our results are also reinforced by Ndangui [20],
who states that in most developing countries, sweet potato is mainly consumed
cooked in water. Other studies [16] point in the same direction, stating that 88.6%
of respondents said that the most common way of preparing sweet potatoes was
to boil them in water, and only 11.4% prepared them as French fries. Other forms
of preparation were less common. Another study carried out by [21] corroborates
our results, in which 62.2% of mothers consumed boiled OFSP, compared with
27.0% for French fries in a study carried out in Senegal. However, the degree of
appreciation of French fries was significantly higher than that of boiled OFSP
(95% for boiled OFSP and 99% for French fries) because in Senegal, sweet potatoes
are traditionally consumed in boiled form. The author indicates that these results
are linked to dietary habits. For our study, this question of appreciation was not
asked, but the respondents did not answer that they did not like French fries. It
seems that they like them but do not eat them for the reasons given in Figure 3. It
should be noted that cooking food in water at atmospheric pressure limits the
temperature of the product to 100°C [22]

Regarding the duration of boiling water cooking of OFSP, the majority of re-
spondents, at a rate of 85.71%, estimate that they use half an hour from start to
finish cooking.

When OFSP are cooked for between 15 and 35 minutes, there is a slight decrease
in f-carotene [21]. This reduction is justified because the composition of foods is
strongly linked to the technological processes applied to them [17]. Based on the
present study, the cooking time (half an hour) generally used by most Burundian
households would preserve the S-carotene content of OFSP.

Another finding is that households cooking and consuming OFSP after peeling
are more numerous compared to those preparing and consuming them with the
skin on, and the difference is statistically significant (p-value < 0.05). These methods
of preparing and consuming OFSP are supported by [23], which state that orange-
fleshed sweet potatoes can be eaten with the skin. However, the research conducted
by [14] does not converge with our results because he recommends not removing
the skin before cooking and encourages consumers to eat sweet potato with the
skin to maximize the preservation of nutrients, including vitamin A. Many of the
households surveyed consume sweet potatoes after peeling, without the skin.

A large proportion of the population do not process sweet potatoes into flour
(76.80%), but 23.20% have already done so, including 16.20% of the population

surveyed who have dried them in the sun and 7.00% who have dried them in an
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open-air shed. This study revealed that processing sweet potatoes into flour is
rarely practiced in Burundi. The results are confirmed by [24] who found similar
results in his research, indicating that sweet potato processing into flour is very
low in south-west Nigeria. The same author also confirms that flour is one of the
final products, stressing that sun-drying is an essential aspect of the processing
procedure.

For these types of surveys, the problem is that some respondents may not know
certain parameters exactly, such as the cooking time for orange sweet potatoes,
because they do not see the point in checking the cooking time each time. Others
may take pleasure in showing the investigator that they consume a type of food
that is highly regarded in the locality, even though they do not have the means to
prepare it. However, it is necessary to conduct the survey because direct observa-
tion can also produce biased results. Surveys are also among the recommended
methods, as direct observation can also produce biased results. Indeed, respond-
ents may change their usual practices due to the presence of the evaluator during

the observation [25].

5. Conclusions

This study highlighted the forms of preparation and consumption of Burundian
rural households at low altitudes. It revealed that the most common methods of
preparation were boiling (94.62%) and frying (46.75%). The majority of house-
holds surveyed eat OFSP cooked by boiling water (97.77%), and almost half of the
population surveyed eat it in the form of fries (49.54%). This cooking process may
affect differently the residual content of B-carotene since it brings material to a
limited temperature in excess water content.

The level of preparation and consumption between these two products indi-
cates a statistically significant difference (p-value < 0.05).

Households in the study area cook and consume the OFSP after peeling at a
higher level (97.87%) than those who cook and consume the OFSP with the skin
on (23.40%), and the difference was statistically significant (p-value < 0.05).

Regarding the production of flour, the majority of households (76.80%) have
never performed this preparation, but 23.20% of the people surveyed have already
transformed orange-fleshed sweet potatoes into flour, either by drying in the sun
(16.20%) or in an open-air shed (7.00%).

The results of this study point the way to future research into whether or not
the forms of preparation used by Burundian households preserve S-carotene in

sufficient quantities to help prevent avitaminosis A.
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