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Abstract

The occurrence of anti-nutritional constituents in plants is an important factor that
negatively affects bioavailability of nutrients and effectiveness of plant-based foods
in complementary feeding in rural areas in developing countries. However, proven
methods that improve bioavailability of nutrients and tailored for application in pro-
cessing complementary foods among rural communities are largely lacking. This
study examined the efficacy of a traditional malting technology practiced by the
Acholi ethnic community of northern Uganda to improve protein digestibility and
bioavailability of iron and zinc from millet-sesame-soy composite containing 200,
300, and 550 kcal meant for complementary feeding of children aged 6-8, 9-12, and
13-23 years old, respectively. The technology involves washing and soaking of ingre-
dients for 12 hr; malting ingredients individually for 48 hr with water changed after
every 6 hr; and sun-drying malted ingredients for 72 hr. Results showed that the level
of anti-nutritional factors significantly reduced (p < 0.05) in all the composite formu-
lae except the content of total phenolics in 200, tannins in 300 and 550 kcal, com-
posite formula, respectively. In vitro protein digestibility significantly improved
(p = 0.05) in all the composite formulae except in the 200 kcal formula. Iron bioavail-
ability significantly increased (p < 0.05) in all the composite formulae except in the
550 kcal energy category. Improvement in zinc bioavailability was only observed in
the 300 kcal formula. However, there were significant reductions (p < 0.05) in the
level of caregiver preferences for sensory properties and overall acceptability of the
composites. These results demonstrate that the traditional malting technology has
potential to improve nutrient bioavailability in plant-based foods but requires im-
provement in order to increase its efficacy and mitigate negative effects on sensory

appeal.
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1 | INTRODUCTION

Protein-energy malnutrition and micronutrient deficiencies have
remained a significant public health problem among children in
Sub-Saharan Africa (Andersson, Karumbunathan, & Zimmermann,
2012). Recent statistics show that the level of child undernutrition
in the sub-continent is one of the highest globally. Specifically, the
level of stunting, wasting, and underweight has been found in the
range of 37.9%-57.7%, 10.5%-15.5%, and 25.0%-36.4%, respec-
tively (Akombi, Agho, Merom, Renzaho, & Hall, 2017). Generally,
the prevalence of child undernutrition and associated health prob-
lems in low-income countries such as those in Sub-Saharan Africa is
known to peak at 6 months of age when complementary foods are
introduced in the child’s diet (Saha et al., 2008). This is mainly due to
factors such as poor feeding practices, poor food preparation and
handling practices, low energy density in infant formulae and poor
dietary diversity (Fasuan, Fawale, Enwerem, Uche, & Ayodele, 2017;
Turyashemererwa, Kikafunda, & Agaba, 2009).

Nonetheless, complementary feeding is essential because at
the age of 6 months, the child’s nutrient and energy demands out-
weigh what can be supplied by breastmilk (Agostoni et al., 2008).
Therefore, adequate and appropriately administered complemen-
tary foods should ensure proper growth and development of chil-
dren. A number of standardized complementary food formulae are
commercially available (Dewey & Adu-afarwuah, 2008). In Sub-
Saharan Africa and other low-income regions of the world, standard-
ized commercial complementary food formulae are too expensive
and can only be accessed by economically advantaged households
that are mostly located in urban areas (Tizazu, Urga, Abuye, & Retta,
2010). However, poor households that constitute the majority in
the sub-continent and other low-income regions of the world are
concentrated in rural areas and cannot access such expensive infant
formulae (Anoma, Collins, & McNeil, 2014).

The use of locally available food resources of both plant and
animal origin has been recommended as a key strategy for im-
proving complementary feeding among poor households in low-
income countries such as those located in Sub-Saharan Africa
(Kounnavong etal., 2011). Such food resources can be com-
pounded in appropriate proportions to make nutritious composite
formulae. However, it is important to recognize that in rural areas
in Sub-Saharan Africa, food resources available are mainly plant-
based (Hotz & Gibson, 2001). Therefore, complementary foods
made locally in rural settings are largely of plant origin. One of the
key constrains associated with plant-based foods is the existence
of anti-nutritional factors (e.g., phytates, trypsin inhibitors, tan-
nins, oxalates, and total phenolic compounds) that limit nutrient
bioavailability and utilization (Krishnan, Dharmaraj, & Malleshi,
2012; Mugendi, Njagi, Kuria, Mwasaru, & Mureithi, 2010). Protein
is the main macronutrient that is highly affected by trypsin inhib-
itors in legumes (McEwan, Shangase, Djarova, & Opoku, 2014)
while iron and zinc are micronutrients of public health importance
whose bio-availabilities are significantly reduced by plant anti-
nutritional constituents such as phytates, tannins, polyphenols,

and oxalates (Gemede & Ratta, 2014; Mamiro, Mwanri, Mamiro,
Nyagaya, & Ntwenya, 2016).

Several strategies such as soaking, malting, fermentation, and
roasting have been proposed for improving nutrient bioavailability
in plant-based foods at household level. Malting is an important
strategy which has been shown to improve bioavailability of both
macro- and micro-nutrients in plant-based foods (Cornwell, Cohick,
& Raskin, 2004; Mugendi et al., 2010). Improvement in bioavailabil-
ity effected by malting is mainly due to reduction in the levels of
anti-nutritional factors (Ikujenlola, 2014; James, Oloyede, Ocheme,
Chinma, & Agbejule, 2015; Nkundabombi, Nakimbugwe, & Muyonga,
2015; Onyango et al., 2013; Thapliyal & Singh, 2015). Nevertheless,
it should be noted that published information on malting has mainly
been derived from experiments conducted under controlled con-
ditions in the laboratory. Such results may be difficult to adapt for
practical application in rural settings because laboratory-controlled
conditions cannot easily be replicated in rural environment where
conditions are generally very dynamic.

In many countries in Sub-Saharan Africa, rural communities
apply traditional malting treatment in food processing (Fasuan et al.,
2017; Fikiru, Bultosa, Forsido, & Temesgen, 2016). Traditional malt-
ing practices differ between countries and also vary among com-
munities within a country (Bokulich & Bamforth, 2013; Krishnan
etal, 2012). A common observation among rural communities is
that malting is largely applied in processing alcoholic beverages and
foods meant for general consumption. However, inadequate infor-
mation exists on the application of traditional malting technologies
practiced in rural areas in processing complementary food formu-
lae. Fundamentally, processing is known to alter sensory properties
of food and consumer preference in turn (Fikiru et al., 2016) and
these changes depend on the processing method applied (Ariahu,
Ingbian, & Ojo, 2009; Laurie & Van Heerden, 2012). To provide an
insight into the potential of traditional malting technologies in pro-
cessing plant-based complementary foods in rural areas, this study
examined the effect of a traditional malting technology practiced in
Acholi Sub-region of Uganda on: (a) in vitro protein digestibility and
bioavailability of iron and zinc; and (b) consumer sensory preference

for millet-sesame-soy composite formulae.

2 | MATERIALS AND METHODS

Millet (Eleusine coracana), sesame (Sesanum indicum) and soybean
(Glycine max) used in the study were purchased from local markets.
Malting technology practiced in Acholi sub-region has not been
documented before. Therefore, focus group discussions (FGDs)
were held to generate the information. Eight FGDs were conducted,
one in each of the eight districts (Gulu, Amuru, Nwoya, Kitgum,
Lamwo, Agago, Pader, and Omoro) that comprise Acholi Sub-
region. This number (8) of FGDs is above the minimum number (6)
required for saturation of information in qualitative studies (Tong,
Sainsbury, & Craig, 2007). Each FGD had 10 participants and lasted
for 60 min. The participants consisted of caregivers of children aged
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TABLE 1
for children aged 6-8, 9-11, and 12-24 months

Ingredients used for Reference energy (kcal)/100 g for

CWILEY- 2%

Ingredient composition for millet-sesame-soy composite flour corresponding to the recommended daily energy requirements

composites roasted ingredients Weight/g Energy/kcal % kcal ratios % Gram ratios
E11 200 kcal
Millet 354 39.5 139.8 70 76.0
Sesame 565 2 11.3 5 3.8
Soybean 474 10.5 49.5 25 20.2
Total 527 200.6° 100 100
E21 300 kcal
Millet 354 59.5 210.6 70 76.3
Sesame 565 2.5 141 5 3.2
Soybean 474 16 75.4 25 20.5
Total 78° 300.1° 100 100
E31 550 kcal
Millet 354 109 385.9 70 76.2
Sesame 565 5 28.3 5 3.5
Soybean 474 29 136.6 25 20.3
Total 143° 550.7° 100 100.0

Notes. E1, E21, and E31 are composite formulae corresponding with energy level of 200, 300, and 550 kcal meant for children aged 6-8, 9-11, and

12-23 months, respectively.

2Amount in grams of the composite flour expected to meet the recommended energy requirement for children in each age category. bCalculated energy
for each composite formula for each age category based on Harvest Plus Food Composition Table (Hotz et al., 2012).

6-23 months and were purposively selected. The outcome of the
FGD revealed that traditional malting technology practiced by the
Acholi ethnic community involves the following: (a) washing and
soaking of ingredients for 12 hr; (b) malting ingredients individually
for 48 hr (with water changed after every 6 hr); and (c) sun-drying
malted ingredients for 72 hr.

An experiment was then set-up in the community with two
treatments: (a) complementary food formulae ingredients sub-
jected to the malting process described above; and (b) control, not
subjected to the malting process. Malting was conducted sepa-
rately for each ingredient following the procedure documented
during the FGD. Thereafter, each ingredient was roasted sepa-
rately making use of indigenous knowledge of the study partic-
ipants. Roasting took 15, 25, and 30 min for millet, sesame, and
soy, respectively. Roasted ingredients were blended to yield flour
composite formulae matching the recommended daily allowance
(RDA) for energy level of 200, 300, and 550 kcal meant for chil-
dren aged 6-8, 9-11, and 12-23 months, respectively as rec-
ommended by WHO (Dewey, 2001). Calculation of the required
weight of each ingredient to constitute the composite formula for
each energy category was performed using Harvest Plus Food
Composition Table (Hotz, Lubowa, Sison, Moursi, & Loechl, 2012)
and Microsoft Excel software version 2010. The mixing propor-
tions of the different formulations for each energy category were
thus: (a) 76% millet-3.8% sesame-20.2% soybean for 200 kcal;
(b) 76.3% millet-3.2% sesame-20.5% soybean for 300 kcal; and
(c) 77% millet-3% sesame-20% soybean for 550 kcal composite

(Table 1). These mixing proportions were used on the basis of a
preliminary study which showed that they yielded products that
were most preferred and accepted by caregivers in the study area.
These mixing propositions are also in line with results of other
studies which showed that composite flours with higher pro-
portion of staple cereals were more preferred (Laminu, Modu, &
Numan, 2011; Olagunju & Ifesan, 2013).

Compounded ingredients for each formula were ground to
0.25 mm particle size using a 20HP mill (AMEC mill, Beijing, China).
The mill was thoroughly cleaned before and after each sample prepa-
ration in order to avoid cross-mixing of samples between different
treatments. Following preparation, the samples were subjected to:
(a) laboratory analysis to determine the contents of total tannins,
phytates, polyphenols, trypsin inhibitor activity, and in vitro pro-
tein digestibility and bioavailability of iron and zinc; and (b) sensory
evaluation to assess consumer sensory preference for aroma, color,
taste, mouthfeel, thickness, and overall acceptability. The content
of total tannins, phytates, polyphenols was analyzed according to
the method previously reported by Polshettiwar, Ganjiwale, Wadher,
and Yeole (2007), Onweluzo and Nwabugwu (2009), and Beta, Nam,
Dexter, and Sapirstein (2005), respectively. Trypsin inhibitor activ-
ity and in vitro protein digestibility were assessed according to Van
Eys (2005) and Alka, Neelam, and Shruti (2012), respectively. In vitro
bioavailability of iron and zinc was determined according to the en-
zymatic method previously described by Ting and Loh (2016). The
experiment was replicated three times, and each analysis was per-

formed in duplicates.
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Sensory evaluation was conducted using a 5-point hedonic scale
(from 1—dislike very much, 2—dislike moderately, 3—neither like nor
dislike, 4—like moderately, 5—like very much) as previously described
by Lim (2011). Participants involved consisted of caregivers of chil-
dren 6-23 months who did not participate in processing the formulae.
However, those with children below 6 or above 23 months of age were
excluded from the study. Caregivers were considered as main respon-
dents because of their ability to objectively evaluate the sensory charac-
teristics of the formulations (Amankwah, Barimah, Nuamah, Oldham, &
Nnaji, 2009) compared to children in the age category of 6-23 months.
A total of 50 caregivers participated in the evaluation exercise and
are consistent with the number used in a previous study (Amankwah
et al., 2009). Sensory evaluation was conducted using porridge sam-
ples prepared from the composite flour formulae. All porridge samples
were made to the recommended spoonable consistency (WHO, 2009)
corresponding to an apparent viscosity of 1-3 Pa.s (Amagloh etal.,
2013; Dewey, 2001; Mouquet & Tréche, 2001). To achieve this, each
composite flour was mixed with clean water at 40% and 20% w/v for
malted and un-malted products, respectively, and cooked for 15 min.
Before actual evaluation exercise, recruited caregivers were oriented
on the definition of the attributes tested. Evaluation samples were then
served in separate disposable cups. Each participant was served with
clean warm water to rinse his/her mouth before and after tasting each
porridge sample to prevent over/under scaling of the sensory char-
acteristics (Tizazu et al., 2010). Participants were positioned far away
from each other to ensure individual scaling without external interfer-
ence. Finally, participants were asked to choose one best formula out
of the two formulae (control, malted) served for each energy category
according to their degree of liking.

2.1 | Statistical analysis

Paired sample t test was used to compare the levels of anti-nutritional

factors, in vitro protein digestibility, in vitro bioavailability of iron

and zinc, and the level of rating of each sensory parameter between
the malted and unmated (control) products for each energy cate-
gory. The level of statistical significance was fixed at 5% (p < 0.05),
and analysis was performed using SPSS version 19.

3 | RESULTS

Table 2 presents data on the contents of anti-nutritional fac-
tors in malted and un-malted composite formulae for different
energy categories. The effect of malting on the content of anti-
nutritional factors was dependent on the composite formula type
(energy category) and specific anti-nutritional factor in question.
For composite formula of 200 kcal, the content of phytates, tan-
nins, and level of trypsin inhibitor activity in malted formula was
significantly lower than observed in un-malted formula by about
0.42%, 0.5%, 2.76%, respectively. In the case of 300 kcal com-
posite formula, the content of total polyphenols, phytates, and
level of trypsin inhibitor activity observed in malted composite
was significantly lower (p < 0.05) than detected in un-malted com-
posite by 0.24%, 0.92%, and 1.7%, respectively. Malting did not
significantly (p > 0.05) affect the polyphenolic and tannin con-
tent of 200 and 300 kcal composites, respectively. For 550 kcal
composite formula, the content of total polyphenols and phytates
in malted composite was significantly lower (p < 0.05) than ob-
served in un-malted samples by about 0.17% and 1.2%, respec-
tively. Nevertheless, malting had no significant effect (p > 0.05)
on tannin content and the level of trypsin inhibitor activity in the
550 kcal composite formula.

The results of in vitro protein digestibility and bioavailability of
iron and zinc are presented in Table 3. The proportion of digest-
ible protein in 300 and 550 kcal composite significantly increased
(p = 0.05) by 15.9 and 52.3 units, respectively after malting, but no
effect (p > 0.05) was observed on the 200 kcal composite formula.

TABLE 2 Content of anti-nutritional factors in malted and un-malted millet-sesame-soy composite formulae segregated by energy

category

Treatment

E11 (200 kcal) E21 (300 kcal) E31 (550 kcal)
Parameter E11M E11C E21M E21C E31M E31C
Total phenolic (%) 0.28 +0.00° 0.31 +£0.00% 0.02 +0.01° 0.26 +0.00° 0.00+0.00% 0.17 +0.00°
Phytates (%) 3.65 +0.16° 4.07 +0.16° 1.48 +0.14° 2.40 +0.08° 0.88 +0.08% 2.03+0.14°
Tannins (%) 0.88 +0.25% 1.38 +0.08° 0.72 +£0.25° 0.97 +0.17% 0.88 +0.08? 0.97 £ 0.00%
Trypsin inhibitor 0.00 + 0.00° 2.76 +0.29° 0.00 + 0.00° 1.67 +0.29° 0.79 +0.18° 0.93 +0.12°

(%)

Note. Values show mean + SD (n = 6). For each energy category and for each parameter, means in the same row followed by different superscripts are
significantly different at 5% level of significance (p < 0.05). E11M: composite formulae for the 200 kcal energy category (76% millet-3.8% sesame-20.2%
soybean) subjected to malting; E11C: composite formulae for the 200 kcal energy category (76% millet-3.8% sesame-20.2% soybean) used as control
for E11M; E21M: composite formulae for the 300 kcal energy category (76.3% millet-3.2% sesame-20.5% soybean) subjected to malting; E21C: com-
posite formulae for the 300 kcal energy category (76.3% millet-3.2% sesame-20.5% soybean) used as control for E21M; E31M: composite formulae
for the 550 kcal energy category (77% millet-3% sesame-20% soybean) subjected to malting; E31C: composite formulae for the 550 kcal energy

category (77% millet-3% sesame-20% soybean) used as control for E31M.
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TABLE 3 Invitro protein digestibility and bioavailability of iron and zinc from millet-sesame-soy composite formulae segregated by
energy category
Treatment
E11 (200 kcal) E21(300 kcal) E31(550 kcal)
Parameter E11M E11C E21M E21C E31M E31C
% digestible 43.47 + 5.24° 42.86 +1.32° 58.76 + 14.00° 42.90 +9.89° 73.21 £0.00% 20.93 £0.01°
protein
% bioavailable zinc ~ 14.22 + 2.80% 14.23 + 2.84° 19.75 + 4.09* 10.25 + 1.68° 17.83 + 6.54° 13.12 + 0.94°
% bioavailable iron  21.26 +7.92° 3.68+1.93° 21.14 £ 2.26° 1.70 +0.12° 22.66 +11.36% 9.97 + 3.88?

Note. Values show mean + SD (n = 6). For each energy category and for each parameter, means in the same row followed by different superscripts are
significantly different at 5% level of significance (p < 0.05). E11M: composite formulae for the 200 kcal energy category (76% millet-3.8% sesame-20.2%
soybean) subjected to malting; E11C: composite formulae for the 200 kcal energy category (76% millet-3.8% sesame-20.2% soybean) used as control
for E11M; E21M: composite formulae for the 300 kcal energy category (76.3% millet-3.2% sesame-20.5% soybean) subjected to malting; E21C: com-
posite formulae for the 300 kcal energy category (76.3% millet-3.2% sesame-20.5% soybean) used as control for E21M; E31M: composite formulae
for the 550 kcal energy category (77% millet-3% sesame-20% soybean) subjected to malting; E31C: composite formulae for the 550 kcal energy cat-
egory (77% millet-3% sesame-20% soybean) used as control for E31M.

TABLE 4 Caregivers' scores for sensory attributes and overall acceptability of malted and un-malted millet-sesame-soy composite
segregated by energy category

Treatment

E11 (200 kcal) E21 (300 kcal) (E31) 550 kcal
Sensory attribute E11M E11C E21M E21C E31M E31C
Color 3.89 +1.36° 4.75 +0.46° 4.20+1.18° 4.50 +0.95° 4.35 +1.02° 4.75 +0.70°
Aroma 3.61+1.29° 4.69 +0.69° 4.08+1.17° 4.58+0.91° 3.98 +1.38? 4.86+0.53°
Thickness 3.59 +1.38° 4.42 +0.89° 4.03+1.14° 4.47 +1.02° 3.87 +1.33° 4.70 + 0.67°
Mouthfeel 3.25+1.23° 4.55+0.76° 4.07 + 1.06° 418 +1.13° 3.62 + 1.41° 4.56 +1.02°
Taste 3.25+1.35° 4.54 +0.82° 3.86 +1.19° 4.43 +1.00° 3.49 + 1.40° 4.68 +0.82°
Overall acceptability 3.35+1.43° 4.63 +0.65° 3.92+1.08° 444 +097° 3.55+ 1.37° 4.57 £0.77°

Note. Values show mean + SD (n = 6). For each energy category and each sensory attribute, means in the same row followed by different superscripts
are significantly different at 5% level of significance (p < 0.05). E11M: composite formulae for the 200 kcal energy category (76% millet-3.8% ses-
ame-20.2% soybean) subjected to malting; E11C: composite formulae for the 200 kcal energy category (76% millet-3.8% sesame-20.2% soybean) used
as control for E11M; E21M: composite formulae for the 300 kcal energy category (76.3% millet-3.2% sesame-20.5% soybean) subjected to malting;
E21C: composite formulae for the 300 kcal energy category (76.3% millet-3.2% sesame-20.5% soybean) used as control for E21M; E31M: composite
formulae for the 550 kcal energy category (77% millet-3% sesame-20% soybean) subjected to malting; E31C: composite formulae for the 550 kcal
energy category (77% millet-3% sesame-20% soybean) used as control for E31M.

The proportion of bioavailable zinc in malted samples for 300 kcal least 60% and 80% for malted and un-malted products, respectively
composite was significantly above (p <0.05) what was recorded and was similar across energy category.
from un-malted samples by about 9.5 units, while no difference

(p > 0.05) was observed for both the 200 and 550 kcal composites.

With regard to iron bioavailability, the proportion of bioavailable 4 | DISCUSSION

mineral significantly increased (p < 0.05) in all the composite formu-

lae except in the 550 kcal formulae following malting. The increase
was highest in 300 kcal composite (19.4 units) followed by 200 kcal
composite (17.6 units).

The results on the effect of malting on caregiver preference for
sensory attributes and overall acceptability of the composite formu-
lae are presented in Table 4. In general, the scores for sensory attri-
butes of all the malted composites were significantly lower (p < 0.05)
than for un-malted composites irrespective of the energy category.

The degree of liking for sensory attributes of the composites was at

Whereas the need for rural communities in developing countries to
use locally available food resources to produce complementary foods
has been widely recognized (Hotz & Gibson, 2007), limited attention
has been given to development of user-friendly processing methods
that can improve bioavailability of nutrients from plant-based foods.
This is notwithstanding the fact that due to poor socio-economic
conditions in rural areas in developing countries, complementary
foods in such localities are largely plant-based (Tizazu et al., 2010).

To provide an insight into what can be practically possible in rural
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areas, this study evaluated the potential of a traditional malting
technology practised in Acholi Sub-region of Uganda to improve
bioavailability of protein, iron, and zinc from a typical plant-based
complementary food formulae.

Fundamentally, improvement in nutrient bioavailability from
plant-based foods is a function of the extent to which a processing
method inactivates or reduces the content of specific anti-nutritional
factors (Chaudhary & Vyas, 2014; Gautam, Platel, & Srinivasan, 2010;
Mamiro et al., 2016). Generally, there was a decrease in the level of
anti-nutritional factors following application of the traditional malt-
ing technology despite a few exceptional situations of non-effects.
Nonetheless, a critical look at the results indicates that efficacy of
the traditional malting technology on the content of certain anti-
nutritional factors was comparable to results of other studies based
on experiments conducted under controlled conditions in the labo-
ratory. For instance, percentage reduction in phytate content of the
millet-sesame-soy composite formulae (1.2%-9.2%) recorded in the
current study is higher than reduction level (1.1%-3.1%) achieved
by Hemalatha, Platel, and Srinivasan (2007) after malting cereals
and legumes for 48 hr at 25°C. A similar observation is also true for
tannin content. In this case, the extent of reduction in the level of
tannin recorded in the current study (9%-50%) is also better than
what had been reported (7%-14%) for legumes based on laboratory-
controlled experiments conducted by Ghavidel and Prakash (2007).
These scenarios clearly illustrate the potential of traditional rural-
based malting practices for improving bioavailability of nutrients
from plant-based complementary foods, and indeed the need to
consider research on application of such technologies in processing
plant-based complementary foods in rural areas in developing coun-
tries. The inability of the traditional technology to reduce the levels
of some of the anti-nutritional factors in certain composite formulae
indicates the limitation of the technology but at the same time pro-
vides opportunity for research to improve its efficacy.

Despite the limited efficacy of the traditional malting tech-
nology in reducing the level of anti-nutritional factors in all the
composite formulae investigated, the technology was capable of
improving in vitro bioavailability of nutrients investigated except
in certain cases. Similar results were also reported by various au-
thors who dealt with different plant-based food products (Anigo,
Ameh, Ibrahim, & Danbauchi, 2010; Nkundabombi et al., 2015;
Onyango et al., 2013). More interestingly, the level of improve-
ment in iron and zinc bioavailability observed in the current study
is much higher (12.69-19.44 and 0.01-9.5 units, respectively) com-
pared to what has been reported before when legumes and cereals
were malted under controlled conditions in the laboratory (3.13%-
4.9% increase in iron bioavailability and 1.5%-16.46% decrease in
zinc bioavailability) (Hemalatha et al.,, 2007). This further illus-
trates the potential of the traditional technology and justifies the
need for further studies to improve its efficacy. Nonetheless, it is
interesting to note that, whereas the ingredients used to produce
the composite formulae were subjected to the same malting treat-
ment, the effect on nutrient bioavailability was heterogeneous
and dependent on the composite formula type. This observation

could be attributed to low degree of reproducibility of the tradi-
tional technology because the process is largely uncontrolled. This
is reflected in the high standard deviations recorded for some of
the results. Future studies should consider improving the repro-
ducibility of the technology.

It is generally known that processing methods applied in the
preparation of complementary food composite blends greatly in-
fluence sensory quality and overall acceptability of the final prod-
uct (Makanjuola, Ogunmodede, Makanjuola, & Awonorin, 2012).
Results of the current study indicate significantly lower scores for
sensory attributes of malted samples compared to the un-malted
samples. The observed negative effect of malting on consumer sen-
sory appeal is not peculiar to this study. It has also been reported
in other studies conducted under controlled conditions in the lab-
oratory (Gernah, Ariahu, & Ingbian, 2012; Nkundabombi et al.,
2015). Unfortunately, limited attention has been given to improving
sensorial quality of malted complementary foods. Considering the
fact that acceptability of food is largely driven by sensory appeal
compared to nutritional quality (Laurie & Van Heerden, 2012), the
observed negative sensorial effect is a potential factor that should
be critically considered in future attempts to improve the efficacy
of the traditional malting technology for enhancing bioavailability of
nutrients from plant-based foods. A major limitation of this study is
that bioavailability of iron and zinc was assessed after malting and
roasting treatments. Therefore, it still remains questionable as to
whether the cooking treatment applied to transform the composite
flours to porridges did not exert additional effect on the bioavailabil-

ity of the nutrients studied.

5 | CONCLUSIONS

This study has demonstrated that traditional malting technology
practiced in Acholi sub-region of Uganda has potential to improve
nutrient bioavailability from plant-based complementary foods.
However, improvements in nutrient bioavailability are associated
with reduced product sensorial appeal. Future studies should con-
sider improving the efficacy of the technology on nutrient bioavail-

ability concomitant with improvement in product sensorial appeal.
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