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ABSTRACT

Jackfruit seeds are a rich source of protein, minerals and vitamins, making them a valuable underutilized by-product that
can be exploited for food enrichment to alleviate malnutrition. This study evaluated the effect of jackfruit seed powder on
the nutritional profile and sensory attributes of white maize-based stiff porridge. White maize seeds were milled into sifted
(SMF) and whole maize flour (WMF), and separately blended with jackfruit seed powder (JKF) at different proportions rang-
ing from 10% to 40%. Stiff maize porridge was prepared from each of the maize flour and maize flour blended with different
proportions of JKF. The protein content of stiff porridge prepared from composite flours significantly increased from 1.66%
to 5.95% and 1.24% to 5.98%, for SMF and WMF, respectively. There was a significant increase (p <0.05) in vitamins B1 from
17.73 to 33.96 mg/kg and 14.88 to 33.99 mg/kg, for SMF and WMF, respectively, and B6 content from 3.72 to 17.14 mg/kg
and 2.28 and 16.11 mg/kg, for SMF and WMF, respectively, in stiff porridge prepared from composite flours compared with
maize flours. The analysis of mineral content showed a significant (p <0.05) increase in calcium, copper, iron, potassium,
magnesium and manganese levels with increase in the proportion of JKF in composite flours and their corresponding stiff
porridge. The findings from sensory analysis showed that stiff porridge prepared from maize flours had higher acceptance
compared to stiff porridge from composite flours. The incorporation of 10% JKF demonstrated an optimal balance between
improved nutritional properties and sensory acceptability.

1 | Introduction in combating global hunger, hidden hunger continues to pose a

significant public health problem, presenting a need for sustain-

According to Yilmaz and Yilmaz (2025) micronutrient defi-
ciency affects over two billion people globally, mainly caused by
inadequate intake of essential vitamins and minerals leading to
stunted growth, delays in physical and cognitive development.
Particularly among susceptible populations such as children, ex-
pectant mothers, and economically disadvantaged communities
(Kemigisha 2025). Although significant strides have been made

able, scalable and cost-effective food-based solutions, especially
food fortification, to enhance micronutrient intake required for
optimal health and development (Chaudhary et al. 2025).

White maize is a primary food source for many individuals
in Sub-Saharan Africa, particularly in Kenya (Khamila et al.
2020; Awata et al. 2019). White maize-based stiff porridge
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(commonly referred to as ugali in East Africa), despite being
a major dietary staple, provides limited quantities of essential
amino acids such as lysine and tryptophan and is also low
in B-complex vitamins (Prasanna et al. 2001). Additionally,
it has limited bioavailability of microminerals such as iron
and zinc, as well as the absence of provitamin A (Deshmukh
et al. 2023). Therefore, over-reliance on maize-based stiff
porridge without dietary diversification increases the risk of
nutritional deficiencies, especially in communities that rely
heavily on it as their primary food source (Ekpa et al. 2019).
There is therefore a need to fortify maize with locally avail-
able, nutrient-rich and underutilized by-products from crops
such as seeds from jackfruit (Artocarpus heterophyllus).

Jackfruit is the largest fruit that weighs up to 50 kg among the
edible fruits in the Moraceae family (Akter and Haque 2019).
The fruit is composed of three main parts namely the pulp,
seeds and the rind, which accounts for 30%-32%, 18% and 5%—
55%, respectively. Therinds, rags, latex and seeds makes up 65%
of the fruit and are inedible without processing (Ranasinghe
et al. 2019). Ripe fruits are often eaten, but they can also be
processed to make snacks and canned food products. Jackfruit
seeds are often discarded as waste and yet the seeds possess
untapped nutritional potential (Adan et al. 2020; Brahma and
Ray 2023). Jackfruit seeds are an excellent source of protein,
vitamins, dietary fiber and minerals (Swami et al. 2012). The
seeds also contain bioactive compounds which have several
health benefits like antimicrobial activities, anti-aging, anti-
oxidant and anti-cancer. The seeds are edible when roasted,
fried or cooked and its flour can be utilized to produce a vari-
ety of baked items such as cakes and bread (Noor et al. 2014;
Ranasinghe et al. 2019). Overall, seeds of jackfruit are nutri-
tious and underutilized by-product with the potential for im-
proving nutritional profile of white maize-based foods to curb
food and nutrition insecurity.

One of the main strategies to tackle malnutrition is through
the fortification of foods with by-products that are rich in
micronutrients and vitamins. The incorporation of jackfruit
seed powder in maize flour holds promise for enhancing the
nutritional quality of stiff maize porridge. Jackfruit seeds are
considered waste and have been reported to lack significant
flavor (Mohamad et al. 2019). While jackfruit seed powder
contributes valuable nutrients and bioactive compounds, its
incorporation in stiff maize porridge may lead to undesirable
changes in sensory attributes such as taste, aroma, and color,
potentially reducing consumer acceptability. However, the
use of jackfruit seed powder in the formulation of white maize
flour used in stiff maize porridge has not been systematically
studied. Consequently, there is limited information on the
interactive effects of jackfruit seed powder and white maize
flour on the nutritional value and sensory attributes of stiff
maize porridge, and this represents a significant gap in func-
tional food development.

This study sought to bridge the identified gap by evaluating the
potential of jackfruit seed powder on the nutritional and sensory
attributes of stiff maize porridge prepared from white maize
flour supplemented with different proportions of jackfruit seed
powder. Specifically, the study elucidated the synergistic effects

of white maize flour and jackfruit seed powder thereby identi-
fying the optimal blends that maximize nutritional fortification
and sensory attributes. The study aimed to: (a) characterize the
dose-dependent impacts of jackfruit seed powder on the nutri-
tional value of whole and sifted stiff maize porridge, and (b)
establish optimal incorporation levels, balancing nutritional
enhancement with sensory acceptability. We hypothesized that
the incorporated jackfruit seed powder could significantly en-
hance the nutritional properties of maize stiff porridge, while
sensory acceptability would depend on the overall balance of the
formulation.

2 | Materials and Methods

2.1 | Source of Experimental Materials

Six mature and ripe jackfruits, each weighing approximately
20kg, were purchased from a farmer in Kwale County, Kenya
(4° 10" 27.9984” S and 39° 27’ 37.0008” E). All the fruits were
obtained from the same jackfruit tree. White maize grains
(10kg) were sourced from a farm (—0° 37’ 19.436” N and 34° 19’
51.731 E) in Homa Bay County, Kenya. All the materials were
transported to the laboratory and stored at room temperature
(23°C £ 2°C) for further processing.

2.2 | Preprocessing of Jackfruit Seeds, Maize
Grain, and Formulation of Composite Flour

The preparation of jackfruit seeds and maize grains flour was
conducted as outlined by Arefin et al. (2022). The jackfruits
were sliced open, seeds obtained, and peeled to remove the
outer coating. The seeds were soaked in sterile distilled water
for 24 h to remove the brown covering on the cotyledons. The
seeds were then sliced and sun dried for 4 days before grinding
into powder using a milling machine (model PRH-2000A, Ho
Chi Minh city, Vietnam). Seed powder was stored in airtight
containers at 23°C £+ 2°C until use.

Clean white maize grains were sundried and then packed into
two separate batches. The two batches were processed into
whole and sifted maize flour, respectively, using a milling ma-
chine at Kabansora Millers, Nairobi. For each category of maize
flour (whole maize and sifted maize), five sets of blended com-
posite flour samples were formulated by addition of jackfruit
seed powder in different proportions, ranging from 0% to —-40%
(Table 1).

2.3 | Preparation of Stiff Maize Porridge (Ugali)

Approximately 100g of each composite and control flour sam-
ples was progressively added to 200mL of boiling water while
stirring continuously over medium heat with a wooden stick
for approximately 7min. The stiff porridge was subsequently
turned and allowed to cook on low heat for an additional 3min.
The prepared stiff maize porridge was used for nutritional, ele-
mental and sensory analysis.
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TABLE1 | Composition of the different formulated maize flour blended with jackfruit seed powder at different proportions.

Type of maize Ingredient(s) Control Composite flour type
Sifted maize SMF SMF1 SMF2 SMF3 SMF4
Sifted maize flour (SMF) (%) 100 90 80 70 60
Jackfruit seed powder JKF) (%) 0 10 20 30 40
Whole maize WMF WMF1 WMF2 WMF3 WMF4
Whole maize flour (WMF) (%) 100 90 80 70 60
Jackfruit seed powder JKF) (%) 0 10 20 30 40

Note: SMF1, SMF2, SMF3, and SMF4 represent blended composite flour containing 10%, 20%, 30%, and 40% jackfruit seed powder, respectively. SMF—Sifted maize
flour, SMF1-90:10 (90% SMF and 10% JKF), SMF2-80:20 (80% SMF and 20% JKF), SMF3-70:30 (70% SMF and 30% JKF), and SMF4-60:40 (60% SMF and 40% JKF).
WMF1, WMF2, WMF3, and WMF4 represent composite flours containing 10%, 20%, 30%, and 40% jackfruit seed powder, respectively. WMF—whole maize flour,
WMF1-90:10 (90% WMF and 10% JKF), WMF2-80:20 (80% WMF and 20% JKF), WMF3-70:30 (70% WMF and 30% JKF), and WMF4-60:40 (60% WMF and 40%
JKF). Each of the composite maize flour blended with jackfruit seed powder was prepared in triplicate.

2.4 | Nutritional Analysis of the Composite Flour
and Stiff Maize Porridge

2.4.1 | Determination of Ash Content

The ash content was measured following the Association of
Official Analytical Chemists (AOAC) method (AOAC 2000).
About 5g of each sample was measured into pre-conditioned
porcelain crucibles. Initially, the sample was carbonized over
a flame to remove carbon residues, and then transferred in a
muffle furnace at 550°C for 12h. After ashing, the crucibles
were cooled, and the final weights were recorded. Analysis was
conducted in triplicate. The ash content (%) was computed as
follows:
Weight of Ash

Ash tent (%) = X 100.
sn conten ( 0) Intiall sample welght

2.4.2 | Determination of Moisture of Content

This was measured by the oven-drying method according to
AOAC (2000). Approximately 5g of each sample was accurately
weighed into moisture dishes, uniformly spread, and dried in an
oven at 105°C for 17h. After drying, the samples were weighed
again, and the difference in weight was recorded. Each experi-
mental analysis was conducted in triplicate. The moisture con-
tent was determined using the equation:

(W1-W2)
(W1-W)

Moisture content (%) = X 100

where: mass of the empty dish (W), mass of the dish and sam-
ple before drying (W1), and mass of dish and sample after dry-
ing (W2).

2.4.3 | Determination of Crude Fat Content

The fat composition was measured as described in
AOAC (2000) with minor modifications. 2g of the processed
sample was transferred into thimble, added 100 mL of petro-
leum ether to the extraction flask. The Soxhlet apparatus was
assembled, and the process of extraction was performed under
reflux for 2h. Afterward, the solvent was evaporated, and the
weight of the extracted fat was recorded. Each experimental

analysis was conducted in triplicate. Fat content was com-
puted as:

Weight of extracted fat (g)

X 100
Weight of sample (g)

Fat content (%) =

2.4.4 | Crude Protein Content Quantification

This was carried out using Kjeldahl digestion system (Model
K-370, Biichi Labortechnik AG, Germany) as outlined by
AOAC (2000). Briefly 0.3g of the sample was placed into a diges-
tion tube, followed by the addition of a catalyst. Approximately
10mL of concentrated sulfuric acid (H,SO,) was cautiously added
to the digestion tube and thoroughly mixed. The tubes, along with
the exhaust manifold, were then put in a preheated digester at
420°C. The heat shields were hooked onto the stand, and diges-
tion was initiated with maximum airflow through the manifold
for 3-5min. The airflow was adjusted so that the fumes were just
contained, and digestion was continued until the samples became
clear, producing a green-blue solution. After digestion, the samples
were allowed to cool completely.

The distillation unit (Kjeldahl machine) was started and the
batch setup began with a blank sample. The prepared digestion
tube was positioned in place, and the safety door was securely
closed. Once the distillation cycle was completed, the results
were recorded and used for calculation of the crude protein con-
tent. The safety door was then opened, and the digestion tube
was removed before proceeding with the next sample. Analysis
of each sample was conducted in triplicate.

2.4.5 | Determination of Fiber Content

The crude fiber content was determined by acid-Alkali hydro-
lysis (AOAC 2012) About 1.5g of the defatted and dry sample
was mixed with 100mL of boiling sulfuric acid (H,SO,). A
condenser was put on the flask and the mixture was boiled
for 30min with occasional swirling to provide even mixing.
The sample was boiled and filtered and the filtered residue
was transferred to another flask containing 100 mL of boiling
NaOH solution. This boiling continued for another half hour
with the same conditions. The residue was then filtered and
washed with boiling water, hydrochloric acid (HCI) solution
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and petroleum ether to remove the remaining soluble ones. The
sample was then placed in the oven at 105°C for 12h, cooled
and weighed. To measure the ash content, the dried residue was
burnt in the muffle furnace at 550°C for 3h. Each experimental
analysis was conducted in triplicate. Crude fiber content was
determined by difference between dried residue and ash.

2.4.6 | Determination of Carbohydrate Content

The available carbohydrate was calculated by subtracting the
sum of moisture, ash, crude protein, crude fat, and crude fiber
from 100%, as outlined by Zaria et al. (2012).

Available carbohydrate=100 - [moisture (%)+crude protein
(%) + crude fat (%) + ash (%) + crude fiber (%)].

2.5 | Determination of Total Phenolic Content (TPC)

This was carried out according to the Folin-Ciocalteu method as
documented by Kabubii et al. (2023). A 70% methanol solution
was utilized to extract phenolic compounds from the samples. A
100 uL aliquot of the extract was mixed with 2.0mL of 2% sodium
carbonate (Na,CO,) solution, and after 2min, 50 uL of 10% Folin-
Ciocalteu reagent was added. The mixture was kept in the dark
and incubated at 37°C for 30 min. Each experimental analysis was
conducted in triplicate. The absorbance of the samples and the
gallic acid standards was measured at 750 nm using a spectropho-
tometer. The total phenolic content was subsequently calculated
from a calibration curve prepared with the gallic acid standards.

2.6 | Mineral Content Analysis

2.6.1 | Inductively Coupled Plasma Optical Emission
Spectroscopy

The content of mineral elements iron (Fe), calcium (Ca), mag-
nesium (Mg), manganese (Mn) and copper (Cu) of the enriched
flour samples was analyzed by Agilent 5110 Inductively Coupled
Plasma Optical Emission Spectroscopy (ICP-OES) model (Agilent
technologies, Santa Clara California, USA) as outlined by Phan-
Thien et al. (2012). After ashing 3g of the sample overnight in a
muffle furnace, it was combined with 10mL of nitric acid. The
mixture was gently heated on a hot plate until a clear solution was
achieved. The solution was subsequently diluted to 50mL using
distilled water. The mineral content was determined based on the
characteristic emission spectra of each element using ICP-OES.
Each experimental analysis was conducted in triplicate.

2.6.2 | Flame Emission Spectrophotometer (FES)

Potassium (K) analysis was performed using 410 Corning
Flame Emission Spectrophotometer (FES) model (Halstead,
Essex, England) according to Adan et al. (2020). Prior to anal-
ysis, a wet digestion method was employed to solubilize the
flour samples. Precisely 1g of the sample was weighed into a
beaker and digested using 60% nitric acid (HNO,). The bea-
kers were then heated on a hot plate inside a fume hood for

approximately 30min. The digestion process yielded a clear
solution, confirming the completion of mineralization. The
digested samples were placed in 50mL centrifuge tubes, and
deionized distilled water was added to bring the solution to
the mark. For the FES analysis, the instrument was calibrated
and set to the appropriate wavelength of 765 nm, which is op-
timal for detecting potassium (K). Each experimental analysis
was conducted in triplicate.

2.7 | Vitamins Bl and B6 Quantification Using
High-Performance Liquid Chromatography

These vitamins were analyzed using Shimadzu prominence
LC-20AD as outlined by Sarwar et al. (2020). The samples were
prepared by extraction of 2.5 g of the sample in 25 mL of the pre-
pared extraction solution (made from a mixture of acetonitrile
and glacial acetic acid, filtered through a 0.45um membrane
filter). The extracted samples were subsequently incubated in
a shaking water bath at 70°C for 40min. The samples were
then allowed to cool to room temperature and centrifuged at
3000rpm for 10min. The supernatant was filtered through a
0.45um membrane filter, 1 mL of the filtrate was transferred
into an HPLC vial. The mobile phase was made up of ultra-pure
water with 1% acetonitrile and glacial acetic acid in gradient
with a flow of 0.3 mL/min. The injection volume was 8 uL and
the instrument was set to the appropriate wavelength of 234
and 266nm, optimal for detection of B1 and B6, respectively.
The standards were prepared using thiamine hydrochloride
and pyridoxine hydrochloride dissolved in 25mL of HPLC-
grade water, for quantification of vitamins B1 and B6, respec-
tively. Each experimental analysis was conducted in triplicate.

2.8 | Sensory Evaluation of Fortified Stiff Maize
Porridge

Sensory assessment was done following the protocol out-
lined by Murage et al. (2021). A panel of 31 Food Science and
Technology students (trained assessors) from the Department
of Food Science and Technology at the Technical University of
Kenya with knowledge and experience in sensory testing was
recruited. All the stiff maize porridge sample groups were simul-
taneously served to the panelists in equal quantities and with a
uniform presentation in white plastic dishes. Panelists received
bottled mineral water to rinse their mouths between samples. A
5-point hedonic scale ranging from 1 to 5 was utilized to assess
the fortified stiff maize porridge samples. The scale was defined
as follows: 1 indicated “dislike extremely,” 2 “dislike a little,” 3
“neutral response” (“neither like nor dislike”), 4 “like a little,”
and 5 “like extremely.” Each sample was randomly assigned a
four-character code to eliminate bias. The stiff maize porridge
samples were evaluated based on their aroma, color, texture,
taste, appearance, mouthfeel, and overall acceptability.

2.9 | Statistical Data Analysis

All evaluations of samples and controls were done in tripli-
cate. All data were subjected to one-way ANOVA to determine
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whether significant differences existed among the treatment
means and Tukey's honestly significant difference (HSD)
test was performed for post hoc treatment mean comparison
at p<0.05. Statistical analysis was conducted using RStudio
(Version 2025.05.0 Build 496, “Mariposa Orchid” Release, Posit
Software, PBC, Chicago, IL, USA) with the support of the agri-
colae package for multiple comparison procedures.

Graphs illustrating the sensory and nutritional characteristics
of the composite flour blends were created using SigmaPlot for
Windows, Version 15.0.0.13. The graphical representations,
including group error bar plots, were generated to display the
mean values along with standard deviations, enabling a clear vi-
sualization of variation among replicates.

3 | Results

3.1 | Proximate and Physicochemical Properties
of Fortified Maize Flour and Stiff Maize Porridge

The ash levels of maize flour blended with different propor-
tions of jackfruit seed powder (JKF) and the corresponding
stiff maize porridge are represented in Figure 1. Jackfruit seed
powder (JKF) recorded the highest ash content (3.82%), while
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sifted maize flour (SMF) had the lowest (0.70%). Upon blending
SMF flour with 40% JKF, ash content showed a significant in-
crease (p<0.05) to 2.15% as compared to SMF. The ash content
increased significantly (p <0.05) in stiff maize porridge supple-
mented with 40% JKF (0.83%) as compared to SMF stiff por-
ridge (0.33%). Similarly, upon blending WMF with JKF, the ash
content significantly (p <0.05) increased in stiff maize porridge
supplemented with 40% JKF to 2.24% compared with WMF stiff
porridge. The ash content significantly (p <0.05) increased in
stiff maize porridge supplemented with 40% JKF (0.89%) as com-
pared to WMF stiff maize porridge (0.49%). As the level of jack-
fruit seed flour increased in the composite SMF and WMF, the
ash content increased significantly (Figure 1). The data showed
a significant difference (p<0.05) in ash content between the
maize flour blends and their corresponding stiff maize porridge.

The moisture content of maize flour blended with different pro-
portions of jackfruit seed flour and their corresponding stiff
maize porridge is presented in Figure 1. The findings showed
that jackfruit seed flour (JKF) had the lowest moisture content
(5.35%), whereas sifted maize flour (SMF) recorded the highest
(10.72%). When SMF was blended with 40% JKF, the moisture
content significantly (p<0.05) decreased to 8.00%. A steady
decline in moisture was observed with increasing proportions
of JKF, although no significant difference (p>0.05) occurred
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FIGURE1 | Ash and moisture content of jackfruit seed powder (JKF), sifted maize flour (SMF), whole maize flour (WMF) as well as SMF and
WMF blended with different proportions of jackfruit seed powder and their corresponding stiff maize porridge. A and B represent ash content of SMF
and WMF, respectively, blended with different proportions of JKF and their corresponding stiff maize porridge; C and D represent moisture content
of SMF and WMF, respectively, blended with different proportions of JKF and their corresponding stiff maize porridge. SMF + 10JKF (90% SMF and
10% JKF), SMF + 20JKF (80% SMF and 20% JKF), SMF + 30JKF (70% SMF and 30% JKF), SMF + 40JKF (60% SMF and 40% JKF), WMF + 10JKF
(90% WMF and 10% JKF), WMF +20JKF (80% WMF and 20% JKF), WMF + 30JKF (70% WMF and 30% JKF), and WMF +40JKF (60% WMF and
40% JKF). Values represent mean values + standard deviation (n = 3). Significant differences (p <0.05) are denoted by different letters as determined

by Tukey's honestly significant difference (HSD) test.
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between SMF +20% JKF, SMF +30% JKF and SMF +40% JKF.
Whole maize flour (WMF) had the highest (10.53%) moisture
content recorded for the maize flour. Upon blending WMF with
40% JKF, the moisture content significantly (p <0.05) reduced
to 8.19%.

Moisture content of stiff maize porridge was significantly
(p<0.05) higher compared to the composite flours. SMF stiff
porridge had 35.64% moisture content, while stiff maize por-
ridge from SMF blended with 40% JKF recorded 34.86%. There
was no statistical significance (p>0.05) observed between most
maize flour blended with jackfruit seed powder for both SMF
and WMF (Figure 1). Stiff porridge from WMF blended with
40% JKF (34.86%) showed significantly (p <0.05) higher mois-
ture content compared with WMF stiff porridge (34.10%).

Protein content of the maize flour blended with different pro-
portions of JKF and their corresponding stiff maize porridge
is presented in Figure 2. Protein content differed significantly
(p<0.05) across the different formulations of flour and stiff
maize porridge. The protein content in SMF, WMF, and JKF
was 8.03%, 9.13%, and 15.49%, respectively. There was a signifi-
cant (p <0.05) increase in protein content in stiff maize porridge
prepared from maize flour blended with different proportions
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of JKF compared to stiff maize porridge prepared from either
SMF or WMF only. For SMF, the protein content of stiff por-
ridge prepared from SMF-jackfruit blended flour significantly
increased from 1.66% to 5.95%, while for stiff maize porridge
prepared from WMF-jackfruit blended flour increased from
1.24% to 5.98%. The cooked jackfruit seed powder (100% JKF)
sample exhibited a protein content of 7.23%, which is lower than
the uncooked jackfruit seed powder (15.49%). The data revealed
a significant difference (p <0.05) between the flours and their
stiff maize porridge counterparts.

Fat content was analyzed in both composite flour blends and
their corresponding stiff maize porridge. As presented in
Figure 2, the fat quantity varied significantly (p <0.05) across
the different maize flour formulations. Sifted maize flour (SMF)
had a fat content of 2.13%, which significantly (p<0.05) de-
creased to 1.04% when blended with 40% jackfruit seed flour
(SMF +40JF). Stiff maize porridge prepared from SMF and
SMF +40JKF, fat content was significantly (p <0.05) reduced
to 1.23% for SMF and 0.36% for SMF +40JKF. Similarly, whole
maize flour (WMF) had the highest fat content among the three
flours at 3.42%, which significantly (p <0.05) reduced to 2.36%
in the WMF +40JF, and further decreased to 1.56% and 0.46%
in their respective stiff maize porridge samples. Jackfruit seed
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FIGURE2 | Protein and crude fat content (%) of jackfruit seed powder (JKF), sifted maize flour (SMF), whole maize flour (WMF) as well as SMF
and WMF blended with different proportions of jackfruit seed powder and their corresponding stiff maize porridge. A and B represent protein con-
tent of SMF and WMF, respectively, blended with different proportions of JKF and their corresponding stiff maize porridge; C and D represent crude
fat content of SMF and WMEF, respectively, blended with different proportions of JKF and their corresponding stiff maize porridge. SMF + 10JKF
(90% SMF and 10% JKF), SMF +20JKF (80% SMF and 20% JKF), SMF + 30JKF (70% SMF and 30% JKF), SMF +40JKF (60% SMF and 40% JKF),
WMF + 10JKF (90% WMF and 10% JKF), WMF + 20JKF (80% WMF and 20% JKF), WMF + 30JKF (70% WMF and 30% JKF), and WMF +40JKF
(60% WMF and 40% JKF). The values represent mean values + standard deviation (n = 3). Different lowercase letters in different bars indicate signif-
icant differences at 5% level. Significant differences (p <0.05) are denoted by different letters as determined by Tukey's honestly significant difference
(HSD) test.
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powder (JKF) had a significantly (p <0.05) low-fat content of
0.80%, and its cooked form had the lowest at 0.22%.

The crude fiber content of maize flour blended with jackfruit
seed powder and their corresponding stiff maize porridge is pre-
sented in Figure 3. The data showed that jackfruit seed flour
(JKF) recorded the highest fiber level (3.40%), while sifted maize
flour (SMF) had the lowest (2.33%). Blending SMF with JKF sig-
nificantly (p <0.05) increased the fiber content with SMF +40%
JKF recording the highest content (3.26%). The fiber content
significantly (p <0.05) increased in stiff maize porridge supple-
mented with 40% JKF (2.49%) compared to SMF stiff porridge
(1.30%). Similarly, the fiber content of stiff maize porridge from
WMF supplemented with 40% JKF (2.54%) was significantly
higher than WMF stiff maize porridge (1.33%).

Carbohydrate content of maize flour fortified with different pro-
portions of jackfruit seed powder and their corresponding stiff
maize porridge is presented in Figure 3. The carbohydrate con-
tent of jackfruit seed powder (71.14%) was significantly reduced
(p<0.05) compared to sifted maize flour (SMF) and whole
maize flour (WMF) at 76.08% and 72.85%, respectively. Blending
maize flour with jackfruit seed powder significantly reduced
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the total carbohydrate content; although in SMF+30JKF and
SMF +40JKF formulations, the reduction was not significant.

3.2 | Phenolic Content of Fortified Maize Flour
and Stiff Maize Porridge

Phenolic content of maize flour blended with different propor-
tions of jackfruit seed powder and their corresponding stiff
maize porridge is presented in Figure 4. Jackfruit seed powder
(JKF) recorded the highest phenolic content (2.22 mg/g) and dif-
fered significantly (p<0.05) from SMF (0.57 mg/g) and WMF
(1.13mg/g). Sifted maize blended with JKF had a consistent in-
crease in phenolic content for both the composite flour and stiff
maize porridge. The increase in jackfruit seed powder propor-
tion from 10% to 40% reflected a significant increase (p <0.05) in
phenolic contents in a progressive manner. Stiff maize porridge
samples had significantly lower phenolic contents compared to
their uncooked flour counterparts. Samples with higher jack-
fruit proportions retained significantly more phenolics (e.g.,
SMF +40JKF stiff porridge: 1.95mg/g; WMF +40JKF stiff por-
ridge: 2.16 mg/g) than their unfortified maize flour (SMF stiff
porridge: 0.17 mg/g; WMF stiff porridge: 0.58 mg/g), ‘(p <0.05)".
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FIGURE 3 | Fiber and carbohydrate content (g/100g) of jackfruit seed powder (JKF), sifted maize flour (SMF), whole maize flour (WMF) as
well as SMF and WMF blended with different proportions of jackfruit seed powder and their corresponding stiff maize porridge. A and B represent
fibre content of SMF and WMF, respectively, blended with different proportions of JKF and their corresponding stiff maize porridge; C and D repre-
sent carbohydrate content of SMF and WMF, respectively, blended with different proportions of JKF and their corresponding stiff maize porridge.
SMF + 10JKF (90% SMF and 10% JKF), SMF + 20JKF (80% SMF and 20% JKF), SMF + 30JKF (70% SMF and 30% JKF), SMF +40JKF (60% SMF
and 40% JKF), WMF + 10JKF (90% WMF and 10% JKF), WMF +20JKF (80% WMF and 20% JKF), WMF + 30JKF (70% WMF and 30% JKF), and
WMF +40JKF (60% WMF and 40% JKF). The values represent mean values + standard deviation (n =3). Different lowercase letters in different bars
indicate significant differences at the 5% level. Significant differences (p <0.05) are denoted by different letters as determined by Tukey's honestly
significant difference (HSD) test.
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FIGURE 4 | Total phenolic content (mg gallic acid equivalents (GAE)/g) of jackfruit seed powder (JKF), maize flour (SMF and WMF), compos-
ite flour (maize flour blended with different proportions of jackfruit seed powder) and their corresponding stiff maize porridge. A and B represent
total phenolic content of SMF and WMF, respectively, blended with different proportions of JKF and their corresponding stiff maize porridge.
SMF + 10JKF (90% SMF and 10% JKF), SMF + 20JKF (80% SMF and 20% JKF), SMF + 30JKF (70% SMF and 30% JKF), SMF +40JKF (60% SMF
and 40% JKF), WMF + 10JKF (90% WMF and 10% JKF), WMF +20JKF (80% WMF and 20% JKF), WMF + 30JKF (70% WMF and 30% JKF), and
WMF +40JKF (60% WMF and 40% JKF). Values represent means =+ standard deviations (n = 3). Different lowercase letters in different bars indicate
significant differences at the 5% level. Significant differences (p <0.05) are denoted by different letters as determined by Tukey's honestly significant
difference (HSD) test. JKF, jackfruit seed powder; SMF, sifted maize flour; WMF, whole maize flour.

However, not all sample comparisons showed significant dif-
ferences. For instance, in the WMF series, WMF + 30JKF and
WMF +40JKF showed no significant differences (p>0.05) be-
tween them. Similarly, some stiff maize porridge samples such
as WMF+20JKF and WMF +30JKF showed no significant
differences.

3.3 | Vitamin Bl and B6 Content of Fortified Maize
Flour and Stiff Maize Porridge

A significant increase (p <0.05) in thiamine (B1) content was
observed with increasing proportions of jackfruit seed pow-
der in both SMF and WMF (Figure 5). Thiamine was not
detected in sifted maize flour (SMF) and whole maize flour
(WMF), but was present at significantly (p <0.05) higher levels
in the fortified maize flour containing jackfruit seed powder.
In SMF blended with different proportions of JKF, thiamine
ranged from 42.77mg/kg in SMF+10JKF to 134.56 mg/kg
in SMF+40JKF, while in their corresponding stiff porridge,
thiamine content significantly (p <0.05) decreased. Similarly,
WMF blended with different proportions of JKF had thiamine
levels increased from 43.03 (WMF +10JKF) to 119.17mg/kg
(WMF +40JKF), while the stiff porridge samples thiamine
content significantly (p<0.05) decreased. Jackfruit seed
powder had a high thiamine content of 311.56 mg/kg, which
decreased to 109.33 mg/kg after preparation of stiff maize por-
ridge. However, not all differences in vitamin B1 between the
samples were significant (p > 0.05).

A significant increase (p <0.05) in vitamin B6 content was ob-
served as the proportion of jackfruit seed powder increased in
both SMF and WMF (Figure 5). SMF and WMF had low B6 con-
centrations of 1.89 mg/kg and 1.98 mg/kg, respectively. With the
blending of maize flour with different proportions of jackfruit
seed powder, B6 significantly increased, ranging from 11.39
(SMF + 10JKF) to 56.32mg/kg (SMF +40JKF) for sifted maize
and from 11.17 (WMF + 10JKF) to 39.94mg/kg (WMF +40JKF)

for whole maize. However, preparation of stiff maize por-
ridge significantly reduced vitamin B6 content (p<0.05). In
SMF stiff porridge, B6 was undetectable and ranged from 3.72
(SMF+10JKF) to 17.14mg/kg (SMF+40JKF) in stiff por-
ridge prepared from blended flour. Similarly, WMF stiff maize
porridge had B6 levels between 2.28 (WMF+10JKF) and
16.11mg/kg (WMF +40JKF), with no detectable B6 in whole
maize stiff porridge. Jackfruit seed powder exhibited a high
B6 content of 66.65mg/kg, which declined significantly to
26.49 mg/kg after preparation of stiff porridge.

3.4 | Mineral Content of Fortified Maize Flour
and Stiff Maize Porridge

The mineral profile of maize flour and stiff maize porridge are
presented in Tables 2 and 3. Generally, the analysis showed a
significant (p <0.05) increase in calcium, copper, iron, potas-
sium, magnesium, and manganese content with an increase in
jackfruit seed powder in SMF and WMF. However, not all maize
flour blended with jackfruit seed powder showed a statistically
significant change. From the findings, jackfruit seed powder re-
corded significantly higher mineral content (p <0.05) compared
to both sifted and whole maize flour blended with 40% jackfruit
seed powder.

Calcium levels differed significantly (p<0.05) among the
groups, as presented in Tables 2 and 3. Sifted maize flour
blended with jackfruit seed powder showed a significant
(p<0.05) increase in calcium content, ranging from 19.39 (for
SMF + 10JKF) to 48.22mg/100g for SMF + 40JKF (Table 2).
However, preparation of stiff porridge significantly (p <0.05)
reduced calcium content across all sifted maize flour blended
with jackfruit seed powder. Similarly, stiff porridge prepared
from WMF blended with jackfruit seed powder recorded
a significant (p<0.05) decrease in calcium content, rang-
ing from 8.34 to 22.08 mg/100g, with WMF stiff porridge at
6.23mg/100g.

8of 15

Food Science & Nutrition, 2026

85U8017 SUOWIWIOD BA11E81D) 8|qeotjdde 8y} Aq psuIsnob ae el VO '8sn JO S9Nl Joj Akeiq1 ] 8UIIUQ AB]1M UO (SUONIPUCO-PUE-SWISIALI0Y A8 | 1M ARe.ql U1 Uo//Sdy) SUONIPUOD pue SIS | 81 88S *[9202/0T/0Z] U0 Akeidi8uliu AB|IM * Y ANT M - SSTODV DG -ebodeAN suend Aq 8.2/ '€Us1/200T 0T/I0p/wod" Aa|1mAreiq 1 puljuo//sdny woy pepeojumod ‘0T ‘9202 ‘LLT/8702



A 2
350 & ®mFlour «Stiff maize poridge

G300 [ W

é:so

£ 200

=

S 150 i

H =

5 100

B ef

6 ff .
TKF 3 SMP=100KF SMF-20KF SMP-3QTKF SMF~OTKF
Samples
C s Bk wateesa

& our tiff maize pormidge

3 70 !

Eﬁc

E 30

2

E 40

-

g0

.é:-o

£ 10

o

SMP-10JKF SAMF=20IKF SMF=3QIKF SMF—QIKF

Samples

B 350 BFlow ®SHffmaize pomid
a pormidge
§ 300
E 20
g 200
150 . D
o b C
5 100 = cd
=2 - de T o
i ef Ief Ef =
. f of < =
JKF TWAF TWAF-10KF WAMF-20RKF WMF-30TKF WMF-400KF
Samples
D g . BFlouw * SHff maize poridze
= 70
=
=60
£
‘;’ 50 b
210
-
2 30
i:o
210

(=1

JKF WA

WAF-IKF WMF-2UKF WMF=30KF  WMF-0IKF
Samples

FIGURE5 | Thiamine (vitamin B1) and pyridoxine content (mg/kg) in jackfruit seed powder (JKF), sifted maize flour (SMF), whole maize flour
(WMF), as well as SMF and WMF blended with different proportions of jackfruit seed powder and their corresponding stiff maize porridge. A and
B represent thiamine (vitamin B1) content of SMF and WMF, respectively, blended with different proportions of JKF and their corresponding stiff

maize porridge; C and D represent pyridoxine (vitamin B6) content of SMF and WMF, respectively, blended with different proportions of JKF and
their corresponding stiff maize porridge. SMF + 10JKF (90% SMF and 10% JKF), SMF + 20JKF (80% SMF and 20% JKF), SMF + 30JKF (70% SMF and
30% JKF), SMF +40JKF (60% SMF and 40% JKF), WMF + 10JKF (90% WMF and 10% JKF), WMF + 20JKF (80% WMF and 20% JKF), WMF + 30JKF
(70% WMF and 30% JKF), and WMF +40JKF (60% WMF and 40% JKF). The values represent mean values + standard deviation (n=3). Different
lowercase letters in different bars indicate significant differences at the 5% level.

Copper levels differed significantly (p<0.05) among the
groups, as presented in Tables 2 and 3. Sifted maize flour
blended with jackfruit seed flour showed a significant in-
crease in copper levels, ranging from 0.23 (for SMF + 10JKF)
to 0.53mg/100g for SMF +40JKF (Table 2). However, prepa-
ration of stiff porridge significantly reduced copper content
across all sifted maize flour blended with jackfruit seed pow-
der. Similarly, stiff porridge prepared from WMF blended with
jackfruit seed powder recorded a significant (p<0.05) de-
crease in copper content, ranging from 0.18 to 0.35mg/100g,
with WMF stiff porridge at 0.08 mg/100g.

Iron levels differed significantly (p <0.05) among the groups, as
presented in Tables 2 and 3. Sifted maize flour (SMF) blended
with jackfruit seed powder showed a significant increase in iron
content, ranging from 2.05 (for SMF + 10JKF) to 3.51mg/100g
for SMF +40JKF (Table 2). However, preparation of stiff porridge
significantly reduced iron content across all SMF blended with
jackfruit seed powder. Similarly, stiff porridge prepared from
WMF blended with jackfruit seed powder recorded a significant
decrease in iron content, ranging from 0.70 to 1.65mg/100g,
with WMF stiff porridge at 0.61mg/100g. Jackfruit seed pow-
der recorded the highest iron level at 5.15mg/100g, although the
level significantly decreased to 2.09mg/100g after preparation
of stiff porridge.

Potassium levels differed significantly (p<0.05) among the
groups, as presented in Tables 2 and 3. Sifted maize flour (SMF)
blended with jackfruit seed powder showed a significant in-
crease in potassium, ranging from 7.61 (for SMF +10JKF) to
16.23mg/100g for SMF +40JKF. However, preparation of stiff
porridge significantly (p<0.05) reduced potassium content
across all SMF blended with jackfruit seed powder. Similarly,
stiff porridge prepared from WMEF blended with jackfruit seed
powder recorded a significant (p <0.05) decrease in potassium
content, ranging from 7.89 to 14.60mg/100g, with WMF stiff
porridge at 4.79mg/100g. Jackfruit seed powder recorded the
highest potassium content at 34.91 mg/100g, although the level
significantly (p <0.05) decreased to 24.92mg/100g after prepa-
ration of stiff porridge. The same trends were observed for mag-
nesium and manganese content for both SMF and WMF blended
with different proportions of jackfruit seed powder (Tables 2
and 3).

3.5 | Sensory Properties of Stiff Maize Porridge
Prepared From Maize Flour Fortified With Jackfruit
Seed Powder

The sensory evaluation scores of stiff maize porridge prepared
from sifted maize flour and whole maize flour blended with JKF
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TABLE 2 | Mineral composition (mg/100g) of sifted maize flour fortified with different proportions of jackfruit seed powder and their
corresponding stiff porridge.

Flour and stiff porridge

samples Calcium Copper Iron Potassium Magnesium Manganese
JKF 110.68+1.62*  1.06+0.06* 5.15+0.122 34.91+0.29°  132.10+0.85 1.1+0.06*
SMF 12+0.13f 0.12+0.01¢f 1.90+0.124 4.41 +0.44hi 51.33+0.77¢ 0.32+0.02¢f
SMF + 10JKF 19.39+0.99¢ 0.23+0de 2.05+0.074 7.61+0.508 60.43+0.734 0.43+0.0149¢
SMF + 20JKF 31.41+1.944 0.26 +0de 2.19+0.089  10.48+0.29¢f  63.38+0.70¢  0.51+0.01%
SMF + 30JKF 39.88 +1.91¢ 0.33+0.02¢¢  2.63+0.01¢ 13.36+1.15¢ 68.69+0.838 0.57+0.02¢
SMF +40JKF 48.22+0.67° 0.53+0.06° 3.51+0.01° 16.23 +0.50°¢ 81.93+0.64° 0.69 +0.04°
JKF* 4738 +1.15° 0.45+0.08>  2.09+0.17¢ 24.92+0.72° 68.41 +1.14° 0.39+0¢
SMF* 3.56+0.778 0.03+0.01f 0.57+0% 3.65+0.231 16.01 £0.52! 0.09 0!
SMF + 10JKF* 6.92+0.69'8 0.17+0.019¢f  0.62+0.01f8 6.69 +0.488h 18.41+0.41! 0.12+0M
SMF + 20JKF* 9.87+1.204 0.21 +0de 0.77 £0.04%8 9.09 +0f2 23.17+0.46" 0.19 + 0oghi
SMF + 30JKF* 18.84+0.62¢  0.23+0.01%  1.04+0.10°f  12.20+0.48%  3524+0.468  0.21+0.017"
SMF +40JKF* 20.97+0.62¢  0.34+0.02¢4  1.43+0.13¢  14.36+0.63%4 40.07+0.43F  0.26+0.01%
p <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Note: SMF + 10JKF (90% SMF and 10% JKF), SMF + 20JKF (80% SMF and 20% JKF), SMF + 30JKF (70% SMF and 30% JKF), and SMF +40JKF (60% SMF and 40%
JKF). The values represent mean values + standard deviation (n = 3). Different lowercase letters in same column indicate significant differences at 5% level.
Abbreviations: JKF, jackfruit seed powder; SMF, sifted maize flour.

*Represents stiff porridge from the corresponding flour.

TABLE 3 | Mineral composition (mg/100g) of whole maize flour fortified with different proportions of jackfruit seed powder and their
corresponding stiff porridge.

Flour and stiff porridge

samples Calcium Copper Iron Potassium Magnesium Manganese
JKF 110.68+1.622  1.06+0.06 515+0.12%  34.91+0.29°  132.10%0.85% 1.1£0.06?
WMF 13.98 +1.41f 0.13+£0.03f  2.01+0.129  549+0.55 50.71+0.687  0.37+0.01¢f
WMTF + 10JKF 22.36+1.38°  0.24%0.02%f  2.25+0.04°¢  10.48+0.57° 62.12+0.31°  0.49+0.02%
WMF + 20JKF 32.55+0.669  0.32+0.019¢  2.53+0.07°¢  12.21+0.579¢  70.88+0.199  0.59+0.01°¢
WMF + 30JKF 42.274090°  0.37+£0.01°d  276+0.18>  15.66+0.29¢ 75.14+0.51° 0.65%0.01b¢
WMF + 40JF 51.36+0.47° 0.51+0.02° 3.13+0.20° 16.52+0.29¢ 84.55+0.10° 0.76 £0.05P
JKF* 47384115  0.45+0.08>  2.09+0.17%  24.92+0.72° 68.41+1.144 0.39+0°
WMEF* 6.23+0.433¢8 0.08 +0f 0.61+08 4.79+0.888 17.66 +0.33! 0.09 0"
WMF + 10JKF* 8.34+0.34¢ 0.18+0.01¢f 0.70+0.018 7.89 +0.24f 20.04 +0.58! 0.12+0.01"
WMF + 20JKF* 11.01+1.04f8 0.21 + 0def 0.85+0.028  11.24+0.42¢  25.09+0.57"  0.19+0.018"
WMF + 30JKF* 19.49+1.03¢  0.24+0.019¢F  1,09+0.06%  11.96+0.42¢ 31.58+0.548  0.21+0.018"
WMF +40JKF* 22.08+0.74°  0.35+0.02°¢  1.65+0.05¢  14.60+0.22°¢  48.79+0.62f  0.25+0.01%
p <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Note: WMF + 10JKF (90% WMF and 10% JKF), WMF + 20JKF (80% WMF and 20% JKF), WMF + 30JKF (70% WMF and 30% JKF), and WMF +40JKF (60% WMF and
40% JKF). The values represent mean values + standard deviation (n =3). Different lowercase letters in same column indicate significant differences at 5% level.
Abbreviations: JKF, jackfruit seed powder; WMF, whole maize flour.

*Represents stiff porridge from the corresponding flour.

were assessed using a 5-point hedonic scale (Tables 4 and 5).
Statistical analysis revealed that the blending of either sifted maize
flour or whole maize flour with jackfruit seed powder significantly

influenced all the sensory parameters tested (p <0.05). The addi-
tion of jackfruit seed powder to both sifted and whole maize flours
resulted in a significant (p<0.05) decline in sensory parameters
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TABLE 4
jackfruit seed powder.

| Sensory evaluation scores for stiff maize porridge prepared from the sifted maize meal flour blended with different proportions of

Stiff porridge Overall
sample Appearance Color Aroma Mouthfeel Taste Texture acceptability
SMF 4.53+0.672 4.38 £0.752 4.13+£0.752 3.72+£0.772 3.75+0.922 3.97+£1.002 4.13+0.662
SMF + 10JKF 3.30+0.94° 3.17+0.87°  3.57+0.93*  2.50+£0.96" 2.70+£0.97°  3.07+1.38° 3.10+0.70°
SMF + 20JKF 2.75+1.02b¢ 3.00+0.98  2.53+0.84°>  2.09+0.93P 1.88+0.98¢ 2.00£1.02¢ 2.50+0.92¢
SMF + 30JKF 2.44+£0.95¢ 2.75+0.95% 2.7240.95P 2.09+0.96° 1.88+£0.91¢ 2.22+£1.04¢ 2.28£0.77°
SMF +40JKF 2.18+0.98¢ 2.00£0.92¢ 2.54+1.23b 1.61+1.00° 1.54+1.12° 2.07+1.31b¢ 1.96£0.93¢
p <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Note: Values are means + standard deviation (n=30). Means within the same column with different superscripts differ significantly (p <0.05). SMF and JKF represent

Sifted maize flour and Jackfruit seed powder, respectively.

TABLE 5 |
jackfruit seed powder.

Sensory evaluation scores for stiff maize porridge prepared from the whole maize meal flour blended with different proportions of

Stiff porridge Overall
sample Appearance Color Aroma Mouthfeel Taste Texture acceptability
WMF 3.89+0.852 3.78+0.75*  3.52+0.94*  3.48+0.89*  3.74%+0.90*  3.59+1.05 3.78 £0.702
WMF + 10JKF 3.33+0.88? 3.26+0.76  3.11+0.85®  2.56+1.05° 2.41+1.11° 2.41+1.19° 2.85+0.91°
WMF + 20JKF 2.26+0.71° 2.52+0.64°  2.81+1.112>  1.74+0.76° 1.74+0.66°  2.00+£1.00>  2.30+0.82°¢
WMF + 30JKF 2.22+0.70°  2.33+£0.73>  2.8940.85%°  2.04+0.98*° 1.81+0.83"¢  1.89+0.93" 2.26+0.66°
WMF +40JKF 2.18+0.82°  2.00+0.86" 2.54+1.04>  1.61+0.69°  1.54+0.69° 2.07+1.02° 1.96+0.74¢
p <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Note: The values are mean + standard deviation (n = 30). Values in the same column with different superscript letters are significantly different (p <0.05) based on
Tukey's HSD test. WMF and JKF represent whole maize flour and Jackfruit seed powder, respectively.

including aroma, appearance, taste, color, mouthfeel, texture, and
overall acceptability. Furthermore, differences were not statisti-
cally significant (p>0.05) across all sensory attributes between the
SMF + 20JKF, SMF + 30JKF, and SMF +40JKF samples, as well as
WMF + 30JKF and WMF +40JKF.

Sifted maize flour (SMF) and whole maize flour (WMF) pro-
duced stiff maize porridge with the most preferred appearance,
color, mouthfeel, texture, and taste with mean ratings above
3.40. Incorporating jackfruit seed flour introduced a grainy
texture to the stiff maize porridge, which negatively influenced
the mouthfeel of the stiff maize porridge from blended maize
and jackfruit seed powder. The most acceptable blends were
SMF + 10JKF and WMF + 10JKF. The acceptability of the blends
decreased as the proportion of jackfruit seed powder increased.

4 | Discussion

The present study provides a novel and systematic evaluation
of jackfruit seed powder as a nutritious and underutilized by-
product for improving the nutritional profile of white maize-
based stiff porridge to curb malnutrition.

The findings demonstrated that blending of maize flour with
jackfruit seed powder significantly increased the ash content.
Despite the lower ash values in blended maize flour, as the

proportions of jackfruit seed powder increased, there was an in-
crease in total ash quantity in stiff maize porridge. According
to Maskey et al. (2020), the high ash content in jackfruit seed
flour (1.27%) may be attributed to its elevated mineral contents
including magnesium, potassium, calcium, and trace elements
such as iron in jackfruit seeds. The significant (p<0.05) in-
crease in ash level in maize-jackfruit-blended flours and stiff
maize porridge suggests an increase in total mineral content
due to fortification of maize with jackfruit seed powder. Whole
maize-jackfruit blended flours retained more ash compared to
sifted maize-jackfruit blends due to the presence of bran and
germ components in whole maize flour. While enriching maize
flour with jackfruit seed powder increased its mineral content,
it remains important to ensure that the final formulation meets
established nutritional standards to effectively support healthy
growth.

Moisture content of flour is a critical quality parameter that
greatly impacts the microbial stability, physical texture and
sensory properties of stiff maize porridge. The results revealed
that jackfruit seed powder had significantly lower moisture
content and was significantly different from maize flour and
maize-jackfruit blended flour. The observed reduction in
moisture with increased proportion of jackfruit seed powder
is important for improving shelf life and reducing micro-
bial susceptibility in maize-jackfruit blended flour products
(Terefe et al. 2022). Lower moisture decreases water activity,
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which inhibits microbial growth and enzymatic activity, thus
enhancing product stability during storage. Incorporating
jackfruit seed powder contributes to better moisture con-
tent, thereby improving shelf-life of the products. However,
stiff maize porridge prepared from maize-jackfruit blended
flour exhibited higher moisture content compared to its cor-
responding maize-jackfruit blended flour. This increase is ex-
pected, as the cooking process involves the addition of water
and gelatinization of starch, which causes the flour matrix to
absorb and retain more moisture.

The addition of jackfruit seed powder to both sifted and whole
maize flours increased protein content because jackfruit seeds
are rich in protein content, generally ranging between 13% and
18% (Abedin et al. 2012; Maskey et al. 2020; Adan et al. 2020;
Reddy et al. 2023). The protein content of stiff maize porridge
prepared from maize-jackfruit blended flours was significantly
higher compared to the stiff porridge from non-blended SMF
and WMF. This is due to the utilization of protein-rich jackfruit
seed powder in fortification of SMF and WMF. Since maize hasa
low protein content (Kamotho et al. 2017; Chemutai et al. 2024),
complementary foods emanating from maize products should
be augmented by protein-rich foods to improve their nutritional
value. Proteins are vital for the prevention of protein-energy
malnutrition (PEM) frequently observed in children in devel-
oping countries. Proteins also support body growth, repair tis-
sues, regulate metabolism through enzymes and hormones, and
strengthen immune function. They also facilitate nutrient trans-
port and contribute to cellular structure and function (Nelson
and Cox 2012).

The crude fat content of maize flours (SMF and WMF) was sig-
nificantly higher compared with the maize-jackfruit blended
flours and corresponding stiff porridge. In addition, the find-
ings demonstrated a significant reduction in fat with increasing
proportion of jackfruit seed powder, and this is due to the natu-
rally low-fat content of jackfruit seeds. Maize-jackfruit blended
flours contained significantly increased crude fat content as
compared to the corresponding stiff maize porridge. Cooking of
stiff maize porridge significantly reduced the fat content, and
similar trends have been reported in studies showing that heat
treatment and water-based cooking can reduce fat levels in ce-
reals and legumes due to fat loss through evaporation or absorp-
tion into cooking vessels (Eke-Ejiofor et al. 2012). The reduction
in fat content with increased ratio of JKF proportion may be
beneficial for individuals managing conditions such as diabetes,
obesity, or cardiovascular disease, where lower dietary fat in-
take is often recommended. Foods with low fat content tend to
have better shelf stability, as they are less likely to become rancid
during storage (Vieira et al. 2015). Fats in the diet are important
in supporting overall health. They provide an energy source and
facilitate the absorption of fat-soluble vitamins such as A, D, E,
and K throughout the body.

Jackfruit seed powder recorded the highest fiber content and in-
creasing the proportion of jackfruit seed powder in composite
flours for both sifted and whole maize and corresponding stiff
maize porridge, resulted in a significant increase in crude fiber
content. This is important because dietary fiber has many health
benefits such as improved microbiota composition, metabolic
parameters and synthesis beneficial metabolites, as reported

in previous (Kamotho et al. 2017; Deshmukh et al. 2023). The
high carbohydrate content in jackfruit seed powder and maize
flour highlight their potential as reliable energy sources in the
diet as reported in previous studies (Kamotho et al. 2017; Madan
et al. 2022; Reddy et al. 2023). There was significant increase of
carbohydrate content in SMF and WMF blended with jackfruit
seed powder, whereas there was slight decrease in carbohydrate
content of the stiff maize porridge, due to the reason that maize
is a good source of carbohydrates and replacing maize flour with
jackfruit seed powder has increased protein and reduced carbo-
hydrate content.

An increasing trend in phenolic content was observed with
higher jackfruit seed powder levels, attributed to the naturally
high phenolic levels in jackfruit. Phenolic compounds are im-
portant antioxidants that play a protective role against diseases
linked to oxidative stress including cardiovascular disorders,
cancer, and neurodegeneration (Balasundram et al. 2006).
When phenolic compounds are present in high amounts, they
can lower the nutritional composition of food by hindering min-
eral uptake and protein digestion and may also lead to toxicity
and other health issues. To mitigate these effects, various tech-
niques like milling, soaking, fermentation, and heat treatment
are commonly applied to reduce phenolic content and enhance
nutrient bioavailability (Samtiya et al. 2020). In this study, phe-
nolic content significantly decreased after cooking, suggesting
that thermal processing may help mitigate the anti-nutritional
effects of phenols while retaining their beneficial properties to
some extent.

Analysis of vitamin B1 content revealed that sifted and whole
maize flour samples lacked detectable levels of thiamine.
However, incorporation of jackfruit seed powder into sifted and
whole maize flours led to a significant increase in vitamin B1.
Thiamine (vitamin B1) plays a vital role in maintaining proper
cellular function. It serves as a coenzyme in the breakdown
of fats, carbohydrates, and proteins, playing a key role in mi-
tochondrial energy production. Thiamine is also crucial for
fatty acid oxidation, protein synthesis, and maintaining the
normal function of both the central and peripheral nervous
systems through its involvement in neurotransmitter produc-
tion. Deficiency can cause significant health issues including
Wernicke's encephalopathy, nerve damage, heart failure, and
confusion, especially in malnourished individuals (Mrowicka
et al. 2023). Therefore, the increase in thiamine content with
jackfruit seed flour substitution suggests a potential strategy to
improve the micronutrient profile of staple foods such as Ugali.
Cooked samples exhibited a significant loss of vitamin B1 con-
tent; however, blends with higher proportions of jackfruit seed
flour retained more thiamine. This confirms the sensitivity of
thiamine to heat, as reported by Khamila et al. (2020) who noted
that vitamins are vulnerable to degradation when subjected to
heat, oxygen, or light.

The analysis of vitamin B6 content across the various maize
flour formulations demonstrated a significant increase with
higher jackfruit seed powder levels, yet a notable reduction
was observed in the corresponding stiff maize porridge. This
retention of vitamin B6 in the stiff maize porridge prepared
from maize flour blended with jackfruits highlights the nu-
tritional benefits of fortifying maize flour with jackfruit seed
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powder. Despite thermal losses, the stiff porridge prepared
from enriched blended flours still preserved appreciable levels
of B6, which is essential for amino acid metabolic processes,
production of neurotransmitters, immune system function,
and cognitive development. It supports red blood cell for-
mation and helps preserve proper nerve function (Parra
et al. 2018). According to Khamila et al. (2020), pyridoxine,
like other vitamin B, is vulnerable to degradation when ex-
posed to heat, light, or oxygen, explaining the reduction ob-
served in stiff porridge.

The mineral composition of the maize—jackfruit blended flour
showed a consistent improvement in mineral content with in-
creasing proportions of jackfruit seed powder. This trend was
evident across key minerals such as iron, magnesium, calcium,
potassium, copper, and manganese, reflecting the naturally rich
mineral profile of jackfruit seed. The analysis of stiff porridge
was done on a wet weight basis and the apparent loss in mineral
content following porridge preparation is attributed to dilution
due to the use of water in the preparation of porridge at a ratio
of 2:1 (water: flour), although some formulations retained appre-
ciable amounts of these nutrients. These findings highlight the
potential of jackfruit seed powder as a functional ingredient for
combating micronutrient deficiencies, especially among com-
munities where maize forms the dietary staple.

Considering the crucial function of iron in transporting oxy-
gen, immune function, and cognitive development (Abbaspour
et al. 2014), the observed improvements emphasize the impor-
tance of fortifying maize flour with jackfruit seed powder to help
address iron deficiency in staple diets. The findings highlight
that although copper content increased with increasing propor-
tion of jackfruit seed powder, statistical differences were mini-
mal in most formulations. Nonetheless, fortification contributed
meaningfully to total copper levels, which is beneficial as an
essential trace element that supports energy production, con-
nective tissue formation, and nervous system function through
its role in key cuproenzymes. It also facilitates iron metabolism
and serves as an antioxidant by counteracting free radicals.
Copper deficiency or imbalance may result in serious health is-
sues, such as anemia, bone weakness, and neurological disor-
ders (Collins 2021). Magnesium supports key bodily functions,
and long-term insufficient intake may contribute to chronic
health conditions. Assessing magnesium status is challenging,
as blood levels don't always reflect the body's true magnesium
stores. Ensuring adequate dietary intake is vital for preventing
deficiency-related diseases (Fiorentini et al. 2021).

Sensory evaluation is essential in determining the acceptability
of fortified food products as it assesses consumer perceptions of
key attributes such as aroma, color, texture, taste, appearance,
and overall acceptability. It typically involves numerical scor-
ing of these specific attributes in one or more samples, with rat-
ings commonly categorized as excellent, very good, good, fair,
or poor (Kumari et al. 2015). The observed decline in sensory
scores with increasing jackfruit seed powder can be attributed
to several compositional and functional factors inherent in the
jackfruit seed. Maskey et al. (2020) reported comparable find-
ings, observing that the control cookies received the highest
scores, which steadily declined as the jackfruit seed powder con-
tent increased. In addition to the observed changes in sensory

quality, the incorporation of jackfruit seed powder may also
have impacted the binding and cohesiveness of the stiff porridge
matrix. Jackfruit seed powder contains starches and proteins
that differ structurally from those in maize flour, potentially
altering gelatinization and water absorption during cooking.
These changes could result in a less cohesive or crumbly prod-
uct, which may further affect texture and consumer perception.
Moreover, the natural phytochemicals present in jackfruit seed
powder, while nutritionally beneficial, might contribute to a
bitter taste when used in higher proportions. These functional
properties highlight the need for further optimization of jack-
fruit seed powder levels in maize-based formulations to strike a
balance between enhanced nutrition and consumer acceptabil-
ity (Swami et al. 2012).

The study presented an innovative approach for food formulation
by transforming low-value jackfruit seed waste into a high-value
functional ingredient thus creating opportunities for farmers,
consumers and manufacturers. Maize is a primary staple diet for
hundreds of millions of people particularly across sub-Saharan
Africa. The significance of maize flour fortification in the current
study lies in the ability to combat micronutrient deficiencies such
as protein, minerals (iron, zinc) and vitamin B complex deficiency
at a mass scale without requiring consumers to change their di-
etary habits. The jackfruit seeds are easily available without sea-
sonal limitations and therefore a sustainable source of nutrients
for food fortification. In addition, jackfruit seeds are considered
a waste and therefore a cost-effective strategy to enhance the nu-
tritional value of food products. The techniques used in the pre-
processing of jackfruit seeds are easy to implement, cost-effective
and may be applicable at small-scale community and industrial
levels. There is a need to promote the adoption of jackfruit seeds
in both community and industrial scales to fully harness the po-
tential as a sustainable source of food nutrients.

5 | Conclusion

The findings revealed that jackfruit seed powder contains sig-
nificant amounts of protein, vitamins B complex (vitamin Bl
and B6), and minerals compared to sifted and whole maize
flours. The results demonstrated that supplementation of maize
flour with jackfruit seed powder led to a significant increase
in the nutritional value of stiff maize porridge. The increase
in the proportion of jackfruit seed powder in maize-jackfruit
blended flours resulted in increased nutritional quality in the
corresponding stiff maize porridge. The most nutrient-rich stiff
porridge was those prepared from maize flour fortified with
40% jackfruit seed powder, while the most acceptable stiff por-
ridge based on sensory analysis was those supplemented with
10% jackfruit seed powder. The incorporation of 10% jackfruit
seed powder in both SMF and WMF yielded the most acceptable
stiff porridge based on texture, taste and appearance, while still
offering enhanced nutritional value. These results illustrate the
potential of jackfruit seed powder as a functional ingredient in
the development of composite flour, offering nutritional bene-
fits while maintaining acceptable sensory attributes. Future
studies should evaluate product stability, characterize amino
acid profile, micronutrient contribution, mineral bioavailability
and access acceptability in broader and more relevant consumer
groups.
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