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Kunun-zaki, produced by submerged fermentation of a combination of millet and sorghum, is a popular
beverage in Northern Nigeria. Owing to the nature of the process involved in its production, kunun-zaki is
highly susceptible to contamination by food spoilage microorganisms, leading to inconsistent quality and
short shelf-life. In this study, we investigated various food spices, including cinnamon, garlic, and nutmeg,
as potential preservatives that could be used to extend kunun-zaki shelf-life. Kunun-zaki varieties were fermented with each of these spices mentioned above and subjected to bacterial, nutritional, sensory, and
quality maintenance assessments (using a twelve-member sensory panel to evaluate the organoleptic properties of kunun-zaki). Bacterial counts in the final products ranged between 105-7 CFU/ml. We identified two
bacterial genera, Weissella and Enterococcus, based on partial 16S rRNA gene amplicon sequencing. Three
amino acids, namely leucine, aspartate, and glutamate, were abundant in all kunun-zaki varieties, while
the total essential amino acid content was above 39%, suggesting that kunun-zaki could potentially be considered as a protein-rich food source both for infants and adults. The kunun-zaki products were also rich in
carbohydrates, crude proteins, ash, crude fiber, and fat, with contents estimated as 81-84, 8-11, 0.8-4.0, 2.93.58, and 5.1-6.3%, respectively. However, this nutritional content depreciated rapidly after 24 h of storage,
except for kunun-zaki fermented with garlic, which its crude protein and fat content was maintained for
up to 48 h. Our results revealed that organic spices increased the nutritional content of the kunun-zaki
varieties and could be potentially be used as natural preservatives for enhancing the kunun-zaki shelf-life.
However, garlic might be considered a better alternative based on our preliminary investigation. The presence of the isolated microorganisms in the analyzed kunun-zaki samples should be highlighted to raise
awareness on the possible health hazards that could arise from poor handling and processing techniques.
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Introduction
Kunun-zaki is a popular beverage in northern Nigeria,
and is produced by submerged fermentation of millet
(Pennisetum glaucum), sorghum (Sorghum bicolor) or
maize (Zea mays), in decreasing order of preference or a
combination of at least two grain substrates [1−3]. Ingredients also included in kunun-zaki are sweeteners
(honey or sugar), sweet potatoes and spices such as
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ginger, cloves or black pepper [4, 5]. Kunun-zaki is an
important beverage because it is an inexpensive source
of vitamins, minerals, carbohydrates and proteins, for
large population in Nigeria [6−9]. There has been a
report that production methods of kunun-zaki are crude,
with ingredients neither quantified nor standardized,
leading to products of varying quality and consistency
[1]. Most importantly, lack of control over the entire production processes makes kunun-zaki highly susceptible
to contamination with pathogenic and food spoilage
bacteria [10].
Lactic acid bacteria (LAB) have been reported as the
dominant species isolated from kunun-zaki and there-
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fore, its fermentation is considered as the major contributor to the beneficial characteristics observed in kununzaki [11−13]. There has been report of microbial contamination at various stages of production [8] as processing
is usually carried out under unhygienic conditions, thus,
predisposing the final kunun-zaki to microbial pathogens [9, 14]. Noted that the spices used for making
kunun-zaki microbial contamination while [9] reported
that locally prepared beverages may serve as vehicles for
zoonotic and food-borne diseases such as Staphylococcosis,
salmonellosis, brucellosis, tuberculosis, Listeriosis, and
shigellosis.
Organic additives as spices are generally used as flavouring, colouring, and preservation agents in food or
beverages [15]. Many of these spices possess antimicrobial effects, and are derives from plant essential (volatile)
oils which disrupt microbial cell membrane integrity, by
negatively affecting the pH homeostasis and inorganic
ions [16, 17]. This phenomenon has been associated with
the volatile oils of black pepper, cloves, granium, nutmeg,
oregano and thyme in their antimicrobial activities
against Enterococcus faecalis, Escherichia coli, Salmonella
pullorum, Staphylococcus aureus and Yersinia
enterocolitica [18]. In addition, cinnamon volatile oils
and their active compounds (cinamaldehyde and eugenol)
have also shown antimicrobial activities against E. coli,
Pseudomonas aeruginosa, E. faecalis, S. aureus,
Staphylococcus epidermidis, Klebsiella pneumoniae,
Salmonella sp. and Vibrio parahaemolyticus [19]. In
vitro antimicrobial effects have also been attributed to
many other volatile oils, including garlic, black cumin
seeds, lemon grass, onions and laurel [20].
The current study assessed the impact of three readily
available and affordable organic spices; garlic (Allium
sativum), cinnamon (Cinnamomum verum) and nutmeg
(Myristica fragrans), on the shelf-life and nutritional
profile of kunun-zaki products, as potential preservatives in Kunun-zaki products.

Materials and Methods
Ethical clearance
Ethical clearance was obtained from Babcock University Health Research Ethics Committee (BUHREC) with
ref number NHREC/24/01/2018.
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Preparation of Kunun-zaki varieties under laboratory conditions
Kunun-zaki ingredients, including sorghum, millet,
sweet potatoes (Ipomea batatas) and organic spices,
including ginger (Zingiber officinale), cloves (Syzygium
aromaticum), black pepper (Piper nigrum), garlic,
cinnamon, and nutmeg were all purchased from the
central market in Ilishan-Remo, Nigeria. Kunun-zaki
was prepared in the laboratory according to the traditional fermentation method, described by [21] with
slight modification. Briefly, 250 g of a mixture of millet
and sorghum (ratio 4:1) was cleaned by manually removing stones and plant debris. The grains were then
washed thoroughly with sterile distilled water, followed
by steeping in 500 ml sterile distilled water (1: 2 w/v) for
3 h in a sterile 1000 ml beaker. The water was decanted
and the grains washed with 500 ml sterile distilled
water. The soaked grains were separated from the water
and then wet milled into paste using an electric
blender (NL-B1218 NULEK, New life, Japan). The
paste was divided into two unequal parts in ratio 1:3 (v/v)
and 500 ml boiling hot water was then added to the
larger portion to gelatinize, while the smaller portion
was mixed with blended 5.5 g sweet potato, 1 g black
pepper, 1 g cloves, 1 g ginger and 5 g of either garlic,
nutmeg or cinnamon. The smaller paste portion was
added to the larger portion when the latter’s was
tempered to about 25℃. The mixture was stirred using
a sterile glass rod and allowed to ferment for 12 h at
room temperature. Subsequently, the samples were
filtered using a sterile muslin cloth and the filtrate was
the Kunun-zaki product. Three replicas of this fermentation was carried out.
Bacteriological assessment of kunun-zaki varieties
The bacterial composition of each Kunun-zaki variety
at two critical control points (CCPs) was assessed by
culture-dependent approach. The CCPs assessed included
the grain-washing steps and the finished kunun-zaki
products. One milliliter of sample was diluted in 9 ml
sterile peptone water up to 10-5 dilution and pour plated
on nutrient agar (NA) (Oxoid Basingstoke, UK) and De
Man, Rogosa Sharpe (MRS) Agar (Hi Media, India). The
plates were incubated at 37℃ for 24 h, and colonies were
recorded as colony forming units per ml (cfu/ml) of

June 2021 | Vol. 49 | No. 2

194

Mokoshe et al.

sample. Distinct colonies on MRS agar were selected
and re-streaked to obtain pure cultures, and were preserved in 15% glycerol.
The identity of bacterial isolates was determined by
16S rRNA gene sequencing. Genomic DNA of isolates
was extracted Qick-DNATM miniprep plus kit (Zymo
research, Biolab, USA) following the manufacturer’s
instruction. The DNA was subsequently amplified by
PCR using the primers 341F (5'-CCTACGGGAGGCAGCAG3-3')
and
R806
(5'-GGACTACHVGGGTWTCTAAT3-3'). Each PCR was 25 µl, containing;
12 µl PCR Master Mix (New England Biolabs), 1 µl
template DNA, 10 µl sterilized distilled water and 1 µl of
each primer. Thermo-cycling conditions were initial
denaturation at 95℃/5 min, followed by 30 cycles of
denaturation at 94℃/30 s, annealing at 50℃/30 s and
extension at 68℃/5 min, followed by a final extension
step at 65℃/5 min. The amplicons were resolved in 1.5%
agarose gel stained with 0.1 µg/ml ethidium bromide.
The amplicons were then submitted for sequencing at
Inqaba Biotechnical Industrial (Pty) Ltd, South Africa.
The DNA sequences obtained were compared to the
NCBI 16S rRNA gene database to determine close relatives, using the BLAST search algorithm. DNA sequence
data were deposited in the GenBank under the accession
numbers MT023719-MT023727.
Nutritional evaluation of kunun-zaki varieties
The physicochemical properties of the final kunun-zaki
products were determined by measuring pH, titratable
acidity (TTA), and contents of moisture, ash, crude fiber,
lipid, proteins, amino acids and carbohydrates, using the
methods of [22].
Sensory and shelf-life assessment of kunun-zaki varieties
Kunun-zaki samples were either refrigerated or stored
at ambient room temperature for 5 days. An informal
sensory panel comprising male (8) and female (4) within
the age range of 21−35 years was used to assess the
quality attributes of the products; appearance, aroma,
colour, taste, and overall acceptability at 12 h intervals.
The pH of kunun-zaki samples was also determined
intermittently with HI 2215 pH/ORP Meter (HANNA
Instruments, Romania). For taste evaluation, panelists
were requested to rinse their mouth with clean water
between samples tasting; 15 ml of the samples were
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served in clean transparent cups. The panelists’
responses were recorded on a 7-points hedonic scale as
recommended [23].
Statistical analysis
The effect of garlic, cinnamon and nutmeg on the pH
of Kunun-zaki before and after fermentation, titratable
acidity, and sensory quality were analyzed statistically
with the aid of SPSS software version 21.0 using OneWay Analysis of Variance (ANOVA).

Results and Discussion
Physicochemical properties of kunun-zaki varieties
The pH of kunun-zaki before and after fermentation is
presented in Fig. 1. Expectedly, pH reduced in all
samples from 5.3−6.3 before fermentation to 4.1−5.2
after overnight fermentation. This may be attributed to
acidification brought about by the formation of lactic
acid, as previously observed by [24]. Titratable acidity,
which measured the percentage of lactic acid in the
kunun-zaki products, ranged between 0.0049 g/l to
0.0063 g/l signifying low TTA with poor production of
lactic acid. This poor production invariably led to higher
pH values (Table 1). These values were similar to those
reported previously [25, 26]. However, it appeared that
the samples containing cinnamon, garlic and nutmeg
had a higher pH value and the control sample lacking
these spices had the lowest pH; indicating the presence

Fig. 1. pH values of kunun-zaki varieties recorded before
and after substrate fermentation. Error bars indicate standard deviation of the mean of data obtained from duplicate
independent experiments.
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Table 1. Titratable acidity and sensory qualities of different varieties of kunun-zaki fermented with organic spices.
Kunun-zaki varieties

Quality attributes

K1

K2

K3

K4

0.0055 ± 0.00042

0.0057 ± 0.00031

0.0063 ± 0.00057

0.0049 ± 0.00027

Taste

1.8 ± 0.17a

3.3 ± 0.37b

3.83 ± 0.58c

3.08 ± 0.45d

Appearance

1.33 ± 0.14a

3.25 ± 0.37b

3.17 ± 0.51c

2.42 ± 0.29d

c

Titratable acidity

a

b

Aroma

1.50 ± 0.19

2.9 ± 0.38

3.50 ± 0.59

2.08 ± 0.38d

Overall acceptability

1.42 ± 0.15a

3.25 ± 0.37b

3.8 ± 0.58c

2.42 ± 0.38d

1

± standard deviation of 12-member taste panellist (7-point hedonic scale: 1-like extremely, 2-like very much, 3-like slightly, 4-n either like
nor dislike, 5-dislike slightly, 6-dislike very much, 7-dislike extremely).
2
Different letters within the same row are significantly different (p < 0.05).
K1- Kunun without any spice; K2- Kunun with cinnamon; K3- Kunun with garlic; K4- Kunun with nutmeg.

Fig. 2. Bacterial counts (Log10 CFU/mL) obtained after fermentation of different varieties of Kunun-zaki. Error bars
indicate standard deviation of the mean of data obtained from
triplicate independent experiments.

of these spices could have altered the pH of the final
kunun-zaki products.

Bacterial quality of kunun-zaki varieties
The bacterial counts obtained from Kunun-zaki lacking the test spices, (control sample) had the lowest bacterial population (105 CFU/ml) compared to the other
kunun-zaki varieties fermented with garlic, cinnamon or
nutmeg which had higher microbial load (Fig. 2). Since
the organic additives were adequately washed before
adding them to substrates prior to fermentation, it is
possible that these additives had their own normal flora
which might have constituted additional nutritional substrates that further enhanced microbial growth in
Kunun-zaki by 10−100 folds. High microbial populations
in food products generally indicate low food quality and
possible reduction in product shelf-life [27]. Kunun-zaki
is a highly nutritious food substrate that may readily
support the growth of active microorganisms; thus,
accounting for the observed high microbial load in the
samples.
DNA sequencing of the 16S rRNA gene amplicons

Table 2. 16S rRNA gene sequence identities of bacterial isolates obtained from kunun-zaki varieties.
% Similarity

GenBank accession

NOK19

Isolate
Kununa

Source

Sequence length
395

Weissella cibaria

Closest relative

99.75

MT023719

NOK21

a

Kunun

387

Enterococcus faecium

98.44

MT023720

NOK23

Kununa

379

Enterococcus faecium

90.5

MT023721

GK29

Kunun with garlic

370

Enterococcus faecalis

99.19

MT023722

GK30

Kunun with garlic

363

Enterococcus faecalis

99.44

MT023723

GK31

Kunun with garlic

386

Enterococcus sp.

100

MT023724

NUTK42

Kunun with Nutmeg

371

Enterococcus sp.

100

MT023725

NUTK43

Kunun with nutmeg

373

Enterococcus faecalis

99.46

MT023726

NUTK50

Kunun with nutmeg

370

Enterococcus faecalis

99.46

MT023727

a

Kunun-zaki without cinnamon, garlic or nutmeg.
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identified bacterial isolates from the kunun-zaki samples
as Weissella cibaria, Enterococcus faecium, Enterococcus
faecalis and Enterococcus sp. (Table 2). Enterococcus and
Weissella species belong to the lactic acid bacteria (LAB)
group, and are frequently associated with food spoilage,
particularly in raw milk, fermented cereals and vegetables [28]. Weissella cibaria has been reported to be a
rare cause of nonfatal human infections and is often
considered a contaminant when found in food products
[29]. The bacterium E. faecalis is an opportunistic pathogen implicated in sepsis, endocarditis, meningitis, headaches, vomiting, increased blood pressure and even
allergic reactions [30]. Therefore, the occurrence of these
bacteria in the kunun-zaki products analyzed in the
present study indicates potential health risk to consumers.

after fermentation ranged between 0.80−4.00% and 0.7−
0.8 after 96 h; crude protein content between 8.1−11.2%
and 4.9−7.4 after 96 h; fat content between 2.90−3.61%
and 1.1−3.7 after 96 h; crude fibre between 5.10−6.30%
and 0.9−2.6 after 96 h, moisture content between 93.3−
94.8% and 90.0−91.8% after 96 h ; and total carbohydrate between 80.8−84.3% and 23.7−25.3% after 96 h
(Table 3). The highest crude protein content was found
in kunun-zaki with Nutmeg compared to kunun-zaki
with cinnamon and kunun-zaki with garlic. Reasons for
this might have been as a result of the additives added
and probably because most of it might have been lost
during processing [4] much of the proteins in cereals and
other crops are usually located in the testa and germ,
which are usually sieved off during processing. The %
crude fibre in this study shows that the continuous utilization of the reducing sugars and extractable fat may
have led to the increase in the crude fibre content proportion of the kunun-zaki samples. High fibre percentage in this work implies high energy constituent of the
kunun-zaki samples, which makes it a more energetic
beverage drink. The carbohydrate content of the samples reveals that the kunun-zaki samples analysed was
rich in carbohydrate. Carbohydrate is a good source of
energy while dietary fiber is very important in human
nutrition as it lowers the body cholesterol level; consequently reducing the risk of cardiovascular diseases.
Being a thirst-quenching beverage, Kunun-zaki has
high moisture content ranging between 55−98% [31, 32].
The high moisture content may imply greater susceptibility of kunun-zaki to microbial spoilage, as previously
suggested by [33, 34]. The moisture was not significantly
different among the four kunun-zaki varieties analyzed
in this study; therefore, the garlic, nutmeg or cinnamon
did not significantly reduce the moisture content of

Sensory quality of kunun-zaki varieties
Sensory assessments of kunun-zaki varieties based on
seven-points Hedonic Scale showed that Kunun-zaki
(control) had mean value ranging from 1.3 to 1.8 for all
sensory attributes, including taste, aroma, appearance
and overall acceptability (Table 1). There was significantly different (p < 0.05) between the control and test
varieties, with the former gaining overall acceptability
while Kunun-zaki containing garlic was the least favorite
of panelists. However, all varieties fell within the acceptable limit on the Hedonic scale (Table 1), suggesting that
the inclusion of the garlic, cinnamon or nutmeg in
Kunun-zaki may not lead to consumer rejection of
product.
Proximate and amino acid composition of kunun-zaki
varieties
The ash contents of finished products immediately

Table 3. Proximate compositions of kunun-zaki varieties after zero and 96 h of storage under ambient room temperature.
Kunun-zaki
variety

Proximate parameter (%)
Crude protein

Fat

Ash

Crude fiber

Moisture

Carbohydrate

0h

96 h

0h

96 h

0h

96 h

0h

96 h

0h

96 h

0h

96 h

K1

10.1

5.5

3.6

1.1

0.8

0.7

5.8

1.4

94.8

90.0

84.3

23.7

K2

10.8

7.0

2.9

3.7

3.4

0.9

5.1

0.9

94.1

91.2

83.0

25.3

K3

8.1

7.4

3.0

3.5

4.0

0.7

5.5

2.6

94.5

91.5

81.3

22.7

K4

11.2

4.9

3.0

3.2

3.2

0.8

6.3

2.5

93.3

91.8

80.8

24.6

K1- Kunun without garlic, cinnamon or garlic; K2- Kunun with cinnamon; K3- Kunun with garlic; K4- Kunun with nutmeg.
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Table 4. Amino acids composition of different varieties of kunun-zaki fermented with organic spices.
Kununzaki Alavariety nine

Amino acids (g/100 g Protein)
Argi- AsparGlutaHisti- IsoleuMethi- PhenylThre- Trypto- TyroTEAA
Cystine
Glycine
Leucine Lysine
Proline Serine
Valine
nine tate
mate
dine cine
onine alanine
onine phan sine
(%)

K1

5.6

3.6

5.9

5.3

20.4

3.3

2.4

4.2

10.1

2.1

2.6

7.6

8.4

5.5

3.7

8.1

3.1

5.7

50.2

K2

6.3

3.8

6.4

6.8

18.8

3.3

2.4

4.4

9.7

2.4

2.3

6.3

8.8

5.3

3.9

8.7

3.0

5.4

49.3

K3

6.5

3.4

6.9

4.8

19.5

4.2

2.1

4.4

9.9

2.7

2.2

7.2

8.4

5.5

3.6

1.0

2.8

5.2

41.6

K4

6.6

3.8

6.7

4.4

19.5

3.6

3.2

4.8

9.6

2.5

2.2

7.4

8.2

4.8

3.4

9.4

2.9

5.1

51.3

K1- Kunun without garlic, cinnamon or garlic; K2- Kunun with cinnamon; K3- Kunun with garlic; K4- Kunun with nutmeg.

kunun-zaki. However the nutritional content depreciated rapidly after 24 h in all samples except in kununzaki fermented with garlic whose crude protein and fat
content lasted up to 48 h (Fig. 5).
Three amino acids, namely leucine, proline and glutamate were most abundant in the kunun-zaki samples at
concentrations ranging from 9.5 to 20.3 g/100 g protein
(Table 4). Comparatively, Variety K3 had the highest
value for total essential amino acid (TEAA) (51.3%),
while variety K2 had the lowest (41.6%) [35]. Recommended that food materials having TEAA values of 11%
and 26% were adequate for adults and infant protein
supplementations respectively; suggesting that the
kunun-zaki reported in this study is rich in protein,

Fig. 3. pH values of kunun-zaki varieties stored under ambient room temperature for 96 hours.

regardless of the variety.
Shelf-life of kunun-zaki varieties
Evaluation of kunun-zaki varieties for 96 h (5 days) of
storage under refrigeration or ambient room temperature showed that the pH values of the final products
decreased significantly within the first 24 h in both
refrigerated and unrefrigerated sample. Although the
decline was slightly less steep in the refrigerated samples
(Fig. 3). The proximate composition of the kunun-zaki

Fig. 4. The four varieties of kunun-zaki at 0 hour, 24 hours
and 48 hours stored under room temperature. K1- Normal
kunun-zaki, K2- Kunun-zaki with Cinnamon, K3- Kunun-zaki
with Garlic, K4- Kunun-zaki with Nutmeg.
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Fig. 5. Proximate composition (Protein, ash, fat, crude fibre, moisture anf carbohydrate) of Kunun-zaki varieties monitored
over five days storage at room temperature. Variety 1 - Kunun-zaki without organic additives; Variety 2 - Kunun-zaki with nutmeg;
Variety 3 - Kunun-zaki with cinnamon; Variety 4 - Kunun-zaki with garlic.

varieties were also measured throughout the storage
period, but only under ambient room temperature, as
this was the condition Kunun-zaki are actually marketed.
As shown in Table 3, except for the moisture content, the
values of all other parameters measured decreased significantly between 0 h and 96 h. The most pronounced
decline was recorded in ash, crude fibre and carbohydrate contents. These results indicated that kunun-zaki
stored under room temperature in tropical environment
is most nutritionally beneficial when consumed within
the first 24 h after production, regardless of spices used.
Subsequently, the appearance, colour and texture of
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the variously treated kunun-zaki varieties declined with
increase in shelf-life duration (Fig. 4). The color and consistency of kunun-zaki products were also assessed as
indicators of quality and spoilage over the 48 h storage
period, as indicated in Fig. 4. Colour deterioration of the
samples could have resulted from possible accumulation
of microbial metabolic products. The decline in texture of
the kunun zaki samples could be attributed to, among
other factors, possible increase in microbial load of the
product over time.
The proximate composition decreased with increase in
keeping time (Fig. 5). The protein content of the samples

Organic Spices in the Presrvation of Fermented Food

decreased in duration of storage for a period of 98 h. The
slight increase in protein content could be due to protein
hydrolysis, which involves a consistently active proteinase activity resulting in rapid amino acid production
during fermentation. A slight increase in the protein
content (4.5%) was observed in fermented locust bean
[36]. The ash content decreased after 24 h for all the
samples except normal kunun whose ash content
increased during storage (98 h). The reduction in the ash
content could be as a result of its usage as metabolic
nutrients for the growth of microorganisms [32]. The
effect of the organic additives on the moisture content
was very slight. There was a slight decrease in all
samples at 24 h and 48 h and an increase again on all
samples at 72 h and 98 h. This could be said to be nonsignificant and could be due to the relatively high level of
moisture in the product. The fat content of the four
different samples were low compared to the result
obtained by [24] and there was an increase as fermentation time increased especially for kunun-zaki with
garlic. Dehulling and milling of grains has been shown
to reduce the crude fibre content of food products [37].
After storage for 96 h there was a rapid decrease in
carbohydrate content.

Conclusion
The results revealed that organic spices increased the
nutritional content of the kunun-zaki varieties and have
potential for application as natural preservatives for
enhancing the shelf-life of kunun-zaki. However, garlic
may be considered better alternative based on preliminary investigation. The presence of the isolated organisms in kunun-zaki samples analysed could serve as the
need to promote awareness about possible health hazards
that could arise from poor handling and processing techniques.
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