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ABSTRACT
Background: Wagashi cheese is the main dairy product processed from the milk of indigenous cow breeds of Benin.  Its important
water activity limits its preservation. The study aimed to evaluate the influence of the use of Lippia multiflora aqueous extract
during ripening on the microbiological, physico-chemical and sensorial qualities of Wagashi cheeses.
Methods: A sample of 4 kilograms of fresh cheeses were processed from raw Borgou cow milk and divided into two batches.
The batch 1 was the control batch consisting of 2 kilograms of cheeses ripened in boiling water without any aqueous extract of
the aromatic plant. The batch 2 was consisted of cheeses ripened in the decoction of dry leaves of Luppia multiflora (50 g/L).
These cheeses from batches 1 and 2 were drained and preserved at +4C for two week and used for physicochemical, microbial
and sensory analyses.
Result: Technologically, it appears that the pH, luminance, red index, yellow index, hue and chromability of cheeses of batch 2
cured with the decoction of Lippia leaves were respectively 6.18; 74.13; -1.33; 17.64; -1, 49 and 17.49 to the respective values
of 6.45; 88.68; -2.72; 12.46; -1.35 and 12.75 for the control batch. Microbiologically, it appears that the aqueous extract of Lippia
multiflora leaves reduced significantly (P<0.05) the total aerobic mesophilic flora and the loads of yeast and mould. Sensorially,
cheeses cured with Lippia multiflora leaves recorded the best scores of textures, flavour, taste, juiciness and overall acceptability.
Only the color was most appreciated in cheeses cured without the leaves of Lippia multiflora. The antifungal activity of Lippia
multiflora leaves obtained is very interesting for the promotion of traditional cheese technology and the preservation of Wagashi
cheeses.
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INTRODUCTION
Dairy products, especially soft cheeses, play an essential
role in human nutrition worldwide (Arkan et al., 2024;
Prajapati et al., 2023; Dahou et al., 2020). In sub-Saharan
Africa, the demand for dairy products continues to grow,
with global cheese and butter consumption increasing at
about 2.1% per year (Tougan et al., 2021; O’Connor, 1993).
In Benin, milk production mainly comes from indigenous
cow breeds raised under traditional systems and a large
portion is processed into dairy products such as yogurt,
curdled milk and predominantly artisanal Wagashi cheese
(Tougan et al., 2021; Sessou et al., 2016).

Wagashi, an artisanal soft cheese of Benin, is a
viscoelastic dairy product produced through traditional
Peuhl techniques using a plant-based coagulant,
Calotropis procera (Tougan et al., 2021; Dossou et al.,
2016). It is an excellent source of protein, contributing to
food security and reducing protein-energy deficiency and
malnutrition, especially among low-income households
(Ariceaga et al., 2019). Wagashi is also suitable for people
with lactose intolerance due to its very low lactose content.
Its production and marketing provide important income for
local producers.

However, Wagashi’s high water activity limits its shelf
life, promoting spoilage microorganisms and flavor defects.
Developing low-cost, innovative preservation methods

using local aromatic plants to inhibit bacterial, yeast and
mold growth is crucial to safeguard the Wagashi value
chain in Benin. Previous studies have explored the use of
essential oils (Sessou et al., 2016; Omotoso et al., 2011)
or antioxidant-rich spices such as cinnamon, lemongrass
and turmeric (Arkan et al., 2024). These studies showed
that essential oils from Cymbopogon citratus and Pimenta
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racemosa can replace chemical additives to preserve
Wagashi effectively. However, these essential oils are
expensive and not easily accessible to artisanal producers.

An alternative is the use of local aromatic plants, such
as Lippia multiflora leaves and flowers, which are widely
used as vegetables and could be incorporated during
Wagashi ripening for their antimicrobial properties (Sessou
et al., 2016; Soro et al., 2015). Lippia multiflora leaves are
rich in polyphenols, flavonoids and alkaloids, with carvacrol
and thymol representing about 30% of the phenols and
capable of inhibiting microbial growth at concentrations of
0.08–0.12 mg/mL (Soro et al., 2015).

The aim of the work was to evaluate the influence of
the use of Lippia multiflora aqueous extract during ripening
on the microbiological, physico-chemical and sensorial
qualities of Wagashi cheeses.
Specifically, it was to:
. Compare the physico-chemical properties of Wagashi

cheeses ripened with and without Lippia multiflora aqueous
extract.

. Evaluate the microbiological quality of Wagashi cheeses
ripened with and without the Lippia multiflora aqueous
extract before and after preservation.

. Determine sensorial quality of Wagashi cheeses ripened
with and without Lippia multiflora aqueous extract.

MATERIALS AND METHODS
The study was carried out at the University of Parakou
(Faculty of agronomy) and at the Lab of the Beninese Food
Safety Agency from May 2023 to March 2024. The milk was
sampled from the cows of Borgou Breed reared at the
National Okpara Cattle farm of Benin (239-253 East
Longitude and 96-921, North Latitude). The climate of
this region is of Sudanese type with an annual average
rainfall of 1125 mm. The annual temperature varies
between 26 and 27C.

The traditional cheese production process described
by Tougan et al. (2021) and Dossou et al. (2016) was used
for the Wagashi production (Fig 1). Indeed, ten liters of raw
milk of Borgou cows were sampled, filtered and heated at
70C for 10 minutes. An extract of 200 grams of Callotropis
Procera leaves were added to the heated milk. The obtained
curds were drained and then divided into two batches for
the studies. The batch 1 was the control batch consisting
of 2 kilograms of cheeses ripened in boiling water without
any leave of aromatic plant. The batch 2 was consisted of
cheeses ripened in the decoction of dry leaves of Luppia
multiflora (50g/ L). The cheeses of both batches were then
drained and divided into 2 subgroups and were kept at
+4C for two week. Aliquots of each subgroup of cheese
were sampled at the beginning (D0) of the preservation
and at the end of the trial at 14 days post-production (D14)
for microbiological analysis. For the physicochemical
analyses, only the cheeses sampled from each subgroup
at J0 were used. Sensorial analysis was performed on
cheese of both batches at D0 and D14.

The microbiological analyses were performed by the
enumeration of total aerobic flora (TAF), Staphylococcus
aureus, yeasts, moulds and Salmonella spp. The total flora
was counted using the standard method NF IN ISO  6222:
1999 on Plate count agar at 30C for 72 hours, while yeasts
and moulds were enumerated according to ISO
7954:1987 method on Sabouraud media mixed with
chloramphenicol at 25C for 5 days. The counting of
Staphylococcus aureus was performed according to the
NF IN ISO 6888 -1:1999 standards on Baird Parker culture
medium at 37C. Detection of Salmonella spp was carried
out following the NF IN ISO 6579:2002 standards (Sessou
et al., 2016).

The determination of titratable acidity and pH of the
cheeses were done by sample according to the procedures
used by Tougan et al. (2021). The pH was measured with
a calibrated pH-meter (HANNA) from the aqueous
suspension of 10 grams of cheese and 20 milliliters of
distilled water. Then, 70 milliliters of distilled water were
added to the prepared suspension for determination
titratable acidity by dose-titration with NaOH 0,05N. The
titratable acidity values were expressed as the content of
lactic acid.

The analyses of Color of Wagashi cheeses ripened
with and without the leaves of Lippia multiflora were
performed with a colorimeter of the mark CR410, according
to standard the International Commission on Illumination
(CIE L*, a*, b*) (Tougan et al., 2021). L* or indicates the
luminance ranging from 0 for the black to 100 for the white.
The parameter a* is the red index and represents the
chromaticity coordinate. The parameter b* is the yellow
index. All parameters were twice. The hue and chroma
values were estimated according to the formula given
below:

Chroma = (a*2 + b*2)1/2

The texture was analyzed by Warner-Bratzler shear
force measurements and by using Texture analyzer (TAXT
Plus, Lloyd Instrument). The Warner-Bratzler single blade
was used. The shear velocity was 200 mm/min. Each value
was an average of at least 5 measurements.

Proximate composition analysis was performed according
to A.O.A.C. (2000) procedures as described by Tougan et
al. (2021). Moisture was determined gravimetrically by kiln
drying at 105C to constant weight (NF V 04-401). Ash
content was measured per NF V 04-2018, fat by the
Mojonnier acidobutyrometric method (ISO 1854) and crude
protein by the Kjeldahl method (NF V 04-211). All
measurements were performed in triplicate.

Sensorial analyses of the different subgroups of
Wagashi was done using 5 score scale (5-Like Extremely,
4-Like Very Much, 3-Like fairly, 2-Dislike Moderately, 1-Dislike
Extremely) and organoleptic profile score sheets (Amerine,
1965). Sensory evaluation was undergone by expert panel

Hue =
1

Tan
b*
a*( )
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of twenty members. The sensory attributes assessed were:
color, flavor, taste, texture and overall acceptability (Tougan
et al., 2021).

The data were analyzed with the SAS software (SAS,
2016). The student T-test was used to compare the means
quality characteristics of the cheeses ripened with and
without Lippia multiflora aqueous extract.

RESULTS AND DISCUSSION
Microbiological quality of Wagashi cheeses
The use of the aqueous extract of Lippia multiflora in
W agashi cheese processing limits significantly the
microbial growth in this artisanal dairy product (P<0.001).

The microbiological quality of W agashi cheeses
ripened with and without the aqueous extract of Lippia
multiflora is given in Table 1. The load of total aerobic flora
(TAF) at D0 in cheese ripened with Lippia multiflora leaves
decoction increase slightly from 1.19 102 CFU/g to 2.2 102

CFU/g at 14 days postproduction at 4C while the load of
TAF of cheeses ripened without any Lippia multiflora leaves
extract increase significantly from 7.1 102 CFU/g to 65.2
102 CFU/g at 14 days postproduction at 4C. Similarly, no
mould, nor yeast was found in cheeses processed with
Lippia multiflora leaves decoction at the beginning and at

14 days postproduction at 4C while their respective load
had increased respectively from 0 to 3.5 101 CFU/g for
moulds and 2.5 10 1 CFU/g for yeast at 14 days
postproduction at 4C (P<0.001). No Salmonella spp. and
no Staphylococcus aureus was found in the wagashi
cheese of all treatment undergone herein.

The greatest contaminations at 4C occurred in the
control group containing samples of Wagashi cheeses
ripened without Lippia multiflora aqueous extract. The
increase of mould and yeast loads in the control group
made of wagashi ripened without Lippia multiflora aqueous
extract extract indicates the antimicrobial and especially
antifungal activities of Lippia multiflora aqueous extract.
This result confirms the findings of Sessou et al. (2016),
Soro et al. (2015). According to Soro et al. (2015), the leaves
of Luppia multiflora are rich in polyphenols, flavonoids and
alkaloids. Among the phenols of the leaves of L. multiflora,
thymol and carvacrol were predominant (30%) and can
inhibit microbial growth. The increase of mould and yeast
loads in the control group made of wagashi ripened without
Lippia multiflora aqueous extract can affect not only their
sensorial and nutritional quality, but also can destroy their
trade value. The absence of Salmonella spp. and S. aureus
in the sampled cheese of both batches can be explained
by the cooking time and high cooking temperature used in

Table 1: Microbiological quality of Wagashi cheeses ripened with and without the aqueous extract of Lippia multiflora.

                 Cheese ripened with           Cheese ripened without

Variables
                  L. multiflora extract            L. multiflora extract Effect of

                      Day 0                      Day 14                   Day 0                Day 14 L. multiflora

Mean SE Mean SE Mean SE Mean SE (P. value)

Total aerobic mesophilic
flora (102 CFU/g) 1.19 0.3 2.2 0.61 7.1 1.1 65.2 19.4 ***
Mould (101 CFU/g) 00 00 00 00 1 0.0 3.5 0.2 ***
Yeast (101 CFU/g) 00 00 00 00 00 00 2.5 0.63 ***
Salmonella spp. (CFU/g) 00 00 00 00 00 00 00 00 NS
Staphylococcus aureus 00 00 00 00 00 00 00 00 NS
(101 CFU/g)

SE: Standard error; NS: P>0.05; *** : P<0.001.

Fig 1: Hue and Chroma values of cheeses ripened with and without the leaves of Lippia multiflora.
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the current study during the cheese processing and
ripening. Both of Salmonella spp. and S. aureus may be
destroyed by pasteurization. According to Avens et al.
(2002), over 90% of pathogenic and spoilage germs are
destroyed by cooking in boiling water at 95C for 3 minutes.
The absence of germs indicators of hygiene in all
investigated cheese samples are the result of the good
hygienic practices implemented during the cheese samples
processing and preservation and may be shared with
artisanal cheese Wagashi producers of Benin. The different
microbial loads recorded herein for Wagashi cheese
processed with aqueous extract of Lippia multiflora aqueous
extract are lower than those reported by Sánchez-Gamboa
et al. (2018) and Vladimír et al. (2020) for raw cheese.

Overall, the consumption of Wagashi ripened with
Lippia multiflora aqueous extract have no health risk.

Technological characteristics of Wagashi cheeses
Table 2 shows the variation of technological quality of
Wagashi cheeses ripened with and without the aqueous
extract of Lippia multiflora.

It appears that apart from the titratable acidity that was
not affected by the treatment (p>0.05), all other physico-
chemical parameters were affected by the treatment.
Indeed, the Ph, luminance, red index, yellow index, hue
and chromability of cheeses of batch 2 cured with the
aqueous extract of Lippia were respectively 6.18; 74.13;
-1.33; 17.64; -1, 49 and 17.49 to the values of 6.45; 88.68;
-2.72; 12.46; -1.35 and 12.75 for the control batch. The
texture of wagashi processed with aqueous extract of Lippia

multiflora were firmer than those processed without Lippia
multiflora (7.5N vs 6.6N; P<0.05).

Fig 1 presents the Chroma and Hue of Wagashi
cheeses ripened with and without the aqueous extract of
Lippia multiflora. This figure reveales that the hue of
Wagashi processed without the aqueous extract of Lippia
multiflora was higher than the value found for Wagashi
ripened with the aqueous extract while the higher chroma
value was obtained in wagashi processed with the
aqueous extract of Lippia multiflora (P<0.01).

Overall, the study shows that Wagashi processed with
Lippia multiflora extract had the lowest whiteness and
highest yellowness compared to cheese made without
the extract, likely due to the bioactive compounds in the
leaves affecting color development. Titratable acidity and
pH were consistent with Tougan et al. (2021) and Dossou
et al. (2016), but lower than values reported by Ariceaga
et al. (2019) and Aworth et al. (1987). Minor differences in
shear force across batches may reflect the firming effect of
Lippia multiflora compounds during ripening. The extract
also slightly reduced lipid content, which can alter texture:
lower fat leads to a denser protein network, increasing
elasticity and hardness while reducing cohesiveness and
adhesiveness (Tougan et al., 2021; Ariceaga et al., 2019;
Dossou et al., 2016).

Proximate composition of Wagashi cheeses
Table 3 presents the proximate composition of Wagashi
cheeses ripened with and without the aqueous extract of
Lippia multiflora.

Table 3: Variation of proximate composition of Wagashi ripened with and without the aqueous extract of Lippia multiflora.

                                Cheese ripened with                                Cheese ripened without Effect of Lippia
Variables                                Lippia multiflora                              Lippia multiflora multiflora (P. value)

Mean Standard error Mean Standard error

Dry matter (g/100 g) 37.8 0.31 37.55 0.49 NS
Fat (g/100 g) 6.3 0.2 6.5 0.22 NS
Protein (g/100 g) 8.9 0.21 8.78 0.17 NS
Ash (g/100 g) 1.54 0.1 1.46 0.1 NS

NS: P>0.05.

Table 2: Variation of technological characteristics of Wagashi cheeses ripened with and without the aqueous extract of Lippia multiflora.

                               Cheese ripened with                           Cheese ripened without
Effect of L. multiflora

Variables                             L. multiflora extract                               L. multiflora extract
(P- value)

Mean SE Mean SE

Luminance (L*) 74.13 0.83 88.68 0.77 **
Red index (a*) -1.33 0.05 -2.72 0.09 **
Yellow index (b*) 17.64 0.30 12.46 0.31 **
Hue (H*) -1.49 0.00 -1. 35 0.00 **
Chroma (C*) 17.69 0.30 12.75 0.30 **
pH 6.18 0.01 6.45 0.00 **
Titratable acidity (°D) 0. 32 0.22 0.12 0.00 NS
Texture (N) 7.5 0.21 6.6 0.15 *

NS: P>0.05; * : P<0.05 ; **: P<0.01. SE: Standard error.
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The results show that the contents in dry matter, fat,
crude protein and ash of Wagashi cheeses ripened with or
without aqueous extract of Lippia multiflora were similar
(p>0.05). The dry matter concentration of both types of
Wagashi varies between 37.55 g/100 g and 37.8 g/100 g.
The fat content of the cheese fluctuates between 6.3 g/100 g
and 6.5 g/100 g. The protein and ash contents vary
respectively between 8.78 g/100 g and 8.9 g/100 g and
between 1.46 g/100 g and 1.54 g/100 g.

Nutritional quality of cheese gathers several relevant
parameters which can be affected by different non genetic
factors such as raw milk physico-chemical characteristics
and cheese-making methods and raw materials (Boudalia
et al., 2020; Ruvalcaba-Gómez et al., 2020; Bittante et al.,
2016). Our results showed that there was no significant
difference in the proximate composition of cheeses
processed with or without Lippia multiflora leaves. This
finding indicates that Lippia multiflora aqueous extract
preserves the cheese without affect its nutritional quality.
The different values of dry matter content, fat content, ash
content and crude protein content complies with the finding
of Tougan et al. (2021) and Dossou et al. (2016) on the
Wagashi made from milk of different indigenous genotype
of cow of Benin.

Sensory attributes of Wagashi cheese ripened with and
without the aqueous extract of Lippia multiflora
Fig 2 and 3 show the scores of the six sensory parameters
evaluated on cheeses ripened with or without Lippia
multiflora aqueous extract on days D0 and D14.

The sensory attributes analyzed were color, taste,
flavor, appearance, texture and overall acceptability. Fig 2
shows that at the beginning of the experiment (days D 0),
cheeses ripened with Lippia multiflora aqueous extract
recorded the highest scores for texture, flavour, taste,
juiciness and overall acceptability. Only the colour was the
sensory parameter most appreciated for cheeses
processed without Lippia multiflora aqueous extract. From
Fig 3, it appears that preservation length of 14 days reduced
the scores of cheeses ripened without Lippia multiflora
aqueous extract while the scores of cheeses ripened with
Lippia multiflora aqueous extract preserved in the same
conditions did not decrease.

Sensory analysis is a scientific method used to
measure and interpret reaction to food material characteristics
as they are perceived by the senses (sight, smell, taste,
touch and hearing) (Tougan et al., 2021). The sensory
attributes of food quality are measured to find consumer
preference or acceptance in order to produce a desirable

Fig 2: Sensory quality of raw cheeses ripened with or without Lippia multiflora aqueous extract at day D0.

Fig 3: Sensory quality of cheeses ripened with or without Lippia multiflora aqueous extract and preserved during 14 days.
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and acceptable product and include appearance,
kinesthetic, flavor and taste (Dal Bello et al., 2017).

The scores found for sensory parameters for the
wagashi ripened with Lippia multiflora aqueous extract
tested herein are higher than the values found by Tougan
et al. (2021) and Ryffel et al. (2008) for cheese processed
without any aromatic plant extract. Wagashi is an artisanal
cheese of Benin, a visco-elastic casein net containing
dispersed fat globules and water (Tougan et al., 2021; Fox
et al., 2000). The texture is a very important cheese quality
attribute for the consumers (Fox et al., 2000). Wagashi
with high fat concentration are characterized by good flavor
and more softness and cohesiveness attributes (Dossou
et al., 2016).

The cheese texture can be affected by numerous
factors including the raw-material composition (Tougan
et al., 2021; Ramirez-Rivera et al., 2017; Ryffel et al., 2008).
Tha variation of texture also depends on the contents of
protein, water, pH and fat (Ramirez-Rivera et al., 2017; Ryffel
et al., 2008; Fox et al., 2000; Chen et al., 1979). Furthermore,
color traits (L*, a*, b*) represent differential indicators of
cheese characterization (Fox et al., 2000; Chen et al., 1979).
Overall acceptability is a key parameter of sensory analysis.
The current study established clearly that the use of the
aromatic plant Lippia multuiflora aqueous extract can
improve the organoleptic properties of Wagashi cheese.

CONCLUSION
The study reveals that the microbiological and nutritional
quality of wagashi can be preserved by the use of the
aromatic plant Lippia multuiflora aqueous extract during
the ripening process. Sensorially, cheeses cured with
Lippia multiflora leaves recorded the best scores of textures,
flavour, taste, juiciness and overall acceptability. Only the
color was most appreciated in cheeses cured without the
aqueous extract of Lippia multiflora. The antifungal activity
of Lippia multiflora aqueous extract obtained herein is very
interesting for the promotion of traditional cheese technology
and the preservation of Wagashi cheeses.

In short, the development of the values chains of
artisanal cheese in Benin, by integrating local aromatic
plants such as Lippia multiflora in the cheese processing
may contribute to the food system preservation and food
security.
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