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Abstract: In the current study, the physicochemical and microbiological characteristics of this fer-
mented wheat Hamoun were described in detail, as well as the soil properties where this type of
wheat was stored. The results showed that the Hamoum had concentrations of the lactic acid of 0.25
g + 0.03 for the Simeto variety (nine years of storage), as well as 0.13 g + 0.02 and 0.17 g+0.06 for the
Ofanto variety following three and six months, respectively, of storage. The water content varied
between 8.3 - 9.7 % for grain and between 10.8- 11.5 % for flour. The ash content of grain and flour
of 1.43 + 0.02 and 1.63 + 0.26, respectively, was above the normal standards. According to these
results, fermented wheat is appropriate for human consumption. The results also showed that the
soil where the wheat was stored comprised mainly clay and had an alkaline pH of 8.2. The isolation
and identification of fermentable germs showed the presence of lactic acid bacteria belonging to the
genera Lactobacillus (59 %), Pediococcus (18 %), Leuconostoc (17 %), and Streptococcus (6 %). The anti-
bacterial activities of isolated acid bacteria against pathogenic germs Escherichia coli (ATCC 25922),
Pseudomonas aeruginosa (ATCC 9027), Bacillus cereus (ATCC 14579), and Staphylococcus aureus (ATCC
43300) reflected the presence of strong antibacterial activity, with 62.5 % positive interactions and
100 % pathogenic bacteria inhibited by Lactobacillus.

Keywords: Wheat ferments, Hamoum, physicochemical analyses, matmora, acid lactic bacteria, an-
tibacterial activity

1. Introduction

The use of underground warehouses for the storage of grains comprises a traditional practice that
dates back to ancient Indian and Egyptian civilizations [1]. The peasants that live in the high plateaus
of Algeria preserve barley and wheat products in enclosures comprising basic cylindrical or rectan-
gular holes dug in stable soil from dry areas. These underground holes are called “‘Matmoura’ (Fig-
urer. 1). They are constructed in supervised places or near farms, with a variable storage capacity,
normally of just a few cubic meters, an archaic technique that is still employed in these remote regions
[2]. These storage techniques are very efficient due associated low human power required and costs,
excellent thermal insulation, protection against rodents” attacks, as well as effective protection against
infestations thanks to their airtightness relative to the storage area, which reduces the gas exchange
with the outside air [3]. The downsides of these storage facilities are the associated difficulties when-
ever emptying the pits, the damages induced by humidity infiltrating through the soil profile, as well
as the water condensation on the top of the enclosures. However, this latter shortcoming is balanced
sometimes by the proliferation of fungi developed at the surface, which reduces the oxygen concen-
tration in the underground atmosphere, therefore creating the premises for efficient conservation of
the stock by reducing the gas exchange with the exterior [4-5].

Following the recent classification of the Couscous dish by UNESCO as a unique cultural heritage,
we found it worth focusing on this topic in the current article, namely on the rare couscous type called
Hammoum. The etymology of this word remains unknown, unfortunately, with origins perhaps
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dating back to prehistoric Algerian times. This type of dish remains unfortunately unknown for most
Algerian citizens, deserving in our opinion more credit.

The wheat is obtained through natural fermentation by acidic lactic bacteria, a process still employed
by a few local scattered tribes, but mainly by the populations from the communes El Maien off Oued
El Fodda, situated in the western parts of Zakar.

The Hammoum comprises neutral barley that is buried and watered regularly to ensure an efficient
fermentation process. The seeds of the Hamoum are brown and with a strong odor, which resembles
the one found in the hops of breweries, and also have a rather peculiar taste. Then, the seeds are air-
dried in rooms before they are grounded into flour. The end product is a tasty dish with a peculiar
and atypical taste, very appreciated by local gastronomy [6-7].

Currently, lactic acid bacteria are of great interest due to their high nutritional and therapeutic value
in the food and pharmaceutical industries. In-depth studies focused on the biotechnological charac-
teristics of these bacteria increased their preservation capacities and improved the nutritional value
of food and probiotics. These bacteria are also considered microorganisms with great probiotic po-
tential that induce a feel-good effect [8].

Currently, Fermented foods are very rich in probiotics. They support your digestion and strengthen
your immune system, lactic acid bacteria are of great interest due to their high nutritional and thera-
peutic value in the food and pharmaceutical industries. In-depth studies focused on the biotechno-
logical characteristics of these bacteria increased their preservation capacities and improved the nu-
tritional value of food and probiotics. These bacteria are also considered microorganisms with great
probiotic potential that induces a feel-good effect [8-9]. This research aims to study the physicochem-
ical properties of fermented wheat, to characterize the physicochemical properties of the walls of
Matmora, then we identify the fermentable germs and describe their inhibitory effects against some
pathogenic bacteria.

Al

Figure 1. Types of Matmoura in the region of Tiaret, Algeria.
2. Materials and Methods

2.1. Study areas

Three study zones were selected to achieve our study, the town of Tiaret in Algeria, which is
located at 1,143 m altitude of the Pass, on the flanks of Jebel Guezoul, which is part of the Tell Atlas
chain, comprising woods dominated by various species and varieties of cypress and Aleppo pines.
The climate is continental, dry, and harsh during winter, with temperatures varying from subfreezing
values to above 35°C during summer; the annual mean temperatures are 6°C during winter and
25.9°C during summer. The second one was the town of Mascara, which is located in the northwest
part of Algeria, 360 km west of Algiers, 100 km southeast of Oran, 89 km from Sidi Bel Abbes, and
154 km from Tiaret. The area is located on the southern slope of the Beni-Chougrane mountains
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(bearing the name of Chareb Errih, in translation "the lip of the wind"), part of the Tell Atlas chain
and dominating the plains of Ghriss in the South. Besides, the third zone is the territory of the com-
mune of Ghardaia, which is located north of the wilaya of Ghardaia, in the center of Algeria, and
north of the Algerian Sahara, 600 km south of Algiers, 190 km south of Laghouat, 270 km of El Menia
and 190 km west of Ouargla. Ghardaia is the most important city of the Pentapolis (five cities) of
Mzab. It is located upstream of the valley and is organized around a hill [10].

2.2. Biological material

Three samples of Hamoum of Algerian origin were selected. The information related to their
provenance and storage duration is indicated in Table 1 and Figure. 2, respectively.

Table 1. Samples of Hamoum wheat (wheat variety, geographic origin, and storage time).

Samples Wheat variety  Geographic origin Storage time
Sample 1 Ofanto Ghardia 3 months
Sample 2 Ofanto Tiaret (Karmane) 6 months
Sample 3 Simeto Mascara (Oued Abtale) 9 years

Figure 2. Three samples of fermented wheat. a,b and c: wheat varieties: a: Ofanto from Ghardia, b:
Ofanto from Tiaret (Karmane), c: Simeto Mascara (Oued Abtale).

Relating to pathogenic strains, Enteropathogenic germs as indicator bacteria were used in the
current study as inhibitors of lactic acid bacteria. Three bacterial strains were ATCC reference strains:
Escherichia coli (ATCC 25922), Psodomonas aeroginosa (ATCC 9027), Bacillus cereus (ATCC 14579), and
Staphylococcus aureus (ATCC 43300), from the Laboratory of Microbiology, Faculty of Natural and
Life Sciences, Tiaret University. The purification of pathogenic bacteria was carried out by seeding
streaks on the selective media of each pathogenic bacteria. The dishes were incubated at 37°C for 24
hours.

2.3. Methods

2.3.1. Physicochemical and organoleptic analyses of fermented wheat (Hamoum)

The physicochemical determinations were performed using diverse parameters such as thou-
sand-grain mass by manual or automatic counting of grains contained in a test sample of known
mass, which are expressed in grams (g) according to [11], while, pH measurement and readings were
conducted directly with a pH meter. Although, acidity was measured by adding 50 mL of distilled
water to 5 g of flour, homogenizing with a stirrer, then filtration was carried out on filter paper, and
a volume of 10 mL of filtrate associated with a few drops of phenolphthalein was titrated with an
acidimeter until the color turned pink [12] and the acidity was given in °D. Concerning ash rate de-
termination was conducted by incinerating 5 g of flour and grain at 900 °C for 2 hours until complete
combustion of the organic matter, the ash content was determined by weighing the residue [11], and
the ash content was expressed as a percentage of mass relative to the overall dry mass. Finally, water
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content steaming the atmospheric pressure of a test sample of 5 g of flour and grain at 130 °C for 90
minutes in a multicellular oven [12], the water content was expressed as a percentage of the product
mass. The organoleptic qualities and characteristics of fermented wheat (Hamoum) were based on
the following traits: appearance, smell, and taste.

2.3.2. Matmora walls physicochemical analyses

The analyzed soil was obtained from Matmora, which is located in the region of Hacine in Mas-
cara, pH, granulometry, and humidity parameters were controlled, regarding pH, 10 g of s0il/50 mL
of distilled water after 2 hours of rest, the reading was carried out with a calibrated pH meter [13].
For the granulometry test, the method of Robinson Kohn was applied for this analysis, by measuring
the distribution of mineral particles with a diameter smaller than 2 mm, as well as the distribution of
sediment size classes higher than 2 mm [14], the particle size classes were expressed as percentages.
Finally, the humidity control was by drying the seeds at 105 °C and expressed as a percentage (or per
thousand) relative to air-dried soil, this measurement is easy to carry, simply by weighing, following
drying in an oven for a sufficient period (verification of constant weight), on an analytical scale, it is
also called residual humidity (e.g., amount of water remaining in the sample, see [13].

2.3.3. Isolation and identification of lactic acid bacteria

We have further proceeded with the isolation and identification of lactic acid bacteria, as follows:
10 g of Hamoum fermented wheat grains were immersed in 9 mL of saline solution and incubated at
30°C for 24 hours. From the original culture, a series of decimal dilutions were carried out on the
liquid MRS or M17 media (audited with a fungicide) and then inoculated on the surface of Petri
dishes containing the solid MRS or M17 media with 0.1 mL of each dilution, incubated at 30°C and
37°C for 24 to 48 hours [13]. The purification was undertaken for several subcultures on liquid M17
and MRS media from catalase-negative and Gram-positive strains. The identification of isolates was
based on morphological, physiological, and biochemical characteristics.

To prepare supernatant from bacterial interactions against enteropathogenic germs, 18 h young
cultures of lactic acid bacteria were inoculated in MRS and M17 broth and incubated at 37° C for 18
h. Following incubation, the tubes were centrifuged at 4,000 rpm for 15 min and the supernatant was
collected for further antibacterial tests [15].

2.3.4. Antibacterial activity

The study of bacterial properties against the pathogenic germs E. coli (ATCC 25922), P. aeroginosa
(ATCC 9027), and B. cereus (ATCC 14579) was carried out according to Bouzaine et al., 2004, known
as the good method. The method is based on the diffusion of antimicrobial compounds within a solid
medium. The wells were filled with 0.5 mL supernatant of retained lactic acid bacteria that produced
the antimicrobial substance in the Muller Hinton agar medium. The plates were incubated at 37°C
and observed after 24 and 48 hours. The antibacterial activity was expressed in terms of the mean
diameter of the inhibition zone around the wells. Amoxicillin (AMX) and Gentamicin (GM) were
used as standard antibiotics as control. The antimicrobial effect on the target was assessed by meas-
uring the inhibition zone and, depending on the diameter of inhibition, the strain was qualified as
sensitive, intermediate, or resistant, due to the presence of competition between the growth of strains
and diffusion of the tested supernatant [16-17]. Hcl acid and distilled water were used as positive and
negative controls, respectively

3. Results

3.1. Characteristics of fermented wheat (Hamoum)

There were obvious differences among the three varieties of _kijfermented wheat samples
(Hamoum) for the main parameters studied in Table 2.
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Regarding organoleptic characteristics, the aspect of Hamoum was generally gray in color or
blackish, with a tendency towards the latter color as the residence time progressed, whereas, the pe-
culiar smell of “Hamoum” fermentation was very similar to that of potatoes in advanced stages of
petrification, explainable by the production of volatile and aromatic compounds during the fermen-
tation process. While, the taste was similar to white couscous, with a more or less acidic aftertaste,
which gives them a specific taste.

The results of the physicochemical parameters of the three samples of Hamoum (grain and flour)
are given in Table 2 and show a significant difference (p <0.05) among the samples.

Both varieties of wheat studied, with an average 1000 grain count, weighed 40.24 g, with the
lowest value (28.07 g) recorded for the third sample of the Simeto variety, which is characterized by
its elongated and fine shape. This parameter represents a limiting factor of semolina yield. The mass
of 1000 grains corresponding to the quantity requested and that is transformed into semolina by the
flour mill. The water content was variable in all three samples, the second sample comprising lower
values compared to the first and the third sample, explicable by prolonged storage times of six
months. However, the water content in the third sample was higher, despite its storage for nine years.
Concerning the ash content of grains, it varied between 1.43 % to 1.44 % for Ofanto and Simeto, with
1.55 as the upper limit, thus affecting the quality of semolina due to strong contamination in the bites
of bran. The flour ash content of the Simeto variety was relatively rich in Ash (1.63), whereas the
Ofanto variety was intermediate (1.42 and 1.48).

According to Table 2, the pH of grain and flour was relatively stable in the first two samples, but
higher in the third sample because of its prolonged residence time. The first sample had a lower
acidity (0.03) compared to the second (0.17) and the third (0.25) samples. These standard NF ISO 7035-
V03-712 sets the lower acceptable acidity threshold of semolina at 0.05 %.

Table 2. Descriptive statistics of the physicochemical analyses of the three samples of Hamoum.

Pa- Sample 1 Ofanto Sample 2 Ofanto Sample 3 Simeto
rame-
ters

1000
grain
weight
(8)
Water
con-  9.76+0.04536 11.49+1,2752 8.35£0.2523 10.88+0.01442 9.29+0.2066 11.56+1,5635
tent %

Ash

rate %

pH 4.49+0.1643  4.44+0.0737 4.29+0.0692 4.42+0.1352  7.75+0.1044 6.82+0.1113
Acid-

ity %

Grain Flour Grain Flour Grain Flour

45.48+0.03605 / 40.24+0.0435 / 28.07+0.0793 /

1.44+0.0833  1.42+0.0550 1.43+0.1276 1.48+0.0360  1.55+0.0781 1.63+0.0435

0.13+0.0529 / 0.17+0.0435 / 0.25+0.0850

3.2. Physicochemical characteristics of the soil of the walls of Matmora

Our analyzes of various physicochemical parameters of samples from the Mascara region (Ha-
cine) are given in Table 3. The results of the particle size analysis showed that the soil sample from
Matmoura has a clay-loamy texture, with the clay fraction dominant due to an increased percentage
of silt. According to Table 3, it can be noticed that the pH value was 8.2.
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Table 3. Physicochemical characterization of the soil.

Coarse Fine Big  Fine Clay pH Humidity %
P t
Tamete sand Sand  silt silt

3.47 15.70 14.83 21.00 45.00 82 1211

Figure 3. Results of the isolation of lactic acid bacteria on liquid and solid MRS  and M17 media.
Lactobacillus sp. (a), Leuconostoc sp. (b), Streptococcus sp. (c), Pediococcus sp. (d).

3.3. Results of isolation and identification of lactic acid bacteria

Following morphological (both macroscopic and microscopic Figure 3 and Figur 4), physiologi-
cal, and biochemical tests on pure cultures, the results showed that the isolated lactic acid bacteria
belonged to genera Lactobacillus (59%), Pediococcus (18%), Leuconostoc (17%), and Streptococcus (6%).

Figure 4. Morphology of isolated lactic acid bacteria. Lactobacillus sp. (a), Leuconostoc sp. (b), Strepto-
coccus sp. (c), Pediococcus sp. (d).

3.4. Results of antibacterial activity of fermented wheat (Hamoum)

The antibacterial activities of the isolated acid bacteria revealed the presence of strong inhibiting
power against the pathogenic germs E. coli (ATCC 25922), P. aeroginosas (ATCC 9027), B. cereus (ATCC
14579), and S. aureus (ATCC 43300), as well as the appearance of clear and distinct halos around the
wells (Fig. 4). The diameters of the inhibition zones are given in Table 4 and Figure 5.
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Table 4. Results of the antibacterial tests.

Pathogenic germs Minimal Diametre of inhibition (mm)

E.coli P. aeroginosa S. aureus B. cereus
(ATCC 25922) (ATCC9027) (ATCC43300) (ATCC 14579)

Lactobacillus sp (Lb) 45 30 55 15
Pediococcus sp (P) 30 26 45

Leuconostoc sp (Ls) 10 5 12

Streptococcus sp (S) R R R

Figure 5. The results of the antibacterial tests. Antibacterial activity of strains isolated against S. au-
reus (a), Antibacterial activity of strains isolated against P. aerogenosa (b), antibacterial activity of
strains isolated against B. cereus (c), the antibacterial activity of strains isolated against E. coli (d). Lac-
tobacillus sp. (Lb), Leuconostoc sp. (Ls), Streptococcus sp. (S), Pediococcus sp. (P).

According to [18], the distribution of isolates was carried out according to the diameter of the
inhibition zones as follows:37.5 % of interactions revealed resistance of pathogenic bacteria, mainly
B. cereus, 62.5 % of interactions were positive, 10 % of the interactions showed inhibitions with a
diameter < 10 mm, 90 % of interactions with inhibition diameter > 10 mm and finally, 100% of patho-
genic bacteria (Gram-positive and Gram-negative), were inhibited by Lactobacillus with inhibition
zones reaching 55 mm in diameter, thus reflecting a strong inhibitory potential.

4. Discussion

The fermented wheat Hamoum was kept for thousands of years in underground silos called
"Matmour". Following the accidental infiltration of precipitation water in matmora, the humidified
wheat grains undergo fermentation that depends on the microorganisms present in the wheat or soil
profile [19]. The results of organoleptic tests revealed a very pronounced musty smell of volatile and
aromatic compounds during the fermentation process [10-21-22]. The observed brown color can be
explained by non-enzymatic browning, as was observed during other food fermentation studies [23].
The lactic and alcoholic fermentations induced by microorganisms produce enzymes, flavor compo-
nents, as well as other alcohols [24-25]. The molds produce extracellular proteolytic and lipolytic en-
zymes that contribute to the development of product flavor and texture [26]. According to [7], the
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fermented wheat found near the walls of the “Matmora” had high water content. The variation in
water content was due to the storage duration of wheat in the "Matmora" warehouses. [1], observed
changes in the humidity of extracted samples following different storage times in straw-lined "Mat-
mora". The results showed an increase in wheat moisture as a function of storage time. This increase
was due to the relative humidity in the straw-lined warehouses. The values of the water content of
fermented wheat were within the range quoted by [27] (i.e., 9-13 %) and by [28] (i.e., < 16 %). These
values are also in agreement with those of [29], observed on the same variety of wheat (i.e., 13-15 %).
The results from the current study showed a significant increase in the moisture of fermented wheat
as a function of storage time and are similar to previous findings [30] and consistent with the stand-
ards for optimal use [31]. The results also indicated that the ash values for fermented wheat remained
within the range (i.e., 1.5-2.5 %) cited by [32]. Similarly, the decrease in the level of fermented wheat
ash percentage always remained within the range of relative values and was similar to the results
reported by [33].

The fermentation enhanced the activities of the hydrolytic enzymes and changed the grain struc-
ture [34]. The reduction in mineral substances could be explained by the interaction of minerals with
environmental factors during storage in "Matmora" [35-36]. [37], indicated that the reduction in
mineral substances resulted in the diffusion of these micronutrients within the intercellular space, in
particular at high temperatures. pH and acidity results were also in good agreement with the findings
described by several authors who have worked on fermented products. However, in the fermented
wheat Hamoum from the current investigation, the acidity increased to a maximum value of 0.25.
According to [32], the evolution of acidity is also adjusted by the biochemical modifications that the
wheat undergoes during storage. The increase in acidity during the fermentation period is induced
by the release of organic acids, such as lactic acid, acetic, butyric, formic, propionic acid, and short-
chain fatty acids [38-39-40]. The alkaline pH creates favorable conditions for several types of micro-
organisms and increases the role of biomass and their activity [13]. An acidic pH can inhibit the de-
velopment of certain microbial germs and their activity [31].

An alkaline pH reflects the limestone content in this type of soil. An alkaline pH can promote
the immobilization of certain nutrients. The pH in the presence of calcium carbonate can immobilize
phosphorus as insoluble calcium phosphates [12]. It is noteworthy to mention that the moisture was
low due to the general characteristics of our Matmoura soil, with fine to medium water retention
capacity, increasing its filtering capacity. According to the results from the current study, the value
of the soil of Matmoura was 12.1 %, which could be explained by the depth and air currents, which
increase the evapotranspiration rates [41-42].

In the current soil samples, there were observed high contents of clay (which reduces aeration).
In the underground silos with a depth of 2.5 m, the air is absent and the temperature is high, leading
to a deficiency in nutrients due to the absence of its natural sources, such as plants and organic matter
debris specific to this environment. The current study revealed the existence of lactic flora that al-
lowed the fermentation of wheat during its storage in matmoura. [43], isolated lactic acid bacteria
from the Italian wheat variety.

Our results indicate that 62.5 % of the pathogenic bacteria were inhibited, confirming the im-
portant role played by lactic acid bacteria in spontaneous fermentation, with results similar to [44].
This type of fermented food is manufactured by microbial growth and enzymatic conversions [45-
46], and is a well-documented process, known to lead to high acidification rates generally accompa-
nied by rapid growth rates of lactic acid bacteria in fermented wheat [38-47]. According to [48], vari-
ous antimicrobial agents that inhibit the development of pathogenic bacteria and/or food degradation
flora are produced by lactic acid bacteria during milk fermentation. These include organic acids from
homo and heterofermentative mechanisms of lactic bacteria, hydrogen peroxide, and bacteriocins
produced by some lactic strains.

5. Conclusions

This work, which aims to promote a quality product, is based on physicochemical and microbi-
ological quality control, as well as on the isolation of fermentable germs. The results obtained show
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that fermented wheat (Hamoum) is beneficial for human consumption and this research should be
further investigated to reflect the role of lactic acid bacteria in the prevention of gastric. The produc-
tion of fermented wheat (Hamoum) gives an economic advantage to local farmers because it is gen-
erally sold at a price three times higher than durum wheat and it is precisely this price that makes
farmers bear the additional production efforts.
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