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Abstract

Fenugreek, black cumin, and garlic are herbs that are rich sources of antimicrobial and nutritional bioactive
compounds. This study investigated the influence of herbs on the rheological characteristics of dough and the qual-
ity parameters of bread. The antimicrobial activity of the herbs was determined against the pathogens at 50 and
100 mg/mL concentrations. Maximum zone inhibition was measured for fenugreek against Salmonella typhimurium
(16.5 mm) at 100 mg/mL concentration. Dough development time and departure time increased with the increase
in concentration of the herbs. Farinograph quality number (FQN), mixing tolerance index, and stability varied sig-
nificantly with the treatments such as physio-chemical, structural, textural, and sensory parameters at herbs con-
centration 0.25, 0.5, and 0.75%, respectively. Ash, fiber, fat, protein content, firmness, and total phenolic content
were increased with treatments. However, a decrease in moisture content and total plate count was observed due to
the addition of herbs. The microstructure revealed that the addition of fenugreek significantly improves the bread
structure. The sensory profile of bread was not affected with the addition of herbs at a concentration of 0.50%.
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Significance and Novelty

The baking industry’s longstanding issue with bread’s
short shelf life has been substantially mitigated in our
project through the addition of herbal supplements,
leveraging their robust antimicrobial properties to extend
the shelf life of bread samples.

Introduction

Herbs and spices are an integral part of the diet of the global
population due to their health benefits. Cumin seeds have
been used for medicinal purposes and as food additives.
Cumin seeds have a high nutritional profile with high
minerals, fiber, proteins, and bioactive content (Garg, 2023).
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Cumin seeds contain thymoquinone as a bioactive com-
pound. Thymoquinone has been reported to contain
therapeutic potential as an antimicrobial, diuretic, anti-
inflammatory, immunomodulatory, and antioxidant
agent. It is used in pickles and other food products due to
its unique flavor. Cumin seeds have strong antimicrobial
activity due to the bioactive compounds such as thymoqui-
none (TQ) and melanin. The antibacterial activity of cumin
seeds showed strong inhibition against Staphylococcus
aureus (300 mg/mL concentration). However, the inhi-
bition capability of seeds varied with their origin. It pre-
vents the growth of the gram-positive and gram-negative
bacteria. It inhibits the growth of Helicobacter pylori. Back
cumin has strong antifungal activity against Candida albi-
cans. Its antifungal activity is due to the presence of TQ
and griseofulvin. It can play an important role in diet-based
strategies against various physiological threats including
oxidative stress, diabetes mellitus, and elevated cholesterol
levels. Zinc, calcium, magnesium, manganese and cop-
per, iron, copper, sodium, potassium, calcium, zinc, phos-
phorous, and magnesium were found in excess amounts
(Hinar et al., 2014). It has been used by different research-
ers for the development of functional products. All the
sensory evaluation (crust color, acid flavor, crumb texture,
acid taste, crumb chewability, and overall acceptability of
bread) showed that the highest scores were given to bread
prepared in 6 h (Hs) of fermentation time and the lowest
scores were given to bread prepared in 0 hr(h) of fermenta-
tion time (Zahra et al., 2022)

Fenugreek (Trigonella foenum-graecum) has been used
as a spice for the flavoring of cuisines. It has therapeutic
characteristics such as antioxidant, anti-carcinogenic,
anti-diabetic, antimicrobial, hypocholesterolemic, and
immunological activities (Afzal et al., 2016). It contains
bioactive compounds such as phytochemicals, alkaloids,
steroidal saponins, and other micronutrients. It can be
used for nutritional, nutraceutical, medicinal, and thera-
peutic purposes. It is also used in the food industry as a fla-
voring agent, emulsifier, and stabilizer in bakery products.
These bioactive compounds are used to formulate func-
tional bakery products due to their health benefits (Saeed
et al., 2016). The nutritional and antimicrobial potential
of fenugreek is important for its supplementation in dif-
ferent food products. Shalini and Sudesh (2005) studied
the supplementation of wheat flour with fenugreek flour.
Its addition increased the protein, lysine, minerals, and
fiber contents in bread from 5 to 20%. The textural profile
was also improved as compared to the control. In another
study, Indrani et al. (2010) studied the effect of replacing
wheat flour with 2.5, 5.0, and 7.5% fenugreek seed pow-
der on the rheological characteristics of wheat flour and
the quality of parotta. The increase in its amount from 0 to
7.5% increased the textural characteristics of bread. Garlic
is a vegetable species that can be classified as either a food
or a medicinal herb. Garlic contains allicin as a bioactive
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compound that has strong antibiotic and antifungal activ-
ity. Garlic is rich in enzymes, vitamins, proteins, minerals,
saponins, and flavonoids. Garlic has been considered a
disease-preventative food and used to confer different
health benefits (Cerella et al., 2011). Garlic extract has
strong antifungal activity against candida species and pre-
vents H. pylori infection. It improves the nutritional profile
of food products. The presence of organic sulfides, sapo-
nins, phenolic compounds, and polysaccharides provides
strong antioxidant, anticancer, cardiovascular protective,
anti-inflammatory, and immunomodulatory characteris-
tics. Therefore, it is used for the supplementation of food
items (Suleria et al. 2015). The optimized level of garlic
avoids sensory issues (Kaur and Kaur, 2013).

Functional foods offer numerous health benefits, includ-
ing the prevention and treatment of diseases, thanks to
the functional food bioactive components such as flavo-
noids, polyphenols, saponins, prebiotics, and organic sul-
fides (Azam et al., 2021). These foods provide the essential
building blocks for a healthy body, improving stamina,
boosting immunity, and protecting against chronic dis-
eases (Carocho and Ferreira, 2013). Recent research has
concentrated on the nutraceutical applications, chemical
composition, and processing effects of various ingredi-
ents in staple foods. Fortifying staple foods like bread, a
dietary mainstay for many, has emerged as an effective
strategy to address malnutrition (Ibrahim et al., 2015).
With growing consumer awareness on health benefits,
the incorporation of ingredients such as phenolic antiox-
idants and dietary fiber into staple foods like bread has
gained significant interaction (Mahmood et al., 2019).
Bakers often modify their recipes to boost nutritional
value by reducing calories, fat, and sugar, while increasing
water and fiber content. Additionally, there is a growing
trend toward replacing synthetic ingredients with natu-
ral alternatives. Consumers are also driving the demand
for functional ingredients in food products (Ziobro et al.,
2016). This study aimed to improve a functional bread
recipe, optimizing the formula by incorporating various
herb concentrations. The goal was to harness the anti-
microbial and nutritional properties of herbs to create a
functional bread that offers enhanced health benefits.

Materials and Methods
Procurement of raw material

This study was carried out at the Institute of Food
Science and Technology, Faculty of Agriculture,
Gomal University, Dera Ismail Khan, Punjab, Pakistan.
Fenugreek, black cumin seeds, and garlic were procured
from the local market of Dera Ismail Khan, Punjab,
Pakistan. All the analytical-grade chemicals were pur-
chased from Sigma Aldrich.
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Preparation of herbs

Fenugreek seeds were soaked overnight and allowed to
germinate to eliminate the bitter taste. The seeds were
dried after removal from water and ground to a fine pow-
der. Black cumin seeds were ground in an electric spice
grinder. Garlic cloves were dried at 60°C for 2 h, and heat
was reduced at 54°C until completely dried or crisp. After
drying, it was grinded for 1-2 s.

Antimicrobial potential of herbs

Antimicrobial activity was determined for fenu-
greek, black cumin, and garlic wusing agar
diffusion. Antimicrobial activity was determined for dif-
ferent pathogenic bacteria, for example, Escherichia coli,
Staphylococcus aureus, and Salmonella typhimurium.
The bacterial culture was reactivated by inoculating it
on nutrient broth. The bacterial strains were cultured
on plate count agar. The extracts of each herb were pre-
pared and applied on the pathogen plate. The wells were
filled with herbs (0.5 g) and incubated at 35°C for 24 h.
After incubation, the plates were examined for zones of
growth inhibition. The inhibition zone against patho-
gens was recorded at different concentrations (0, 50, and
100 mg/mL) (Azam et al., 2021).

Dough rheological characteristics and preparation
of bread

The dough was prepared with different concentrations
of herbs. The bread was made using different concentra-
tions of fenugreek, black cumin, and garlic powder (0,
0.25, 0.50, 0.75, and 1.0%) (Table 1). Bread was prepared
following the procedure listed in 10-10B AACC (2016)
with some modifications. The recipe contained wheat
flour (100 g), salt (1.5 g), sugar (6 g), dry baker’s yeast
(2 g), and the optimum amount of water. The bread was
prepared using different concentrations of alpha-am-
ylase per gram of flour. The dough was mixed in a
Hobart A-200 Mixer for 15 min and divided into three
pieces to obtain three loaves. The loaves were placed
in baking pans. After fermentation, (30°C, 85% rela-
tive humidity, 120 min), the loaves were baked at 215°C
for 45 min. Brabender FarinoGraph and amylograph
using the protocol of AACC (2016) assessed the rhe-
ological studies of dough. ICC standard No.115/1 has
complied with the studies with Brabender FarinoGraph
performance, and the following parameters were deter-
mined: dough stability, dough development time, water
absorption (%), and the degree of dough softening. ICC
standard No.126/1, 16 has complied with the stud-
ies of Brabender Amylograph to determine maximum
viscosity.

Table 1. Treatments plan for bread supplemented with different
concentrations of herbs.

Treatments Wheat Garlic Cumin Fenugreek
flour powder powder powder
(%) (%) (%) (%)

H, 100 - - -

H, 99.5 0.50 - -

H, 99 1.00 - -

H, 99.5 - 0.50 -

H, 99 - 1.00 -

H, 99.5 - - 0.50

H, 99 - - 1.00

H= Herb

Physico-chemical analysis of bread

The bread was analyzed for ash, moisture, crude fat,
crude protein, and fiber content by following the AOAC
(2016) method No. 923.03, 923.06, 46.10, and 926.09. Ash
content was determined using a muffle furnace. Crude fat
was determined using n-hexane as a solvent in the Buchi
extraction system, and iron and zinc were determined
using a flame atomic absorption spectrophotometer.

Scanning Electron Microscopy

The bread was examined for microstructural analy-
sis using a scanning electron microscope (SEM). The
samples were dried and sputter-coated using gold. The
coated samples were examined under SEM (SU 1510
SEM, Hitachi High-Technologies, Corp., Tokyo, Japan).
The vacuum conditions were maintained using acceler-
ated voltage and increasing resolution (1-5 K at 5.0 KV).
The microstructure of all bread samples was compared
(Ashraf et al., 2020).

Shelf-life evaluation

The bread was analyzed for its antioxidant activity, phe-
nolic content, color analysis, texture profile analyses
(TPA), and sensory evaluation (AACC, 2016).

Determination of antioxidant activity

To determine the hydrophilic oxygen radical absorbance
capacity (ORAC), pure mixes were disintegrated in an
acetone—water blend (50 + 50, v/v) and weakened with
75 mM potassium phosphate (pH 7.4). The samples and
20 mL acetone—water blend were added, and the mixture
was centrifuged at 400 rpm at room temperature on an
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orbital shaker for 1 h. The concentrates were centrifuged
at 14,000 rpm for 15 min, and the supernatant was pre-
pared for examination after suitable weakening with a
spectrophotometer (Hussain et al., 2022).

Determination of phenolic content

Folin and Ciocalteu’s phenol reagent (Folin-C reagent)
was used to determine the total phenolic content. Water
was extracted from dried extracts with sonication fol-
lowed by a reaction with the Folic-C reagent. The resul-
tant colorimetric reaction was measured at 765 nm and
compared with a standard curve produced with gallic acid
standard solutions. The validation results were compared
with the Standard Method Performance Requirement
(SMPR’) 2005.009, developed by the Stakeholder Panel
on Dietary Supplements (AOAC, 2016).

Texture analysis

Bread texture was determined using a texture analyzer
(Mod. TA-XT?2, stable microsystem, Surrey, UK) inter-
faced with a computer. Texture Expert program version
1.21 was used for the data treatment. Data was recorded
in triplicates (Piga et al., 2005).

Microbiological analysis

The total viable count was performed on the bread sam-
ples. Bread samples were mashed and mixed with pep-
tone water. The samples were diluted and plated on
nutrients for enumeration of the total plate. The plates
were incubated at 37°C for 48 h. The colonies were
counted as colony-forming units per gram (cfu/g) (Ijah
etal., 2014).

Sensory evaluation

A descriptive profiling test was performed for the sen-
sory evaluation of bread. The five traits selected were
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brightness, hardness, stickiness, astringency, and sweet-
ness from a list of standardized lexicons of terminologies
for the assessment of bread. Reference products for each
characteristic were decided with one accord as the sen-
sory intensity index by the panel. A nine-point Hedonic
scale was employed for sensory evaluation (Meilgaard
etal., 1999).

Statistical analysis

Statistical data analysis was performed for given param-
eters using the analysis of variance (ANOVA). The
Least Significance Difference (LSD) model was used
to compare the means using the Statistics 8.1 version
(Montgomery, 2008).

Results and Discussion
Antimicrobial activity of herbs

Table 2 summarizes the antimicrobial activity of the herbs
(fenugreek, garlic powder, cumin seeds), determined
using the disc diffusion method. The results revealed that
the different concentrations of herbs significantly inhib-
ited the antimicrobial activity of different pathogens. The
zone of inhibition against different pathogens ranged
from 3.5 to 16.5 mm. The maximum zone of inhibition
was measured for fenugreek against S. typhimurium
(16.5 mm) at 100 mg/mL concentration and the mini-
mum was observed for fenugreek against S. aureus (3.5
mm) at 50 mg/mL. It has a strong antimicrobial activity
due to presence of terpenoids, coumarins, saponins, and
tannins. Rhaponticin and isovitexin are principal com-
pounds in fenugreek, which are reported to have anti-
microbial activity against pathogens. These compounds
can bind with membrane proteins through hydrogen and
hydrophobic bonding. The change in membrane struc-
ture resulted in a change in its permeability. Similarly,
curcumin is an active compound of ginger, which dis-
rupts the formation of pathogens’ cell membranes. It
has strong antimicrobial activity against gram-negative
bacteria. Black seed has enzyme-inhibiting properties

Table 2. Antimicrobial activity of fenugreek, black cumin and garlic powder.

Pathogens Zone of inhibition (mm)
Fenugreek Black cumin Garlic powder
(Conc. mg/mL) (Conc. mg/mL) (Conc. mg/mL)
0 50 100 0 50 100 0 50 100
Escherichia coli 0 9 10.86 0 9.50 7.50 0 4.85 6.80
Staphylococcus aureus 0 8b 7.6 0 8.20 9.5 5.50 9.26
Salmonella typhimurium 0 8.6 16.5 0 7.0 8.5 0 4.70 7.5
Italian Journal of Food Science, 2024; 36 (4) 29
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that also inhibit the development of prostaglandins.
Thus, preventing the growth of pathogens. It has been
reported that an increase in the concentration of herb
extract increases the inhibition of pathogens. Othman
et al,, (2020), who evaluated the antimicrobial effects
of fenugreek seed extracts against different pathogens
S., reported similar results. aureus, E. coli, and S. typhi.
Fenugreek was reported to have strong antimicrobial
activity against pathogens. Black cumin has antimicrobial
activity against E. coli with an 8.5 mm zone of inhibition
(Erdogrul et al., 2009). Rahman et al. (2006) reported
strong antimicrobial activity of garlic powder against
S. typhi.

Dough rheological characteristics of dough

Table 3 shows the rheological characteristics of dough,
including departure time, FQN, MTI (fu), DDT, and sta-
bility using different concentrations of garlic, fenugreek,
and cumin powder. The average DT, FQN, MTI, DDT,
and Stability ranged from 2.50-17.1 h, 34-170 FU, 14.0—
44.0 fu, 1.70-10.50 h, and 0.10-9.60 for dough, respec-
tively (Table 3). Maximum departure time was taken as
H, (17.1 h), and minimum time was taken as H_(2.50 h).
The maximum FQN was observed for H, (170) and the
minimum for H, (34). Maximum MTI was shown by
H, (44 FU) and minimum was observed for H, (14 FU).
The maximum DDT was observed for H, (10.50 h) and
the lowest value was observed in H_ (1.70 h). Maximum
stability was observed in H2 (9.60) and minimum in H_
(0.10). In bread using garlic powder, DT increased as
garlic concentration increased, while in cumin and fen-
ugreek powder it was decreased with an increase in their
concentration. Departure time is a good indicator of
dough strength, and it indicates the duration for which
dough maintains maximum consistency. The herbs may
affect the dough and bread properties due to starch and
gluten components. Gluten-free radicals can interfere
with the phenolic compounds during mixing. It can even-
tually result in the breakdown of sulfuric and hydrogenic.
FQN is a rheological index of all Farinogram indices that
determine the quality of the dough. The farinograph

measures the torque required during the mixing of the
dough. Gluten content, water absorption capacity, and
the quality of the dough are determined. The addition
of herbs can increase the protein content and reduce
the water content. It can affect the quality of the dough
and the final bread. High water removal is desirable in
dough making. DDT is the mixing time that is required
to develop the dough. DDT helps to improve the dough’s
rheological characteristics through adjustment in mixing
time. The herb supplementation in bread improves the
rheological properties of bread quality. Similar findings
were reported by Liu et al. (2018), who determined the
impact of incorporating oat bran into Chinese steamed
bread. Water absorption significantly increased on add-
ing oat bran along with stickiness and development time,
but the extensibility of dough decreased. Durovic et al.
(2020) prepared extracts that were applied in the formu-
lation of the functional products. The research support-
ing our findings and the extract improved the quality of
the dough. Dough stability is the capacity of the dough
to maintain its shape during further processing. The
higher stability indicates the better ability of the gas cells
to keep their shape and volume. The lower stability helps
avoid collapse and rupture of the dough structure during
processing.

Chemical evaluation of bread

Table 4 shows the chemical evaluation of bread supple-
mented with different concentrations of herbs includ-
ing moisture, ash, fiber, fat, protein, zinc, and iron.
Statistically significant results were observed for all the
parameters. The average moisture, ash, fiber, fat, pro-
tein, zinc, and iron ranged from 25.06-26.78, 0.41-0.67,
0.49-0.98, 4.96-9.34, 9.55-11.64, 1.77-2.78, and 21.6—
27.84%, respectively. The maximum moisture content
was observed in H_ (26.78%) and the minimum was for
H,. H, showed maximum ash contents (0.67%) with a
sudden rise in the ash content when compared to other
treatments. On the other hand, H, showed the lowest ash
content (0.41%). Maximum fat content was found in H,
(9.34%) and the minimum was observed in H_ (4.69%).

Table 3. Rheological characteristics of dough using garlic, fenugreek, and cumin powder.

Treatment Departure Time/break down FQN MTI (fu) DDT/Peak time Stability
H, 2.50 25 25.009 1.70n 0.10!
H, 11.90¢ 119.00° 36.00¢ 8.20° 8.10°
H, 14.70° 147.00¢ 14.00' 6.80° 9.602
H, 17.00° 170.002 23.00 10.50° 4101
H, 3.90" 39.00 38.00° 2.40f 0.90"
H, 4.10h 41.00 31.00¢ 2.30f 0.70'
H, 3.40' 34.00¢ 44.00° 2.40f 0.60'
30 Italian Journal of Food Science, 2024; 36 (4)
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Table 4. Chemical characteristics of bread using garlic, fenugreek, and cumin powder.

Treatments Moisture Ash Fiber Fat Protein Zinc Iron
H, 26.78, 0.41 i 0.4QJ. 4.66g 9.55g 1.77, 21.6,
H, 26.58 0.48g 0.54, 4.71 . 9.97, 2.27, 22.4,
H, 25.73 0.59,, 0.63, 4.74g 10.75, 2.25, 22.9,
H, 26.51,, 0.54, 0.78, 6.73, 9.99, 2.57, 34.65,
H, 25.06, 0.67, 0.98, 9.34, 10.82, 2.78, 39.14,
H, 25.98, , 0.45, 0.63, 4.94, 10.54, 2.09, 25.63g
Hy 2591, 0.56, 0.78, 5.37, 11.64, 217, 27.84,

The maximum fiber contents were recorded in H,
(0.98%) and the minimum was in H_ (0.50%). The max-
imum crude protein was found in H (11.64%) and the
minimum was found in H (9.55%). Maximum zinc
was found in H, (2.78%) and minimum in H_ (1.77%).
Maximum iron content was found in H, (39.14%) and
the minimum in H_(21.6%). All the parameters showed
an increasing trend with an increased concentration of
herbs. This showed that the presence of cumin enhanced
the moisture absorption capability, and similar behav-
ior was observed in other herbs. This may be due to the
composition of herbs added to the bread. The maximum
increase was observed in ash content. Similarly, the pro-
tein content was increased due to the addition of cumin.
Similar findings were reported by Osman et al. (2013),
who supplemented flatbread with black cumin. The
increased concentration of herbs resulted in an increased
value of proximate composition. Black cumin is rich in
zinc and iron. It increased the percentage of mineral
content.

Scanning electron microscopy (SEM) of bread

Scanning electron micrographs showed structural dif-
ferences in different bread samples supplemented with
fenugreek, garlic powder, and cumin powder (Figure 1
at potential Energy = 2.5 kv, magnification = 40x, 100x,
and 200x). The addition of herbs significantly (P < 0.05)
contributed to improving the bread texture. The SEM
images indicated that starch is embedded in the gluten
network. The control (H ) has a porous and fine structure
due to the bonding of these molecules. The starch mol-
ecules were encased in amylose molecules. The amount
of starch increased the porosity and fine structure of
the bread samples. H, and H had the finest and porous
structure. This may be due to the addition of fenugreek
powder in the bread. The fenugreek has more than 60% of
starch in its structure. It improves the networking of glu-
ten and starch. In H,, H,, HS' and H,, the firm structure is
attributed to the linkage of water molecules with the mol-
ecules of garlic powder and cumin powder. The harder
structure and presence of large pores are undesirable in

bread (Ashraf et al., 2020). The water retention capability
of starch and gluten interaction may improve the softness
of bread texture. Therefore, the supplementation of fenu-
greek powder improved the structure of bread.

The SEM images indicated that the starch is embedded
in the gluten network. The control (H,) has a porous and
fine structure due to the bonding of these molecules. The
starch molecules were encased in amylose molecules.
As the amount of starch increased, the porosity and fine
structure of bread samples. H, and H, have the finest and
porous structure.

Total phenolic content (TPC) of bread

Figure 2 shows the effect of treatment and storage on
the total phenolic content (mg GAE/100 g) of bread
supplemented with herbs. The total phenolic content
(TPC) ranged from 123.62 + 1.25 to 213.54 + 1.22 mg
GAE/100 g during 96 h of storage. The maximum TPC
was observed for H (213.54 + 1.22 mg GAE/100 g) and
the minimum for H_(123.62 + 1.25 mg GAE/100 g). TPC
was increased with an increase in the concentration of
herbs. Maximum increase was observed for 1% fenu-
greek powder. The storage decreased the TPC due to loss
in bioactive compounds. Storage conditions decreased
the antioxidant activity of the herbs. Light-sensitive bio-
active compounds underwent deteriorative changes.
Durovic et al. (2020) prepared extracts of herbs for the
supplementation of wheat flour. The phenolic content
was increased with the addition of different concentra-
tions of herbs. The maximum TPC content was observed
in fenugreek (12.34%) as compared to other herbs. This
was especially true against 2, 2-diphenyl-1-picrylhydrazyl
radicals, which have been shown to hold a high cytotoxic
activity. Fenugreek and black cumin are rich sources of
phenolic content. In black cumin seeds, 292.5 + 9.14 mg
(GAE/100 g)
Fenugreek and black cumin seeds contain thymoquinone

methanolic extract was determined.

and diosgenin as bioactive materials similarly, the TPC of
garlic powder contained 3.4—10.8 mg gallic acid equiva-
lents (GAE)/g of dry matter (Hameed et al., 2019).
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PBOB. 2:5kY | x40

. 1mm

Figure 1. SEM micrographs of bread samples with varying concentrations of herbs. (1 at potential Energy = 2.5 kv,
magnification = 40x, 100x, and 200x). The addition of herbs significantly (P < 0.05) contributed to improving the bread texture.
The SEM images indicated that the starch is embedded in the gluten network. The control (H ) has a porous and fine struc-
ture due to the bonding of these molecules. The starch molecules were encased in amylose molecules. The amount of starch
increased the porosity and fine structure of bread samples. H, and H, have the finest and porous structure.

Total phenolic contents (mgGAE/100g)

1 2 3 4 5
Treatment Period (Hours)

m Series1 m Series2 m Series3 = Series4

Figure 2. Effect of treatment and storage on total phenolic content (mg GAE/100 g) of bread. Total phenolic content ranged
from 123.62 £ 1.25 to 213.54 £ 1.22 mg GAE/100 g during 96 h of storage. Maximum TPC was observed for H, (213.54 % 1.22
mg GAE/100 g) and minimum was observed for H_ (123.62 + 1.25 mg GAE/100 g). TPC was increased with an increase in the
concentration of herbs. Maximum increase was observed for 1% fenugreek powder (1=0h,2=24h,3=48h,4=72h, 5= 96 h);
h =Hours.
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Firmness of bread samples

Figure 3 shows the effect of treatment and storage on
firmness of bread (N) supplemented with herbs. The
average firmness ranged from 2.29 + 0.05 to 5.89 + 0.03
N during 96 h of storage. The maximum firmness was
observed for H, (5.89 + 0.03 N) after 96 h, and minimum
was observed for H_(2.29 + 0.05 N) at 0 h of storage.
Firmness was increased with an increase in the con-
centration of herbs. The increase in firmness may be
due to the increased dry matter in bread. The firmness
decreased with storage time. The bread may absorb water
from the environment during storage. However, opti-
mized environmental conditions may help to improve
the firmness to satisfy sensorial characteristics. The find-
ings of El-Absy (2018) are similar to our results. They
determined the impact of the addition of herbs on the
textural profile of bread. The firmness was increased with
the addition of an increased amount of herbs. The stor-
age conditions decreased the firmness of the bread due to
the relative humidity.

Microbial analysis of bread

Figure 4 shows the effect of treatments and storage on
the microbial count of bread (CFU/g). The microbial
count was determined using the pour plate method.
The average microbial count ranged from 2.12 + 0.03
to 4.57+ 0.04 CFU/g during 96 h of storage. The maxi-
mum microbial count was observed for H_ (4.34 + 0.04
CFU/g) after 96 h and the minimum was observed for

Influence of herbs on the quality parameters of bread

H, (2.12 + 0.03 CFU/g) at 0 h of storage. The microbial
count was decreased with an increase in the concen-
tration of herbs. This may be due to the strong antimi-
crobial activity of fenugreek, black cumin, and garlic
powder. The microbial count of bread increased with
storage time. This may be due to the microbial growth
on bread. Bread contains all the nutrients required for
microbes. Mold proliferates in bread during 24 h of stor-
age. The antimicrobial activity of herbs helped to control
the microbial activity. The supplementation of bread may
help to increase the shelf life of bread. Similar findings
were reported by Calderelli et al. (2010), who compared
the microbial quality of bread supplemented with flax-
seed and quinoa. The addition helped to control micro-
bial activity on the read samples. The functional aspects
of supplementation not only improved the nutritional
status of bread but also improved the safety.

Sensory evaluation of bread

Sensory analysis was conducted using the Hedonic scale
for flavor, taste, texture, and overall acceptability of bread
supplemented with herbs. The average score for flavor,
taste, texture, and overall acceptability of bread ranged
from 3.09 + 0.05 to 8.53 + 0.13, 3.76 + 0.13 to 8.13 + 0.17,
3.15 £ 0.15 to 7.65 + 0.15, and 3.21 + 0.17 to 7.41 £ 0.19,
respectively. Significant maximum flavor score was found
in H_ (8.53 * 0.34) and the minimum was observed in H,
(3.91 £ 0.18) (Figure 5). The highest score for taste was
noted in H_ (8.13 + 0.14), and the lowest score was noted
in H, (3.18 + 0.17) (Figure 6). The maximum texture score
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Figure 3. Effect of treatment and storage on bread’s firmness (N). Average firmness ranged from 2.29 + 0.05 to 5.89 + 0.03 N
during 96 h of storage. Maximum firmness was observed for H, (5.89  0.03 N) after 96 h and minimum for H_(2.29  0.05 N) at 0
h of storage. Firmness was increased with an increase in the concentration of herbs. (1=0h,2=24h,3=48h,4=72h, 5=96

h); h =Hours.
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Figure 4. Effect of treatment and storage on bread’s total plate count (CFU/g). The average microbial count ranged from 2.12
0.03 to 4.34 + 0.04 CFU/g during 96 h of storage. Maximum microbial count was observed for H_ (4.34 + 0.04 CFU/g) after 96 h
and minimum was observed for H_ (2.12 £ 0.03 CFU/g) at 0 h of storage. The microbial count was decreased with an increase in
the concentration of herbs. (1=0h,2=24h,3=48 h,4=72h, 5=96 h); h = Hours.
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Figure 5. Effect of treatment and storage on the flavor of bread. In which all the treatments showed their sensory base average
scores range. A significant maximum flavor score was found in H_ (8.53  0.34), and the minimum was observed in H; (3.91 £
0.18).(1=0h,2=24h,3=48h,4=72h, 5=96 h); h =Hours
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Figure 6. Effect of treatment and storage on the taste of bread, in which all treatments showed their sensory base average
scores range. The highest score for taste was noted in Ho (8.13 £ 0.14), and the lowest score was noted in H, (3.18 £ 0.17).
(1=0h,2=24h,3=48h,4=72h,5=96 h); h =Hours.
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Figure 7. Effect of treatment and storage on the texture of bread. All the treatments showed ranges in their sensory base
average scores. The maximum texture score (8.46 £ 0.15) was recorded in H;, and the minimum score was recorded for H, (3.21 £

0.14).(1=0h,2=24h,3=48 h,4=72h, 5=96 h); h = Hours.
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Figure 8. Effect of treatment and storage on the overall acceptability of bread. In which all the treatments showed their sen-
sory base averages scores ranges. The maximum overall acceptability score (7.51 + 0.18) was recorded in H,, and the minimum
score of overall acceptability was noted in H, (4.63 £ 0.28). (1=0h,2=24h,3=48 h,4=72h, 5=96 h); h = Hours.

(8.46 + 0.15) was recorded in H and the minimum for H,
(3.21 + 0.14) (Figure 7). A decreasing trend was observed
in all sensorial parameters during storage. The maximum
overall acceptability score (7.51 + 0.18) was recorded in
H,, and the minimum score of overall acceptability was
noted in H, (4.63 + 0.28) (Figure 8). The storage dura-
tion can affect the overall acceptability of treated bread
samples. The addition of garlic decreased the taste, flavor,
and overall acceptability of the bread. It may be due to
the bitter taste of garlic. Similar results were reported by
El-Absy (2018). The supplementation of bread with herbs
needs an optimized approach. The addition of more than
1% of herbs may decrease the taste of the bread.

Conclusion

This study explored the bioactive properties of herbs
on dough and bread quality, which revealed that fenu-
greek, garlic, and black cumin exhibit robust antimicro-
bial activity against harmful pathogens. The addition of
herbs modified dough properties, reduced water absorp-
tion, and increased development time, and thereby
enhanced the bread’s texture, structure, and sensory
characteristics. Up to 1% herbal supplementation yielded
favorable results, with fenugreek notably improving
bread softness and structure. Moreover, herbal addi-
tives extended bread shelf life due to their antimicrobial
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properties. To foster long-term dietary shifts and contex-
tual adaptations, global market integration policies must
be developed.
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