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Abstract

In this study, to optimize the process of extracting chamomile extract using pulsed electric field
pretreatment, 3 levels of electric field intensity (1-7 kV/cm) and 3 levels of pulse number (20-60) were
used. The total phenol content and antioxidant activity of chamomile extract were measured using two
methods: DPPH free radical scavenging ability and ferric ion reducing power. The results indicated
that to achieve the maximum total phenol content, DPPH free radical scavenging ability, and ferric ion
reducing power, the electric field intensity should be 2.2 kV/cm and the pulse number should be 40,
resulting in a desirability of 0.90. Under these conditions, the total phenol content was 3.69 mgGAE/g,
the free radical scavenging ability was 17.59 pg/ml, and the ferric ion reducing power was 61.6
mM/L. The extract obtained under optimal conditions was added to bread in varying amounts (0 to 35
ml per 100 g of wheat flour) to assess the quality characteristics. The results showed that bread
containing 35 ml of extract had the highest phenol content. The moisture content and firmness of the
bread crumb decreased and increased with storage time, respectively. Sensory evaluation revealed that
on the production day, the control sample and samples containing 5 and 15 ml of extract received the
highest scores. However, on the third day of storage, the sample containing 5 ml of extract received
the highest score from evaluators. In conclusion, adding 5 ml of extract from chamomile plant using
pulsed electric field can enhance the quality of molded bread.

Keywords: Chamomile, Pulsed Electric Field, Antioxidant Activity, Bread
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Investigation of the effect of pulsed electric field on antioxidant properties of extracted
from chamomile plant and the effect of the resulting extract on qualitative properties of
bread

Introduction:

Bread is one of the most widely consumed cereal products, and the high quality of bread dough made
from wheat flour is attributed to the unique properties of gluten proteins. Recent innovations in bread
production have included the use of enzymes, natural preservatives produced mainly by lactobacilli,
and sourdough technology (8). Enriching bread dough, which is susceptible to lipid oxidation and
microbial growth, with natural antioxidants is a viable strategy to create bread loaves with enhanced
oxidative stability, resulting in better sensory quality during storage (5). Chamomile, scientifically
known as Matricaria chamomilla, is an annual herbaceous plant that belongs to the asteraceae family
(2). The use of pulsed electric fields can improve extraction efficiency by increasing cell permeability
(8). Therefore, the purpose of this study was to examine the impact of pulsed electric fields on the
antioxidant and polyphenolic properties of chamomile, as well as to assess the effect of the resulting

extract on bread quality.

Materials and Methods:

In this study, chamomile plants were obtained from apothecaries in Tabriz city. The flowers were
separated from other parts of the plant, dried, and ground in the shade at 25°C. These samples were
then exposed to field intensities of 1, 4, and 7 kV/cm, a frequency of 1 Hz, and 3 levels of pulse
numbers: 20, 40, and 60. Following these treatments, tests for total phenol, free radical scavenging
ability (DPPH), and iron ion reducing power (FRAP) were conducted on the extracts. After
determining the best extraction method, the sample was used in varying amounts (0, 5, 15, 25, and 35
ml per 100 g of flour) in the formulation of molded bread to enhance its quality properties. In the first
part of the study (extraction of chamomile extract with pulsed electric field) (6, 8), response surface
methodology (RSM) was employed using a central composite design. For the second part of the study
(effect of extracted extract on improving bread properties), SAS software was utilized with a

completely randomized design at a statistical significance level of 5%.

Results and Discussion:

The findings indicated that the antioxidant properties initially increased and then decreased with
increasing electric field intensity. Pulsed electric fields caused the formation of pores in cell

membranes, which may result in the release and penetration of ions and other cellular components into

Yo



the external environment. The reduction of these compounds was attributed to the destructive effect of

high electric field intensities on them (3).

To optimize the extraction of chamomile extract using pulsed electric field processing, the electric
field intensity was set in the range of 1 to 7 kW/cm and the number of pulses in the range of 20 to 60.
The extraction process was optimized to achieve the maximum amount of total phenol, the ability to
inhibit DPPH free radicals, and the reducing power of iron ions. The optimal conditions were found to

be an electric field intensity of 2.2 kW/cm and 40 pulses, resulting in a desirability of 0.90.

The addition of chamomile extract to bread increased the total phenol content. Breads containing the
extract showed significant differences from each other. Similar to these results, Zulkapli et al. (2025)
found that the antioxidant properties of cake increased with the addition of pomegranate and banana

peel extracts (10).

As storage time increased, the moisture content of the bread decreased. However, increasing the
concentration of extract in the bread formulation increased the moisture content. Soluble solids in the
extract helped maintain water capacity, reducing water migration during baking and increasing crust
moisture. Moisture levels in dough affect stiffness indices and mechanical properties by influencing

starch gelatinization (7).

The stiffness of the bread increased with storage time and higher extract concentrations. Starch
retrogradation during staleness and hardening affects texture changes. Moisture migration from the

core to the crust leads to stiffness, loss of crispness, and changes in aroma and flavor (4).

Overall acceptance scores of the bread decreased with storage time. The control sample and samples
with 5 and 15 ml of extract had the highest scores initially, but the 5 ml sample had the highest score
by the third day. Scores decreased with extract amounts over 15 ml. Zahorec et al. (2025) found that

adding 5% carob seed extract improved overall acceptance due to better color, smell, and taste (9).

Conclusion:

Plant extracts containing natural compounds are widely used as preservatives and antioxidants in the
food industry due to their medicinal, flavoring, and aroma-giving properties. In this study, chamomile
extract extracted with pulsed electric field was used as an antioxidant source in bread preparation. The
findings showed that increasing the electric field intensity and number of pulses initially increased and
then decreased the amount of phenolic compounds and antioxidant activity of chamomile extract.
According to the process optimization results, it can be stated that the alternating electric field process

with an electric field intensity of 2.2 kW/cm and a pulse number of 40 led to the best quality extract.
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Evaluation of breads containing chamomile extract also showed that with an increase in the amount of
chamomile extract in the bread formulation, the amount of total phenol, the moisture content of the
breads, and the firmness of the samples increased. On the other hand, with an increase in storage time,
the moisture content and firmness of the breads also increased. Considering the general acceptance
and the tests conducted on the prepared samples, it can be stated that adding 5 ml of chamomile
extract extracted with a pulsed electric field will lead to an improvement in the antioxidant and quality

properties of bread.
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