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Introduction

The chemical types of antioxidants and antimicrobial compounds used in food industries as preservatives
causes some diseases in consumers due to their harmful effects (Reyhani et al., 2024). For this reason,
over the last two decades, various researches have been conducted to produce and extract preservative
compounds of natural origin, and have yielded acceptable results. Hydrolyzed proteins or bioactive
peptides that one of the sources of their production are aquatic animals (with low marketability) and the
wastes from their processing, are antioxidant (Ng and Wong, 2024) and antimicrobial (Rivera-Pérez et al.,
2023) compounds of natural origin. The use of bioactive peptides in food formulations as preservatives
always requires the use of a suitable protection system in harsh environmental conditions. Because the
structure of peptides may be destroyed in thermal processes during food production. One of the
appropriate protection systems for active compounds is encapsulation, which is usually done by spray
drying and freeze drying methods (Sarabandi et al., 2020). During this process, a microcapsule or
nanocapsule is created around the bioactive peptides, which protects these compounds from possible
changes in adverse conditions. Meanwhile, the capsules formed around the peptide in this technique
release their contents at a controlled rate and under special conditions (Rao et al., 2016). Doogh is one of
the favorite drinks of Iranians, which is produced from the lactic fermentation of milk. Due to its low pH
and rich in nutrients, this product suffers from bacterial contamination, especially at ambient temperature,
which ultimately causes spoilage and changes in its aroma during storage (Karimi et al., 2022). This is an
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important challenge in the milk industry. On the other hand, due to the disadvantages of chemical
preservatives, it is very important to use natural preservatives that can solve this problem. The aim of the
present research in the first stage is the nanoencapsulation of bioactive peptides obtained from lanternfish
(Benthosema pterotum) by freeze drying method and maltodextrin-gum Arabic combined coating. In the
next step, carrier nanocapsules and free peptides are used in doogh formulation and the microbial,
chemical and sensory properties of the product are evaluated during 60 days of storage at refrigerator
temperature.

Methodology

Lanternfish (B. pterotum) were hydrolyzed using Protamex enzyme under optimal conditions (50°C,
Amount of enzyme: 30 Anson units, 90 min) and then by ultrafiltration, peptides with a molecular weight
of less than 3 kilodaltons were isolated. Then these peptides were encapsulated using the freeze drying
method and combined maltodextrin-gum Arabic coating. In the next step, carrier nanocapsules (200 and
400 pg/ml) and free peptides (400 and 500 pg/ml) were added to the doogh formulation. Finally,
Microbial (Staphylococcus aureus and Escherichia coli count), antioxidant (ABTS radical scavenging
activity), chemical (pH and acidity) and sensory (color, aroma and taste) properties of the product were
evaluated during 60 days of storage at refrigerator temperature (4+1°C). The data were analyzed by one-
way analysis of variance (One-Way ANOVA in SPSS», software) and the difference between the means
was evaluated by Duncan's test at 95% confidence level (p<0.05).

Result

The results showed that the treatments containing nanocapsules carrying bioactive peptides (200 and 400
ug/ml) were more successful in inhibiting the growth and proliferation of S. aureus and E. coli bacteria as
well as removing the ABTS free radical during the storage period compared to the control and the
treatments containing free peptides (400 and 500 ug/ml) (»p<0.05). The number of S. aureus bacteria in
treatments containing 400 and 500 pg/ml of bioactive peptides as well as treatments containing 200 and
400 pg/ml of carrier nanocapsules on the first day of storage was 3.26 & 0.08, 2.25+0.12, 2.2440.09 and
1.11£0.06 Log CFU/mL, respectively. These numbers for Escherichia coli were recorded as 4.42+0.09,
3.21+0.17,3.2340.11, and 1.94+0.08 Log CFU/mL, respectively. The ABTS free radical scavenging rate
in these treatments was measured on the same day as 29.73%1.11,35.52+1.72,39.65+£2.12, and 47.14£1.18
Unit/ml, respectively. By increasing the concentration of free peptides (from 400 to 500 pg/ml) and carrier
nanocapsules (from 200 to 400 ug/ml), as well as the storage time (1, 20, 40 and 60 days), the number of
bacteria under study in the treatments decreased significantly (»p<0.05). pH, acidity and ABTS radical
scavenging power of treatments containing 200 and 400 ug/ml carrier nanocapsules did not change
significantly during the storage period (p>0.05) and had a constant trend. While in treatments containing
free peptides and control, antioxidant activity and pH decreased (p<0.05), but acidity increased by
increasing storage time (p<0.05). The pH values for the control, treatments containing 400 and 500 pg/mL
of bioactive peptides, as well as 200 and 400 pg/mL of carrier nanocapsules on day 60 of storage were
measured as 3.03+£0.02, 3.55+0.01, 3.56%0.05, 4.74+0.04, and 4.75+0.09, respectively. These values for
acidity were recorded as 0.85+0.03, 0.67+0.02, 0.68+0.01, 0.36+0.07, and 0.37+0.03, respectively. By
increasing the concentration of free peptides (from 400 to 500 ug/ml) and carrier nanocapsules (from 200
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to 400 pg/ml) in doogh, the antioxidant activity (ABTS free radical scavenging power) of the treatments
increased significantly (»p<0.05), but the pH and acidity values of them did not change (p>0.05). The evaluation
of sensory indicators (color, smell and taste) of doogh samples showed that only the treatment containing 400
pg/ml of carrier nanocapsules on the first and 60 day earned equal points (p>0.05), but in other treatments, the
sensory indicators during the storage period were significantly have decreased (p<0.05). Of course, the
treatment containing 200pug/ml also had equal points in two color and smell indices on the first day and 60, but
the score of the taste index in this treatment decreased on the 60th day compared to the first day. The result of
examining the sensory indicators of different treatments compared to the control on the first day showed that
adding bioactive peptides and carrier nanocapsules to the doogh formulation had no significant effect (positive
or negative) on the color, smell and taste of the product.

Discussion and conclusion

The reduction in the number of S. aureus and E. coli bacteria in treatments with the addition of bioactive
peptides and carrier nanocapsules indicates the ability of the aforementioned compounds to combat the growth
and proliferation of the studied bacteria That in this regard and also ABTS free radica scavenging, nanocapsules
carrying bioactive peptides were more successful and stronger. This finding has been recorded due to the higher
active surface area of the nanocapsules, as well as the capsule's (maltodextrin-gum Arabic) ability to protect the
core (peptides) structure in adverse environmental conditions and its gradual release. Two mechanisms of
peptides antibacterial activity are: A- Peptides are attached to the membrane of bacterial cells and create
irreversible pores on the surface of the membrane, as a result of which the cytoplasm flows out of the cell and
the cell is completely destroyed. Bioactive Peptides pass through the cell membrane and bind to intracellular
organelles such as ribosomes and genomes and disrupt the normal growth process of the cell (Amissah, 2012).
In the present research prove that the sensitivity of S. aureus, which is a Gram-positive bacteria, to free peptides
and carrier nanocapsules is higher than E. coli. This higher sensitivity is related to the absence of the
lipopolysaccharide layer in the cell wall of gram-positive bacteria (Reyhani Poul and Yeganeh, 2023). The
results of the evaluation of pH, acidity and sensory properties of treatments during 60 days of storage showed
that only in two treatments containing carrier nanocapsules, this indexes remained constant. But in the control
and two treatments containing free peptides, mentioned indexes changed in a negative direction (decrease in the
quality of dough). This finding indicates that in regard of controlling chemical and microbial reactions that
cause food spoilage, bioactive peptides carrier nanocapsules are more powerful than free peptides. According to
the obtained results, bioactive peptides from lanternfish with a molecular weight of less than 3 kilodaltons can
be used as a natural preservative in the formulation of doogh. Also, if these peptides are nanoencapsulated
using a combined maltodextrin-gum Arabic coating and freeze-drying technique, the resulting nanocapsules
more actively combat oxidative and bacterial spoilage in doogh during storage at refrigerated temperatures.
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Table 1: MIC and MBC values of bioactive peptides and its carrier nanocapsules against 8. aureus and E. coli (ng/ml)

Strain Form of peptides MIC (ng/ml) MBC (ng/ml)
S aureus Free 200 400
- aurens Nanoencapsulated 100 200
Free 400 500
E.coli
Nanoencapsulated 200 400
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Table 2: Analysis of the hydrolysis process, substrate, and fish protein hydrolysate (%)

Protein Fat Moisture Ash DH PR
Substrate 21.04+0.71 2.96+0.57 66.32+1.43 7.89+0.68 - -
Fish protein 93.21+1.46 0.23+0.03 0.65+0.1 3.7+0.09 21.53£1.86  92.67+1.24
hydrolysate
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Table 3: Physical properties of nanocapsules carrying
bioactive peptides coated by maltodextrin- gum

arabic
Physical properties Level
Average particle size (nm) 293.6+2.83
particle dispersity index 0.398+0.06
Zeta potential (mv) +41.26+1.53
Encapsulation efficiency (%) 89.1243.05
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Table 4: S. aureus count in treatments during storage time (Log CFU/mL)

During storage (day)
Treatments 1 20 40 60

Control 5.79+0.15% 4.35+0.218 3.29+0.07C2 2.18+0.03D=

Doogh containing 400 pg/ml peptides 3.2620.084b 1.830.028b 0.00+0.00< 0.0040.00C°
Doogh containing 500 pg/ml peptides 2.2540.124¢ 1.14+0.055¢ 0.00:£0.00° 0.00+0.00¢°
Doogh containing 200 pg/ml nanocapsules 2.2440.09A¢ 0.00+0.00B4 0.00:£0.008b 0.000.00Bb

carrying Peptides
Doogh °Oma;‘;mrrfiﬁgol)gﬁgSnanocaps“les 1.1120.06A¢ 0.00-£0.00B¢ 0.000.00B> 0.0040.00B°

D<o 0) Canldosls s o pxe BB 0529 cdims s aiw g Slaw (o 50 ol Ay Gelaie S g8 9 55 By >
Different uppercase and lowercase letters respectively in each row and column, indicate significant differences between the
data (p<0.05).

(Log CFU/ML) (5,l045 wow b b ylowd E. coli s ylodis :0 Jgas
Table 5: E. coli count in treatments during storage time (Log CFU/mL)

During storage (day)
Treatments 1 20 40 60

Control 5.9440.1842 5.11+0.21B2 4.32+0.07¢ 3.67+0.03P2

Doogh containing 400 pg/ml peptides 4.42+0.094° 2.78+0.12B° 1.81£0.19¢0 0.00+£0.00P°
Doogh containing 500 pg/ml peptides 3.21£0.174¢ 1.91+0.08B¢ 1.12+0.01¢° 0.00+0.00P®
Doogh °°ntai‘;mn§iigopszfgiSnanocaps“les 3.23+0.114¢ 0.00-£0.008¢ 0.00+0.003¢ 0.00+0.008°
Doogh containing 400 ug/ml nanocapsules 1.940.0844 0.00-£0.008¢ 0.00+0.003¢ 0.00+0.008°

carrying Peptides

D1 0) Canlrodls o s BB 5929 odiaLid giw g Hhaw B 0 o Ogliie S>gS g S5 By,
Different uppercase and lowercase letters respectively in each row and column, indicate significant differences between the
data (p<0.05).
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Figure 1: pH values of the experimental treatments during the storage period. Different capital letters indicate a
significant difference between the pHs of the same treatment on different days, and different lowercase letters indicate
a significant difference between the pHs of different treatments on the same day (p<0.05).
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Figure 2: Acidity values of the experimental treatments during the storage period. Different capital letters indicate a
significant difference between the acidities of the same treatment on different days, and different lowercase letters
indicate a significant difference between the acidities of different treatments on the same day (p<0.05).
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Figure 3: ABTS free radical scavenging activity of the experimental treatments during the storage period (Unit/ml).
Different capital letters indicate a significant difference between the antioxidant activity of the same treatment on
different days, and different lowercase letters indicate a significant difference between the antioxidant activity of

different treatments on the same day (p<0.05).
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Table 6: Sensory scores for color, odor, and taste of the experimental treatments at day 1 and day 60 of storage

Treatments Time Color Aroma Taste General
(day) acceptance
1 7.49+0.532 7.11£0.25% 7.36+0.212 7.27+0.382
Control
60 3.67+0.71¢ 4.26+0.74¢ 2.15+0.654 3.34+0.544
o . 1 7.66+0.35% 7.16+0.182 7.41£0.232 7.39+0.292
Doogh containing 400 pg/ml peptides
60 5.98+0.43° 6.15+0.23° 5.394+0.42° 5.854+0.35¢
o . 1 7.58+0.472 7.21£0.228 7.36+0.16% 7.36+0.612
Doogh containing 500 pg/ml peptides
60 5.87+0.29° 6.18+0.15° 5.37+0.38° 5.824+0.22¢
Doogh containing 200 pg/ml nanocapsules 1 7.63+0.22 7.12+0.382 7.38+0.252 7.31£0.232
carrying Peptides 60 7.61£0.222 7.15+0.36? 6.17£0.11° 6.84+0.07°
Doogh containing 400 pg/ml nanocapsules 1 7.62+0.24* 7.17+0.642 7.37+0.192 7.39+0.35%
carrying Peptides 60 7.65+0.28° 7.1340.15° 7.39+0.17 7.440.16*
D 0) Cewlosls Sl g BB 8525 cdimolid g 2 40 Dgliie By >
Different letters in each column, indicate significant differences between the data (p<0.05).
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