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ARTICLE INFO ABSTRACT
Keywords The deacetylated form of chitin found in the cell walls of Aspergillus
Chitosan, niger is called chitosan. The United States Food and Drug

Administration classifies chitosan, which has many uses, as GRAS.
Using three Aspergillus niger isolates, chitosan was produced, and the

Edible coating,

Salmon fish, isolates' capacity to manufacture mycotoxin was determined using

TVBN polymerase chain reaction (PCR). By using infrared FTIR,
manufactured chitosan could be distinguished from commercial
chitosan acquired from Sigma. The antibacterial activity of chitosan
was investigated using the disk diffusion method and the Minimum
Inhibitory Concentration (MIC) assay was conducted against the
following bacteria: Salmonella entrica sub entritica ATCC 14028,
Clostridium perfrigens ATCC 13124, Escherichia coli, and
Streptococcus pneumonia ATCC 49616.1t was discovered that
Salmonella entrica sub entritica ATCC 14028 was more sensitive than
chitosan. Samples of salmon fish were dipped in a 2% chitosan
solution, and the samples' shelf life and microbiological quality were
assessed. The findings indicated that while pH and moisture loss were
tolerable during refrigerated storage, the number of psychrophilic cells
was decreased, resulting in a near 12-day storage life.

Received 7 Aug 2022; Received in revised form 16 Sep 2022; Accepted 22 Mar 2023, Published
30 Apr 2023

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 144
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/
mailto:hero.sidiq@univsul.edu.iq

H A Sideeq & TA Al-Nashe Bas[Sci41(1) (2023)144-164

1. Introduction

Chitosan is copolymers of deacetylation of chitin -1, 4-Nacetylglucosamine. It produced by
alkaline deacetylation of chitin[1-3]. Chitosan have a film-forming ability, it is a natural
biodegradable compounds with antimicrobial activity, and generally recognized as safe (GRAS)
[4] and environmentally friendly, due to its biocompatibility, no toxicity, antimicrobial activity,
and versatile physical and chemical properties [5, 6]. It is commercially produced from crabs and
shell of shrimps and in some of microorganisms yeast, mold, and algae [1], fungi Aspergillus niger
are used as a source for production of chitosan. Antimicrobial activity of Chitosan has been
demonstrated against many bacteria and filaments fungi, chitosan have high killing rate against
Gram- positive and Gram negative bacteria [7]. Chitosan extract from the cell wall of Aspergillus
niger [8]. One of the most important microorganisms used in biotechnology is Aspergillus niger.
Is subject of research and industrial use [9]. Therefore it is important to identify and classify these
species based on morphological characteristics, such as colour, size and conidial shape [10] , and
Fourier Transforms Infrared spectroscopy FTIR [11]. A. niger should be treated similar to other
filamentous fungi carefully to avoid the formation of spore dust [12]. Also this group is composed
of black-spored Aspergillus species, several of which have a long history of safe use in the
fermentation industry. In fact, many A. niger enzymes and citric acid are considered GRAS by the
United States Food and Drug Administration. Considerable research has been conducted to
develop and apply bio based polymers made from a variety of agricultural commodities of food
product industrialization. Such biopolymers include starches, cellulose derivatives,
chitosan/chitin, gums, proteins (animal or plant-based) and lipids[13, 14], these biopolymers use
to preserve foods. Fish flesh is the most perishable food and have short shelf life particularly if not
properly handled and stored due to the high post-mortem pH in the flesh, large amount of non-
Protein nitrogen like (Ammonia, urea, biure), high content of poly unsaturated fatty acids and
presence of autolysis enzyme[15-17]. Salmon is considered to be healthy due to the fish's
high protein, high omega-3 fatty acids, and high vitamin D content[18]. The major cause of
spoilage of most seafood products are microorganisms. The specific spoilage organisms give rise
to the disgusting off-flavours associated with seafood spoilage. This study was amid to keep the
quality and the freshness of salmon fish by raped, quart cheep nondestructive and applicable by

using edible coating (EC) of 2% chitosan.
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2. Materials and Methods

2.1 Isolation and identification of A.niger

Three isolates of Aspergillus niger were used in this study, tow isolates of Aspergillus niger was
isolated from the soil by using Solid-state fermentation method [19] and the third isolate obtain it
from sigma. The isolates of A.niger were grown on (PDA) at 25°C for (96) h. After isolation
A.niger was purified and identified by the aid of the classification keys of identification according
to the work of [20, 21]with the assistance of Doctor Taghreed (College of Agriculture/ Sulemani
university), and Spore suspension was prepared from all strain of A.niger (A.nigerl, A.niger2, and

A.niger ATCC from sigma company according to [22]and adjusted to10’ spore/ml.
2.2. Determining the ochratoxigenic potential of the identified species
2.2.1. Extraction of Genomic DNA

Fungal genomic DNA was extracted according to the instruction of (BIO Basic Inc, DNA mini

press Kit) which used to extract DNA of all strain of A.niger.
2.2.2 DNA amplification

PCR amplifications were performed in accordance to a procedure as followed by[23]. According
to the procedure master mix “BioMix Red” (Bioline, India), Spul DNA, 20 pmol of identify primers
were added and mixed to obtain 50ul final volume of the PCR mix, and used T 100 Thermal cycler
to PCR based detection of Ochratoxigenic A.niger 1p of specific primer for detection of

Ochratoxin reaction were carried out in volume of containing 5u (10 pg- 100 ng) of template.
2.2.3 Gel electrophoreses

The DNA of the PCR products were detected on 1% agarose ethidium bromide gel in TAE 1X
buffer lanes 1No DNA, lanes 2DNA template of A.niger expect size is 690bp according to [24] .

2.3. Determination of growth curve of Aspegillus.niger

The growth curves were measured for each isolate by using yeast peptone glucose broth incubated
at shaker incubator with 100rpm at 25°C as described by [25].

2.4 Production and Characterization of chitosan

For fungal cultivation 1ml spore suspension (10'spores/ml) added to100 ml of yeast
peptone glucose and incubated at 25°C under submerged fermentations condition[26]
(100rpm) for 3 days. Mycelia were finely filtrated by using (GF/C glass microfiber; Whatman,
Maidstone, UK), and wash twice with D.W then dried at 65°C to constant weight, and dry
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fungal mycelia were finely ground, suspended with 1mol NaOH solution (1: 30 w/v) and
autoclaved at 121-C for 30 minutes under 15 psi pressure to partial deacetylation of chitin
as well as to hydrolysis of native proteins and nucleic acid. Alkali-insoluble fractions were
collected after centrifugation at (12000 g) for 15 min, next washed with distilled water and
re-centrifuged to a neutral pH, the chitosan is solubilized using 2% acetic acid (1: 40 w/v)
at 95:C for 8 hours. Slurry centrifuged at (12 000 g) for 15 min, pH of supernatant fluids
adjusted with 2mol NaOH solution to ( pH 10) , centrifuged at (12 000 g) for 15 min,
chitosan precipitate washed with D.W, 95% ethanol(1:20 w/v), and acetone (1:20w/v),
respectively, and dried at 600C to constant weight, as mentioned by[27]. Chitosan
characterized by determination of degree of deacetylation according to[28] by FT-IR
spectrophotometer and compared with standard chitosan obtained from sigma company.
2.5. Preparation of chitosan coating solution

As described by [29] 2g of dry weight chitosan was dispersed in 98ml of acetic acid 2 %
concentration to obtain 2% (w/w) of chitosan with stirring at 45°C for 2 h.

2.6. Evaluation of antimicrobial effectiveness of coating solutions

2.6.1 Disk diffusion method

The disc diffusion method was done according to[29], by applying deferent concentration of 2%
chitosan dipping solution (25, 50, 75, 100 pg/mL), and four species of bacteria that obtain it from
sigma (Streptococcus pneumonia ATCC 49616, Clostridium perfrigens ATCC13124, Salmonella
entrica sub entritica ATCC 14028, and E. coli) were used as indicator microorganisms for the
detection of the antimicrobial activity. All strains mentioned above were obtained from sigma and
the inhibition diameter of each concentration was measured by (mm) and recorded, all tests were
performed in triplicate.

2.6.2 Minimum inhibitory concentration of chitosan

The method that is described by [30] was used to determine Minimum inhibitor concentration of
different concentration 2% chitosan (25, 50, 75, 100, 125, 150, 175, 200,and 250 pg/mL).
According to [31] McFarland turbidity standard was used to adjust the number of bacteria of 1.5
x108 CFU/mI. Moreover, the ability of chitosan as inhibiter or cidal against was determined for all
bacteria that used in this study as follows: after 24h of inoculated medium that contain different

concentration of chitosan by bacteria 0.1 ml was taken from a test tube that doesn’t have growth
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or turbidity. This is used to inoculate general media (MHA) Mueller Hinton agar then incubate at
37°C for 24h for MIC determination.

2.7 Preserve Salmon fish bay dibbing in 2%chitosan solution at fridge temperature

Fresh salmon fish weight of 2.5 kg was purchase from Sarchnar market then add to cold box until
the laboratory, and separated the dorsal part of salmon fish then cut for many slice 5cm?sizes, then
all pieces dipped in chitosan for three mints, after that leave samples in the room temperature for
90 mints, lastly all samples storage at refrigerator temperature (4°C) [32]. Sample takes after (0, 3,
5,8, 10,12, 15,and 17 days) for determination of total volatile basic nitrogen TVBN, pH, Moisture,
Microbial test Total count and Psychrotrophes Bactria, and Sensory Evaluation. The determination
of Moisture & PH according to [33], the TVBN was described by[34] Microbial test (Total count,
Psychrotrophes Bactria) according to[18] .

2.8 Statistical analyses

To data treatment and statistical analyses was used ANOVA to analyses of variance and significant
deference, LSD and Fisher test (confidence level, a: 0.05) were performed on the obtained results

organize to establish significant differences.

3. Results and Discussion

3.1. Determining the ochratoxigenic potential of the identified species

As shown from the figure 1, the second isolate showed appositive ability for ochratoxin
production Since A. niger was reported as ochratoxin producer as reported by [35]and

excluded from our study while the third and the fourth isolates were non-ochratoxigenic.

450-500bp
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Figure 1: Showing ochratoxin production by PCR method, L: ladder100-1500bp control, lane
(1): negative control, lane (2): Ochratoxigenic A.niger, lane (3): non-ochratoxigenic
A.niger, lane (4): non-ochratoxigenic A.niger ATCC16404.Used ochratoxin primer:
5 ACTACCGATTGAATGGCTCG3 5 ACGCTTTCAGACAGTGTTCG3

3.1.1 Determination of growth curve of Aspegillus.niger

It is believed that the highest amount of extractable chitosan that can be obtained is at the late
exponential growth phase of the fungi. The A.niger isolates reached their late logarithmic stage at
72 hours, and after that the measured dry weight of mycelia did not increase, which indicates that
the isolates had entered the equilibrium phase. This is also mentioned by [25] that highest yield

of chitosan in the first 60 to 72 hours.

3.1.2. Production of chitosan

In this study the A.niger isolates were used are (A.niger ATCC16404 and A.nigerl), and tablel
present the extracted chitosan form A.niger isolates. In tablel the highest yield of chitosan was
obtained from (A.niger ATCC16404) isolate which produce (4.82gmycelia/1000ml culture), and
produce a larger amount of chitosan compare with A.nigerl. One of the reasons behind selecting
A.niger ATCC isolates for this study its high productivity of chitosan. As mentioned by[8] the
chitosan production from A.niger and chitosan content depend on fungal strain, mycelia age,

cultivation medium and cultivation condition.

Table.1: Biomass and chitosan obtained from Aspegillus.niger isolates

Fungal strain Weight of Mycelia(g/ml) Weight of chitosan(g/g)
A.niger ATCC 4.82 1.54
A.niger 1 4.22 1.23

3.2.1 Determination of Degree of Deacetylation (DDA) by using Titration methods
The DDA as shown in the table below, chitosan that was isolated from A.niger ATCC and A.nigerl

were 85.85% and 84.38% respectively and both of them were smeller to chitosan standard which
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was 92.99%. According to (21), the degree of deacetylation of chitosan ranges from 56% to 99%.
According to [36-38] the Degree of Deacetylation of chitosan extracted from A.niger was near
85%. Chitosan obtained directly from the fungal cell wall had a higher degree of deacetylation
than commercial chitosan from the chemical conversion process (21). Different studies showed
that increasing the degree of deacetylation results in an increased antimicrobial activity the
antimicrobial activity increases when the degree of deacetylation is higher and the molecular
weight is lower. It is important to determine DDA of chitosan because of the electrostatic
interaction of chitosan and the negatively charged phospholipids is an important factor in the mode
of action. Increasing the degree of deacetylation leads to more free amino groups. As a result more
positive charges are located on the polymer, leading to an enhanced electrostatic interaction.
Chitosan is hygroscopic in nature and it was reported that the capability of moisture adsorption of

chitosan decreased with an increase in deacetylation.

Table2: Determination of Degree of Deacetylation (DDA) by using Titration methods

fungal strains DD%
A.niger ATCC16404 85.85
A.nigerl 84.38
standard Chitosan 92.99

3.2.2 FT-IR spectrophotometer

The extracted chitosan from fungal cell wall of A.niger was analysed by FT-IR spectrophotometer
and compared with spectrum of standard chitosan[8]. As shown in figures (2,3,4) which is three
sample of chitosan(standard chitosan, chitosan that produce from A.nigerl and chitosan that
produce from A.niger ATCC), the FTIR analysis showed many peaks that indicate the presence of
CHs group and N-H deformation of amide group which can be observed clearly in pure chitosan,
which decreased dramatically. The peaks obtained from the two samples were found similar to the
peaks of standard chitosan witch obtained from standard. This clearly reveals that the extracted
fraction from the cell wall of A.niger isolates was chitosan[8, 39].
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Figure 3: FTIR for chitosan from A.niger 1
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Figure 4: FTIR for standard chitosan

3.3 Evaluation of Antimicrobial Effectiveness of Coating Solution

3.3.1Antibacterial activity of chitosan (Disk diffusion assay) Investigated microorganism were
Streptococcus pneumonia ATCC 49616, Clostridium perfrigens ATCC13124, Salmonella entrica
sub entritica ATCC 14028, Escherichia coli. Disk diffusion zone was used with deference
concentration of chitosan (25, 50, 75, 100 pg/mL). As shown from table3 the E. coli was more
sensitive to 100 pg/mL concentration of 2% chitosan solution than Salmonella entrica sub
entritica, Streptococcus pneumonia, and Clostridium perfrigens respectively, this finding is in
consist up with the finding of [40], who found that chitosan has strong antimicrobial activity

against gram positive and gram negative bacteria such as Escherichia coli, also [41] reported that
chitosan has antibacterial effect against Escherichia coli, and salmonella.

Table.3: The results of disk diffusion zone (mm) diameter to chitosan
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Conc. pg/mL | Escherichia coli | Salmonella entrica Clostridium Streptococcus
sub entritica perfrigens pneumonia
100 26.667 aa 0.833a 25.000aa 22.500aa
50 18.333aa 21.667 aa 19.167 ab ab 14.167 ab ab
25 18.333 aa 0.417 a 12500 cc 17.500 a a
75 16.667 aa 0.000 a 18.333 bc be 7.500b b
Pr>F 0.507 0.222 0.010 0.022
Significant No No Yes Yes

3.3.2 Antibacterial activity of chitosan and antibiotics (Disk diffusion assay)

Figure 5 shows the zones diameter that was measured for all bacterial strains used in this study

were Streptococcus pneumonia ATCC 49616, Clostridium perfrigens ATCC13124, Salmonella

entrica sub entritica ATCC 14028, and Escherichia coli. The result showed that 2% chitosan has

a significant different impact (a: 0.05) in terms of inhibition compared to antibiotics (Azithromycin

(Az), Amoxicillin (Am), Vancomycin (V), Chloramphenicol (C)[42]. Chitosan diameter zone of

inhibition for Clostridium perfrigens was more effective agent than (V, Am, Az). However its

effect on Escherichia coli inhibition diameter zone was less effective agent than Chloramphenicol.
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Figure 5: Interaction plot between Antibiotic ((C1) 2% chitosan solution, (V) Vancomycin, (Am)
Amoxicillin, (Az) Azithromycin) and bacteria was ((ST) Streptococcus pneumonia, (CL)
Clostridium perfrigens, (SA) Salmonella entrica sub entritica, (E) E. coli).

3.3.3. Minimum inhibiter concentration (MIC) of chitosan in broth medium

As shown from table 4 the 250 pg/mL of 2% chitosan solution was MIC for all bacterial strains
that used in this study. Salmonella entrica sub entritica was more sensitive than the other bacteria.
The 2% of chitosan solution was cidal for Salmonella entrica sub entritica, and Clostridium
perfrigens at concentrations of 100 pg/mL and 175ug/mL respectively. Nevertheless, 2% chitosan
was inhibitor for both Streptococcus pneumonia, and E. coli at concentrations of 200ug/mL and
250ug/ml respectively. The most acceptable mechanism might be the electrostatic interaction
between chitosan molecule and microbial cell membrane charges. This leads to the leakage of
proteinaceous and other intracellular constituents that finally lead to the death of bacteria, which
is also reported by [43, 44].

Table.4: Select MIC of chitosan in broth media.

Tube Chitosan Con. | syrentococcus | Clostridium gﬁ:;?g:g:g E. coli
pneumoni perfrigens o
Hg/mL entritica
1 25 + + + +
2 50 + + + +
3 75 + + + +
4 100 ¥ n i "
5 125 + + - +
6 150 n n i n
7 175 n i i ¥
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8 200 - - +
9 250 - - -
Microbial control + + +

Culture media control -

Positive (+ve) presence of bacterial growth, Negative (-ve) absence of bacterial growth

3.4. Preserve Salmon fish bay dibbing in 2% chitosan stored in refrigera

As Shown in Figure 6 there was a different TVBN value during storage time at 4°C. Salmon sample

was acceptable after 15 days of storage at refrigerator temperature while it spoiled after 17 days.

On the other hand, controls samples of salmon were spoiled after 8 days of storage time 4°C. As
mentioned by[45] the TVBN more than 25 mg N/100g spoilage is detectable.

140 -

120

100 A

80 -

60 -

40 -

20 A

Interaction plot between factors time and treat

—@— treat-Cl

—@— treat-C2

TVBN mgN/100gm fish

0 7 T T T
Zero time After 3 After 5 After 8

days days days days
Time

After 10

After 12 After 15 After 17
days days days

Figure 6: Determine TVBN value of treatments C1: control sample of salmon fish, C2: 2% chitosan

during stored time in refrigerator temperature

Figure7 shows the increasing of PH during storage time, because the accumulation of higher

concentration of ammonium compounds and other alkaline molecules, as a result of the higher
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microbiological and enzymatic activity during chilling condition. It is well-known that the pH
value of fish tissue gives valuable information about its hygienic condition. The pH of the samples
that coated by chitosan was lower than the control samples during stored period. In the first week
the pH was lower because of glycogen in the muscle has been metabolized to lactic acid, but in
the end of the first week of storage pH started to increase: reaching a value of pH 7.3 in salmon
that coated by chitosan after 15 days. However, for control sample the pH reached 7.7 after 8 days
of storage. As mentioned by [29, 46, 47] the pH value must be lower than 7.0-7.5 for the product
to be acceptable, In our results samples that were coated by 2% chitosan solution were acceptable

for consumption until 15 days of storage in chilling condition.

Interaction plot between factors time and treat

10 -
9 -
8 -
7
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z s
4 A —@— treat-C1
i 1 —@— treat-C2
1 -
0

After 8  After 10 After 12 After 15 After 17
days days days days days

After 5
days

After 3
days

Zero
time

time

Figure 7: PH content of salmon fish stored at refrigerator temperature, C1: control sample of
salmon fish, C2: chitosan coated samples.
The moisture content of salmon fish must be 61.0-70.8% according to [48], in this study moisture
was decreased gradually when coated with chitosan. However, in control sample this change was
very dramatic. As reported by [49] who verified that coating with chitosan was effective in
reducing the moisture loss of salmon by fifty present when compared to the control samples. This
means chitosan can protect the quality of salmon sample for longer period. Sensory evaluation of
fish gives valuable information of the quality of fish. Time and temperature is main important
factor affect spoilage salmon fish. In the result of sensory evaluation (color, texture, odor and
Appearance) of salmon fish that were coated by chitosan solution have 18.8/25unit that was better

than not coated samples which have 8.45/25 unit.
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salmon fish and C2 was chitosan coated samples.

Figure 8: Moisture content of salmon fish storage in refrigerator (4°C), C1 was control sample of

Table.5: Sensory Evaluation for salmon fish before cooked after 10 days of storage at fridge

temperature (4°C)

Sample Color | Texture | Odor | Appearance | General accepter Total
5 unit Sunit | 5unit 5 unit > unit 25 unit

Control 2.5 1.65 1.3 1.5 1.5 8.45

Chitosan 3.7 4 3.4 3.7 4 18.8

3.5.1. Microbial test of salmon fish storage in refrigerator (4°C)

As shown from TSable 6 Control the microbial number was uncountable (TNTC) at 8 days of
storage, but in chitosan coated samples the microbial numbers was uncountable at 12 days of storage
in the chilling condition. Furthermore Microbial spoilage proceeds fast because of the presence of
large amounts of low-molecular-weight compounds, high water activity and a high post-mortem pH
(> 6) in fish muscles. But chitosan has possibility of obtaining thin films and coatings to cover
Salmon fish. In addition, bio films and coatings, by themselves or acting as carriers of foods additives
such as antioxidants, antimicrobial have been particularly considered in food preservation because
of their ability to extend the shelf life as reported by [29]. Psychrotrophes bacteria important
microorganism to spoilage fish in refrigerator temperature, also have greater spoilage activity in low
temperature (4°C) had higher demand to amino acid that cause spoilage of salmon flesh and increase
in TVBN value, because Salmon is among the ten most consumed species of fish in the world[18],
therefore using chitosan to preserve salmon become important way, as reported by [40] that chitosan

has antimicrobial activity against Gram-positive and Gram- negative bacteria. As shown in the table7
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control samples were spoiled after 3 days and the number of microbial cell was uncountable (TNTC),

whereas coated samples by chitosan was uncountable at 10 days of storage in chilling condition.

Table.6: Microbial total count test of salmon fish storage in refrigerator (4°C)

Time Control Cfu/ml Chitosan Cfu/mi

Zero time TFTC TFTC TFTC No No No growth
growth growth

After3 day 3.1x10? 3.2x10? 3.4x10% | 5x10? 5x10* 5x10*

After 5 day 3.8x10? 3.2x10? 3.4x10% | 1.7x10% | 1.5x10? 1.9x102

After 8 day TNTC TNTC TNTC 2.2x10? 1.7x102 2.1x10?

After 10 day TNTC TNTC TNTC 2.7x10% | 2.4x10° 3.4x102

After 12 day TNTC TNTC TNTC TNTC TNTC TNTC

After 15 day TNTC TNTC TNTC TNTC TNTC TNTC

After 17 day TNTC TNTC TNTC TNTC TNTC TNTC

Table.7: Microbial Psychrotrophes Bactria test of salmon fish storage in refrigerator 4°C

Time Control Cfu/ml Chitosan Cfu/ml
Zero time TFTC TFTC TFTC No No No growth
growth growth

After3 day 2.8x102 2.8x102 2.4x10% | 2.4x10% | 2.5x10? 2.5x102
After 5 day TNTC TNTC TNTC 2.7x10% | 2.5x102 2.9x10?
After 8 day TNTC TNTC TNTC 3.2x10% | 3.7x10? 3.3x10?
After 10 day TNTC TNTC TNTC TNTC TNTC TNTC
After 12 day TNTC TNTC TNTC TNTC TNTC TNTC
After 15 day TNTC TNTC TNTC TNTC TNTC TNTC
After 17 day TNTC TNTC TNTC TNTC TNTC TNTC
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Conclusions

The chitosan coating solution with 2% shown antibacterial activity against all of the tested
microorganisms that were employed in this investigation. Additionally, it was an effective coating
solution in safeguarding salmon fish for 15 days while stored in the refrigerator. Chitosan has the

potential to be used to enhance the shelf life of products.
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