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STUDY OF ANTIOXIDANT PROPERTIES
OF ORGANIC DRIED BLACK MULBERRY

The object of the study is black dried organic mulberry. The subject of research is the antioxidant properties of black
dried organic mulberry. The research hypothesis is that due to its antioxidant properties, organic black mulberry can
serve as a source for the production of food additives to slow down oxidation processes in fat-containing products.

The study investigated changes in the quality of the fat base for the production of flour confectionery products:
butter with sesame oil in a ratio of 80:20 %. Black dried inorganic mulberry was used as a control sample. This
made it possible to compare the inhibitory-stabilizing effect on lipids of organic and inorganic raw materials. On
the 10th day of storage of the samples, the peroxide number in the fat with the addition of organic mulberry was
1.7 times lower than in the fat base without the addition of stabilizers. The peroxide number in the fat with organic
mulberry added was 17.5 20 mmol/kg. Primary oxidation in the sample with inorganic mulberry also occurred
more slowly than in the sample without any additives. On the 10th day of storage, the amount of peroxides was
1.2 times less than the amount of peroxides in the fat base without the addition of mulberry. The fat acid value
of black organic dried mulberry added on day 10 was 1.21 mn/KOH, with black inorganic dried mulberry added
1.80 mg/KOH. The sample without added antioxidants had an acid value of 2.12 mg/KOH. The content of ascorbic
acid in black dried inorganic and organic mulberries does not differ significantly and is 10.78 and 10.49 mg/100 g,
respectively. It has been proven that the content of polyphenolic compounds is 18.2 and 27.2 mg/100 g, respectively,
in dried inorganic and organic black mulberries. It is their presence that explains the antioxidant properties of
mulberry. Therefore, organic production affects the accumulation of polyphenolic compounds in plants. Polyphenolic
compounds have antimicrobial properties, so their higher amount in organic raw materials is dictated by the fact
that organic plants must independently fight against microbiological pests without the use of pesticides. Further
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research will be devoted to the creation of nutritional supplements based on organic black mulberry.
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1. Introduction

Mulberry belongs to the Morus genus of the Moraceae
family and is widely distributed in a variety of climatic
and ecological conditions, ranging from tropical to tem-
perate. Moraceae is also known as the mulberry or fig
family. This family of flowering plants includes more than
twenty-four species and has at least one hundred identified
varieties [1]. Mulberry has a very wide economic value.
In Fig. 1 shows the industries in which mulberry is used.

The most important use of mulberry worldwide is the
production of the silkworm, which feeds exclusively on
its leaves. The country with the largest mulberry area is
China with approximately 626,000 ha, followed by India
with nearly 280,000 ha [2]. Mulberry is also widely used in
pharmacy due to its hepatoprotective, neuroprotective, an-
timicrobial, anti-inflammatory and cancer-protective effects.
In the cosmetic industry, mulberry is used for the produc-
tion of toothpastes, peelings, and gels. Due to the pres-
ence of anthocyanins, mulberry can be used as a dye. The
study of the chemical composition of mulberry leads to the

study of its antioxidant properties. They can be due to the
presence of polyphenols, anthocins, catechins and kaemp-
ferols in its composition [3].

Scientific sources contain data on the antioxidant proper-
ties of black and white mulberries. However, the antioxidant
properties of organically grown mulberries are of great in-
terest. The advantages of organic mulberry cultivation are
given in [4]. First of all, since mulberry is grown on an
industrial scale for the cultivation of mulberry silkworms,
the application of chemical fertilizers has a negative effect on
the condition of their cocoons. Therefore, there is a trend
of increasing organic production of mulberry in the world,
which prompts its detailed study.

It should be noted that organic production, according
to the law, consists in the complete rejection of the use of
GMOs, antibiotics, toxic chemicals and mineral fertilizers.
Composting, sheep manure, siderate fertilizers are used as
fertilizers for the production of organic mulberry. So, hemp
and sesbania are used as siderate fertilizers. In addition, it is
a common practice to apply biofertilizers. Some bacteria, such
as Azotobacter chroococcum, Azospirillum spp. (A. brasilense,
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A. lipoferum, A. amazonense, A. halopraeferens and A. irakense)
are capable of fixing atmospheric nitrogen (biological nitro-
gen fixation). The bacterium Bacillus megaterium dissolves
phosphorus and makes it available to plants [4].

Fig. 1. Fields of using of mulberry

Considering the above, the antioxidant properties of
organic mulberry are of scientific interest. The research
hypothesis is that organic mulberry has better antioxidant
properties than inorganic mulberry and can be used to
slow down oxidation in fatty foods.

From a nutritional point of view, mulberry is a very
useful product. The physical and chemical composition of
black and white mulberry is slightly different. Since the
object of our study is black mulberry, in Table 1 provides
information on the nutritional value of black mulberry.

As can be seen from the data in Table 1, mulberry
does not contain a lot of fat and carbohydrates, but it
has a high moisture content.

Data on the content of vitamins and mineral elements
are presented in Table 2.

Tahle 1
Nutritional value of black mulberry fruits [5]
Nutrient Contents (g/100 g)
Proteins 0.96
Fats 0.95
Carbohydrates 11.75
Humidity 72.96
Tahle 2
Content of vitamins and mineral elements in black mulberry (6]
Nutrient Contents (g/100 g)
Calcium 132.00
Magnesium 106.00
Potassium 922.00
Iron 4.20
Ascorbic acid 21.80
Vitamin B1 0.03
Vitamin E 0.87
Vitamin K 0.78

As can be seen from the data in Table 2, black mulberry
contains a significant amount of calcium, magnesium and
quite a lot of potassium. Mulberry fruits also contain
a large amount of ascorbic acid. Since the subject of the
study is the study of antioxidant properties,
it is the content of ascorbic acid that can
have an effect on the ability of mulberry to
delay the process of accumulation of peroxides
in the fatty base. However, ascorbic acid
is heat-labile, so for products undergoing
heat treatment, the action of one acid as
an antioxidant is not enough. According to
research [7], mulberry also contains gallic
acid, rutin, catechin, quercetin, kaempfe-
rol, and albanol. These substances can also
have an effect on antioxidant properties.
Research data on white mulberry leaves show
that it contains polyphenolic compounds,
flavonoids, hydroxycinnamic acids, fatty
acids, polysaccharides, o-glucosidase inhi-
bitor — DNJ (1-deoxynoirimycin), etc. [8].
Despite the considerable range of research
on the physical and chemical composition of
mulberry, its antioxidant properties remain
poorly studied.

At the same time, according to the data presented
above, mulberry is used for the production of food ad-
ditives as a dye. But if its antioxidant properties are
proven, it can be used for the production of food addi-
tives with combined properties. In particular, the use of
organic mulberry may be appropriate in the production
of organic products, where the use of synthetic food ad-
ditives is prohibited.

Scientific sources contain data from studies of the antioxi-
dant activity of organic plants. In particular, the source [9]
found that organic lemon balm contains a higher amount
of polyphenolic substances than inorganic lemon balm.
So, the content of polyphenols in ordinary lemon balm
is 14.1 mg/g, and in organic — 26.5 mg/g. Research has
established that the value of the peroxide number after
10 days of storage was 17 %O for the sample with the
addition of organic lemon balm and 22 40 for the sample
with the addition of ordinary lemon balm.

The study [10] studied the antioxidant properties of
organic and inorganic oranges and tomatoes and found
that the antioxidant properties of organic products are
higher. However, these products show antioxidant proper-
ties on the cells of the human body, but cannot be used
for the production of food additives that slow down the
oxidation of fat-containing products.

Works [11] are devoted to the study of antioxidant pro-
perties of plant raw materials. In particular, it was established
that carrot powder has a high content of carotenoids —
211.85 mg/100 g, which is 7 times more than apple seed
powder. At the same time, apple seed powder contains
1.5 times more o- and B-chlorophylls than carrot powder.
Studies of natural additives of rowan and hawthorn fruits,
lemon balm leaves, as well as buckthorn grass and common
sedum to change the quality of fats used in the produc-
tion of flour confectionery showed that the components of
buckthorn grass and lemon balm leaves showed the highest
antioxidant effect. However, these sources mainly consider
the antioxidant properties of wild-grown raw materials,
and not organic ones.
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The above-mentioned review of scientific sources proves
the need to study the antioxidant properties of organic
mulberry, which in the future can lay the foundation for
a new direction in the food industry — the creation of
organic food additives.

The aim of research is to study the antioxidant properties
of organic dried black mulberry. Taking into account the
specified goal, the tasks of the research are:

1. To analyze the changes in the peroxide value of the
fat base with and without the addition of organic dried
black mulberry during storage.

2. To analyze changes in the acid number of the fatty
base with and without the addition of organic dried black
mulberry during storage.

3. To determine the amount of ascorbic acid in dried.

4. To analyze the content of polyphenolic compounds
of organic dried black mulberry.

2. Materials and Methods

The object of research is organic dried black mulber-
ry (Fig. 2). The subject of research is its antioxidant properties.

Fig. 2. Organic dried black mulberry

For a comparative study of antioxidant properties, a mix-
ture of butter was used as a fat base in the proportions
shown in Table 3. Organic black mulberry was used in
dried form.

Tahle 3

Characteristics of research samples

Fat base for flour confectionery: organic butter + sesame

Sample No. 1 { 1 60:90 %+ 10 % dried mulberry

Fat base for flour confectionery: organic butter + sesame

Sample No. 2 oil 80:20 %+ 10 % dried organic mulberry

Fat base for flour confectionery: organic butter + sesame

Sample No. 3 oil 80:20 %+ 10 % dried organic mulberry

The peroxide and acid numbers of lipids were determined
by the titrometric method. Determination of the content
of ascorbic acid (vitamin C) is based on the property of
ascorbic acid before oxidation into dehydroascorbic acid.
2,6-dichlorophenolindophenol, oxidizing ascorbic acid, is
reduced to a colorless compound (leucoform). Determination
of the content of polyphenolic substances was determined
by the spectrophotometric method by reaction with the
Folin-Chocalteu reagent [11, 12].

3. Results and Discussion

Changes in the peroxide value of the fat base (organic
butter + organic sesame oil) with the addition of organic
and inorganic mulberry and without the addition of any
additives for 10 days are shown in Fig. 3.

The data of Fig. 3 indicate a higher antioxidant activity
of organic mulberry compared to inorganic. On the 10th day
of storage of the samples, the peroxide number in the fat
with the addition of organic mulberry was 1.7 times lower.
It should be noted that the primary oxidation in the sample
with inorganic mulberry also occurred more slowly than
in the sample without any additives, however, on the
10th day of storage, the amount of peroxides was 1.2 times
less than the amount of peroxides in the fat base without
the addition of mulberry. Changes in the acid number are
presented in Table 4.

Research data show that the increase in acid number
in samples with the addition of organic non-conventional
raw materials was slower than with the addition of inor-
ganic non-conventional raw materials. In particular, on the
10th day of storage, the acid number of samples with the
addition of organic mulberry was 1.5 times lower than in
samples with the addition of inorganic mulberry.

40 y =3.2843x —2.7381
35 R2=0.9633
’y/i.wssx ~2.6762
30 R2=10.9571
@ Fat base for flour confectionery:

o 25 y=189x-15 organic butter + sesame oil 80:20 %
= 20 R2=0.9747 + 10 % dried mulberry
g ;//' / M Fat base for flour confectionery:

E 15 organic butter + sesame oil 80:20 %
g /,//A/ + 10 % dried non organic mulberry
10 AFat base for flour confectionery:

organic butter + sesame oil 80:20 %
5 / + 10 % dried organic mulberry
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Fig. 3. Changes in the peroxide value of the fat base with the addition of organic and inorganic mulberry during 10 days
of storage in a thermostat, 40 mmol/kg, n=5, p<0.5
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Table 4
Study of changes in the acid number of the fatty base
Day
Sample
0 5 10
Fat base for flour confectionery: organic
butter + sesame oil 80:20 %+ 10 % | 0.25+0.02 | 0.65+0.02 | 1.80+0.01
dried mulberry
Fat base for flour confectionery: organic
butter + sesame oil 80:20 %+ 10 % | 0.25+0.01 | 0.45+0.01 | 1.21£0.03
dried organic mulberry
Fat base for flour confectionery: organic
butter + sesame oil 80:20 %+ 10 % | 0.24+0.02 | 0.90+0.04 | 2.12+0.02
dried organic mulberry

In a theoretical review of the literature, it was noted
that mulberry has a significant content of ascorbic acid.
However, as is known, this substance is heat-labile and
its quantity may decrease during drying. Therefore, it is
possible to investigate the content of ascorbic acid in black
organic and inorganic dried mulberries.

Research has established that the content of ascorbic
acid in black dried inorganic and organic mulberries does
not differ significantly and is 10.78 and 10.49 mg/100 g,
respectively.

As mentioned above, the antioxidant effect can be due
to the content of polyphenolic substances. The results of
the study of their content in organic and inorganic black
mulberry are shown in Fig. 4.

30

25

20

15 4

mg/100g

Non-organic black mulberry Oganic black mulberry

Fig. 4. The content of polyphenolic compounds in organic
and inorganic black mulberry

The obtained data indicate high antioxidant properties of
dried black mulberry. It has been proven that the content
of ascorbic acid decreases significantly during the drying
process. Therefore, ascorbic acid does not act as the main
antioxidant substance of mulberry. The main substance is
polyphenolic substances. Their content in organic black
dried mulberry is 27.2 mg/100 g. It has been proven that
the content of polyphenolic substances is higher in organic
mulberry than in inorganic. This indicates that the method
of cultivation affects the amount of polyphenolic compounds.

The strength of the study is that the antioxidant pro-
perties of black dried organic mulberry have been proven.
These data can serve as a basis for the development of
organic nutritional supplements with antioxidant activity
based on mulberry.

The weakness of the study is that the content of poly-
phenolic compounds in organic mulberry was identified

only in a general form and their composition was not
determined by the chromatographic method.

The prospects for further research are the development
of organic food additives based on organic mulberry.

The influence of martial law conditions. Limited access
to laboratories, which today are located in the occupied
territories, became an obstacle to conducting experimental
research during martial law.

The development of the market of organic food pro-
ducts is a promising scientific and practical direction of
the food industry. Commodity characteristics of organic
raw materials are poorly studied and require detailed ex-
perimental studies.

4. Conclusions

In the course of the study, it was shown that on the 10th
day of storage of the samples, the peroxide number in the fat
with the addition of organic mulberry was 1.7 times lower
than in the fat base without the addition of stabilizers. The
peroxide number in the fat with the addition of organic mul-
berry was 17.5 %40 mmol/kg. Primary oxidation in the sample
with inorganic mulberry also occurred more slowly than in
the sample without any additives. On the 10th day of storage,
the amount of peroxides was 1.2 times less than the amount
of peroxides in the fat base without the addition of mulberry.

The acid number of fats with the addition of black organic
dried mulberry on the 10th day was 1.21 mg KOH, with the
addition of black inorganic dried mulberry — 1.80 mg OH.
The sample without the addition of antioxidants had an
acid value of 2.12 mg/KOH.

The content of ascorbic acid in black dried inorganic
and organic mulberries does not differ significantly and
is 10.78 and 10.49 mg/100 g, respectively.

It has been proven that the content of polyphenolic
compounds is 18.2 and 27.2 mg/100 g, respectively, in
black dried inorganic and organic mulberry.
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