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A BST R ACT
The information from global literature sources has been summarized regarding the use of ground mandarin peel in the for-
mulation of various food products and beverages. Data on worldwide mandarin cultivation volumes are provided, along with 
the data on content of carbohydrates, dietary fibers, proteins, various acids, tannins, and ash. Additionally, data on the pres-
ence of certain phenolic compounds and monosaccharides in mandarin peel are included. The possibility of using mandarin 
peel powder due to its high content of dietary fiber and phenolic compounds with antioxidant activity in the formulation of 
various food products is substantiated. The effect of adding mandarin peel powder to bakery and confectionery products on 
the functional, baking, textural, antioxidant and sensory properties of wheat bread, grocery and confectionery products made 
from it has been demonstrated. Additionally, information is provided regarding the use of mandarin peel powder in formula-
tions for the production of meat products (such as cutlets) and dairy products. Data are also presented on adding of mandarin 
peel powder and its extracts into various beverages and jams. It has been demonstrated that mandarin peel and pomace can be 
used for the production of both alcoholic and non-alcoholic drinks. It has been shown that adding the mandarin peel powder 
and its extracts into bakery, confectionery, meat and dairy products, as well as into the formulation of various alcoholic and 
non-alcoholic beverages, leads to an improvement in the nutritional, nutritious and sensory characteristics of various food 
products. A conclusion has been made about the prospects of mandarin peel powder as a valuable additive to food products.
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А ННОТА Ц И Я
Обобщены сведения из  мировых литературных источников по  использованию измельченной кожуры мандарина 
в рецептуре различных продуктов питания и напитков. Приведены данные по объемам выращивания мандаринов 
в мире, а также по содержанию углеводов, пищевых волокон, протеинов, различных кислот, таннинов, зольного ве-
щества. Также приведены данные по содержанию некоторых фенольных соединений и моносахаридов в составе ко-
журы плодов мандаринов. Обоснована возможность использования порошка из кожуры мандаринов ввиду высокого 
содержание пищевых волокон и  фенольных соединений с  антиоксидантной активностью в  рецептуре различных 
продуктов питания. Показано влияние добавления порошка кожуры мандаринов в хлебобулочные и кондитерские 
изделия на функциональные, хлебопекарные, текстурные, антиоксидантные и органолептические свойства пшенич-
ного хлеба, бакалейных и кондитерских изделий из него. Также приведены сведения по использованию порошка 
из кожуры мандаринов в рецептурах для изготовления мясных (таких как котлеты) и молочных продуктов питания. 
Приведены сведения по использованию порошка из кожуры мандаринов и экстрактов из него в составе различных 
напитков и джемов. Показано, что кожура и выжимки мандаринов могут быть использованы для получения алко-
гольных и  безалкогольных напитков. Показано, что введение порошка из  кожуры мандарина, а также экстрактов 
из него в хлебобулочные, кондитерские, мясные и молочные продукты, а также в рецептуру различных алкогольных 
и безалкогольных напитков приводит к улучшению нутрициологических, питательных и органолептических харак-
теристик различных продуктов питания. Сделан вывод о перспективах порошка мандариновой кожуры как ценной 
добавки в продукты питания.

1.	 Introduction
The citrus fruits are the world’s third largest cultivated crops after ba-

nanas and apples. Citrus trees are widespread commercial garden fruit 
trees cultivated in industrial scale in the countries with a  suitable cli-
mate; their fruits (hesperidia) are valued for their palatable characteris-
tics. There are a large number of citrus species of which oranges, lemons, 
tangerines (also in equal degree called as mandarins), grapefruits, pom-
elo, etc. which are widely used for human consumption  [1]. Tangerines 
rank second in terms of fructification among citrus fruits, after oranges. 
The latter have the advantage of the ease of separating the peel from the 
pulp compared to the fruits of other citrus.

The total gross harvest of tangerines in recent years (the 2025 season) 
has exceeded 38,14 mln. tons [2]. China is the world’s main producer ac-
counting for 27.10 mln. tons, followed by the European Union (2.794 mln. 

tons), Turkey (2.186 mln. tons), Morocco (1.150 mln. tons), the United 
States (0.997 mln. tons) and South Africa (1.0 mln. tons) [2].

The fruits of tangerines are mainly used in the food industry for hu-
man consumption  [3]. Tangerine pulp is also used to make a variety of 
beverages including juices, jams, marmalades, candied fruits, and other 
foods. Tangerine pulp separation results in several mln tons of peel gen-
erated globally every year [3]. Most of tangerine peel is irrecoverably lost, 
thus ending up in solid waste landfills, where its rotting contributes to 
the release of greenhouse gases into the atmosphere.

Recently, the application of fruit and vegetable wastes in various foods 
has been developing on the global scale [4–13].

It has been determined that tangerine peel is a source of a large num-
ber of valuable chemical compounds. Thus, it was determined that raw 
tangerine peel contains carbohydrates  — 80.1 ± 2.87 %, dietary fiber  — 
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7.21 ± 0.03 %, proteins — 4.39 ± 0.02 %, various acids — 3.36 ± 0.05 %, ca-
rotenoids  — 2143 ± 25.24 µg/g, tannins  — 2 ± 0.2 mg/kg, ascorbic acid- 
28 ± 1.94 mg/100 g; ash content — 4.92 ± 0.03 % [14]. In addition, tangerine 
peel has been found to contain various polyphenolic compounds  [15], 
polysaccharides [16], and essential oils [17].

Phenolic compounds in citrus peel mainly include phenolic acids, 
mainly caffeic, p-coumaric, ferulic and sinapic, flavonones (naringin and 
hesperidin) and polymethoxylated flavones (nebiletin and tangeretin). 
It was found that citrus peel contains more of these compounds than 
the edible parts of fruits [15]. It was determined that the content of fe-
rulic, p-coumaric, sinapic, caffeic, p-hydroxybenzoic, vanillin, and pro-
tocatechoic acids in satsuma variety of mandarin (Citrus unshiu Marc.) 
peel extracts obtained by 10 minutes’ 8W ultrasound treatment at 30 °C 
amounted to 1513.2, 140.8, 132.7, 64.2, 34.1, 34.1, and 15.8 µg/g of dry 
matter, respectively [15]. At the same time, the total content of gallic acid, 
hydroxybenzoic acid, vanillic acid, coumaric acid and ferulic acid in kin-
now variety of mandarin (Citrus reticulata Var. kinnow) peel extracts after 
microwave exposure was 175.22, 72.19, 316.69, 830.27, and 2386.0 µg/g, 
respectively [18]. The main polyphenolic compounds found in mandarin 
peel extracts were hesperidin, naringin, tangeridine, and rutin, which ac-
counted for almost 86 % of the total amount of extracted phenols [19–21]. 
Monosaccharides content in ponkan variety of mandarin (Citrus reticu-
lata Blanco cv.Ponkan) peel hot water extract was found to be as follows: 
arabinose — 17.7 %, mannose — 1.8 %, galactose — 17.6 %, glucose — 2.9 %, 
rhamnose — 2.7 %. The content of uronic acids, proteins, and phenolic 
compounds was 57.3 % [16]. At the same time, Zhang et al. [22] states that 
the content of arabinose in mandarin peel is 27.5–40.6 %, galactose — 
4.1–18.5 %, rhamnose — 6.2–11.7 %, xylose — 10.4 %, glucose — 8.9 % of 
the total sugars count. The pectin extracted from tangerine peel showed 
a total phenolic content of 41.2 ± 1.67 mg GAE/g of pectin. The equivalent 
weight of pectin was 1950.31 ± 2.78 g/mol, and the content of methoxyls 
was 11.47 ± 1.21 % [23].

Сitrus peel including the peel of tangerines contains essential oils 
with their composition depending on the fruit ripeness, the storage con-
ditions and the extraction method [24]. It contains 85–99 % volatile and 
1–15 % non-volatile components  [25]. Citrus peel oil consists of ~97 % 
monoterpenes, alcohols and aldehydes. Esters make up 1.8–2.8 %  [25]. 
Due to their excellent antifungal and antibacterial activity, as well as 
their antioxidant nature, essential oils are used in the preparation and 
storage of the products with improved storageability [26].

Based on the above, tangerine peel is obviously a  valuable second-
ary material resource and a source of many biologically active substanc-
es  [27–35]. Figure 1 shows the structure of a  tangerine. Based on the 
above, tangerine peel is considered as a valuable secondary material re-
source containing biologically active substances and can be used in vari-
ous food products to increase the nutritional value of the latter [36,37].

2.	 Objects and methods
The study consists of a detailed analysis of the world and domestic 

literature on application of crushed or ground peel of mandarin fruits as 
a component in various food products. The search for literary informa-
tion was conducted in the Google scholar search engines for 2005–2025. 
Such a long period contributed to a deeper coverage of literary sources 
on the topic of the review. Data are provided on the volumes of manda-
rin cultivation on a global scale and the content of biologically active 
substances in the peel of the fruit. It is shown that the introduction of 
mandarin peel powder into various food products helps improving the 

nutritional, functional and sensory characteristics of food products. The 
use of mandarin peel and its pomace for the production of alcoholic and 
soft drinks is also described.

3.	 The use of tangerine peel in baked goods
Literary sources have found a number of articles about the use of tan-

gerine peel powder (Figure 2) in baking recipes. It was determined that 
tangerine peel flour contains 34 volatile substances, mainly limonene 
(58–68 %), γ-terpinene (18–22 %), β-mercene (2.75–3.1 %), terpinolene 
(1.33–5.36 %), α-pinene (1.01–4.74 %) and others, the content of which 
does not exceed 1 % [39]. It is stated that tangerine peel flour has a nutri-
ent content that allows its using in food products, since it features high 
content of dietary fiber and phenolic compounds along with antioxidant 
activity and is safe from the point of view of microbiological require-
ments throughout the entire period of use [40].

Thus, there was a study of the quality of sausage bread containing cit-
rus (orange, lime, tangerine and lemon) peel in an amount of 3 %. It was 
determined that sausage bread without citrus peel (control) and a sample 
with lime peel had the same maximum average score (8.3 points). The 
bread with tangerine and orange zest had the least score (8.1 points). 
Physico-chemical analysis data showed that the mass fraction of mois-
ture ranged within 48.08–52.73 %, dry matter mass fraction varied within 
47.27–51.92 %. The remaining quality indicators of the samples were 
within the normal range [41].

In [42] Kaur et al., kinnow peel powder (KPP) was used in a concentra-
tion of 0–3 % (in terms of flour weight) as a functional ingredient to deter-
mine its effect on the functional, baking, textural, antioxidant, and sensory 
properties of wheat bread. It was found that KPP significantly (P < 0.05) re-
duced the final viscosity of the mixtures and at the same time increased the 
absorbency during baking by 60.10–67.01 % and reduced the cooking loss 
during baking (14.30–11.16 g). The higher moisture binding and KPP fi-
bers content also reduced the leavening property of bread which resulted in 
a gradual decrease in the specific volume of the loaf, while at the same time 
increasing the hardness of the bread crumb (5.41–9.39 N). The presence 
of biologically active compounds in the powder increased the total con-
tent of phenols (16.93–45.21 mg GAE/100 g), flavonoids (4.71–42.53 mg 
QE/100 g), carotenoids (2.90–6.71 mg/100 g) in bread, and enhanced its an-
tioxidant activity. Experimental bread crumb showed increased lightness 
and yellowness. Bread with addition of 2 % KPP powder showed the best 
sensory properties and functional characteristics [42].

The nutritional, process, functional, and sensory properties of soup 
sticks enriched with freeze-dried kinnow peel powder (KPP) were also 
studied. It was determined that an increase in the level of wheat flour 
substitution with KPP from 0 to 9 % resulted a significant increase in ash 
content, viscoelasticity, tensile strength, yellowness, baking aptitude and 
storage stability, as well as a decrease in content of moisture, crude pro-
tein, crude fat, gelatination degree parameters. In addition, KPP enriched 
soup sticks showed a longer digestion time compared to that of the control 
samples and the analysis of the appearance and structure showed a reduc-
tion in pores size. Stability analysis during baking and storage revealed 
the enrichment of soup stick with added KPP with polyphenols. Sensory 
evaluation showed that an increase in the substitution level had a positive 
effect on the flavor and color intensity, but worsened the taste [43].

In addition to tangerine peel flour powder, there was a study of the ef-
fect of the latter’s extracts in wheat bread. Thus, the control bread sample 
and the sample of wheat bread enriched with 2 % and 4 % (by weight/vo
lume) tangerine peel extract were analyzed for antioxidant activity and 

Figure 1. Cross-section of a mandarin [38]
Рисунок 1. Плод мандарина в поперечном разрезе [38]

Figure 2. The appearance of mandarin peel powder [40]
Рисунок 2. Внешний вид порошка кожуры мандарина [40]
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phenolic composition. Besides, in vitro digestion results showed a  sig-
nificant increase in the total content of flavonoids (2.2 ± 0.1 mg/g), anti-
oxidant activity (IC50 = 37 ± 4 mg/g), and the content of quercetin, caffeic 
acid and hesperidin in the 4 % extract-enriched bread. It was revealed that 
most polyphenols were completely decomposed after in vitro digestion 
process, except for hesperidin (159 ± 36 µg/g), which indicates an increase 
in the antioxidant potential of bread [44].

4.	 The use of tangerine peel in biscuits
There are several articles in the international literature about using 

tangerine peel powder in biscuits recipes  [45–55]. Thus, in particular, 
tangerine peel powder was used in the production of semi-sweet biscuits 
made from hard dough by replacing wheat flour by 3–9 % of tangerine 
peel powder to ensure the quality and acceptability of the food product. 
It was found that the thickness of the biscuits increased during baking, 
while the width and spread ratio of the biscuits decreased along with 
an increase in the tangerine peel powder content in the biscuit. It was 
determined that biscuits containing 6 % of the peel were comparable to 
the control sample. The content of fiber, ash, ascorbic acid, carotenoids, 
polyphenols, and antioxidant activity was found to be 0.85 %, 1.32 %, 
1.5  mg/100 g, 69 µg/g, 2150 µg of gallic acid equivalent (GAE)/g, and 
24.5 %, respectively, which was significantly higher than that of the con-
trol sample of the biscuit [46].

Choi in  [47], tangerine peel powder was added to biscuits dough in 
amount of 1–7 %. It was found that the density of biscuit dough, the rate 
of loss and leavening of biscuits tended to decrease with an increase in 
the amount of the tangerine peel powder added. The pH of the biscuit 
dough, moisture content, distribution coefficient, and the lightness of 
the biscuits decreased, and the redness and yellowness of the biscuits 
increased significantly along with an increase in the content of tanger-
ine peel powder. The phenolic compounds content and the activity of 
DPPH-ABTS+ in removing radicals by biscuits increased depending on 
the amount of citrus peel powder addition. Based on sensory evaluation, 
biscuits with 3 % tangerine peel ranked first in appearance, texture, and 
overall preference be the consumers [47].

It was determined that tangerine peel powder has high antioxidant 
activity and phenolic compounds when added in the amount of 10 % to 
biscuits. Enriching the crackers with 10 % tangerine peel resulted in an 
increase in the sensory evaluation of the products. Crackers with tanger-
ine peel showed an improvement in glucose levels, serum lipid profile, 
hepatic and renal function in experimental animals. The condition of 
pancreatic tissues in the experimental groups improved compared to the 
control group. It was concluded that crackers containing 10 % tangerine 
peel powder had a high potential to increase nutritional value and pro-
tect against diabetes [48]. The antioxidant ability, oxidative and sensory 
stability of biscuits containing tangerine and orange peel powders were 
studied in [48].

In [49], banana and tangerine peels were finely ground and added to 
cupcakes and biscuits in concentrations of 3 %, 5 % and 8 %. The samples 
were analyzed on the day of the cupcakes cooking, as well as after 1, 2, 3 
and 5 days of storage. A comprehensive physico-chemical analysis dem-
onstrated an improvement in nutritional and functional properties of the 
experimental samples compared to the control samples. In particular, the 
addition of peel powder provided an increase in energy value, improved 
nutritional qualities due to increasing the protein content (up to 12.8 %), 
total fat (up to 7.84 %), total carbohydrates (up to 11.4 %), total ash (up to 
76.9 %), and total vitamin C content (up to 3.95 times). In addition, fruit 
peel powder acted as moisture binding agent by reducing moisture con-
tent and water activity, thus potentially extending the product’s shelf life. 
Tangerine peel powder featured a more pronounced effect on the physico-
chemical characteristics compared with the banana peel powder. In addi-
tion, the inclusion of powder made of fruit peel significantly increased 
the levels of total polyphenols, flavonoids, and antioxidant activity, while 
the values were 2.7 times higher than in the control samples [49].

In [50], wheat flour was replaced with KPP in an amount of 0–15 %. The 
variable recipe formulations were used to make biscuits. Sensory evalua-
tion showed that the addition of KPP enhanced the aroma, taste and color 
of the food products. It was revealed that the addition of more than 10 % 
of KPP powder to the formulation is unacceptable from the point of view 
of taste. However, the inclusion of the peel significantly increased the 
fiber and protein content, as well as the ash content of the biscuits. Hence 
it was concluded that the addition of KPP can enrich biscuits and have 
a positive effect on their nutritional and sensory qualities [50].

Tangerine peel powder was used to make madeleine biscuits by add-
ing 0–40 % of its mass fraction to flour. It was revealed that the weight 
and yield of the dough were the highest, and the loss rate was the low-
est in the formulation containing 40 % of the tangerine peel powder. 

The height and volume of the products tended to decrease while increas-
ing the amount of tangerine peel powder added into the formulation. 
It was found that the biscuits became more bright with increasing the 
powder concentration, while the yellow and red colors were lowest in the 
control group and increased as the amount of powder dosage increased. 
It was determined that the total polyphenols and flavonoids in madeleine 
biscuits increased significantly as a  result of increased amounts of the 
powder added. The madeleines antioxidant activity also increased with 
the addition of the powder in a dose-dependent manner. The appearance, 
aroma, texture, taste, and overall acceptability of the food products were 
highest with 20 % tangerine peel powder added [51].

Kinnow peel dietary fiber produced by enzymatic extraction with the 
help of ultrasound was used in the formulation of biscuits. Water-retain-
ing and oil-retaining properties and the ability to absorb fiber glucose 
were found to be equal to 8.17–9.24 g/g, 2.96–4.68.09 g/g and 1.56–
2.28 mmol/g, respectively. It was shown that kinnow peel dietary fibers 
can be used to produce fiber-enriched foods. The extracted fibers were 
used to develop recipes of biscuits that showed good nutritional, sensory, 
and textural properties with an overall acceptability index 7.15–7.84 [52].

Kinnow peel and pomace and SFE (supercritical fluid extraction) phy-
tochemicals from the peel were studied to prepare functional biscuits was 
investigated. Wheat flour was replaced with dried kinnow peel and pom-
ace powder at a 5–20 % substitution level, while extracted phytochemicals 
were added at a 1–4 % substitution level. It was revealed that the enrich-
ment of cookies with kinnow waste enhances their nutritional and nutra-
ceutical potential. The inclusion of the phytochemical extract obtained by 
supercritical fluid extraction of kinnow peel allows the production of cook-
ies via more potent bioactive methods than the plain inclusion of kinnow 
peel powder. Natural polyphenols in kinnow peel composition have shown 
excellent ability to improve the shelf life of fortified cookies. The results of 
researches have shown that cookies prepared with 10 % peel, 5 % pomace 
and 4 % phytochemicals received the best sensory ratings [53].

5.	 The use of tangerine peel for making cupcakes  
and other confectioneries
Along with cookies, tangerine peel powder has also been explored in 

cupcake recipes [54–61]. In particular, the effect of KPP blanching duration 
on its physicochemical characteristics and its suitability for cupcake reci-
pes was investigated. Blanching was carried out at 95 °C for 2–8 minutes. It 
was revealed that with increase of blanching duration pH, bulk density, wa-
ter absorption index and oil absorption capacity increased and were 6.32, 
7.05 g/cm3, 4.98 g/g and 2.04 g/g, accordingly. It was also determined that 
increasing the blanching duration had a positive effect on the organoleptic 
properties and reduced the bitter taste of the KPP. The best consumer prop-
erties were observed in cupcakes with 20 % of the KPP added that had been 
blanched for 8 minutes  [56]. Except of blanching duration, effect of par-
ticles size onto dough and cupcake parameters was researched. The charac-
teristic of KPP with particle sizes of <180 μm, 180–250 μm and 250–500 μm 
showed that the particle size of KPP less than 180 μm has higher bulk den-
sity, color, oil absorption ability, water solubility and lower water reten-
tion capacity. The total phenolic, flavonoid and antioxidant properties of 
KPP varied within the range 10.1–10.9 mg GAE/g, 4.96–6.09 mg QE/g and 
77.5–87.2 %, respectively. Increasing the particle size increased the pasting 
and thermal properties of the dough. The highest dough pasting viscosity 
(1069 ± 2 cP) and pasting temperature (75.3 °C) were observed for the KPP 
with the largest particle size. KPP were introduced into the recipe of cup-
cakes in the amount of 5–20 % instead of wheat flour. It was found that the 
increase in the content of KPP in the muffins led to a decrease in volume, 
color parameters and an increase in hardness. The most sensory and nutri-
tional characteristics were found with the introduction of 5 % of KPP into 
the recipe of the food product [57].

Tangerine peel powder, tomato pulp, and wheat bran were included in 
the recipe of cupcakes consisting of soy (25 %) and wheat (75 %) flour, in 
the ratio of 1:4:8. It was determined that the products had a low accept-
ability index (68.44 %). The composition of the product was determined 
as follows: protein content — 15.75 %, fatty acids — 23.55 %, dietary fi-
ber — 13.5 %, carbohydrates — 18.6 %, ash content — 2.27 % and mois-
ture — 26.42 %. It was determined that the food products possessed high 
antioxidant activity [58].

As well KPP was used to make candies with a long shelf life. In labora-
tory studies, KPP was processed in nine different ways. The resulting can-
dies were analyzed for their physicochemical and organoleptic properties 
at intervals of 15 days during 45 days period. The results showed increas-
es in content of crude fiber, total soluble dry matters, pH, reducing sugars, 
total dry matter and total sugar content as a result of storage. Simultane-
ously decrease in ash content, moisture, titratable acidity, ascorbic acid 
content, tannins, antioxidant activity, total phenol content, carotenoids 
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and pectin content was recorded. It was found that the best processing 
was the method that included repeated boiling, cooking in a 75 % sugar 
syrup solution and leaving in sugar syrup for 24 hours for saturation. The 
products had the desired approximate physicochemical and organoleptic 
properties and were stable for at least 45 days of storage [59].

KPP and other ingredients were used for production of nutrition bars. 
The recipe contained 37 % banana pomace flour, 25 % of jaggery, 25 % of 
banana peel powder, 10 % of KPP and 3 % of glycerin. It was determined 
that the nutritional bar according to the developed recipe had an energy 
value similar to the commercial bar with low protein and fat content. 
However, it had more crude fiber (15.14 g / 100 g) and minerals such as Ca, 
K, Fe, Cu and Zn, which could provide 9.5, 29, 40, 18 and 6 % of the recom-
mended daily intake, respectively [60].

In the work  [60], the sensory and mechanical characteristics, mois-
ture and color indicators of the traditional Korean rice cake “Sulgidduk” 
with the addition of tangerine peel powder in an amount of 1–4 % were 
analyzed. It was found that the texture of Sulgidduk with the addition of 
tangerine peel powder, its hardness, elasticity, cohesion and stickiness 
increased, while stickiness and chewiness had no significant difference. 
The moisture content of Sulgidduk with mandarin peel powder varied 
from 37 % to 39 %. The L value of color decreased along with the increase 
of mandarin peel powder; however, the a value and b value of color in-
creased along with the increase of mandarin peel powder added. Accord-
ing to sensory evaluation, the sample with 3 % added mandarin powder 
had the highest values ​​of color and moisture [61].

Conclusion was made about the advisability of using powders of fruit 
and vegetable pomace as stabilizing additives for fat systems based on 
vegetable oil, including the production of confectionery emulsions [62].

In work [64], the interaction between fruit powders, the extrusion pro-
cess, the physical properties and the nutritional quality of the resulting 
product was studied. The control sample, which included 30 % of wheat 
flour, 25 % of corn starch, 25 % of potato starch and 20 % of dry milk pow-
der, was supplemented with 11 % of fruit powder, including tangerine 
peel. It was found that the addition of fruit powder significantly (P < 0.05) 
affected the expansion and density of extrudates. The content of soluble 
and insoluble fibers increases significantly after the extrusion process, 
while antioxidant levels decrease. It was noted that the resulting prod-
ucts (snacks) feature an improved nutritional profile compared to other 
extruded snacks due to low content of fat and sugar and being a  good 
source of fiber [63].

6.	 Use of tangerine peel powder in meat and dairy products
Tangerine peel powder was used in recipes for the production of meat 

and dairy products. Thus, in work [64], the optimal amounts of Crataegi 
fructus flour and dried tangerine peel flour were determined for adding 
to raw bean flour in a sauce for pork cutlets. By increasing the content of 
Crataegi fructus flour and dried mandarin peel flour in the receipt, the 
pH value and salinity of the samples decreased, and the DPPH free radi-
cal scavenging activity increased. The L value of the samples was 33.37–
42.28, the a and b values ​​did not demonstrate constant trend of behavior. 
As the content of Crataegi fructus flour and dried tangerine peel flour in 
the receipt increased, the viscosity of the samples increased also. Based 
on sensory evaluation results, 50–75 % of samples received high scores 
for appearance, taste, color, softness, thickness, and overall acceptability. 
In conclusion, based on sensory quality and antioxidant properties, the 
optimal pork cutlet sauce consisted of 50–75 % hawthorn fruit flour and 
dried mandarin peel flour added to raw bean flour [64].

In [65], beef patties were treated with extracts from grape seeds and 
mandarin pomace at a  dosage of 450 µg/g, and compared with control 
samples for their effect on color, lipid and protein oxidation, and bacte-
rial growth under simulated retail conditions (4 °C) for 9 days, as well as 
sensory characteristics. It was found that the retail display period had 
a significant impact on all parameters of the shelf life of cutlets. Overall, 
the intensity of aroma and taste in beef cutlets was highest in samples 
containing mandarin pomace extract. The results showed that the ex-
tracts could be commercially evaluated as natural antioxidants and anti-
bacterial agents in beef patties [65].

Some physicochemical, microbiological and sensory properties of 
ice cream produced with addition of essential oils obtained from lemon, 
tangerine and orange peel in various proportions (0.1 %, 0.3 % and 0.5 %) 
were investigated. It was found that the pH and acidity values ​​of the sam-
ples varied from pH = 6.36–6.45 and 0.22–0.27, respectively. At the end 
of the study, the lowest total counts of aerobic mesophilic bacteria (3.80 
log CFU/g), psychrophilic bacteria (4.01 log CFU/g), yeasts and molds 
(3.71 log CFU/g) and Pseudomonas spp. (2.04 log CFU/g) were detected 
in the ice cream sample containing orange peel extract. It was found that 
coliform bacteria, Salmonella spp., Staphylococcus aureus, Escherichia coli 

and Listeria monocytogenes were not detected in any of the ice cream 
samples. As a result of the sensory evaluation, it was found that the least 
preferred sample was the control ice cream sample [66].

7.	 The use of tangerine peel powder in various drinks and jams
As it has been mentioned above, tangerine peel contains essential oil 

with limonene as the dominant compound, which can be used as a flavor-
ing agent and source of antioxidants in foods. In the work [67], the com-
position of the recipe, sensory and chemical characteristics of vegetable 
jam with the addition of encapsulated powder and extract from tangerine 
peel were determined. The factors used in this study were the type of ac-
tive substance and the proportion of maltodextrin and gum arabic added 
in ratios of 1:3–3:1. It was found that the most acceptable is vegetable jam 
with the addition of encapsulated essential oil extract with a proportion of 
maltodextrin and gum Arabic in ratio 2:3. It was reported that the sensory 
assessment for color was 3.67 points, for aroma — 3.53 points, for taste — 
3.0 points, and for spreadability — 4.53 points. The water content in the 
product was 77.32 %, the antioxidant activity was 7.75 %, the beta-carotene 
content was 15017.99 µg/100 g, and the total fiber content was 0.62 % [67].

Mandarin peel extract was also incorporated into the jam formulation 
at concentrations ranging from 0.5 % to 2.5 %. It was observed that the 
addition of mandarin peel extract at various concentrations significantly 
influenced the aroma, flavor, and overall preference, but did not signifi-
cantly affect the color characteristics or lubricity properties of the food 
product. It was determined that adding 2 % of extract to the jam recipe 
gave the best results for the sensory properties of the jam compared to 
the control samples. An increase in antioxidant activity from 12.21 to 
16.01 % was recorded. The product has a color intensity of L — 43.30; a — 
3.00; b — 37.03, water content — 58.61 %, water activity — 0.73; pH — 3.5 
and microorganism content — 3.7 × 103 CFU/g [68]. In addition to jams, 
the use of mandarin peel is recommended for the production of liqueurs 
via maceration [69].

Mandarin peel was also used to produce mandarin peel liqueur with 
three alcohol bases (grain alcohol, sugar cane alcohol and mandarin al-
cohol). It was determined that the alcohol content was 18.84°, 20.01°, 
and 19.67° g/l, respectively. Sensory analysis tests were conducted to 
evaluate the following attributes: alcoholic taste, fruity aroma, sweet-
ness, and overall impression. Grain alcohol-based liqueur showed the 
highest average value for all attributes (6.32, 6.66, 6.34 and 6.26 points, 
respectively) [70].

Some food processing wastes (banana, pomegranate, tangerine, egg-
plant and red onion peels, as well as walnut shells, cherry stems and corn 
stalks) were used in various compositions and ratios to prepare herbal 
teas. Three new mixtures were infused at different temperatures (70 and 
100 °C) and durations (3, 4 and 5 min). Significant effects of different 
temperatures and brewing duration on tea color were also demonstrated. 
Mandarin peel was included in all three herbal mixtures. It was noted 
that the use of these components in alternative teas may be attractive to 
the consumers and industrial producers due to their availability and high 
bioactivity [71].

In the work  [72], the protective effect of dry powder based on man-
darin peel, hawthorn and Pueraria lobate was studied in mice with acute 
alcoholic liver damage. The optimal process for powder preparation in-
volved soaking three herbs for 30 minutes and performing double extrac-
tion. The first solid-liquid ratio was 1 : 12 and the duration of extraction 
was 2.0 h, and the second was 1 : 10 and the duration of extraction was 
1.5 h. Subsequently, the two extracts were combined. After concentra-
tion, drying, and grinding, a dry paste-like powder was obtained, which 
was mixed with maltodextrin in a 1:1 ratio, 1.0 % of mogroside and 90 % 
of ethanol were added as wetting agent to enable wet granulation. It was 
determined that the composite powder made from the extracts has a uni-
form color, good solubility, moderate sweetness and delicate taste, and 
also possessed a good hepatoprotective effect in cases of acute alcoholic 
liver damage [72].

8.	 Conclusion
Adding mandarin peel powder to various food products, such as bak-

ery products, confectionery, meat and dairy products, helps to improve 
significantly their nutritional, nutritious and sensory characteristics. 
The use of this natural component allows enriching food products with 
vitamins, minerals and biologically active substances, which enriching, 
in most cases, increases their nutritional value and benefits for the hu-
man health. The review also examines the effect of adding tangerine peel 
powder on the shelf life of the food products and their expiration dates. 
In most cases, an extension of these parameters was observed.

The above considerations open the new prospects for the utilization 
of citrus processing wastes in the food industry, thus contributing to the 
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development of innovative technologies and the expansion of the range 
of natural food products. Generally, results of the study confirm the prom-
ising potential of using mandarin peel as an environmentally friendly and 

functional ingredient, which can contribute to the improvement of food 
product quality and which meets the demands of the modern consumers 
for healthy nutrition.

REFERENCES / БИБЛИОГРАФИЧЕСКИЙ СПИСОК
1.	 Hamid, S., Sharma, K., Kumar, K., Thakur, A. (2024). Types and cultivation of cit-

rus fruits. Chapter in a book: Citrus Fruits and Juice. Singapore: Springer, 2024. 
https://doi.org/10.1007/978-981-99-8699-6_2

2.	 USDA (2022). Citrus: World Markets and Trade. USDA Foreign Agricultural Ser-
vice. Global Market Analysis, 2022. Retrieved from https://apps.fas.usda.gov/
psdonline/circulars/citrus.pdf Accessed May 11, 2026

3.	 Kumar, H., Bhardwaj, K., Sharma, R., Nepovimova, E., Kuča, K., Dhanjal, D.S. et 
al. (2020). Fruit and vegetable peels: Utilization of high value horticultural waste 
in novel industrial applications. Molecules, 25(12), Article 2812. https://doi.
org/10.3390/molecules

4.	 Gowe, C. (2015). Review on potential use of fruit and vegetables by-products as 
a valuable source of natural food additives. Food Science and Quality Manage-
ment, 45(1), 47–61.

5.	 Zhu, Y., Luan, Y., Zhao, Y., Liu J., Duan, Z., Ruan, R. (2023). Current technologies 
and uses for fruit and vegetable wastes in a sustainable system: A review. Foods, 
12(10), Article 1949. https://doi.org/10.3390/foods12101949

6.	 Ganesh, K.S., Sridhar, A., Vishali, S. (2022). Utilization of fruit and vegetable 
waste to produce value-added products: Conventional utilization and emerging 
opportunities — A review. Chemosphere, 287(Pt 3), Article 132221. https://doi.
org/10.1016/j.chemosphere.2021.132221

7.	 Augustin, M.A., Sanguansri, L., Fox, E.M., Cobiac, L., Cole, M.B. (2020). Recovery 
of wasted fruit and vegetables for improving sustainable diets. Trends in Food 
Science and Technology, 95, 75–85. https://doi.org/10.1016/j.tifs.2019.11.010

8.	 Râpă, M., Darie-Niță, R.N., Coman, G. (2024). Valorization of fruit and veg-
etable waste into sustainable and value-added materials. Waste, 2(3), 258–278. 
https://doi.org/10.3390/waste2030015

9.	 Ueda, J.M., Pedrosa, M.C., Heleno, S.A., Carocho, M., Ferreira, I.C.F.R., Barros, L. 
(2022). Food additives from fruit and vegetable by-products and bio-residues: 
A  comprehensive review focused on sustainability. Sustainability, 14(9), Ar
ticle 5212. https://doi.org/10.3390/su14095212

10.	Dilucia, F., Lacivita, V., Conte, A., Del Nobile, M.A. (2020). Sustainable use of 
fruit and vegetable by-products to enhance food packaging performance. Foods, 
9(7), Article 857. https://doi.org/10.3390/foods9070857

11.	Ratu, R.N., Velescu, I.D., Stoica, F., Usturoi, A., Arsenoaia, V.N., Crivei, I.C. et al 
(2023). Application of agri-food by-products in the food industry. Agriculture, 13, 
Article 1559. https://doi.org/10.3390/agriculture13081559

12.	Ronie, M.E., Aziz, A.H.A., Kobun, R., Pindi, W., Roslan, J., Putra, N.R. et al. 
(2024). Unveiling the potential applications of plant by-products in food  — 
A review. Waste Management Bulletin, 2(2), 183–203. https://doi.org/10.1016/j.
wmb.2024.07.008

13.	Marcillo-Parra, V., Tupuna-Yerovi, D.S., González, Z., Ruales, J. (2021). En-
capsulation of bioactive compounds from fruit and vegetable by-products for 
food application — A review. Trends in Food Science and Technology, 116, 11–23. 
https://doi.org/10.1016/j.tifs.2021.07.009

14.	Ojha, P., Karki, T.B., Sitaula, R. (2016). Physio-chemical and functional quality 
evaluation of mandarin peel powder. Journal of Agriculture Science and Technol-
ogy, 18, 575–582.

15.	Singh, B., Singh, J.P., Kaur, A., Singh, N. (2020). Phenolic composition, antioxi-
dant potential and health benefits of citrus peel. Food Research International, 
132, Article 109114. https://doi.org/10.1016/j.foodres.2020.109114

16.	Colodel, C., Vriesmann, L.C., de Oliveira Petkowicz, C.L. (2018). Cell wall polysac-
charides from Ponkan mandarin (Citrus reticulata Blanco cv. Ponkan) peel. Car-
bohydrate Polymers, 195, 120–127. https://doi.org/10.1016/j.carbpol.2018.04.066

17.	 Kamaliroosta, L., Zolfaghari, M., Shafiee, S., Larijani, K., Zojaji, M. (2016). Chem-
ical identifications of citrus peels essential oils. Journal of Food Biosciences and 
Technology, 6(2), 69–76.

18.	Hayat, K., Hussain, S., Abbas, S., Farooq, U., Ding, B., Xia, S. et al. (2009). Op-
timized microwave-assisted extraction of phenolic acids from citrus mandarin 
peels and evaluation of antioxidant activity in vitro. Separation and Purification 
Technology, 70(1), 63–70. https://doi.org/10.1016/j.seppur.2009.08.012

19.	Ferreira, S.S., Silva, A.M., Nunes, F.M. (2018). Citrus reticulata Blanco peels as 
a  source of antioxidant and anti-proliferative phenolic compounds. Industrial 
Crops and Products, 111, 141–148. https://doi.org/10.1016/j.indcrop.2017.10.009

20.	Chen, X.M., Tait, A.R., Kitts, D.D. (2017). Flavonoid composition of orange peel 
and its association with antioxidant and anti-inflammatory activities. Food 
Chemistry, 218, 15–21. http://doi.org/10.1016/j.foodchem.2016.09.016

21.	Zhang, H., Cui, J., Tian, G., DiMarco-Crook, C., Gao, W., Zhao, C. et al. (2019). 
Efficiency of four different dietary preparation methods in extracting functional 
compounds from dried tangerine peel. Food Chemistry, 28, 340–350. https://doi.
org/10.1016/j.foodchem.2019.03.063

22.	Zhang, H., Chen, J., Li, J., Yan, L., Li, S., Ye, X. et al. (2018). Extraction and char-
acterization of RG-I enriched pectic polysaccharides from mandarin citrus peel. 
Food Hydrocolloids, 79, 579–586. https://doi.org/10.1016/J.foodhyd.2017.12.002

23.	Benmebarek, I.E., Gonzalez-Serrano, D.J., Aghababaei, F., Ziogkas, D., Garcia-
Cruz, R., Boukhari, A. et al. (2024). Optimizing the microwave-assisted hydro-
thermal extraction of pectin from tangerine by-product and its physicochemi-
cal, structural, and functional properties. Food Chemistry: X, 23, Article 101615. 
https://doi.org/10.1016/j.fochx.2024.101615

24.	Bousbia, N., Vian, M.A., Ferhat, M.A., Meklati, B., Chemat, F. (2009). A  new 
process for extraction of essential oil from Citrus peels: Microwave hydrodif-
fusion and gravity. Journal of Food Engineering, 90(3), 409–413. https://doi.
org/10.1016/j.jfoodeng.2008.06.034

25.	Sajid, A., Sarfraz, R.A., Hanif, M.A., Shahid, M. (2016). Evaluation of chemical 
composition and biological activities of Citrus pseudolimon and Citrus grandis 
peel essential oils. Journal of Chemical Society of Pakistan, 38(2), 266–273.

26.	Mandal S., Mandal M. (2016). Mandarin (Citrus reticulata L. var.) oils. Chapter 
in a book: Essential oils in food preservation, flavor and safety. Academic Press, 
2016. https://doi.org/10.1016/B978-0-12-416641-7.00091-2

27.	 Šafranko, S., Šubarić, D., Jerković, I., Jokić, S. (2023). Citrus by-products as 
a valuable source of biologically active compounds with promising pharmaceu-
tical, biological and biomedical potential. Pharmaceuticals, 16(8), Article 1081. 
https://doi.org/10.3390/ph16081081

28.	Faustino, M., Veiga, M., Sousa, P., Costa, E.M., Silva, S., Pintado, M. (2019). Agro-
food byproducts as a new source of natural food additives. Molecules, 24(6), Ar-
ticle 1056. https://doi.org/10.3390/molecules24061056

29.	Chavan, P., Singh, A.K., Kaur, G. (2018). Recent progress in the utilization of in-
dustrial waste and by-products of citrus fruits: A review. Journal of Food Process 
Engineering, 41(8), Article e12895. https://doi.org/10.1111/jfpe.12895

30.	 Satari, B., Karimi, K. (2018). Citrus processing wastes: Environmental impacts, re-
cent advances, and future perspectives in total valorization. Resources, Conservation 
and Recycling, 129(Part C), 153–167. https://doi.org/10.1016/j.resconrec.2017.10.032

31.	Suri, S., Singh, A., Nema, P.K. (2022). Current applications of citrus fruit pro-
cessing waste: A scientific outlook. Applied Food Research, 2(1), Article 100050. 
https://doi.org/10.1016/j.afres.2022.100050

32.	Sharma, K., Mahato, N., Cho, M.H., Lee, Y. R. (2017). Converting citrus wastes 
into value-added products: Economic and environmently friendly approaches. 
Nutrition, 34, 29–46. https://doi.org/10.1016/j.nut.2016.09.006

33.	Leporini, M., Tundis, R., Sicari, V., Loizzo, M.R. (2021). Citrus species: Modern 
functional food and nutraceutical-based product ingredient. Italian Journal of 
Food Science, 33(2), 63–107. https://doi.org/10.15586/ijfs.v33i2.2009

34.	Rafiq, S., Kaul, R., Sofi, S.A., Bashir, N., Nazir, F., Nayik, G.A. (2018). Citrus peel 
as a source of functional ingredient: A review. Journal of the Saudi Society of Ag-
ricultural Sciences, 17(4), 351–358. https://doi.org/10.1016/j.jssas.2016.07.006

35.	Chaudhary, N., Dangi, P. (2022). Fruit and vegetable waste: A  taste of future 
foods. Chapter in a book: Edible Food Packaging. https://doi.org/10.1007/978-
981-16-2383-7_6

36.	Sabry, B.A., Badr, A.N., Mohammed, D.M., Desoukey, M.A., Farouk, A. (2024). 
Validating the protective role of orange and tangerine peel extracts foramending 
food safety against microorganisms’ contamination using molecular docking. 
Heliyon, 10(6), Article e27737. https://doi.org/10.1016/j.heliyon.2024.e27737

37.	 Pérez-Jiménez, J., Saura-Calixto, F. (2018). Fruit peels as sources of non-extract-
able polyphenols or macromolecular antioxidants: Analysis and nutritional im-
plications. Food Research International, 111, 148–152. https://doi.org/10.1016/j.
foodres.2018.05.023

38.	Adeniyi, A.G., Abdulkareem, S.A., Iwuozor, K.O., Ogunniyi, S., Abdulkareem, 
M.T., Emenike, E.C. et al (2022). Effect of salt impregnation on the proper-
ties of orange albedo biochar. Cleaner Chemical Engineering, 3, Article 100059. 
https://doi.org/10.1016/j.clce.2022.100059

39.	Galvan-Lima, Â., Cunha, S.C., Martins, Z. E., Soares, A.G., Ferreira, I.M.P.L.V.O., 
Farah, A. (2021). Headspace volatolome of peel flours from citrus fruits grown 
in Brazil. Food Research International, 150(Part A), Article 110801. https://doi.
org/10.1016/j.foodres.2021.110801

40.	Ramos, S. A., de Oliveira, L.F., Silva, M.R., Capobiango, M. (2023). Reaproveita-
mento de resíduos alimentares: Desenvolvimento e caracterização de farinha de 
casca de tangerina (Citrus reticulata). Scientia Plena, 19(4), Article 041501. [Ra-
mos, S. A., de Oliveira, L.F., Silva, M.R., Capobiango, M. (2023). Reuse of food 
residues: Development and characterization of tangerine peel flour (Citrus 
reticulata). Scientia Plena, 19(4), Article 041501. (In  Portuguese)] https://doi.
org/10.14808/sci.plena.2023.041501

41.	Романова, Т.Н. (11 ноября 2021). Влияние цедры цитрусовых культур на каче-
ство колбасного хлеба. Материалы всероссийской (национальной) научно-
практическойконференции с  международным участием «Актуальные 
вопросы агропромышленного комплекса в  России и  за  рубежом». Мо-
лодёжный: Иркутский ГАУ, 2021. [Romanova, T. N. (November 11, 2021). Effect 
of addition of citrus zest on the quality of sausage bread.Materials of All-Russian 
(national) Scientific and Practical Conference with involvement of international 
participants “The current issues of the agro-industrial complex in Russia and 
abroad”. Molodezniy: Irkutsk State Agrarian University, 2021. (In Russian)]

42.	Kaur, S., Sachdev, P.A., Singh, A., Surasani, V.K.R. (2023). Utilisation of Kinnow 
peel as a functional ingredient in bread: Physicochemical, functional, textural 
and sensory attributes. International Journal of Food Science and Technology, 
58(5), 2706–2714. https://doi.org/10.1111/ijfs.16040

43.	Rafiq, S., Sofi, S.A., Kaul, R., Dar, B.N. (2022). Effect of freeze-dried kinnow 
peel powder incorporation on nutritional, quality characteristics, baking, sen-
sorial properties, and storage stability of traditional wheat-based soup sticks. 
Journal of Food Processing and Preservation, 46(7), Article e16652. https://doi.
org/10.1111/jfpp.16652

44.	Gómez-Mejía, E., Sacristán, I., Rosales-Conrado, N., León-González, M.E., Ma-
drid, Y. (2023). Valorization of Citrus reticulata Blanco peels to produce enriched 
wheat bread: Phenolic bioaccessibility and antioxidant potential. Antioxidants, 
12(9), Article 1742. https://doi.org/10.3390/antiox12091742

45.	Kang, J.H., Chung, C. H. (2020). Quality characteristics of madeleine with added 
Citrus mandarin peel powder. Culinary Science and Hospitality Research, 26(1), 
135–145. (In Korean)



246

Shaykhieva K. I. et al.  |  FOOD SYSTEMS  |  Volume 9 № 2  |  2026  |  pp. 241–246

46.	Ojha, P., Thapa, S. (2017). Quality evaluation of biscuit incorporated with man-
darin peel powder. Chemistry and Chemical Engineering, Biotechnology, Food In-
dustry, 18(1), 19–30.

47.	 Choi, J.-H. (2021). Antioxidant activity and quality characteristics of cookies pre-
pared with citrus peels powder. Culinary Science and Hospitality Research, 27(8), 
77–86. (In Korean)

48.	Shalaby, H.S., El-Sayed, H. (2020). Conceivable effect of feeding crackers con-
taining peas and tangerine peels on rats with diabetes induced by alloxan. Bul-
letin of the National Nutrition Institute of the Arab Republic of Egypt, 56(2), 1–38. 
https://doi.org/10.21608/bnni.2020.172489

49.	Hoxha, L., Mestani, M., Nuha, D., Bytyçi, P., Durmishi, B. (2024). Sustainable ap-
plications of cereal-based products through the utilisation of fruit waste. Zywność. 
Nauka. Technologia. Jakość, 31(2(139)), 174–198. https://doi.org/10.15193/
zntj/2024/139/502

50.	Kakkar, S., Tandon, R., Tandon, N. (2023). Chemical profiling and identification 
of phytochemicals from microwave-assisted extract of kinnow peel using LC–
MS and its fortification in biscuits. Annals of Agri-Bio Research, 28(1), 1–6.

51.	Yoon, J.A. (2024). Quality characteristics and antioxidant activity of madeleines 
with added citrus peel powder. Journal of the East Asian Society of Dietary Life, 
34(4), 249–261. https://doi.org/10.17495/easdl.2024.8.34.4.249 (In Korean)

52.	Kaur, S., Panesar, P.S., Chopra, H.K. (2023). Extraction of dietary fiber from kin-
now (Citrus reticulata) peels using sequential ultrasonic and enzymatic treat-
ments and its application in development of cookies. Food Bioscience, 54, Ar-
ticle 102891. https://doi.org/10.1016/j.fbio.2023.102891

53.	Yaqoob, M., Aggarwal, P., Rasool, N., Baba, W.N., Ahluwalia, P., Abdelrahman, R. 
(2021). Enhanced functional properties and shelf stability of cookies by fortifica-
tion of kinnow derived phytochemicals and residues. Journal of Food Measurement 
and Characterization, 15, 2369–2376. https://doi.org/10.1007/s11694-021-00827-8

54.	Youssef, M. (2023). Utilization of some citrus peels in formulating functional 
cookies and pasta. Alexandria Journal of Food Science and Technology, 21(2), 21–
32. https://doi.org/10.21608/ajfs.2023.333292

55.	Abdelwahab, A.S., Abuelazid, A. (2018). Bioactive compounds in some citrus peels 
influenced by drying processes and quality evaluation of cakes supplemented with 
citrus peel powder. Journal of Advances in Agricultural Research, 23(1), 44–67.

56.	Kalyani, K., Bhati, D., Maurya, D., Tyagi, D.B. (2024). Impact of blanching treat-
ments on the physicochemical qualities of kinnow peel powder and its utiliza-
tion for cupcake formulation. Asian Journal of Dairy and Food Research, 43(1), 
136–141. https://doi.org/10.18805/ajdfr.DR‑2064

57.	 Khaleel, G., Sharanagat, V.S., Singh, L., Kumar, Y., Kumar, K., Kishore, A. et al. 
(2022). Characterization of kinnow (citrus reticulate) peel and its effect on 
the quality of muffin. Journal of Food Processing and Preservation, 46(12), Ar-
ticle e16716. https://doi.org/10.1111/jfpp.16716

58.	Dhillon, P.K., Tanwar, B. (2018). Muffins incorporated with multiple blend func-
tional ingredients: Development, sensory evaluation, proximate composition 
and total antioxidant activity. Journal of Agricultural Engineering and Food Tech-
nology, 5(3), 122–126.

59.	Kaur, H., Singh, G., Kaushik, R., Wani, A.W. (2024). Utilization of Kinnow peel for 
candy production: A study on quality attributes and storage stability. Journal of Ap-
plied and Natural Science, 16(2), 854–864. https://doi.org/10.31018/jans.v16i2.5626

60.	Fazil, C., Kumar, Y., Sharma, R., Srivastava, T., Saxena, D.C. (2024). Valorization 
of banana and kinnow waste in the development of nutritional bar using extru-
sion and plate-molding technique. Waste and Biomass Valorization, 15(1), 57–73. 
https://doi.org/10.1007/s12649-023-02133-4

61.	Ahn, G.J., Lee, Y.J. (2014). Quality characteristics of Sulgidduk with different 
amounts of dried tangerine peel powder. Korean Journal of Food and Cookery Sci-
ence, 30(3), 284–290. http://doi.org/10.9724/kfcs.2014.30.3.284

62.	Румянцева, В.В., Гурова, А.Ю. (2012). Исследование технологических свой
ств порошков выжимок плодоовощного сырья. Технология и товароведение 
инновационных пищевых продуктов, 1(12), 10–14. [Rumyantseva, V.V., Gurova, 
A.Yu. (2012). Research of process properties of powders made of fruit and veg-
etables raw materials pomace. Technology and Merchandising of the Innovative 
Foodstuff, 1(12), 10–14. (In Russian)]

63.	Potter, R., Stojceska, V., Plunkett, A. (2013). The use of fruit powders in extruded 
snacks suitable for Children’s diets. LWT-Food Science and Technology, 51(2), 
537–544. https://doi.org/10.1016/j.lwt.2012.11.015

64.	Chae, K.Y. (2016). Quality characteristics of pork cutlet sauce by the addition 
Crataegi Fructus flour and dried tangerine peel flour. Foodservice Industry Jour-
nal, 12(3), 127–138. https://doi.org/10.22509/kfsa.2016.12.3.009

65.	Bambeni, T., Tayengwa, T., Chikwanha, O.C., Manley, M., Gouws, P.A., Marais, J. et 
al. (2021). Biopreservative efficacy of grape (Vitis vinifera) and clementine manda-
rin orange (Citrus reticulata) by-product extracts in raw ground beef patties. Meat 
Science, 181, Article 108609. https://doi.org/10.1016/j.meatsci.2021.108609

66.	Tomar, O., Akarca, G. (2019). Effects of ice cream produced with Lemon, man-
darin, and orange peel essential oils on some physicochemical, microbiological 
and sensorial properties. Kocatepe Veterinary Journal, 12(1), 62–70. https://doi.
org/10.30607/kvj.499415

67.	 Angelina, G., Tyastiningrum, E., Sitorus, E.M., Aini, N. (2021). Enkapsulasi ser-
buk simplisia dan ekstrak kulit jeruk serta aplikasinya pada vegetables jam. Ju-
rnal Agroteknologi, 15(2), 166–181. https://doi.org/10.19184/j-agt.v15i02.27358 
(In Indonesian)

68.	Tyastiningrum, E., Aimi, N. (2023). Adding mandarin orange peel extract to the 
vegetable jam’s attributes. Agritekno: Jurnal Teknologi Pertanian, 12(1), 65–74. 
https://doi.org/10.30598/jagritekno.2023.12.1.65 (In Indonesian)

69.	Sheffield, W J., Thompson, H.O. (1954). The preparation and evaluation of tan-
gerine peel tincture and tangerine syrup. Journal of the American Pharmaceutical 
Association, 43(3), 181–185. https://doi.org/10.1002/jps.3030430318

70.	Viana, L.F., Munhoz, C.L., Souza, A.R.M., Santana, L.M., Maciel, V., Caliari, M. 
(2011). Development and characterization of the tangerine peel liquor with dif-
ferent alcoholic bases. Acta Scientiarum Technology, 33(1), 95–100. https://doi.
org/10.4025/actascitechnol.v33i1.7873

71.	Acar, A., Aydın, M., Arslan, D. (2022). Development of infusion tea formulations 
with food wastes: Evaluation of temperature and time effects on quality pa-
rameters. Applied Food Research, 2(1), Article 100087. https://doi.org/10.1016/j.
afres.2022.100087

72.	Lei, C., Zhu, L., Zhu, L., Ou, F., Mao, Y., Fu, F. (2024). Preparation technology of 
tangerine peel composite solid beverage and its protective effect on mice with 
acute alcoholic liver injury. Food and Machinery, 40(7), 132–140. https://doi.
org/10.13652/j.spjx.1003.5788.2024.80386 (In Japanese)

AUTНOR INFORMATION СВЕДЕНИЯ ОБ АВТОРАХ
Affiliation Принадлежность к организации

Karina I. Shaykhieva, Candidate of Technical Sciences, Docent, Engineering 
Ecology Department, Kazan National Research Technological University.
68, K. Marx str., 420015, Kazan, Russia
E-mail: shaykhievak@gmail.com
ORCID: https://orcid.org/0000‑0003‑1188‑7885
* corresponding author

Шайхиева Карина Ильдаровна — кандидат технических наук, доцент, 
кафедра инженерной экологии, Казанский национальный исследова-
тельский технологический университет
420015, Казань, ул. Карла Маркса, 68
E-mail: shaykhievak@gmail.com
ORCID: https://orcid.org/0000‑0003‑1188‑7885
* автор для контактов

Natalia V. Kraysman, Candidate of Historical Sciences, Docent, Docent, De-
partment of the Foreign Languages for Professional Communication, Kazan 
National Research Technological University
68, K. Marx str. 420015, Kazan, Russia
E-mail: n_kraysman@mail.ru
ORCID: https://orcid.org/0000‑0002‑5573‑4664

Крайсман Наталья Владимировна — кандидат исторических наук, до-
цент, доцент, кафедра иностранных языков в профессиональной комму-
никации, Казанский национальный исследовательский технологический 
университет
420015, Казань, ул. Карла Маркса, 68
E-mail: n_kraysman@mail.ru
ORCID: https://orcid.org/0000‑0002‑5573‑4664

Ildar G. Shaikhiev, Doctor of Technical Sciences, Professor, Professor, Engi-
neering Ecology Department, Kazan National Research Technological Univer-
sity
68, K. Marx str. 420015, Kazan, Russia
E-mail: ildars@inbox.ru
ORCID: https://orcid.org/0000‑0001‑9160‑0412

Шайхиев Ильдар Гильманович — доктор технических наук, профессор, 
профессор, кафедра инженерной экологии, Казанский национальный ис-
следовательский технологический университет
420015, Казань, ул. Карла Маркса, 68
E-mail: ildars@inbox.ru
ORCID: https://orcid.org/0000‑0001‑9160‑0412

Contribution Критерии авторства
Karina I. Shaykhieva — Preparation, creation and/or presentation 

of the published work, substantive translation.
Natalia V. Kraysman — Preparation, creation and/or presentation 

of the published work, substantive translation.
Ildar G. Shaikhiev — Preparation, creation and/or presentation 

of the published work, critical review of article.

Шайхиева К. И. — Создание и подготовка рукописи, 
перевод на иностранный язык.

Крайсман Н. В. — Создание и подготовка рукописи, 
перевод на иностранный язык.

Шайхиев И. Г. — Создание и подготовка рукописи, 
критический анализ черновика рукописи.

Conflict of interest Конфликт интересов
The authors declare no conflict of interest. Авторы заявляют об отсутствии конфликта интересов.


