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Abstract: The creation of an environmentally friendly food system involves, e.g., the production
of safe and healthy food and the reduction of its waste. Therefore, the main aim of this research
was to determine the effect of the addition of ground sumac powder (in the amount of 0.5, 1.5,
and 3.0 g/100 mL) on the physicochemical properties of freshly pressed carrot (Daucus carota L.)
juice and to obtain a product with extended shelf life. The analyses revealed the multiplication of
microorganisms in the control juice samples during storage and the inhibition of the multiplication
in the sumac-enriched samples. After 72 h, the addition of sumac in the amount of 0.5,1.5,and 3 g
reduced the total number of microorganisms by 1.7, 2.9, and 3.1 logg CFU/g, respectively, compared
to the control. The supplementation of carrot juice with sumac in the amount of 3% increased the
content of carotenoids and polyphenolic compounds on the first day of storage by 23% and 40%,
respectively, compared to the control sample. The addition of sumac to the carrot juice extended
the shelf life of the product with a simultaneous significant increase in polyphenols classified as
health-promoting substances.

Keywords: sustainable food production; natural preservative; Rhus coriaria L.; carrot juice; quality

1. Introduction

Sustainable food systems start with the development of sustainable agricultural prac-
tices, more sustainable food distribution systems, a balanced diet, food safety, and the
reduction of food waste worldwide [1-3]. In addition, sustainable food systems are at the
heart of political agendas (e.g., the European Green Deal) aimed at the reduction of food
waste worldwide [4,5].

One-day juices produced from fresh fruits and vegetables should be an integral part of
a balanced diet. Since they are not subjected to enzymatic treatment, clarification, filtering,
or pasteurization, they are a valuable source of biologically active compounds. Contrary to
their counterparts prepared from concentrates, no water, concentrated juice, sugar, artificial
colors, or preservatives should be added to one-day juices. The carrot raw material is
characterized by a particularly high content of carotenoids, which give an orange color
to beverages. The presence of vitamins effectively supports the proper functioning of
the organism, and antioxidant ingredients contribute to the protection of cells against the
harmful effects of free radicals [6-8].

Unfortunately, non-thermally fixed juices constitute a reservoir of natural microflora
and may be a carrier of unwanted pathogenic microorganisms. Microbiological contamina-
tion occurs at the stage of the cultivation of raw material plants, wherein fruits or vegetables
are exposed to contamination from soil, water, and air. It has been proven that a natural
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fertilizer, which is increasingly being used in the cultivation of fruits and vegetables on
organic farms, is a source of pathogens in many cases. Despite food safety systems, cases
of poisoning caused by the consumption of microbiologically contaminated juices are still
recorded in the world. These products are mainly colonized by microorganisms that can
grow at low pH values. When present in large numbers, non-pathogenic microorgan-
isms mainly cause changes in the taste and smell of juice and finally lead to its complete
spoilage [9-12].

Therefore, a significant problem for producers in the juice industry may be the micro-
biological instability of such products during longer storage manifested by unfavorable
organoleptic and sensory changes and, most importantly, posing a danger to the consumer.

Natural plant powders or extracts have recently become an attractive subject for
scientists. Due to their properties, plant powders or extracts can be used to extend the
shelf life of freshly pressed juices. Essential oil components derived from plant extracts can
preserve juices. It has been found that the process of natural acidification of watermelon
juice (with a mixture of apple-lemon juice) in combination with antibacterial plant extracts
effectively prolongs the shelf life of fruit juices with a minimal impact on quality /sensory
parameters [13]. Green tea extracts have been reported to have antibacterial, antiviral,
antifungal, and antioxidant activity. Nivea et al. [14] evaluated the ability of various
combinations of natural antimicrobial agents, green tea extract (GTE), and citric acid to
preserve the quality of fruit and vegetable smoothie blends and extend their shelf life.
Their results suggest that the addition of GTE (0.2%) together with the antimicrobial
agents yielded a product with enhanced antioxidant properties (more than 10 times higher
than the control), meeting the consumer requirements for natural products. Studies have
shown that tea tree oil added to cucumber juice successfully inhibited L. monocytogenes
and E. coli growth at room temperature and in a refrigerator (25 °C and 4 °C), respectively,
demonstrating its good preservative activities in the food system [15]. A study conducted by
Dhiman et al. [16] compared the antimicrobial activities of spices, (Curcuma longa, Zingiber
officinale, Mentha arvensis) and medicinal herbs (Withania somnifera, Rauvolfia serpentina,
Emblica officinalis, Terminalia arjuna, Centella asiatica). The study confirmed the potential of
selected extracts of spices as effective natural food preservatives in juices.

Spices can be a natural alternative to synthetic preservatives used in the food industry.
One of them is sumac Rhus coriaria L. (Anacardiaceae), which is one of the most charac-
teristic elements of Turkish, Iranian, Syrian, Lebanese, and Sicilian cuisines. Research on
the identification of the main components of Rhus coriaria and its bioactive compounds
has shown that sumac is rich in valuable vitamins, minerals, omega-3 acids, and many
antioxidants. These include polyphenols and flavonoids, such as gallic acid, methyl gallate,
kaempferol, and quercetin. The accumulation of valuable nutrients means that this spice
has great health-promoting properties, including anti-inflammatory, antifungal, antibacte-
rial, and antioxidant properties. Recently, the phytochemical structure of sumac has been
extensively studied, and it has been established that sumac extract has high potential in the
treatment of COVID-19 [17-21].

Researchers have been analyzing its potential as a meat preservative and an an-
tioxidant [22-26]. The hypothesis that Syrian sumac (Rhus coriaria) could have a meat-
tenderizing effect was supported by the results reported by Sakhr and Khatib [27] showing
a significant decrease in shear stress and protein content with an increase in collagen solu-
bility. Moreover, an effect on the content of meat fat was detected, as the aqueous sumac
extract decreased the fat percentage in meat significantly. Ozcan [28] investigated the effect
of sumac extracts and butylated hydroxyanisole (BHA) applied in various concentrations
on the peroxide value of peanut oil. He found that sumac extracts generally inhibited the
formation of hydroperoxides. However, after prolonged storage (28 days), their antioxidant
activity decreased significantly, compared to BHA. The author explained the decrease in the
antioxidant activity of the extracts by a decrease in the content of polyphenols. In addition,
Dziki et al. [29] included sumac flour in a wheat bread recipe. Its addition enhanced the
antioxidant activity of the product. In general, the authors of the study found that sumac
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flour (used in an appropriate amount) can be used to produce good quality bread with
reduced salt content.

In order to explore all the promising potentials of this spice, more research has to be
done into its wider application in sustainable food science. The aim of the present study
was to evaluate the effect of Rhus coriaria L. supplementation on the quality of freshly
pressed carrot juice during refrigerated storage.

2. Materials and Methods
2.1. Raw Material

Carrots (Daucus carota L.), Nerac F1 variety, obtained from a Polish farm from the 2021
harvest, were the experimental material. The vegetables were characterized by a cylindrical
shape of the root; they were healthy, without visible mechanical damage. Tannery sumac
(Rhus coriaria L.) was purchased from a health-food store. Before adding to juices, the
product was ground in a ChemLand laboratory mill, model FW 100 (Stargard, Poland).

2.2. Juice Preparation

The carrots were washed and blotted dry with laboratory tissue paper. To speed up
and facilitate the pressing process, the roots were divided into smaller parts. Fresh juice was
obtained using a Sana EUJ-707 slow-speed juicer (Seul, South Korea). Ground sumac was
added to the prepared juice in an amount of 0.5, 1.5, and 3.0 g per 100 mL of the product.
Juice without the spice was the control sample. All juices were placed in a refrigerator
(6 °C) and tested after 24, 48, and 72 h of storage.

2.3. Characterization of Juice Quality
2.3.1. pH Measurement

A digital pH meter (780 pH meter from Metrohm, Herisau, Switzerland) with a built-in
magnetic stirrer was used to measure the pH of the juices. The control material and the
sumac-enriched samples were collected in a sufficient volume to immerse the electrode with
the diaphragm thoroughly. Before the measurement, the device was properly calibrated
according to the manufacturer’s instructions. Then, the samples with the test material
were placed in a designated place, and the pH was measured (for each sample in three
replications).

2.3.2. Determination of Total Acidity (TA)

The carrot juice acidity test was performed using a potentiometric titrator TitraLab
AT1000 (Ames, IA, USA). A total of 25 mL of juice was poured into a beaker, and the volume
was increased to 60 mL with distilled water. Then, the vessel was placed on the designated
measuring field with the measuring electrode. A total of 0.1 M NaOH-analytical grade
(POCH, Gliwice, Poland) was used as the titrant. The obtained results were converted
automatically into citric acid [g/L]. The tests were carried out in three repetitions.

2.3.3. Sugar Content

The extract content in the juices was determined using a PAL-1 Atago pocket refrac-
tometer (Tokyo, Japan). The values are expressed in Brix degrees, i.e., the ratio of the
weight of sugar to the weight of water in which a fixed volume of sugar was dissolved.
The samples were applied three times to the clean field of the measuring prism, which was
washed with distilled water after each use and dried with laboratory tissue paper.

2.3.4. Determination of Carotenoid Content

The carotenoid content in the carrot juice was determined on a Thermo Scientific
UV-vis Helios Omega 3 spectrophotometer (Massachusetts, USA). The method consisted
of extracting the compounds with a 100 mL mixture (1:1:2) of acetone (analytical grade)
(STANLAB, Lublin, Poland) with 0.2% butylated hydroxytoluene (BHT) (analytical grade)
(POCH, Gliwice, Poland), ethanol (analytical grade) (POCH, Gliwice, Poland), and hexane
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(analytical grade) (POCH, Gliwice, Poland) from the tested sample (1 g) and determining
their content by measuring the absorbance of the hexane phase (wavelength light beam
A =450 nm) according to the methodology described by Gonzales-Casado [30]. The tests
were carried out in three repetitions.

2.3.5. Determination of Total Polyphenolic Compounds (TPC)

Total polyphenols were determined with the Folin-Ciocalteu method [31]. An aliquot
(0.1 mL) of juice was mixed with 2 mL of distilled water, 0.2 mL of Folin—Ciocalteu phenol
reagent (analytical grade) (CHEMPUR, Piekary Slaskie, Poland), and 2 mL of sodium
carbonate (analytical grade) (POCH, Gliwice, Poland) solution (20%). The mixture was
incubated for 1 h in darkness. The absorbance was measured at 765 nm on a UV-vis
spectrophotometer (Helios Omega, Massachusetts, USA). Total polyphenolic compounds
were expressed as milligrams of gallic acid per 100 mL.

2.3.6. Color Parameters

The color indicators were tested with the use of the SF80 spectrophotometer by 3 Color
(Marcg-en-Barceul, France). Measurements of all components were made in the CIE L*a*b*
system using the illuminant D65 and 10° observer. The instrument was standardized each
time with a white and black ceramic plate (L*: 92.37, a*: —0.82, b*: 1.82). The total color
difference (AE) was calculated as well. It showed a numerical difference in the color of the
carrot juice samples supplemented with sumac compared to the control sample (without
the addition) according to Equation (1):

AE:\/(L"‘—LO)ZJF(LI*—HO)er(b*—bo)z @)

where Ly, a9, and by are the color values of the control juice samples.

Determination of the total number of aerobic microorganisms and the number of
yeasts and molds

The total number of aerobic microorganisms and the number of yeasts and molds in
the juice samples were determined according to the PN-EN ISO 4833-1: 2013 standard and
the PN-ISO 21527 standard, respectively. In order to conduct the research, it was necessary
to make a series of 10-fold dilutions in an exponential process. For this purpose, 1 mL of
juice was transferred to a falcon containing 9 mL of peptone water with the use of a sterile
pipette. Then, 1 mL was withdrawn from the first dilution (1:10) into 9 mL of the diluting
fluid, yielding a 1:100 dilution. Further progress was made in the same way. Each prepared
sample was inoculated with 0.5 mL onto the surface of solid agar medium located on 60 mm
diameter Petri dishes. This procedure was performed in sterile conditions—in a laminar
chamber with a CRUMA 670FL UV lamp (EI Prat de Llobregat, Barcelona, Spain). The
plates were incubated at 30 °C in a POL-EKO incubator type CLN 115 SMART (Wodzislaw
Slaski, Poland) for three days to determine the total number of microorganisms and at 25 °C
for five days in the case of yeasts and molds. The number of microorganisms per gram of
sample was calculated from the number of colonies obtained on plates containing less than
300 colonies. Microbiological inoculations were made after 24, 48, and 72 h of storage of
the juice in cooling conditions at 6 °C. The tests were performed in four repetitions; mean
values were given with standard deviation.

2.3.7. Statistical Analysis of Research Results

All the results were subjected to a statistical analysis performed using the statistical
package Statistica 10, StatSoft Inc., Tulsa, OK, USA. First, the mean and standard deviation
were calculated to determine the measure of the variability of the observed results. The
ANOVA analysis of variance was performed to test the significance of differences between
the values obtained in the individual trials. The inference was made at the significance
level of 0.05. Tukey’s test was employed for a thorough analysis of the mean confidence
intervals.
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3. Results and Discussion

The acidity of food products, including drinking juices, mainly proves their quality
and freshness. Table 1 shows the changes in the acidity of the products converted into citric
acid. The highest amounts, i.e., 3.31 g/L, 3.40 g/L, and 3.80 g/L, were observed in carrot
juice with a 3 g addition of sumac after 24, 48, and 72 h of storage, respectively. In the
control sample, the TA parameter had the lowest values ranging from 0.43 g/L to 0.86 g/L
throughout the storage period.

Table 1. Effect of sumac supplementation on the chemical properties of carrot juice stored for 72 h.

Time Storage (Hours)
Parameters T ice oD D) 2 48 &
0 (control) 6.38 + 0.03 ¢ 6.34 +0.02¢ 5.88 + 0.01f
Acidity (pH) 0.5 5.57 +0.01P 557 +0.01P 5.50 + 0.07 P
1.5 481 +0.012 4.8340.002 4.88 4+0.032
3.0 43440.04° 438 +0.01<d 442 +0.014
0 (control) 043 £0.01b 0.52 + 0,01 be 0.85 = 0,01 abc
e e
3.0 331+0.26° 3.40 £ 0.25 ¢f 3.80 £ 0.38 f
0 (control) 8.90 + 0.17 2P 8.87 + 0.06 2P 8.73 +£0.382
, 0.5 9.23 + (.31 abe 8.87 + 0212 8.83 +0.062
Extract (°Brix)
15 9.50 +0.17 9.63+0.21°¢ 9.23 + (.23 abe
3.0 9.27 + (.15 abe 9.43 + 0.15 be 9.43 + 0.06 b¢
0 (control) 15.81 + 0.06 14.33 + 0.00 8 11.03 £ 0.16 P
Carotenoids 0.5 16.02 + 0.04 16.00 + 0.05 2 11.62 + 0.06
(mg/100 g) 1.5 17.32 4 0.04 2 16.39 + 0.04 4 11.27 + 0.02b
3.0 20.47 + 0.071 16.69 + 0.02 0 12.13 £ 0.05
0 (control) 2226 +1.042 21.96 +1.562 20.85 + 0.09 2
Total polyphenolic compounds 0.5 23.49 £ 0,26 % 22,51 £0.172 22.57 +0.26 %
(mg/100 mL) 1.5 2543 4+ 1.17 be 27.08 £ 0.39 € 26.65 4 0.04 ©
3.0 31.79 +£0.714 34.70 +£0.854 33.45 +0.64

The results are expressed as a mean =+ standard deviation. Different letters mean statistically significant differences
(p <0.05).

Similarly, the products differed in terms of pH. This parameter had a value of 6.38 in
the control carrot juice analyzed after 24 h of storage and 5.57 in the product with the 0.5 g
sumac supplementation. In turn, the enrichment of the juice with the highest amount of
this additive resulted in a 32% decrease in pH (compared to the control sample).

Sumac fruits are characterized by high content of organic acids, with malic acid as the
dominant acid. Its content can reach 1.5 g/kg [17]. The addition of dried sumac to carrot
juice increased the natural acidity of this product.

An increase in acidity expressed by pH during storage was found only in the control
juice sample. After 72 h of storage, the value of this parameter decreased by about 8% in
relation to the juice tested after 24 h. A statistically significant increase in the total acid
content (converted into citric acid) was observed for the juice containing 3 g of sumac after
72 h storage. This may be related to the extraction of organic acids from the spice.

The extract content in the tested juices ranged from 8.73 to 9.63 °Brix. In the case of
the drink without the additives, the total extract content was determined at the level of
8.73-8.90 °Brix. Products enriched with sumac in the amount of 1.5 and 3.0 g per 100 mL
were characterized by higher extract content. The mean values of the parameter assessed
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during the several research days ranged from 9.23 to 9.63 °Brix. No effect of the addition of
the spice on the total extract content was found in the juices stored for 24 h.

Another assessed quality factor was the content of carotenoids, which are of great
importance both for nutritional and sensory reasons. They capture free radicals and
active atomic oxygen, thereby preventing oxidative stress. They exert, e.g., anti-cancer,
rejuvenating, and regenerating effects. The content of these substances in vegetables and
fruits gives them their characteristic orange, red, or yellow color. The greatest amount
of these beneficial compounds, i.e., 20.47 mg/100 g, was found on the first research day
in carrot juice with the 3 g addition of sumac. The control product was characterized by
approximately 23% lower content of these dyes. The storage time resulted in a statistically
significant decrease in the content of carotenoids. After 72 h, the carotenoid content in all
analyzed samples was at the level of 10.84-12.14 mg/100 g.

Plant polyphenols are secondary metabolites characterized by one or more hydroxyl
groups binding to one or more aromatic rings. They belong to natural antioxidants that pre-
vent heart or cancer diseases and help to stop the aging process. This makes polyphenol-rich
plant raw materials particularly attractive to food producers due to the increasing consumer
demand for natural and safe food ingredients [32-35]. The total content of polyphenols
determined in the control sample of the carrot juice ranged from 20.85 mg/100 mL to
22.26 mg/100 mL. This amount was similar to that reported by Szczepanska et al. [36].
The content of polyphenolic compounds in the tested juices increased with the amount of
added sumac. The supplementation of the carrot juice with sumac in the amount of 1.5%
and 3% increased TPC in the juices on the first day of storage by 14% and 42%, respectively,
compared to the control sample. After 72 h, the differences were 28% and 60%, respec-
tively. This confirms previous reports that Rhus coriaria fruits are a good source of these
bioactive compounds [37,38]. However, no effect of the storage time on the total content of
polyphenols was observed.

The examination of the color of the juices and the assessment of the scale of changes
gave full information not only about their sensory quality but also about the influence of
the additive used on the rate of occurrence of the changes. All measured color parameters
of the juices are shown in Table 2. On the first day of the research, a decrease in the color
values (L*, a*, and b*) was observed in the sumac-supplemented carrot juice samples
supplemented. The addition of the natural preservative led to a slight darkening of the
samples, compared to the control juice (p < 0.05) after 48 and 72 h of refrigerated storage.
Moreover, the sumac-containing juices were less red and yellow than the control carrot
juice on the study days.

The calculated coefficient, known as the total color difference (AE), in most cases
was within the range of 2 < AE < 3.5, which meant that the changes were evident even
to inexperienced observers. There are several scientific reports describing the effect of
sumac addition on the color of various food products. The effect of sumac extract and
BHT (butylated hydroxytoluene) addition on the quality of sucuk (Turkish dry-fermented
sausage) was investigated by Bozkurt [39] during the ripening period. The author found
that the control recipe was the worst sample with respect to overall sensory quality and
that the addition of either the sumac extract or BHT increased the overall sensory quality
of sucuk. The color attributes of sucuk were not significantly different between samples
with the addition of the sumac extract or BHT. The study demonstrated that the sumac
extract had a greater effect on the quality of sucuk during the ripening period; hence, it
can be added to sucuk to enhance the quality of the product. In investigations carried
out on sea bream (Sparus aurata L.), the highest L* value was determined in the sumac-
oil-supplemented product, while the highest value of the a* parameter was recorded in
meat with the addition of the sumac spice. Sumac influenced the marinade redness values.
As in the case of L*, meat supplemented with sumac oil had the highest value of the b*
index, [40].
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Table 2. Effect of sumac supplementation on the coloring-index of carrot juice stored for 24, 48, and

72 h.

Sumac Content

Time Storage

Coloring-Index

in the Juice (g/100 mL) (Hours) L* a* b* AE
0 (control) 3476 £0.08¢  11.34 £ 006"  11.83 £0.069
0.5 3398 +£0.08°¢  12.07+0.16°> 1322 +0.13f 1.77 £0.14 4
1.5 24 33934+0.10¢ 12054009 1248 4+0.37¢ 1.29 £0.174
3.0 3526+ 0.11F 1296+ 0131 1395+ 0.148 27240172
0 (control) 3953 +0.072b  1622+0.11%  19.89 4 0.03 2
0.5 8 39.58 +0.083  16.58 £0.03%8  19.66 4 0.07 2 0.43 +0.08
15 38.064+0.108 1587 +0.05°¢ 1748 +0.15°  285+0.132b
3.0 3849 £0.09" 1498 +007°¢ 1748 +£0.13> 29140152
0 (control) 393240102 1687 +£0202  20.16 +0.242
0.5 72 39.68 +£0.08° 1691 +0.172  20.04+0202 0.38 +0.03
15 373340119 1534 +0.18°4 1692 £0.20¢ 41040484
3.0 375340089 15700259 17324+ 024b¢ 35740520

The results are expressed as a mean + standard deviation from three independent experiments. Different letters
mean statistically significant differences (p < 0.05).

On the basis of the results presented in Figure 1, it was found that the average level of
contamination of the control samples of carrot juice with mesophilic aerobic microorganisms
after the first day of refrigerated storage was, on average, 6.11 logjg CFU/g. However,
in the juice samples with the addition of sumac in the amount of 3 g/100 mL, the total
number of aerobic microorganisms decreased on average by 0.28 log;g CFU/g, compared
to the control. After 48 h of storage of the juice samples, a clear bacteriostatic effect of the
additive was found, as the number of aerobic bacteria in the control samples increased and,
on average, reached the value of 7.30 log;g CFU/g. In turn, the number of CFU/g in the
samples enriched with sumac in the amount of 1.5 and 3.0 g/100 mL was lower by about
2 log than in the control and about 0.5 log;g CFU/g lower than that in the samples tested
after 24 h of storage. After 72 h storage, the bacteria in the control juice had multiplied
in a fairly large amount (8.30 log;o CFU/g), while the use of sumac in the amount of 0.5,
1.5, and 3 g reduced the total number of microorganisms by 1.7, 2.9, and 3.1 logg CFU/g,
respectively, compared to the control. In the samples with the addition of sumac in the
amount of 1.5 and 3.0 g/100 mL, the complete inhibition of the multiplication of aerobic
bacteria during storage was observed, as the number of CFU/100 mL was lower than in
the juice tested after 24 h of storage, which contributed to the extension of the shelf life of
this product.

The contamination of the control carrot juice with yeasts and molds after 24 h of
refrigeration was on average 2.3 log;y CFU/g (Figure 2). The addition of sumac caused
only a slight reduction in the number of these microorganisms, with the highest average
reduction by 0.4 log;g CFU/g in samples with the sumac addition dose of 3.0 g/100 mL.
After 48 and 72 h of storage, the number of yeasts and molds in the control samples
increased significantly, reaching 4.3 and 5.8 logjy CFU/g, respectively, which made the
juice unsuitable for consumption. The addition of the spice significantly slowed down the
multiplication of microscopic fungi. The use of 0.5 g/100 mL sumac after 72 h of storage
reduced the number of yeasts and molds by an average of 1.7 log;g CFU/g, compared to
the control. An even more pronounced reduction by 2.8 and 3.1 log;g CFU/g was obtained
after adding 1.5 and 3.0 g/100 mL of sumac, respectively, compared to the control.



Sustainability 2023, 15, 719 8of12

M control sumac 0.5 g/100 ml sumac 1.5 g/100 ml ~ ®sumac 3.0 g/100 ml
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Storage time [hours]

Total aerobic mesophilic bacteria count
[log,, CFU/g]

Figure 1. Effect of sumac supplementation on the total number of mesophilic aerobic bacteria in
carrot juice stored chilled for 24, 48, and 72 h. The mean values are given with standard deviation.
Different letters means statistically significant differences (p < 0.05).

H control sumac 0.5 g/100 ml sumac 1.5 g/100 ml sumac 3.0 g/100 ml

7

N W > 6] )
H
H
H
=
H
H
-~

Yeast and molds [log;, CFU/g
g
S

24 48 72

Storage time [hours]

Figure 2. Effect of sumac supplementation on the content of yeasts and molds in carrot juice kept
chilled for 24, 48, and 72 h. The mean values are given with standard deviation. Different letters
means statistically significant differences (p < 0.05).

The obtained results indicate that sumac exhibits bacteriostatic properties, i.e., it in-
hibits the multiplication of bacteria, yeasts, and molds. The inhibition of the multiplication
of microorganisms as a result of the addition of sumac powder significantly extended the
shelf life of the juice.

Numerous scientific studies report the bactericidal and bacteriostatic properties of
aqueous or alcoholic extracts of sumac fruit. The available tests were carried out on isolated
specific strains of bacteria in an optimal medium with the method of micro-dilution in
a liquid medium or by disc diffusion in an agar medium. The results of these studies
showed high antibacterial efficacy of alcoholic sumac fruit extracts against strains of Gram-
positive and Gram-negative bacteria isolated from food products. Staphylococcus aureus and
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Salmonella enteric turned out to be the most sensitive of the tested strains. For S. aureus, a
minimum inhibitory concentration (MIC) of 0.125-0.5 mg/mL and a minimum bactericidal
concentration (MBC) value of 0.25-1 mg/mL were achieved [41,42].

A study of a 1.0% aqueous sumac fruit extract with the disc diffusion method to
determine its activity of against food-borne bacteria, including pathogenic bacteria, showed
its high effectiveness in inhibiting the growth of Gram-positive bacteria, such as Bacillus
spp. and Staphylococcus aureus, and Gram-negative bacteria, including Salmonella spp.,
Escherichia coli, Proteus vulgaris, and Hafnia alvei. Some of the bacterial strains tested, e.g.,
Listeria monocytogenes and Citrobacter freundii, turned out to be insensitive to the aqueous
sumac extract [43]. Using the viable count technique, the same authors demonstrated that,
after an hour of treatment with the 1.0% aqueous solution of the sumac fruit extract, the
number of CFU/mL was reduced by 4-5 logyg in the case of Bacillus spp. and by 2-3 logo
in the other strains tested.

The effectiveness of treatment with an aqueous sumac fruit extract in extending the
shelf life of raw meat, e.g., broiler wings, was also investigated. The results showed that
10 min deconamination of the raw wings reduced the number of CFU/g by about 1 log1g
and extended the shelf life from 7 to 14 days without degrading the taste and aroma
properties of the meat, unlike treatment with a lactic acid solution [44].

The supplementation of the juice with ground sumac powder (in appropriate amounts)
extended the shelf life with a significant increase in the content of carotenoids and polyphe-
nols (Figure 3). To the best of our knowledge, there are currently no published articles
regarding the use of sumac powder or extract as a preservative for fruit or vegetable juice.
Perhaps this is caused by the specific spicy-sour taste of this additive, which nevertheless
may enhance the taste of carrot juice.

| EXTENDEDJUCE | | HIGHERTOTAL | | THEAMOUNTOF |
- POLYPHENOL CAROTENOIDS

CONTENT RETAINED

Figure 3. Diagram showing the process of making carrot juice with sumac.

4. Conclusions

Currently, consumers are demanding natural products that help prevent many diseases
and that are safe and environmentally friendly. Freshly pressed juices are undoubtedly
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characterized by many health-promoting substances. Unfortunately, if they are not heat-
treated, they deteriorate very quickly. On the other hand, the content of biologically active
substances may decrease during the processing and storage of these products. Sumac is
one of the spices with high antioxidant and antimicrobial potential. In this study, it was
found that the enrichment of freshly pressed carrot juice with sumac in an amount not
exceeding 3% contributed to the inhibition of the multiplication of microorganisms in the
juice during storage. Generally, the natural sumac spice provided better preservation and
shelf life to the perishable vegetable juice.

The use of the spice resulted in the better preservation of carotenoids in the final
product, thus increasing its nutritional value. Importantly, the sumac-enriched juices were
characterized by a higher content of total polyphenols, even after 72 h of storage. This
study demonstrated that sumac (Rhus coriaria) can be easily used to enhance the quality of
carrot juice.

Author Contributions: Conceptualization, E.O., M.S., A.S., B.C. and A.S.-W.; methodology, E.O. and
A.S.-W,; validation, E.O., M.S., AS,, B.C. and A.S.-W.; formal analysis, E.O., A.S. and B.C.; investi-
gation, E.O. and A.S.-W,; resources, E.O., A.S. and M.S.; data curation, E.O.; writing—original draft
preparation, E.O., M.S,, A.S., B.C. and A.S.-W.; writing—review and editing, E.O., M.S. and A.S.-W.,;
visualization, E.O., A.S. and A.S.-W.; project administration E.O., M.S. and A.S.-W.; supervision,
A.S.-W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kuhnlein, H.; Eme, P; de Larrinoa, Y. Indigenous Food Systems: Contributions to Sustainable Food Systems and Sustainable
Diets. In Sustainable Diets: Linking Nutrition and Food Systems; CABI: Wallingford, UK, 2019; pp. 64-78.

2. Lindgren, E.; Harris, F; Dangour, A.D.; Gasparatos, A.; Hiramatsu, M.; Javadi, F.; Loken, B.; Murakami, T.; Scheelbeek, P.; Haines,
A. Sustainable Food Systems—A Health Perspective. Sustain. Sci. 2018, 13, 1505-1517. [CrossRef] [PubMed]

3. Sobczak, P; Zawislak, K.; Starek, A.; Zukiewicz-Sobczak, W.; Sagan, A.; Zdybel, B.; Andrejko, D. Compaction Process as a Concept
of Press-Cake Production from Organic Waste. Sustainability 2020, 12, 1567. [CrossRef]

4. Dudziak, A; Zajac, G.; Kuranc, A.; Stowik, T.; Stoma, M.; Szyszlak-Bargtowicz, J. Preferences of the Consumers of Cold Meat
Market in Lights of A Survey Research in the Region of Lublin. Carpathian . Food Sci. Technol. 2018, 10, 106-116.

5.  Zukiewicz, K.; Dudziak, A.; Stowik, T.; Mazur, J.; Lusiak, P. Analysis of the Problem of Waste in Relation to Food Consumers.
Sustainability 2022, 14, 11126. [CrossRef]

6.  Abedelmaksoud, T.G.; Mohsen, S.M.; Duedahl-Olesen, L.; Elnikeety, M.M.; Feyissa, A.H. Optimization of Ohmicsonication for
Overall Quality Characteristics of NFC Apple Juice. J. Food Process. Preserv. 2019, 43, 14087. [CrossRef]

7. Reyes-De-Corcuera, J.I.; Goodrich-Schneider, R.M.; Barringer, S.A.; Landeros-Urbina, M.A. Chapter 15: Processing of Fruit and
Vegetable Beverages. In Food Processing: Principles and Applications, 2nd ed.; John Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2014;
p- 339.

8.  Singh, M.N,; Srivastava, R.; Yadav, I. Study of Different Varietis of Carrot and Its Benefits for Human Health: A Review. ].
Pharmacogn. Phytochem. 2021, 10, 1293-1299. [CrossRef]

9. Balali, G.I; Yar, D.D.; Afua Dela, V.G.; Adjei-Kusi, P. Microbial Contamination, an Increasing Threat to the Consumption of Fresh
Fruits and Vegetables in Today’s World. Int. J. Microbiol. 2020, 3029295. [CrossRef]

10. Park, S.; Szonyi, B.; Gautam, R.; Nightingale, K.; Anciso, J.; Ivanek, R. Risk Factors for Microbial Contamination in Fruits and
Vegetables at the Preharvest Level: A Systematic Review. J. Food Prot. 2012, 75, 2055-2081. [CrossRef]

11.  Snyder, A.B.; Worobo, R.W. The Incidence and Impact of Microbial Spoilage in the Production of Fruit and Vegetable Juices as
Reported by Juice Manufacturers. Food Control 2018, 85, 144-150. [CrossRef]

12.  Kaczmarek, M.; Avery, S.V.; Singleton, I. Microbes Associated with Fresh Produce: Sources, Types and Methods to Reduce
Spoilage and Contamination. Adv. Appl. Microbiol. 2019, 107, 29-82. [PubMed]

13.  Yen, PP-L,; Kitts, D.D.; Pratap Singh, A. Natural Acidification with Low-PH Fruits and Incorporation of Essential Oil Constituents

for Organic Preservation of Unpasteurized Juices. . Food Sci. 2018, 83, 2039-2046. [CrossRef] [PubMed]


http://doi.org/10.1007/s11625-018-0586-x
http://www.ncbi.nlm.nih.gov/pubmed/30546484
http://doi.org/10.3390/su12041567
http://doi.org/10.3390/su141811126
http://doi.org/10.1111/jfpp.14087
http://doi.org/10.22271/phyto.2021.v10.i1r.13529
http://doi.org/10.1155/2020/3029295
http://doi.org/10.4315/0362-028X.JFP-12-160
http://doi.org/10.1016/j.foodcont.2017.09.025
http://www.ncbi.nlm.nih.gov/pubmed/31128748
http://doi.org/10.1111/1750-3841.14277
http://www.ncbi.nlm.nih.gov/pubmed/30044504

Sustainability 2023, 15, 719 11 of 12

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

Nieva, S.G.; Jagus, R.].; Agtiero, M.V.; Fernandez, M. V. Fruit and Vegetable Smoothies Preservation with Natural Antimicrobials
for the Assurance of Safety and Quality. LWT 2022, 154, 112663. [CrossRef]

Shi, C.; Zhang, X.; Guo, N. The Antimicrobial Activities and Action-Mechanism of Tea Tree Oil against Food-Borne Bacteria in
Fresh Cucumber Juice. Microb. Pathog. 2018, 125, 262-271. [CrossRef]

Dhiman, R.; Aggarwal, N.; Aneja, K.R.; Kaur, M. In Vitro Antimicrobial Activity of Spices and Medicinal Herbs against Selected
Microbes Associated with Juices. Int. . Microbiol. 2016, 9015802. [CrossRef]

Kossah, R.; Nsabimana, C.; Zhao, J.; Chen, H.; Tian, F; Zhang, H.; Chen, W. Comparative Study on the Chemical Composition of
Syrian Sumac (Rhus coriaria L.) and Chinese Sumac (Rhus typhina L.) Fruits. Pak. ]. Nutr. 2009, 8, 1570-1574. [CrossRef]
Ahmadian-Attari, M.M.; Amin, G.H.; Fazeli, M.R.; Jamalifar, H. A Review on Antimicrobial Activities of Sumac Fruit (Rhus
coriaria L.). J. Med. Plants 2008, 7, 1-11.

Korkmaz, H. Could Sumac Be Effective on COVID-19 Treatment? |. Med. Food 2021, 24, 563-568. [CrossRef]

Belhassan, A.; Zaki, H.; Chtita, S.; Alaqarbeh, M.; Alsakhen, N.; Benlyas, M.; Lakhlifi, T.; Bouachrine, M. Camphor, Artemisinin
and Sumac Phytochemicals as Inhibitors against COVID-19: Computational Approach. Comput. Biol. Med. 2021, 136, 104758.
[CrossRef]

Sherif, Y.E.; Gabr, S.A.; Hosny, N.M.; Alghadir, A.H.; Alansari, R. Phytochemicals of Rhus spp. as Potential Inhibitors of the
SARS-CoV-2 Main Protease: Molecular Docking and Drug-Likeness Study. Evid.-Based Complement. Altern. Med. 2021, 2021,
8814890. [CrossRef] [PubMed]

Aliakbarlu, J.; Mohammadi, S. Effect of Sumac (Rhus coriaria L.) and Barberry (Berberis vulgaris L.) Water Extracts on Microbial
Growth and Chemical Changes in Ground Sheep Meat. J. Food Process. Preserv. 2015, 39, 1859-1866. [CrossRef]

El Khatib, S.; Salame, A. Sumac (Rhus coriaria) Extracts to Enhance the Microbiological Safety of the Red Meat. Food Sci. Technol.
2019, 7, 41-52. [CrossRef]

Khalkhali, EN.; Noveir, M.R. Effect of Sumac (Rhus coriaria) and Rosemary (Rosmarinus officinalis) Water Extracts on Microbial
Growth Changes in Ground Beef Meat. ]. Food Bioprocess Eng. 2018, 33, 40.

Ibrahim, F.; El-Shehawy, S. The Antimicrobial and Antioxidant Effects of Aquous Thyme and Sumac Extracts in Refregirated
Minced Beef Meat. J. Product. Dev. 2013, 18, 23-35.

Hamza, R.A.T.; Osheba, A.S.; Sobhy, H.M.; Hekal, S.H.A. Antioxidant and Antimicrobial Activities of Galangal and Sumac to
Improve Quality Attributes of Beef Burger. Adv. Anim. Vet. Sci. 2022, 10, 1202-1210.

Sakhr, K.; El Khatib, S. The Use of Syrian Sumac (Rhus coriaria) as a Meat Tenderizer: Effect on Fat, Protein and Collagen Profiles
on Pectoralis Superficialis Cut. Turk. J. Agric.-Food Sci. Technol. 2019, 7, 1203-1215. [CrossRef]

Ozcan, M. Antioxidant Activities of Rosemary, Sage, and Sumac Extracts and Their Combinations on Stability of Natural Peanut
Oil. J. Med. Food 2003, 6, 267-270. [CrossRef] [PubMed]

Dziki, D.; Cacak-Pietrzak, G.; Hassoon, W.H.; Gawlik-Dziki, U.; Sutek, A.; R6zylo, R.; Sugier, D. The Fruits of Sumac (Rhus coriaria
L.) as a Functional Additive and Salt Replacement to Wheat Bread. LWT 2021, 136, 110346. [CrossRef]

Gonzalez-Casado, S.; Martin-Belloso, O.; Elez-Martinez, P.; Soliva-Fortuny, R. Enhancing the Carotenoid Content of Tomato Fruit
with Pulsed Electric Field Treatments: Effects on Respiratory Activity and Quality Attributes. Postharvest Biol. Technol. 2018, 137,
113-118. [CrossRef]

Lachowicz, S.; Kolniak-Ostek, J.; Oszmianski, J.; Wisniewski, R. Comparison of Phenolic Content and Antioxidant Capacity of
Bear Garlic (Allium ursinum L.) in Different Maturity Stages. J. Food Process. Preserv. 2017, 41, 12921. [CrossRef]

Olszowy, M. What Is Responsible for Antioxidant Properties of Polyphenolic Compounds from Plants? Plant Physiol. Biochem.
2019, 144, 135-143. [CrossRef]

Yan, Z.; Zhong, Y.; Duan, Y.; Chen, Q.; Li, F. Antioxidant Mechanism of Tea Polyphenols and Its Impact on Health Benefits. Anim.
Nutr. 2020, 6, 115-123. [CrossRef]

Poti, F; Santi, D.; Spaggiari, G.; Zimetti, F.; Zanotti, I. Polyphenol Health Effects on Cardiovascular and Neurodegenerative
Disorders: A Review and Meta-Analysis. Int. |. Mol. Sci. 2019, 20, 351. [CrossRef] [PubMed]

Stagos, D. Antioxidant Activity of Polyphenolic Plant Extracts. Antioxidants 2019, 9, 19. [CrossRef]

Szczepanska, J.; Barba, E]J.; Skapska, S.; Marszalek, K. High Pressure Processing of Carrot Juice: Effect of Static and Multi-Pulsed
Pressure on the Polyphenolic Profile, Oxidoreductases Activity and Colour. Food Chem. 2020, 307, 125549. [CrossRef]
Abu-Reida, I.M.; Jamous, R.M.; Ali-Shtayeh, M.S. Phytochemistry, Pharmacological Properties and Industrial Applications of
Rhus coriaria L. (Sumac). Jordan J. Biol. Sci. 2014, 7, 233-244. [CrossRef]

Batiha, G.E.-S.; Ogunyemi, O.M.; Shaheen, H.M.; Kutu, ER,; Olaiya, C.O.; Sabatier, ].-M.; De Waard, M. Rhus coriaria L. (Sumac), a
Versatile and Resourceful Food Spice with Cornucopia of Polyphenols. Molecules 2022, 27, 5179. [CrossRef]

Bozkurt, H. Investigation of the Effect of Sumac Extract and BHT Addition on the Quality of Sucuk (Turkish Dry-Fermented
Sausage). J. Sci. Food Agric. 2006, 86, 849-856. [CrossRef]

Corapci, B.; Kostekli, B.; Eytiboglu, A.; Kocatepe, D. The Effect of Different Application Methods of Sumac (Rhus coriaria) and
Tarragon (Artemisia dracunculus) on Some Quality Properties of Marinated Sea Bream (Sparus aurata L., 1758). J. Food Process.
Preserv. 2020, 44, 14751. [CrossRef]

Ghane, M.; Babaeekhou, L.; Shams, M. Antimicrobial Activity of Rhus coriaria L. and Salvia urmiensis Bunge against Some
Food-Borne Pathogens and Identification of Active Components Using Molecular Networking and Docking Analyses. Food Sci.
Technol. 2022, 42, €08221. [CrossRef]


http://doi.org/10.1016/j.lwt.2021.112663
http://doi.org/10.1016/j.micpath.2018.09.036
http://doi.org/10.1155/2016/9015802
http://doi.org/10.3923/pjn.2009.1570.1574
http://doi.org/10.1089/jmf.2020.0104
http://doi.org/10.1016/j.compbiomed.2021.104758
http://doi.org/10.1155/2021/8814890
http://www.ncbi.nlm.nih.gov/pubmed/33727943
http://doi.org/10.1111/jfpp.12423
http://doi.org/10.13189/fst.2019.070401
http://doi.org/10.24925/turjaf.v7i8.1203-1215.2629
http://doi.org/10.1089/10966200360716698
http://www.ncbi.nlm.nih.gov/pubmed/14585194
http://doi.org/10.1016/j.lwt.2020.110346
http://doi.org/10.1016/j.postharvbio.2017.11.017
http://doi.org/10.1111/jfpp.12921
http://doi.org/10.1016/j.plaphy.2019.09.039
http://doi.org/10.1016/j.aninu.2020.01.001
http://doi.org/10.3390/ijms20020351
http://www.ncbi.nlm.nih.gov/pubmed/30654461
http://doi.org/10.3390/antiox9010019
http://doi.org/10.1016/j.foodchem.2019.125549
http://doi.org/10.12816/0008245
http://doi.org/10.3390/molecules27165179
http://doi.org/10.1002/jsfa.2431
http://doi.org/10.1111/jfpp.14751
http://doi.org/10.1590/fst.08221

Sustainability 2023, 15, 719 12 of 12

42. Mahdavi, S.; Hesami, B.; Sharafi, Y. Antimicrobial and Antioxidant Activities of Iranian Sumac (Rhus coriaria L.) Fruit Ethanolic
Extract. J. Appl. Microbiol. Biochem. 2018, 2, 5. [CrossRef]

43. Nasar-Abbas, S.M.; Halkman, A K. Antimicrobial Effect of Water Extract of Sumac (Rhus coriaria L.) on the Growth of Some Food
Borne Bacteria Including Pathogens. Int. J. Food Microbiol. 2004, 97, 63—69. [CrossRef] [PubMed]

44. Gulmez, M.; Oral, N.; Vatansever, L. The Effect of Water Extract of Sumac (Rhus coriaria L.) and Lactic Acid on Decontamination
and Shelf Life of Raw Broiler Wings. Poult. Sci. 2006, 85, 1466-1471. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.21767/2576-1412.100021
http://doi.org/10.1016/j.ijfoodmicro.2004.04.009
http://www.ncbi.nlm.nih.gov/pubmed/15527919
http://doi.org/10.1093/ps/85.8.1466
http://www.ncbi.nlm.nih.gov/pubmed/16903480

	Introduction 
	Materials and Methods 
	Raw Material 
	Juice Preparation 
	Characterization of Juice Quality 
	pH Measurement 
	Determination of Total Acidity (TA) 
	Sugar Content 
	Determination of Carotenoid Content 
	Determination of Total Polyphenolic Compounds (TPC) 
	Color Parameters 
	Statistical Analysis of Research Results 


	Results and Discussion 
	Conclusions 
	References

