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ABSTRACT

This study evaluated the potential of the carrot peels, beetroot peels, and spinach stem as a waste to prepare a juice from there and it was the
manufacturing of jelly candies at levels 10.0, 20.0, and 30.0 ml from each juice and compared with control jelly candy using 30.0 ml water.
The results indicated that the carrot, beetroot, and spinach juice had contained rich amounts from minerals content, vitamins (E and C), total
phenolic acids, total flavonoid compounds, and antioxidant activity. Thus, it could be used these juice to manufacture jelly candy, and sensory
properties, color, and texture analysis profiles were determined in each jelly candy from each juice at different levels. The results reported
that the jelly candy from beetroot gives the best results for sensory properties, color, and texture analysis profile followed by carrot and
spinach jelly candies. The results suggest that carrot and beetroot, spinach as waste were utilized to prepare juices are a rich source of
nutrients and bioactive compounds thus can be used these juice as a nutrition value and color to produce jelly candies for a child.
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1. INTRODUCTION

Color is one of the measures of quality and also of the
nutritional content of foods (Suliman, et al., 2018; Al
Mazroea, et al.,, 2018; Mohsein, et al., 2019; Pham, et al.,
2020). Thus, the aim was to add color to foodstuffs to be
attractive, as well as to make the consumer buy the product.
Moreover, a wide range of permitted artificial colors used as
food additives has been put into effect in most countries.
Therefore, consumers have requested that foods be as
"natural" as possible to increase their awareness of the
ingredients in their foods. Also, the demand for natural colors
is increasing due to their familiarity with the therapeutic and
medicinal properties and their benefits, and also because of the
diseases that artificial colors cause (Chakraborty et al,
2019).

Colored additives are widely used in the food industry to give
the consumer an attractive appearance to buy. However, these
substances pose a risk to human health if one is based on
buying them too hard. Therefore, methods of adding artificial
colorants to foodstuffs have been identified, by using different
methods and using a protocol to prepare appropriate samples
that are not harmful to human health (Ntrallou et al., 2020).
Beetroot (Beta vulgaris L.) is high in sugar but very low in
calories. It also contains large amounts of antioxidants and
nutrients, vitamin C, and betaline. The dark red beetroot roots
contain active compounds such as carotenoids, saponins,
betanins, betanins, polyphenols, and flavonoids. Therefore,
eating beetroot is an important factor because it prevents the
proliferation of cancer cells and thus protects humanity from
cancer. Beetroot is used in bakery products, sweets, ice cream,
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and more, etc (Neha et al., 2018).

The consumer direction has shifted to healthy foods that
contain natural dietary fibers and natural colorants that act as
natural antioxidants, minerals, vitamins, low calories, low fats,
and no artificial color additives. Therefore, carrot juice was
used to produce a gelatinous candy that is rich in nutrients
with functional properties such as beta-carotene, which gives
innumerable nutritional benefits to consumers (Achumi et al.,
2018).

Nutritional disorders that cause anemia or iron deficiency.
Thus, the consumption of vegetables such as spinach which
contain high amounts of iron meets the requirements of
consumers. For the reason that iron is easily absorbed in the
presence of vitamin C. (Yudhistira et al,, 2017).

Food waste has emerged as one of the primes issues in the Gulf
Countries including Saudi Arabia since this region lacks
agricultural and water Food waste is an
environmental problem that causes global climate change
(Aziz, 2012). For this reason, there is an economic problem
that makes them increasingly dependent on imports. This
measure states that food waste affects the following categories
of environmental sustainability, economics, and social issues,
and is therefore also seen as a critical issue within the
Sustainable Development Goals (SDGs, sub-goal 12.3) issued by
the United Nations in 2015 (United Nations, 2014).

The aim of this investigation was achieved to evaluate the food
industrial waste as beet peels, carrot peels, and spinach stems.
Moreover, extractions of their waste to give colors were used

resources

in the manufacture of jelly candy which has high physical
properties and nutritional value for a child.

2. MATERIALS AND METHODS

Materials
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Beetroot peels (Beta vulgaris L.), carrot peels (Daucuscarota
L), and green spinach stems(Amaranthus tricolor L.) were
obtained from the fresh juice store in Taif University, Saudi
Arabia, (Female Section), where it was their collected, and
soaked in saline to sterilize it.

The ingredients used in the jelly candy prepared were sucrose,
glucose syrup, high methoxylation pectin (Degree of
esterification 58%), and Glucono Delta-Lactone (GDL), starch
mold was obtained from the Local Market in Saudi Arabia.
Folin-Ciocalteau reagents, Gallic acid, Quercetin, DPPH" ( 2, 2-
diphenyl-1- picrylhydrazyl), and BHT: Butyl Hydroxytoluene
were purchased from Sigma Chemical Co.( St. Louis, MO, USA).

Methods

Extracts color from carrot peels, beetroot peels, and
spinach stems

Carrot peels, beetroot peels, and spinach stems were cut into
smaller pieces. A weighed amount of each carrot peels,
beetroot peels, and spinach stems was extracted with distilled
water in a beaker by 1:20 w/v. The extraction was performed
for approximately 60 min at 95°C and filtered. Two repetitions
of extraction were performed. Extracts from carrot peels,
beetroot peels, and spinach stem were adjusted at concentrate
15°Brix.

Determination of minerals content of each juice extract
Minerals content as calcium, phosphorus, iron, manganese, was
determined in each extract according to the method of the
AOAC (2012), using Atomic Absorption Spectrophotometer
(Perkin Elmer, Model 3300, Germany). While sodium and
potassium contents were determined by Flame Photometer
(CORNING 400, serial No. 4889.UK).

Determination of vitamins content of each juice extract
Vitamin E (a-tocopherol) was measured by using the high-
pressure liquid chromatography (HPLC) method described by
Leth and Sondergaro (1983).

The vitamin C content of each extract was determined using
ascorbic acid (0.01 mg/mL) as the reference compound. Two
hundred milliliters of the extract was mixed with 300 mL of
13.3% trichloroacetic acid (TCA) and 75 mL of 2,4-
dinitrophenylhydrazine (DNPH). The mixture was incubated at
37 °C for 3 h and 500 mL of H2SO4 was added to the mixture
before the absorbance was read at 520 nm according to
Benderitteret al. (1998).

Total phenolic content of each juice extract

The total phenolic (TP) from carrot peels, beetroot peels, and
spinach stems extracts with aqueous, ethanol, methanol, and
acetone extract were spectrophotometrically determined by
Folin Ciocalteu reagent assay using gallic acid as standard
according to Qawasmeh et al. (2012). The absorbance was
determined at 750 nm using a spectrophotometer (Unicum UV
300). The total phenolic content in the samples was expressed
as mg gallic acid equivalents (GAE)/ g dry weight sample. All
samples were analyzed in triplicates.

Total flavonoids content of each juice extract

Total flavonoids (TF) from carrot peels, beetroot peels, and
spinach stems extracts with aqueous, ethanol, methanol, and
acetone extract were spectrophotometrically determined by
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the aluminum chloride method using quercetin as a standard
according to Eghdami and Sadeghi (2010). The absorbance
was measured against blank at 510 nm by using a
spectrophotometer (Unicum UV 300). Total flavonoids in the
sample were expressed as mg quercetin equivalents (QE)/ g
dry weight. All samples were analyzed in triplicates.

Antioxidant activity

DPPH:- Free radical scavenging assay of each juice extract
Determination of DPPH - free radical scavenging activity was
measured in carrot peels, beetroot peels, and spinach stems
extract according to Ravichandran et al. (2012). The mixture
was shaken vigorously and allowed to stand at room
temperature. Butyl Hydroxytoluene (BHT, Sigma) was used as
positive control while the negative control is contained the
entire reaction reagent except for the extracts. Then the
absorbance was measured at 515 nm against a blank.

The capacity to scavenge the DPPH - radical was calculated
using the following equation:

DPPH - scavenging effect (Inhibition %) = [(Ac - As / Ac) x
100]

Where: Ac is the absorbance of the control reaction.

As is the absorbance in the presence of the plant extracts

Preparation of jelly candies of each juice extract from
carrot peels, beetroot peels, and spinach stem:

Jelly candy was prepared according to Walkenstrom et al.
(2003) and modified with Avelar and Efraim, (2020) as
following, dissolution of sucrose, glucose syrup, and added
separately the extracts from carrot peels, beetroot peels, and
spinach stems at level 10 ml extract plus 20 ml water, 20ml
extract plus 10ml water and 30 ml from each extract. Also,
pectin was added to each solution, and dissolution of Glucono-
Delta Lactone (GDL) to acidify the system, finely, deposition of
the final candy syrup in starch molds. The ingredients are
cooked at a temperature of 140°-180° C. for less than about
one minute. After cooking, the hot liquid mixture is deposited
into a starch mold. The starch mold forms the confection and
helps to reduce the moisture content. The deposited
confections are then routinely dried in an oven at 35°C/72 h to
give three jelly candies made from carrot peels, beetroot peels,
and spinach stems juice. Meanwhile, the jelly candy control
was prepared at the same method but it was substituted for
each juice with 30 ml water.

Sensory properties in different jelly candies:

The sensory study was conducted to access the consumer
preference for jelly candies from carrots, beetroot, and spinach
juice. The attributes of the jelly candies set were taste,
appearance, sourness, mouthfeel, and overall acceptability. The
samples were coded with 3 digits random coding and a 9-point
hedonic scale was used for the sensory ratings according to
Yee and Wah, (2017).

Proximate color in different jelly candies:

The color (L* a* and b* values) of the different jelly candies
was measured using Hunter Lab Color Flex EZ colorimeter
(Hunter Associates Laboratory, Virginia, The USA). The L*
value represents the lightness of the sample where a low
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number (0 - 50) indicates dark and a high number (51 - 100)
indicates light. The value a* represents red vs. green, where a
positive number represents red and a negative number
represents green. The b* value represents yellow vs. blue,
where a positive number represents yellow and a negative
number represents blue as defined by Choudhury (2014). The
colorimeter was calibrated with standard black tile and white
tile before sample analysis. Different jelly candies were placed
and cover the bottom part of the glass optical cell, and then the
glass optical cell was placed on the reflectance port to read.

Texture profile parameters in different jelly candies:

The texture profile analysis (TPA) indices of extrusion different
jelly candies were determined using a texture analyzer
(Cometech, B type, Taiwan) following method for jelly candies
according to Mutlu et al. (2018). The conditions of texture
analyzer were provided with software, 35 mm diameter
compression disc was used. Two cycles were applied at a
constant crosshead velocity of 1 mm/s, to 30% of sample depth
and then returned. The parameters measured were the
following: hardness (H), adhesiveness (A), springiness (S),
cohesiveness (Co), gumminess (G), and chewiness (Ch).
Statistical analysis:

The data obtained in the present study were analyzed by
ANOVA. For all analyses, when a significant difference (p <
0.05) was detected in some variable, the data means test was
applied to evaluate the difference between the samples. The
results were analyzed with the aid of the software SAS System
for Windows SAS (2008).

3. RESULTS AND DISCUSSION

Minerals content and vitamins of each juice extract from
raw materials

The results from Table (1) showed that the minerals content as
potassium and sodium in the carrot peel were the highest by
320.0 and 69.0 mg/100g dry weight, followed by phosphorus,
calcium, and manganese were 35.0, 33.0, and 12.0mg/100g dry
weight, respectively. An iron mineral was the lowest (0.3
mg/100g) than other minerals. Moreover, vitamins C and E
were determined in carrot peel and the results reported that
the vitamins had contained 5.90 and 0.66 mg/100 dry weight,
respectively. These results are confirmed with Sharma et al
(2012) who found that the minerals content of carrot peel was
Ca, Fe, P, Na, K, Mg, Cu, Zn (34.0, 0.4, 25.0, 40.0, 240.0, 9.0, 0.02,
0.2 mg/ 100 g). Moreover, carotenes, thiamine, riboflavin,
niacin, and vitamin C which had contained 5.33, 0.04, 0.02, 0.2,
and 4.0 mg/100 g, and energy value (126 k] /100 g).

The results of minerals content from beetroot peels indicated
that the major minerals were potassium, phosphorus and
calcium contained 325.0, 66.0, and 48.0 mg/100 dry weights.
The minor metals in beetroot peels were sodium and
manganese contained 27.0 and 25.0 mg/100g dry weight. An
iron mineral was the lowest (0.27mg/100g) than other
minerals. Moreover, vitamins C and E were determined in
beetroot peels and the results illustrated that the vitamins had
contained 93.0 and 1.42 mg/100 dry weight, respectively.
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These results are confirmed with Diego dos et al. (2017) who
considered that beetroot Beta vulgaris L. contains dietary fiber,
minerals, vitamins, antioxidants, betalains, and phenolic
compounds, and has high nutritional value due to its high
content of glucose, in the form of sucrose.

The results of the minerals content from spinach stems in the
same table reported that the spinach stems had the highest
minerals like potassium, calcium, sodium, manganese,
phosphorus, and iron were 558, 99.0, 79.0, 75.0, 49.0and 2.70
mg/100g dry weight, respectively. Furthermore, vitamins C
and E were determined in beetroot peels and the results
illustrated that the vitamins had contained 28.0 and 2.03
mg/100 dry weights, respectively. The inorganic matrix in both
leaves and stems of spinach is primarily comprised of Na, K,
Mg, and Ca. Phosphorous comes next in terms of significance. It
may be noted that both leaves and stems contain an
appreciable amount of Al. Spinach leaves and stems also
contain a significant amount of Fe. However, it is interesting to
note that the occurrence of Fe is usually associated with trace
occurrence of Mn and Zn (Bhattacharjee et al., 1998).

Table 1: Minerals and vitamins content of each juice extract
from raw material on dry weight mg/100g

Mi Is and
m_era S an Carrot Beetroot Spinach
vitamins
extract extract extract
content
Calcium 33.0+£0.94 48.0+0.75 99.0+1.24
Phosphorus 35.0+£0.86 66.0+0.62 49.0+0.83
Manganese 12.0+0.21 25.0+0.17 79.0+0.62
Iron 0.30£0.01 0.27+0.04 2.70+0.01
Potassium 320.0+9.12 | 325.0+9.38 | 558.0+12.35
Sodium 69.0+£0.84 27.0+0.24 79.0+0.94
Vitamin C 5.90+0.07 93.0+1.25 28.0+0.18
Vitamin E 0.66+0.01 1.45+0.01 2.03+0.01

Values are mean and SD (n = 3)

Total phenolic and total flavonoids of each juice extract:

Table (2) showed that the determination of total phenolic and
flavonoids in different extracts and the results noticed that the
total phenolic acids in carrot peels, beetroot peels, and spinach
stem at methanol extract were the highest in beetroot extract
by 35.76 mg/g GAE followed was carrot and spinach were
31.68 and 25.19 mg/g GAE, respectively. After that ethanol
extract showed the total phenolic acids were 25.53, 22.28, and
18.38 mg/g GAE from beetroot, carrot, and spinach extract,
respectively, followed by acetone extract was22.89, 20.57, and
15.69 mg/g GAE, respectively. Whilst, aqueous extract for raw
materials extract was the lowest. These results confirmed by
Lapornik et al,, (2005) noticed that the methanol extract had
contained high amounts from phenolic acids and flavonoids
compounds, for the reason that it can set free the cell wall-
bound polyphenol from the cells and equalize the activity of
polyphenol oxidase (PPO) which degrades the polyphenol in
plants. This study confirmed with Turkmen et al, (2006)
reported that the solvent with high polarity has extracted a
great content of polyphenols and its antioxidant activity.
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Table 2: Total phenolic acids and flavonoids compounds of extract from raw materials

Total phenolic acids Total flavonoids compounds
Solvents mg/g GAE mg/g QE
Carrot extract Beetroot extract | Spinach extract Carrot extract Beetroot extract | Spinach extract
Aqueous 8.26+0.09¢ 10.23+0.15¢ 7.31+0.05¢ 7.07+0.04¢ 7.98+0.14¢ 5.16+0.01¢
Ethanol 22.28+0.132b 25.53+0.3920 18.38+0.242> 15.28+0.122> 17.67+0.382> 13.28+0.252
Methanol 31.68+0.642 35.76.£0.302 25.19+0.282 22.19+0.262 27.24+0.352 17.39+0.282
Acetone 20.57£0.17" 22.89+0.15V 15.69+0.11° 10.18+0.08° 13.68+0.22P 8.29+0.05°P

Values are mean and SD (n = 3); where: Mean values in the same with the letter are significantly different at p<0.05 levels.

Total flavonoids compounds from the same table indicated that
the highest amounts were in beetroot methanol extract by
27.35 mg/g QE followed by carrot and spinach were 22.19 and
17.39 mg/g QE, respectively. Furthermore, for ethanol and
acetone extract for carrot, beetroot, and spinach, the results
were parallel to the above results from total phenolic acids,
and also, the aqueous extract was the lowest than other
extracts.

Phenolic compounds are secondary metabolites produced in
plants and contained phenolic acids and flavonoids compounds
(Manach et al, 2004). They are treated to more health-
encourage influence which acts as an antioxidant and thereby
it was therapy for more diseases, such as cancer, lowering
blood glucose, and cardiovascular (Huang and Shen, 2012).

DPPH scavenging activity of each juice extract

The results in Table (3), observed that greater DPPH
scavenging activity at a concentration of 50ug/ml in methanol
extract. Moreover, the results which high activity was obtained
from beetroot with methanol, ethanol, and acetone extracts by
55.28, 45.31, and 40.41%, respectively, followed by carrot
extract was 40.45, 35.01 and30.82% and spinach was 37.10,
28.36 and 24.59%), respectively. Furthermore, the IC50 values

in methanol extract were the highest in beetroot by

39.59ug/ml, followed by carrot and spinach were55.29 and
60.76ug/ml, respectively, compared to BHT was 25.53pug/ml.
Also, for ethanol and acetone extract for carrot, beetroot, and
spinach, the results were parallel to the above results from
total flavonoid compounds, and also, the aqueous extract was
the lowest than other extracts. It is best to refer that a less IC50
value appears to stronger free radical inhibitory activity.
Therefore, the found results point out that methanol, ethanol,
and acetone extracts having great power antioxidant activity
than aqueous extract. This means that the strong antioxidative
properties of these extracts, it could be caused to the presence
of various antioxidant components (Mrvcic et al, 2012).
Furthermore, Sultana et al, (2007) noticed that greater
activity of DPPH + radical scavenging activity has contained
high levels of total phenolic and flavonoids which scavengers,
acting possibly as elementary antioxidants and serve as free
radical inhibitors.

Generally, these results showed that the carrot; beetroot, and
spinach wastes can be used for foodstuff, which had contained
high amounts from antioxidant components as well as also
utilized for value to increase in nutritional ingredients.
Therefore, these results are attributed to the utilization of the
wastes in the food industry (Shyamala and Jamuna, 2010).

Table 3: DPPH: scavenging activity of extract from raw materials

Scavenging activity %

Solvents Carrot extract Beetroot extract Spinach extract
50pg/ml ICs0 pg/ml 50pg/ml ICs0 pg/ml 50pg/ml I1Cs0 pg/ml
Aqueous 25.40+0.344 92.24+3.142 30.18+0.814 87.32+3.792 15.13+0.144 97.25+4.252
Ethanol 35.01+0.29b¢ 65.21+1.38¢ 45.31+0.75b¢ 53.86+1.44¢ 28.36+0.21b¢ 75.68+3.67¢
Methanol 40.45+0.31" 55.29+1.874 55.28+0.53¢ 39.59+0.514 37.10£0.23" 60.76+2.144
Acetone 30.82+0.28¢ 80.27+2.13b 40.41+0.82b 59.76+0.46° 24.59%0.27¢ 85.26+3.12b
BHT as standard 70.32+1.282 25.53+0.27¢ 70.32+1.282 25.53+0.27¢ 70.32+1.282 25.53+0.27¢

Values are mean and SD (n = 3); where: Mean values in the same with the letter *are significantly different at p<0.05 levels

Sensory properties of jelly candies from each juice extract
Consumers are keep away from foods that had contained
artificial pigments, thus, it can be used the natural color as an
alternative synthetic pigment in food industries. Therefore,
the pigments are extracted from the plant material as
vegetables and fruits, and their waste (Aberoumand, 2011).

Table (4) estimated that the results of the various sensory
properties, for the different jelly candies made from carrot,
beetroot, and spinach at levels 10.0, 20.0, and 30.0ml juice
compared with control without juice but with 30ml water. The
results confirmed that the beetroot jelly candy was set to be
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the most appreciated jelly samples with a significantly higher
score in all sensory attributes followed by carrot and spinach
jelly candies. Therefore, it could be recommended to use
beetroot, carrot, and spinach juice by 30ml to improve the
sensory quality of jelly candies by natural color for children.
The highest ratings for the taste, particularly in samples 30ml
beetroot, carrot, and spinach content, maybe due to the higher
in betalains, beta carotene, and chlorophyll. Certainly, the
shining orange pigment is greater attractive than the
chlorophyll green pigment of spinach. Therefore, a greater
advantage for the shining orange color than the green color
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(Zinoviadou et al, 2015). Moreover, the red beetroot is
known to be a powerful antioxidant where it contains a group
of phenolic compounds called betalains which are water-
soluble pigments and responsible for the intense red color of
red beetroots (Wruss et al., 2015). Therefore, it could be used

as sources of natural colorants in many fields of the food
industry Chranioti et al. (2015), where it was used to
enhance the color of soy/carrot juices (Banigo et al, 2015),
improving the red color of more food products and breakfast
cereals (Roy et al., 2004).

Table 4: Sensory properties of jelly candies at a different level from raw materials

Samples Taste Appearance Aroma Mouthfeel Overall acceptability
Control 6.0+0.21¢ 5.0£0.014 5.0+0.02¢ 6.0£0.16°¢ 5.25+0.084
Carrot juice
10 ml 7.0£0.32° 6.0£0.18¢ 6.0+0.17¢ 6.0+0.14¢ 6.25+0.16°¢
20 ml 7.5+0.35b 7.0£0.23b 7.0£0.19° 7.0£0.27° 7.13+0.13b
30ml 8.0+£0.282 8.0+£0.342 8.0+0.252 8.0+0.362 8.0+0.242
Beetroot juice
10 ml 7.5+0.34P 7.0£0.28° 7.0£0.19° 7.0£0.15° 7.16£0.15"
20 ml 8.0+0.162 7.5+0.24° 7.5£0.15° 7.5£0.19° 7.63+0.16°
30ml 8.5+0.362 8.5+0.322 8.0+0.162 8.0+0.272 8.25+0.28%
Spinach juice
10 ml 6.0+0.14°¢ 6.0+0.11°¢ 6.0+0.13¢ 6.0+0.13¢ 6.0+0.13°¢
20 ml 6.5+0.12¢ 6.5+0.12°¢ 6.5+0.2¢ 6.5+0.17¢ 6.5+0.21°¢
30ml 7.0£0.31P 7.0£0.24 b 7.0£0.22P 7.0£024b 7.0£0.24P

Values are mean and SD (n = 3); where: Mean values in the same with the letter *are significantly different at p<0.05 levels

Color in different jelly candies from each juice extract
Colors are indicators that appear the consumer's acceptance of
foods; therefore, synthetic colorant marketing has lowered in
favor of natural colorants (Fletcher, 2006).

The color parameters of different jelly candies at levels 10.0,
20.0, and 30.0ml from carrot, beetroot, and spinach juice were
characteristic and the results are tabulated in Table (5). From
the results, it could be noticed that the decrease in L* values of
jelly candies from 60.67 to 40.31 to beetroot candy followed by
carrot candy from 55.68 to 37.38 and spinach was the lowest
from 50.23 to 35.96, respectively, than control candy was
60.25, these means low luminosity and brightness. Values a* of
control jelly candies were 2.93 and those of beetroot were
significant increased from 0.6.53 to 9.59, followed by carrot
and spinach jelly candies. There was an increase in a* and a
decrease in L* value when the increasing of coloring pigments.
The b* value of control jelly candies was 8.37 and jelly candies

with various concentrations of spinach significantly increased
from 14.17 to 18.25 followed by carrot jelly candy was from
13.21 to 16.76 and beetroot was the lowest from 12.35 to
15.62, respectively. the color variations of different jelly
candies for the increase in b* value can be demonstrated by the
degradation of pigment that reasons the formation of a yellow
degradation product, in addition to the formation of the brown
compound (Kaimainen et al., 2015). Moreover, a lowering in
lightness may be caused by has changed the color of brown.
Meanwhile, the redness (a*) has remained stable throughout
eight weeks during the storage period, thus exhibiting better
color retention (Esquivel, 2016).

Plant natural pigments are widely used as alternatives not only
because of their high availability as a coloring agent but also
exhibit an abundance of health-promoting values such as
antioxidants and antimicrobial activity which favor human
beings (Mohd-Nasir et al., 2018).

Table 5: Color parameters of different jelly candies

Sample L* a* b*

Control 65.25+4.382 2.93+0.14¢ 8.37+0.73¢
Carrot juice

10 ml 55.68+3.28 4.39+0.284 13.21+0.834

20 ml 47.39+2.764 6.92+0.36°¢ 15.38+1.93

30 ml 37.38+1.28¢ 7.13+0.39b 16.76+1.25b
Beetroot juice

10 ml 60.67+4.27b 6.53+0.24¢ 12.35+0.94

20 ml 52.29+3.51¢ 8.26+0.492> 14.46+1.61¢

30 ml 40.31+2.384 9.59+0.762 15.62+1.27b¢
Spinach juice

10 ml 50.23+3.41¢ 4.05+0.264 14.17+1.26¢
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20 ml 42.28+2.834

5.00£0.43b¢ 17.39£1.392

30 ml 35.96+1.64¢

6.39+0.39¢ 18.25+1.712

Values are mean and SD (n = 3); where: Mean values in the same with the letter *are significantly different at p<0.05 levels

Texture profile in different jelly candies from each juice
extract

Table (6) observed that the results from texture parameters
were determined in jelly candies made from carrot, beetroot,
and spinach juice at level 10.0, 20.0, and 30.0ml from each
juice. The hardness of the jelly candy prepared using the
beetroot juice was 14.31, 15.18, and 16.29 N, respectively at
level 110.0, 20.0, and 30.0ml followed by carrot and spinach
jelly candies than control jelly candy at 30ml water was 12.78
N. Hardness, also known as firmness, is the most significant
sensorial parameter for TPA analysis. It is a factor that is used
to evaluate the mouthfeel and is defined as the force required
to attain a given deformation (Garrido et al, 2014). Candies
with a small-scale firmness and high springiness have a good
chewiness property (Kek et al.,, 2013).

Adhesiveness (also known as stickiness) indicates the work
required to control the attractive power between the surface of
both food and the material (Mutlu et al, 2018). The
adhesiveness for the control jelly candy was 0.25 Ns! whilst,
the beetroot ranged from 0.31 to 0.45 Ns! followed by carrot
ranged from 0.29 to 0.43 Ns'» and spinach was from 0.27 to
0.40 Ns', respectively. These values depend on the surface
properties and the combined effect of adhesive and cohesive

forces (Hamedi et al, 2018) which are related to the
molecular structure of the products (Mutlu et al, 2018).
Studies have shown that jellies with high-scale firmness also
have a high value of adhesiveness (Mutlu et al, 2018).

The jelly is easy to chew and swallow when it has a low
cohesiveness value. In the real world, cohesiveness is the most
important parameter for the acceptance factors for all ages
(Kawano et al., 2017). Both of the jelly candies possess a
similar cohesiveness value from 0.82 to 0.88. In contrast to the
hardness, the cohesiveness decreases with the increase in Juice
concentration (Garrido et al., 2014).

The springiness of food is inversely proportional to hardness
(firmness increases, elasticity decreases) (Kreungngern and
Chaikham, 2016). Table (6) also known as elasticity,
springiness represents the rate at which the deformed sample
returns to its initial condition after the removal of the
deforming force (Garrido et al, 2014). The results from
beetroot were ranged from 0.93 to 1.43 mm followed by carrot
candy ranged from 0.92 to 1.23 mm and spinach candy was
ranged from 0.91 to 1.12 mm, respectively. A previous study
has shown that the springiness of jelly candy is between 0.90-
1.50 (Khouryieh et al, 2005).

Table 6: Texture profile measurements in different jelly candies

Samples Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness
™) (Ns1) (mm) ) (N mm)
Control 12.78+0.12¢ 0.25+0.01¢ 0.90+0.12¢ 0.89+0.112 11.38+0.23¢ 87.39+4.28¢
Carrot juice

10 ml 13.12+0.174 0.29+0.2¢ 0.92+0.04 ¢ 0.87+0.042> 12.24+0.424 91.29+5.214

20 ml 14.28+0.21° 0.35+0.2" 0.98+0.07¢ 0.85+0.07° 13.38+0.35¢ 93.43+5.38¢

30 ml 1519+0.24° 0.43+0.32 1.23+0.382 0.82+0.03b¢ 14.52+0.41b 95.49+6.02"
Beetroot juice

10 ml 14.31+0.26° 0.31+0.3" 0.93+0.294 0.86+0.022> 13.64+0.51¢ 93.64+4.674

20 ml 15.18+0.28> 0.39+0.3 1.15+0.272b 0.84+0.04bc 14.51+0.49° 95.72+5.39b

30 ml 16.29+0.312 0.45+0.042 1.43+0.482 0.80+0.03¢ 15.42+0.622 97.81+6.182
Spinach juice

10 ml 12.81+0.15¢ 0.27+0.01¢ 0.91+0.24¢ 0.88+0.052 11.94+0.28¢ 89.23+3.68¢

20 ml 13.94+0.124 0.32+0.02b 0.93+0.064 0.86+0.022> 12.83+0.29¢ 91.38+4.194

30 ml 14.86+0.14¢ 0.40+0.032 1.12£0.28b 0.83+0.06b¢ 13.91+0.31¢ 93.28+5.08¢

Values are mean and SD (n = 3); where: Mean values in the same with the letter *are significantly different at p<0.05 levels

A secondary parameter, gumminess, was calculated as the
product of hardness time's cohesiveness. The studies showed
that the gumminess of a product increases when hardness
increases (Mutlu et al.,, 2018) because the energy needed to
disintegrate a semi-solid food product to a state ready for
swallowing increases when the jelly is harder (Kreungngern
and Chaikham, 2016). Gumminess for the jelly candy
prepared with beetroot was ranged from 13.64 to 1542 N
which is higher than carrot jelly candy was12.24 to 14.52N and
11.94 to 13.91 N, respectively, recorded for the control jelly
candy was 11.38N.
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The results from chewiness indicated that decrease when
increasing concentrations from beetroot, carrot, and spinach
juice to prepare jelly candies. Chewiness is one of the
important texture characteristics of a jelly product (Calvarro
et al,, 2016). Similar to gumminess, chewiness will increase if
the degree of hardness increases (Mutlu et al., 2018).

4. CONCLUSION

The agro-food industries produce great amounts of fruit and
vegetable waste, which opens the way to administering this
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waste efficiently. But these wastes are still unexploited, even
though they contain health-beneficial substances such as
dietary fiber, a natural antioxidant, and color. Therefore, it
suggests a “Stop Wasting Food and utilization of the food
industrial waste” therefore should be started. It could be
recommended to activate the role of extension education show
that the utilization from food- industrial waste in the KSA
through programs offer that the importance the waste for
food-industrial.

REFERENCES

Aberoumand, A. (2011). A Review Article on Edible Pigments
Properties and Sources as Natural Biocolorants in
Foodstuff and Food Industry, World Journal of Dairy and
Food Sciences 6 (1): 71-78.

Achumi, L V., Peter, S. & Das, A. (2018). Studies on preparation
of gummy candy using pineapple juice and carrot juice,
International Journal of Chemical Studies; 6(5): 1015-1018

Al Mazroea, A., Alharby, M. A, Almughathwai, A. A., Majed, S.,
Al-Remaithi, R. M, Alharbi, A. F., & Saeed, H. M. (2018).
Comparison between Nutritional Values in Cow’s Milk, and
Goat Milk Infant Formulas. International Journal of
Pharmaceutical Research & Allied Sciences, 7(4), 190-4.

AOAC. (2012). Official methods of analysis, 19t edition
Association of Official Analytical Chemists. Washington DC

Avelar MH. & Efraim P. (2020). Alginate/pectin cold-set
gelation as a potential sustainable method for jelly candy
production. LWT-Food Sci Technol. 123:109119.

Aziz, A, (2012). Food is largest part of waste in Kingdom.
Article published in the Daily Arab News on Wednesday 31
October 2012. Available at: <www. arabnews.com/food-
largest-part-waste-kingdom>.

Banigo, E.B., Kiin-Kabari, D. B. & Owuno, F. (2015).
Physicochemical and sensory evaluation of soy/carrot
drinks flavoured with red beetroot. African Journal of Food
Science and Technology, 6(5): 136-140.

Benderitter, M., Maupoi, V., Vergely, C.I, Dalloz, F., Briot, F., &
Rochette, L. (1998). Studies by electron
paramagneticresonance of the importance of iron in the
hydroxyl scavenging properties of ascorbic acid in plasma:
Effects of iron chelators. Fundam.Clin.Pharcology, 12(5),
510-516.

Bhattacharjee, S., Dasgupta, P., Paul, AR, Ghosal, S., Padhi, KK.
& Pandey, LP. (1998). Mineral Element Composition of
Spinach, J Sci Food Agric, 77(4), 456-458

Calvarro, J., Perez-Palacios, T. & Ruiz, J. (2016).Modification of
gelatin functionality for culinary applications by using
transglutaminase.International Journal of Gastronomy and
Food Science, 5- 6(November), 27-32.

Chakraborty, C., Ray, PR, Chatterjee, R. & Roy, M.
(2019).Applications of bio-colour in dairy industry, The
Pharma Innovation Journal; 8(1): 126-138

Choudhury, AKR. (2014). Principle of color and appearance
measurement: object appearance, color perception and
instrument measurement. UK: Wood head Publishing
Limited; 2014.

Chranioti, C., Nikoloudaki, A. & Tzia, C. (2015). Saffron and red
beetroot extracts encapsulated in maltodextrin, gum
Arabic, modified starch and chitosan incorporation in a

39

chewing gum system. Carbohydrate Polymers, (127): 252-
263.

Diego dos S. B, Davi V.T. da S., Eduardo M. Del A. & Vania M. F.
P. (2017). Nutritional, Bioactive and Physicochemical
Characteristics of Different Beetroot Formulations, Food
Additives, Desiree NedraKarunaratne and
GeethiPamunuwa, Intech Open. Available
from:https://www.intechopen.com/books/food-
additives/nutritional-bioactive-and-physicochemical-
characteristics-of-different-beetroot-formulations

Eghdami, A. & Sadeghi, F. (2010). Determination of total
phenolic and flavonoids contents in methanolic and
aqueous extract of Achilleamillefolium. Journal of Organic
Chemistry, 2, 81-84.

Esquivel PB. (2016). Handbook on natural pigments in food
and beverages: industrial applications for improving food
color. UK: Woodhead Publishing; 2016.

Fletcher, A. (2006). Lycopene colorant achieves regulatory
approval,” food navigator. com/news,2006

Garrido, J. I, Lozano, J. E. & Genovese, D. B. (2014). Effect of
formulation variables on rheology, texture, color, and
acceptability of apple jelly: Modeling and optimization.
LWT - Food Science and Technology, 62(1), 325-332.

Hamedi, F., Mohebbi, M., Shahidi, F. & Azarpazhooh, E. (2018).
Ultrasound-assisted osmotic treatment of model food
impregnated with pomegranate peel phenolic compounds :
Mass transfer, texture, and phenolic evaluations. Food and
Bioprocess Technology, 11(5), 1061-1074.

Huang, D.-W. & Shen, S.-C. (2012). Caffeic acid and cinnamic
acid ameliorate glucose metabolism via modulating
glycogenesis and gluconeogenesis in insulin-resistant
mouse hepatocytes. Journal of Functional Foods, 4(1), 358-
366.

Kaimainen M, Laaksonen O, Jarvenpdia E, Sande, 1, &
Huopalahti R. (2015). Consumer acceptance and stability
of spray dried betanin in model juice. Food Chemistry,
187:398-406.

Kawano, Y., Kiuchi, H., Haraguchi, T & Yoshida, M. (2017).
Preparation and evaluation of physicochemical properties
of isosorbide gel composed of xanthan gum , locust bean
gum and agar for improving the patient’s adherence.
International Journal of Medicine and Pharmacy, 5(1), 18-
32.

Kek, S. P, Chin, N. L. & Yusof, Y. A. (2013). Direct and indirect
power ultrasound assisted pre-osmotic treatments in
convective drying of guava slices. Food and Bioproducts
Processing, 91(4), 495-506.

Khouryieh, H. A, Aramouni, F. M. & Herald, T. J.
(2005).Physical, chemical and sensory properties of sugar-
free jelly.Journal of Food Quality, 28(2005), 179-190.

Kreungngern, D. & Chaikham, P. (2016). Rheological, physical
and sensory attributes of Chao Kuay jelly added with
gelling agents. International Food Research Journal, 23(4),
1474-1478.

Lapornik, B., Prosek, M. & Wondra, A.G. (2005). Comparison of
Extracts Prepared from Plant By-Products Using Different
Solvents and Extraction Time. Journal of Food Engineering,
71(2), 214-222.

Leth, T. & Sondergaro, H. (1983). Biological activity of all-
trance tocopherol determined by three different rat
bioassays.Int. J. Vit. Nutr. Res., 53(3): 297-311.



Algarni

World ] Environ Biosci, 2020, 9, 4: 33-40

Manach, C., Scalbert, A., Morand, C., Rémésy, C., & Jiménez, L.
(2004). Polyphenols: food sources and bioavailability. The
American Journal of Clinical Nutrition, 79(5),727-747.

Mohd-Nasir, H., Abd-Talib, N., Mohd-Setapar, SH., Wong, LG.,
Idham, Z. Casillas, AZ. & Ahmad. A. (2018). Natural
colorants from plants for wellness industry, International
journal of pharmaceutical sciences and research, 9(3), 836-
843.

Mohsein, A. A, Ibadi, A. K., Atshan, R. S., & Naser, N. I. (2019).
Nutritional Status of Students and Employees of Al-Kufa
Institute at Al-Furat Al-Awsat Technical University, Al
Najaf Province. Pharmacophore, 10(6), 26-30.

Mrvcic ], SanjaPosavec S. Kazazic S., Stanzer D., PeSa A,
&Stehlik-Tomas V., (2012). Spirit drinks: a source of
dietary polyphenols. Croat. J. Food Sci. Technol, 4(2), 102-
111.

Mutlu, C, Tontul, S.A. & Erba,S, M. (2018).Production of a
minimally processed jelly candy for children using honey
instead of sugar. LWT, 93, 499-505. [CrossRef]

Neha P, Jain SK, Jain NK, Jain HK & Mittal HK (2018). Chemical
and functional properties of Beetroot (Beta vulgaris L.) for
product development: A review, International Journal of
Chemical Studies, 6(3): 3190-3194

Ntrallou, K. Gika, H. & Tsochatzi, E. (2020).Analytical and
Sample Preparation Techniques for the Determination of
Food Colorants in Food Matrices, Foods, 9(1), 58; 1-24,
doi:10.3390/foods9010058

Pham, D. T., Ninh, N. T., Hoang, T. N., Pham, C. T. K., Nguyen, L.
H, Tran, T. Q. & Huynh, D. T. T. (2020). The Effectiveness
of Oral Nutritional Supplements Improves the
Micronutrient Deficiency of Vietnamese Children with
Stunting. Archives of Pharmacy Practice, 11(1), 7-13.

Qawasmeh, A, Obied, H. K,, Raman, A. & Wheatley, W. (2012).
Influence of fungal endophyte infection on phenolic
content and antioxidant activity in grasses: Interaction
between Loliumperenne and different strains of
Neotyphodiumlolii. jJournal of Agricultural and Food
Chemistry, 60(13), 3381-3388.

Ravichandran, K.; Ahmed, A.R.; Knorr, D.; & Smetanska, I.
(2012). The effect of different processing methods on
phenolic acid content and antioxidant activity of red beet.
Food Res. Int. 48(1), 16-20. [CrossRef]

Roy, K, Gullapalli, S., Chaudhari, R. & Chakraborty,R. (2004).
The use of a natural colorant based on betalin in the
manufacture of sweet products in India. Int. . Food Sci.
Technol, 39(10):1087-1091

SAS System for Windows (Statistical Analysis System) (2008).
Version 9.2. Cary, USA: SAS Institute Inc. S.

40

Sharma, KD.Karki, S., Thakur, NS. & Attri, S. (2010).Chemical
composition, functional properties and processing of
carrot—a review, | Food SciTechnol (January-February
2012) 49(1):22-32

Shyamala, B. & Jamuna, P. (2010).Nutritional Content and
Antioxidant Properties of Pulp Waste from Daucuscarota
and Beta vulgaris. Malays ] Nutr., 16(3):397-408.

Suliman, Z. E,, Zidan, N. S., & Foudah, S. H. (2018). Chemical
Compositions, Antioxidant, and Nutritional Properties of
the Food Products of Guddaim (Grewia tenax).
International Journal of Pharmaceutical Research & Allied
Sciences, 7(3), 172-182.

Sultana, B., Anwar, F. & Przybylski, F. (2007). Antioxidant
activity of phenolic components present in barks of
Azadirachtaindica, Terminaliaarjuna, Acacia nilotica, and
Eugenia jambolana Lam. TreesFood Chemistry, 104(3),
1106-1114.

Turkmen N, Sari F, & Velioglu YS (2006). Effect of extraction
solvents on concentration and antioxidant activity of black
and black mate polyphenols determined by ferrous
tartrate and Folin-Ciocalteu methods. Food Chem
99(4):838-841

United Nations (2014). The World Population Situation in
2014. A Concise Report. New York.

Walkenstrom P, Kidman S, Hermansson AM, Rasmussen PB. &
Hoegh L. (2003). Microstructure and rheological behaviour
of alginate/pectin mixed gels. Food Hydrocoll. 17(5):593-
603.

Wruss, J., Waldenberger,G., Huemer,S., Uygun, P., Lanzerstorfer,
P, Miiller, U, Héglinger, U. & Weghuber)]. (2015).
Compositional characteristics of commercial red beetroot
products and red beetroot juice prepared from seven red
beetroot varieties grown in Upper Austria. Journal of Food
Composition and Analysis, 42: 46-55

Yee, LP. and Wah, CS. (2017). Application of red pitaya powder
as a natural food colourant in fruit pastille, JurnalGiziKlinik
Indonesia, 13 ((3): 111-120.

Yudhistira, B ., Affandi, D R & Nusantari, P N. (2017). Effect of
green spinach (Amaranthus tricolor L) and tomato
(Solanumlycopersicum) addition in physical, chemical, and
sensory properties of marshmallow as an alternative
prevention of iron deficiency anemia, International
Symposium on Food and Agro-biodiversity (ISFA) 2017,
I0P Conf. Series: Earth and Environmental Science 102, 1-8

Zinoviadou, K.G.; Galanakis, C.M.; Brn, M.; Grimi, N.; Boussetta,
N.; Mota, M.],; Saraiva, ].A.; Patras, A.; Tiwari, B.; & Barba,
F.J. (2015). Fruit juice sonication: Implications on food
safety and physicochemical and nutritional properties.
Food Res. Int. 77, 743-752.


https://www.semanticscholar.org/author/B.-Shyamala/34936761
https://www.semanticscholar.org/author/P.-Jamuna/9158955

