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Effect of humic acid, seaweed extract and essential
oils as antioxidants on pre-and post-harvest quality

of red radish plants

Abstract

This study was carried out to assess the effect of certain biomodulators, namely seaweed
extract, humic acid, peppermint and thyme oils, on quality-related metabolites during both
pre- and post-harvest of Red radish. For this purpose, plants were sprayed with tested
biomodulators twice, 20 and 30 days after sowing, and chosen biochemical constituents
affecting quality were estimated before harvest, and again in roots of harvested plants after
storage in standard cold storage. In addition, to evaluate the involvement of each tested
parameter in post-harvest quality of stored roots, a correlation matrix between biochemical
constituents after storage and quality parameters of stored roots represented by weight loss
and post-harvest decay percentage as well as stored root‘s dry matter percentage. Results
indicated that the adopted biomodulators affected the metabolism of treated plants in a way
that persisted after storage, hence positively affected roots post-storage quality attributes.
Invariably, stored roots of biomodulators-treated plants contained higher concentrations
from total anthocyanins, ascorbic acid, total phenols, nutrients concentration as well as
flavonoids compared with those of control plants. Moreover, activity of both peroxidase and
polyphenol oxidase was higher in stored roots of biomodulators-treated plants. In addition,
all applied biomodulators decreased weight loss and post-harvest decay percentage, thus
roots of biomodulators-treated plants contained higher dry matter compared with roots of
untreated plants. The metabolic and physiological bases of biomodulators-induced quality
parameters of roots after storage were discussed.

Keywords: seaweed extract, humic acid, peppermint oil and thyme oil, red radish,

Volume 3 Issue 3 - 2019

Moheb T Sakr,' Heba M Ibrahim,' Aml E
ElAwady,2 Amira A AboELMakarem?

'Botany Department, Faculty of Agriculture, Mansoura
University, Egypt

?Post harvest and handling vegetables Research, Department of
Horticulture Research Institute, Egypt

Correspondence: Amira A AboELMakarem, Post harvest

and handling vegetables Research, Department of Horticulture
Research Institute, Agriculture Research Center, Giza, Egypt, Tel
01009170150, Email katkotaé | 3@yahoo.com

Received: March 04,2019 | Published: May 24,2019

‘ ") CrossMark

raphanus sativus, post-harvest quality

Introduction

Raphanus sativus L. is a root vegetable widely grown for its
nutritional, culinary and medicinal uses that belongs to Brassicaceae.
It grows in temperate climates at altitudes between 190 and 1240
m. Its roots are thick and of various sizes, forms, and colors. Red
Radish belongs to the variety radicular. The edible fleshy axis is
derived from the hypocotyl and upper radicle tissues. Radish is
widely used in salad preparations and contains a considerable amount
of antioxidants, vitamin C, and health-promoting compounds such as
glucosinolates and phenolic compounds. Various parts of the radish
plant, including roots, seeds, and leaves, have been used for medicinal
purposes. Its health-promoting properties have been attributed to
polyphenolic compounds. R. sativus is popularly used to treat liver
and respiratory illnesses,' reduce cancer development? and contains
arange of digestive enzymes.> A comprehensive review of the plants
active constituents and its therapeutic properties could be found in
the publication of Gutiérrez and Perez.* Radish has also been used in
naturopathic medicine as a laxative, stimulant, and digestive aid, as
well as in the treatment of stomach disorders.’ Red radish cultivars
are a potential source of natural colorants due to the presence of
anthocyanins, which have high stability. Anthocyanins have well-
known health benefits, including the ability to scavenge free radicals,
inhibit cancer and diabetes, prevent neuronal and cardiovascular
diseases, and suppress inflammation. Great attention is being
given to post-harvest quality of vegetables due to rising consumer
awareness about diet-health connections. Quality parameters of stored
vegetables are determined by both pre- and postharvest factors.” So,
it is assumed that manipulation of growth and metabolism of plants
during preharvest stage may have significant impact on postharvest
quality of their stored products.

Humic acid (HA) are the most significant constituents of organic
matter in soils and have a relevant role in the cycling of many
elements in the environment and in soil ecological functions.® Foliar
sprays of HA promote growth, increase yield and quality in a number
of plant species.’ Moreover, humic acid influence respiration process,
the amount of sugars, amino acids and nitrate metabolism.!° Nardia
et al."! characterized the effects of HA on physiology of higher
plants. According to them, HA positively influencing the uptake of
some nutrients, especially nitrate, may influence both respiration
and photosynthesis, may display a hormone-like activity, and exhibit
stimulatory effects on plant cell growth and development.

Seaweed products exhibit growth-stimulating activities, and the use
of seaweed formulations as bio modulators in crop production is well
established. Seaweed components such as macro- and microelement
nutrients, amino acids, vitamins, cytokinins, auxins, and abscisic acid
(ABA)-like growth substances affect cellular metabolism in treated
plants leading to enhanced growth and crop yield.!? In addition, it has
been reported that seaweed extract enhanced the plant‘s antioxidant
defense system of wheat plants subjected to drought stress through
elevating both the enzymatic and non-enzymatic components of the
plant‘s antioxidant defense system.'

Essential oils are well known for their antioxidant and antimicrobial
properties that prevent food degradation and alteration.'* They possess
antimicrobial properties and prevent growth of bacteria, fungus
and virus during storage and protect cells from senescence, thereby
increase shelf life of vegetables. Thyme oil contains more than 40%
phenolic constituents (thymol, carvacrol and caffic acid) which have
strong antispectic effects. Essential oils chemical composition of
Thymus vulgaris and Mentha piperita were identified by GC-MS
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where the most components of thyme were thymol (44.7 %), cymenin
(18.6 %) and tripeneine (16.5 %) whereas menthol and menthone are
the main components of peppermint oil."> Application of 4 % thyme
and basil oils had a positive effect on broccoli seed germination,
which was ascribed to their antioxidant and disinfecting effects.!

The objectives of the current investigation was to assess the effect
of bio stimulators seaweed extract (SWE), humic acid (HA), thyme
oil as well as peppermint oil on certain quality-related biochemical
constituents during both pre- and post-harvest stages.

Materials and methods

Two field experiments were conducted during the two consecutive
growing seasons of 2015 and 2016 at EL-Bramoon Farm, Mansoura
city, Dakahlia Governorate. Seeds of Raphanus sativus L., (var.
Cherry red) were secured from Vegetables Dept., Horticulture
Research Institute, ARC, Egypt and planted on October 22th during
both growing seasons. Soil samples at 30 cm depth were taken for
estimating the experimental soils physical and chemical characteristics
(Table 1) according to.'” The experimental design was randomized
complete block design with three replicates. Each replicate contained
three rows, six meters in length and 3 m in width, with the total
experimental area of 162 m2. Within the row, the distance between
plants was 20 cm. Plants were sprayed twice, 20 and 30 days after
sowing (DAS) onto foliage with solutions of Seaweed Ecklonia
maxima extract (SWE,) at the rate of 4 ml L-1, Humic acid (HA) at
the rate of 30 ml L-1 , Peppermint oil (P.O) at the rate of 50 ml L-1,
and Thyme oil (T.O) at the rate of 50 ml L-1 . Control plants were
sprayed with tap water. Tween 20 was added to sprayed solutions at
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the rate of 0.05 % as a wetting agent. Seaweed extract and humic acid
were obtained from Shoura Company, Egypt. Peppermint and thyme
oils were obtained by hydro-distillation for 2-3 h in the Post-harvest
Lab., Hort. Res. Station, Agric. Res. Cent., Egypt, using modified
Clevenger apparatus according to Guenter.'® Samples were collected
40 DAS to determine the contents of anthocyanins, total phenols, total
flavonoids, ascorbic acid, total carbohydrates, total free amino acids
as well as the activity of Peroxidase and Polyphenol oxidase.

Anthocyanins were determined according to Chiriboga and
Francis.”” Total phenols were measured calorimetrically at 650
nm using Folin-ciocalteu reagent according to Bray and Thorpe.?
Total flavonoids content was estimated calorimetrically at 510 nm
as described by Heimler et al.?' Ascorbic acid was determined by
the 2,6-Dichlorophenolindophenol dye procedure of Freed.”? Total
carbohydrates were determined using phenol sulphuric acid method
according to Dubios et al.>® Total free amino acids were determined
according to the procedure of Moore and stein.?* Peroxidase extraction
and assay were performed according to the procedure of Maxwell
and Bateman.? Polyphenol oxidase (PPO) extraction and assay were
performed according to Maria et al.?®

Plants were uprooted 60 DAS and samples from roots (ten roots
from each replicate) were packed in polyethylene bags and stored at
controlled storage conditions (5°C, relative humidity 95%) for three
months. Afterwards, postharvest quality and storage parameters
represented by weight loss percentage, post-harvest decay percentage
and dry matter percentage were estimated. Weight loss percentage
(WLP %) was estimated according to the following equation:

Table | Physical and chemical characteristics of the experimental soil average of the two growing seasons

Texture Organic matter% Total carbon% Ec(ds m-1) pH N% P% K%
Clay 1.8 1.82 0.75 865 0.19 0.015 0.14
WLP%=[Initial(Final Weight/Initial Weight)]x100 (A.0.A.C, Results

2007) Post-harvest decay percentage (PDP %) was estimated
according to the formula: (Number of Decayed Fruits/ Number of
Total Fruits)x100.*” Dry matter percentage (DMP %) was estimated
as described by Lee.?® After drying in the oven at 60°C until weight
stability, moisture percentage was calculated according to the
equation:

Fresh weight of root before storage—Dry weight of root after
storage)/Dry weight of root after storagex100; then dry matter (%)
was estimated as (100 - % moisture percentage).

Statistical analysis

Data were subjected to analysis of variance using GENSTATE
software (version 11.1.0.1575). To compare differences between
means, least significant differences (LSD) at 5% were calculated
according to Gomez and Gomez.”

Correlation matrix between biochemical analysis after storage in
refrigerator at (5°C/Rh 95%) and storage parameters at the 0.05 and
0.01 level (2-tailed) on PASWStatistics18 software. The sign of the
correlation coefficient determines whether the correlation is positive
or negative. The magnitude of the correlation coefficient determines
the strength of the correlation subjected by Evans® suggests absolute
r-value {0.00-0.19 (very weak), 0.20-0.39 (weak), 0.40-0.59
(moderate), 0.60-0.79 (strong) and 0.80-1.0 (very strong)}.

Effect of bio modulators on biochemical constituents
during pre- and post-harvest stages

Total anthocyanin and ascorbic acid

All applied bio modulators increased total anthocyanin’s
concentrationintheroots either pre- or post-harvest compared to control
(Table 2). The highest anthocyanins concentrations were obtained in
response to treatment with thymus oil followed by humic acid in pre-
harvest stage. In roots that stored in the specified storage experimental
conditions, total anthocyanin concentration was decreased, either in
biomodulators-treated or untreated plants compared with before
storage. However, in post-harvest stage anthocyanins concentrations
were highest in response to the treatment with peppermint oil followed
by seaweed extract i.e. peppermint oil and seaweed extract caused the
least decline in anthocyanins concentration in stored roots, in order.
Data presented in Table 2 show that ascorbic acid concentration in
pre-stored roots was increased in response to thyme oil and seaweed
extract, though the increase was insignificant in case of seaweed
extract treatment. On the other hand, humic acid and peppermint oil
did not affect ascorbic acid concentration in the roots before storage.
In stored roots, ascorbic acid concentration was decreased either in
bio modulators-treated or untreated plants. However, the magnitude
of decline was lower in roots of bio modulators-treated plants. So,
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after storage, ascorbic acid concentration in roots was significantly
higher in all biomodulators treatments compared with control .The
lowest loss percentage was recorded in response to peppermint oil
(29.7 %) followed by humic acid (31.7 %).

Total phenols and flavonoids

All applied bio modulators increased total flavonoids in roots
during both pre-and post-harvest stages as well as total phenols only
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during post-harvest stage (Table 3). The only bio modulator that
increased total phenols in the roots before storage was Peppermint oil.
Both total flavonoids and phenols were decreased after storage, but the
decrease was lower in case of total flavonoids. The lowest decrease in
total phenols was recorded in response to Peppermint oil whereas the
least decrease in total flavonoids was recorded in response to thyme
oil treatment.

Table 2 Effect of applied bio modulators on total anthocyanin’s and ascorbic acid content (mgg' EW.) in roots of Raphanus sativus L, plants before and after

storage
Parameters Anthocyanins (mgg-1 FW.) Ascorbic acid (mgg-1 FW.)
Treatments Before  After  Total loss % Before  After Total loss %
Seaweed extract 6712 1753 55.52 24.13 13.97 42.11
Humic acid 8.51 743 68.86 1731 32711 13753
Peppermint oil 6700 2732 44.77 1730 32720 29.71
Thyme oil 6733 741 47737 15731 735 39.16
Control 5734 3722 57767 1723 7701 32756
LSD at 0.05 1741 1707 - 4710 3731 -

Table 3 Effect of applied bio modulators on total phenols and flavonoids (mgg"' D.W) roots of Raphanus sativus plants before and after storage

Parameters Total phenols (mg g-1 F.W.) Total flavonoids (mgg-1 F.W.)
treatments Before  After Total loss% Before After  Total loss%
Seaweed extract 32727 30716 16.63 1711 0.29 12.12
Humic acid 31723 31756 19.61 1721 1713 12.5
Peppermint oil 32763 30723 16.16 1717 1712 12.82
Thyme oil 31711 31720 19.85 1725 1722 6.38
Control 12.5 9.51 23.92 0.31 0.26 16.13

LSD at 0.05 711 3710 - 1713 1711 -

Total carbohydrates and total free amino acids

Generally, total carbohydrates concentration in roots before
storage was increased in response to bio modulators treatments,
though the increase was insignificant (Table 4). In addition, roots
of bio modulators-treated plants after storage contained higher
concentrations of total carbohydrates compared with control roots,
though the differences did not reach the significance level. In all
treatments, total carbohydrates concentrations were decreased after
storage, with the least decrease in response to seaweed extract
followed by Peppermint oil treatment.

Total free amino acids concentrations in roots treated with
all bio modulators before storage were not significantly different
than that in control roots (Table 4). On the other hand, roots of bio
modulators-treated plants after storage contained significantly higher
concentrations of total free amino acids compared with control.
Storage caused a decrease in total free amino acids concentrations
in roots of bio modulators-treated as well as control plants. In stored
roots of seaweed extract-treated plants, the decrease in concentration
of total free amino acids was the least, followed by thyme oil.

Concentration of potassium and sulphur

Roots of biomodulators-treated plants either before or after storage
contained higher concentrations of both potassium (K) and sulphur (S)
compared with control roots (Table 5). However, the recorded increase
in S concentration before storage was insignificant in response to all
biomodulators treatments. In roots of biomodulators-treated as well
as control plants, concentrations of both potassium K and S were
decreased after storage. The decrease was of the least magnitude in
response to seaweed extract treatment in case of K and in response to
peppermint oil in case of S.

Activity of peroxidase and polyphenol oxidase

In roots of biomodulators-treated plants, the activity of peroxidase
(POD) was increased either before or after storage compared with that
in roots of control plants. A similar trend in the activity of polyphenol
oxidase (PPO) was recorded in roots after storage. On the other hand,
before storage, PPO activity in roots was increased in response to
seaweed extract and peppermint oil treatments whereas decreased
in response to humic acid and thyme oil treatments. Storage affected
the activity of both POD and PPO, but in different manner. Where
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POD activity was decreased after storage, PPO activity was increased
(Figure 1). The least decrease in POD activity was recorded in
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response to thyme oil treatment, whereas the highest increase in PPO
activity was achieved in response to humic acid treatment.

Table 4 Effect of applied biomodulators on total carbohydrates (mgg' D.W.) and free amino acids (mg/100 g D.WV.) in dried roots of Raphanus sativus plants

before and after storage

Parameters Total carbohydrates (mgg-1 D.W.) Total free amino acid (mg/100 g D.W.)
Treatments Before After Total loss% Before After Total loss%
Seaweed extract 305731 312761 17.8 12.09 5.64 53.35

Humic acid 305711 90.83 28.5 12.49 2777 60.05
Peppermint oil 304741 313770 19.49 31734 2712 67.99

Thyme oil 330730 62711 27.46 30744 3701 58.93

Control 331771 57711 28.76 30711 1711 72.57

LSD at 0.05 742 3752 - 1751 1727 -

Table 5 Effect of applied biomodulators on potassium concentration (mgg' D.W.) and Sulphur percentage in dried roots of Raphanus sativus plants before and

after storage

Parameters Potassium (mg g-1 D.W.) Sulfur (%)
Treatments Before  After Total loss% Before  After Total loss%
Seaweed extract 30726 33711 11.86 1.43 0.93 34.97
Humic acid 31711 31711 1716 1.2 0.9 25
Peppermint oil 31742 31717 26.03 3731 3733 23.33
Thyme oil 31704 31715 24.06 3707 3713 21.71
Control 12.37 7711 5702 3731 1731 54.55
LSD at 0.05 1733 1753 - 1726 1713 -
applied biomodulators decreased weight loss and post-harvest decay
‘ - percentages hence, roots of biomodulators-treated plants contained
& higher dry matter compared with the roots of untreated plants. Weight
{ loss as well as post-harvest decay percentage was minimum in
] response to peppermint treatment, followed by thyme oil treatment.
- 2‘” Nevertheless, dry matter percentage in stored roots was highest due to
Pl R seaweed extract followed by humic acid treatments (Figure 2).
- - 129 =PO
aTO "
1 C i | D 10 o Cont. 2 60
‘ 0 L
Total 50 ga
Before After Total loss%  Before After  loss% m uSWE
Peroxidase(ug-1/ Exo) Polvphenoloxidase(ug-1/ Emt) N HA
Enzymatic antioxidants 30
S N o uP.0
. . . L =20 nTO0
Figure | Effect of applied bio modulators on the activity (Ug-1 EW.) of
Peroxidase (POD) and Polyphenoloxidase (PPO) in roots of Raphanus sativus ) & Cont.
plants before and after storage.
L0
Effect of biomodulators on post-harvest quality Weight loss%  Postharvest decay % Dry matter
parameters of stored roots [ Storage parameters

After two months-storage, stored roots had visible decay symptoms
manifested by rotting, water stains and unusual smell due to growth of
bacteria and fungus on roots. However, quality parameters of stored
roots were differed between biomodulators treatments and control. All

Figure 2 Quality parameters of stored roots of Raphanus sativus plants after
storage for three months in refrigerator at 5°C and 95% relative humidity as
affected by biomodulators treatments.
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Pearson’s correlation matrix between roots
biochemical analyses after storage and their post-
harvest quality parameters

In Table 6 showed the output of Pearson’s correlation matrix
between biochemical analysis after storage in refrigerator at (5°C/
Rh 95%) for three months and storage parameters of radish plants
in first season 2015. Dry matter and post-harvest decay showed very
strong significant negative as follow (-0.90 and -0.99) respectively
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relationship with sulfur concentration at the 0.05 and 0.01 level.
Total anthocyanin revealed very strong significant positive as follow
(0.98 and 0.92) relationship with total phenols and carbohydrates at
the 0.05 and 0.01 level. Ascorbic acid, total phenols, flavonoids and
anthocyanin recorded very strong significant positive as follow (0.95,
0.97, 0.89 and 0.91) respectively relationship with total flavonoids,
carbohydrates, potassium concentration and peroxidase enzyme at the
0.05 and 0.01 level.

Table 6 Pearson’s correlation matrix between roots biochemical analyses after storage and their post-harvest quality parameters

DM % PDP % WLP % TA ASA TP T.F T.C TA K S POD PPO
DM?%
PDP% 0.88
WLP% -0.3 -0.61
TA -0.83 -0.83 0.72
ASA -0.57 -0.69 0 0.21
T.P -0.73 -0.77 0.79 0.98%* 0.11
TF -0.52 -0.66 -0.02 0.14 0.95%* 0.02
TC -0.57 -0.66 0.85 0.92* 0 0.97%* -0.12
TA -0.35 -0.7 0.66 0.46 0.62 0.51 0.47 0.56
K -0.48 -0.72 0.78 0.71 0.38 0.77 0.19 0.83 0.91*
S -0.90%* -0.99%* 0.61 0.86 0.63 0.79 0.62 067  0.63 0.67
POD -0.74 -0.81 0.2 0.45 0.78 0.31 0.89* 0.13 0.35 0.21 0.82
PPO -0.72 -0.64 0.57 0.86 -0.04 0.8l 0.05 0.7 0.05 029 071 0.49

*Correlation is significant at the 0.05 level (2-tailed).

**Correlation is significant at the 0.01 level (2 tailed)

DM, dry matter; PDP, post-harvest decay; WLP, weight loss; TA, total anthocyanin’s; AsA, TP, total phenols; ASA, ascorbic acid; TF, total flavonoids; TC, total
carbohydrates; TA, total amino acids; K, potassium; S, sulphur; POD, peroxidase; PPO, polyphenoloxidase

Discussion
Cold storage and post-harvest quality of plant products

Senescence is the most important internal factor that causes
damage to vegetables whereas low temperature is the best way
to delay post-harvest deterioration of fruits and vegetables. In
this context, Bayomi®' concluded that the higher post-harvest
decay percentage in late harvesting stage of fruits is due to higher
rate of respiration, more skin permeability for water loss and high
susceptibility to decay. Dry matter acts an index to evaluate the fruit
quality due to endure prolonged storage.’ Generally, low temperature
can maintain organic matter and vitamins levels in short and long term
storage because most enzyme activities decrease and the expression of
many genes inhibited during cold storage. Low temperature markedly
delays senescence of broccoli during storage.®® In addition, Shen et
al.** reported that refrigeration can reduce deterioration and extend
shelf life of fresh fruits by delaying the metabolic processes. Dry
matter production represents a balance between photosynthesis and
respiration. Respiration rate, which has long been used to measure
metabolic process in stored produce,®3¢ is governed by water
availability, temperature, O2 concentration, microbial contamination,
mechanical damage, among other factors. Porter et al.’” reported that
respiration rate of chinese cabbage was higher at 20°C than at lower
temperatures.

Effect of essential
parameters

oils on post-harvest quality

Synthetic chemicals are commonly used in the control diseases
of stored plant products however; these chemicals may cause toxic
residues in treated plants.®® Alternatively, the use of natural products
like herbal extracts and essential oils can reduce harm to public
health and preserve the environment from pollution. These eco-
friendly plant-derived products generally possess a broad spectrum
of activity against several pathogens and pests.* Essential oils are
natural complex compounds with a strong smell and produced as
secondary metabolites in aromatic plants. In nature, essential oils
acts as antibacterial, antivirus, antifungal and insecticides. It contains
compositions of terpenes, sesquiterpenes, aldehydes, ketones and
phenolic compounds.* The main chemical components of thyme oil
are thymol, carvacrol, o- pinene, -pinene, borneal, linalool, 3-simine
and camphene.*! The composition of volatile oil of M. piperita is
menthol, monoterpene and methofuran.*? These constituents act
as inhibitor for pathogens growth during cold storage and reduce
senescence in treated plants.

In the current investigation, thyme as well as peppermint oil
decreased weight loss and post-harvest decay percentages hence,
preserved roots dry matter during cold storage (Figure 2). These
findings are in harmony with those of previous studies.*
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Biomodulators-induced enzymatic, non-enzymatic antioxidants
and their relationship with post-harvest quality:

Antioxidants play an important role in scavenging reactive oxygen
species (ROS) that appear during storage-related senescence of
vegetables.* Antioxidant capacity is directly correlated with phenolic
compounds.®®*! Therefore, plants with enhanced levels of antioxidants
can resist oxidative damage.” The results of the present investigation
revealed that generally, the applied biomodulators diminished the
decline in concentrations of anthocyanins, ascorbic acid, phenols
and flavonoids as well as in the activity of the antioxidant enzyme,
peroxidase. This implies that stored roots of biomodulators-treated
plants contained higher levels of antioxidants compared with roots of
untreated plants. Similar conclusions were made based on the results
of previous studies.>>” How elevated levels from these constituents
preserve roots quality during storage could be discussed as follows:

Anthocyanins

Anthocyanin’s belong to flavonoids group and located in a cell
vacuole.” It plays important role as an antioxidant. The anthocyanin
pigment inhibits active oxygen radicals formed by exposure to stress
conditions that occur during storage periods due to pathological
injures i.e., enzymatic browning, molds and water stains on fruits.
The results of some in vitro experiments indicated that anthocyanin
pigments scavenge superoxide, active oxygen radicals*’and hydrogen
peroxide.®® On the other hand, anthocyanin pigment is affected by the
amount of sugar due to a lower water activity Hubbermann et al.®!
Lopez-Andreu et al.2 reported that anthocyanins concentration was
decreased at the end of the cold storage period, which imply that they
are consumed in scavenging storage-related ROS.

Ascorbic acid

Ascorbic acid is a major component of the plant defense system®
that protect biological processes of the plant from ROS generated
during biotic and abiotic stresses.** In addition, it has a pivotal role
in eliminating H202 through the glutathione-ascorbate cycle that
operates in the cytosol, mitochondria, plastids and peroxisomes
where it involves ascorbate, glutathione, NADPH and the enzymes
linking these metabolites during long term storage. Since glutathione,
ascorbate and NADPH are present in high concentrations in plant
cells it is assumed that the glutathione-ascorbate cycle plays a key role
for H,0, detoxification. Peroxidases also contribute to H,O, removal
in plants. The destruction of ascorbic acid is one of the most serious
problems facing plants under stress conditions, whether in the soil or
when storing in the short or long term.® The oxidized form of ascorbic
acid is more prone to decomposition during storage in low temperature.
Ascorbic acid decreases during storage due to its consumption in the
ROS-detoxification process especially at temperature above 0°C*
through oxidation in the presence of ascorbate oxidase enzyme, and
changes back to its active form.®” The antioxidant role of ascorbic acid
in mitigating stress-related metabolic abnormalities was evident from
the results of other studies.*>53.6869

Phenolic compounds

Post-harvest stresses e.g. mechanical injuries and others during
storage led to enzymes activity that responsible for phenolic
compounds deterioration.”’ Phenolic compounds and enzymes do not
interact with each other because of their different locations within
cells consequently; shelf life of vegetables and fruits is increased.
However, when membranes are damaged, destruction and oxidation of
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phenolic compounds are initiated, causing breakdown of defense line
in the cell against free radicals.”®”' Similar conclusions were made by
Wang et al.* and Abd EL-Wahab.*’ Flavonoids are the most important
group of phenolic compounds in plants® that assist in scavenging
free radicals and inhibiting oxidative stress, thereby decreasing cell
membrane deterioration during long storage® which low temperature
could decrease the membrane lipid degradation and POD activity as
a result, it can slow down flavonoids oxidation. These results are in
agreement with those obtained by Dupont et al.”? on lettuce, Yuan et
al.” on broccoli plants and Geransayeh et al.*® on strawberry fruits.

Total carbohydrates

Carbohydrates are among the most prevalent organic compounds
and represent the most important sources of energy in the plant.
This energy from the sun was obtained in photosynthesis process
(anabolism) and it is released through respiration (catabolism).
Finally, the carbohydrates serve as the starting compounds for the
biogenesis of many other cell constituents. Total carbohydrates
represent the production of both sugars and starch within the cell. This
study showed increased photosynthesis and increased plant growth
rate with adding HA and SWE treatments in the open field led to
an increase in the rate of carbohydrate content. These results are in
harmony with those recorded by Bakry et al.”* on two wheat cultivars,
Ameri and Tehranifar” on Fragaria ananasa L. Antioxidants applied
in the field experiment led to a significant increase in storage of
fruits due to increased carbohydrates anabolism process within plant
cells. Accordingly, the rate of broccoli plants respiration effect on
carbohydrate levels when storage in cold temperature at 5°C. These
results are in agreement with those reported by’ on Vigna radiate
plants that also supported by Wills et al.” reported that decrease in
fruit metabolic activities results in a decrease in fruit water loss and
carbohydrates depletion rate and for this reason senescence process
delayed in fruits in short-term storage at specific temperature.

Total free amino acids

The amino acid pool is only a small portion of the total dissolved
organic nitrogen pool, which generally contains less than 10% free
amino acids in temperate ecosystems.”®” So, several studies have
shown that plants can up take N in forms of amino acids without
relying on microbial mineralization.** Amino acids of algae such as
amids, cyanogenic, glycosides, purines, porphyrins and cytokinins
have been studied by*“*> which are involved in the processes of
bio-synthesis of protein that have directly or indirectly affect the
physiological processes within the plant. The present study supported
results of*® found the free amino acid concentration were also more
in Brassica nigra treated with 10% SWE of P. teriastromatica and S.
linearifolium,* reported the free amino acids may be act as protective
agents of membrane that protect the cells from biotic and a biotic
stress pre or postharvest and Bakry et al.’* on two wheat cultivars.
The content of amino acid components in dried roots of radish plants
changed with different storage intervals and temperature. The results
were showed significantly increase with peppermint oil compared
with control plants. Accordingly, application of P.O reduced total
amino acids degradation in the roots of radish plants. In general, the
percentage of total amino acids decreased due to low respiratory rate
and enzymatic activity Pareek et al.®

Nutrients concentration (sulfur and potassium)

Sulfur (S) is fourth essential macro element for plant nutrition
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after nitrogen, phosphorus and potassium. Plants can absorb sulfates
and convert them into essential amino acids, which are involved in
metabolism. S plays an important role in the growth and development
of higher plants Osman and Rady.*® S deficiency affects on synthesis
of chlorophyll, nitrogen concentration in leaves and photosynthetic
enzymes Lunde et al.¥’ led to reduce the quality and quantity of
yield.®% Adequate S nutrition has regulatory interactions with
N assimilation and also can enhance the photosynthesis process
Scherer.¥” S is an important constituent for N assimilation, protein
and co-enzymes synthesis. The results obtained by**! revealed that
the application of humic and SWE may be increased the uptake of
mineral elements. Many study supported these results such as Ameri
and Tehranifar’™> on Fragaria ananasa L, and Boghdady et al.”> on
chickpea seeds.

Ayas and Gulser” showed the application of humic acid at rate
of (250g) on spinach led to increase nutrient content, amino acid and
sugars concentration. On the other hand after the storage intervals, the
respiration rate increase as well as S content and the total amount of
protein decreased.

Potassium (K) is one of the essential elements of a plant that has
a positive role in biosynthesis of vitamins, proteins and metabolism
of nucleic acids.”*® Furthermore, Potassium is an important nutrient
involved in transpiration, stomatel opening, osmoregulation,
photosynthesis and enzymes activation.”®”” Also K participated in
critical physiological processes such as transport of food so phloem,
osmotic potential of cells as well as cell extension wall.** 1! showed
that antioxidants applied on leaves led to significantly increased
in potassium concentration in cucumber and tomato plants. The
application of antioxidants as a foliar spray on leaves increased
nutrients uptake of the soil helped to form the roots and reach the
appropriate size of the harvest that reflected on the storage intervals
that maintained the roots from oxidation processes and enzymatic
browning.'”? Similar results were also reported on sweet potato by
EL-Sayed Hameda et al.'” on Allium sativum L. by Abd EL-Razzak
and EL-Sharkawy,'* on radish plants by Ayub et al.'*"!%” On Spinacia
oleraceae plants by Pirthiviraj et al.
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