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Abstract

This study investigated the interaction effects of salinity and ultrasound pretreatment on the phytochemical composition and

growth of clover sprouts. Clover seeds were pretreated with ultrasound at 20, 28, and 40 kHz for 30 min at 30 °C and soaked for 9

h in deionized water, 1000 and 2000 ppm NaCl solution, then sprouted in the dark for 3 days. Clover sprout length significantly (p <

0.05) decreased with increasing salinity concentration to 2000 ppm NacCl, and increased for the ultrasound pretreated samples, sug-

gesting a reduction in the salinity damage to clover sprout growth. The phytochemical compounds in clover sprout were identified by

GC/MS/MS analysis. Some phytochemicals detected in the clover sprouts (7,8,3,4-tetramethoxyflavone, 3,7,8,2'-tetramethoxyflavone

and docasane, 4-methyl) were not identified in the seeds. The results showed an increase in the methionine in the clover sprout with

increasing salinity concentration. In contrast, no significant difference was observed on the methionine with the ultrasound treated

samples. The phenolic compound salicylic acid in clover sprouts increased with increasing ultrasound frequency levels. It inhibited

the ethylene production and induced salinity tolerance of the clover seedling. A novel mechanism of protecting the sprout tissues

from the damage effect of salinity by the ultrasound pretreatment was proposed.
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Introduction

The phytochemicals are biologically active compounds of plant
origin that provide functional benefits, not the basic nutritional
benefits [1]. Moreover, the effects of these biologically active com-
ponents additively or synergistically may be responsible for the
health benefits of diets [2]. Clover plant (Medicago falcate L.) be-

longs to the family Fabaceae (Leguminosae). For centuries, it has
been used in feeding livestock, provided as green, hay, or pellet
feeds. Nowadays, clover and alfalfa sprouts are widely consumed
by humans as a garnish and leaf protein concentrates, and the de-
hydrated plant comprises many nutritional supplement products

[3]. A research report shows that using seed sprouts in the human

Citation: Tahany,, et al. “Interaction Effects of Salinity and Ultrasound Pretreatment on the Phytochemical Compounds of Clover Sprouts". Acta Scientific

Nutritional Health 5.3 (2021): 90-101.


https://www.actascientific.com/ASNH/pdf/ASNH-05-0838.pdf

Interaction Effects of Salinity and Ultrasound Pretreatment on the Phytochemical Compounds of Clover Sprouts

diet can supply both the basic nutrients and phytochemical com-
pounds with the health-promoting properties [4]. Several studies
have reported the presence of phenolics and flavonoids [5-9], vita-

mins [10] and terpenoids [11,12] in legume seeds.

Germination is one of the numerous factors that affect phenolic
compounds in legume plants. The germination process is an inex-
pensive and simple method of improving the nutritional value of
legume seeds. An increase in phenolic compounds after sprouting
legume seeds was reported [9,10]. It was also reported that ger-
mination modifies the quantitative and qualitative phenolic com-
pounds of legumes and these changes influenced the functional
properties of the legumes, such as the antioxidant activity [13].
Phenolic compounds have antioxidant properties that may make
them to act as reducing agents (free radical terminators), hydrogen

donors, singlet oxygen quenchers, and metal chelators [14-16].

Soaking seeds into lower NaCl concentration solutions has been
a cheap and effective approach for improving clover seeds' germi-
nation under water stress. The soaking effect of NaCl solution could
be associated with the increase in levels of endogenous gibberellic
acid (G.A.) and indole-3-acetic acid (I.A.A.) through activating amy-
lases. Consequently, the soaking of the clover seeds in NaCl solution
could remarkably enhance the antioxidant metabolism during the
seed germination [17]. It is well-established that auxin (I.A.A.) con-
trols the biosynthesis of the gaseous plant growth regulator, dur-
ing root development [18,19]. Habibi [20] found that using saline
water for the sprouting of wheat grain resulted in lower phenolics
and flavonoids using tap water. However, salt stress stimulates the
activity of the antioxidant system [21,22].

Ultrasound technology is a novel, convenient route to enhance
seed germination; therefore, it is a promising technology in the
area of seed science [23,24]. Ultrasound treatment reduces the
seed soaking time for chickpeas [25,26] and navy beans [27]. This
improvement in the hydration process of seeds has been attributed
to a greater reduction in internal resistance than the external resis-
tance [28]. As well as possible changes in the seed microstructure
caused by the acoustic cavitation (micro-channel formation) and/
or the so called sponge effect "causing internal flow" generated by
the ultrasound irradiations [29]. However, Miano [30] reported
that the ultrasound technology-enhanced barley grain vigor during

the first four days of germination improves the germination speed.
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Within the scope of our literature studies, there are only a few
scientific researches on the phytochemical compounds of legume
seed sprouts, especially clover. Besides, the study on the sprouting
of ultrasonic pretreated legume seeds using saline water seems to
be scarce. Therefore, the present work aimed to identify the phyto-
chemicals of three-day-old etiolated clover sprout pretreated with
ultrasound and germinated using saline solution vs. deionized wa-

ter.

Material and Methods
Materials

Dry seeds of clover (Medicago falcate L.) were obtained from a
local seed market in Zhenjiang, Jiangsu province, China. The seeds
were sorted out and cleaned to remove impurities. NaCl was ob-

tained from Sigma-Aldrich Company, Shanghai, China.

Ultrasound Pretreatment

The ultrasound pretreatment was done using an ultrasound
bath device, operating at three frequencies of 20, 28, and 60 kHz
(Meibo Biotechnology Co. Ltd., Zhenjiang, China) (Figure 1). Three
different soaking liquids, including deionized water, 1000 and
2000 ppm NaCl solution, were employed in the sonication process.
Briefly, 2.0 g of the clover seeds were immersed in 150 ml of the
soaking liquid in a 500 ml Erlenmeyer flask. The ultrasonic bath
reactor was filled with 5 L of water, and the flask was put in the cen-
ter of the bath; to guarantee the reach of ultrasound irradiations
to the entire sample. The soaked seeds were sonicated at different
ultrasonic frequencies (20, 28, and 40 kHz), a power density of 60
W/L, and a process temperature of 30 °C and time of 30 min. The
ultrasound device was operated using a pulsed on-time of 10 s and
off time of 3 s. The sonication experiment was performed without
mechanical stirring. The temperature of the system was kept con-
stanr at 30 °C with the air of a thermostat-controlled circulating
water bath. Control samples were prepared by soaking the seeds
in the liquid at 30 °C for 30 min; without applying ultrasound ir-

radiations.

Seed sprouting

The sprouting of untreated and ultrasound pretreated clover
seeds was done using the glass jar method described in the litera-
ture with modification [31,32]. In brief, the Clover seeds were im-
mersed in a soaking liquid (deionized water, 1000 and 2000 ppm
NaCl solutions) and placed in a 0.7 L capacity glass jar (household
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Figure 1: Flowchart of ultrasonication and sprouting clover

seeds using saline water.

version), which was then covered with cheesecloth secured by a
rubber band. The jar was stored in the dark for 9 hr to allow seeds
to soak at room temperature. After soaking, water was discarded,
and the seeds were rinsed with water in the jar (approximately 1.0
min.). The rinse water was discarded, the jar was inverted at a 45°
angle and stored at room temperature in the dark for 12 h. The
rinse-store procedure was repeated 8 times until 72 h cumulative

time had been completed (harvest time).

At the end of the sprouting period, the seeds were removed,
dried in a vacuum oven at 55°C for 48 h, milled to pass a 0.2 mm
mesh screen, and then stored in an airtight container at 4 °C for the

subsequent analyses.

Sprout length measurement

The length of the fresh clover seed sprouts of the untreated and
ultrasound pretreated samples was measured immediately after

their removal from the germination glass jar.

Phytochemical analysis

The phytochemical compounds in the clover seed sprout were
measured using a GC/MS/MS (Agilent Technologies 78904, Bei-
jing, China) equipped with polar Agilent HP-5ms (5% phenyl
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methyl polysiloxane) capillary column (30 m x 0.25 mm inside di-
ameter, and 0.25 um coated film thickness) and a mass selective
detector (M.S.D., Agilent 7000, Beijing, China). Identification of the
compounds was based on a comparison of their mass spectra and
retention times with those of the authentic reference compounds
and by computer matching with NIST and WILEY library, and by
comparison of the fragmentation pattern of the mass spectral data
with those (12).

Methionine Measurement

The methionine content was determined by hydrolyzing a sam-
ple in 6 M HCl under a vacuum at 110 °C for 24 h. The hydrolysate
was dried in a vacuum oven set at 60 °C and then dissolved in a ci-
trate buffer (pH 2.2). The methionine content was measured using

an automatic amino acid analyzer (Sykam S - 433 D, Germany) [33].

Statistical analysis

Data were means of three replicating samples. The data were
analyzed by a two-way analysis of variance (ANOVA), and the
means were compared using L.S.D. test (p < 0.05). All analyses

were conducted using S.A.S. software [34].

Results and Discussion
Effect of salinity and ultrasound pretreatment on contents of

phytochemical compounds of clover seed sprouts

The results of phytochemical analysis illustrated that 31 phy-
tochemical compounds were identified in the untreated and pre-
treated clover seed sprouts (Table 1). As can be seen, 28 phyto-
chemical compounds were identified in the dry clover seeds, which
were decreased to 26 compounds after sprouting the seeds in de-
ionized water, without ultrasonic pretreatment (SOUQ). The seeds
soaked in the deionized water after ultrasonic pretreatment (28
kHz (SOU2) and 40 kHz (SOU3)) showed a total of 30 phytochemi-
cal compounds, which was higher than the number of compounds
identified in SOUO (Table 1). All the seeds (pretreated and unpre-
treated) soaked in the 1000 ppm NaCl saline solution (S1U0, S1U1,
S1U2, and S1U3) recorded a total of 30 phytochemical compounds.
On the other hand, the seeds soaked in the 2000 ppm NaCl solu-
tion, without the ultrasonic pretreatment (S2U0) showed 29 com-
pounds, which decreased to 28 compounds in the seed sprouts pre-
treated with the ultrasonic frequency of 20 kHz (S2U1), followed
by an increase to 29 compounds and 30 compounds in the seed
sprout samples pretreated with the ultrasonic frequencies of 28
and 40 kHz, respectively (i.e., S2U2 and S2U3).
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Relative peak area ( %)
RT.
No. . Name Dry
Min SOUO | SOUL |SOUZ | SOUS S1UO |S1U1|S1U2|S1U3 S2U0 S2U1 S2U2 | S2U3 | _ '
1 5311 | OF-Dimethoxy-2 426 | 341 |3.59 | 3.48 | 4.07 | 4.16 | 2.62 | 4.75 | 424 | 2.73 | 2.78 | 2.04 | 5.15
-hydroxychalcone
2 12888 Phytol 279 | 21 |176| 172|138 08 | 05 | 125 |1.78| 1.81 | 1.47 | 1.26 | 1.03
3 |13.059| Citronellyl tiglate 195 | 0.99 | 0.82 | 1.09 | 0.74 | 1.28 | 0.55| 0.8 |0.89| 0.81 | 0.54 | 1.45 | 0.69
4 |13.185 Levomenthol 229 | 1.69 | 1.03 | 1.29 | 0.83 | 0.76 | 0.56 | 0.85 | 1.43 | 1.32 | 0.92 | 1.04 | 1.40
57,345
5 | 13.405 139 | 069 |1.02| 1.3 | 1.4 | 094 | 141 0.71 | 0.86| 136 | 1.51 | 2.03 | 1.00
-Pentahydroxyflavone
6 | 13.723 | Afromosin 7-O-glucoside | 6.11 | 6.93 | 6.42 | 7.18 | 6.41 | 5.61 | 7.6 | 453 | 6.26| 6.95 | 8.57 | 8.78 | 2.99
7 |13833| &% Dimethoxy-7 241 | 1.54 | 1.23 | 1.04 | 154 | 1.55 | 1.4 | 137 | 2.2 | 1.59 | 1.63 | 1.21 | 3.72
-hydroxyisoflavone
8 | 14.505 Thunbergol 368 | 1.65 | 0.76 | 2.05 | 1.46 | 2.87 | 1.65 | 2.59 | 0.95| 1.74 | 2.36 | 1.61 | 1.87
9 |14.868 Isolongifolol 15.65 | 20.12 |16.12/18.23|15.04|11.62| 25 |12.47|17.37| 26.29 | 33.24| 30.74 | 5.57
10 | 14.896 | Dihomo-y-linolenicacid | 8.22 | 8.84 | 88 | 7.32 | 894 | 8.73 | 6.41 | 6.85 | 5.58| 10.74 | 8.79 | 11.53 | 11.33
11 | 15255  2*-Dimethoxy-3 058 | 057 | 0.63 | 0.68 | 0.85| 0.61 | 0.87 | 1.01 | 2.82| 0.51 | 1.08 | 0.61 | 0.91
-hydroxy-6-methylflavone
12 | 15.744 |Quercetin-4'-methylether| 4.03 | 1.96 | 521 | 7.52 | 9.36 | 9.57 | 5.4 | 862 | 0.93 | 1.25 | 1.24 | 272 | 9.43
13 |1642g| Luteolin573%4 148 | 17 | 18 | 251 | 1.16 | 213|089 | 2.1 | 1.48| 152 | 143 | 139 | 0.75
-tetramethylether
14 | 16.816| 2,3-Dimethoxyflavone | 1.64 | 0.94 | 1.14 | 1.56 | 0.72 | 1.36 | 0.55 | 0.71 |5.24| 05 | 1.1 | 049 | 0.87
15 | 17.259 3'4’5'T”me:?izxycmnamlc 102 | 132 | 13 | 1.1 | 149|197 |1.67| 1.63 | 057 | 9.74 | 0.67 | 1.13 | 1.47
Salicylic acid
16 |17.834 , 115 | 1.39 | 1.66 | 2.11 | 1.24 | 2.05 | 1.82| 1.92 | 0.68| 1.16 | 1.12 | 1.15 | 1.58
B-D-0-glucuronide
7,834’
17 18599 082 | 1.08 | 1.18 | 1.29 | 1.56 | 1.13 | 0.91 | 0.96 | 1.96| 1.17 | 0.74 | 0.99 | -
-Tetramethoxyflavone
18 |18893| O Hydroxy782:3 0.41 | 054 | 0.61 | 1.34 | 1.4 | 1.15 | 0.65| 1.03  894| 096 | 0.8 | 051 | 0.63
-tetramethoxyflavone
19 |19.162| Hexa-hydro-farnesol | 0.45 | 0.62 | 0.76 | 0.66 | 1.07 | 1.17 | 1.08 | 1.64 | 1.04| 0.87 | 0.53 | 049 | 1.15
20 | 19.561 Vitamin E ; 24 |294| 35 | 269|237|181 48 | - - 142 231 | 467
3,7,8,2"-
21 |19.871 - | 147 | 106|066 | 1.15| 1.25 | 131| 1.7 | - - - 123 -
Tetramethoxyflavone
22 | 20066 Quercetin3s734 ; - 216|105 | 135|136 |135| 1.18 | 05 | 0.71 | 1.73 | 051 | 2.56
-pentamethyl ether
23 | 2062 | Geranylisovalerate | 1.22 | 0.84 | 0.89 | 0.88 | 1.31 | 0.82 | 0.95| 1.11 |0.69| 1.26 | 1.21 | 0.95 | 0.62
24 | 2111 Propyl gallate 097 | 0.83 | 034 | 1.67 | 1.47 | 1.85 | 1.15 | 2.01 |12.52| 1.09 | 0.76 | 1.41 | 1.96
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25 | 21.305 Vitexin 054 | 073 | 1.05| 0.63 | 0.83 | 2.81 | 1.14 | 1.19 | 1.06 | 1.16 | 1.08 | 1.12 | 0.43
26 |21.773 Nerolidol 1.55 | 0.71 | 0.99 | 0.65 | 1.06 | 0.95 | 0.66 | 0.65 |2.64| 2.6 | 1.3 | 0.78 | 1.38
27 |21.859 Gentisic acid 31.75 | 31.88 |31.02| 23.6 |24.33|24.42(26.19| 26.06 | 3.63 | 13.42 | 18.07 | 17.66 | 32.65
28 | 22.034 3'(34?;?;:1;;?;&‘;};?:"”' 091 | 0.66 | 1.41| 1.33 | 2.35| 1.89 | 1.68 | 2.03 | 0.88 | 0.64 | 0.82 | 0.54 | 1.22
29 | 22278 Nobiletin 273 | 041 | 0.62 | 1.15 | 1.01 | 1.42 | 0.75 | 145 | 0.5 | 432 | 0.76 | 0.73 | 1.75
30 | 22.792 Astilbin - | 201|167 139|179 139 |145]| 204 [11.15] - | 232 158 | 1.23
31 22.902 Docosane, 4-methyl - - - - - - - 1.21| 1.79 - - -

Table 1: Interaction effects of using saline water (S) and ultrasonic pretreatment (U) on the content of phytochemical compounds in

clover sprout.
S0: 0 NaCl; S1: 1000 ppm NaCl; S2: 2000 ppm NaCl; UO: Untreated; U1: 20 kHZ; U2: 28 kHZ; U3: 40 kHZ.

The phytochemical compounds detected in the studied clover
seed sprouts included phenolics, flavonoids, terpenoids, vitamins,
aromatic compounds, fatty acids, and other organic compounds.
However, vitamin E, quercetin, and astilbin identified in the dry
clover seeds were completely lost after sprouting the seeds in
the deionized water (SOUO) and saline solution (SOU1, S2U0, and
S2U1). It was worth noticing that these phytochemical compounds
were partially retained in the seed sprouts, pretreated at 28 and
40 kHz, and germinated in the saline solution or the deionized
water (Table 1). Moreover, the compound 7,8,3,4-tetramethoxy-
flavone, which was not detected in the dry seeds, was found in all
the studied seed sprouts prepared using the deionized water or
the saline solution, with or without the ultrasonic pretreatment.
Likewise, 3,7,8,2'-tetramethoxyflavone was not detected in the dry
seeds, but was noticed in all the deionized water clover sprouts
pretreated with ultrasound. Similarly, this organic compound was
also observed in all the low concentration saline solution sprouts
(S1U0, S1UI, S1U2, and S1U3) and the high concentration saline
solution sprout pretreated at 40 kHz (S2U3). However, the rela-
tive content of 3,7,8,2'-tetramethoxyflavone in the deionized water
clover sprouts showed a decreasing tendency in the order of SOUI,
S0U2, and SOU3 and that in the lower concentration saline solution
sprouts showed an increasing tendency in the order of S1U0, S1U],
S1U2, and S1U3.

On the contrary, the relative content of 7,8,3,4-tetramethoxy-
flavone detected in the deionized water clover sprout increased.

While in the saline solution, the content decreased with the in-

crease in the frequency level. Interestingly, a new organic com-
pound docasane, 4-methyl, was detected for the first time in the
clover seed sprouts, prepared in the 2000 ppm NacCl saline solu-
tion, without or with 20 kHz ultrasonic pretreatment (S2U0 and

S2U1, respectively).

Dried sprouts are used instead of fresh ones to increase the nu-
tritional value of food products and avoid bacterial contamination
[35]. The beneficial effect of clover sprouts may arise from the com-
bined action of several bioactive phytochemical compounds, such
as phenolics and flavonoids, terpenes, vitamins and other phyto-
chemicals (Table 2). It has been reported that some phytochemical
compounds found in seed sprouts have many beneficial effects on
human health, such as reducing the risk of cardiovascular diseases
and type 2 diabetes [2,9,36]. Furthermore, the relative content of
vitexin, gentisic acid, and astilbin found in the untreated dry clover
seeds increased after sprouting the seeds in the deionized water
and saline solutions, without and with the ultrasonic pretreat-
ment. These compounds' relative content increased gradually with
the increase in the frequency level of the ultrasonic pretreatment.
Some phytochemicals detected in the clover sprouts have potent
biological and pharmaceutical activities. Therefore, they can be in-
corporated into the industrial functional food channel to produce
safe, healthy foods with good nutritional values. For instance, the
flavonoid compound vitexin has a major antioxidant activity [37],
and the phenolic compound gentisic acid has antioxidant and ra-
dio-protective properties, which are exerted by its phenoxyl group

[38]. The astilbin (flavonoid compound) shows an insecticidal ac-
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tivity, antibacterial activity [39], and activity on burn wound heal-
ing [40]. It is also used in traditional Chinese medicine [41]. Lu-
teolin 5,7,3,4-tetramethylether, another important member of the
flavonoid compound, was also detected in the clover seed sprout.
The relative content of this compound in all the studied clover
sprouts was higher than that in the dry seed. Besides, the content
of the compound in the seed sprouts increased with the increasing

frequency level of the ultrasonic pretreatment.

Effect of salinity and ultrasound pretreatment on phenolics,

flavonoids, and terpenoids

The changes in phenolics, flavonoids, and terpenoids fractions
in the clover sprouts are illustrated in table 3 and figure 2 A, B, and
C. Germination of the clover seeds in the saline solution for three
days result in a decrease in the phenolic compounds compared
with those soaked in the deionized water; the decrease was more
pronounced (P < 0.05) with using the higher salinity concentration
(NaCl 2000 ppm) than the lower one (Figure 2A1). Using ultra-
sound pretreatment did not significantly influence (P > 0.05) the
phenols in the 3 days old clover sprouts (Figure 2A2). The results
also indicated that the percentage of flavonoids in the clover sprout
increased significantly (P < 0.05) with increasing NaCl concentra-
tion and decreased in the ultrasound pretreated samples, irrespec-
tive of the frequency level used (Figure 2B1 and 2B2). Neverthe-
less, the observed lower percentage of phenols versus the higher
percentage of flavonoids in the saline clover sprouts, especially in
2000 ppm NaCl (Figure 2A1 and B1), could be a result of the trans-
formation of some phenolics, such as gentisic acid into flavonoids,
such as astilbin or tetramethoxyflavone during the sprouting pro-
cess in the high concentration of the saline solution of 2000 ppm
NaCl (Table 1) and also complex conversion and degradation of

phenolics of free forms by enzymes [42].

In regard to the terpenoids, the clover seeds sprouted into 2000
ppm NaCl solution showed a significantly higher (P < 0.05) content
than the seeds germinated in 1000 ppm NaCl solution and deion-
ized water (Figure 2C1). The sprouts of the clover seeds pretreated
with 28 kHz ultrasound irradiations revealed a significantly higher
(P < 0.05) content of terpenoids compared with the untreated seed
sprouts (Figure 2C2). The higher content of terpenoids in the clo-
ver sprouts sprouted using the saline solution medium could be
ascribed to the protection against loss of terpenoids provided by

the increased water absorption by the sprout, resulting from the
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No. | Groups Name

1 A 3’4’-Dimethoxy-2’-hydroxychalcone
2 A Salicylic acid B-D-O-glucuronide

3 A Propyl gallate

4 A Gentisic acid

5 B 5,7,3'4’5’-Pentahydroxyflavone

6 B Afromosin 7-0-glucoside

7 B 6,4’-Dimethoxy-7-hydroxyisoflavone
8 B 2’ 4’-Dimethoxy-3-hydroxy-6-methylflavone
9 B Quercetin-4’-methylether

10 B Luteolin 5,7,3’4’-tetramethylether
11 B 2°,3’-Dimethoxyflavone

12 B 7,8,34’-Tetramethoxyflavone

13 B 3-Hydroxy-7,8,2’,3’-tetramethoxyflavone
14 B 3,7,8,2-Tetramethoxyflavone

15 B Quercetin 3,5,7,3’,4’-pentamethyl ether
16 B Vitexin

17 B 3-(3,4-Dimethoxyphenyl)-4-methylcoumarin
18 B Nobiletin

19 B Astilbin

20 C Phytol

21 C Citronellyl tiglate

22 C Levomenthol

23 C Thunbergol

24 C Isolongifolol

25 C Hexa-hydro-farnesol

26 C Geranyl isovalerate

27 C Nerolidol

28 D Dihomo-y-linolenic acid

29 D 3,4,5-Trimethoxycinnamic acid

30 D Vitamin E

31 D Docosane, 4-methyl

Table 2: Classifications of the phytochemical compounds in the

clover sprout.

A: Phenols and their derivatives; B: Flavonoids and their

derivatives; C: Tarpenoids and their derivatives;

D: Other phytochemical compounds.

Note: The compounds were classified based on data found

on Dr. Dukes phytochemicals, NIST and WILEY library.
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Character Phenols Flavanoids Total terpenoids | Salicylic acid Methionine (%) Sprout length
Treatments (peak area %) | (peak area %) (peak area %) | (peak area%) (cm)
Effect of salinity
SO (NaCl 0.0 ppm) 35.78A 25.53B 27.0B 1.58B 0.023C 4.47A
f);ggaa 1000 34.12A 31.26A 23.87B 1.76A 0.046B 4.25A
iig\;aa 2000 21.12B 29.17A 35.85A 1.03C 0.066A 3.75B
Effect of ultrasound pretreatment
U0 (0.0 KHz) 30.10A 35.70A 26.42B 1.02B 0.045A 3.31B
U1 (20 KHz) 29.46A 26.01B 28.56AB 1.53A 0.041A 4.36A
U2 (28 KHz) 32.49A 26.01B 31.88A 1.53A 0.042A 4.35A
U3 (40 KHz) 29.29A 28.57B 28.75AB 1.73A 0.052A 4.60A
Effect of salinity x ultrasound interaction
Souo 38.13a 23.05e 29.58bcd 1.15d 0.019d 3.56f
Sou1l 37.51ab 21.23e 28.72cd 1.39cd 0.023cd 4.81a
Sou2 36.61ab 27.21cde 23.13de 1.66bc 0.023cd 4.57ab
S0uU3 30.86b 30.63bcd 26.57cde 2.11a 0.025cd 4.92a
S1U0 31.11b 32.88bc 22.89de 1.24d 0.049bcd 3.37ef
S1uU1 32.48ab 34.17b 20.27e 2.05a 0.038bcd 4.28abc
S1U2 38.13a 27.36cde 30.95bc 1.82ab 0.044bcd 4.58ab
S1U3 34.74ab 30.63bcd 21.36e 1.92ab 0.052abc 4.77a
S2U0 21.07c 44.78a 26.79cde 0.68e 0.067ab 3.01f
S2uU1 18.40c 22.64e 36.70ab 1.16d .061ab 3.98bcde
S2U2 22.73c 24.81de 41.57a 1.12d 0.058ab 3.90cde
S2U3 22.26¢ 24.44de 38.32a 1.15d 0.079a 4.10a

Table 3: Interaction effects of using saline water and ultrasound pretreatment on contents of total phenolics, flavonoids, terpenoids,

salicylic acid, methionine and length of clover sprout.

Within a column of each treatments, means with different capital letters or small letters are significantly different (P < 0.05). SO: 0 NaCl;
S1: 1000 ppm NaCl; S2: 2000 ppm NacCl; UO: 0 kHz; U1: 20 kHz; U2: 28 kHz; U3: 40 kHz.

reduction in the water potential due to receiving large amounts of
salt by the root cells during the sprouting process in the salty so-
lution [43]. In contrast to that, the deionized water used for the
sprouting of clover seeds might enhance the synthetic enzyme
responsible for transforming some terpenoids into phenolic com-
pounds; therefore, a decrease in terpenoids. Also, the increase in
the content of terpenoids observed in the clover sprout with us-
ing ultrasonic pretreatment and higher saline sprouting solution

(2000 ppm NaCl) could be arising from the increase in porosity for

loss of water, which protect against increased membrane perme-
ability rather than membrane disruption with water uptake during
hydration [25-27]. However, more research is necessary to prove
the effect of ultrasound pretreatment on increasing terpenoids us-
ing higher saline concentration for sprouting solution. Other phy-
tochemical compounds, including dihomo-y-linolenic acid, 3, 4,
5-trimethoxycinaamic acid, and vitamin E were also identified in

the clover seed sprouts (Table 1).
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Figure 2: Effect of salinity (S) concentration and ultrasound
pretreatment (U) levels on the content of total phenolics (A1l and
A2), total flavonoids (B1 and B2) and the total terpenoids (C1
and C2) of 3 days old clover sprout.

Clover sprout length, salicylic acid, and methionine contents

The clover sprout length was significantly decreased by increas-
ing the NaCl salinity concentration to 2000 ppm in the sprouting
medium (Table 3 and Figure 3 A1). Similar studies showed that
NaCl treatment decreased seedling length with increasing salt con-
centration [20]. The sprout length (Table 3 and Figure 3A2) was
observed to significantly increase (P < 0.05) for the ultrasound
pretreated samples. However, there exist no significant differ-
ences between the various levels of ultrasound frequencies (20,
28, and 40 kHz). These results indicated that ultrasound pretreat-
ment reduced the damaging action of salinity on the growth of
clover sprouts. Salinity stress is one of the major factors limiting
the growth and increasing damage to tissues of plant species by

enhancing ethylene production.
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Figure 3: Effect of salinity (S) concentration and ultrasound
pretreatment (U) levels on the on clover sprout length,
methionine and salicylic acid contents after three days etiolated
growth.

Furthermore, it can be observed in table 3 and Figure 3B1
that the methionine content of the clover sprouts increased with
increasing salinity concentration. Accordingly, the higher level of
methionine in the clover sprouts might be indirectly responsible
for limiting their growth because methionine can be converted to
ethylene as a precursor of the intermediate aminocyclopropane-
1-carboxylic acid. Previous studies proved the fundamental role of
ethylene in inhibiting seedling elongation during early root devel-
opment [44-46].

It can be seen that the results showed a significant increase (P
< 0.05) in the content of salicylic acid in the clover sprouts when
applying a higher ultrasonic frequency level (40 kHz). Also, a de-
crease (P < 0.05) in the content of salicylic acid when using higher
salinity concentration in the sprouting solution (2000 ppm NacCl)

was observed (Table 3 and Figure C1 and C2). As stated previously,
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the ultrasound pretreatment reduced the destructive action of sa-
linity on clover seedling growth. Likewise, the salicylic acid treat-
ment was also found to reduce the damaging action of salinity on
wheat seedling growth. Moreover, garden cress seedling length was
significantly decreased by increasing salinity, and seed priming
by salicylic acid improved the germination [47]. Accordingly, the
above results suggested that the action of ethylene primarily regu-
lates sprout elongation. Therefore, ultrasonic pretreatment may in-
directly enhance the inhibition of ethylene production by promot-
ing the biosynthesis of ethylene inhibitors, such as salicylic acid. In
addition to its role in the inhibition of ethylene synthesis, salicylic
acid inhibits the synthesis of the ethylene precursor, 1-aminocyclo-
propane-1-carboxylic acid (A.C.C.) as well. Moreover, the inhibitory
action of salicylic acid most closely resembled that of dinitrophe-
nol, a known inhibitor of ethylene forming enzyme [48]. Therefore,
salicylic acid might be involved in the regulation of winter plant
responses to the stress as reported by many researchers [48-52].
These data suggested that the ultrasound pretreatment can protect
the clover sprout under saline conditions by increasing the produc-

tion of salicylic acid in the sprout tissues.

Finally, the mechanical effect generated by the ultrasound ir-
radiations caused numerous small holes in the seed coatings and
fissures on the pericarp that resulted in a notable rise in the mois-
ture of seedlings and an increase in the oxygen availability; conse-
quently, seed germination is enhanced [24]. Salicylic acid involved
in the regulation of growth and development of plant was reported
to reduce salinity damage by suppressing the excess ethylene for-
mation [53]. This research's novelty is the increase in the produc-
tion of salicylic acid in the clover sprouts by the aid of ultrasonic
pretreatment, which inhibits the expected ethylene wound due to
salinity or the harmful effects of the ultrasound irradiations. Since
the mode of action of salicylic acid on ethylene production is well
known, and that of the ultrasound pretreatment is unfortunately
unknown; therefore, a proposed mode of action of ultrasound
pretreatment on the ethylene production and sprout growth is ex-

plained in figure 4.

Conclusion

The synergetic combination of sprouting clover seed with or
without ultrasound pretreatment using saline solution vs. deion-
ized water was evaluated. The use of saline water for sprouting

decreased the clover sprout length with increasing salinity concen-
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Figure 4: Hypothesis for the effect of ultrasound pretreatment
on protected clover sprout under saline condition by increasing
salicylic acid (SA) production. (AA= amino acid, ACC = 1-amino

cycle-propane 1-carboxylic acid).

tration. The ultrasound pretreatment interacts with salinity and
led to an increase in the sprout length. Also, ultrasound pretreat-
ment reduced the destructive action of salinity on the growth of the
clover sprouts. The other important conclusion is that this is the
first report on the interaction effects of ultrasound pretreatment
and salinity on clover sprout phytochemical composition. A novel
hypothesis was used to explain the mode of action of ultrasound
pretreatment on protecting sprout tissues from the damaging ef-
fect of salinity through ethylene biosynthesis. Nevertheless, further
studies are required to prove the effect of ultrasound pretreatment
on some phytochemical compounds under higher saline concen-

tration for sprouting solution.

Acknowledgment

The authors are grateful for the support provided by the
National Key Research and Development Program of China
(2017YFD0400903-01, 2016YFD0400705-04), Science and Tech-
nology Major Project of Anhui (18030701152), the Policy Guid-
ance Program (Research Cooperation) of Jiangsu (BY2016072-03),
Jiangsu 333 high level talents project (2017) and the Social Devel-
opment Program (General Project) of Jiangsu (BE2016779).

Citation: Tahany, et al. “Interaction Effects of Salinity and Ultrasound Pretreatment on the Phytochemical Compounds of Clover Sprouts". Acta Scientific

Nutritional Health 5.3 (2021): 90-101.



Interaction Effects of Salinity and Ultrasound Pretreatment on the Phytochemical Compounds of Clover Sprouts

Bibliography

1.

10.

11.

12.

RH Liu. “Potential synergy of phytochemicals in cancer preven-
tion: mechanism of action”. Journal of Nutrition 134 (2004):
3479S-3485S.

RH Liu. “Whole grain phytochemicals and health”. Journal of Ce-
real Science 46 (2007): 207-219.

RD Hatfield. “Carbohydrate composition of alfalfa cell walls iso-
lated from stem sections differing in maturity”. Journal of Agri-
cultural and Food Chemistry 40 (1992): 424-430.

P Kurtzweil. FDA Consumers Report 33 (1999): 18-22.

FA Bisby and T Buckingham TB. “Harborne, Phytochemical
dictionary of the Leguminosae”. Vol. 1 and 2, in: Chapman Hall
London, U.K (1994).

Kenny., et al. “Antioxidant properties and quantitave UPLC-
MS analysis of phenolic compound from extracts of fenugreek
(Trigonella foenum-graecum): seeds and bitter melon (Mo-
mordica charantia): fruit”. Food Chemistry 141 (2013): 4295-
4302.

S Rayyan,, et al. “Flavone C-glycosides from seeds of fenugreek,
Trigonella foenum-graecum L”. Journal of Agricultural and Food
Chemistry 58 (2010): 7211-7217.

A Stochmal,, et al. “Saponin and flavonoid profiles of 47 alfalfa
varieties of different origin”. Journal of Food Agriculture and En-
vironment (1999): 30.

TAA Aly. “Biochemical studies of antidiabetic effects of some

seed sprouts in adult male albino rats”. (2015): 169.

R Fernandez-Orozco., et al. “Germination as a process to im-
prove the antioxidant capacity of Lupinus angustifolius L. var.
Zapaton”. European Food Research and Technology 233 (2006):
495-502.

M Shang, et al. “Studies on flavonoids from fenugreek (Trigo-
nella foenum graecum L)”. Zhongguo Zhong yao za zhi = Zhong-
guo Zhongyao Zazhi = China Journal of Chinese Materia Medica
23 (1998): 614-639.

PM Santana,, et al. “Gas chromatography-mass spectrometry

study from the leaves fractions obtained of Vernonanthura pat-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

99
ens (Kunth): H. Rob”. International Journal of Organic Chemistry
3(2013): 105-109.

ML Lopez-Amoros and T Hernandez . “Estrella, Effect of germi-
nation on legume phenolic compounds and their antioxidant
activity”. Journal of Food Composition and Analysis 19 (2006):
277-283.

S Kaviarasan,, et al. “In vitro studies on antiradical and anti-
oxidant activities of fenugreek (Trigonella foenum graecum):
seeds”. Food Chemistry 103 (2007): 31-37.

KB Pandey and SI Rizvi. “Plant polyphenols as dietary antioxi-
dants in human health and disease”. Oxidative Medicine and Cel-
lular Longevity 2 (2009): 270-278.

R Randhir, et al. “Phenolics, their antioxidant and antimicro-
bial activity in dark germinated fenugreek sprouts in response
to peptide and phytochemical elicitors”. Journal of Clinical Nu-
trition 13 (2004): 295-307.

Y Cao., et al. “Pretreatment with NaCl promotes the seed germi-
nation of while clover by affecting endogenous phytohormones,
metabolic regulation and dehydrin encoded genes expression
under water stress”. International Journal of Molecular Science
19 (2018): 3570-3584.

E Benkova and ] Hejatko. “Hormone interactions at the root
apical meristem”. Plant Molecular Biology 69 (2009): 383-387.

GK Muday,, et al. “Auxin and ethylene: collaborators or compet-
itors?”. Trends in Plant Science 17 (2012): 181-195.

A Habibi,, et al. “Influence of salicylic acid pretreatment on ger-
mination, vigor and growth parameters of garden cress (Lep-
idium sativum): seedlings under water potential loss at salin-
ity stress”. International Journal of Sciences: Basic and Applied
Research (IJSBAR) 4 (2013): 1393-1399.

MM Rady. “Effect of 24-epibrassinolide on growth, yield, an-
tioxidant system and cadmium content of bean (Phaseolus
vulgaris L.). Plant under salinity and cadmium stress”. Scientia
Horticulturae 129 (2011): 232-237.

WM Semida and MM Rady. “Presoaking application of propo-
lisand maize grain extracts alleviates salinity stress in com-
mon bean (Phaseolus vulgaris L.)". Scientia Horticulturae 168
(2014): 210-217.

Citation: Tahany.,, et al. “Interaction Effects of Salinity and Ultrasound Pretreatment on the Phytochemical Compounds of Clover Sprouts”. Acta Scientific
Nutritional Health 5.3 (2021): 90-101.


https://academic.oup.com/jn/article/134/12/3479S/4688708
https://academic.oup.com/jn/article/134/12/3479S/4688708
https://academic.oup.com/jn/article/134/12/3479S/4688708
https://www.sciencedirect.com/science/article/abs/pii/S0733521007001166
https://www.sciencedirect.com/science/article/abs/pii/S0733521007001166
https://pubs.acs.org/doi/abs/10.1021/jf00015a012
https://pubs.acs.org/doi/abs/10.1021/jf00015a012
https://pubs.acs.org/doi/abs/10.1021/jf00015a012
https://pubmed.ncbi.nlm.nih.gov/23993618/
https://pubmed.ncbi.nlm.nih.gov/23993618/
https://pubmed.ncbi.nlm.nih.gov/23993618/
https://pubmed.ncbi.nlm.nih.gov/23993618/
https://pubmed.ncbi.nlm.nih.gov/23993618/
https://pubmed.ncbi.nlm.nih.gov/20486688/
https://pubmed.ncbi.nlm.nih.gov/20486688/
https://pubmed.ncbi.nlm.nih.gov/20486688/
https://www.researchgate.net/publication/233807532_Seasonal_and_structural_changes_of_flavones_in_alfalfa_Medicago_sativa_aerial_parts
https://www.researchgate.net/publication/233807532_Seasonal_and_structural_changes_of_flavones_in_alfalfa_Medicago_sativa_aerial_parts
https://www.researchgate.net/publication/233807532_Seasonal_and_structural_changes_of_flavones_in_alfalfa_Medicago_sativa_aerial_parts
https://erepository.cu.edu.eg/index.php/cutheses/article/view/5497
https://erepository.cu.edu.eg/index.php/cutheses/article/view/5497
https://www.researchgate.net/publication/226530102_Germination_as_a_process_to_improve_the_antioxidant_capacity_of_Lupinus_angustifolius_L_var_Zapaton
https://www.researchgate.net/publication/226530102_Germination_as_a_process_to_improve_the_antioxidant_capacity_of_Lupinus_angustifolius_L_var_Zapaton
https://www.researchgate.net/publication/226530102_Germination_as_a_process_to_improve_the_antioxidant_capacity_of_Lupinus_angustifolius_L_var_Zapaton
https://www.researchgate.net/publication/226530102_Germination_as_a_process_to_improve_the_antioxidant_capacity_of_Lupinus_angustifolius_L_var_Zapaton
https://europepmc.org/article/med/11599360
https://europepmc.org/article/med/11599360
https://europepmc.org/article/med/11599360
https://europepmc.org/article/med/11599360
https://www.sciencedirect.com/science/article/abs/pii/S0308814606006078
https://www.sciencedirect.com/science/article/abs/pii/S0308814606006078
https://www.sciencedirect.com/science/article/abs/pii/S0308814606006078
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2835915/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2835915/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2835915/
https://pubmed.ncbi.nlm.nih.gov/15331344/
https://pubmed.ncbi.nlm.nih.gov/15331344/
https://pubmed.ncbi.nlm.nih.gov/15331344/
https://pubmed.ncbi.nlm.nih.gov/15331344/
https://pubmed.ncbi.nlm.nih.gov/30424572/
https://pubmed.ncbi.nlm.nih.gov/30424572/
https://pubmed.ncbi.nlm.nih.gov/30424572/
https://pubmed.ncbi.nlm.nih.gov/30424572/
https://pubmed.ncbi.nlm.nih.gov/30424572/
https://link.springer.com/article/10.1007/s11103-008-9393-6
https://link.springer.com/article/10.1007/s11103-008-9393-6
https://www.sciencedirect.com/science/article/abs/pii/S1360138512000295
https://www.sciencedirect.com/science/article/abs/pii/S1360138512000295
https://www.researchgate.net/publication/272829731_Influence_of_salicylic_acid_pre-treatment_on_germination_vigor_and_growth_parameters_of_garden_cress_Lepidium_sativum_seedlings_under_water_potential_loss_at_salinity_stress
https://www.researchgate.net/publication/272829731_Influence_of_salicylic_acid_pre-treatment_on_germination_vigor_and_growth_parameters_of_garden_cress_Lepidium_sativum_seedlings_under_water_potential_loss_at_salinity_stress
https://www.researchgate.net/publication/272829731_Influence_of_salicylic_acid_pre-treatment_on_germination_vigor_and_growth_parameters_of_garden_cress_Lepidium_sativum_seedlings_under_water_potential_loss_at_salinity_stress
https://www.researchgate.net/publication/272829731_Influence_of_salicylic_acid_pre-treatment_on_germination_vigor_and_growth_parameters_of_garden_cress_Lepidium_sativum_seedlings_under_water_potential_loss_at_salinity_stress
https://www.researchgate.net/publication/272829731_Influence_of_salicylic_acid_pre-treatment_on_germination_vigor_and_growth_parameters_of_garden_cress_Lepidium_sativum_seedlings_under_water_potential_loss_at_salinity_stress
https://www.sciencedirect.com/science/article/abs/pii/S0304423811001439
https://www.sciencedirect.com/science/article/abs/pii/S0304423811001439
https://www.sciencedirect.com/science/article/abs/pii/S0304423811001439
https://www.sciencedirect.com/science/article/abs/pii/S0304423811001439
https://www.sciencedirect.com/science/article/abs/pii/S0304423814000685
https://www.sciencedirect.com/science/article/abs/pii/S0304423814000685
https://www.sciencedirect.com/science/article/abs/pii/S0304423814000685
https://www.sciencedirect.com/science/article/abs/pii/S0304423814000685

Interaction Effects of Salinity and Ultrasound Pretreatment on the Phytochemical Compounds of Clover Sprouts

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

SJ Goussous., et al. “Enhancing seed germination of four crop
species using an ultrasonic technique”. Experimental Agricul-
ture 46 (2010): 231-242.

K Rifna,, et al. “Emerging technology applications for improv-
ing seed germination”. Trends in Food Science and Technology 1
(2019): 95-108.

A Yildirim,, et al. “Modeling of water absorption of ultrasound
applied chickpeas (Cicer arietinum L.): using Peleg’s equation”.
16 (2010): 278-286.

A Ranjbari,, et al. “Effect of ultrasonic pretreatment on water
absorption characteristics of chickpeas (Cicer arietinum)”. Lat-
in American Applied Research 43 (2013): 153-159.

M Ghafoor, et al. “Ultrasound assisted hydration of navy beans
(Phaseolus vulgaris)”. Ultrasonics Sonochemistry 21 (2014):
409-414.

SE Cunningham,, et al. “Experimental study of rehydration ki-
netics of potato cylinders”. Food and Bioproducts Processing 86
(2008): 15-24.

T Patero PED. “Ultrasound (US): enhances the hydration of sor-
ghum (Sorghum bicolor): grains”. Ultrasonics Sonochemistry 23
(2015): 11-15.

AC Miano., et al. “Effect of ultrasound technology on barley
seed germination and vigour”. Seed Science and Technology 43
(2015): 297-302.

E Cairney. The Sprouters Handbook., Argyll Publ. Glendrauel
Argyll PA223 AE Scotl. (2005).

MMF Abdallah. “Seed sprouts, a Pharaoh’s heritage to improve
food quality”. Arab Universities Journal of Agricultural Sciences
16 (2008): 469-478.

C Zhou,, et al. “Extraction and characterization of chicken feet
soluble collagen”. LWT - Food Science and Technology 74 (2016):
145-153.

SAS, Statistical Analysis System, SAS User’s Guide: Statistics;
Cary, N. C, Ed; SAS Inst. Inc. (2013).

P Koehler, et al. “Changes of folates, dietary fiber, and proteins
in wheat as affected by germination”. Journal of Food Chemistry
55 (2007): 4678-4683.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

100

. LG Ranilla,, et al. “Phenolic compounds antioxidant activity and

in vitro inhibitory potential against key enzymes relevant for
hyperglycemia and hypertension of commonly used medicinal
plants, herbs and spices in Latin American”. Bioresource Tech-
nology 101 (2010): 4676-4689.

S Khole,, et al. “Bioactive constituents of germinated fenugreek
seeds with strong antioxidant potential”. Journal of Functional
Foods 6 (2014): 270-279.

S Joshi,, et al. “Antioxidant activity and free radical scavenging
reactions of gentisic acid: in-vitro and pulse radiolysis studies”.
Free Radical Research 46 (2012): 11-20.

B. Moulori, et al. “Isolation and in vitro antibacterial activity
of astilbin, the bioactive flavonone from leaves of Harungand
madagascdriensis Lam. Expert (Hypericaceae)”. Journal of Eth-
nopharmacology 106 (2006): 272-278.

Y Kimura,, et al. “Effects of Astilbe thunbergii rhizomes on
wound healing. Part 1. Isolation of promotional effectors from
Astilbe thunbergii rhizomes on burn wound healing”. Journal of
Ethnopharmacology 109 (2007): 72-77.

K Ohmari,, et al. “First synthesis of astilbin, biologically active
glycosyl flavonoid isolated from Chinese folk medicine”. Tetra-
hedron Letter 41 (2000): 5537-5541.

S] Hur, et al. “Effect of fermentation on the antioxidant activ-
ity in plant-based foods”. Food Chemistry 160 (2014): 346-356.

B Bojovic,, et al. “Effects of NaCl on seed germination in some
species from families’ brassicaceae and Solanaceae”. Kraguje-
vac Journal of Science 32 (2010): 83-87.

K Ruzicka., et al. “Ethylene regulates root growth through ef-
fects on auxin biosynthesis and transport-dependent auxin
distribution”. Plant Cell 19 (2007): 2197-2212.

MN Markakis., et al. “Characterization of a small auxin-up RNA
(SAUR)-like gene involved in Arabidopsis thaliana develop-
ment”. PloS One 8 (2013): e82596.

R Swarup,, et al. “Ethylene upregulates auxin biosynthesis in
Arabidopsis seedlings to enhance inhibition of root cell elonga-
tion”. Plant Cell 19 (2007): 2186-2196.

Citation: Tahany.,, et al. “Interaction Effects of Salinity and Ultrasound Pretreatment on the Phytochemical Compounds of Clover Sprouts". Acta Scientific
Nutritional Health 5.3 (2021): 90-101.


https://www.researchgate.net/publication/220030624_Enhancing_Seed_Germination_of_Four_Crop_Species_Using_an_Ultrasonic_Technique
https://www.researchgate.net/publication/220030624_Enhancing_Seed_Germination_of_Four_Crop_Species_Using_an_Ultrasonic_Technique
https://www.researchgate.net/publication/220030624_Enhancing_Seed_Germination_of_Four_Crop_Species_Using_an_Ultrasonic_Technique
https://www.sciencedirect.com/science/article/abs/pii/S0924224417307975
https://www.sciencedirect.com/science/article/abs/pii/S0924224417307975
https://www.sciencedirect.com/science/article/abs/pii/S0924224417307975
https://www.researchgate.net/publication/304427435_Modeling_of_water_absorption_of_ultrasound_applied_chickpeas_Cicer_arietinum_L_using_peleg%27s_equation
https://www.researchgate.net/publication/304427435_Modeling_of_water_absorption_of_ultrasound_applied_chickpeas_Cicer_arietinum_L_using_peleg%27s_equation
https://www.researchgate.net/publication/304427435_Modeling_of_water_absorption_of_ultrasound_applied_chickpeas_Cicer_arietinum_L_using_peleg%27s_equation
https://www.researchgate.net/publication/258916403_Effect_of_ultrasonic_pre-treatment_on_water_absorption_characteristics_of_chickpeas_Cicer_arietinum
https://www.researchgate.net/publication/258916403_Effect_of_ultrasonic_pre-treatment_on_water_absorption_characteristics_of_chickpeas_Cicer_arietinum
https://www.researchgate.net/publication/258916403_Effect_of_ultrasonic_pre-treatment_on_water_absorption_characteristics_of_chickpeas_Cicer_arietinum
https://www.sciencedirect.com/science/article/pii/S1350417713001363
https://www.sciencedirect.com/science/article/pii/S1350417713001363
https://www.sciencedirect.com/science/article/pii/S1350417713001363
https://www.sciencedirect.com/science/article/abs/pii/S0960308507000028
https://www.sciencedirect.com/science/article/abs/pii/S0960308507000028
https://www.sciencedirect.com/science/article/abs/pii/S0960308507000028
https://pubmed.ncbi.nlm.nih.gov/25465094/
https://pubmed.ncbi.nlm.nih.gov/25465094/
https://pubmed.ncbi.nlm.nih.gov/25465094/
https://www.researchgate.net/publication/327984945_SEED_SPROUTS_A_PHARAOH'S_HERITAGE_TO_IMPROVE_FOOD_QUALITY
https://www.researchgate.net/publication/327984945_SEED_SPROUTS_A_PHARAOH'S_HERITAGE_TO_IMPROVE_FOOD_QUALITY
https://www.researchgate.net/publication/327984945_SEED_SPROUTS_A_PHARAOH'S_HERITAGE_TO_IMPROVE_FOOD_QUALITY
https://www.sciencedirect.com/science/article/abs/pii/S0023643816304273
https://www.sciencedirect.com/science/article/abs/pii/S0023643816304273
https://www.sciencedirect.com/science/article/abs/pii/S0023643816304273
https://pubs.acs.org/doi/10.1021/jf0633037
https://pubs.acs.org/doi/10.1021/jf0633037
https://pubs.acs.org/doi/10.1021/jf0633037
https://www.sciencedirect.com/science/article/abs/pii/S0960852410001793
https://www.sciencedirect.com/science/article/abs/pii/S0960852410001793
https://www.sciencedirect.com/science/article/abs/pii/S0960852410001793
https://www.sciencedirect.com/science/article/abs/pii/S0960852410001793
https://www.sciencedirect.com/science/article/abs/pii/S0960852410001793
https://www.sciencedirect.com/science/article/abs/pii/S1756464613002442
https://www.sciencedirect.com/science/article/abs/pii/S1756464613002442
https://www.sciencedirect.com/science/article/abs/pii/S1756464613002442
https://pubmed.ncbi.nlm.nih.gov/22023109/
https://pubmed.ncbi.nlm.nih.gov/22023109/
https://pubmed.ncbi.nlm.nih.gov/22023109/
https://pubmed.ncbi.nlm.nih.gov/16483735/
https://pubmed.ncbi.nlm.nih.gov/16483735/
https://pubmed.ncbi.nlm.nih.gov/16483735/
https://pubmed.ncbi.nlm.nih.gov/16483735/
https://pubmed.ncbi.nlm.nih.gov/16920297/
https://pubmed.ncbi.nlm.nih.gov/16920297/
https://pubmed.ncbi.nlm.nih.gov/16920297/
https://pubmed.ncbi.nlm.nih.gov/16920297/
https://www.sciencedirect.com/science/article/abs/pii/S0040403900008261
https://www.sciencedirect.com/science/article/abs/pii/S0040403900008261
https://www.sciencedirect.com/science/article/abs/pii/S0040403900008261
https://www.sciencedirect.com/science/article/abs/pii/S0308814614005159
https://www.sciencedirect.com/science/article/abs/pii/S0308814614005159
https://www.researchgate.net/publication/228657600_Effects_of_NaCl_on_seed_germination_in_some_species_from_families_Brassicaceae_and_Solanaceae
https://www.researchgate.net/publication/228657600_Effects_of_NaCl_on_seed_germination_in_some_species_from_families_Brassicaceae_and_Solanaceae
https://www.researchgate.net/publication/228657600_Effects_of_NaCl_on_seed_germination_in_some_species_from_families_Brassicaceae_and_Solanaceae
https://www.plantcell.org/content/19/7/2197
https://www.plantcell.org/content/19/7/2197
https://www.plantcell.org/content/19/7/2197
https://pubmed.ncbi.nlm.nih.gov/24312429/
https://pubmed.ncbi.nlm.nih.gov/24312429/
https://pubmed.ncbi.nlm.nih.gov/24312429/
https://www.plantcell.org/content/19/7/2186
https://www.plantcell.org/content/19/7/2186
https://www.plantcell.org/content/19/7/2186

Interaction Effects of Salinity and Ultrasound Pretreatment on the Phytochemical Compounds of Clover Sprouts

47.

48.

49.

50.

51.

52.

53.

FM Shakirova., et al. “Changes in the hormonal status of wheat
seedlings induced by salicylic acid and salinity”. Plant Science
164 (2003): 317-322.

T Suwanaruang., et al. “Detection of adulteration in cherry to-
mato juices based on electronic nose and tongue: Comparison
of different data fusion approaches”. Journal of Food Engineer-
ing 11 (2015): 46-48.

R] Romani,, et al. “Salicylic acid inhibition of ethylene produc-
tion by apple discs and other plant tissues”. Journal of Plant
Growth Regulation 8 (1989): 63-69.

YF Huang., et al. “Salicylic acid inhibits the biosynthesis of
ethylene in detached rice leaves”. Plant Growth Regulation 12
(1993): 79-82.

JF Dat,, et al. “Changes in salicylic acid and antioxidants dur-
ing induction of thermotolerance in mustard seedlings”. Plant
Physiology 118 (1998): 1455-1461.

] Lorkindale H B. “Effect of abscisic acid, salicylic acid, ethyl-
ene and hydrogen peroxide in thermotolerance and recovery
for creeping bentgrass”. Journal of Plant Growth Regulation 47
(2005): 17-28.

MIR Khan,, et al. “Salicylic acid-induced abiotic stress tolerance
and underlying mechanisms in plants”. Frontiers in Plant Sci-
ence 6 (2015): 642.

Assets from publication with us

Prompt Acknowledgement after receiving the article
Thorough Double blinded peer review

Rapid Publication

Issue of Publication Certificate

High visibility of your Published work

Website: www.actascientific.com/

Submit Article: www.actascientific.com/submission.php
Email us: editor@actascientific.com

Contact us: +91 9182824667

101

Citation: Tahany.,, et al. “Interaction Effects of Salinity and Ultrasound Pretreatment on the Phytochemical Compounds of Clover Sprouts”. Acta Scientific
Nutritional Health 5.3 (2021): 90-101.


https://www.sciencedirect.com/science/article/abs/pii/S0168945202004156
https://www.sciencedirect.com/science/article/abs/pii/S0168945202004156
https://www.sciencedirect.com/science/article/abs/pii/S0168945202004156
https://www.sciencedirect.com/science/article/abs/pii/S0260877413005761
https://www.sciencedirect.com/science/article/abs/pii/S0260877413005761
https://www.sciencedirect.com/science/article/abs/pii/S0260877413005761
https://www.sciencedirect.com/science/article/abs/pii/S0260877413005761
https://link.springer.com/article/10.1007/BF02024927
https://link.springer.com/article/10.1007/BF02024927
https://link.springer.com/article/10.1007/BF02024927
https://link.springer.com/article/10.1007/BF00144586
https://link.springer.com/article/10.1007/BF00144586
https://link.springer.com/article/10.1007/BF00144586
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC34763/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC34763/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC34763/
https://link.springer.com/article/10.1007/s10725-005-1536-z
https://link.springer.com/article/10.1007/s10725-005-1536-z
https://link.springer.com/article/10.1007/s10725-005-1536-z
https://link.springer.com/article/10.1007/s10725-005-1536-z
https://www.frontiersin.org/articles/10.3389/fpls.2015.00462/full
https://www.frontiersin.org/articles/10.3389/fpls.2015.00462/full
https://www.frontiersin.org/articles/10.3389/fpls.2015.00462/full

	_GoBack

