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ABSTRACT

The effect of chitosan and salicylic acid treat-
ments to investigate the seedling growth parame-
ters of Broccoli seed sprouts (Tiburon f1) cultivar
was the aim of this study. Salicylic Acid and Chi-
tosan are the (elicitors) that stimulate the sprout,
which are divided into Biotic (biological origin),
abiotic (chemical or physical origin) elicitors and
phytohormones have been applied alone or in
combinations, in hydroponic solutions or sprays,
and in different selected time points of the sprout
growth or during post-harvest. Cumulative time had
been completed (harvest time) using tap water,
chitosan at 25, 50,100 ppm and salicylic acid at
65,130,260 ppm for seed soaking and sprouting ,
then precooled and air-dried sprouts were random-
ly chosen from glass jar (replicate) to collect data
of sprout length, hypocotyl length, radical length,
dry weight and fresh weight. Also, Samples of har-
vested 3, 5 and 7 days old etiolated broccoli dried
using air draft oven at 65.5C° then grounded into
powder for chemical analysis while fresh sprouts
and seeds were analyzed for total phenols. How-
ever treatment with chitosan at 100 ppm cleared
that the moisture, protein, ash, fiber, calcium, po-
tassium, and total phenols of sprouts were in-
creased by 9.63%, 33.73%, 11.80, 11.67%, 336.50
ppm, 196.43 ppm and 66.51mg/100g, respectively.
Treated sprouts with salicylic acid at 65 ppm con-
centrate were also induced an increments on the
same constituents reached 9.53%, 33.40%, 11.63,
10.46%, 333.50 ppm, 190.60 ppm and 62.90 mg/
100g, respectively over control (untreated). There-
fore, treated sprouts with chitosan or salicylic acid

could be considered as useful tool for improving
the growth characters and bioactive metabolites of
Broccoli seed sprouts for their Production of anti-
cancer materials. As well secondary metabolic
pathways respond to specific treatments with elici-
tors would be the basis for to enhance the produc-
tion of secondary metabolites, in order to produce
quality and healthy fresh foods.

Keywords: Elicitor, Sprout seeds, Broccoli, Chi-
tosan, Salicylic acid, Phenolic compounds and
chemical composition

INTRODUCTION

Broccoli seed sprouts are a surprisingly power-
ful little food with thoroughly researched a good
health benefits. Most notably, they have been
shown to significantly impact several types of broc-
coli sprouts may have the more high quantity of
vitamins and minerals as K and Ca found in adult
broccoli, and they contain a great deal more total
phenols (Jinjun et al 2014). Broccoli seed sprouts
are recognised as wellness and health-promoting
foods due to its high content of nutrients and bio-
active compounds that includes vitamins, flavo-
noids, hydroxycinnamic acids and glucosinolates
(Jeffery and Araya, 2009). These phytochemicals
seem to play against the development of different
types of cancer and cardiovascular diseases
(Hooper and Cassidy, 2006 and Li, Zhang et al
2010).

Chitosan is a linear polysaccharide composed
of randomly distributed (-(1—4)-linked N-acetyl-D
glucosamine and D-glucosamine. It was made by
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treating the chitin shells of shrimp and other crus-
taceans with an alkaline substance, like sodium
hydroxides (Bautista-Banos et al 2006). In addi-
tion, recent studies have revealed that chitosan
enhances the yield and quality of broccoli seed
sprouts and exhibit elicitor activity in broccoli seed
sprouts (No et al 2003 and Pérez-Balibrea et al
2011). Chitosan stimulated the growth and yield of
broccoli seed sprouts, which reported by (No et al
2003 and Lee et al 2005). Chitosan has a great
number of commercial and possible biomedical
activities. However agriculture used as a seed
treatments and bio pesticide helping plants to fight
off fungal infections. Also helping to prevent spoil-
age (Carvacho et al 2012).

Salicylic acid (from Latin Salix, willow tree) is
a lipophilic mono hydroxybenzoic acid was a type
of phenolic acid and beta hydroxyl acid. It has the
formula C7HsOs this colorless crystalline organ-
ic acid was widely used in organic synthesis and
functions as a plant hormone. It was derived from
the metabolism of salicin (Santiago et al 2011).
The different crucifera species, flavonoids, phe-
nylpropanoids and indole glucosinolates were in-
duced by exogenous application of salicylic acid
(Bennett and Wallsgrove, 1994), (Brader et al
2001), (Liang et al 2006) and (Mikkelsen et al
2003). In addition to serving as an important active
metabolite of aspirin (acetylsalicylic acid), as acts
in part as a prodrug to salicylic acid. It was proba-
bly best known for its use as a key ingredient in
topical anti-acneproducts. The esters and salts of
salicylic acid are known as salicylates (Baenas et
al 2014).

Seed germination and production of sprouts is
an old habit that was adopted thousands of year's
age by the ancient Egyptians (Abdallah, 2008).
5000 years ago, Chinese nobles ate sprouted
seeds for rejuvenation and healing. Research
seems to be confirming that sprouts seed are the
food of the future which was food of the past. It
was well known that the consumption of plant
based diet; mainly vegetables and whole grains
are recommended as one of the ways to lower the
risk of human diseases (Cadenas and Packer,
2002 and Li, Y. and Zhang, T. 2013).

Sprouts is a valuable but still under-appreciated
dietary supplement which may be considered
functional food and to meet consumer demands
as well .Sprouting grains for human consumption
have been used for centuries in Asian and Egypt to
improve food value (Resh, 2001 and Abdallh,
2008) and (Maetinez-Villauenga et al 2008). This
improvement was usually a result of breakdown of
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complex macromolecules such as proteins and
starch into smaller and more digestible molecules,
sprouts were lowering the amounts of ant-
nutritional factors and some compounds with anti-
oxidant effect increase Consumption of foods con-
taining antioxidant may prevent some diseases.
(Frias et al 2002 and Vidal-Valverde et al 2002
and Zikovie et al 2007).

The synthesis and accumulation of secondary
metabolites, including phenolic compounds, forms
part of the defense response of plants against the
attack of pathogens, and it is activated by the
presence of specific compounds or ‘elicitors’ in the
surroundings of the plant. An elicitor is an organic
or inorganic compound, or ion, that is released
from fungi, bacteria, viruses or produced by the
plant due to the attack of herbivores or pathogens.
Elicitors trigger cascades of physiological respons-
es that affect plant morphology and result in the
synthesis and accumulation of phenolic com-
pounds (Carvacho et al 2012 and Hooper &
Cassidy, 2006).

The aims of the present research were to eval-
uate effect of chitosan and salicylic acid as exoge-
nous elicitors on broccoli seed germination and
sprout characters chemical composition of broccoli
sprout at 3,5 and 7 days.

MATERIALS AND METHODS

This study was carried out in Horticulture De-
partment, Faculty of Agriculture, Ain Shams Uni-
versity and the Regional Center for Food and Feed
(RCFF), Agriculture Research Center (ARC), Egypt
during 2016 - 2017.

Seed material and sprouting methods

Seeds of Broccoli (Tiburon F1) were obtained
from Agriculture Research center (ARC), Cairo.
The seeds were rinsed in deionized water, im-
mersed in 2 gt sodium hypochlorite for 20 minutes
and drained. The seeds were weighed seeds (49)
and tap water (300ml) was placed in a 0.7 L ca-
pacity glass jar (household version) which was
then covered with cheese cloth secured by a rub-
ber band. The jar was stored in dark for 12 hr to
allow seeds to soak at room temperature. After
which 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 temper-
ature in light for 12 hr method as reported by
Abdallah (2008). The rinse-store procedure was
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biochemical constituents of broccoli seed sprouts

repeated days until 3, 5, 7 days. Cumulative time
had been completed (harvest time) Using tap wa-
ter, chitosan at 25, 50,100 ppm and salicylic acid
at 65,130,260 ppm for seed soaking sprouting.

Sprout characters

At sprout harvest time also samples of sprouts
were collected for measuring sprout characters (10
sprout length, hypocotyl length and radical length
(cm) and sprouts fresh and dry weight (g). Broccoli
sprouts harvested after 3 day from seed soaking.
then harvested sprouts dried using air draft oven at
65°C then grounded into powder for chemical
analysis.

Chemical composition investigation of Broccoli

All chemical composition analysis was carried
out in the regional center for food and feed
(RCFF), Agriculture Research Center (ARC).

Proximate analysis

Crude moisture, protein, ash, Fiber content
broccoli seed sprouts are determined according to
AOAC 2000.

Minerals

Calcium (Ca) and Potassium (K) were analyzed
absorption spectrophotometry 3300 Perken Elmer
according to the methods described in the AOAC
2000.

Total phenol

The total phenolic compounds of Broccoli seed
sprouts were extracted with reaction mixture con-
tained 200 pL of a diluted thyme extract, 800 pL of
freshly prepared and diluted Folin-Ciocalteu rea-
gent and 2 mL of 7.5% sodium carbonate (Na2
CO3). The final mixture was diluted to a final vol-
ume of 7 mL with deionized water and the samples
were incubated at room temperature for 72 h in the
dark. The suspension was centrifuged by latching
3 times at room temperature and the supernatant
was collected. In the next step, the absorbances of

the solutions were measured at 765 nm. Phenolic
compounds were determined using Total Phenols
method according to the (AOAC method 2005).

Statistical analysis

Statistical analysis was employed for each
measured trait by analysis of variance (ANOVA)
using completely randomized design and the mean
were differentiated by significantly (P< 0.05) ac-
cording to (SAS, 2013).

RESULTS AND DISCUSSION
Sprout length

Data presented in Table (1) indicated that ap-
plication of salicylic acid at 260 ppm was signifi-
cantly at (P< 0.05), while the chitosan 25 ppm con-
tent were found a progressive decrease (P < 0.05)
sprout length of broccoli at 3, 5 and 7 days old
compared with other exogenous elicitors treat-
ments in the two seasons (2016 and 2017). Similar
results were also obtained in broccoli sprouts, but
only after 5 days of treatment (Zhang et al 2007).
This results may be attributed that exogenous
application of selected elicitors can stimulate
the biosynthesis of secondary metabolites, lead-
ing to accumulation of phenolic and flavonoids
with antioxidant activity and improving the phy-
tochemical and nutritional value of sprouts.

Hypocotyl length

Data presented in Table (2), indicated that ap-
plication of salicylic acid at 260 ppm was signifi-
cantly at (P< 0.05), while the chitosan 25 ppm con-
tent were found a progressive decrease (P < 0.05)
Hypocotyl length (cm) of broccoli at 3, 5 and 7
days old compared with other exogenous elicitors
treatments in the two season (2016 and 2017).
These results were in concordance with those of
(Goni et al 2013). The salicylic acid (SA) in 3 days
old sprouts did not cause increased levels of broc-
coli sprouts; however salicylic acid (SA) concentra-
tions during 5 days of treatment and all the solu-
tions tested in 7 days old broccoli sprouts, signifi-
cantly increased (Pérez-Balibrea et al 2011).
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Table 1. Effect of chitosan and salicylic acid elicitors on sprout length at 3, 5 and 7days old- Broc-
coli seed sprouts in the two seasons (2016 and 2017)

Treatment 3 days 5 days 7 days
2016 2017 2016 2017 2016 2017
Control (Tap Water) 5.28d 5.20d 9.32a 9.24 a 11.24b 11.26 ab
Chitosan 25 ppm 5.00 e 493 e 8.94b 8.84b 10.87cd | 10.84c
Chitosan 50 ppm 488 f 482 f 8.27c¢ 8.22¢c 10.82c¢c 10.69 ¢
Chitosan 100 ppm 444 ¢ 4439 7.46d 7.36d 1049 e 10.46d
salicylic acid 65 ppm 5.48c 5.40c 7.43d 7.34d 10.95¢ 10.85¢
salicylic acid 130 ppm 5.85b 5.83b 8.33¢c 8.23¢c 11.20b 11.12b
salicylic acid 260 ppm 6.23 a 6.22 a 9.34 a 9.26 a 1148 a 1142 a

Mean Within a column for statistical with no common superscripts are significantly different (P<0.05)

Table 2. Effect of chitosan and salicylic acid elicitor on sprout hypocotyl length (cm) at 3, 5 and
7days old- Broccoli seed sprouts in two seasons (2016 — 2017)

Treatment 3 days 5 days 7 days

2016 2017 2016 2017 2016 2017
Control (Tap Water) 3.35b 3.25b 431b 424 a 7.04c 7.05c¢c
Chitosan 25 ppm 3.13¢c 3.10c 3.51d 3.45b 711c 7.07c
Chitosan 50 ppm 2.92d 2.85d 3.46d 3.43b 6.74d 6.68 d
Chitosan 100 ppm 2.37e 241e 3.65¢c 3.58b 6.57 e 6.56 d
salicylic acid 65 ppm 2.93d 291d 441 a 428 a 7.04c 7.06 c
salicylic acid 130 ppm 3.38b 331b 441 a 436 a 7.44 Db 7.36b
salicylic acid 260 ppm 3.88 a 3.83a 441 a 4.36 a 7.65 a 7.74 a

Mean Within a column for statistical with no common superscripts are significantly different (P<0.05)

Radical length

Data presented in Table (3), indicated that ap-
plication of salicylic acid at 65 ppm was significant-
ly at (P< 0.05), while the chitosan 100 ppm content
were found a progressive decrease (P < 0.05) rad-
ical length (cm) of broccoli at 3, 5 and 7 days old
compared with other exogenous elicitors treat-
ments in the two season (2016 and 2017). But the
longer the age, the reduced germination. Similar
results on the reduction effect of sprout radical
length were reported by (Ghoulam and Fares,
2001 and Ibrahim, 2010).

Fresh weight

Data presented in Table (4), indicated that ap-
plication of salicylic acid at 260 ppm was signifi-
cantly at (P< 0.05), while the chitosan 25 ppm con-
tent were found a progressive decrease (P < 0.05)

sprouts fresh weight (g) of broccoli at 3, 5 and 7
days old compared with other exogenous elicitors
treatments in the two season (2016 and 2017).
The previous results are similar to those reported
by (Fernandez-Orozco et al 2008, Krumbein et
al 2010 and Poulev et al 2003).

Dry weight

Data presented in Table (5), indicated that ap-
plication of salicylic acid at 260 ppm was signifi-
cantly at (P< 0.05), while the chitosan 100 ppm
content were found a progressive decrease (P <
0.05) sprouts dry seeds (g/100g DW).of broccoli at
3, 5 and 7 days old compared with other exoge-
nous elicitors treatments in the two season (2016
and 2017). Reduction of dry sprout weights rela-
tively depended on sprout length, are similar to
those reported by (Ghoulam and Fares, 2001).
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Table 3. Effect of chitosan and salicylic acid elicitor on sprout radical length (cm) at 3, 5 and 7days
old- Broccoli seed sprouts in the two seasons

Treatment 3 days 5 days 7 days
2016 2017 2016 2017 2016 2017
Control (Tap Water) 1.94 bc 1.96 bc 5.04b 498b 3.88b 391 ab
Chitosan 25 ppm 1.84c 1.86 ¢ 3.32e 3.25d 3.83b 3.82b
Chitosan 50 ppm 1.95¢c 1.95 bc 496 b 482b 3.86b 391 ab
Chitosan 100 ppm 2.07b 2.02b 3.94d 3.85¢c 395b 3.94 ab
salicylic acid 65 ppm 257a 248 a 5.39a 5.40 a 443 a 411a
salicylic acid 130 ppm 255a 253a 4.06 c 4.00c 3.83b 3.85b
salicylic acid 260 ppm 2.61la 2.62a 4.95b 4.99 b 3.89b 3.90 ab

Mean Within a column for statistical with no common superscripts are significantly different (P<0.05)

Table 4. Effect of chitosan and salicylic acid elicitor on sprouts Fresh Weight (g) at 3,5 and 7days
old- Broccoli seed sprouts in the two seasons (2016 — 2017)

Treatment 3 days 5 days 7 days
2016 2017 2016 2017 2016 2017
Control (Tap Water) 25.23b 25.53b | 39.26a 39.50 a 52.36 b 52.43 b
Chitosan 25 ppm 2453 c 2450c | 37.50c 37.23d 53.56 a 52.90 b
Chitosan 50 ppm 23.83 d | 24.00d | 36.45d 36.70 e 50.46 de 50.66 de
Chitosan 100 ppm 23.17 e 23.16f | 36.31d 36.10 f 50.37 e 50.23 e
salicylic acid 65 ppm 23.45 de | 23.56e | 3851b 38.50c 50.84 d 51.10 cd
salicylic acid 130 ppm 2527 b 25.70b | 39.05a 38.80 bc 51.60c 51.56 ¢
salicylic acid 260 ppm 26.38 a 26.50a | 39.35a 39.44 a 53.31a 53.46 a

Mean Within a column for statistical with no common superscripts are significantly different (P<0.05)

Table 5. Effect of chitosan and salicylic acid elicitor on sprouts dry weight (g). at 3,5 and 7days old-
Broccoli seed sprouts in the two seasons (2016 — 2017)

3 days 5 days 7 days
Treatment
2016 2017 2016 2017 2016 2017
Control (Tap Water) 2.63¢c 2.66d 244 c 2.38d 2.33b 232c¢
Chitosan 25 ppm 2.83a 285a 2.68 a 2.63a 244 a 250a
Chitosan 50 ppm 272b 2.76 bc 256 b 252b 2.33b 2.29 cd
Chitosan 100 ppm 2.67c 2.65d 245c¢c 244 c 226 ¢ 2.24d
salicylic acid 65 ppm 276 b 2.74c 225e 2.22f 224c 2.24d
salicylic acid 130 ppm 2.73b 2.78b 2.28¢e 2.24f 2.33b 2.27d
salicylic acid 260 ppm 2.83a 2.85a 2.35d 2.29e 241l a 241b

Mean Within a column for statistical with no common superscripts are significantly different (P<0.05)

Proximate composition

The proximate composition of Broccoli seed
sprouts using tap, chitosan and salicylic acid are
presented in Table (6). Data showed using tap
water (control), chitosan and salicylic acid in-
creased moister , protein, ash and fiber value as
compared with dry broccoli seed sprouts, could be

due to a decreased in dry matter through respira-
tion of young sprouts, due to here were no nitrogen
source added externally to the water and chitosan
and salicylic acid used for irrigation during sprouts.
The chemical composition shows statistically sig-
nificant differences (P < 0.05) between the sam-
ples according to the germination time.
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Moisture contents of sprouts were significantly
(p< 0.05) influenced by sprouting at Three days
old. The mean value of moisture content ranged
from 8.20% to 9.63% of dry sprouts from three
days of germination. This moisture percent in-
crease was therefore not a likely true increase
(Chavan and Kadam, 1989 and Abdallah, 2008)
and Dung et al (2010) the increment of moister
content in sprouts in a dry weight basis as com-
pared with dry seeds state. The original dry weight
of the seeds decreased during sprouting process.
The decrement in dry weight may be due to leach-
ing of materials and oxidations of substances from
the seeds during sprouting as reported by
(Chavan and Kadam, 1989).

On the other hand, protein recorded higher
content in both seasons with lower moisture con-
tent for all treatments. Protein content in broccoli
sprout recorded 33.40% and 33.73% respectively
with broccoli seed sprouting using chitosan at 100
ppm (Table 6). Also the protein content of sprout-
ed broccoli was higher than that of whole dry
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seeds broccoli. This observation was greed with
other scientific findings that sprouting improved
protein content (Abdallah, 2008, Fasasi, 2009
and Ibrahim, 2017). Moreover (Abd El-Azim, et al
2019) reported that several enzymes were activat-
ed during germination process which produced
some non-protein nitrogen substances, such as
nucleic acid which can caused protein level to be
increased.

Broccoli sprouts had lower increase of ash
11.63% and 11.80% on chitosan at 100 ppm on
seeds weight basis, respectively. This results simi-
lar reported by Aly, Tahany (2015).

Total fiber content increased as a result of
sprouting of 3 days old etiolated in broccoli which
reached in broccoli sprouts (11.43% and 11.67%)
in chitosan at 100 ppm on a dry weight basis
(Table 6). Similar results reported by (El-Mahdy
and El-Sebaiy, 1983), showed an increase in fiber
of fenugreek seeds after germination (from 6.3% in
seeds to 9.5% in sprouts).

Table 6. Effect of chitosan and salicylic acid content on evaluation the proximate composition of Broccoli
seed sprouts (3 days old) in the two seasons (2016 and 2017)

Treatment Moisture % Protein % Ash % Fiber %
2016 2017 2016 2017 2016 2017 2016 2017
Control(Tap Water) 83 b | 856b | 32.33c |3240b | 11.13cd |11.56ab | 11.36a | 11.33 a
Chitosan 25 ppm 853b | 8.66b | 32.73b | 32.40b | 11.36bc | 11.65ab | 11.36a | 11.63 a
Chitosan 50 ppm 820b | 850b | 323 ¢ |32.36b |11.23cd | 11.33b | 11.23a | 11.36a
Chitosan 100 ppm 9.16a | 9.63a | 3340 a | 33.73a | 11.63a | 11.80a | 1143a| 1167 a
salicylic acid 65ppm 9.16a | 953a | 33.63a | 33.40a | 10.86c¢c | 11.63a | 10.76 b | 10.46 b
salicylic acid 130ppm 9.26a | 943a | 32.33c | 32.53b | 11.03de | 11.33b | 11.16a | 11.56a
salicylic acid 260ppm 9.30a | 9.60a | 32.23¢c | 3253b | 11.7ab |11.50ab | 11.30a |11.56 a

Mean Within a column for statistical with no common superscripts are significantly different (P<0.05)

Mineral and Total phenols of Broccoli seed
sprouts

The mineral composition of broccoli sprout was
shown in Table (7). The mineral composition
showed that potassium (K) had the highest value
in the broccoli seed sprouting using chitosan at
100 ppm which recorded the highest Ca and K
values for both broccoli (from 336.50 and 196.43
ppm). However the high intake of potassium has
been reported to protect against increasing blood
pressure and other cardiovascular risk. Broccoli
sprout are rich in vit. B6, ¢, E and k, folic acid,
phosphorus, dietary fiber, potassium (K) and Mg.
which help prevention of cancer and regenerate

the immune system (lbrahim et al 2002), (Cap-
puccio and McGregor, 1991 and LangFord,
1983).

Data regarding the Total phenols content of
Chitosan 100 ppm and sprouted broccoli as a func-
tion of sprouting time is depicted in Table (7). Total
phenols contents of sprouts were significantly (p<
0.05) influenced by sprouting at 3 days old. The
mean value of Total phenols content in sprouted
seeds was 66.40 mg/100g which increased to
66.51 mg/100g in sprouted seeds after 3days old
sprouting time. These results agree with those
reported that Japanese broccoli sprout had higher
flavonoids (Takaya et al 2004).
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Table 7. Effect of chitosan and salicylic acid content on evaluation of mineral and total phenols of
Broccoli seed sprouts (3 days old) in the two seasons (2016 and 2017)

Treatment — Mineral (ppm) TO::L]Z%GOI;OIS

2016 2017 2016 2017 2016 2017
Control(Tap Water) 304.40d 304.56 d 160.50d | 160.83d | 61.80d 61.76 d
Chitosan 25 ppm 33450 b 334.63 b 190.60b | 190.80b | 63.60b | 63.33 bc
Chitosan 50 ppm 334.36 bc | 334.63b 189.06 ¢ | 189.36¢ | 63.73 b 63.63 b
Chitosan 100 ppm 336.30 a 336.50 a 196.10a | 196.43a | 66.51a 66.40 a
salicylic acid 65 ppm 333.80c 333.50¢c 190.40b | 190.60b | 62.60cC 62.90 c
salicylic acid 130 ppm 29743 e 297.56 e 155.33 f | 155.70f | 57.50 e 57.30 e
salicylic acid 260 ppm 297.56e | 297.70e | 156.50e | 156.73e | 57.56e | 57.50e

Mean Within a column for statistical with no common superscripts are significantly different (P<0.05)
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