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ABSTRACT

The effects of chitosan molecular weight and its concentrations on growth
vigour of wheat (Triticum aestivum), batley (Hordeum vulgare), com (Zea
mays) and lentil (Lens culinaris) sprouts were investigated. Plant seeds were
germinated in 100, 250 and 500 mg/L of three molecular weights (3.60x10°,
6.11x10° and 9.53%10° g/mol) chitosan for 8 days using a Neubauer technique.
Traditional growth and potential vigour-associated parameters (protein,
phenolics, chlorophyll and polyphenol oxidase) were investigated in details.
Chitosan treatments significantly enhanced sprout growth to varying degrees
over controls. Protein content in wheat and barley was gradually increased with
an increase in the molecular weight and the concentration. Whereas, a chitosan
of 3.60x10° g/mol was most significantly effective at 500 mg/L in com and
lentil. In addition, total phenolics were high accumulated and increased
gradually in the tested plants with an increase in the molecular weight and the
concentration. On the other hand, chlorophyil and polyphenol oxidase levels
were significantly decreased.

Key words: Chitosan molecular weight; chlorophyll content; protein; pheholic
content; polyphenol oxidase

INTRODUCTION

Improving overall growth and performance of agricultural crops is an
important goal to improve the productivity. This is driven by the need to
provide food for a steadily growing world population as well as the potential for
commercial benefits (McDonald, 1994). Enhancement of seed vigour is a useful
approach to meeting this goal. Seed vigour is defined as those seed properties
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that determine the activity and performance of the seed during germination and
seedling emergence (Perry, 1978). Traditional agronomic methods of seed
vigour measurement include germination percentage, sprout length and weight.
More recently, there is also evidence to support a link between certain
biochemical characteristics and sprout vigour (Randhir and Shetty, 2003; Horii
et al, 2007).

Seed priming, the soaking of seeds in a solution prior to planting, is a known
strategy to improve seedling establishment by increasing uniform seed
germination (Bradford, 1986; Taylor and Harman, 1990). A number of
commonly used as priming solutions are available, such as polyetheylene
glycol, inorganic salts, fertilizer and plain water (Pill et al, 1994). However,
optimization of priming solutions is required for each crop species (Bradford,
1986; Taylor and Harman, 1990). At present, increasing interest is being
devoted to the use of natural substances such as a bioactive chitosan polymer.
Chitosan, a copolymer of glucosamine and N-acetyglucosamine units linked by
1,4-glucosidic bonds, obtained by N-deacetylation of chitin, is one of these
compounds (No and Meyers, 1997). it has a number of interesting properties
such as a good biodegradability and a low toxicity for mammalian cells
(Muzzarelli et al., 2001).

In agriculture, chitosan has been used in seeds, fruits and vegetables coating
(Devlieghere et al., 2004), to increase the plant product (Wanichpongpan et al.,
2001), to stimulate the immunity of plants (Hadwiger er al, 2002) and to
protect plants against microorganisms {Bhaskara Reddy er al,, 1999; Rabea er
al., 2003; Tripathi and Dubey, 2004; Badawy and Rabea, 2009). In the latter
studies, & positive effect of chitosan was observed on the growth of roots,
shoots and leaves of ornamental plants including Gerbera spp (Wanichpongpan
ef al., 2001) and of several crop plants (Chibu and Shibayama, 2001; Nge e? al.,
2006). Moreover, a numerous studies have revealed that chitosan treatment is
effective in enhancement of the yield and quality of soybean sprouts (Lee ef al.,
1999; No et al,, 2003).

In addition, its antimicrobial activity has received considerable attention due

to problems associated with fungicidal and bactericidal agents (Rabea er al,
2003; Badawy and Rabea, 2009). Moreover, plants are well adapted to cope
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with a variety of attacking pathogens, and the plant’s defense response against
pathogens can be elicited by numerous external signals. One of the ways in
which the plant’s response can be manipulated genetically or by treatment with
the oligosaccharide elicitors such as chitosan (Hadwiger ef al., 1989; Rabea et
al., 2003).

In the present study, we have hypothesized that the treatment of seeds of
wheat (Triticum aestivum), barley (Hordeum vulgare), com (Zea mays) and
lentil {Lens culinaris) with different molecular weights of chitosan (3.60x 10%,
6.11x10° and 9.53x10° g/mol) may result in an increase in both biochemical
and traditional agronomic indices of sprout vigour. Following treatment with
various concentrations of chitosans, vigour-related growth and critical
biochemical parameters such as chlorophyll content, total proteins, phenolic
contents and polyphenol oxidase were determined after 8 days of growth
period.

MATERIALS AND METHODS

Chemicals: Three acid-soluble chitosans (3.60x10°, 6.11x10° and 9.53x10°
g/mol molecular weight, calculated by determination of their intrinsic
viscosities) were purchased from Sigma-Aldrich Chemical Co. (USA). Degrees
of deacetylation were 85, 81 and 82 %, respectively. All chitosans were in a
powder form and prepared from crab shell. Acetic acid, copper sulphate,
disodium ethylenediamine tetra acetic acid (EDTA), ethanol, gallic acid,
polyvinylpyrrolidone (PVP), potassium monchydrogen phosphate, potassium
dihydrogen phosphate, pyrocatechol, sodium-potassium tartarate, Folin-
Ciocalteu phenol reagent and Bovine Serum Albumin (BSA) were purchased
from Sigma-Aldrich Chemical Co. (USA) and used without further purification.

Seeds of test plants and cultivation with chitosan treatments: Seeds of
wheat (Triticum aestivum L. Poaceae), barley (Hordeum vulgare L. Poaceae),
corm (Zea mays var. amylacea L. Poaceae) and lentil (Lens culinaris M.
Fabaceae) were used for this study. Chitosan solutions were prepared in 0.05%
aqueous acetic acid at concentrations of 100, 250 and 500 mg/L.. Control
treatments were an aqueous solution of acetic acid (0.05%, v/v) and distilled
water. Three replicates of 10 seeds per species were prepared for each treatment
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using glass Petri dishes (9cm) lined with Whatman No. 2 filter paper. Five
milliliters of test solution were added to each Petri dish. The filled Petri dish
was placed in the bottom of a 0.1-mm thick polyethylene bag (15%x30 cm)
which was expanded to contain air and then closed at the top with a rubber band
according to the Neubauer technique as modified by Thomas and Cline (1985).
This containment unit was placed in a controlled-environment growth chamber
and subjected to 16 h of light and 8 h of darkness. This enclosed unit served
both to isolate any toxic chemicals and to avoid the need for daily irrigation
unti! germination or sprout measurements were made.

Seedling growth measurements: Germination percentage was calculated as
the total number of seedlings that emerged versus the total number of seeds and
was found to be higher than 96%. The average of shoot, root length (in cm) and
shoot and root weight (in mg) of seedlings were measured after 8 days of
germination.

Chlorophyll content assay: Chlorophyll a, b and total chlorophyll contents in
seedling leaf tissue were measured by the method of Hipkins and Baker (1986).
Fifty mg of leaves tissue was added to 3.0 mL of methanol and incubated in the
dark for 2 h. Each sample was homogenized and centrifuged at 13,000 rpm for
10 min. Absorbance of the supernatant was measured at 650 nm and 665 nm by
Unico 1200-Spectrophotometer. Absolute methanol was used as a blank. The
calculation of chlorophyll a, chlorophyll b and total chlorophyll content was as
follows: '

Chlorophyll @ (ung/mL) = 16.5%A4e¢s-8.3%Aesp

Chilorophyll & (ug/mL) = 33.8%A4gs0-12.5%Ags

Total chlorophyll (pg/mL) = 25.8xA4¢s0t4.0%Agss
The chlorophyll contents were subsequently converted to pg of chlorophylls per
gram of fresh weight (FW) tissue by the formula (ug chlorophyll/mL
methanol) x 3 mL methanol/(g FW tissue).

Sample preparation: One-hundred mg of leaf tissue was ground in 2 mL of
enzyme extraction buffer with glass beads by mortar and pestle chilled on ice.
The extraction buffer consisted of 0.5% (w/v) PVP, 3 mM disodium EDTA,
and 0.1 M potassium phosphate buffer, pH 7.5. The homogenate was
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centrifuged at 13,000 rppm for-‘.IO min at 4 °C and was used as the crude enzyme
extract {(Horii et al., 2007).

Total protein assay: The Lowry ef al., (1951) method was used to determine
the protein content in leaf samples. One-hundred pl. of protein extract was
added to 2 mL of alkaline copper reagent (48 ml of 2% (w/v) sodium carbonate
in 0.1 N sodium hydroxide + 1 mL of 1% (w/v) sodium-potassium tartarate + |
mL of 0.5% (w/v) copper sulphate) and immediately mixed well. After 10 min.,
0.2 mL of Folin-Ciocalteu phenol reagent was added and the samples were
thoroughly mixed then the absorbance of the developed blue color was
measured at 600 nm using Unico 1200-Spectrophotometer. Protein content of
the samples was calculated from the standard curve obtained using different
concentrations of BSA.

Total soluble phenolics assay: Total phenolics in seedlings tissue were
determined according to McCue et al.,, (2000). Briefly, 50 mg of leaf tissues
were taken after eight days of germination then was placed in 2.5 mL of 95%
ethanol and frozen for 48-72 h. Samples were homogenized with a mortar and
centrifuged at 10,000g for 10 min. One milliliter of the resulting supernatant
was combined with 1 mL 95% ethanol, 5 mL distilled water and 0.5 mL of 50%
Folin-Ciocalteu phenol reagent. After the incubation period 5 min at room
temperature, 1 mL of 5% (w/v) sodium carbonate was added followed by brief
vortexing to mix. The reaction mixture was incubated for 1 h in a dark-
cupboard. After briefly vortexing, the absorbance was determined at 725 nm by
spectrophotometer (Unico 1200-Spectrophotometer, USA). A standard curve
was established using a gallic acid in 95% ethanol. Total phenolics content was
standardized against gallic acid and absorbance values were converted to fig of
phenolics per gram of fresh weight tissue. Each value reported is the average of
three determinations assays of three separate samples for each replicate.

Polyphenol oxidase (PPO) assay: The activity of PPO (EC 1.10.3.2) was
determined according to Zhi-ging et al., (2008} by mixing of 1.5 mL of 0.2
mol/L. pyrocatechol, 1.4 mL of 0.05 mol/L phosphate buffer (pH 6.8) and 0.1
mL enzyme extract, respectively. The mixture was incubated at 25°C for 25
min and the absorbance was measured at 420 nm by spectrophotometer (Unico
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1200-Spectrophotometer, USA). The specific activity of PPO was calculated
and expressed as O.D. mg 'protein. 30 min™.

Statistical analysis: All the quantitative estimations of growth and biochemical
parameters were based on three replicates and the values are expressed as
mean + standard error. The data were statistically analyzed separately for each
experiment and were subjected to analysis of variance (ANOVA) using SPSS
12.0 software (Statistical Package for Social Sciences, USA). Mean separations
were performed by Student-Newman-Keuls (SNK) test agcording to Snedecor
and Cochran (1989) and differences at P < 0.05 were considered as significant.

RESULTS AND DISCUSSION

Influence of chitosan treatments on seedling vigour of wheat, barley, corn
and lentil: Initial vigour response was measured using traditional agronomic
parameters including, shoot and root length as well as shoot and root weight.
These parameters are all vital indices of sprout vigour. The effects of three
molecular weights chitosan (3.60x10°, 6.11x10° and 9.53x10° g/mol) at 100,
250 and 500 mg/L on the length and weight of wheat, barley, corn and lentil
sprouts were investigated and presented in Tables 1-3. Chitosan treatments
significantly enhanced the seedling vigour to varying degrees over the controls,
In wheat, shoot length and weight was concentration and molecular weight
dependant (Tables 1 and 2). The maximum shoot length and weight of wheat
was obtained with a high molecular weight chitosan (9.53x10° g/mol) at 500
mg/L that was increased significantly (10.22 cm and 85.63 mg/plant,
respectively) compared to the controls. In contrast, chitosans of 6.11x10° and
9.53x10° g/mol at 100 mg/L were the most significantly effective in root length
and weight compared to the controls. Among three chitosan treatments, their
high concentration (500 mg/L) significantly decreased the root length. The total
weight of wheat seedling was significantly increased compared to the controls
at concentrations of 100 and 250 mg/L. for all three chitosan treatments {Table
2). The tota! weight (167.20 - 213.11 mg) of wheat sprout germinated in
chitosan solutions was 5.76 - 34.81% higher than that of the control of 0.05%
aqueous acetic acid (158.08 mg/sprout).The significant seedling growth of
barley evidenced by the most increase in shoot length and weight was observed,
reaching 13.55 cm and 107.17 mg, respectively after 8 days at 500 mg/l. of a
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high molecular weight chitosan (9.53x10° g/mol) (Table 1). Root length and
weight of barley was also dependant on the concentration and molecular weight
as previously mentioned in wheat. Barley seedling weight appeared to respond
positively to the concentration during germination (Table 2), but only a 250
mg/LL of 6.11x10° and 9.53x10° g/mol chitosans was significantly highest
(180.33 and 178.04 mg/sprout, respectively). It can be noticed that the total
weight of barley sprout treated with chitosans (142.29 - 180.33 mg/sprout) was
26.41 - 60.21% higher than that of the control of 0.05% agueous acetic acid
(112.56 mg/sprout).

The shoot length and weight of corn was affected negatively with an increase
in the chitosan concentrations (Tables 1 and 3). Whereas, a concentration of
100 mg/L of 6.11x10° g/mol was the highest in activity of the shoot length and
weight, 2.73 cm and 128 mg, respectively compared to the controls. In addition,
a concentration of 250 mg/L of 9.53x10° g/mol was the highest activity in root
length and weight, 11.43 ¢m and 112.44 mg, respectively compared to the
controls. Seedling total weight was significantly affected by a 100 mg/L of
3.60x10° and 6.11x10° g/mol chitosans which account 230.28 and 234
mg/sprout, respectively (Table 3).

In corn sprout germinated with chitosans, the total weight (141-234
mg/sprout) was 0.19- 66.28% higher than that of the control of 0.05% aqueous
acetic acid (140.73 mg/sprout) except that a chitosan low molecular weight
with 500 mg/]. caused a significant decreasing effect in the total weight (128.39
mg/sprout). : &

The results of the lentil, seedling growth parameters indicated that the low
molecular weight chitosan (3.60x10° g/mol) was the most effective one in shoot
length (Table 1) and weight (Table 3). The concentrations of 250 and 500 mg/L
of 3.60x10° g/mol chitosan were the most significantly active compared to the
controls and the other treatments. Whereas, a concentration of 100 mg/L
of the medium molecular weight (6.11x10° g/mol) was the most effective one
on the root length (8.92 cm) and on the root weight (59.22 mg). In contrast,
a concentration {500 mg/L) of the high molecular weight (9.53x10° g/mol) was
the lowest one (1.97 cm and 25.37 mg for root length and weight, respectively)
among all chitosan treatments. As shown in Table 3, the total weight (64.34 -
85.06 mg/sprout) of the lentil sprout was 4.04-37.55% higher than that of the
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Table 1. Effect of different molecular weights chitosan compounds on length of wheat, barely, corn and

lentil sprouts.
Wheat Barley Com Lentil
Treatment Shoot Shoot Shoot Shoot Root
(mg/L) tength Root length length Root '°')‘g“‘ length R°°('c::;‘g’h length length
(cm) (cm) (em) tem _(em) (cm) {cm)
Ci 9.477°£022  10.89%+0.11  10.74°025  9.90"°+0.10  224™°30.11 8862019  263°20.12  4.11°20.11
Q 906°+0.20  9.94%:0.57 10.58°40.22  8.69°40.40 1.69%£0.17 81152031 252004  3.00°:0.06
100L 9322008 11784011 12374020 9687019  266%:0.17  984°4022  353%:0.10 4.89°40.31
250L 9.58%°10.17  11.86™:0.07  1262%+029 10442024 23372009 $88°0.07  3.79%007  5.11°:0.20
500L 9.64%<:0.16  7.56+0.29 128394029  9.589:027  221™:003 4637009 4753008  5.19°+024
100M 9.39%°:006  12.860.16  1238%020 10474037 273010  1037°:032 3.50%:0.10 8.92:0.14
250M 9834017  11.96%20.15  12.95%x0.15  11.33%022  248"%<:0.08 891°40.14  352%4027 5377009
500M 9.90%10.21 10.06%+0.24  1336%:025 93979031 2274017 4.70°40.17  3.60%:0.19  3.09°2041
100H 10.00%£0.10 12.44%3024  12.83%40.10 11.10®£038  2.03°2007  569'20.17  340%:0.14  6.07°:034
250H 10.17%4033  11.39%:063  13.18%40.32  11.41%054 2389012 11434023 3.007:0.19  2.71°:0.15
500H 10.22':0.04  9.01°:0.42 13.550.24  9.009+0.21 224™+005 443°£030 2834019  1.97%0.19

Cl, control cultivated in water; C2, control cultivated in 0.05% (v/v) aqueous acetic acid. L = Low molecular weight
(3.60x10° g/mol); M = Medium molecular weight (6.11x10° g/mol) and H = High molecular weight (9.53x10° g/mol)
chitosan. Data are averages of three replicates + SE. Values within a colutnn bearing the same superscript are not significantly
different (P < 0.05).
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Table 2. Effect of different molecular weights chitosan compounds on weight of wheat and bariey

sprouts.
Wheat _ Barley

T:::;S“ Shoot weight Root weight Totat weight Shoot weight Root weight Total weight

(m%s_prom) (mﬁlspmut) (mg/sprout) {mg/sprout} (mpg/sprout) {mg/sprout)
Cl 79.13%%2 07 97.78%+1,54 176.91%2 42 88.67°40.51] 42 81'+0.80 131.47°£0.49
(or] 74.08"+2.31 $4.00°1.90 158.087+0.75 BLOO%£1.53 31.56%:1.28 112.56%2.60
100L 76.7710.45 116.00°£2.00 192.77°+1.93 98.78°+0.97 43.51%1.91 142.29%1.11
250L 80.78%%9+0.40 122.00%£3.21 202.78°£3.39 99 67%+1.45 44.50%1.32 144.17%%1.48
500L 83.67"£1.65 83.53°:0.29 167.20°:1.36 103.67%£2.19 47.67":1.20 151.33°£2.33
100M 77.82°%10 99 127.67*£2.73 205.49%+2.10 99.00°£1.15 58.33°+0.88 157.33%1.20
250M 81.11"+0.80 121.89%3.02 203.00*+3.48 102.00"+1.53 78.33%£0.88 180.33%2.40
500M 84.55%40.35 84.60°+2.47 169.15%£2 34 104.67%+2.67 49.00°+1.53 153.67°+3.48
100H §0.33*%42 33 132.78"4:2.82 213.11"1.98 100.17%1.30 71.0051.00 171.17°+1.59
250H 82.29%440 71 129.11%+2.02 211.41%42.16 103.38*+1.05 74.67°+1.20 178.041.86
S00H 85.63"£0.32 86.45°+1.90 172.08%42.21 107.17°£1.01 44.00%1.00 151.17°0.44

(6002 101-LL -(Z/1) LI 19§ uOHAUT pub 0D 1524

Cl1, control cultivated in water; C2, contro! cultivated in 0.05% (v/v) aqueous acetic acid. L. = Low molecular weight
(3.60x10° g/mol); M = Medium molecular weight (6.11x10° g/mol) and H = High molecular weight (9.53x10° g/mol)
chitosan. Data are averages of three replicates + SE. Values within a column bearing the same superscript are not significantly
different (P < 0.05).
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Table 3. Effect of different molecular weights chitosan cbmpounds on weight of corn and lentil sprouts.

Treatment Com Lentil
;:fg,u Shoot weight Root weight Total weight Shoot weight Root weight Total weight
{mg/sprout) (mg/sprout) {mg/sprout) (mg/sprout) (mg/sprout} {mg/sprout)
Ci 90.42°+1.40 82.40°%1.47 181.82%:1 .38 22.83%40.25 43.04°40.53 65.87°0.76
C2 70.07°+1.46 70.67'+1.86 140.73"3.27 22.38+0.06 39.47°£1.75 61.84°1.70
100L 127.50°+1.61 102.78°£1.13 230,282 64 26.73°0.12 51.40°+0.50 78.13%+0.56
250L 100.00°:0.19 80.11°%40.91 180.1120.97 28.93%40.74 53.36°1.25 82.29%+1 25
500L 68.17%41.92 60.225:0 67 128.39%+1.60 30.50"£0.40 54.56%+1.28 85.06"+1.68
100M 128.00°£1.07 106.00+1.15 234.00%3.03 23892049 59.22%1.39 83.11°+0.95
250M 101.53°:0.96 $3.78%2.21 185.31°41.33 24 807064 53.44°40.99 78.24°40.62
S00M 79.44°+1.06 61.56"1.28 141.00%:1.90 25.89°440.29 31.579:0.88 57.46°:0.98
100H 90.11°10.78 76.56°42.96 166.67°+2.46 23.86"110.52 54.82°:0.53 78.68%1.03
250H 103.00°£1.90 112.44%1.37 215.44°%2 7% 23.08+0.13 41.27°£1.79 64.34°:1.91
S00H 113.00°+2.08 61.2240.67 174.22°¢1.64 22.67'+0.84 25.37°£0.85 48.03°+0.42

C1, control cultivated in water; C2, control cultivated in 0.05% (v/v) aqueous acetic acid. L = Low molecular weight
(3.60x10° g/mol); M = Medium molecular weight (6.11%10° 'g/mol) and H = High molecular weight (9.53x10° g/mol)
chitosan. Data are averages of three replicates + SE. Values within a column bearing the same superscript are not significantly
different (P <0.05). {
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control of 0.05% aqueous acetic acid (61.84 mg/sprout) except that a
concentration of 500 mg/L with chitosan medium and high molecular weights
caused a significant decreasing effect in the total weight (57.46 and 48.03
mg/sprout, respectively).

Chitosan was used as a seed treatment and subjected to seed germination and
seedling vigour tests as a prerequisite to select concentrations desirable for seed
treatment. The data that presented in this study are in agreement with earlier
observations made by many scientists. For example, No et al, (2003)
established optimal soybean sprouts cultivation conditions of molecular
weights, concentrations, solvents of chitosan, soaking times and
soybeans/chitosan solution ratios. They observed that an increase in weight of
soybean sprouts from 6.9 to 29.2% by chitosan treatment. Lee et al., (1999)
reported that the length of soybean (Korean Jksan cultivar) sprouts treated with
chitosan was 25.4% longer than that of the control. The effect of shrimp and
fungal chitosan on the growth and development of orchid plant meristemic
tissue in culture was also investigated in liquid and on solid medium by Nge et
al., (2006). They found that the growth of meristemn explants into protocorm-
like bodies in liquid medium was accelerated up to 15 times in the presence of
chitosan oligomer and the optimal concentration was 15 mg/L. They also added
that a 1 x10° g/mo) shrimp ofigomer was slightly more effective compared to
1x10* g/mol shrimp chitosan. Chitosan significantly enhanced growth factors of
Gerbera plants in terms of the average values of flower-stem length, the number
of growing leaves, including leaf width and length as well as the number of
flowers per bush (Wanichpongpan et al., 2001). However, the mechanism of
the action of chitosan on plant growth remains unclear.

Influence of chitosan treatments on chlorophyll content in wheat, barley,
corn and lentil: The effects of three different molecular weights of chitosan at
100, 250 and 500 mg/L on chlorophyll a, b and total chiorophyll content of
wheat, barley, corn and lentil are shown in Figure 1. From the obtained result it
can be noticed that a low concentration (100 mg/L.) of the three chitosans
caused an increase in the chlorophyll contents in wheat, whereas high
concentrations (250 and 500 mg/L) led to a significant decrease in the
chlorophyll contents compared to the controls (Figure 1). In addition, the higher
molecular weight was the lower chlorophyll contents. In barely, com and lentil
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" Dchlorophyll a EChiorophyll b W Total Chiorophylt |

ug chlorophylrig FW

100M 250M 500M 100H

ug chiorophyilig FW

500L 100M 250M S00M 100H

ug chiorophylilg FW

250M 500M 100H 250H 500

ug chiorophyllig FW

c2 100L 250L 500L 100M 250M S00M 100H 250H S00H

Figure ). Chlorophyll content (ug/g fresh tissue) of wheat, barely, com and lentil sprouts treated with different
molecular weights chitosan compounds.C|, control cultivated in water; C2, control cuitivated in 0.05% (v/v)
aqueous acetic acid. L = Low molecular weight 3.60%10° g/moly, M = Medium molecular weight 6.11210°
g/mal) and H = High molecular weight (9.53x10° g/mot) chitosan. Data are averages of three replicates & SE.
Bars bearing the same letter are not significantly different (P <0.05).
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leaves, the chlorophyll a, & and the total chlorophyll contents were increased in
all treatments compared to the controls and then dramatically decreased with
the increasing in the concentration. Generally, it can be noticed that the
chlorophyll contents in wheat and barley leaves were higher than that obtained
in corn and lentil. However, the concentration of these pigments was more
drastically decreased in wheat leaves with either increasing of the chitosan
molecular weight or concentration than that caused in barley leaves.

Overall, the reduction in chlorophyll contents in wheat, barely, corn and lentil
leaves after growth period may be attributed to the interference of magnesium
metal in chlorophyll biosynthesis with high concentration of the chitosan
molecule through the biosynthesis of photoactive protochlorophyll reductase
enzyme complex and aminolevulinic acid (ALA) synthesis (Stobart er al,
1985). In addition, the sulfhydryl groups of this enzyme complex, which
provide chlorophyll biosynthesis, may be attributed to be blocked by the
compiexation of acid active thiol groups by amino group in chitosan molecule.

Influence of chitosan treatments on protein content in wheat, barley, corn
and lentil: The protein content in leaves of wheat, barley, corn and lentil
germinated in different molecular weights of chitosan at 100, 250 and 500 mg/L.
are shown in Table 4. The results indicated that the protein contents in wheat
and barley was significantly increased with an increase in the molecular weight
and chitosan concentration during the entire growth period versus controls.
High values of protein content in both seedling wheat and barley (5.16 and 3.89
mg, respectively) were found at concentrations of 500 mg/lL from high
molecular weight of chitosan (9.53x10° g/mol). Whereas, a 500 mg/L of the
chitosan low molecular weight (3.60x10° g/mol} was the most significantly
effective in the protein contents of corn and lentil (9.62 and 5.03 mg protein/g
fresh tissue, respectively). In the case of lentil, a significant decrease of protein
content was found with an increase in the concentration of the high molecular
weight chitosan (9.53x10° g/mol).

In general, the total protein content (4.29 - 5.16 mg protein/g fresh tissue) of
wheat sprouts germinated in chitosans was 18.18 - 42.15% higher than that of
the control of 0.05% aqueous acetic acid (3.63 mg protein/g fresh tissue). The
total protein content (2.13 - 3.89 mg protein/g fresh tissue) of barley sprouts

89



Badawy, M. E. |

treated with chitosans was 1.43 - 85.24% higher than that of the control of
0.05% aqueous acetic acid (2.10 mg protein/g fresh tissue).

Table 4. Protein content (mg/g fresh tissue) of seedling leaf tissues in wheat,
barely, corn and lentil sprouts treated with different molecular weights chitosan

compounds,
Treatment mg protein/g fresh tissue
(mg/L) Wheat Barely Corn Lentil

Cl 3.67+0.09 23592004 7.88°+006 3.90°%+0.04
C2 36372003 2.10°+0.08  7.189+0.01 3.78%+0.05
100L 429°£0.07 2.13%+0.06 842°+021 3.99%9:+0.10
250L 4.46%°+0.12 2379+0.00 9.60°+0.12 4.47°+0.03

500L 4.71%+£005 3.52°+005 9.62°+0.16 5.03*+0.06

100M 434°+0.04 2.19°+0.07 6.79°+0.06 3.989+0.06
250M 4.56°+0.08 244%+020 828°+0.18 4.13°£0.09

500M 488°+0.02 3.80°+005 9353065 4.47°+0.05

100H 4519+ 006 2.59°+0.11 7.66°+0.02 3.80°+0.05
250H 4619+0.05 331°+0.07 8.12°+0.13  3.69+0.06
500H 5.16°£0.07 3.89°+0.12 929°+0.17  3.52'+0.04

C1. control cultivated in water; C2, contro! cultivated in 0.05% (v/v) aqueous acetic acid. L = Low
molecular weight (3.60x10° g/mol); M = Medium molecular weight {6.11x10° g/mol) and H = High
molecular weight {9.53x10° g/mol) chitosan. Data are averages of three replicates + SE. Values within a
colurnn bearing the same superscript are not significantly different (P < 0.05).

Whereas, the total protein content (7.66-9.62mg protein/g fresh tissue) of the
corn sprouts germinated in chitosan solutions was 6.69 - 33.98% higher than
that of the control of 0.05% aqueous acetic acid (7.18 mg protein/g fresh
tissue), except that a 6.11x10° g/mol chitosan with 100 mg/L which caused a
significant decrease in the protein content (6.79 mg protein/g fresh tissue). In
later, the lentil sprouts germinated in chitosan solutions, the total protein (3.80 -
5.03 mg protein/g fresh tissue) was 0.53 - 33.07% higher than that of the
control of 0.05% aqueous acetic acid (3.78 mg protein/g fresh tissue), except
that concentrations of 250 and 500 mg/L with chitosan high molecular weight
((9.53x10° g/mol) which caused a significant decrease (3.69 and 3.52 mg
protein/g fresh tissue, respectively) in total protein. These findings were
corroborated well with the earlier findings of Badawy and Rabea (2009). The
reported that the different molecular weights of chitosan (0.5%10% 3.7x10%,
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5.7x10% and 2.9x10° g/mol) at 500, 1000, 2000 and 4000 mg/L enhanced the
total protein content in tomato fruit (Solanum Ilycopersicum L. var.
lycopersicum) and a high value of protein was found with a chitosan of 5.7x 104
g/mol at 4000 mg/L (11.08 and 7.36 mg protein/g fruit tissue at storage of 25
and 2°C, respectively).

Influence of chitosan treatments on total phenolic contents in wheat,
barley, corn and lentil: The total soluble phenolics in leaf extracts of wheat,
barley, corn and lentil germinated with different molecular weights chitosan at
100, 250 and 500 mg/L are shown in Table 5. The results showed that the
overall response to chitosan treatments by each plant species was the same
except with the corn sprouts. The content of the total phenolics in wheat, barley
and lentil among all treatments was high gradually accumulated with an
increase in the molecular weight and the concentration compared to the
controls. Whereas, the phenolic content in corn was significantly increased
(285.14 and 292.96 pg/g fresh tissue) with 250 and 500 mg/L, respectively of
the high molecular weight chitosan (9.53x10° g/mol) than the others. In
addition, a concentration of 500 mg/L of the chitosan low molecular weight
(3.60x10° g/mol) was the following in a descending order. Moreover, there was
no significant difference in the total phenolics content in corn with the
chitosans at 100, 250 and 500 mg/L of the medium molecular weight (6.11x10°
g/mol). This result was compatible with that obtained in the protein contents as
previously mentioned.

From the results, the total phenolic content (80.91 - 96.64 ug/g fresh tissue) of
wheat sprouts germinated in chitosan solutions was 1.39 - 21.10% higher than
that of the control of 0.05% aqueous acetic acid (79.80 pg/g fresh tissue). The
total phenolic content (41.32 - 59.16 pg/g fresh weight tissue) of barley sprouts
was 1.75 - 45.68% higher than that of the control of 0.05% aqueous acetic acid
(40.61 pg/g fresh tissue). Whereas, the total phenolic content in the corn sprouts
(238.82 - 292.96 pg/g fresh tissue) was 0.03 - 22.70 % higher than that of the
control of 0.05% aqueous acetic acid (238.76 pg/g fresh tissue). In lentil
sprouts, the total phenolic content (46.47 - 59.36 ug/g fresh tissue) was 9.68 -
40.10% higher than that of the control of 0.05% aqueous acetic acid (42.37 pg/g
fresh tissue).
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Ti-lble .5.:--.T0tali.ﬂ-sgloluble-r;a'henolic content (ug/g fresh tissue) of seedling leaf
‘tissues in wheat, barely, corn and lentil treated with different molecular weights

chitosan compounds. -

Treatment ug phenolic content/g fresh tissue
(mg/L}) Wheat Barely Corn Lentil

Cl.. . 8223 #0096  43.85x1.01  240.32°: 543 4927 +041
C2. . 7980°+241 . 40.61°£022 23876278  42.37'+0.34
C100L. ) .. .85.38%%240  41.32¢x2.07 240.94°£1.12  46.47°+0.23
J250L T T 86.17™ 41,95 45.46™9+1.25  254.62™+2.35  47.84*+1.01

© 5001 87.96™+3.10  51.51™£0.94  262.92°+4.11 5034+ 1.11
‘»'1100M” T B0O1C£2.44  49.01°™%+0.11 24541329 50.31%£0.19
250M  89.43™°4°090  53.81"°+0.85  250.32™%8.11  51.35%%0.79
500M T U933THL3S 5483621 254.09%£7.94 51.94°:1.13
A00H - 90 71" w425 5263072 23882°40.73  55.45°+0.90
250H: o 9407"+£2.49  55.45%+3.15  285.14°45.39 5735+ 0.48
500 oo, 96.64%103 0 59.16°£ 078 292.96°+4.93  59.36"+1.58

- Cl. canlml cultivated. in water; C2, control cultivated in 0.05% (v/v) aqueous acetic acid. L = Low
_molecular weight (3.60%10° g/mol); M = Medium molecular weight (6.11x10° g/mol) and H = High
* molecular weight (9.53%10° g/mo!) chitosan. Data are averages of three replicates & SE. Values within a
. eolumin Bearing the samie superseript are not significantly different (P <0.05).

‘When 'we consider the amount of the phenolic content in the different plant
species, - another ‘point deserves attention; it can be noticed that the highest
phenolic content was recorded in the com followed in a descending order by
wheat, lentll and barley sprouts.

ln addltxon to tradmonal sprout vigour parameters, the synthesns of secondary
. metabolites, such as phenolics, has proved to be useful in the evaluation of

- :-plant . growth, . stemming from the positive correlation between phenolic
...synthesis and -sprout vigour response. (Randhir and Shetty, 2003). In the plant

- -celis, simple phenolics are believed to be scavengers of free radicals, protecting
. :the cells from free radical damage. Phenolics are also invoived in strengthening
'i--the plant-cell walls during growth by polymerization into lignans and lignins

= {Lewis and Yamamoto,.1990; McCue er al., 2000; Burguieres et al., 2007).
. Moreover; plant.phenolics have potential health benefits mainly due to their
antioxidant properties such as reactive oxygen species scavenging and
inhibition, electrophile scavenging, and metal chelation (Huang ef al., 1992).
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Randhir and Shetty (2003) reported that a significant increase in total phenolic
content of fava beans was to correlate with enhanced seedling height and
weight.

In the present investigation seeds that had been germinated with chitosans
showed enhancement of phenolic content among all plant species. This increase
in the phenolic content was consistent with the increases in the chitosan
molecular weight and concentration response of the seedlings. These results are
in agreement with Benhamou and Thériault (1992). They reported that the
production of phenolic compounds was induced in tomato plant treated with
chitosan. Badawy and Rabea (2009) added that the total soluble phenolic
compounds in chitosan-treated tomato fruit were significantly increased with an
increase in the chitosan concentrations and a chitosan of 5.7x10% g/mol was the
most active one. In addition, the production of phenolics, phytoalexins or
related compounds in tomato plants, induced by chitosan, precedes or coincides
with the action of hydrolytic enzymes of F. oxysporum {. sp. radicis-lycopersici
(Benhamou and Thériault, 1992).

Influence of chitosan treatments on Polyphenol oxidase (PPO) activity in
wheat, barley, corn and lentil: Polyphenol oxidase (PPO) activity in wheat,
barley, corn and lentil germinated with different molecular weights of chitosan
at 100, 250 and 500 mg/L are shown in Table 6. In control treatments, a high
PPO activity was found, while the activity was decreased to low level with a
specific activity of 0.55 OD mg’! protein.30 min™! (53.31% inhibition) in corn
sprouts with a 500 mg/L of 9.53x10° g/mo! chitosan. Generally, the results
demonstrated that the PPO activity in all tested plant species was molecular
weight and concentration dependant and its activity declined to the lowest value
with a concentration of 500 mg/L (Table 6). In addition, a chitosan of 9.53x10°
g/mol was significantly the most active one in inhibiting of the PPO activity.
The reduction in PPO activity was most prominent in corn followed in a
descending order by barley, wheat and lentil. It can be noticed that the PPO
activity in all tested plant species showed some slight responsiveness to low
concentration (100 mg/L) of the low molecular weight chitosan
(3.60x10%g/mol).
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Table 6. Polyphenol oxidase (PPO) activity of seedling leaf tissues in barely, wheat, com and lenti! treated with

different molecular weights chitosan compounds.

PPO Specific activity e o
T;-tena;r/nLl.t)nt (OD. mg” protein, 30 min™) PPQ Inhibition Rate (%)

Wheat Barely Com Lenti} Wheat Barely Comn Lentil
cl 221°:004  3.87:0.03 1.17°:004 2704002  0.00°+0.00 0.00'+0.00 0.00"+0.00 0.005£0.00
Cc2 2.20%0.01 3.82'10.05 1.12°20.01 267+0.01  0.55%%0.30 1.33%+1.17 4.37540.65 1.008:0.41
100L 2.14%0.01 3.74*0.01 1.02°%0.01  2.60%:002  3.39:0.49 3.437:0.21 12.59':0.53 1.55%:0.57
2501 1.88°:001  3.56":007  0.91":0.01 216003 14.95%026  7.99:1.93 22654091 19.85°+0.96
5008, 1.86°40.02 3134012 084000 21274001  15.85°0.98 19.22%+3,01 27.82°:0.33 21.38%+0.40
100M 2132001 3.56%:0.18  1.019%001  2.52%4005 347°40.57 2.10%+4 53 13984100  6.51%%1.86
250M 1815001 3.32%:007  0.90%:0.01 2334009  18.01%0.27 14.09%£1.73 23.26%+0.77 13.81%3.52
500M 1.73°+0.01 2.37%:0.14 0.79°+0.00 17288002  2154°2038  38.32%3.54 32.43%40.16 36.18%0,65
100H 1.83%004 29194017  0.99°:0.01 24652002  17.32°:184  24.94°:4.36 15.78°+0.87 8.72%:0 66
250H 1.73°£0.03 2.30°:0.07 0.815:0.01 2027004  2066%1.14  40.51%1.73 31.10%+1.23 25.29%+1.47
500H 1.52°£0.02 1.85%+0.11 0.55":0.01 1.69%0.01  31.04°+0.91 $2.09":2.82 $3.31°+0,68 37.52°40.40

Cl, control cultivated in water; C2, control cultivated in 0.05% (v/v) aqueous acetic acid. L = Low molecular weight (3.60%10° g/mol};
M = Medium molecular weight (6.11x10° g/mol} and H = High molecular weight (9.53x10° g/mol) chitosan. Data are averages of three
replicates £ SE. Values within a column bearing the same superscript are not significantly different (P < 0.05).
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The PPO or tyrosinase is an enzyme with a dinuclear copper centre, which is
able to insert oxygen in a position ortho to an existing hydroxyl group in an
aromatic ring, followed by the oxidation of the diphenol to the corresponding
quinone. The structure of the active site of the enzyme, in which copper is
bound by six or seven histidine residues and a single cysteine residue is highly
conserved. The enzyme seems to be of almost universal distribution in animals,
plants, fungi and bacteria. Much is still unknown about its biological function,
especially not only in plants, but also in fungi. Therefore, the PPO activity is an
important biochemical parameter due to its ability to show whether the
phenolics present are antioxidant in nature or are being used for lignification
purposes (Mayer, 2006).

In the current study, PPO activity was decreased with the increase in the
chitosan concentration and the molecular weight, correlating with the highest
levels of the total phenolics (Tables 5 and 6). This may be attributable to the
higher demand for oxygen during the seedling growth, requiring higher levels
of antioxidant phenolics to protect the cells from potential oxidative damage
(Randhir and Shetty, 2003; Burguieres et al,, 2007). Although chitosan can
induce stress in plant tissues, treatment of suspension cultures of potato did not
induce increased PPO activity (Démenburg and Knorr, 2001).

Although the mechanisms by which chitosan inhibits browning in fruit and
vegetables are not clear but its inhibitory effect is probably a consequence of
the ability of the positively charged polymer to adsorb suspended PPOQ, its
substrates, or products. Moreover, its ability to remove the metal ions, such as
copper and iron found at enzyme active sites by chelating mechanism with
chitosan molecule can therefore render PPO enzyme inactive (McEvily ez al,
1992; Badawy and Rabea , 2009).

In general, induced defence reactions in plants are highly correlated with
enzymatic responses. Several studies have demonstrated that chitosan is an
exogenous elicitor of host defence responses, including accumulation of
chitinases, f-1,3-glucanases and phenolic compounds, induction of
lignification, synthesis of phytoalexins by the infected host tissue and inhibition
of host tissue maceration enzymes (Bhaskara Reddy et al., 1999).
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CONCLUSION

The effects of different molecular weights chitosan on wheat, barley, corn
and lentil sprouts germinated in 100, 250 and 500 mg/L were investigated in the
present study. The major implications of the study are that chitosan linked
enhancement of sprouts vigour response is closely linked to growth indices
(length and weight of sprout) and biochemical parameters such as chlorophyll
content, protein content, phenolic enhancement and polyphenol oxidase
activity, The protein and total phenolic contents were gradually stimulated with
the increasing of the chitosan molecular weights and their concentrations. This
stimulation in protein and phenolic contents closely follows enhancement in
growth indices. Therefore, this study suggests that priming seeds with a
potential bioplomer chitosan has significant agronomic implications through the
improved seed vigour as reflected in growth and the elicitation of biochemical
responses. Moreover, the present study suggests a possibility to employ these
elicitors for cultivation of some plant sprouts to enhance plant vigour and to
improve overall plant productivity. However, to effectively utilize chitosan for
such application, basic information is needed on how different motecular
weights chitosans and various cultivation conditions affect growth and quality
of plants.
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