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ABSTRACT

Biostimulants are commonly used in horticulture, primarily to increase yield quantity and quality, as well 
as plant tolerance to stress. The purpose of the study was to determine the effect of amino acid-based 
biostimulants and amino acids in combination with Ascophyllum nodosum filtrate, applied during the growing 
season on the phenolic content in broccoli heads both after harvest and after long storage in a cold store.  
The seedlings were planted in mid-July, and heads were harvested from September to October in each year 
of the study. Ascophyllum nodosum filtrate at a concentration of 1% was used during seedling production. 
The plants were watered with biostimulants twice, in the fourth and fifth week after sowing.  They were also 
sprayed with amino acid-based biostimulants (1.5 dm3 ha-1) three times, i.e. after the second, fourth and sixth 
week after planting. The biostimulants were not used in the control treatment. After harvest, the heads were 
stored for three weeks in a cold store at 1-2°C and 95% RH. Chemical analyses of total phenolic, caffeic, 
ferulic and sinapic acids, and of quercetin and kaempferol were carried out on samples of fresh broccoli and 
after the first, second and third week of storage. It was found that the application of biostimulants resulted in a 
 significant increase in the total phenolic content, sinapic acid content, as well as quercetin content. Both in the 
control treatment and in the plants treated with the biostimulants, the concentration of all the tested phenolic 
compounds increased with the duration of storage.

Key words: amino acids, Ascophyllum nodosum filtrate, Brassica oleracea var. italica, kaempferol, phenolic 
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INTRODUCTION

Biostimulants based on amino acids and marine algae 
have been applied in horticulture for many years. 
Amino acid-based biostimulants are produced by 
the chemical and enzymatic hydrolysis of proteins 
of both plant and animal origin (du Jardin 2015). 
Ascophyllum nodosum is one of the 2000 species 

of brown algae and is used for the production of 
biostimulants (Ugarte et al. 2006, Hong et al. 2007). 
One of the main components of seaweed extracts 
are polysaccharides, which account for 30-40% of 
the dry matter (Rayorath et al. 2009). In addition, 
seaweed extracts are a rich source of phytohormones 
such as auxins, cytokinins, gibberellins, abscisic 
acid and brassinosteroids (Stirk et al. 2014), and 
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polyphenol compounds (Holdt and Kraan 2011). 
Because of the antioxidant content, they enhance 
the resistance of plants to stress (Ertani et al. 2011). 

The use of biostimulants based on amino acids 
and combinations of amino acids with seaweed 
extracts improves the uptake of nutrients from 
the soil by plants (Zodape et al. 2011, Nardi et al. 
2016, Szczepanek and Grzybowski 2016), improves 
sprouting (Carvalho et al. 2013), enhances vegetative 
growth (Zhang and Hamauzu 2003), increases the 
chlorophyll content (Thirumaran et al. 2009), as 
well as yield quality and quantity (Kowalczyk et al. 
2008, Shehata et al. 2011, Grabowska et al. 2015). 
The use of seaweed extracts resulted in an increase 
in vitamin C in Chinese cabbage (Gajewski et 
al. 2008) and in tomato fruits (Dobromilska and 
Gubarewicz 2008). In addition, the use of both 
amino acids and seaweed extracts resulted in an 
increase in the sugar content in celery (Shehata et 
al. 2011) and in the levels of phenolic and flavonoid 
compounds in broccoli and cabbage (Lola-Luz 
2013, 2014).

Maintaining good quality of harvested 
vegetables over a long period of time can be 
achieved by appropriate post-treatment and storage 
conditions (Badełek et al. 2013). The notion of 
good quality refers not only to the preservation of 
the colour of the cultivar and its turgor, but also 
to its chemical composition. It is very beneficial 
to maintain an adequate level of antioxidants, 
including phenolic compounds, which are important 
for human health. Flavonoids are considered to 
be protective against cardiovascular diseases by 
decreasing thrombocytes and strengthening the 
walls of blood capillaries (Prior and Cao 2000), 
and have a significant positive influence on the 
anticarcinogenic properties of broccoli (Podsędek 
2007). 

Many studies have confirmed the effects of 
storage duration and conditions on the quality of 
broccoli heads (Starzyńska et al. 2003, Hasperué 
et al. 2015, Vale et al. 2015). According to Balouchi 
et al. (2011), of the five broccoli cultivars compared 
in their study, after 40 days of storage at 0°C, four 
cultivars exhibited a significant increase in phenolic 
content, while a fall was observed in one of the 
cultivars. However, the flavanoid content decreased 
considerably in all the cultivars. In a study by 
Hasperué et al. (2015), after 2 and 3 weeks of storage 
at 4°C, a significant decrease in total phenols was 
observed in primary broccoli heads, while in 
secondary heads the content increased, especially 
after the third week. A change in hydroxycinnamic 

acids content during storage at 4°C was reported 
by Vale et al. (2015). According to the authors, the 
level of the acids increased until the fifth day of 
storage, and then it decreased to the lowest value 
after 12 days. In the research by Starzyńska et al. 
(2003), when broccoli heads were stored at 5°C 
there was a significant increase in the concentration 
of phenolic compounds after 7 and 10 days, both 
in the heads packed in commercial polymeric film 
and in non-packed heads. The factors considerably 
affecting both the phenolic and flavonoid contents 
were: controlled atmosphere of storage (1-2°C,  
85-90% RH, 10% O2 and 5% CO2) (Fernandez-
León et al. 2013), cultivation conditions – organic or 
conventional (Valverde et al. 2015), and fertilization 
(Vallejo et al. 2003). According to some authors, 
application of biostimulants leads to an increase in 
the levels of phenolic compounds in the edible plant 
parts (Lola-Luz et al. 2013, Ertani et al. 2014). Most 
of the described studies, however, discuss their 
concentrations immediately after harvest (Lola-Luz 
et al. 2014). However, the research on the effects of 
biostimulants on the levels of phenolic compounds 
in vegetables during storage has been very limited. 

The aim of the study was to determine if amino 
acid-based biostimulants and amino acids in 
combination with Ascophyllum nodosum filtrate, 
applied during the growing season, caused an 
increase in the phenolic content in broccoli heads 
immediately after harvest and after the first, second 
and third week of storage in a cold store (1-2°C, 
95% RH). 

MATERIAL AND METHODS
Plant material
The experiment was conducted in 2012-2013. The 
study comprised one cultivar of broccoli ‘Tiburon’. 
Broccoli seedlings were produced in cell trays 
of 54 cm3 capacity, filled with peat substrate for 
cruciferous vegetables. The transplants were 
planted out in the field in the middle of July. Thirty-
five transplants were planted. The experiment was 
established on a podzolic soil, the arable layer of 
which was loamy sand underlying sandy loam. The 
soil was tested before planting and a compound 
fertilizer was applied before soil preparation. 
Additionally, nitrogen (150 kg ha-1) was applied in 
three doses during the growing season. The plants 
were cultivated without watering. The experiment 
was established in a randomized block design with 
four replications. The experimental treatments 
were as follows: amino acid-based biostimulant 
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(AA) – 1.5 dm3 ha-1 (plants were sprayed 2, 4, and 
6 weeks after planting), Ascophyllum nodosum 
filtrate (AN) – 1% (seedlings were watered 4 and 
5 weeks after sowing) + AA – 1.5 dm3 ha-1 (plants 
were sprayed 2, 4, and 6 weeks after planting), 
control plants (without biostimulants). The amino 
acid-based biostimulant contained 18 amino acids, 
both in free form and as short peptide chains. The 
Ascophyllum nodosum filtrate was enriched with 
phosphorus (13% P2O5) and potassium (5% K2O).

Broccoli heads were harvested from September 
to October in each year of the study. Twenty-four 
evenly compact and sized heads were collected 
from each treatment. After harvesting 6 heads from 
each experimental combination, two samples were 
taken, 50 grams each, and frozen at -20°C. The 
remaining heads from each treatment were placed 
in three boxes, 6 heads in each box. The heads were 
stored in a dark cold store (1-2°C, 95% RH) for 1, 2 
and 3 weeks. After each week of storage, samples 
were taken and frozen in the same way as for the 
unstored heads.

Analysis of phenolic compounds
The phenolics were extracted from the frozen 
broccoli heads that had been homogenized in 80% 
methanol according to Gąsecka et al. (2015) with 
some modifications (8 g of broccoli were mixed 
with 10 ml of 80% methanol, stirred and shaken 
for 2 h). The total phenolic content was determined 
according to Singleton and Rossi (1965) using the 
Folin-Ciocalteu assay, with gallic acid used as  
a standard. The absorbance of extracts was 
measured at λ = 765 nm using a Varian Cary 300 
Bio UV-Visible spectrophotometer. 

The concentration of phenolic acids (caffeic, 
ferulic, and sinapic) and flavonoids (quercetin and 
kaempferol) was determined after alkaline and acid 
hydrolysis according to Gliszczyńska-Świgło et al. 
(2007) with some modifications. The samples were 
treated with 2M NaOH and boiled for 30 minutes. 
After acidification, the phenolics were extracted 
with diethyl ether. Then, the methanolic extracts 
were treated with 6M HCl, boiled for 30 minutes, 
and extracted with diethyl ether. The extracts were 
combined and dried. Before being injected into the 
HPLC column the extracts were re-dissolved in  
1 ml of 80% ethanol . 

The HPLC analysis was performed with  
a Waters Alliance 2695 Chromatograph coupled 
with a Waters 2996 Photodiode Array Detector, 
as described earlier (Borowiak et al. 2015). 
Chromatographic separation was carried out 

on an RP C-18 column, 250 × 4 mm × 5 μm (at  
a temperature of 20ºC). The mobile phase consisted 
of A – acetonitrile, and B – water and 2% acetic 
acid (pH = 2). The gradient elution was as follows: 
at the start – 100% B; 0-14 min – 90% B; 14-30 
min – 90% B; 30-45 min – 82% B; 45-55 min – 
100% A; 55-60 min – 100% A; 60-75 min – 100% 
B. The concentrations of phenolic compounds 
were determined by means of an internal standard  
at wavelengths of λ = 280 nm (caffeic and sinapic 
acids) or λ = 320 nm, and 280 nm (ferulic acid), or  
λ = 320 nm (flavonoids). The compounds were 
identified by comparing the retention time of the 
peak under analysis with the retention time of 
the standard, and by adding a specific amount of 
the standard to the samples analysed, as well as 
by repeating the analysis. The retention times of 
the assayed acids and flavonoids were as follows: 
caffeic acid – 26.19 min; ferulic acid – 46.20 min; 
sinapic acid – 48.00 min; quercetin – 52.25 min; 
and kaempferol – 53.13 min. The detection level 
was 1 μg g-1. The caffeic, ferulic, and sinapic 
acids, quercetin, kaempferol, Folin-Ciocalteu’s 
phenol reagent, sodium carbonate and NaOH 
were purchased from Sigma Aldrich (St. Louis, 
MO, USA). The diethyl ether was purchased from 
Honeywell (Germany). Methanol (HPLC super 
gradient, 99.9%), acetonitrile (for HPLC, 99.9%) 
were purchased from POCH S.A Gliwice, Poland.

Statistical analysis
All statistical analyses were performed using 
the Statistica software (StatSoft, Poland). The 
significance of the impact of the biostimulants 
and the duration of storage on the concentration 
of phenolic compounds was determined with the 
F-test. The differences among the mean values 
were estimated with the Duncan test, with the level 
of significance at p < 0.05.

RESULTS AND DISCUSSION
Large differences in the total phenolic content in 
fresh broccoli heads were found between the two 
years of the study (Tab. 3). In the second year, it was, 
on average, more than 3 times higher than in the 
first year. Valverde et al. (2015), too, had noted that 
the differences in total phenolic content between 
successive years of study were almost fourfold. 
According to Vallejo et al. (2003) and Gliszczyńska-
Świgło et al. (2007), the phenolic content depends 
on the weather conditions during the vegetation 
period. Mølmann et al. (2015) reported higher levels 
of quercetin and kaempferol at 18°C than at 12°C. 
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A similar tendency was noted by Kałużewicz et al. 
(2012) in a study where a higher flavonol content 
was obtained in the year that was characterized 
by higher temperatures, especially during the 30 
days prior to harvest. According to Klimov et al. 
(2008), the increased level of flavonoids at higher 
temperatures is associated with higher quantities 
of reactive oxygen species (ROS). However, the 

opposite trend was observed in our own study. The 
higher total phenolic content was accompanied 
by lower temperatures during the growing period 
(Tabs 1 and 3). 

In the present study, the biostimulants had  
a significant positive influence on the total phenolic 
content (Tabs 2 and 3). The significant effect of 
Ascophyllum nodosum extract on the amounts of 

Table 1. Temperature and total rainfall in the period of broccoli cultivation

Year
Temperature (°C)

Total rainfall (mm)
Maximum Minimum Daily

From planting to harvest
2012 24.0 13.1 18.3 68.0
2013 20.7 10.6 15.7 143.8

30 days before harvest
2012 24.0 12.6 18.3 19.0
2013 14.4 5.3 9.9 21.0

Table 2. ANOVA F-values for the total phenolics, phenolic acids and flavonol content

Object Total
phenolics

Phenolic acids Flavonols
Caffeic Ferulic Sinapic Quercetin Kaempferol

2012
Week ** ** ** ** ** **
Biostimulant ** ** ns ** ** **
Week × biostimulant ** ** ** ns ** **

2013
Week ** ** ** ** ** **
Biostimulant * ns ns * * *
Week × biostimulant ns ns ns ns ns ns

* - significance level at p < 0.1, ** - significance level at p < 0.05, ns - not significant at p < 0.05

Table 3. Total phenolics in broccoli heads

Treatment
Week of storage

Fresh 1 2 3 Mean
Total phenolics (mg GAE 100 g-1 FW)

2012
C 2.75 h* 6.06 g 7.45 ef 10.16 c 6.60 C
AA+AN 2.64 h 6.93 fg 9.11 d 11.82 b 7.62 B
AA 3.43 h 8.19 e 10.27 c 14.55 a 9.11 A
Mean 2.94 D** 7.06 C 8.94 B 12.18 A

2013
C 8.46 g 11.54 ef 12.68 e 16.16 bc 12.14 C
AA+AN 10.35 f 13.42 de 15.06 cd 18.14 b 14.24 B
AA 11.66 ef 16.53 bc 14.91 cd 21.19 a 16.07 A
Mean 10.07 C 13.83 B 14.21 B 18.49 A

C – control, AA – amino acids, AN – Ascophyllum nodosum filtrate
*Values marked with the same letter in each column do not differ significantly at p < 0.05 
**Values marked with the same capital letter do not differ significantly at p < 0.05
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phenolic compounds in broccoli heads and spinach 
leaves had also been confirmed by the studies by 
Fan et al. (2011) and Lola-Luz (2014). According to 
Fan et al. (2013), the increase in the phenolic content 
in spinach treated with an Ascophyllum nodosum 
extract could be related to an increase in the levels 
of endogenous plant hormones whose activity 
was stimulated by the biostimulant. Elansary et 
al. (2016) also reported that the use of seaweed 
extracts increased the total phenolic content and 
the amounts of flavonoids, which in turn was 
associated with an increased antioxidant and lipid 
peroxidation activity. 

In our study, the increase in phenolic content 
after the AA treatment was consistent with the 
findings of Gurav and Jadhav (2013). 

In all the experimental combinations, the total 
phenolic content increased with the duration of 
storage (Tab. 3). Generally, the total phenolic 
content was higher in the heads obtained from 
plants treated with the biostimulants than from the 
control plants. The increase in phenolic content 

after harvest may be due to the response of plants 
to harvesting as an abiotic stress, which is related 
to plant wounding and plant’s inability to extract 
water and minerals. 

Wounded plants produce reactive oxygen 
species, which activate the primary and secondary 
metabolism. In addition, the injured plants 
produce ethylene and jasmonic acid, which 
affect the level of ROS and thereby influence the 
expression of secondary metabolism genes. As 
a result, accumulation of secondary metabolites 
can be observed (Jacobo-Velázquez et al. 2015). 
Ertani et al. (2013) had demonstrated that the use 
of biostimulants based on a protein hydrolyzate 
in corn plants subjected to salt stress stimulated 
the enzymes involved in nitrogen metabolism, 
increased phenylalanine ammonia-lyase (PAL) 
activity and the synthesis of flavonoids. PAL is 
an enzyme which is involved in the synthesis 
of phenols. Phenylalanine is converted to trans-
cinnamic acid and tyrosine to p-carboxylic acid 
(Ertani at al. 2011).

Table 4. Quercetin and kaempferol in broccoli heads

Treatment
Week of storage

Fresh 1 2 3 Mean
Quercetin (mg 100 g-1 FW)

2012
C 1.382 e* 1.582 d 2.495 a 2.354 ab 1.953 B
AA+AN 1.245 e 1.704 d 1.977 c 2.502 a 1.857 C
AA 1.346 e 2.187 b 2.304 ab 2.455 a 2.073 A
Mean 1.324 D 1.824 C 2.259 B 2.437 A

2013
C 1.280 d 1.620 bc 1.799 b 2.098 a 1.699 B
AA+AN 1.491 cd 1.589 bc 2.055 a 2.054 a 1.797 AB
AA 1.524 c 1.543 c 2.099 a 2.241 a 1.852 A
Mean 1.431 D 1.584 C 1.984 B 2.131 A

Kaempferol (mg 100 g-1 FW)
2012

C 5.826 e-g 7.001 a 7.138 a 7.056 a 6.755 A
AA+AN 5.744 fg 5.937 d-f 6.203 cd 6.660 b 6.136 B
AA 6.149 de 5.551 g 6.512 bc 6.598 b 6.202 B
Mean 5.906 C** 6.163 B 6.617 A 6.771 A

2013
C 6.428 c 6.741 c 8.057 b 8.651 ab 7.469 B
AA+AN 6.341 c 6.451 c 8.458 ab 8.571 ab 7.455 B
AA 6.752 c 6.583 c 9.165 a 8.835 a 8.018 A
Mean 6.507 B 6.591 B 8.560 A 8.685 A

C – control, AA – amino acids, AN – Ascophyllum nodosum filtrate
*Values marked with the same letter in each column do not differ significantly at p < 0.05 
**Values marked with the same capital letter do not differ significantly at p < 0.05
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Moreover, Ascophyllum nodosum contains 
osmolytes, such as mannitol (Reed et al. 1985). 
An increase in the concentration of phenolic 
compounds could be due to the osmotic stress 
caused by mannitol (Guo et al. 2011). 

The increase in the total phenolic content with the 
duration of storage is consistent with the findings of 
Leja et al. (2001). Those authors reported a nearly 
27% increase in phenolic content after a week of 
storage at 5°C. Serrano et al. (2006) and Fernández-

León et al. (2013) obtained the opposite results. 
They observed that during storage at 1-2°C the 
total phenolic content gradually decreased with the 
duration of storage. In the experiment by Fernández-
León et al. (2013), after 3 weeks of storage, the total 
phenolic content was only 66% of the amount in 
fresh broccoli heads. Conversa et al. (2013) found 
that changes in the level of phenolic compounds 
depended on the cultivar. After 14 days of storage 
at 5°C, a significant increase had occurred in  

Table 5. Phenolic acids in broccoli heads

Treatment
Week of storage

Fresh 1 2 3 Mean
Caffeic acid (mg 100 g-1 FW)

2012
C 1.103 g* 1.793 e 2.395 c 2.601 b 1.973 C
AA+AN 1.096 g 1.910 e 2.444 c 3.500 a 2.238 B
AA 1.308 f 2.240 d 2.704 f 3.455 a 2.427 A
Mean 1.169 D** 1.981 C 2.514 B 3.185 A

2013
C 1.881 e 2.410 cd 2.547 cd 3.648 a 2.621 B
AA+AN 2.059 de 2.761 cd 2.818 b 3.601 a 2.809 A
AA 2.081 de 2.639 cd 2.710 cd 3.339 a 2.692 AB
Mean 2.007 C 2.603 B 2.691 B 3.529 A

Ferulic acid (mg 100 g-1 FW)
2012

C 0.700 g 1.676 f 2.122 cd 2.454 a 1.738 A
AA+AN 0.750 g 1.666 f 2.246 bc 2.052 d 1.678 A
AA 0.851 g 1.825 ef 1.995 de 2.404 ab 1.769 A
Mean 0.767 D 1.722 C 2.121 B 2.303 A

2013
C 2.042 e 2.612 b-d 2.764 bc 3.960 a 2.844 A
AA+AN 2.235 de 2.996 b 3.059 b 3.909 a 3.050 A
AA 2.265 c-e 3.054 b 2.942 b 3.875 a 3.034 A
Mean 2.180 C 2.888 B 2.922 B 3.914 A

Sinapic acid (mg 100 g-1 FW)
2012

C 1.246 e 2.117 c 2.201 bc 2.207 a-c 1.942 B
AA+AN 1.767 d 2.249 a-c 2.338 a-c 2.393 a-c 2.187 A
AA 1.395 e 2.501 a 2.356 a-c 2.419 ab 2.167 A
Mean 1.469 B 2.289 A 2.298 A 2.339 A

2013
C 1.799 ef 1.767 ef 2.330 b-d 2.131 b-e 2.007 B
AA+AN 1.609 f 1.768 ef 2.070 c-f 2.494 bc 1.985 B
AA 1.728 ef 1.946 d-f 2.547 ab 2.961 a 2.295 A
Mean 1.712 B 1.827 B 2.315 A 2.529 A

C – control, AA – amino acids, AN – Ascophyllum nodosum filtrate
*Values marked with the same letter in each column do not differ significantly at p < 0.05 
**Values marked with the same capital letter do not differ significantly at p < 0.05
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5 cultivars, but no significant changes were 
observed in the remaining two cultivars. 

In the present study, the concentration of 
kaempferol in broccoli heads was 3-4 times higher 
than that of quercetin. This is consistent with the 
results of the research conducted by Gliszczyńska-
Świgło et al. (2007), Kałużewicz et al. (2016) and 
Koh et al. (2009). In contrast, Bahorun et al. (2004) 
observed that the concentration of quercetin was  
5 times higher than that of kaempferol. 

In the present study, it was also found that the 
application of the biostimulants had led to a higher 
quercetin content (Tabs 2 and 4). An increased 
level of kaempferol was found only in the second 
year of the study after the AA treatment. The 
concentrations of both of these flavonols increased 
with the duration of storage, which is consistent 
with the results of Winkler et al. (2007). Those 
authors had observed that after a week of storing 
broccoli at 1°C, the quercetin content increased by 
45% and that of kaempferol by approximately 11%. 

Hydroxycinnamic acids are the most common 
phenolic acids in plant tissues (Herrmann 1989). 
This group comprises caffeic acid, chlorogenic acid 
(caffeic and quinic acid esters), carboxylic acid, 
ferulic acid and sinapic acid. 

The biostimulants caused a significant increase 
in the concentration of sinapic and caffeic acids. 
However, no significant effect of the biostimulants 
on ferulic acid content was found (Tab. 5). In 
fresh broccoli heads, a significantly higher level of 
caffeic acid was observed after the application of 
AA compared to the control treatment only in the 
first year of the study. This trend was also evident 
after the first, second and third week of storage. 
A significant increase in caffeic acid content 
following the application of biostimulants had also 
been observed by Ertani et al. (2014). In the first 
year of our study, the sinapic acid content in fresh 
broccoli heads was approximately 30% higher after 
the AA + AN treatment than in the control plants. 
However, no significant effect was found in the 
second year.

The concentrations of all the tested phenolic 
acids increased with the duration of storage in both 
the control plants and the plants treated with the 
biostimulants. An increase in the hydroxycinnamic 
acid content during broccoli storage had also been 
reported by Starzyńska et al. (2003). This trend was 
also confirmed by the research by Duarte-Sierra 
et al. (2017). Those authors observed that during 
storage for 14 days at 4°C there was an increase in 
the hydroxycinnamic acid content. The opposite 

results had been obtained by Fernández-León et al. 
(2013) after three weeks of storage at 1-2°C. They 
found that the amounts of phenolic acids, including 
the sinapic acid content, decreased by approximately 
14%. 

Our study confirms the significant effect of both 
biostimulants on the total phenolic content, with  
a higher value obtained using AA alone. Quercetin 
content increased in both years after the use of AA, 
and in the first year after the application of AA 
+ AN. The use of AA resulted in an increase in 
sinapic acid content in both years, while in the first 
year this increase also occurred after the combined 
use of AA + AN. The level of caffeic acid was 
higher only in the first year of the study in fresh 
heads of the plants treated with AA during the 
vegetation period, and after three weeks of storage 
after treatment both with AA and with AA + AN.

CONCLUSIONS
1. The applied biostimulants caused a significant 

increase in the total phenolic content, as well as 
in the amounts of sinapic acid and quercetin. 

2. The levels of all the phenolic compounds 
analyzed in broccoli heads increased with 
the duration of storage in both the treated and 
untreated plants.
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