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SUMMARY 
 

This study was undertaken to identify the effect of net shading technology on the total capsaicinoids, vitamin C and relative chlorophyll content 

expressed as SPAD (Soil Plant Analysis Development) values and total marketable fruit yield of ‘Star Flame’ chilli pepper (Capsicum annuum) 

for two harvesting times cultivated under modified atmosphere. ‘Star Flame’ pepper was grown under three (3) different net shading colours 

(white, red and green). Samples without net shading were used as control. Samples were subjected to chromatographic analyses using HPLC 

for the determination of total capsaicinoids and vitamin C. Interaction in shading technology and harvest times (p=0.010) had significant 

effect on total capsaicinoids as a result of green and white shading technologies showing higher differences when compared to control samples. 

Vitamin C content was observed to have increased in white and red shadings (p=0.001) after the first harvest and gradually decreased after 

the second harvesting time (p=0.002). Relative leaf chlorophyll content was significantly higher in white shading in the first and second 

harvest. Samples used as control had significantly higher marketable values when compared to white and green shadings with red recording 

low marketability of ‘Star Flame’ chilli peppers. 
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INTRODUCTION 

 
Peppers belong to the family Solanaceae with 

Capsicum annuum as the most popular Capsicum sp. 
widely consumed by different countries 
(Mongkolporn, 2018). The record indicates that the 
history of chilli peppers can be traced to several 
locations in Mexico (Solomon et al., 2010) as well as 
other prominent pepper growing countries like China, 
Spain, Turkey and Indonesia. The chilli peppers 
contain different sources of antioxidant compounds, 
including capsaicinoids (Ochi et al., 2003; Topuz and 
Ozdemir, 2007) and flavonoids which is a type of 
phenolic compounds (Materska and Perucka, 2005). 
Capsaicinoids found in Capsicum sp. are vanillyl 
amides of a different division of fatty acids, with nine 
(9) to eleven (11) carbons of capsaicin and 
dihydrocapsaicin. Total capsaicinoids content is 
made up of about 60% capsaicin and 30% of 
dihydrocapsaicin (Topuz and Ozdemir, 2007). 
Capsaicinoids compounds are known for their 
therapeutic results on gastric ulcers and rheumatoid 
arthritis (Govindarajan and Sathyanarayana, 2009; 
Mason et al., 2004). Capsaicinoids also have 
pharmacological properties with a high content of 
capsaicin being medically beneficial in the treatment 
of painful conditions such as cluster headache, 
painful diabetic and neuropathy (Tsuchiya, 2001). 
They are also noted for decreasing myocardial and 
aortic cholesterol levels even when consumed at low 
levels in food. Currently, capsaicinoids have been 
studied and found to be an effective treatment for 
several human nerves disorder, including cystitis, 
arthritis and human immunodeficiency virus 
(Perucka and Materska, 2001; Robbins, 2000). 

Vitamin C, also known as ascorbic acid, is a 
nutritional constituent of pepper fruit which is highly 

known biologically as an active compound which 
contain antioxidants (Rietjens et al., 2002). High 
levels of vitamin C can be found in fully ripened 
pepper fruits (Bae et al., 2014). However, vitamin C 
levels in pepper fruit vary from pepper cultivars and 
species to the other. Vitamin C is the most vital 
vitamin in fruits and vegetables necessary for human 
nutrition. Almost 90% of vitamin C in human food is 
obtained from fruits and vegetables (Lee and Kader, 
2000).  

Leaf chlorophyll concentration is an important 
parameter that is usually measured as an indicator of 
chloroplast development, photosynthetic capacity, 
leaf nitrogen content as well as general plant health. 
These transmittance values typically between 0.0 and 
50.0 (Uddling et al., 2007) are proportional to the 
amount of chlorophyll in the sample which is relative 
SPAD meter device that is used to derive chlorophyll 
values (Limantara et al., 2015).  

Abiotic stress can significantly affect 
photosynthetic activities of pepper plants, and 
therefore the use of chlorophyll fluorescence 
measurements can give a clear idea of plant health 
(Nagy et al., 2017). 'Star Flame' hybrid pepper cultivar 
(Capsicum annuum) is a yellow chilli pepper with a 
firm, long, thin-walled fruits. The yellow fraction  
or skin of 'Star Flame' pepper is mainly comprised  
of zeaxanthin, violaxanthin, antheraxanthin,  
β-cryptoxanthin, β-carotene and capsolutein 
(Hornero-Méndez et al., 2000) which contain 
capsaicinoids and vitamin C (Nagy et al., 2017). 
Levels of all these capsaicinoids can vary from one 
hybrid to the other, ripening stage or stage of maturity 
at harvest as well as storage and processing of these 
pepper fruits (Iqbal et al., 2013).   
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Application of net shading is commonly used in 
areas or countries that are highly exposed to sunlight 
especially in the Mediterranean region of Europe 
(Legarrea et al., 2010) and in Hungary (Ombódi et al., 
2016). This application is commonly used in the 
cultivation of bell peppers which influences fruit 
quality components and nutrients such as 
capsaicinoids, vitamin C, carotenoids (Nagy et al., 
2015). However, in other varieties of Capsicum sp., 
application of net shading can be affected by total 
capsaicinoids which is dependent on temperature, fruit 
position on the plant, fruit maturation stage and the 
light intensity exposure (Butcher et al., 2012). There 
have been several studies that recorded the positive 
effect of using different net colour shadings in 
Capsicum annuum cultivars (Fallik et al., 2008; Goren 
et al., 2011; Kong et al., 2013). 

The objective of this study was to determine the 
effect of net shading technology on total capsaicinoids, 
vitamin C, relative chlorophyll content and total 
marketable fruit yield of 'Star Flame' hybrid chilli 
pepper (Capsicum annuum) cultivated under modified 
atmosphere/greenhouse. 
 
MATERIALS AND METHODS 

 
Experimental Conditions 

The study was conducted at the experimental field 
of the Horticulture Institute, Hungarian University of 
Agriculture and Life Sciences, Gödöllő, Hungary (with 
latitude 47°61′ N, long. 19°32′ E) on sandy loam with 
1.8–2% humus content and pH of 7. Capsicum annum 
'Star Flame' hybrid seeds were purchased from Seminis 
in Kecskemét, Hungary. The seedlings were then 
transplanted into a 35 m (length) × 8 m (width) × 3 m 
(height) greenhouse in twin rows with a spacing of 0.4 
m between plants and rows, and 0.8 m between twin 
rows. Irrigation was set-up using a drip system. All 
plants received an equal weekly application of Megasol 
(Yara Co., Hungary) that contained 16% nitrogen 
(NO3, NH4, NH2), 8% phosphorus (P2O5), 24% 
potassium (K2O), and 8% sulphur (SO4). Plant 
protection activities were carried out weekly 
throughout the study. Different sections of the 
greenhouse were covered with white, red and green 
coloured nets to alter the light environment leaving a 
non-shaded section in the same greenhouse used as 
control. Ten (10) plants with four (4) replicates were 
randomly selected for relative chlorophyll content 
(expressed as SPAD values). The experiment was 
carried out in 2017 with two (2) successive harvests. 
Fully ripened and healthy fruits in same replication 
were randomly selected for phytochemical 
(capsaicinoids and vitamin C) analyses and marketable 
quality pepper yield. 
 
Field Measurements 
Relative Chlorophyll Content (SPAD value) 

Relative chlorophyll content or SPAD value meter 
measures the transmission of wavelengths of radiation 
through plant leaves. At the time of flowering and 
harvesting of the peppers, the SPAD index was 

determined with the use of a chlorophyll meter SPAD-
502 in fully new expanded leaf from the apex to the 
plant base in ten different pepper plants. The total 
production of fruits per plant was obtained 120 days 
after sowing, weighing the fruits throughout a 0.01 g 
precision analytical balance. 
 
Yield 

Harvesting was done by hand. Red ripen fruits were 

harvested in rows. Average fruit weight and yield  

(t ha-1) was measured using a weighing scale. The total  
weight of marketable fruits expressed as kilograms 

per square meter. 
 
Analytical Measurements 
Total capsaicinoids content 

Total capsaicinoid content was determined and 
calculated as the sum of individual compounds that 
appeared on the chromatogram according to (Daood et 
al., 2015). About 3 grams of homogenised pepper fruit 
without seeds were crushed in a crucible mortar with 
quartz sand. About 50 mL of analytical-grade methanol 
was gradually added to the mixture. The mixture was 
subjected in an ultrasonic bath device for 3 minutes and 
then filtered through a filter paper. The filtrate was 
further purified by passing it through a 0.22 mm PTFE 
(Polytetrafluoroethylene Chromfilter) syringe filter 
before injection into an HPLC (High Performance 
Liquid Chromatography) column. For this, extracts 
were diluted appropriately and injected into a 
Nucleodur C18, Cross-Linked column. The separation 
was performed through isocratic elution using  
water and acetonitrile (50:50) and a flow rate of  
0.8 mL min-1. The fluorometric capsaicinoid detection 
was carried out at two wavelengths (EX: 280 nm and 
EM: 320 nm). Peaks corresponding to the different 
capsaicinoid compounds were identified by comparing 
retention times and mass data created by analysing the 
standard material. 
 
Vitamin C 

Vitamin C content was determined according to 
methods and HPLC protocols of Nagy et al. (2015). 
About 5 grams of homogenised pepper fruit (seed 
excluded) was crushed in a crucible mortar with quartz 
sand. 50 mL of 3% metaphosphoric acid solution was 
gradually added to the mixture. The mixture was 
filtered through a filter paper and further purified by 
passing it through a 0.45 mm cellulose acetate 
(Whatman) syringe filter before it was injected into an 
HPLC. For the quantitative determination of ascorbic 
acid, sample data were compared to that generated 
using standard materials (Sigma-Aldrich, Budapest, 
Hungary). 
 
Statistical Analyses 

Results were expressed using a one-way ANOVA 
to determine the effect of net shading on relative 
chlorophyll, total capsaicinoids and vitamin C content 
and investigated independently at each harvest time. 
Using a linear model, the effect of net shading on 
marketable yield of pepper was investigated in which 
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yield and net shading were considered as the dependent 
variable and the explanatory variable, respectively. 
Pairwise comparisons were made via a Tukey HSD 
post-hoc test. Statistical analyses were performed using 
IBM SPSS 22 software (IBM, USA). Throughout the 
study, α was set at 0.05. 

 
RESULTS AND DISCUSSION 

 
Relative Chlorophyll Content (SPAD value) 

Chlorophyll content was found to be higher in the 
pepper plants under white net shading in the first and 

second harvest even though there was a general 
decrease in chlorophyll in all net shading plants, 
including control as indicated on Figure 1. SPAD 
values did not show significant differences in control, 
red and green net shaded plants, respectively. In 
agreement with previous studies by Shahak et al. 
(2008), moderate shade levels of 30–40% did not 
decrease an average of leaf chlorophyll content 
significantly, which was favourable for bell pepper 
plant growth. Leaves of the same age and position were 
found to respond to different light quality.

 

 

Figure 1. The effect of net shading and harvesting times on the Relative Chlorophyll content (expressed as SPAD values) ± SD 

 

 
 

 
Yield 

All net shading colours had some marketable 
yield or fruit quality (Table 1). Samples used as 
control recorded higher marketable yield with red net 
shading recording lower yield. Even though there 
was no significant difference between white and 
green net shadings, the use of green shading is not 
recommended for fruit marketability. This assertion 
corroborates with the findings of Ombódi et al. 
(2016) when PPFD (Photosynthetic Photon Flux 
Density) measured in the active photosynthetic range 
under green net shading and found that it had 
reduced more than those under white and red net 
shading. Unfavourable environmental conditions for 
pepper fruit ripening and reduction in PPFD could 
lead to lower pepper yields. 

Table 1. The effect of net shading colour on total marketable 

yield of 'Star flame' hybrid chilli pepper. The yield expressed as 

kg m-2 

 

Net shading 

colour 

Total 

Marketable 

Yield (kg m-2) 

White 2.63±0.60 ab 

Red 2.10±0.30 a 

Green 2.52±0.20 ab 

Control 2.88±0.30 b 

Means followed by the same letter in the lines, for each characteristic, 

did not differ statistically at Tukey HSD post-hoc tests at p=0.05 
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Total capsaicinoids concentration 
The results in comparison to control, green net 

shading indicated significantly (p<0.05) low content of 
capsaicinoids in the first harvest in July (Table 2). The 
impact of the use of red shading net in the second 
harvest in August indicated a significantly (p<0.05) 
lower capsaicinoids concentration. The increase in 
capsaicinoids in green net shading in the second harvest 
which could be as a result of temperature increase 
agrees with the investigation of Nagy et al. (2015). 
They reported that the increase in pepper pungency in 
green shading was as a result of higher night-time 
temperatures. Under greenhouse conditions in Israel, 
increased shading rate between 40 and 90% resulted 
with a higher flower abscission rate and reduced 
assimilation rates which differed among the cultivars 
(Aloni et al., 1996). Considerable differences between 
the harvesting times indicated that total capsaicinoids 
concentration was higher in the second harvest with 
white net shading showing increased response to 
pungency. The coloured shade nets has the best light-
diffusing capability in the PAR range, resulting in 
deeper light penetration into the canopy (Kong et al., 
2013). 
 
 

Table 2. The effect of net shading and harvesting times on the 

Total capsaicinoids of 'Star flame' pepper. The means are 

expressed in µg g-1 fresh base weight ± SD (n=4) 

 

Net shading colour 
Harvesting times 

1st 2nd 

White 619.07±140.97 Aab 977.86±146.31 Bb 

Red 516.79±74.80 Aab 559.14±60.01 Aa 

Green 464.10±63.45 Aa 790.77±110.21 Bb 

Control 661.89±32.80 Ab 830.72±78.69 Bb 

Means followed by the same letter in the lines, for each characteristic, 

did not differ statistically at Tukey HSD post-hoc tests at p=0.05 

 
 
Vitamin C 

Application of different net shading on harvesting 
times indicated a general decrease of vitamin C by the 
second harvest in red and green net shadings (Table 3). 
White net shading was observed to have decreased in 
the second harvest instead. According to Kong et al. 
(2013), the use of white shading net has best light-
diffusing capability resulting in deeper light penetration 
into the plant canopy. The vitamin C content with a 
daily average greenhouse temperature of 22–28 °C 

after the first harvest could have stimulated its synthesis 
in the second harvest. Red net shading recorded lower 
vitamin C content both in the first and second harvest 
even though Ilić et al. (2011) asserted that the use of red 
net shading in the cultivation sweet peppers in 
greenhouses could enhance vitamin C content when 
compared to that of non-shaded peppers which did not 
corroborate to this study. 
 
 

Table 3. The effect of net shading and harvesting times on the 

vitamin C content of 'Star flame' pepper. The means are 

expressed in µg g-1 fresh base weight ± SD (n=4) 

 

Net shading 

colour 

Harvesting times 

1st 2nd 

white 1918.59±102.74 
Bb 

1805.37±43.07 
Ab 

red 1836.02±111.95 
Ba 

1596.99±53.37 
Aa 

green 1686.98±30.20 
Ba 

1650.24±144.84 
Aa 

Control 1769.40±31.75 
Bab 

1739.50±87.27 
Aab 

Means followed by the same letter in the lines, for each characteristic, 

did not differ statistically at Tukey HSD post-hoc tests at p=0.05 

 
 

CONCLUSIONS 
 
The use of different net shading technology in 'Star 

flame' chilli pepper cultivated under greenhouse was 
investigated in this study. Both red and green net 
shadings showed a decrease in total capsaicinoids, 
vitamin C, relative chlorophyll content and marketable 
yield. The use of white net shading in comparison to 
control in this study proved to be the best for chilli 
pepper grown under greenhouse environment. For 
sustainable and market-oriented benefits of chilli 
pepper production under greenhouse environment, 
further studies on different net colours could be 
investigated in the future. 
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