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Summary 

Sweet pepper plants of Spartacus cultivar were grown in plastic tunnel on 

rockwool using the fertigation technique. The three year experiment was carried 

out in 2006-2008. Fruits were harvested every year in three maturity stages: 

green, turning and red. The contents of ascorbic acid, phenols, soluble sugars, 

nitrate and ammonium ions, total nitrogen, free amino acids and dry matter 

were determined in freshly harvested fruits as well as after short-term (two 

weeks) storage.  

Red pepper fruits accumulated significantly more ascorbic acid, soluble 

sugars and phenols in comparison with the green and turning ones. The level of 

nitrate ions was highest in the green fruits and decreased during their ripening 

while the ammonium ion concentration increased. The lowest content of amino 

acids was observed in green fruits. 

Two week storage at 5-8°C, followed by two days at room temperature 

caused the reduction of nitrate ions in green and red fruits. Ammonium ion con-

tent as well as phenol and soluble sugar level increased in stored fruits, irrespec-

tively of their maturity stage. Ascorbic acid content increased in the stored turn-

ing and red pepper fruits as related to its initial concentration. Dry matter con-

tent did not change after storage. Biological quality of harvested pepper fruits 

depended of their maturity stage, however, their response to short-term storage 

was similar. 
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INTRODUCTION 

 

Sweet pepper fruits are rich in 

health-promoting compounds such as 

vitamins (C, A, E, B), soluble sugars, 

peptides, mineral constituents, carote-

noids and phenols. Some of these 

substances are excellent antioxidants. 

Levels of these compounds are influ-

enced by genotype, maturity stage, 

growing and post harvest conditions 

(Wien 1997, Howard et al. 2000,
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Wall et al. 2001). During fruit maturi-

ty its quality changes. Losses of chlo-

rophylls and synthesis of carotenoids 

were observed (De Guevara et al. 

1996, Simonne et al. 1997, Madrid et 

al. 1999) as well as accumulation of 

sugars. Red fruits usually accumulat-

ed more ascorbic acid than green ones 

(Golcz & Kozik 2004). During matu-

ration the color of pepper fruits 

changed and they lost their firmness, 

due to the increase of soluble pectins 

and decrease of cellulose content 

(Cheng et al. 2008). Spectral proper-

ties of sweet pepper fruits were ac-

companied by color changes of ripen-

ing fruits leading to the decrease of 

photosynthetic activity (Pilarski & 

Kocurek 2005). 

Storage ability of sweet pepper 

fruits is low and they are often infect-

ed by grey mould. Storage conditions 

influence chemical composition of 

pepper and also the quality of fruits. 

Appearance of chilling injury on fruits 

is observed at low temperature. Tem-

perature lower than 8
o
C causes dam-

age of green fruits but the red ones 

stay unaffected (Adamicki 2001, Kos-

son 2003). The recommended storage 

temperature for sweet pepper should 

be about 7-8°C. 

To prevent the weight losses of 

fruits storage in plastic bags is rec-

ommended (Adamicki 2001, Kosson 

& Stępowska 2002). Storage condi-

tions are especially important for 

ascorbic acid concentration, consider-

able losses of this compound were 

often observed during storage of pep-

per (Lee & Kader 2000, Biniek 1995). 

The aim of present study was to 

evaluate the effect of maturity stage 

and short time storage on selected 

compounds in pepper fruits. 

MATERIALS AND METHODS 

 

Sweet pepper (Capsicum annu-

um L. „Spartacus‟, De Ruiter Seeds) 

was grown on rockwool using fertiga-

tion technique in plastic tunnel 50 x 9 

m dimension. The experiment was 

carried out every year in 2006-2008. 

Mineral nutrients were introduced in 

the concentration recommended for 

pepper cultivation. Fruits of sweet 

pepper were harvested at three maturi-

ty stages: mature green, turning (50% 

or more of fruit surface changed color 

to reddish-brown) and red (fully ripe). 

Fruits were harvested from third and 

fourth internod level every year at the 

beginning of July. Thirty fruits of 

each maturity stage were harvested 

and divided into two groups. The first 

one was analyzed just after harvest 

and the second was stored. Fruits 

were stored in perforated plastic bags 

in a cold chamber at 5-8°C and 80-

85% relative humidity for two weeks 

followed by two days at 22°C. After 

storage no chilling injury was ob-

served and turning fruits in most cases 

changed color to red.  

The blended flesh material was 

used for chemical analysis. Ascorbic 

acid content was determined by iodate 

titration method (Duliński et al. 

1988), total phenols were measured 

by photometric method with Folin‟s 

reagent (Swain & Hillis 1959), solu-

ble sugars by method with anthron 

reagent (Yemm & Wills 1954). Ni-

trate and ammonium ions were de-

tected using ionometer Orion 920A+. 

Total nitrogen was estimated accord-

ing to the Kjeldahl method, free ami-

no acids were detected by method 

with ninhydrin reagent (Korenman 
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1973). For determination of dry mat-

ter plant material was dried at 105°C. 

All analyses were made in three 

replications. Results were statistically 

evaluated using ANOVA and Fisher 

(LSD) test for the significance 

P=0.05. Homogenous groups are rep-

resented by the same letters. The 

Pearson‟s correlation coefficient was 

calculated for analyzed parameters for 

the significance P=0.05. 

 

RESULTS 

 

During the ripening of fruits 

their color changed from green to red. 

The lowest and the highest concentra-

tion of nitrate ions was determined in 

red and green fruits, respectively, 

while the turning fruits accumulated 

less nitrate ions than green ones (see 

the three year averages in Table 1). 

This tendency was observed in 2007 

and 2008, while during 2006 red and 

turning fruits accumulated similar 

concentration of nitrate ions. The 

level of ammonium ions was lowest in 

green fruits and increased during rip-

ening in 2007 and 2008. Only in 2006 

the level of ammonium ions in green 

and red fruits was similar. Content of 

free amino acids was lowest in green 

peppers and increased in turning and 

red ones in all growing seasons. The 

concentration of total nitrogen 

changed during ripening, the same 

level of nitrogen was observed in 

green and red fruits, however, signifi-

cantly lower in the turning ones (three 

year means). The lowest content of 

nitrogen was found in turning and 

green fruits in 2007 and 2008, respec-

tively. The content of phenols, ascor-

bic acid, soluble sugars and dry matter 

increased during the maturation of 

fruits, in most cases significantly (Ta-

ble 2). 

 
Table 1. Concentration of nitrate (mg NO3

-
·kg

-1
 f.w.) and ammonium (mg NH4

+
·kg

-1
 

f.w) ions, free amino acids (mg N·100 g
-1

 f.w) and total nitrogen (g N·100 g
-1

 

d.m.) in sweet pepper fruits at three maturity stages 

 

Fruit  

maturity 

stage 

Nitrate ions Ammonium ions 

mean 2006 2007 2008 mean 2006 2007 2008 

Green 77.46c* 87.32 b 70.34 c 74.71 c 212.6 a 265.6 b 190.8 a 181.4 a 

Turning 52.33 b 48.78 a 51.28 b 56.92 b 246.4 b 195.4 a 280.1 b 263.7 b 

Red 48.95 a 48.60 a 47.07 a 51.19 a 343.1 c 251.1 b 385.8 c 392.4 c 

 Free amino acids Total nitrogen 

mean 2006 2007 2008 mean 2006 2007 2008 

Green 26.21 a 21.34 a 36.13 a 21.13 a 2.59 b -** 2.98 c 2.19 a 

Turning 43.16 b 56.89 c 43.52 b 29.13 b 2.36 a - 2.30 a 2.42 b 

Red 42.28 b 46.12 b 48.79 c 31.94 c 2.66 b - 2.73 b 2.58 b 

* statistical analysis was done separately for every year and for individual parameters 

** total nitrogen was not measured in 2006 
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Table 2. Concentration of phenols (mg·100g
-1

 f.w.), ascorbic acid (mg·100g
-1

 f.w.), 

soluble sugars (% of fresh weight) and dry matter (%) in sweet pepper fruits 

at three maturity stages 

 

Fruit  

maturity 

stage 

Phenols Ascorbic acid 

mean 2006 2007 2008 mean 2006 2007 2008 

Green 35.77a* 32.47 a 35.26 a 39.57 a 141.7 a 120.7 a 164.6 a 139.9 a 

Turning 42.90 b 35.58 b 45.24 b 47.87 b 169.0 b 176.4 b 167.2 a 163.5 b 

Red 56.44 c 53.06 c 53.31 c 62.95 c 186.4 c 194.5 c 192.4 b 172.3 c 

 Soluble sugars Dry matter 

mean 2006 2007 2008 mean 2006 2007 2008 

Green 3.346 a 3.523 a 4.232 a 2.284 a 7.37 a 6.52 a 9.02 a 6.56 a 

Turning 4.430 b 4.295 b 5.552 b 3.445 b 8.94 b 8.75 b 9.13 a 8.94 b 

Red 5.773 c 5.997 c 6.880 c 4.442 c 9.64 b 9.55 c 10.22 a 9.15 b 

* statistical analysis was done separately for every year and for individual parameters 

 

In the case of storage only results 

which are means from three years 

study are presented in this paper. The 

concentration of nitrate ions decreased 

but ammonium ions increased in 

green and red fruits during storage 

(Fig. 1, 3). In the case of turning ones 

content of nitrate ions before and after 

storage was the same, however, con-

centration of ammonium ions in-

creased (Fig. 2). Level of free amino 

acids in green and red fruits did not 

differ before and after storage but in 

turning ones increased. In freshly 

harvested fruits content of nitrogen 

was lower in green and turning fruits 

than after storage but it did not change 

in the stored fruits of full maturity. 

Increase of phenols and soluble sugars 

content during storage was noticed in 

all the three maturity stages, however, 

just in the case of turning and red 

fruits ascorbic acid accumulation was 

observed. Ascorbic acid concentration 

did not change during storage in green 

pepper fruits as well as dry matter 

content in fruits of all the three ma-

turity stages. 

The significant correlation was 

found between the concentration of 

soluble sugars and amino acids 

(r = 0.70), ascorbic acid (r = 0.72) and 

dry matter (r = 0.53).  Between nitrate 

and ammonium ions content negative 

correlation was found (r = -0.38). 

There was also a significant correla-

tion between free amino acids content 

and nitrogen concentration in pepper 

fruits (r = 0.41). 

 

 

 

 

 

 

 

 



 

A. KOŁTON et al. – EFFECT OF MATURITY STAGE …                                           147 

____________________________________________________________________________________________________ 

 

  

 

 
 

Fig. 1. Concentration of nitrate (mg NO3
-
·kg

-1
 f.w.) and ammonium (mg NH4

+
·kg

-1
 f.w) 

ions, free amino acids (mg N·100 g
-1

 f.w), total nitrogen (g N·kg
-1

 d.m.) phenols 

(mg·100 g
-1

 f.w.), ascorbic acid (mg·100 g
-1

 f.w.), soluble sugars (g·kg
-1

 f.w.) 

and dry matter (g·kg
-1

 f.w.) in green pepper fruits before and after storage 

(means for three year experiment) 

 

 
 

Fig. 2. Concentration of nitrate (mg NO3
-
·kg

-1
 f.w.) and ammonium (mg NH4

+
·kg

-1
 f.w ) 

ions, free amino acids (mg N·100 g
-1

 f.w), total nitrogen (g N·kg
-1

 d.m.) phenols 

(mg·100 g
-1

 f.w.), ascorbic acid (mg·100 g
-1

 f.w.), soluble sugars (g·kg
-1

 f.w.) 

and dry matter (g·kg
-1

 f.w.) in turning pepper fruits before and after storage 

(means for three year experiment). 
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Fig. 3. Concentration of nitrate (mg NO3
-
·kg

-1
 f.w.) and ammonium (mg NH4

+
·kg

-1
 f.w ) 

ions, free amino acids (mg N·100 g
-1

 f.w), total nitrogen (g N·kg
-1

 d.m.) phenols 

(mg·100 g
-1

 f.w.), ascorbic acid (mg·100 g
-1

 f.w.), soluble sugars (g·kg
-1

 f.w.) 

and dry matter (g·kg
-1

 f.w.) in red pepper fruits before and after storage (means 

for three year experiment) 

 

DISCUSSION 

 

Ripening of sweet pepper fruits 

is correlated with many biochemical 

changes. Perucka (2004) observed 

increase of carotenoids and dry matter 

content during pepper fruits ripening. 

Similarly, dry matter content in the 

present study in green fruits was low-

est. Increase of dry matter as well as 

ascorbic acid, fructose and glucose 

concentrations in pepper fruits was 

reported by Navarro et al. (2006). 

Phenols content, however, was main-

tained in ripening pepper. In the pre-

sent research accumulation of ascor-

bic acid, phenols and soluble sugars 

was observed during pepper fruits 

maturation. These results confirm 

previous studies concerning the in-

crease of phenolic acids content and 

flavonoids concentration during pep-

per fruits ripening (Howard et al. 

2000). Some other authors observed 

similar biochemical changes during 

maturation (Tadesse et al. 2002), 

however, high level of phenols in 

green fruits and their reduction during 

ripening was described by Conforti et 

al. (2007). 

It is important to notice that in 

all the cases concentration of nitrate 

was at the acceptable level. Concen-

tration of nitrate ions in vegetables 

depends on maturity stage (Lisiewska 

& Kmiecik 1991a) as was observed 

also in the examined pepper fruits. 

Content of nitrogen in the tested pep-

per fruits was independent on maturity 

stage (average 2.54% of dry matter) 

and was lower than that observed by 

Bugarski et al. (2007) (average 3.35% 

of dry matter) in nine pepper cultivars. 

Information about ascorbic acid 

concentration during the storage of 

pepper fruits varies, some authors 
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reported decrease of that compound 

(Biniek & Sas-Golak 1998), accord-

ing to the others the level of ascorbic 

acid increased (Simonne et al. 1997). 

Kosson and Stępowska (2005, 2006) 

noticed that ascorbic acid content 

during storage depended on the year 

of growing, growing conditions, va-

riety and other factors. In the case of 

„Spartacus‟ pepper accumulation of 

this vitamin depended on maturity 

stage, in turning and red fruits in-

creased during storage. 

In the present experiment the 

maintained level of dry matter in pep-

per fruits before and after storage was 

probably caused by good conditions 

in cold chamber and short term of 

storage. A great number of authors 

reported the increase of dry matter 

during storage due to high water loss-

es (Biniek & Sas-Golak 1998, Kosson 

& Stępowska 2002, 2005, 2006). De-

crease of nitrate ions and increase of 

ammonium ions in pepper fruits dur-

ing storage suggest that nitrate level 

was reduced during keeping fruits in 

cold chamber. These results were con-

sistent with the other studies (Lisiew-

ska & Kmiecik 1991b). 

Leja et al. (1998) reported in-

crease of phenols during the storage 

of vegetables. This was also observed 

in the present study with pepper fruits 

as well as the increase of soluble sug-

ars. Accumulation of soluble sugars 

affected by storage was also observed 

in pumpkin, however, reduction of 

these compounds in carrot and red beet 

was noticed by Autko et al. (2005). 

The presented results suggest 

that conditions in cold store (5-8°C 

and 80-85% relative humidity, storage 

in perforated plastic bags) limited 

respiration and prevented weight loss-

es as well as reduction of fruit quality. 

Pepper fruit, independently of their 

maturity stage, remained in good 

quality after two-week storage. 

 

CONCLUSIONS 

 

1. The highest content of healthy 

promoting compounds such ascor-

bic acid and phenols accumulated 

red pepper fruits in comparison to 

green and turning ones. 

2. Maturation of pepper fruits as well 

as their storage was accompanied 

by reduction of nitrate ions and by 

increase of ammonium ions. 

3. In stored pepper fruits losses of dry 

matter and ascorbic acid were not 

observed, the increase in soluble 

sugars and phenols concentration 

was noted. 
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WPŁYW FAZY DOJRZAŁOŚCI ORAZ KRÓTKOTRWAŁEGO  

PRZECHOWYWANIA NA JAKOŚĆ BIOLOGICZNĄ OWOCÓW  

PAPRYKI SŁODKIEJ 

 

Streszczenie 

Paprykę słodką „Spartacus‟ uprawiano w tunelu wysokim na wełnie mineralnej     

z wykorzystaniem systemu fertygacyjnego. Doświadczenie przeprowadzono w latach 

2006-2008. Owoce papryki zbierano w trzech fazach dojrzałości: zielone, przebarwiają-

ce się oraz czerwone. W materiale roślinnym oznaczono zawartość kwasu askorbino-

wego, sumy fenoli, cukrów rozpuszczalnych, azotanów i jonów amonowych, a także 

azotu całkowitego, wolnych aminokwasów i suchej masy. Analizy przeprowadzono tuż 

po zbiorze owoców, a także po ich krótkotrwałym przechowywaniu. 

W czerwonych owocach papryki oznaczono istotnie więcej kwasu askorbinowego, 

cukrów rozpuszczalnych i fenoli niż w owocach zielonych czy przebarwiających się. 

Zawartość azotanów była najwyższa w owocach zielonych i obniżała się w trakcie doj-

rzewania, podczas gdy zawartość jonów amonowych rosła w trakcie wybarwiania się 

owoców. Najniższym poziomem wolnych aminokwasów charakteryzowały się owoce 

zielone. 

Owoce papryki przechowywano dwa tygodnie w temperaturze 5-8°C, a następnie 

dwa dni w temperaturze pokojowej. Przechowywanie wpłynęło na obniżenie zawartości 

jonów azotanowych w zielonych i czerwonych owocach papryki. W trakcie przecho-

wywania zwiększała się zawartość jonów amonowych, fenoli i cukrów rozpuszczalnych 
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niezależnie od stopnia dojrzałości. W przypadku owoców przebarwiających się i czer-

wonych obserwowano wzrost zawartości kwasu askorbinowego w trakcie przechowy-

wania. Nie notowano natomiast zmian w zawartości suchej masy w owocach papryki. 

Wartość biologiczna papryki była zależna od fazy dojrzałości owoców w momencie 

zbioru, podczas gdy w trakcie przechowywania notowano podobne zmiany składników 

niezależnie od fazy dojrzałości. 

 


