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S u m m a r y

The research material used to evaluate the relationship between technological features 
of soft-flesh fruit involved the lines derived from the interspecific hybrid Capsicum fru-
tescens L. x C  annuum L. The genotypes differed in their yielding, morphological features 
of fruit, technological efficiency and the content of capsaicinoids, which ranged from 20 
to 770 and from 10 to 330 mg.kg-1, respectively, of capsaicin and dihydrocapsaicin in the 
pericarp, from 60 to 3870 and from 30 to 1550 mg.kg-1 in the puree produced as a result of 
mechanical separation of the soft tissue of the pericarp from the inedible parts (placenta, 
seeds, septa and the peel). There was found a negative correlation between the fruit aver-
age weight and length and the content of capsaicin in the pericarp and in the puree and for 
the capsaicinoids sum in the puree. The contents of the two compounds were positively 
correlated in each material researched, both when individual capsaicinoids were compared 
and when their sum was given.
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INTRODUCTION 

The soft-flesh character is conditioned by the s gene expression [1]  A phenotypic 
effect of this gene involves changes in the fruit wall tissue structure over ripening 
due to the activity of polygalacturonase [2]. They become soft enough to facili-
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tate mechanical separation of the parenchyma tissue from inedible and ballast fruit 
parts: placenta with seeds, internal septa and in soft-flesh forms – also the peel. The 
product obtained as a result of this separation is a homogenic concentrate, main-
taining the taste qualities and the nutritious value of the raw material. 

Fruit of the Capsicum  species can serve as a source of secondary metabolites 
representing the capsaicinoid group. Their synthesis in fruit depends on the ex-
pression of the single gene. The intensity of the hot taste, caused by these com-
pounds, is modified by numerous factors, from the fruit structure characters and 
the degree of ripeness to the plant vegetation conditions as well as country of 
origin [3-5]. Moreover, the creation of the hybrids lets obtaining the raw material 
of different pungency level [6].

   The application of soft-flesh fruit as a material to produce nutraceutics calls 
for acquiring a thorough knowledge of the relationship between technological 
features. This knowledge is indispensible to determine the criteria of standardiza-
tion of the material, mostly the content of capsaicinoids and thus the intensity of 
the hot taste of the fruit and the products obtained. The highest amounts of these 
compounds are found in the placenta. During the separation of the soft tissue 
from other fruit parts, they penetrate into the puree and, as a result, the product 
is definitely richer in capsaicinoids than the pericarp [7]. The aim of the present 
research into soft-flesh genotypes, obtained as a result of interspecific hybrid-
ization of Capsicum frutescens L. x C. annuum L., was to evaluate the correlations 
between technological fruit properties, especially the content of capsaicinoids.

MATERIAL AND METHODS

The research material was made up of 25 soft-flesh genotypes obtained by 
selecting hybrid materials, derived by crossing Capsicum frutescens  L. and C. an-
nuum L. These genotypes, being of F5–F7 generations (three years of experiments), 
differed in their yielding, fruit characters and the content of capsaicinoids. Signifi-
cant differences concerned also the technological (process) efficiency, namely the 
percentage share of the puree in the raw material weight. 

The material researched was produced in plastic greenhouses. A few dozen 
randomly selected fruits of each genotype were divided into two groups. The 
first one was applied to provide morphological and technological evaluation, and 
then once the placenta, seeds and septa were removed, in the pericarp the con-
tent of capsaicinoids was evaluated. The fruits of the other group were rinsed, 
crushed in the mixer and sieved with the sieve with the mesh of which was 1 mm 
in diameter. The HPLC method was applied to determine the content of capsa-
icin and dihydrocapsaicin. To do so, the procedure described by Collins et al. [8] 
was used.  The pericarp and the puree were dried at a temperature of 60oC for 
three days, and after grinding, capsaicinoids were extracted. The samples con-
taining 1.5 g of powder were poured with 15 ml acetonitryl. The extraction was 
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performed in the water bath, in 50 ml test-tubes, at a temperature of 80oC for 
4 hours and subsequently shaked by hand every hour. The  supernatant was fil-
tered through the Waters-Millex filters 0.45 μm using 10 ml syringes. The filtrate 
was used to provide HPLC analyses using the Perkin-Elmer apparatus, Series 200, 
with the autosampler. Standards of 8-methyl-N-vanillyl-6-nonemamide (capsaicin) 
and N-vanillylnonemamide (dihydrocapsaicin) were obtained from Sigma-Aldrich. 
The results were statistically verified defining the standard deviation, coefficients 
of variation and coefficients of correlation between the characters at p=99%.

RESULTS AND DISCUSSION 

Quantitative characteristics 

The plant materials covered by the present paper were produced as a result of 
interspecific hybridization which aimed at creating soft-flesh lines of good techno-
logical properties and a varied content of capsaicinoids in the pericarp and in the 
fruit puree. The fruits of such genotypes will provide material for the production of 
capsaicinoid  nutraceutics. General characteristics of the research materials given in 
table 1 demonstrates a high variation in morphological and technological characters 
and in the content of capsaicinoids. The values of the standard deviation and of the 
coefficient of variation point to the presence of genotypes of a very different level 
of the characters observed. The special character applied when evaluating soft-flesh 
genotypes is technological efficiency. Its higher level stands for a lower share of 
residue produced in the process of making the puree and thus a higher production 
effectiveness [9]. The differences noted in the present research between the geno-
types point to a potential of the selection of forms of a high process efficiency. The 
program of creating hybrids and selecting the materials obtained assumes creating 
genotypes of a different level of capsaicinoids. The total fruit hot taste intensity is a 
sum of the effect of capsaicin and dihydrocapsaicin and according to investigations 
of Antonious and Jarret [10] the mentioned capsaicinoids are dominant in the fruits 
of different Capsicum chinense accessions and capsaicin concentrations were general-
ly greater than dihydrocapsaicin. Kurian and Starks [11], investigating Orange Haba-
nero cultivar (C  chinense Jacq), report on, having analyzed whole fruits, the content 
of 8840 ppm of capsaicin and 3940 ppm dihydrocapsaicin. It is the content which 
is over 10 times and about 40 times than in the pericarp of our materials, of the 
highest and the lowest concentration of each capsaicinoid, respectively. Other re-
port [12] shows that the content of capsaicin in the ‘Habanero’ pericarp was 5 times 
higher than in our genotype, richest in that compound. As for ‘Habanero White’, it 
was about 3 times higher.  A few times higher level of capsaicinoids in the puree 
than in the pericarp was due to the penetration of capsaicinoids from the placenta 
during fruit crushing and the pericarp tissue separation process from non-edible 
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parts. The results of the report cited earlier demonstrate that the content of cap-
saicin in the placenta was 16-fold higher than in the pericarp in ‘Habanero Orange’ 
and 11-fold than in ‘Habanero White’.

Ta b l e  1  

Technological characteristics of fruit as an average of 25 soft-flesh Capsicum spp. genotypes

feature mean range ±SD variation coefficient (%)

weight of fruit per plant [g] 637 128–1580 ±321 50

weight [g]  30 8–125 ±29 98

length [mm] 77 34–147 ±31 41

width [mm] 33 18–74 ±13 39

wall thickness [mm] 3.4 2.2–6.3 ±1.0 29

technological performance 
[%)]

64 45–92 ±14 22

content of capsaicin
[mg.kg-¹]
-pericarp 230 22–770 ±170 74

-puree 1330 60–3870 ±1250 94

content of dihydrocapsaicin
[mg.kg-¹]
-pericarp 110 10–330 ±70 70

-puree 480 30–1550 ±480 99

sum of capsaicin and 
dihydrocapsaicin

[mg.kg-¹]
-pericarp 340 30–1100 ±240 70

-puree 1810 90–5420 ±1720 95

Features correlation

The coefficients of correlation between the characters researched given in 
table 2 show that the content of capsaicin in the pericarp and in the puree was 
negatively correlated with fruit weight and  length.  For the sum of capsaicinoids 
the high  significance was found in the puree, for the fruit features mentioned 
above. Making an attempt at explaining this situation, one shall again refer to the 
reports cited earlier in this paper which point to a definitely higher content of 
capsaicinoids in the placenta than in the other fruit parts. In other cultivars simi-
lar relationships were observed [13]. An increase in the average fruit weight and 
length, in general, results in a decreased share of the placenta in the fruit weight, 
which is, in turn, conditioned mainly by the pericarp weight. The level of techno-
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logical efficiency was highly significantly positively correlated with the average 
weight, length, width and thickness of the walls. An increase in the level of each of 
these characters is connected with favorable changes in relation to the weight of 
non-edible parts. The quantitative relationships of capsaicin and dihydrocapsaicin 
and the sum of both compounds in the pericarp and in the puree were significant 
in each case and highly significant in most cases. The conclusion which could be 
drawn based on the present results could be as follows: the quantitative relation-
ships between capsaicin and dihydrocapsaicin are the same in the pericarp and 
in the puree produced from soft-flesh fruit. This remark concerns the sum of the 
capsaicinoids mentioned. Therefore it can be concluded that freeing and penetra-
tion of these compounds from the pericarp tissue to the puree is proportional to 
their content.

Ta b l e  2  

Matrix of correlation coefficients between fruit characters and capsaicinoid contents in 25
Capsicum spp. soft-flesh genotypes

Feature 1 2 3 4 5 6 7 8 9 10

2 0.686**

3 0.899** 0.544**

4 0.738** 0.286 0.769**

5 0.699** 0.651** 0.759** 0.551**

6 –0.380* –0.429* –0.294 –0.100 –0.348

7 –0.494* –0.681** –0.403* –0.083 –0.423 0.636**

8 –0.253 –0.224 –0.182 –0.117 –0.276 0.852** 0.370*

9 –0.424 –0.697** –0.276 –0.007 –0.327 0.660** 0.964** 0.421*

10 –0.346 –0.372* –0.262 –0.101 –0.325 0.987** 0.578** 0.921** 0.612**

11 –0.479** –0.676** –0.372* –0.065 –0.400 0.643** 0.997** 0.384* 0.981** 0.981**

1– mean weight; 2 – length; 3 – width; 4 – wall thickness; 5 – technological performance; 6 – 
capsaicin in pericarp; 7 – capsaicin in puree; 8 – dihydrocapsaicin in pericarp; 9 – dihydrocapsaicin 
in puree; 10 – capsaicin + dihydrocapsaicin in pericarp; 11 – capsaicin + dihydrocapsaicin in puree

Capsaicinoids are irritating compounds, which inhibits their consumption. On 
the other hand, they demonstrate a very positive effect on the human physio-
logical processes [14]. Their content in the fruit and in the products nutraceutic 
in character should be high enough to play the role of antioxidants and anti-
cancerogenic agents and, at the same time, their irritating effect should be low 
enough not to inhibit consumption. Therefore materials used to the production 
of nutraceutics should contain those secondary metabolites in limited amounts. 
In general [10], the extreme capsaicinoids concentration in the whole fruit of 
Capsicum species varied from not detectable to 11 mg∙g-1. The present results 
demonstrate that the evaluation of the hot taste intensity based on the content 
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of capsaicinoids must be performed once the puree is already produced. It is a 
dozen or so times richer in these compounds than the pericarp. At the same time 
it was observed that the higher the fruit weight and length, the lower the relative 
content of capsaicin and dihydrocapsaicin in the puree. A high range of variation 
in the content of capsaicinoids in the genotypes researched points to a potential 
of creating soft-flesh type cultivars which would demonstrate a specific level of 
hot taste intensity of the pericarp and the product obtained as a result of the me-
chanical separation of the pericarp tissue from the other fruit parts, maintaining 
all the taste qualities conditioned also by the presence of other compounds. 

CONCLUSION

There was found a negative correlation between the fruit average weight and 
length and the content of capsaicin in the pericarp and in the puree and for the 
capsaicinoids sum in the puree. The contents of the two compounds were posi-
tively correlated in each material researched, both when individual capsaicinoids 
were compared and when their sum was given. 
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S t r e s z c z e n i e

Materiałem badawczym użytym do oceny wzajemnych zależności między cechami techno-
logicznymi owoców soft-flesh były linie wyprowadzone z mieszańca międzygatunkowego 
Capsicum  frutescens L. x C  annuum L. Genotypy różniły się pod względem masy owoców 
uzyskanych z rośliny, cech morfologicznych owoców, wydajności technologicznej oraz za-
wartości kapsaicynoidów, która zawierała się w granicach od 20–770 i 10–330 mg.kg-1 , 
odpowiednio kapsaicyny i dihydrokapsaicyny w perykarpie, do 60–3870 i 30 –1550 mg.kg-1 
w przecierze uzyskanym w wyniku mechanicznej separacji miękkiej tkanki perykarpu od 
części niejadalnych (łożysko, nasiona, przegrody i skórka). Stwierdzono ujemną korelację 
między średnią masą i długością owoców a zawartością kapsaicynoidów w perykarpie i 
w przecierze. Zawartości obydwu omawianych związków były dodatnio skorelowane w 
każdym z badanych materiałów, zarówno przy porównaniu indywidualnym każdego z kap-
saicynoidów, jak też dla ich sumy.

Słowa .kluczowe: dihydrokapsaicyna, kapsaicyna, owocnia, przecier, wydajność technologiczna 


