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AND QUALITY ATTRIBUTES IN DIFFERENT
MATURITY FRUITS

Audrius Radzeviius, Pranas Viskelis, Jonas Viskelis,
Rasa Karklelied, Danguot Juskewtiené, Pavelas Duchovskis
Lithuanian Research Centre for Agriculture and Bioye Lithuania

Abstract. Maturity at harvest is very important attribute ttomatoes quality. This re-
search showed that fully ripen tomato fruits had tighest amount of lycopene and
B-carotene respectively 46.68 and 6.22 g.KEherefore, it was determined correlation be-
tween amount of carotenoids and tomato ripeningestaTomato fruit flesh lost it’s firm-
ness through ripening period from 82.54 till 154m?. Fruit ripeness stage at harvest
determines tomatoes biochemical composition anditgu@arotenoids [{-carotene, lyco-
pene) syntheses during fruit ripening were theltesif tomato colour and nutrition value
changes, which results to correlation between c¢dlmexes and tomato fruit quality at-
tributes such as: hue angle (h°) and lycopeneucdiaex a* and lycopene, flesh firm-
ness and hue angle (h°), skin firmness and chr@a (
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INTRODUCTION

In currently years, people are more interestechiirenmental problems caused by
agricultural activities. Special attention is foedson the health risks resulting from the
use of various chemicals and plant growing systédtiserwise, the growing phytosani-
tary problems and unrelenting use of pesticided teanew challenges in food safety.
Unfortunately old farming systems, like tomato giogvon natural soil has a markedly
negative effect on the yield and these fruits harege visible defects in comparison to
tomatoes growth using mineral nutrient solutionsvater (hydrophonic) [Hallmann and
Rembialkowska 2007, Gonzalez-Cebrino et al. 20B0t consumers expect organic
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and natural growth food to have a higher nutritlorsdue, to be healthier or simply to
be safer and less risky to human. However, expatisnehowed that relative impact of
adapting production methods on food quality anétyafnay change over time, accord-
ing to changes of soil characteristics and plafitvaurs [Niggli and Leifert 2007].

The fruit ripening processes gives attractiveness lgetter taste to a variety and
seed dispersing organisms. Because of the dualofoflash fruits as both a unique
aspect of plant development and the source ofge lar

However, most of the researchers describe tomattiopoof the human diet, the
molecular basis of development and ripening oftf§eBuits has received considerable
scientific attention in recent years [Giovannon®2D

During ripening processes fruit demonstrate chamyeslour, flavour, texture, and
pathogen susceptibility. Tomato ripening is a hjgtbordinated developmental process
that coincides with seed maturation. Regulated esgion of thousands of genes con-
trols fruit softening as well as accumulation pignse sugars, acids, and volatile com-
pounds [Klee and Giovannoni 2011]. Typical and axtesl mature-green tomatoes will
usually attain a much better flavour at the talipe-istage then those picked at the im-
mature or partially mature stages. Tomatoes acatmficarotene, lycopene, acids,
sugars, ascorbic acid and other components dunp@ning on the vine, so ripeness
stage at harvest affects fruit nutritional valued aquality [Brandt et al. 20086,
Urbonavtierg et al. 2012].

fruit nutritional and external quality at technidalit maturity. So, the aim of our in-
vestigation was to evaluate tomato nutrition growth natural soil and fruits quality
changes during ripening.

MATERIALS AND METHODS

Investigation was carried out at the Institute afrtitulture, Lithuanian Research
Centre for Agriculture and Forestry. Tomatoes wgnavn under the same conditions
(according to tomato growing technology adopted Imgtitute of Horticulture
[Jankauskieé and Survilied 2003] in the natural soilEphdohypoglei-cal@r)ic Luvi-
sol) in not heated greenhouse covered with polymdrit fTomato seeds were sown on
the T of April and sprouts were planted (distance —0@.3 m, 4.7 plants 1) on the
17" of May in 2013. Tomatoes harvesting period staciedhe 28 of July and vegeta-
tion period ended on the 2bf September. Tomato fruits for analysis were itlat
peak of the fruit ripping period on the 17-1&f August.

In order to determine tomato ripeness influencdroi quality, tomatoes were har-
vested at six different ripening stages: | — degriegpeness means 100% green tomato
fruits; 1l — up to 10% coloured tomato fruits; H 10-30% coloured tomato fruits);
IV — 30-60% coloured tomato fruits; V — 60—-90% aokd tomato fruits, VI — 90%
coloured tomato fruits [Kader 2011].

The research objective was five tomatgydopersicon esculentuiMill.) varieties:
‘Rutuliai’ (Lithuanian, own seeds), ‘Saint perri@rench, bought seeds), ‘Money mak-
er’ (English, bought seeds), ‘Tamina’ (German, bdugeeds), ‘Promyk’ (Polish,
bought seeds) and five hybrids: ‘Adam’ (Polish, fpouseeds), ‘Brooklyn’ (Dutch,
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bought seeds), ‘Benito’ (Dutch, bought seeds), &yac (Dutch, bought seeds), ‘Tol-
stoi’ (Dutch, bought seeds) from different courgrie

The following fruit quality parameters at differeripening stages were evaluated:
amount of dry matter, lycopenpscarotene, soluble solids in fresh tomato mattisg a
were determined fruit skin and flesh firmness aabber indexes (CIE L* a* b*) with
calculated hue angle (h°) and chroma (C). For evepjication, 10 tomatoes of each
cultivar were harvested at random. As the fruitsenearvested from different plants,
the experiment design was completely randomizeuind?ily, spectroscopic measure-
ments and texture analysis were made and aftervianaistoes were cut in small pieces
and homogenized, immediately, using Bosch Easy Migxder and filtered. The quali-
ty of harvested tomato fruits was evaluated at lthboratory of Biochemistry and
Technology applying chemical and physical methddewestigations.

Carotenoidsf{-carotene and lycopene) content was determineddbygerformance
liquid chromatography (HPLC) method. Dry matter teott was determined gravimetri-
cally by drying tomatoes to a constant weight é&8°00 Soluble solids were established
using NIR (Near Infrared) method, by transmittapecmciple using the near infrared
spectrophotometer (“NIR Case NCSO001A”, Sacmi Im&8agC. Imola, Italy). Tomato
texture measured with texture analyser (“TA.XTP|uStable Micro Systems, Go-
dalming, England). Colour indexes in the spacewahecontrast colours were meas-
ured with spectrophotometer “MiniScan XE Plus” (kem Associates Laboratory,
Inc., Reston, Virginia, USA) and calculated chrof@a= (a*2 + b*2)1/2) and hue
angle (h° = arctan(b*/a*)). The volumes L*, C, aicab* are measured in NBS units,
hue angle h°® — in degrees from 0 to 360°. NBS igrat unit of USA national Standard
Bureau and corresponds to one threshold of colstindtion power, i. e. the least dis-
tinction in colour, which the trained human eye oatice.

All analyses were conducted in four replicationse ata are presented as an aver-
age of ten investigated cultivars. So, one poinifgéness stage is composed of 40 val-
ues (10 cultivars and 4 repetitions). Statisticztveare’s (SAS and MS Excel) were
used for data calculation and significance evatuati

RESULTS AND DISCUSSION

One of the most noticeable characteristics of tomigening is the huge increase of
the carotenoid content in the fruit. The chang@igmentation is caused by a massive
accumulation of lycopene within the plastids and thsappearance of chlorophylls.
The chloroplasts of the mature green fruit chamgje ¢hromoplasts, which accumulate
lycopene in membrane-bound crystal [Brandt et @0&2 Radzevius et al. 2009, Taka-
yuki et al. 2014]. Gonzalez-Cebrino [2010] reportbdt lycopene contents changed
widely among all investigated cultivars during mp®y, increasing significantly from
6.57 mg kg (Ill ripeness stage) to 132.64 mgkgVI ripeness stage). In general,
B-carotene was highly accumulated at the fifth rggnstage, ranging the concentra-
tions between 5.66 and 16.75 mg'kg

According to figure 1, it was found that amountyafopene ang-carotene had se-
guentially increased during tomato fruit ripenifidne least amount of carotenoids was
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found in green tomatoes (I ripening stage) whemstartt of lycopene was 2.86 g kg
and content op-carotene — 0.10 g Kg The fully ripe tomato fruits (VI ripeness stage)
had the biggest amount of lycopene @rchrotene, respectively 46.68 and 6.22 g.kg
Therefore, it was established correlation betwesioumt of carotenoids and tomato
ripening stages. Exponential trend line of lycopand fruit ripening stage showed that
coefficient of determination (R reached.985. Exponential trend line @tcarotene
and fruit ripening stage showed that coefficientdefermination (B had almost the
similar value -0.9797 Exponential trend line is most useful when dataueslrise or
fall at increasingly higher rates.

Soluble solids are very important contribution iesh tomato production because
sugars and acids determine flavour of the fruiey8ns et al. 1977, Young et al. 1993,
Qiangian et al. 2015]. Scientists reported thatrdagter per cent decreased for all geno-
types throughout maturation of the tomato fruit witewas expressed on a fresh weight
basis [Young et al. 1993, Viskelis et al. 2015]t,Biifferent tendencies were obtained
with content of dry matter in our experiment (f2). The least amount (39.88 g g
of dry matter was found in the green tomato (I mipg stage) and had tendency to in-
crease up to 78.59 g kg(lll ripening stage) and then started slow deeastil
68.27 g kg (VI ripening stage). For that reason polynomigression was used which
is a form of linear regression in which the relasbip between the independent variable
(ripeness stage) and the dependent variable (diterpas modelled as an"2order
polynomial. Determination coefficient §Rof dry matter and tomato ripening stage was
0.9023.
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Fig. 1. Lycopene anfl-carotene changes during tomato fruit ripening
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Fig. 2. Soluble solids and dry matter changes duiemato fruit ripening

Total soluble solids content is significantly irdlwced by the combined effect of
fruit maturity and ripening conditions during théhele period of ripening. Moneruz-
zaman et al [2008] found that full ripen tomato teamed the highest amount of soluble
solids (68.2 g kg) while lowest (58.5 g k§ was detected in mature green tomatoes at
harvest. For all maturity stages, soluble soligsgased gradually with the advancement
of ripening process. Similar trends of such restédf®orted and other scientists [Karki
2005, Majidi et al. 2011]. That can confirm and experiment, where amount of solu-
ble solids had tendency to increase during tom@@ning (fig. 2). The least content
(32.26 g k) of soluble solids was detected in absolutely grteenato fruits (I ripening
stage) and the highest amount (46.88 g)kuf soluble solids was in fully ripen fruits
(VI ripening stage) and differences between thesertpening stages were statistically
significant. Exponential trend line of soluble sisliand fruit ripening stage showed that
coefficient of determination @R reached -0.9418. This, soluble solids decrease in the
per cent presumably could be explained by diluifoooncentration resulting from fruit
water uptake during ripening [Young et al. 1993].

Quality of tomato texture is determined by tomatatfskin and flesh firmness and
their relationship. Skin and flesh firmness of teonfruits are influenced by plant geno-
type and ripeness stage [Voisey et al. 1970, Ra¢imewet al. 2012]. Karapanos et al.
[2015] reported that fruit ripened naturally on fiant exhibited a uniform colour and
were firmer than those ripened on the shelf. Prevgtudies showed that different fac-
tors affect tomato textural properties, among theoell wall composition composed of
protein and three major polysaccharides (pectimitelluloses and cellulose) [Camp-
bell et al. 1990, Fischer and Bennett 1991]. Oyreexnental evidence indicated that
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tomato fruit lost his firmness through ripeningg(fi3) period from 82.54 N cfin
green fruits (I ripeness stage) to 15.24 N2am fully ripen fruits (VI ripeness stage).
Linear regression of flesh firmness during it ripgnshowed that coefficient of deter-
mination () was 0.8992. Different trends were observed wdilmato skin firmness.
In the green (I ripeness stage) tomato skin firmmeached 225.62 and increased till the
11" ripeness stage up to 302.91 Ntand then began to decline till the™iipeness
stage 201.27 N cf For this reason polynomial regression was usedodmained de-
termination coefficient (B reached 0.9841. Such results could be relateu etitylene
biosynthesis during tomato fruit ripening and residon undergo a climacteric rise,
tissues lost their firmness, extractable activibéspecific hydrolytic enzymes increase
and cell wall fractions change their compositioafitpbell et al 1990].
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Fig. 3. Skin and flesh firmness changes during torfrait ripening

The green to red colour transition typical of ripgntomato fruit is largely due to
the developmental transition of chloroplasts tooohoplasts, as photosynthetic mem-
branes are degraded, chlorophyll is metabolized,camotenoids, including-carotene
and lycopene, accumulate. The regulation of cacitebiosynthesis during ripening is
due, at least in part, to ripening-related and letigrinducible gene expression in toma-
to [Grierson et al. 1987, Ronen et al. 1999, Giowam 2001]. Our research data
showed that chlorophyll degradation and carotenaigistheses during tomato fruit
ripening were the results of colour changes inviileies L*, a*, b*. Values of colour
index L* and hue angle (h°) went down during tomatot ripening (tab. 1) and that
leaded to tomato colour darkening. Colour indexrériged from 39.92 in the fully ripe
tomato to 55.00 in the green fruits, meanwhile &dngle decreased from 105.79 (I ripe-
ness stage) to 44.22 (VI ripeness sta@®lour index a*, which indicates the ratio of
red and green colour, at the beginning of fruienimg (I ripeness stage) was negative
(-8.72), but red colour started to dominate dutioigato ripening period and reached
27.34 in fully ripen fruits (VI ripeness stage).|@ar index b* and chroma varied dur-
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ing fruit ripening respectively from 26.19 (lll epess stage) to 30.86 (I ripeness stage)
and from 26.24 (lll ripeness stage) to 28.22 (@eriess stage).

Table 1. Tomato colour indexes changes during torfatt ripening

Ripeness stage Colour index (NBS units)
L* a* b* C h°
| 55.00 -8.72 30.86 32.07 105.79
1] 54.55 -1.12 29.98 30.03 92.09
I} 52.38 1.05 26.19 26.24 88.14
v 50.66 4.14 28.73 29.20 81.99
\ 49.33 12.89 29.77 32.51 66.64
\ 39.92 27.34 26.64 38.22 44.22
Standard deviation (SDev) +5.54 +12.64 +1.90 +4.04 +21.63

Previous studies compared colorimetric analysisaardtenoid content in vegetable
crops and controversial results were obtainedliabiity of colour indexes and carote-
noid content [Arias et al. 2000, Logendra and J29€9, Reeves 2006].

Simple linear regression model we used to relatershticity values to tomato fruit
quality attributes. In order to determine regressamefficient, average values were
calculated from ten different tomato cultivars &ach ripeness stage (total number of
ripeness stages — 6). The negative correlation atserved between hue angle and
lycopene measured in this study (fig. 4) and itgasgs that decrease of hue angle is
determined by lycopene content increase. Regressiefficient () between these two
parameters was very high and reached 0.9803.
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Fig. 4. Hue angle (h*) and lycopene content cotiata
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Fig. 5. Colour index a* and lycopene content caitieh

Also, it was established positive correlation betweolour index a* and lycopene
content (fig. 5). Lycopene content increase deteechirise of fruit colour index a*.
Established determination coefficienf{Rvas very high — 0.9785.

We found that hue angle value increase was cldsetgd with tomato fruit flesh
firmness (fig. 6). So, it was established posithegrelation (R = 0.969) between hue
angle and tomato fruit flesh firmness. As well,arha value was a fairly good predictor
for tomato fruit skin firmness (fig. 7). Chroma wualincrease had resulted in decrease of
tomato skin firmness and that negative dependensebken expressed by regression
coefficient R= 0.8344.
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Fig. 6. Flesh firmness and hue angle (h°) cormetati
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Fig. 7. Fruit skin firmness and chroma (C) correlati

CONCLUSIONS

1. Tomatoes biochemical composition and quality determined by fruit ripeness
stage at harvest, because during tomato ripenirggobtained fruit flesh firmness loss
and steady increase of lycopefiesarotene and dry matter.

2. Carotenoidsptcarotene, lycopene) syntheses during fruit ripgniere the re-
sults of tomato colour and nutrition value changesich results to correlation between
colour indexes and tomato fruit quality attribusesh as: Hue angle (h*) and lycopene;
Colour index a* and lycopene; Flesh firmness and angle (h°); Skin firmness and
chroma (C).
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SKLAD BIOCHEMICZNY | JAKO $CI OWOCOW POMIDORA
W OKRESIE DOJRZEWANIA

StreszczenieDojrzatai¢ jest bardzo wanym atrybutem jakéci pomidoréw. Wyniki pre-
zentowanych badawykazaty,ze owoce pomidora w petnej dojrzésd miaty najwickszy
ilos¢ likopenu ip-karotenu, odpowiednio 46,68 i 6,22 g'kgV zwiazku z tym stwier-
dzono korelacje mizy iloicia karotenoidoéw i etapami dojrzewania pomidorowaidz
owocéw pomidora stracikfirnas¢ podczas dojrzewania (od 15,24 do 82,54 NPcrito-
pien dojrzatgici owocdéw w czasie zbioru olila biochemiczny skitad i jaké. Synteza
karotenoidow [§-karoten, likopen) podczas dojrzewania owocéw hwaikiem zmiany
odzywiania i barwy, co doprowadzito do powstania kaofil pomiedzy indeksami barw
i jakosci owocow pomidora, jakhue angle(h®) i likopen, indeks a* i likopen, misz
pomidora ihue anglgh®), jedrncs¢ skoéry ichroma(C).

Stowa kluczowe:karotenoidy, dojrzak, jedrncs¢, barwa, owoce
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