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Abstract

The biochemical composition of raspberry fruit was studied at two different planting distances. Their qualitative
characteristics were determined. The impact of an individual technological element on the studied indicators was
analysed. The experiment included raspberry cultivars, such as 'Willamette', 'Meeker', 'Samodiva’ and a candidate
cultivar 'Magdalena' from the collection plantation of RIMSA-Troyan. The planting material was produced in vitro. The
planting distances were: 0.30 m and 0.50 m in the intra row spacing and 3.00 m in the row spacing. The highest amount
of anthocyanins (38.87 mg) and total polyphenols (263.37 mg%) were reported for 'Willamette' fruit at 0.50 m planting
distances. The highest antioxidant activity was reported in 'Willamette' fruit (7750.00 umol TE/100 g) (at 0.30 m) and
'Samodiva' (6625.00 umol TE/100 g) (at 0.50 m). The sensor rating is in the range from 4.63 ('"Willamette' - 0.50 m) to

4.93 ('"Magdalena’ candidate cultivar - 0.30 m).
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INTRODUCTION

Raspberry is a cosmopolitan fruit crop. It is
widespread in almost every continent because
of its plasticity and taste. Its fruits have an
exceptional taste and fine aroma. They are an
important dietary source of vitamins, minerals
and fiber. Red, violet, purple or blue colour is
due to the presence of antioxidants in them that
enhance human health. Many authors focus
their studies on proving the biological activity
in raspberry fruits that has anticancer, antibac-
terial, antiviral, anti-inflammatory and cardio-
vascular disease prevention (Wang, 2000;
Moyer et al., 2002; Mullen et al., 2003; Cerda
et al., 2005; Seeram et al., 2006; Jakobek et al.,
2007; Heinonen, 2007; Borges et al., 2007)

The purpose of the present article is to follow
the impact of some elements of raspberry
cultivation technology on the biochemical
composition and quality of the fruit.

MATERIALS AND METHODS

The experiment was set in 2018. The objective
of the present experiment was selected
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Bulgarian cultivars, such as 'Samodiva' and
'Magdalena' (a candidate cultivar) and two
cultivars that are products of the world
selection, such as 'Meeker' and "Willamette'.
The choice is not accidental. 'Samodiva' is
characterized by good fruitfullness, resistance
to abiotic and biotic stress factors and the
ability to be cultivated without a support
structure. Candidate cultivar 'Magdalena' is a
prospective cultivar, which is selected in
RIMSA Troyan and is characterized by good
shoot formation, moderate to strong growth and
good taste of the fruits. 'Meeker' and
'Willamette' are introduced cultivars with good
characteristics and suitable for cultivation in
hilly areas.

The following biochemical characteristics of
fruit of the selected cultivars were investigated:
- dry weight matter (%) - 5 to 10 g were taken
from the sample, using glass weight, glass rod
and quartz sand;

- dry matter (DM) according to (refractometer)
Re (%);

- sugars (total, invert and sucrose) and acid,
according to the method of Schoorl (Donchev
etal., 2001), 25 g of sugars were taken from the



sample; chemicals: 10% NaCOs, NaHPOs,
Fehling’s solution I, Fehling’s solution II
(made in the laboratory), 30% KJ, 1: 6 H2SO4,
titrated by 0.1 n Na2S203 and starch indicator -
sugars; 5 ml of acids were taken from the
primary filtrate (as malic) by titration with
0.1 n NaOH (%) and phenolphthalein indicator
- acids;

- tanning substances according to the method
of Levental (Donchev et al., 2000), 25 g of
tannins were taken from the sample.
Chemicals: 1: 4 H2SOs, titrated by 0.1 KM4Os
and an indicator (indigo carmine);

- anthocyanins (mg%) according to the method
of Fuleki and Francis (1968), 2 g were taken
from the sample. Chemicals: 96% spirt, buffer
with pH 1.0; buffer with pH 4.5;

- pectin according to the method of Melitz
(Donchev et al., 2000), 12.5 g were taken from
the sample. Chemicals: 0.1 n NaOH, 1 n
CH3COOH, CaClz, AgNOs3;

- total polyphenols (mg GAE/100 g fresh
weight) according to the method of Singleton
and Rossi (1965). In a test tube, 0.1 ml of
sample extract was successively mixed with
0.5 ml of Folin-Ciocalteu - reagent (diluted 1: 4
with distilled water) and 1.5 ml of aqueous
sodium carbonate solution (7.5%, w/v),
bringing the volume to 10 mL with distilled
water. The reaction mixture was allowed to
stand for 2 hours in the dark at room
temperature before to measure the absorption at
750 nm. The results obtained are presented as
(GAE) in mg/100 g sample.

- total antioxidant capacity was evaluated by
determination of radical-scavenging activity
with DPPH (2,2-diphenyl-1-picrylhydrazy) -
test. The procedure is based on the method of
Brand-Williams et al. (1995). Trolox, a water-
soluble vitamin E analogue, was used as a
standard and the results were expressed as
Trolox equivalents (TE) in pmol per 100 g
sample.

- DPPH-test

The procedure is based in the following
modification: 2250 pl of DPPH methanolic
solution (6 x 10 M) were mixed with 250 pl
of sample extract (diluted with distilled water
in a 1:3 v/v ratio); absorbance at 515 nm was
measured after 15 minutes of staying of the
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reaction mixture in a closed cuvette in the dark
at room temperature.

- antioxidant activity (pmol TE/100 g)
methodology was adapted according to the
method of Brand-Williams et al. (1995).

All spectrophotometric measurements were
performed at UV-Vis spectrophotometer Helios
Omega, with VISION /ite software (Thermo
Fisher Scientific, Madison, WI, USA).

Quality characteristics of fruit:

- pH; appearance; colour; consistency; aroma;
taste; overall tasting evaluation; total sensory
evaluation calculated.

Color assessment

Color assessment was evaluated by Gardner
with colorimeter Colorgard 05/CIELab 2000
(BYK-Gardner Inc. USA) (Damyanov, 2005a;
Damyanov, 2005b). CIE Lab system was used
for color measurement (CIE. (1986)). Color
was expressed in L*, a* and b* values, where:

L - lightness: 100 for white and 0 for black;

a* - positive values for red color and
negative ones for green color;

b* - positive values for yellow color,
negative values for blue color.
The measurement was performed in five
replicates and the results were expressed as
mean values.
The biochemical analyzes of fruits were carried
out in the chemical laboratory of RIMSA-
Troyan, antioxidant activity and their
qualitative characteristics were determined in
department “Food technology” of the Institute
of Food Preservation and Quality, Plovdiv.
The field experiment was based on the
methodology of plant resources (Nedev et al.,
1979).
Data processing was performed by the methods
of variation and two-way dispersion analysis
(Lidanski, 1988), using MS Excel software-
2010.
The collection plantation is located on a slope
with an eastern exposure and altitude of 460 m.
The soils are grey forest. The planting schemes
are as follows: 0.30 m and 0.50 m in the intra
row spacing and 3.00 m in the row spacing.
The agrotechnics involved naturally grassed
row spacing and the intra row spacing was kept
as follow.



RESULTS AND DISCUSSIONS

The fresh fruit biochemical composition
reported a dry weight ranging from 11.08%
('Samodiva' 0.30 m), for comparison, the other
variant at 0.50 m -12.06% to 14.57% (‘Meeker'
0.30 m) (Table 1). Dry refractometric
substances are represented in values from
6.50% ('Samodiva’ 030 m) to 12.50%
('‘Meeker' 0.30 m). Total sugars were in the
range of 1.30% ('Willamette' 0.50 m and
candidate cultivar 'Magdalena' 0.30 m) to 2.40
('Meeker' 0.50 m and 'Samodiva' 0.30 m). The
lowest amount of inverted sugar was found in
candidate cultivar 'Magdalena' (0.50) - 0.65%,
while the highest amount was found in 'Meeker'
(0.30 m) and 'Samodiva' (0.30 m) - 1.45%. The

(0.50 m) - 1.38%. Organic acids ranged from
0.32% ('Meeker' 0.30 m) to 0.70% (‘Willamette'
0.50 m, candidate cultivar). The tannins ranged
from

0.019% (‘Meeker' 030 m) to 0.225%
('Willamette' 0.50 m). The amount of
anthocyanins ranged from 6.29 mg/% (a
candidate cultivar 'Magdalena’ 0.30 m) to
38.87 mg/% (‘Willamette' 0.50 m). That is to
say there was a considerable variation in the
indicator. It is noteworthy that higher values
were obtained for variants of cultivars with
longer planting distances. Pectin was in high
values and ranged from 1.15% ('Meeker'
0.30 m) to 3.45% (a candidate -cultivar
'Magdalena' 0.50 m). The total polyphenols
content ranged from 104.14 mg/% ('Samodiva'

lowest sucrose values were found in 0.50 m) to 167.77% (‘Meeker' 0.50 m).
'Willamette' (0.50 m) - 0.62% and the highest Significant variation is observed in the
value in candidate cultivar 'Magdalena’ antioxidant activity ranging from 2625.00 umol
Table 1. Biochemical composition of fresh fruit of raspberry cultivars in 2018
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"Willamette' 0.50 m | 12.53 | 9.00 1.30 065 | 062 | 070 | 0225 38.87 2.11 263.37
"Willamette' 0.30 m 1229 | 9.50 1.75 065 | 1.05 | 051 | 0.094 14.35 2.59 110.30
"Meeker' 0.50 m 14.57 | 11.00 2.40 130 | 1.05 | 0.64 | 0.037 20.97 2.69 167.77
"Mecker' 0.30 m 12.88 | 12.50 2.10 145 | 0.62 | 032 | 0.019 10.30 1.15 147.20
'Samodiva' 0.50 m 12.06 | 850 2.10 095 | 1.09 | 064 | 0.056 26.29 2.88 104.14
'Samodiva' 0.30 m 11.08 | 6.50 2.40 145 | 090 | 070 | 0.056 2435 339 172.37
candidate cultivar 11.44 | 7.00 2.10 065 | 138 | 051 | 0.037 2226 345 162.30
Magdalena' 0.50 m
candidate cultivar
Mogdalens' 0.30 m 13.14 | 850 1.30 1.30 - 0.70 | 0.037 6.29 2.30 115.12
%+ SE 0.38 | 0.70 0.16 0.13 | 015 | 0.05 0.02 3.62 0.26 18.17
St Dev 1.08 1.97 0.44 037 | 042 | 0.3 0.07 10.23 0.74 51.41
VC % 8.64 | 21.74 22.8 3524 | 50 | 22.03 100 50 28.79 33.1
LSD-0.05 n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s
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Figure 1. Antioxidant capacity of raspberry fruit of different variants and cultivars

TE/100 g (candidate cultivar 'Magdalena’'
0.30 m) to 7750.00 pumol TE/100 g for
'Willamette' in the same variant (Figure 1).
There is no pronounced tendency among the
variants.

The quality characteristics of fruits are
presented in Table 2. pH values were almost
even and highly acid. Fruit appearance was at
maximum values for 'Willamette' (both
variants), 'Meeker' (0.50 m), 'Samodiva'
(0.50 m) and candidate cultivar 'Magdalena’
(0.30 m) with a grade of 5.00. In other words,
the greater the planting distance higher the
values. Colour is an important indicator of
cultivar specificity. The variation range was
close to 4.75 ('"Meeker' 0.50 m, and 'Samodiva'
0.30 m) to 5.00 (for other cultivars and
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variants). The fruit consistency was rated with
a maximum score of 5.00 with the exception of
'‘Samodiva' (0.30 m). Fruit aroma determines to
a great extent the attractiveness of raspberry
fruit. The highest grades were obtained by
'Willamette' and candidate cultivar 'Magdalena'
at planting distances of 0.30 m and the lowest
by 'Meeker' in the same variant. The results
show that there is no definite relationship
between the variants. Fruit taste is next
indicator that determines the complex
evaluation. The results show that no maximum
score was obtained. The highest value for all
cultivars was 4.75 (except 'Willamette' 0.50 m).
A value giving a high degree of that indicator.
The same parameters were obtained when
calculating the total tasting score of fruit.



Table 2. Quality characteristics of raspberry cultivars in 2018

5 > Q

S s |, | . |, |E5 |§s

[} -~ - - = =

= Z | < 3 5 2 E 22 |~ © m

g =) &) 2 Z = 5 S =3

3 > g sz R

%) < 3 Z 0 30
'Willamette'0.50 m | 3.45 5.00 5.00 5.00 4.00 4.50 4.5 4.63 22.60 | 44.22 15.22
'Willamette'0.30 m | 3.53 5.00 5.00 5.00 5.00 4.75 4.75 4.94 | 2791 | 39.51 14.14
'Meeker' 0.50 m 3.43 4.50 4.75 5.00 4.75 4.75 4.75 4.73 2594 | 42.77 16.25
'Meeker' 0.30 m 3.47 5.00 5.00 5.00 4.5 4.75 4.75 4.88 | 23.75 | 38.45 12.38
'Samodiva' 0.50 m 3.49 5.00 5.00 5.00 4.75 4.75 4.75 4.88 | 20.68 | 45.47 14.81
'Samodiva' 0.30 m 3.48 4.50 4.75 4.75 4.75 4.75 4.75 4.70 | 26.34 | 34.65 10.09
candidate cultivar
'Magdalena' 3.36 4.75 5.00 5.00 4.75 4.75 4.75 4.83 | 29.29 | 39.60 20.93
0.50 m
candidate cultivar
'Magdalena' 3.43 5.00 5.00 5.00 5.00 4.75 4.75 4.93 | 28.10 | 42.31 14.04
0.30m
% +SE 0.02 0.08 0.04 0.03 0.11 0.03 0.03 0.04 1.06 1.24 1.11
St Dev 0.05 0.23 0.12 0.09 0.32 0.09 0.09 0.11 2.99 3.51 3.14
VC % 1.45 4.75 243 1.81 6.82 1.91 1.91 2.28 11.69 | 8.59 21.32
The analysis of the total sensory evaluation = CONCLUSIONS

shows that all cultivars are approaching the
maximum evaluation. The highest value was
obtained by "Willamette' and candidate cultivar
'Magdalena' at planting distances of 0.30 m.
The analysis of colour parameters shows that
the highest fruit brightness was observed in
candidate cultivar 'Magdalena' in both variants:
29.29 (0.50 m) and 28.10 (0.30 m). The lowest
value of 20.68 was observed in 'Samodiva'
(0.50 m). High value is observed in the
'Wilamette' and 'Samodiva' varieties of 0.30 m
variant. Fruit colour characteristics show that
red colour tone is significantly higher than
yellow. The highest red colour values were
obtained in 'Samodiva’ (0.50 m) and
'Willamette' 0.50 m). The values were higher in
greater planting distances, with the exception of
candidate cultivar 'Magdalena'. A certain
correlation may be sought between the applied
agricultural technology. Higher values of
yellow colour were found in the variant of
larger planting distance. There was a distinctive
difference in the variant with candidate cultivar
'Magdalena' (20.93) in comparison with the
other cultivars.

The results obtained allow us to make the
following findings about the relationship
between plant agrotechnics and the indicators
studied:

A higher content of anthocyanins was reported
at larger planting distances of cultivars and
variants.

Red colour value was higher at planting
distances of 0.50 m, except for candidate
cultivar 'Magdalena'.

Yellow colour was more prevalent at longer
planting distances.

The content of total polyphenols was higher in
planting distance of 0.50 m, with the exception
of 'Samodiva'.

The overall sensory evaluation was higher for
'Willamette', 'Meeker' and candidate

cultivar 'Magdalena' than the shorter planting
distances.

The antioxidant activity was higher in
'Willamette', 'Meeker' and 'Magdalena' than the
variant with 0.30 m planting distance.
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