Quality characterization of Andean blackberry fruits (Rubus glaucus
Benth.) in different maturity stages in Antioquia, Colombia

Caracterizacion de la calidad del fruto de mora de ‘Castilla’ (Rubus glaucus
Benth.) en diferentes estados de madurez en Antioquia, Colombia

Catarina Pedro Carvalho' and Jorge Andrés Betancur’

ABSTRACT

Product quality and safety are two essential characteristics
for the fruit market, making it necessary to normalize and
standardize processes in order to improve their commercial-
ization. In this study, the quality of two Andean blackberry
cultivars grown in two regions of Antioquia (Envigado and
Guarne), Colombia, from different maturity stages as defined
by the Norma Tecnica Colombiana 7146 (NTC Spanish) was
characterized. The parameters that were found suitable for the
fruit quality characterization were: weight, total solid soluble
content (TSS), titratable acidity (TA), maturity index (MI),
color index (CI) and firmness (F). The equatorial diameter
(ED) maintained its importance relative to the standard and
the market, along with the juice yield (JY). The quotient a*/b*
presented the best correlation with the visual color scale as
defined in the standard. The TSS ranges defined in NTC 4106
were not verified in this studied for fruits grown in the agro-
climatic conditions of Antioquia. Linear regression models
are a useful tool for making quick and easy comparisons and
estimations of the quality parameters.

Key words: fruit, postharvest, physico-chemical parameters,
quality controls, standardization.

Actualmente la calidad e inocuidad de los productos es un
requisito de los mercados de frutas, haciendo necesario la
estandarizacién y normalizacién de los procesos. En este
estudio, se caracteriz6 la calidad de dos cultivares de mora
de ‘Castilla’ producidos en dos localidades de Antioquia
(Envigado y Guarne), Colombia, en los diferentes estados de
madurez que define la NTC 4106. Los resultados mostraron
que los parametros mas adecuados para la caracterizacion de
la calidad del fruto fueron: peso, solidos solubles totales (SST),
acidez titulable (AT), indice de madurez (IM), indice de color
(IC) y firmeza (F). Se encontré que el didmetro ecuatorial (DE)
guarda su importancia respecto a la norma y el mercado, asi
como el rendimiento en zumo (RZ). El cociente a*/b* fue el que
presentd mejor correlacion con la escala visual de color definida
en la norma. Los rangos de SST definidos en la norma no se
verificaron en este estudio paralas condiciones agroclimaticas
de Antioquia. Los modelos de regresion linear son una herra-
mienta util para realizar comparaciones y estimaciones rapidas
de los parametros de calidad.

Palabras clave: frutas, poscosecha, pardmetros fisicoquimicos,
control de calidad, estandarizacién.

Introduction

The blackberry (Rubus sp.) has become a common fruit in
fresh and processed fruit markets, particularly in North
America and the European Union. A worldwide area of
25,000 ha is estimated and in the USA, this fruit’s shipments
have increased from 4,500 kg in 2000 to about 54,545 kg
in 2010 (Clark and Finn, 2014).

In Colombia, the Andean blackberry (Rubus glaucus
Benth.), also known as the ‘Castilla’ blackberry, is a tradi-
tional rural crop grown by small producers, having an area
0f12,281 ha, a production of 105,218 t and a productivity of
8.6 tha'. Cundinamarca (3,275 ha, 24,239 tand 7.4 t ha™),
Santander (1,793 ha, 19,190 tand 10.7 tha) and Antioquia
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(1,430 ha, 13,728 t, 9.6 t ha™) are the departments best
positioned in terms of area and production, but Risaralda
(14.0 t ha") and Santander presented the best performance.
In 2013, Colombia exported 19 t, representing US$51,000.
The blackberry fruit is exported mainly when it is fresh,
frozen or processed and the principal destinations in 2013
were the USA, Spain, Russia, UK, Australia and Panama.
Nevertheless, imports are high, reaching 33,032 t and US$
94,082,000 in 2013, especially from Chile (86%) and the
USA (15%) (Escobar, 2014).

This fruit enjoys high consumption in Colombia (1.5 kg
year” per capita 2013), with wide consumption acceptance
as fresh produce (60%), and is highly regarded in the
processed industry (40%) due to its exotic flavor and easy
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processing (Escobar, 2014). The consumption of blackber-
ries in the world has increased in recent years due to the
content of phenolic compounds and vitamin C, which can
help in the prevention of degenerative diseases (Lewers et
al., 2010; Ali et al., 2011). Additionally, natural pigments,
especially anthocyanins, provide attractive colors for the
food manufacturing industry, jellies and syrups (Acosta-
Montoya et al., 2010).

In recent years, there has been greater concern over
consumer availability of edible fruits that have reached a
satisfactory level of maturity and that show their true or-
ganoleptic characteristics. Icontec, in its technical standard
NTC 4106 (Icontec, 1997), established the requirements
demanded of Andean blackberry fruits in Colombia for
fresh markets or as a commodity for the processing indus-
try, including specific requirements such as total soluble
solids (TSS), titratable acidity (TA), maturity index (MI)
and tolerances of quality, size and color. However, the latest
update of this standard was in 1997, which requires review
and adaptation to current needs.

According to Clark and Finn (2008), the USA industry
prefers a blackberry flavor and high color, low pH, high con-
tent of soluble solids and acidity, low perception of seeds,
and small drupes, while for consumers, qualities such as
sweetness, acidity, astringency, color, firmness and absence
of seeds are important for both processed and fresh fruits.

Guedes et al. (2013) assessed the quality and mineral con-
tent of different blackberry cultivar fruits produced in a
tropical climate (Cwb, K6ppen classification) in Brazil at
918 ma.s.l, finding that the chemical characteristics com-
bined with the nutrition characteristics can be proposed as
excellent tools for selecting superior cultivars with a high
nutritional value. Sensory attributes such as color, firmness,
acidity and nutrient composition are essential components
for the quality of blackberry fruits (Rubus sp.).

Radovich et al. (2013), evaluating 20 promising raspberry
hybrids in Serbia and using principal component analysis
(PCA), found that the most important variables for dis-
criminating raspberry hybrids are related to fruit size and
the number and length of the reproductive lateral branches:
fruit weight, fruit length and width, number of reproductive
laterals per branch, sucrose content, length of reproductive
laterals per branch and number of flowers.

Espinosa et al. (2009), in an agronomic and nutritional
evaluation and a participatory selection of Andean black-
berry genotypes in Cundinamarca (Colombia) defined

the most important variables for the first four principal
components (PCA), in order of importance, as: fruit length,
fruit weight, fruit width, fruit maturity, total soluble solids
(TSS) and acidity.

Grijalba et al. (2010), evaluating three quality parameters
for thorny and thornless Andean blackberry cultivars
(weight, TSS, number of basal stems), found a highly sig-
nificant production of a superior grade for fruit quality
with thorny blackberries, as compared to thornless ones.
According to Maro et al. (2014), size, color and firmness
are important factors in blackberry fruit quality.

Color is an important parameter to assess as a harvest
index during the ripening of fruits and is used for many
crop species. The NTC 4106 standard provides a visual
color scale with 6 stages of maturity for blackberry fruits
along with images and descriptions for each maturity
stage, which were established using subjective evaluations
(Icontec, 1997).

The aim of this study was to characterize the fruit quality
of two Andean blackberry cultivars at two locations in
Antioquia (Envigado and Guarne) for each of the maturity
stages set out in the NTC 4106 Icontec standard in order to
determine a group of proper parameters to estimate fruit
quality and find mathematical models for making quick
estimates of the same. Creating indicators for establish-
ing quality criteria and updating the NTC 4106 standard
according to the market demand for Andean blackberries
have commercial importance in the Colombian Andean
region.

Materials and methods

Plant material

In this study, fruits of two Andean blackberry cultivars
(Rubus glaucus Benth.), propagated by air elbow, were
used: Pantanillo and Guapante. The Pantanillo cultivar
was from Pantanillo village of the Envigado municipality,
located at 06°11’14.0” N and 075°29’40.0” W, at an altitude
of 2,567 m a.s.l., with an annual average temperature of
18°C. While the Guapante cultivar was from Guapante
village of the Guarne municipality, located at 06°17°31.0”
Nand 075°24°04.2” W, at an altitude of 2,443 m a.s.l,, with
an annual average temperature of 17.6°C (12.7 min - 22.5
max). Both municipalities are located in the department
of Antioquia in Colombia; Guarne has the second largest
cultivated area and Envigado low area. A complete rando-
mized design with five replications was used. Being the
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plant the experimental unit and using for sampling the
three central plants.

Quality parameters

To determine the yield and classify the fruit quality in each
location, seven harvests were evaluated and the weight was
measured in maturity stage 4 for the grades supreme, I and
I1, according to the rules establish in NTC 4106.

For the fruit quality characterization according the matu-
rity stages set out in the NTC 4106 Icontec standard (1997),
the fruits were harvested from color stage 0 (approximately
30 d from flower opening) to stage 6 (approximately 60 d).
For each maturity stage, a balanced sample of 15 fruits was
harvested from the three central plants.

In the laboratory, a balanced sample of five fruits per three
replications was made and the following parameters were
determined: fresh weight per fruit (g) on a digital balance
(METTLER PE 360, Mettler Instruments, Zurich, Swit-
zerland); diameter (mm) of fruit, taking the longitudinal
(LD) length and equatorial (ED) length near the foot of the
chalice with a digital caliper (resolution 0.01 mm; model
7222, Starrett, Athol, MA); fruit shape index (FSI), using
the ratio between the longitudinal and equatorial diameter;
the juice yield (JY) with a manual juicer, filtering the juice
through a cheesecloth and expressing the results as a juice
percentage of the fruit weight; pH with a potentiometer
(Consort, Turnhout, Belgium); total soluble solids (°Brix)
with a digital refractometer PAL-1 (ATAGO, Tokyo, Japan);
titratable acidity (TA), determined with titration using 0.1IN
sodium hydroxide (NaOH) in 2 mL of juice diluted to pH
8.1 in 25 mL of distilled water, expressed in g citric acid/
100 mL of juice acid; and maturity index (MI), calculated
as the ratio of total soluble solids/total acidity.

The fruit firmness was determined with a TA-XT-plus Tex-
ture Analyzer (Stable Micro Systems, Surrey, UK), Series
40624, texture analyzer through a compression test with
a 75 mm-diameter SMS p/75plate at a distance of 5 mm
in the fruit and a constant speed of 2 mm s™. The results

were expressed as the maximum strength in Newton (N)
required to deform the fruit. A Minolta CR-400 (Minolta
Camera Company, Osaka, Japan) was used with C illumi-
nant and standard observer; for objective measuring, the
color index (CI) of the fruit skin in each stage of maturity of
the standard NTC 4106, determining the CIE L*, a*, b*, C*
and h* parameters. Different color indices were calculated:
a* / b*, L* / b* and (180-h*) / (L* + C*).

Statistical analysis

The results were analyzed with Statgraphics Centurion
XVIversion 15.2. The minimal differences between means
were established by ANOVA using the Tukey test with a
confidence level of 95%. A simple linear regression model
was applied for determining the relationship between the
physico-chemical parameters and maturity stages. The
representativeness of the model was determined at the
same level of confidence.

Results and discussion

The NTC 4106 standard establishes three grades for fruit
classification (supreme, I and II), according to physical de-
fects. Table 1 show the separation of the grades of Andean
blackberry fruits harvested at maturity stage 4, according
the standard. The results were higher than those previously
reported by Vinasco et al. (2010), who found percentages
of 5-6% for supreme grade, 10-14% for first (I) and 25-
41% for second (II) grade in thorny and thornless Andean
blackberry cultivars planted in the municipalities of Pitalito
and San Agustin in Huila department (Colombia), most
probably caused by local environmental differences between
Huila and Antioquia crops.

The results of the physical parameters according to the
maturity stages of the NTC 4106 standard are shown in
Tab. 2. In Envigado, fruits between maturity stages 4 and
6 reached an average weight of 6.1 to 6.8 g, while Guarne
reached a weight of 6.5 to 7.2 g for the same stages. Accord-
ing to Wojcik-Seliga and Wojcik-Gront (2013), the growth
of different cultivars of blackberry fruits is influenced by

TABLE 1. Classification by quality class (supreme, | and Il) according to NTC 4106 for Andean blackberry fruits cultivated in Envigado and Guarne,

Antioquia.
. . Weight (g)
Location Cultivar Supreme 0 i Total
Envigado Pantanillo 4021+85.8 125.047.0 93.7+34.0 620.9+166.7
g (64.8%) (20.1%) (15.1%) (100%)
Guarne Guanante 427.3+1481 203.0£113.6 207.8+118.6 838.1+380.3
p (51.0%) (24.2%) (24.8%) (100%)

The values are the mean of seven harvests with the respective standard error. The percentages are the fruit weight found for each class.
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climate. The fruit weight registered for the Envigado and
Guarne crops was similar to that found by other authors in
different Andean blackberry crops in Colombia (Bernal and
Diaz, 2006; Vésquez et al., 2006), as well as in other coun-
tries (Sebesta, 2014; Wojcik-Seliga and Wojcik-Gront, 2013).

The fruits obtained from the crops of Envigado and Guarne
reached a size of 20.1 and 22.3 mm, respectively, classified
according to NTC 4106 as caliber C, which is a relatively
small caliber for both locations. This result can be attributed
to several factors including genotype, age and crop man-
agement, weather, and more. According to Grijalba et al.
(2010), the base temperature for the blackberry is reported
at 7°C, suggesting that, in cold weather, which occurs in
the studied locations, there are sufficient heat units for
development. Remberg et al. (2010), studying the influence
of post-flowering temperatures on fruit size and chemical
composition of the glen ample raspberry (Rubus idaeus
L.) in Norway, observed that the berry weight decreased
significantly with increasing temperatures (12, 18, and
24°C) and with progress of the harvest period.

The weight and diameter of the tested fruits increased
with ripeness at a constant value (Tab. 2). Starting at ma-
turity stage 4, no significant increases in fruit weight or
diameter were observed, showing that it is not necessary
to leave the fruits on the plant beyond this time, especially
if you consider that maturity stages 5 and 6 are highly

perishable. Besides, the NTC 4106 standard states that
the degree of fruit development and stage should allow for
transport and handling that facilitate a successful arrival
at the destination. Contrary to the results observed for
fruit weight and diameter, the FSI did not changed with
ripening. This index represents the shape of the fruit:
more conical as it moves away from 1 and more rounded
as it approaches 1. In this sense, the results showed that
the fruits of the crop in Envigado had a conical shape as
compared to the fruits of the crop in Guarne. This sug-
gests that fruit morphology is a characteristic related to
genotype and bears no significant relation to fruit ripen-
ing. As therefore, it is only necessary to determine the
equatorial diameter, considering that this is a commercial
setting indicator of fruit size.

The physical characteristics of the drupes are distinctive
of each blackberry genotype and have been classified into
three groups: straight, concave and convex (Wada and
Reed, 2010). Little variation of the shape of the drupes
can occur in the same genotype (Tomlik-Wyremblewska
et al., 2010).

Fruit firmness is a parameter highly related to blackberry
shelf-life because these fruits are extremely delicate, which
makes it a highly perishable fruit. As seen in Tab. 2, firm-
ness values decreased with the progress of fruit ripening,
from initial values of 1.1 to 1.5 N in stage 0 to values of 0.2

TABLE 2. Characterization of the physical quality of Andean blackberry fruits from Antioquia’s municipalities of Guarne and Envigado, according to the

maturity stages of the NTC 4106 standard.

Location Cultivar Ma:‘lu_;:;tﬁ:]%ges W((a;g)jhl (:‘21) (nl;g]) FSI Firmness (N)
0 3.8+0.24 17.7=0.29 22.7+0.56 1.3=0.03 11+0.07
1 4.2+0.24 18.3+0.29 23.4+0.56 1.3+0.03 1.4+0.07
2 3.4=0.24 17.6+0.29 21.4=0.56 1.2+0.03 1.2+0.07

Envigado Pantanillo 3 5.8+0.24 19.9+0.30 26.5 +0.56 1.3+0.03 0.4+0.08
4 6.1=0.24 20.7+0.29 26.7+0.56 1.3+0.03 0.3=0.07
5 6.5+0.24 21.0+0.29 26.8+0.56 1.3+0.03 0.2+0.08
6 6.8+0.24 201+0.29 26.5-0.56 1.3+0.03 0.2+0.07
0 3.0+0.21 171=0.29 171=0.29 1.2+0.02 1.5+0.06
1 2.3+0.22 16.10.30 16.1 =0.30 1.1+0.02 1.5+0.07
2 4.2+0.21 18.9+0.29 18.9+0.29 1.2+0.02 0.9+0.06

Guarne Guapante 3 4.9+0.21 19.9+0.29 19.9+0.29 1.2+0.02 0.8+0.06
4 6.5+0.21 21.5+0.29 21.5+0.29 1.2+0.02 0.3+0.07
5 6.5+0.21 21.9+0.30 21.9+0.30 1.2+0.02 0.3+0.07
6 7.2+0.21 22.3+0.29 22.3+0.29 1.1+0.02 0.1=0.06

ED, equatorial diameter; LD, longitudinal diameter; FSI, fruit shape index. The values are the mean of n=15 with the respective standard error.
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FIGURE 1. Linear regression model of weight and equatorial diameter versus maturity stages of the NTC 4106 standard for Andean blackberry fruits
from Antioquia’s municipalities of Envigado and Guarne (Colombia) (P<0.0005 for weight; P<0.0012 for diameter).

and 0.1 N in stage 6 in Envigado and Guarne, respectively.
The observed values were similar to those reported by other
authors for the blackberry and raspberry (Guedes et al.,
2013; Maro et al., 2014).

In terms of finding models that quickly and easily connect
different quality parameters with the fruit maturity stages
of the blackberry, the fit of different linear relationship
was evaluated. Figure 1 shows the results of fitting a linear
model to describe the relationship between the weight and
equatorial diameter of the fruits and maturity stages for
each studied location. Both models showed a relatively
strong relationship between the variables for the two lo-
cations, verifying a statistically significant relationship
between the two parameters (weight and diameter) and
fruit maturity stages with a confidence level of 95.0%. The
statistical model allowed for a determination with a good fit
(R* > 70%) of differences of the fruit growth rate between
Guarne (higher) and Envigado (lower), demonstrating its
efficiency at making good comparisons and estimations
based on weight and initial diameter when considering the
genotype and the environment.

In this case, the linear model provided a fit as good as
the other tested models, so the use of more complicated
models is not justified. However, for firmness, the model
with the best fit was exponential (R* > 84%) (Fig. 2). Never-
theless, more data must be collected from more locations,
genotypes and climates to generate systematic and accurate
information that will refine the models.

Table 3 shows the results of chemical parameters accord-
ing to the maturity stages of NTC 4106. It can be seen that
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FIGURE 2. Exponential regression model of firmness versus matu-
rity stages of the NTC 4106 standard for Andean blackberry fruits
from Antioquia’s municipalities of Envigado and Guarne (Colombia).
(P=<0.0016).

acidity decreased and total soluble solids (TSS) increased
with the progress of fruit ripening, as would be expected.
Guedes et al. (2013) reported values of 1.71% citric acid,
6.97°Brix and pH 2.95 for different blackberry cultivars
harvested during the commercial maturity stage in a tropi-
cal climate at 918 m a.s.l. Ochmian et al. (2010) reported
values of 2.34 g citric acid/100 g for blackberries (Rubus
sp.) in Poland; nevertheless, Tosun et al. (2008), for ripe
blackberries in Brazil, determined a doubled citric acid
content (5.78 g citricacid/100 g). The results revealed strong
influence from the growing site on fruit quality, as well as
the existence of variation among the cultivars.

Furthermore, it should be noted that the juice yield was
not related to the fruit maturity between stages 3 and 6 of
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TABLE 3. Chemical quality characterization of Andean blackberry fruits, according to the maturity stages of NTC 4106 standard, from Antioquia’s

municipalities of Envigado and Guarne (Colombia).

. . Maturity stages TSS TA JY
Location Cultivar NTC 4106 (°Brix) (g citric acid/100 mL) i pH (%)
3 5.2+0.29 3.0+0.14 1.7+0.09 2.5+0.14 417+2.88
i . 4 6.2+0.29 2.9+0.14 2.2+0.09 2.6+0.14 39.2+2.36
Envigado Pantanillo
5 8.7+0.29 2.7+0.14 3.3+0.09 2.4+014 41.9+2.88
6 10.6+0.29 212014 5.0+0.09 2.9+0.14 39.5+2.35
3 6.60.25 41+0.07 1.6+0.07 2.6+0.03 31.3+3.02
4 6.4+0.27 2.2+0.07 3.0+0.07 2.7+0.03 40.0+3.02
Guarne Guapante
5 8.9+0.25 2.7+0.07 3.3+0.07 2.8+0.03 39.6+3.02
6 9.1+0.25 1.8+0.07 51+0.07 3.0+0.03 45.4+3.02

TA, tritable acidity; MI, maturity index, JY, juice yield. The values are the mean of n=9 and the respective standard error.

the standard. As for weight, this parameter also suggested
that it is not necessary to leave the fruit on the plant once
maturity stage 4 is reached because the increase in this
parameter was not significant and higher maturity stages
imply a shorter shelf-life. However, this parameter is im-
portant for fresh consumption because of the juicy taste
and for yield in the processing industry, so the percent-
age reached at stage 3 must be considered as the minimal
percentage for quality.

As mentioned earlier, the SST increased with fruit matu-
rity, but stage 4 showed values below 7 °Brix, the content
demanded by the processing industry (Meals de Colombia,
2010). Vinasco et al. (2010) found that both of the black-
berry cultivars (thorny and thornless) presented an SST
lower than that required by the processing industry and,
between the two cultivars, no significant differences were
observed in any of the evaluated parameters: pH, size,
weight and TSS.

The values found in this study were similar to those re-
ported by other authors for ripe blackberry fruits. Grijalba
et al. (2010) recorded an average of 5.60 °Brix for thornless
blackberries and 5.69 °Brix for the genotype with thorns
in maturity stage 4, values lower than those obtained by
other authors, such as Vasquez et al. (2006) who recorded
values between 7.7 and 9.1 °Brix for the Andean blackberry.
Tosun et al. (2008) reported values of 7 to 11 °Brix for the
green-ripe stage of blackberries in Brazil. Ochmian et al.
(2010) reported 7.4 °Brix for blackberries (Rubus sp.) in
Poland. Ali et al. (2011), explained that variations may
occur in the chemical content in response to the location
of the crop due to differences in solar radiation intensity
and temperature ranges, which influence the organoleptic
characteristics of fruits.

There was an exponential variation of TSS with fruit ripen-
ing for the Envigado crop, whereas, for the Guarne crop,
it was linear (Fig. 3). Nevertheless, a linear increase in the
maturity index (MI) according to the maturity stages of
the NTC 4106 standard was observed for the two locations.
Furthermore, the maturity index showed a significantly
stronger correlation with the maturity stages and the equa-
tion of the model was similar for both locations, with a
high fit (R*> 93%). Thus suggesting that this parameter is
a better indicator of maturity. However, this may depend
on the market, as for fresh consumption is more important
the balance between TSS and acidity, while for the industry
are the SST content (°Brix).

Color mathematical indices allow for quick and objec-
tive determinations of the fruit skin color, as well as the
development of colored letters easier to handle in the field
by farmers and packers (Riquelme-Ballesteros, 1995). As
no mathematic color index was found in the literature for
blackberries, indices of other fruits were applied, calculat-
ing the indices a* / b*, L* / b* (180-h°) / (L* + C*). All of the
evaluated color indices showed the evolution of color ac-
cording to the different stages of fruit maturity considered
in NTC 4106 (Fig. 4). The equations a*/b* and (180-h°)/
(L* + C*) were able to discriminate all of the color stages
except 4 and 5, where only the index L*/b* was able to
distinguish them, which in turn failed to separate stages
0 to 3.

The color index a*/b* showed the best linear regression
fit to the color scale of the standard (Fig. 5), with a very
similar behavior for both locations. The quotient a*/b* is
widely used to measure changes from greens to reds color
for fruits such as tomatoes and red plums. The index (180-
h°)/(L* + C*) was proposed by Carreiio et al. (1995) for the
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FIGURE 3. Regression models of TSS and maturity index versus the
maturity stages of NTC 4106 for Andean blackberries from Antioquia’s
municipalities of Envigado and Guarne (Colombia) (P<0.0332 for TSS;
P=0.0233 for maturity index).

objective evaluation of purple colors in table grapes with a
very good correlation with a visual color scale.

In Table 4, the average values found in Antioquia for the
quality parameters studied in Andean blackberries are
compared with respect to the ranges established by the
NTC 4106 for each color stage. As can be seen, for Antio-
quia, the TSS recorded in states 4, 5 and 6 (6.3, 8.8 and 9.9,
respectively) were higher than the ranges established by
the standard (6.7 - 7.3, 7.2 - 7.9 and 7.7 - 8.5, respectively).

As the standard determined the titratable acidity in malic
acid and our studied expressed the results in citric acid, we
represented the two values of acid for comparison. Gener-
ally, the titratable acidity in blackberry is expressed as citric
acid (Tosun et al., 2008; Ochmian et al., 2010; Guedes et al.,
2013) but some authors expressed it in malic acid. Kafkas et
al. (2006), studying the composition of some quality char-
acteristics of five varieties of Rubus plicatus (‘C. Thornless’,
‘Bursa 2, ‘Navaho’, Jumbo’ and ‘Loch Ness’) in Turkey,
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FIGURE 4. Evolution of the color indices a*/b* L*b* and (180-h°)/
(L* + C*) in relation to the color stages in the NTC 4106 standard for
Andean blackberries from Antioquia’s municipalities of Envigado and
Guarne. Means with different capital letters indicate significant differen-
ces between maturity stages and lowercase letters between localities
according to the Tukey test (P<0.05) (n=15). Error bars indicate the
standard error.
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—

found malic acid as the main organic acid, while citric acid
was not detected in the blackberry fruits. More studies are
necessary to better understand the possible effects of the
species, genotype and environment. The results found for
titratable acidity in Antioquia were similar to the standard.
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P=0.0252 for L*/b*, P<0.0013).

The maturity index found in Antioquia for the Andean
blackberry were higher, especially for maturity stages 5 and
6 (3.1 and 4.8, respectively) with respect to the standard
(2.6 and 3.1, respectively).

Comparing the color scale of the NTC 4106 with the color
index a*/b*, we can see that it was distinguished very well
in each individual color stage with small values, except

stages 4 and 5, as seen before. This brings the union of these
stages into consideration because it can be very difficult to
visually distinguish them. The development of visual color
charts derived from data obtained with the colorimeter
must be considered as it can help producers adapt to the
reality the different tones of fruit color throughout ripen-
ing and, hence, provide a more homogeneous product and
meet the quality requirements demanded by the market.

TABLE 4. Quality characteristics of Andean blackberries in Antioquia (Colombia) and comparison with the ranges established by NTC 4106.

Maturity stages of NTC 4106

0 1 2 3 4 5 6

== 4 R ¥
Parameters r \ i
Color index * (a*/b*) 0-05 0.5-1 1-2 2-3 3-4 =4
Total solid soluble content (°Brix) * 5.9+1.00 6.3+0.17 8.8+0.11 9.9+1.10
Total solid soluble content (°Brix) ** 54-57 5.7-6.1 59-6.4 6.3-6.9 6.7-73 72-19 7.7-85
Titratable acidity * (g citric acid/100mL) - - - 3.6+0.05 2.5+0.05 2.7+0.05 2.0+0.05
Titratable acidity * (g malic acid/100mL) - - - 3.7+0.86 2.6+0.52 2.8+0.03 2.0+0.25
Titratable acidity ** (g malic acid/100mL) 3.3 3.4 3.5 3.4 3.1 2.8 2.5
Maturity index * (with citric acid) - - - 1.7+0.01 2.6+0.01 3.3+0.01 51=0.01
Maturity index * (with malic acid) - - - 1.6+0.07 2.4+0.02 31+013 4.8+0.03
Maturity index ** (with malic acid) 1.6 1.7 1.7 19 2.2 2.6 3.1
Weight (g) * 3.4+0.52 3.2+1.30 3.8+0.58 5.4=0.61 6.3+0.25 6.5+0.0 7.0+0.25
Equatorial diameter (mm) * 19.9+3.95 19.7+518 20.2+1.73 23.2+4.72 241+3.73 24.4+3.53 24.4+3.04
Juice yield (%) * - - - 36.5+7.30 39.6+0.59 40.8+1.60 42.5+412
Firmness (N) * 1.5+0.07 1.0+0.07 0.6=0.07 0.3=0.07 0.2+0.07

* Parameters determined in this study. The values are the mean of n=9 or 15 and the respective standard error.

** Parameters establish by NTC 4106.

Note: parameters without NTC values indicate that this standard does not establish values for these parameters.
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We must continue to collect data and include more loca-
tions, genotypes and environments to improve the model
and increase the confidence level. It is necessary to consider
the context of fruit development and environmental supply
to properly define the criteria of the NTC 4106 standard
in Colombia.

Additionally, the relationship between the maturity index
and sensorial attributes of Andean blackberries could be
useful in better linking maturity changes with taste and
defining cultivar and regional effects in terms of the ma-
turity index and taste, thereby developing a future for the
Protected Designation of Origin (PDO) that is oriented to
markets of differentiated quality.

Conclusions

The statistical linear regression models used in this
study showed good fits (R* > 80%) and are a useful tool
for quick and objective estimates of quality parameters
in Andean blackberry fruits. It was found that the more
suitable parameters to characterize the quality of An-
dean blackberry fruits are: weight, TSS, TA, MI, CI and
firmness. Equatorial diameter maintained its relevance
to the standard and market, along with juice yield. The
ratio a*/b* is an objective index for determining the
color of Andean blackberries. This index showed a good
correlation (R* > 98%) with the visual color of the fruit
and was able to distinguish groups with different skin
colors. Furthermore, it was found that the Colombian
Technical Standard NTC 4106 for Andean blackberries
should be reviewed and updated because, when applying
this standard to the agroclimatic conditions of Antio-
quia, some of the established ranges were not reached.
Instead of ranges strictly related to fruit color it should
be defined minimal values for each quality parameter
for each market (fresh market, national and export, and
processing industry). More studies should be conducted
with different genotypes and environmental factors (such
as climate, soil, nutrition, agronomic practices and others)
in order to create a dynamic model that will contribute
to a better understanding and estimation of blackberry
fruit development and quality and to meet market quality
requirements.
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