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ABSTRACT

The following work compares the parameters of texture and color as well as sensory indicators in low-sugar strawberry (Fragaria X
ananassa Duch.) jams both with pro-health plant ingredients (chokeberry, elderberry, Japanese quince, flax seeds, wheat germs and inulin)
and without them (control). The products were examined immediately after production and after 6 and 12 months of storage at cold (10°C)
and room temperature (20°C). Compared with the control jam, the value of gel strength was the highest in the jams with flax seeds and
wheat germs, on average by 21% and 159%, respectively. The investigated ingredients, particularly Japanese quince and elderberry fruit,
lowered gel strength by 16% and 21%, respectively.The ingredients used had an effect on all color parameters and the general sensory
evaluation. Adding steviol glycoside and Japanese quince lead to the color of jams being substantially brighter; however, the brightest were
the jams with added flax seeds and wheat germs. The addition of chokeberry and elderberry caused significant darkening of the jam. The
dominant colors in jams were red and yellow, especially in the jam with added steviol glycoside, Japanese quince and wheat germs. After
storage, the value of all texture parameters in jams increased;there were also changes in color, jams were lighter after storage at 20°C.
After a 12-month storage period, the jam with added chokeberry scored the highest (5.0) values, regardless of the storage temperature;
the highest scores were also reported for the jam with Japanese quince and inulin stored at 10°C.
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INTRODUCTION

processing after harvest, making them available for
consumption throughout the year. Of the berry fruits,
strawberries enjoy the greatest popularity. These fruits are
highly valued due to their sensory properties, especially
taste and aroma. Strawberries are also a source of bioactive
compounds, including polyphenols, in particular ellagic acid
and anthocyanins. These fruits are a valuable raw material
for the processing industry; they can be frozen or used in
the production of juices, wine, dried products, jellies and
jams (Byamukama et al., 2005).

In recent years, there has been a growing consumer demand
for functional products. A particulatly important role is
attributed to constituents with antioxidant properties,
which exert antimutagenic and anticarcinogenic effects,
prevent aging of the organism and act as free radical
scavengers, thereby preventing oxidative stress-induced
diseases (Zitfianova et al., 2006).

Fruits, especially berries, are one of the richest sources

of vitamins, minerals and health-promoting substances.
With a low energy value, they are abundant in vitamin C,
polyphenols and organic acids (de Ancos et al., 1999;
Savikin et al., 2009). In view of their seasonal availability
and low level of stability, such fruits should undergo

Jams are products which are constantly popular among
consumers. They are made from fruits, sugar, citric acid,
gelling agents (mainly pectin) and other constituents
(EU, 2001). Based on previous studies dealing with
quality improvement in jams, much research is focused
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on modifications to the raw material composition.
Recently, in order to increase the health-promoting value
of many traditional and non-traditional food products,
the addition of “super fruits” has been promoted, as
they offer a high content of antioxidants in the form of
polyphenolic compounds and vitamins with antioxidative
activity (Wargovich et al., 2012). These are, for example,
black chokeberry [Aronia melanocarpa (Michx.) Elliott] and
elderberry (Sambucus nigral..). On the other hand, flax seeds
and wheat germs can be valuable ingredients for enriching
the fibre content of the products. Inulin, in turn, is used
due to both its pro-health and structure-forming properties
(Brennan and Tudorica, 2008; Meyer et al., 2011; Peressini
and Sensidoni, 2009; Tarrega and Costell, 2000).

The process of jam production leads to the formation
of an adequately gelled texture and reduction in water
activity; as a result, the product is more stable. Jams are
products with a relatively long shelf life (12 months);
during storage, however, changes occur in their quality in
terms of, colot, aroma and taste (Garcia-Martinez et al.,
2002). The color of the product plays a very important role
because it determines consumer acceptance (Bursac et al.,
2007). Texture is also an important quality indicator which
markedly affects the acceptability of the product. Hence,
sensory analysis of jams combined with the instrumental
measurement of color and texture parameters enables
more accurate quality assessment of such products (Basu
and Shivhare, 2010; Kopjar et al., 2009).

The aim of this research was to evaluate texture and color
parameters as well as sensory indicators in low-sugar
strawberry jams without plant ingredients and those with
the addition of black chokeberry, elderberry, Japanese
quince, flax seeds, wheat germs and inulin. The products
were assessed immediately after production and after 6
and 12 months of storage at cold temperature (10°C) and
room temperature (20°C).

MATERIALS AND METHODS

Materials

The materials investigated consisted of low-sugar
strawberry jams without pro-health ingredients (control)
and with the following enriching plant ingredients: black
chokeberry [Aronia melanocarpa (Michx.) Elliott], elderberry
(Sambucus nigra L.), Japanese quince [Chaenomeles japonica
(Thunb.) Lindl. ex Spach], flax seeds (Linun usitatissinum
L.), wheat germs (Triticum aestivum 1..) and inulin.

The material used to produce the jams was frozen fruits.
Immediately after harvest, fully matured fresh fruits were
sorted, washed and inedible parts were rejected. Strawberry
fruits were frozen as a whole, whereas the fruits of
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black chokeberry, elderberry and Japanese quince were
homogenized before freezing. Flax seeds were ground
and defatted (Oleofarm, Wroclaw, Poland), while wheat
germs were purchased directly from the producer (Sante,
Warszawa, Poland). Inulin preparation Orafti® GR
(BENEO GmbH, Mannheim, Germany) with a degree
of polymerization DP = 10 was also added to the jams.

Fruit comprised 50% of the mass of the final product;
the refractometric extract of jam was set at 30% and total

acidity at 1%.

For jam production,the following ingredients were also
used: sucrose, steviol glycoside (Bio-Nature24, Goerlitz,
Germany), as a partial sucrose replacement, citrus-apple
pectin NEDC-A2, Naturex, France) and citric acid (Chem
Point, Krakéw, Poland).

Steviol glycoside was added to the proportion of
200 mg kg the product (EU, 2011), allowing for partial
sucrose replacement and a reduction in the jams’ caloric
value.

Production of jams

The following variants of jams were prepared:

SO — strawberry jam without plant ingredients, sweetened
only with sucrose (control),

SS — strawberry jam without plant ingredients, sweetened
with sucrose and steviol glycoside,

SCh — strawberry jam with 15% addition of black
chokeberty,

SE — strawberry jam with 15% addition of elderberry,

SJ — strawberry jam with 8% addition of Japanese quince,
SF — strawberry jam with 3% addition of ground flax seeds,
SWG — strawberry jam with 3% addition of wheat germ,
SI — strawberry jam with 10% addition of inulin.

All the jams with plant ingredients were sweetened with
sucrose and steviol glycoside.

Fruits and sweeteners, weighed according to the jam
formulation shown in Table 1, were cooked in water in an
open pan until the refractometric extract reached about
35% and the fruit was saturated with sugar (20 min, 103°C).
The previously prepared 4% (w/) solution of the gelling
agent was then added and the whole batch was mixed and
cooked for 3 min, finally adding citric acid and mixing again.
Next, the jams were bottled in 0.2 L glass jars, pasteurized
at 82-85°C for 15 min, and finally cooled to 20+2°C.

Storage of jams

Jams were stored at two temperatures: cold (10°C) and
room (20°C) until evaluation. Their evaluation was
conducted immediately after production and after 6 and
12 months of storage.
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Table 1: Components of strawberry jams (g kg™)

Type of jams®

Ingredients?®

S Ch E J F WG | Sucrose  Steviol glycoside  Pectin  Citric acid  Water
SO 500 316 0.0 11.2 5.6 167.0
SS 500 258 0.2 11.2 5.6 225.0
SCh 350 150 258 0.2 11.2 5.4 225.2
SE 350 150 260 0.2 11.2 5.0 221.4
SJ 420 80 264 0.2 11.2 3:2 221.4
SF 500 30 256 0.2 16.0 5.6 192.0
SWG 500 30 256 0.2 16.0 5.6 192.0
Sl 500 100 176 0.2 11.2 5.6 227.0

angredients: S: Strawberry, Ch: Black chokeberry, E: Elderberry, J: Japanese quince, F: Fax seeds, WG: Wheat germ, I: Inulin, "type of jams: see materials and

methods (Production of jams)

Texture analysis

Jam texture was analyzed according to the procedure
described by Genovese et al. (2010) using a TA-XT2plus
texturometer (Stable Micro Systems Ltd., Surrey, England).
The comptessing rate was 2 mm/sec; the P/20 probe (20 mm
in diameter) moved to a penetration depth of 20 mm;and the
trigger force was 1 g. The samples were conditioned at room
temperature prior to measurements, which for each sample
were done in five replications, using five different samples
of jam. The following texture parameters were established as
texture indicators of the examined jams: F (N) - gel strength
(force at a point in the initial stage of penetration, where
little deformation has occurred); FR (N) - rupture force (the
rupture point of the gel); E (N s) - energy of penetration
(area under the first pick; 4 (N s) —adhesiveness (area under
the negative region of the curve). Based on the parameters
F, FR and E, one can draw conclusions about the hardness
of gel, while parameter A indicates its tendency to adhere
to different surfaces. The results obtained were calculated
using the Texture Exponent software (Stable Micro Systems
Ltd., Surrey, England).

Instrumental color analysis

The measurement of upper surface color was carried out
with the use of Konica Minolta CM-3500d equipment
(Konica Minolta Inc., Tokyo, Japan) with reference to
lluminant D65 and a visual angle of 10°. The results were
expressed using the CIE (L*z*/*) system (CIE, 2004). On
the basis of measurement, the following parameters were
set: L* - lightness (I*=0 blackness, *=100 whiteness),
a* - the proportion of green (¢*<0) or red (a*>0), &*- the
proportion of blue (/*<0) or yellow (5*>0), C* - chroma,
and 4’ - hue angle. Each sample was analyzed in five
replications. Color differences (AE*) between samples
were calculated according to the equation below:

AE* = [(AL¥? + (da*) + (A6

Sensory evaluation
Sensory evaluation was carried out by using a scoring
method with a 5-score scale, with 1 as the lowest and 5
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as the highest grade. With respect to sensory sensitivity,
the 15-person panel met the requirements of ISO 3972
(ISO, 1998b) under ISO 6658 (ISO, 1998a) recommended
conditions. A standard chart elaborated by the research
team was used. For the individual quality factors, the
following significance factors were employed: external
appearance of the product: surface (syneresis) - 2, structure
(disposition of fruit parts in the content of the jam) — 3,
color — 4, and consistency — 3, aroma (type and desirability)
— 4, taste (type and desirability) — 4. The significance factors
were determined on the basis of the opinion of panellists
whose experience in sensory evaluation and profound
acquaintance with this type of product was acknowledged.
The samples, which were stored at 10°C, were taken out
four hours prior to evaluation.

Statistical analysis

The results concerning the measurement of texture and
color parameters were analyzed statistically, using two-
factor analysis of variance (first factor — type of jam,
second factor - storage), while those concerning the sensory
analysis were subjected to one-factor analysis, based on the
Snedecor F and Student’s t tests (Lin et al., 2017; Matsoukis
et al. 2015). The least significant difference (LSD) was
calculated at the probability level of p<0.05. The Statistica
12.0 (StatSoft, Tulsa, USA) program was applied.

RESULTS AND DISCUSSION

Texture parameters of strawberry jams

The jams examined in this research, depending on the
plant ingredients used, were characterized by average gel
strength ranging within 0.95-3.11 N; the value of the force
required to rupture the gel was in the range 1.51-4.20 N
(Table 2). When compared to the control jam (S0), those
with added wheat germs and flax seeds exhibited the
greatest hardness; their average F value was higher by 21%
and 159%, respectively. In addition, the FR and E values in
these jams were also the greatest. On the other hand, adding
Japanese quince and elderberry reduced the strength of the
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Table 2: Changes in gel strength (F), rupture force (FR), energy of penetration (E), and adhesiveness (A) of strawberry jams

during storage at different temperatures

Parameter Sample® Storage time (months) at 10°C and 20°C
(1] 6 temp. 10°C 6 temp. 20°C 12 temp. 10°C 12 temp. 20C Mean

F, (N) S0 1.22+0.08 1.30+0.18 1.20+0.03 1.12+0.11 1.15+0.03 1.20
SS 1.30+0.03 1.30+0.26 1.31+0.17 1.16+0.08 1.01+0.11 1.22
SCh 1.02+0.10 1.25+0.09 1.19+0.05 1.40+0.15 1.34+0.07 1.24
SE 0.84+0.11 0.98+0.06 0.95+0.08 0.99+0.22 0.98+0.21 0.95
SJ 0.77+0.07 1.01+£0.22 0.87+0.07 1.26+0.17 1.13+0.36 1.01
SF 2.55+0.08 3.21+0.21 2.70+0.74 3.55+0.16 3.52+0.02 3.1
SWG 1.21+0.02 1.46+0.22 1.45+0.18 1.60+0.28 1.52+0.30 1.45
Si 1.07+0.08 1.30+0.06 1.21+0.06 1.04+0.07 0.95+0.02 1.11
Mean 1.25 1.48 1.36 1.52 1.45
LSD p<0.05° I-0.137, 11-0.109, | x 11-0.084

FR (N) SO 1.49+0.03 2.12+0.45 1.59+0.07 2.07+0.45 1.54+0.10 1.76
SS 1.65+0.05 1.92+0.11 1.86+0.09 1.84+0.27 1.80+0.32 1.81
SCh 1.53+0.21 2.18+0.33 1.96+0.09 2.32+0.69 1.78+0.10 1.95
SE 1.563+0.32 1.55+0.14 1.44+0.10 1.59+0.15 1.46+0.15 1.51
SJ 1.26+0.11 1.62+0.18 1.50+0.20 1.90+0.35 1.80+0.10 1.62
SF 3.77+0.22 4.75+0.10 3.78+0.56 4.45+0.32 4.25+0.22 4.20
SWG 2.12+0.46 2.59+0.20 2.53+0.17 2.66+0.17 2.13+0.09 2.41
Sl 1.39+0.16 1.67+0.13 1.84+0.37 1.65+0.35 1.44+0.27 1.60
Mean 1.84 2.30 2.06 2.31 2.03
LSD p<0.05 1-0.195, 11-0.154, | x 11-0.435

E(Ns) SO 13.44+0.78 16.24+0.87 14.57+0.93 16.35+0.36 15.63+0.74 15.25
SS 15.19+0.15 17.30+0.53 15.97+1.15 17.48+0.31 15.74+0.36 16.34
SCh 12.79+0.75 17.92+1.02 17.02+0.35 19.80+0.13 19.17+1.34 17.34
SE 12.78+0.38 13.43+1.29 12.65+0.51 14.76+0.54 138.76+1.10 13.48
SJ 10.41+0.90 13.99+1.66 12.35+0.57 16.58+1.16 15.98+1.04 13.86
SF 33.16+2.18 43.81+0.56 42.61+1.63 49.26+1.66 47.92+0.75 43.35
SWG 17.66+0.87 23.08+1.03 19.71+0.97 24.46+0.50 21.13+1.47 21.21
Si 12.36+0.39 15.81+0.68 15.71+1.09 14.24+1.28 12.78+1.43 14.18
Mean 15.97 20.20 18.82 21.62 20.26
LSD p<0.05 1-0.725, 11-0.574, | x 1I-1.622

A(Ns) S0 -0.41+0.03 -0.56+0.03 -0.53+0.04 -0.63+0.03 -0.67+0.01 -0.60
S5 —-0.47+0.05 —-0.51+0.03 —0.48+0.08 —0.56+0.06 —-0.62+0.03 -0.54
SCh —0.38+0.02 —0.54+0.02 —-0.56+0.08 —-0.71+0.06 —-0.71+0.02 —-0.63
SE —0.36+0.03 —0.40+0.03 —0.38+0.04 —0.40+0.06 —0.46+0.04 -0.41
SJ —0.37+0.05 —0.49+0.08 —0.48+0.05 —0.72+0.08 —0.67+0.03 —-0.59
SF -1.17+0.07 —1.53+0.08 -1.56+0.08 —2.04+0.11 -2.12+0.09 -1.81
SWG —0.67+0.08 -0.92+0.12 —0.90+0.05 —0.93+0.00 —-0.92+0.04 -0.92
Sl —-0.32+0.04 —0.54+0.06 —0.62+0.04 —0.46+0.08 —0.45+0.01 -0.52
Mean -0.52 -0.69 -0.69 -0.81 -0.83

LSD p<0.05 1-0.042, 11-0.033, | x 11-0.094

Values are presented as mean value+SD (n=5), *Sample: see materials and methods (production of jams), °LSD p<0.05 for: Sample (1), Storage (II),

Interaction (I x 1)

gel to the greatest extent, by 16% and 21%, respectively.
Furthermore, such jams had the lowest value of rupture
force (FK) and energy of penetration (F). Adhesiveness
(A) is an important parameter of food quality, since it
allows one to predict the degree of adhesion of food onto
the teeth (Besbes et al., 2009). An increase in the hardness
of the examined jams was generally accompanied by an
increase in the 4 parameter value.

The gel consistency of fruit jams, regarded as one of
the factors determining their consumer acceptance, is
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their characteristic feature (Levaj et al., 2012). In jam
production, the primary gelling agent is pectin, which
is responsible for its proper consistency. However, the
diversity of jam components and their concentrations
can lead to changes in gel properties (Gao et al., 2011).
Many authors highlight the differences in jam hardness,
depending on the fruit species. For example, according
to Besbes et al. (2009), date jams were characterized by
maximum hardness (1.40 N), while strawberry jams,
cooked traditionally, had a hardness level of 0.62 N, as
was reported by Rababah et al. (2011).
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Kopjar et al. (2009) and Rababah et al. (2011) revealed
that storage time affected the texture of strawberry
jams. Storage of the examined jams affected the level of
texture parameters; jams stored at 10°C were harder than
those kept at 20°C (Table 2). This is congruent with the
findings of Alves de Oliveira et al. (2015), who noted a
statistically significant increase in the hardness of jams
during storage. Kopjar et al. (2009) also observed an
increase in the values of texture parameters in strawberry
jam during storage at room temperature. On the other
hand, Suutarinen et al. (2000) reported that strawberry
jam firmness was not significantly changed because cross
linking between carboxyl groups of adjacent polyuronide
chains via calcium ions made the cell wall less accessible
to enzymes in the fruit.

Color parameters of strawberry jams

The average color lightness (IL¥) in the examined control
jam, sweetened only with sucrose (S0), was 13.94 (Table 3).
In comparison with this jam, the addition of inulin, steviol
glycoside and Japanese quince resulted in significant

brightening, on average by 7%, 11% and 14%, respectively.
However, in jams with added flax seeds and wheat germs,
which exhibited the highest brightness, the average [*
value was found to be markedly higher by 72% and 79%,
respectively. On the other hand, the addition of dark-
colored fruits (black chokeberry, elderberry) significantly
reduced the L* value, on average by 56% (SCh) and 37%
(SE), which resulted in jam darkening. During jam storage,
there were only slight changes in brightness. Ochoa et al.
(1999) have reported that from the point of view of
color retention in jams, the most recommended storage
temperature is 4°C.

Color, which attracts consumer attention when choosing
a product, is a crucial parameter determining food
quality. A red color in strawberry jam is one of the most
important quality indicators, which may significantly
affect consumer acceptance of such products. In order to
determine precisely and objectively the quality of color, an
instrumental color measurement can be employed (Ngo
et al., 2007).

Table 3: Changes in color parameters (L* a*, b*) of strawberry jams during storage at different temperatures

Parameter Sample? Storage time (months) at 10°C and 20°C
0 6 temp. 10°C 6 temp. 20°C 12 temp. 10°C 12 temp. 20°C Mean

L* SO 13.95+0.29 14.22+0.55 15.88+0.11 12.53+0.32 13.14+0.26 13.94
SS 14.99+0.73 15.55+0.71 18.20+0.09 13.65+0.29 15.32+0.65 15.54
SCh 6.90+0.31 5.24+0.17 6.82+0.14 6.06+0.25 5.60+0.05 6.12
SE 9.16+0.53 8.27+0.31 9.24+0.21 8.51+0.27 8.88+0.09 8.81
SJ 18.72+0.53 14.55+0.66 14.96+0.47 16.25+0.24 15.18+0.84 15.93
SE 23.30+0.35 23.78+0.15 24.70+0.49 24.37+0.14 24.01+0.57 24.03
SWG 23.87+0.66 25.95+0.34 24.81+0.26 25.43+0.14 24.44+0.69 24.90
Sl 14.73+0.43 14.72+0.22 17.04+0.16 12.68+0.27 15.22+0.25 14.88
Mean 15.70 15.28 16.46 14.90 15.22
LSD p=<0.05° I-0.247, 11-0.195, | x 11-0.553

a SO 22.57+0.14 19.38+0.35 15.10+0.22 16.46+0.43 14.47+0.17 17.59
SS 24.54+0.23 19.96+0.43 15.96+0.62 17.42+0.17 14.78+0.20 18.53
SCh 11.19+0.62 11.10+0.36 11.28+0.20 10.26+0.20 9.86+0.09 10.74
SE 18.91+0.50 13.09+0.07 13.49+0.33 10.38+0.23 10.50+0.40 13.27
SJ 25.92+0.30 19.77+0.46 18.54+0.61 17.13+0.41 16.59+0.45 19.59
SF 22.92+0.39 14.61+0.46 13.47+0.50 14.02+0.20 13.82+0.41 15.77
SWG 25.95+0.50 17.75+0.58 17.18+0.47 16.63+0.38 13.98+0.77 18.29
Sl 24.68+0.70 19.24+0.21 15.98+0.23 17.47+0.43 15.67+0.52 18.61
Mean 22.08 16.86 15.12 14.97 13.70
LSD p<0.05 I-0.256, 11-0.203, | x 11-0.573

b* SO 9.54+0.31 9.64+0.26 7.26+0.71 8.33+0.35 9.28+0.14 8.81
SS 12.10+0.27 10.14+0.23 8.47+0.10 8.92+0.14 9.51+0.29 9.83
SCh 1.58+0.15 1.25+0.11 0.97+0.08 1.18+0.18 1.08+0.11 1.21
SE 5.29+0.13 5.00+0.31 4.50+0.14 4.20+0.18 4.78+0.17 4.75
SJ 13.06+0.41 12.81+0.82 11.22+0.69 12.24+0.43 13.03+0.36 12.47
SF 9.12+0.39 9.07+0.39 9.84+0.54 11.30+0.23 12.10+0.35 10.29
SWG 10.67+0.40 10.23+0.21 10.87+0.18 12.63+0.26 12.02+0.83 11.28
SI 12.15+0.43 8.63+0.52 11.08+0.39 8.96+0.50 13.13+0.32 10.79
Mean 9.19 8.35 8.03 8.47 9.37

LSD p<0.05 1-0.232, 11-0.184, | x [1-0.519

Values are presented as mean value+SD (n=5). 23Sample: see materials and methods (production of jams), °LSD P<0.05 for: Sample (1), Storage (),

Interaction (1 x I1)
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The ingredients used can also have an effect on jam color.
Grigelmo-Miguel and Martin-Belloso (1999) showed that
the addition of peach fibre to strawberry jam contributed
to its brightening and an increase in the proportion of
the yellow color. In turn, Kirca et al. (2007) observed a
significant darkening of strawberry jam after adding black
carrot concentrate. These authors noted that the adding
of dark-colored raw materials to the jam may be a good
alternative to the coloring of strawberry products, because
of the presence of degradation-susceptible anthocyanins
in such fruits.

Alves de Oliveira et al. (2015) observed the darkening of
jams during storage. According to Garcfa-Martinez et al.
(2002) and Wicklund et al. (2005), the method of jam
storage is one of the factors affecting its color. Patras
et al. (2011) and Garcia-Viguera et al. (1999) found that
storage temperature had an effect on the color parameters
of strawberry jam. The authors mentioned above noted
greater color deterioration in jams stored at higher
temperature.

The value of the a* parameter in all the evaluated jams was
above zero, which indicates the intensity of the red color
(Table 3). Compared to the jam coded SO, the products
coded SWG, SS, SI and S] showed significantly higher
values of the #* parameter, on average by 4%, 5%, 6% and
11%, respectively. However, in the jams with flax seeds,
elderberry and black chokeberry, a drop was observed
in the proportion of the red color, on average by 10%,
25% and 39%, respectively. During storage, a reduction
was found in the proportion of the red color. It has been
proved, however, that the storage of jams at 10° results
in better red color retention compared to storage at 20°C.

The /* parameter also displayed values higher than zero,
which reflects the intensity of the yellow color (Table 3). In
the jam coded SO, the average value of the /* parameter was
8.81, while in strawberry jams with added black chokeberry
and elderberry it amounted to 1.21 and 4.75 respectively,
which means that the proportion of the yellow color was
small. In turn, the proportion of the yellow color in the
remaining jams was 12-42% higher than in the jam coded
S0. The plant ingredients used therefore had an effect on the
value of the /* parameter, i.c. the proportion of the yellow
color, which is secondary to the red color in strawberries.
During storage, in the majority of jams, the proportion of
the yellow color decreased; however, after a year of storage,
the value of the &* parameter was higher in most jams stored
at 20°C, compared to those stored at 10°C. This could be
due to anthocyanin degradation (Kirca et al., 2007).

All the evaluated jams had an intense and saturated color
(C*), except those with elderberry and black chokeberry,
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which were the darkest (Table 4). The C* values in these
products were, respectively, 27% and 45% lower compared
with the jam coded SO. A similar relationship was found
with regard to hue angle (/’), which describes the color
wheel/cycle, where the values 0°/360° correspond to the
red-purple color; 90°, to the yellow color; 180°, to the green
color; and 270°, to the blue color (Kirca et al., 2007). In the
jams with added black chokeberry and elderberry, this value
was 77% and 28% lower, respectively, than in the jam coded
SO which reflected color orientation towards red-purple.
This corresponds with the findings of Kirca et al. (2007),
who noted lower /* values in jams with the addition of black
carrot concentrate compared to the samples without such
an additive. In addition, during storage, an increase in the
’ value, in general, was observed; it was greater at higher
temperatures. In turn, in this experiment, the samples coded
SS, §J, SE, SWG and SI exhibited higher / values, indicating
a shift in color toward yellow, and corresponding well with
the higher values of the /* parameter.

Color perception of two samples can be inferred from
the color difference (AE*). Color difference can be
interpreted as follows: 0< AE* <1 - differences in color
are unrecognizable to a standard observer; 1< AE* <2
- only an experienced observer can perceive the difference;
2< AFE* <3.5 - an inexperienced observer is able to
perceive the difference; 3.5< AE* <5 — every observer
can easily see the difference; and AFE* >5 — an observer
recognizes two different colors (Mokrzycki and Tatol,
2011; Rogowska, 2015). In comparison with the control
jam (S0), jams with plant ingredients showed greater
color differences (AE* > 5), hence their color and color
of control jam could be perceived as two different colors
(Table 4). Only in the case of the jam sweetened with
steviol glycoside and inulin the differences in color were
smaller (2< AE* <3.5). However, they were recognizable
to the inexperienced observer. The value of the AE*
parameter in the jams stored for 12 months at both
temperatures (10°C and 20°C) did not differ significantly
and were 7.80 and 7.71, respectively (Table 4). However,
during a shorter period of storage, the differences found
were the result of storage temperature. The value of the
AE* parameter in the cold stored jams did not differ
significantly to that determined in jams immediately
after their production; whereas in jams kept at room
temperature, it was significantly lower.

Sensory evaluation

The sensory quality of the examined jams was very good;
in a 5-point scale, final scores ranged from 4.3 to 5.0 points
(Table 5). All evaluated jams, regardless of the kind of
plant ingredients and the storage period, had a proper
surface without showing any symptoms of syneresis.
Fruits were evenly distributed throughout the mass of
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Table 4: Changes in chroma (C*), hue angle (h°), and color difference (AE*) of strawberry jams during storage at different

temperatures
Parameter Sample? Storage time (months) at 10°C and 20°C
0 6 temp. 10°C 6 temp. 20°C 12 temp. 10°C 12 temp. 20°C Mean

c* SO 24.54+0.07 21.76+0.37 16.97+0.28 16.90+0.33 17.19+0.24 19.47
SS 27.29+0.37 21.58+0.46 18.07+0.59 16.93+0.23 17.50+0.34 20.27
SCh 11.25+0.62 11.08+0.34 11.29+0.20 10.37+0.19 9.92+0.07 10.78
SE 19.55+0.54 14.32+0.40 14.20+0.36 11.25+0.24 11.67+0.42 14.20
SJ 29.14+0.51 21.22+0.69 22.19+0.25 20.95+0.53 21.07+0.45 22.91
SF 24.52+0.65 16.99+0.41 16.73+0.51 17.99+0.30 18.27+0.58 18.90
SWG 28.00+0.62 20.25+0.70 20.21+0.52 20.83+0.48 18.88+0.49 21.63
Sl 27.93+0.49 19.33+0.33 19.35+0.15 15.57+0.66 20.34+0.59 20.50
Mean 24.03 18.32 17.38 16.35 16.85
LSD p<0.05° 1-0.280, 11-0.221, | x 11-0.625

h° SO 23.24+0.56 26.64+0.55 26.36+0.30 29.91+0.34 32.49+0.59 27.73
SS 26.12+0.40 28.16+0.24 27.98+0.67 31.65+0.11 33.01+0.47 29.38
SCh 8.01+0.29 6.17+0.38 4.69+0.23 6.66+0.67 6.09+0.62 6.32
SE 15.51+0.43 19.71+0.40 18.54+0.21 21.79+0.79 24.27+0.10 19.96
SJ 26.70+0.46 26.65+0.40 31.83+0.48 35.13+0.19 38.30+0.81 31.72
SIF 22.05+0.49 33.38+0.47 37.59+0.63 38.73+0.49 41.36+0.20 34.62
SWG 22.37+0.51 32.34+0.33 32.17+0.38 37.25+0.16 40.85+0.33 32.99
Sl 27.64+0.69 29.68+0.71 35.30+0.69 34.47+0.63 39.73+0.41 33.36
Mean 21.45 25.34 26.81 29.45 32.01
LSD p<0.05 1-0.301, 11-0.238, | x 1I-0.674

AE* SO
SS 3.49+0.41 1.69+0.76 2.82+0.26 1.85+0.15 2.23+0.44 2.42
SCh 15.58+0.53 14.84+0.27 11.69+0.35 11.47+0.19 12.07+0.13 13.13
SE 7.41+0.14 9.85+0.45 7.40+0.50 8.39+0.45 7.37+0.36 8.08
SJ 6.82+0.32 5.90+0.46 5.85+0.79 5.50+0.26 4.79+0.67 5.77
SE 9.38+0.53 10.71+0.78 9.36+0.48 12.46+0.22 11.24+0.14 10.63
SWG 10.42+0.53 11.87+0.28 9.88+0.55 13.60+0.22 11.67+0.23 11.49
SI 3.48+0.69 1.34+0.24 4.10+0.48 1.36+0.34 4.59+0.20 2.97
Mean 8.08 8.03 7.30 7.80 7.71

LSD p<0.05 1-0.339, 11-0.286, | x [1-0.758

Values are presented as mean value+SD (n=5). 3Sample: see materials and methods (production of jams), °LSD p=<0.05 for: Sample (1), Storage (ll),

Interaction (I x I1)

the product. The jams were characterized by lubricant
consistency, appropriate for this group of products. The
color of the jams, particularly those with added black
chokeberry, elderberry and Japanese quince, scored high
values, while the addition of wheat germs and flax seeds
had a detrimental effect on this indicator, which after a year
of storage scored 3.0 to 3.3 points, respectively. The taste
of jams scored very high values, except the jam with added
wheat germs, which after a 12-month of period storage
deteriorated and scored 3.6 points.

The sensory properties of food products are extremely
important, both for consumers and producers of food,
since they relate directly to the product’s quality and
consumer acceptance (Barrett et al., 2010; Bursa¢ et al.,
2007). Therefore, even the smallest change in the product
should be investigated for sensory perception (Javanmard
et al., 2012). The final quality assessment of the product
is based on such sensory indicators as color, appearance,
aroma, taste and consistency (Basu and Shivhare, 2010).
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The sensory features of jams can be affected by their
components, particularly the variety of fruit and even
the stage of its maturity (Gao et al., 2011; Levaj et al.,
2012). Halat et al. (1997) noted that the method of fruit
harvesting may also have an effect on jam quality. Jams
made from hand-picked blackberries were more intense in
flavor than those obtained from machine-harvested fruits
(Halat et al., 1997). In turn, Kmiecik et al. (2001) reported
that the addition of chokeberry syrup to raspberry and
strawberry jams had a beneficial effect on their aroma
and taste. Grigelmo-Miguel and Martin-Belloso (1999)
observed that adding higher doses of peach fibre to
strawberry jams led to color darkening in these products.
Kucharska et al. (2010) evaluated highly the color of
pumpkin puree with the addition of chokeberry, while
adding strawberries resulted in better taste and consistency
of the product. In the present work, in most cases there
were no significant differences in the general sensory
evaluation between fresh and stored jams; a substantial
worsening was found only in the jams with added wheat
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germs and flax seeds and resulted from color and taste
deterioration due to storage.

CONCLUSIONS

The quality of a product is the main indicator influencing
consumer choice. The combination of sensory evaluation
and the measurement of texture and color parameters
allows for more accurate assessment of the quality of jams,
which are popular fruit products. However, in conventional
jam, the level of sugar is high, while the content of fruit is
low. Therefore, low-sugar jams may be a good alternative
to such products, because they have a higher proportion
of fruits and can be produced using sucrose substitutes,
for example, steviol glycoside, which reduce the caloric
value of such products. The enrichment of strawberry jam
with plant ingredients of high nutritive value or prebiotic
effect (black chokeberry, elderberry, Japanese quince, and
inulin) allowed for the preparation of a new product with
interesting sensory features. In contrast, the addition of flax
seeds and wheat germs had less beneficial effect, especially
on the color and flavor, and increased the hardness of jams.
Strawberry jam should, however, be chill-stored, since such
conditions guarantee better texture and color stability in
the product.
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