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A b s t r a k t

W niskosłodzonych dżemach truskawkowych bez dodatków wzbogacających oraz z dodat-
kiem aronii czarnoowocowej, czarnego bzu, pigwowca japońskiego, nasion lnu i zarodków pszen-
nych oznaczono poziom polifenoli ogółem, flawonoidów ogółem, antocyjanów ogółem, ogólną ak-
tywność przeciwutleniającą oraz przeprowadzono identyfikację ilościową polifenoli. Dżemy 
składowano w temperaturze chłodniczej i pokojowej. W wyniku dodania składników roślinnych 
do dżemów zaobserwowano wzrosty poziomów analizowanych składników i całkowitej aktywności 
antyoksydacyjnej. Dodatek do dżemów składników roślinnych wpłynął na wzrost poziomu anali-
zowanych składników i ogólną aktywność przeciwutleniającą. Najwyższymi właściwościami prze-
ciwutleniającymi charakteryzował się dżem z 15% dodatkiem owoców aronii, w którym zawartość 
polifenoli ogółem wzrosła ponad 3-krotnie w porównaniu z dżemem bez dodatków. Dżemy składo-
wane w temperaturze chłodniczej lepiej zachowały swoje właściwości przeciwutleniające w porów-
naniu z produktami składowanymi w temperaturze pokojowej.

Introduction

 Fresh fruit is an excellent source of antioxidants such as anthocy-
anins, flavonoids, phenolic acids, tannins, carotenoids and vitamins (du 
ToiT et al. 2001). Antioxidants occurring in fruit play an important role in 
the human organism by quenching free radicals, which contribute to  
a number of disorders including cardiovascular diseases, cancer, diabetes, 
neurological diseases, atherosclerosis, accelerated ageing, and other disor-
ders (Zheng and Wang 2001). This is due to the fact that in an excited 
state free radicals have a substantial amount of energy and exhibit a high 
degree of reactivity with other organic compounds, particularly proteins, 
unsaturated fatty acids, and nucleic acids. Despite the fact that the human 
body has its own system to protect against free radicals, this system is not 
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sufficient, particularly in industrialized regions. It is therefore necessary 
to supply the body with additional external antioxidants, for example, 
through the increased consumption of fruit and vegetables (Liu and ng 
2000, Wang 2006). However, in view of the seasonal availability of fresh 
fruit, it must be processed in order to be available throughout the year. 
Fruits are most often processed into frozen foods, juices, jams, marmalades, 
compotes, dried products, jellies, and candied fruits.

Contemporary consumers expect that food will not only meet basic ele-
mentary functions, i.e., the body’s energy needs, but will also supply the 
body with proper quantities of nutrients which have an adequate level of 
quality, and at the same time they expect food to maintain its sensory 
attractiveness (WiLdman 2001). Therefore, more and more frequently tra-
ditional fruit products are enriched with pro-health components of natural 
origin, which enhance immunity, prevent seasonal diseases (such as hay 
fever and the common cold), prevent cancer and cardiac diseases, but also 
improve metabolism.

Strawberries (Fragaria x ananassa Duch.) are one of the most popular 
berry species (amaro et al. 2012). Strawberries contain a number of bioac-
tive compounds, for example, polyphenols (hannum 2004). However, in 
addition to being seasonally available, strawberries are easily perishable 
and are particularly sensitive to transportation (Peano et al. 2014). The-
refore, one way to extend their shelf-life is to preserve them in the form  
of jams – whole or chopped fruits suspended in jelly. Jams are produced by 
mixing fruit and sugar with a gelling agent and an organic acid. Jams may 
be classified as single- or multi-fruit, as well as by their sugar content: high- 
or low-sugar. Such products retain the flavour, fragrance and colour of the 
fruit from which they were made; therefore, they are willingly purchased by 
consumers, particularly the low-sugar ones with a lower energy value.

The aim of this research was to evaluate the effect of adding plant 
materials with pro-health properties (black chokeberry, elderberry, Japa-
nese quince, flax seeds and wheat germ), to low-sugar strawberry jams. 
The jams were stored at a cold temperature (10°C) and at room tempera-
ture (20°C) for 6 and 12 months.

Material and Methods

Material

The material investigated consisted of low-sugar strawberry jam pre-
pared from the Senga Sengana cv. of strawberry (Fragaria × ananassa 
Duch.) without enriching ingredients, and jams containing enriching 
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ingredients such as black chokeberry [Aronia melanocarpa (Michx.) 
Elliott], elderberry (Sambucus nigra L.), Japanese quince [Chaenomeles 
japonica (Thunb.) Lindl. ex Spach], flax seeds (Linum L.) and wheat (Trit-
icum aestivum L.) germ.

The jams were produced from frozen fruits. Flax was added in the 
form of ground defatted flaxseeds (Oleofarm, Poland), the residual fat com-
prised only 10% of the original value. Wheat germ was obtained from 
wheat grain, it was purchased directly from the producer (Sante, Poland). 
Sucrose, steviol glycoside (Bio Nature24), as a partial sucrose replace-
ment, citrus-apple pectin (NECJ-A2, Naturex, France), and citric acid 
(Chem Point, Poland) were also used in the production of jams.

Production of jam

All strawberry jams with a final refractometric extract of about 30% 
were sweetened with sucrose and steviol glycoside, the addition of which 
allowed for the replacement of part of the sucrose and a reduction in the 
caloric value of the jams. Steviol glycoside was added in the maximum 
quantity permitted in the European Union, i.e. 200 mg kg-1 of the product 
(euroPean Commission 2011). Fruit comprised 50% of the mass of the 
final product. Jams were prepared in the following variants: S0 – straw-
berry jam without enriching ingredients, SCh – strawberry jam with  
a 15% addition of black chokeberry, SE – strawberry jam with a 15% addi-
tion of elderberry, SJ – strawberry jam with an 8% addition of Japanese 
quince, SF – strawberry jam with a 3% addition of flax seeds, SWG – 
strawberry jam with a 3% addition of wheat germ.

Table 1
Recipes of strawberry jams [g/1000 g]

Type 
of jamsb

Ingredientsa

S Ch E J F WG sucrose steviol 
glycoside pectin citric 

acid water

S0 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
a Ingredients: S – strawberry, Ch – black chokeberry, E – elderberry, J – Japanese quince, F – 
flax seeds, WG – wheat germ
b Type of jams: S0 – strawberry jam without enriching ingredients, SCh – strawberry jam with  
a 15% addition of black chokeberry, SE – strawberry jam with a 15% addition of elderberry,  
SJ – strawberry jam with an 8% addition of Japanese quince, SF – strawberry jam with a 3% 
addition of flax seeds, SWG – strawberry jam with a 3% addition of wheat germ
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After weighing the components according to the recipe (Table 1 ), the 
fruits were boiled together with sweeteners and water in an open pan (20 
min., 103°C). Afterwards, a previously prepared 4% solution of gelling 
agent was added and the whole batch was mixed and heated again for 
several minutes. Finally, citric acid was added and mixed in. The products 
were then packaged in glass jars (0.2 L), pasteurized at 82–85°C for  
15 minutes, and finally cooled to 20 ± 2°C.

Storage of jam and chemical determination

Jams were stored at two temperatures: cold (10°C) and room tempera-
ture (20°C) until evaluation, which was carried out immediately after their 
production and after 6 and 12 months of storage.

In order to determine the total content of polyphenols, flavonoids and 
antioxidant activity, sample extracts were prepared using 80% ethanol. 
Polyphenols were determined using the Folin-Ciocalteu method (singLe-
Ton et al. 1999), according to which, Folin-Ciocalteu reagent and 25% 
sodium carbonate were added to the extract, which was previously diluted 
with deionised water. The content of polyphenols was read from the stand-
ard curve prepared for (+)-catechin.

Total flavonoid content was detected by aluminium chloride assay 
(ardesTani and YaZdanParasT 2007). After appropriate dilution of the 
extract with deionised water, NaNO2, AlCl3 and NaOH were added; the 
sample was then thoroughly vortex mixed and placed in darkness for 15 
minutes. The content of flavonoids was read from the standard curve pre-
pared for (+)-catechin.

Separation and identification of polyphenols was performed by high 
performance liquid chromatography (HPLC), according to the method 
described by KLimCZaK et al. (2007), with our modifications. Jams were 
ground in a laboratory mill with the addition of distilled water at a ratio of 
(1:1), then NaOH was added (2 mol l-1 in a ratio of 1:1 w/w). Afterwards, 
samples were mixed using a Labnet vortex mixer (Edison, USA), and left 
in the dark for 4 hours (at room temperature) and then neutralized to pH 
2.2–2.8 with HCl (2 mol l-1) using a Metrohm pH meter (Herisau, Switzer-
land). The samples were then centrifuged at 4,000 x g for 20 minutes at 
4°C by means of a MPW – 260R centrifuge (Warsaw, Poland) and trans-
ferred quantitatively into a volumetric flask using 1% L-ascorbic acid dis-
solved in methanol (HPLC grade). Prior to chromatographic analysis, the 
material being examined was again centrifuged (18,000 rpm, 20 min, 4°C); 
the samples with wheat germ and those enriched with flax were centri-
fuged twice. Afterwards, they were filtered through an L-PTFE filter with 
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a pore diameter of 22 µm. Before chromatographic analysis, the samples 
were stored at 4°C.

Chromatographic analysis was performed using a Dionex Ultimate 
3000 HPLC set equipped with a Thermo Scientific DAD detector (Germe-
ring, Germany). A column (XBridgeTMC18 250 x 4.6 mm; 3.5 µm) with 
a pre-column (XBridgeTM C18, 20 x 4.6 mm; 3.5 µm (Waters, Wexford, 
Ireland)) was employed for the analysis. The mobile phase consisted of two 
eluents: A – a 2% aqueous solution of acetic acid, and B – 100% acetoni-
trile. The flow rate was 0.8 ml min-1. The analysis was carried out for  
80 min. using the following gradient: eluent A – 15 min., 14%; 20 min., 
18%; 30 min., 25%; 55 min., 55%; and 62 min., 100%; until the end of the 
analysis.

The total anthocyanins and degradation index were determined by 
means of the spectroscopic method (giusTi and WroLsTad 2001). Anthocy-
anin content, expressed as cyanidin-3-glucoside equivalent, was calcula-
ted from the absorbance measured and the coefficient of sample dilution.

Vitamin C content, as the sum of ascorbic and dehydroascorbic acid, 
was determined using a spectrophotometrical method (Fruits, vegetables… 
ISO/6557-2, 1984). The quantitative reduction of 2,6 dichlorophenolindo-
phenol dyestuff by the ascorbic acid was flowed by extraction of the excess 
dyestuff using xylene, and the excess was measured spectrophotometri-
cally at 500 nm and compared with the vitamin C reference standard.

Antioxidant activity was determined by means of three spectrophoto-
metric methods: as scavenging activity against DPPH (1.1-diphenyl-2-pi-
crylhydrazyl) free radical (PeKKarinen et al. 1999); applying ABTS 
(2,2′-azinobis(3-ethylbenzthiazoline-6-sulfonate) cation radical (re et al. 
1999); and by the ferric reducing antioxidant power (FRAP) method (Ben-
Zie and sTrain 1996). For the aforementioned methods, absorbance was 
measured at 516 nm, 734 nm, and 595 nm respectively.

A Hitachi U-2900 double beam spectrophotometer (Hitachi Europe 
Ltd) was used to analyse total polyphenols, flavonoids, anthocyanins, vita-
min C and antioxidant activity.

Statistical analysis

All analyses were carried out in four experimental replications.The 
results were subjected to a two-factor analysis of variance (first factor – 
type of jam; second factor – storage) on the basis of the Snedecor F and 
Student’s t tests. The least significant difference (LSD) was calculated at 
the probability level of P < 0.05. The Statistica 12.0 (StatSoft; Poland) pro-
gram was used.
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Results and Discussion

Effect of adding enriching ingredients  
on antioxidant properties

The strawberry jams contained on average of 75.8–239.4 mg total 
polyphenols per 100 g of fresh matter (Table 2 ). Among the applied enrich-
ing plant ingredients, only black chokeberry, elderberry and Japanese 
quince had a significant effect (P < 0.05) on the total polyphenols in the 
jams. When compared with the strawberry jam without enriching ingredi-
ents, the addition of black chokeberry caused an increase in the level  
of polyphenols by an average of 213%, elderberry by 75%, and Japanese 
quince by 40%. In the strawberry jams investigated, total flavonoids 
accounted for on average 35–55% of total polyphenols (Table 2). The straw-
berry jam without enriching ingredients was characterized by low average 
amounts of total flavonoids (27.4 mg/100 g). Similar levels in strawberry 
jams were also reported by Levaj et al. (2012). However, a combination  
of strawberries and other fruits with significant polyphenol content 
allowed for products with a high nutritive value to be obtained. Of the 
examined jams, the jam with black chokeberry had the highest amounts of 
flavonoids (111.6 mg/100 g), as was the case with total polyphenols. The 
jams enriched with elderberry and Japanese quince, had an average flavo-
noid content of 58.1 mg of per 100 g, and may also be regarded as a good 
source of these nutrients.

Numerous authors, therefore, highlight the beneficial effect of enrich-
ing products with plant components with high antioxidant activity. 
Wojdyło et al. (2008) demonstrated a significant increase in polyphenol 
content after the 10% addition of black chokeberry to strawberry jam, 
while NaWirska-olszańska et al. (2010) revealed that due to enriching 
pumpkin jams with Japanese quince, products may be obtained with 
a high content of polyphenols and strong antioxidant activity. The benefi-
cial effect of adding black chokeberry, strawberry and raspberry to Cornel-
ian cherry puree on the level of polyphenols was also mentioned by 
KuCharsKa et al. (2010). On the other hand, Korus et al. (2015) showed 
that enriching bilberry jams with the addition of herbs resulted not only in 
higher polyphenol content in these products, but also in better retention of 
polyphenols during storage.
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Table 2
Total polyphenols, flavonoids, anthocyanins and degradation index in strawberry jams during 

storage

Analysed
parametera

Type 
of 

jamsb

Storage time (months) at 10oC and 20oC
Mean

0 6
temp. 10oC

6
temp. 20oC

12
temp. 10oC

12
temp. 20oC

Total 
polyphenols
[mg/100 g]

S0 83.3 ± 5.5 79.2 ± 3.4 75.0 ± 4.0 75.6 ± 6.4 69.1 ± 4.2 76.4
SCh 288.7± 5.8 241.1 ± 4.7 218.2 ± 6.0 236.4 ± 5.0 212.6 ± 5.2 239.4
SE 160.1 ± 4.8 137.4 ± 5.0 122.9 ± 4.8 131.0 ± 5.7 118.5 ± 4.8 134.0
SJ 121.8 ± 5.0 114.4 ± 7.6 98.2 ± 5.7 110.0 ± 4.3 90.7 ± 4.5 107.0
SF 91.4 ± 4.1 82.7 ± 7.0 78.1 ± 5.9 77.5 ± 5.2 72.8 ± 5.3 80.5

SWG 88.5 ± 6.3 79.7 ± 5.5 70.3 ± 5.0 74.3 ± 3.4 66.3 ± 3.2 75.8
mean 139.0 122.4 110.5 117.5 105.0

LSD P < 0.05c     I – 4.82, II – 4.40, I x II – 10.78

Total
flavonoids
[mg/100 g]

S0 38.8 ± 1.7 28.3 ± 1.7 23.3 ± 1.9 25.8 ± 2.1 21.0 ± 0.3 27.4
SCh 162.7 ± 3.3 111.4 ± 3.6 90.2 ± 2.7 106.9 ± 3.2 86.8 ± 2.7 111.6
SE 95.8 ± 4.6 67.6 ± 2.8 50.3 ± 4.6 48.6 ± 2.6 36.4 ± 1.7 59.8
SJ 66.6 ± 4.8 51.5 ± 3.0 40.4± 4.3 62.1 ± 3.7 61.6 ± 2.8 56.4
SF 42.1 ± 2.4 27.3 ± 4.5 23.5 ± 1.6 24.7 ± 0.9 22.2 ± 1.8 28.0

SWG 39.9 ± 1.9 27.4 ± 2.6 23.2 ± 1.0 25.2 ± 4.0 21.0 ± 2.3 27.3
mean 74.3 52.3 41.8 48.9 41.5

LSD P < 0.05     I – 4.04, II – 3.69, I x II – 9.03

Total 
anthocyanins 

[mg/100 g]

S0 19.3 ± 1.3 16.0 ± 2.5 12.7 ± 0.7 9.6 ± 0.4 7.2 ± 1.0 13.0
SCh 89.1 ± 5.1 75.2 ± 5.3 68.1 ± 5.2 61.4 ± 5.5 46.5 ± 4.3 68.0
SE 65.7 ± 3.3 58.8 ± 3.0 52.5 ± 2.0 42.8 ± 2.0 34.2 ± 1.4 50.8
SJ 15.4 ± 0.8 11.3 ± 2.1 10.5 ± 1.4 10.4 ± 0.7 7.0 ± 1.0 10.9
SF 18.2 ± 1.9 14.4 ± 2.1 13.9 ± 1.5 10.8 ± 0.8 7.4 ± 1.0 12.9

SWG 18.7 ± 1.5 16.5 ± 1.9 14.1 ± 2.2 11.8 ± 0.8 7.7 ± 0.8 13.8
mean 37.7 32.0 28.6 24.5 18.3

LSD P < 0.05     I – 1.88, II – 1.71, I x II – 4.20

Degradation 
index

S0 1.40 ± 0.22 1.45 ± 0.13 1.62 ± 0.08 1.61 ± 0.11 1.67 ± 0.10 1.55
SCh 1.25 ± 0.05 1.35 ± 0.05 1.48 ± 0.06 1.38 ± 0.05 1.57 ± 0.16 1.40
SE 1.35 ± 0.08 1.36 ± 0.13 1.46 ± 0.20 1.48 ± 0.12 1.56 ± 0.11 1.44
SJ 1.25 ± 0.09 1.38 ± 0.21 1.54 ± 0.26 1.45 ± 0.10 1.61 ± 0.26 1.45
SF 1.32 ± 0.14 1.37 ± 0.09 1.48 ± 0.14 1.53 ± 0.23 1.63 ± 0.27 1.47

SWG 1.31 ± 0.11 1.38 ± 0.09 1.54 ± 0.23 1.54 ± 0.24 1.58 ± 0.03 1.47
mean 1.31 1.38 1.52 1.50 1.60

LSD P < 0.05     I – n.s.d, II – 0.096, I x II – n.s
a Values are presented as mean value ± SD (n = 4) and expressed of fresh matter
b Type of jams: S0 – strawberry jam without enriching ingredients, SCh – strawberry jam with  
a 15% addition of black chokeberry, SE – strawberry jam with a 15% addition of elderberry, 
SJ – strawberry jam with an 8% addition of Japanese quince, SF – strawberry jam with a 3% 
addition of flax seeds, SWG – strawberry jam with a 3% addition of wheat germ
c LSD P < 0.05 for: type of jams (I), storage (II), interaction (I x II)
d n.s. – not significant
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Anthocyanins are the main pigments occurring in strawberries, howe-
ver, the latter are very sensitive to technological processes and storage. 
The average anthocyanin content in the jam without enriching ingredients 
was 13.0 mg/100 g (Table 2) and compared with the level reported by 
Poiana et al. (2011), but was still lower compared with the findings  
of KoPjar et al. (2009). Chokeberry and elderberry as natural plant mate-
rials can be valuable additives to enrich food products. These species are 
one of the richest sources of anthocyanins (Wu et al. 2004). In the present 
work, a statistically significant average increase in anthocyanin content 
was noted: a 5-fold increase in the strawberry jam with a 15% addition of 
black chokeberry and a 4-fold increase in the product with elderberry. The 
remaining plant ingredients which were not abundant in anthocyanins 
had no effect on an increase in their total contents in the examined pro-
ducts. Wojdyło et al. (2008) also recorded an increase of proanthocyani-
dins in strawberry jams resulting from the addition of black chokeberry. 
On the other hand, aBdeL-hadY et al. (2014) enriched strawberry jam 
with a 30% addition of purple carrot that led to a 120% increase of antho-
cyanins. In the examined jams, the degradation index for anthocyanins 
increased with increasing degradation of these compounds (Table 2). The 
plant ingredients used had no effect on it, only the storage conditions.

In the examined strawberry jams, p-coumaric acid was dominant 
(Table 3) among the identified polyphenols, which is consistent with the 
findings of Wojdyło et al. (2008). Due to the enrichment of strawberry 
jam with black chokeberry, the content of p-coumaric acid increased signif-
icantly (P < 0.05), on average by 72%, while in jams with other plant ingre-
dients it increased by 33-46%. Ferulic acid only occurred in jams with 
added black chokeberry (0.153 mg/100 g), elderberry (0.190 mg/100 g),  

Tablele 3 
Individual phenolic compoundsin strawberry jams during storage [mg/100 g]

Analysed
componenta

Type 
of jamsb

Storage time (months) at 10oC and 20oC
Mean

0
12 12

temp. 10oC temp. 20oC

p-coumaric
acid

S0 6.096 ± 0.187 3.429 ± 0.178 3.394 ± 0.118 4.306
SCh 9.665 ± 0.100 8.446 ± 0.111 4.170 ± 0.182 7.427
SE 7.893 ± 0.052 5.924 ± 0.181 5.009 ± 0.154 6.275
SJ 7.271 ± 0.031 6.506 ± 0.030 3.406 ± 0.111 5.728
SF 7.842 ± 0.043 7.191 ± 0.039 3.641 ± 0.046 6.224

SWG 7.213 ± 0.167 6.143 ± 0.116 4.087 ± 0.113 5.814
mean 7.663 6.273 3.951 –

LSD P< 0.05c     I – 0.2169, II – 0.1534, I x II – 0.3758
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Ferulic acid  

S0 ndd nd nd nd
SCh 0.220 ± 0.007 0.168 ± 0.025 0.071 ± 0.002 0.153
SE 0.211 ± 0.007 0.204 ± 0.001 0.156 ± 0.013 0.190
SJ nd nd nd nd
SF 0.934 ± 0.042 0.705 ± 0.030 0.541 ± 0.020 0.727

SWG 0.853 ± 0.004 0.544 ± 0.021 0.338 ± 0.008 0.579
mean 0.370 0.270 0.184  

LSD P < 0.05     I – 0.0238, II – 0.0168, I x II – 0.0412

Ellagic acid
 

S0 1.222 ± 0.051 1.112 ± 0.029 0.841 ± 0.198 1.058
SCh 0.853 ± 0.040 0.764 ± 0.044 0.555 ± 0.026 0.724
SE 1.312 ± 0.021 1.244 ± 0.054 1.022 ± 0.027 1.193
SJ 1.157 ± 0.028 1.073 ± 0.025 0.813 ± 0.011 1.014
SF 1.104 ± 0.039 0.884 ± 0.050 0.597 ± 0.090 0.861

SWG 1.226 ± 0.027 1.080 ± 0.014 0.880 ± 0.004 1.062
mean 1.146 1.026 0.785

LSD P < 0.05     I – 0.0669, II – 0.0473, I x II – n.s.e

Quercetin   

S0 0.021 ± 0.001 0.011 ± 0.002 0.008 ± 0.002 0.014
SCh 0.038 ± 0.003 0.028 ± 0.002 0.014 ± 0.002 0.027
SE 0.034 ± 0.002 0.021 ± 0.001 0.017 ± 0.002 0.024
SJ 0.028 ± 0.001 0.018 ± 0.001 0.010 ± 0.001 0.019
SF nd nd nd nd

SWG nd nd nd nd
mean 0.020 0.013 0.008

LSD P < 0.05     I – 0.0007, II – 0.0005, I x II – 0.0013

(+)-catechin

S0 1.267 ± 0.012 0.883 ± 0.038 0.463 ± 0.084 0.871
SCh 1.044 ± 0.016 0.818 ± 0.016 0.650 ± 0.010 0.837
SE 4.756 ± 0.042 1.705 ± 0.092 0.941 ± 0.045 2.467
SJ 2.904 ± 0.055 2.354 ± 0.023 1.763 ± 0.022 2.341
SF 2.809 ± 0.056 1.615 ± 0.033 0.981 ± 0.035 1.802

SWG 2.146 ± 0.003 1.822 ± 0.042 0.932 ± 0.019 1.633
mean 2.488 1.533 0.955

LSD P < 0.05     I – 0.0779, II – 0.0551, I x II – 0.1350
a Values are presented as mean value ± SD (n = 4) and expressed of fresh matter 
b Type of jams: S0 – strawberry jam without enriching ingredients, SCh – strawberry jam with  
a 15% addition of black chokeberry, SE – strawberry jam with a 15% addition of elderberry,  
SJ – strawberry jam with an 8% addition of Japanese quince, SF – strawberry jam with a 3% 
addition of flax seeds, SWG – strawberry jam with a 3% addition of wheat germ 
c LSD P < 0.05 for: type of jams (I), storage (II), interaction (I x II)
dnd– not detected, en.s. – not significant 
wheat germ (0.727 mg/100 g), and flax (0.579 mg/100 g). In turn, ellagic 
acid predominated significantly (P < 0.05) in the jams enriched with elder-
berry and Japanese quince, whereas (+)-catechin was present in the jams 
with flax seeds and wheat germ.
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Table 4
Vitamin C and antioxidant activity (ABTS, DPPH and FRAP) in strawberry jams during storage

Analysed
parametera

Type 
of 

jamsb

Storage time (months) at 10oC and 20oC
Mean

0 6
temp. 10oC

6
temp. 20oC

12
temp. 10oC

12
temp. 20oC

Vitamin C 
[mg/100 g]

S0 13.4 ± 0.9 11.5 ± 0.5 10.8 ± 0.6 9.9 ± 1.1 8.5 ± 0.8 10.9
SCh 13.3 ± 0.7 12.2 ± 0.6 11.9 ± 0.4 10.8 ± 0.7 9.4 ± 1.2 11.5
SE 15.4 ± 1.0 13.6 ± 0.4 13.3 ± 0.6 12.2 ± 0.6 11.7 ± 0.5 13.3
SJ 14.3 ± 0.7 12.8 ± 0.2 12.1 ± 0.4 11.5 ± 0.8 10.3 ± 0.6 12.2
SF 12.4 ± 0.7 11.3 ± 0.7 10.4 ± 0.8 9.9 ± 0.9 8.3 ± 0.9 10.5

SWG 12.2 ± 0.6 11.2 ± 0.7 10.3 ± 0.7 9.2 ± 0.8 8.5 ± 0.9 10.3
mean 13.5 12.1 11.5 10.6 9.5 –

LSD P < 0.05c     I – 0.46, II – 0.42, I x II – n.sd

ABTS
[µM Tx/1 g]

S0 38.9 ± 1.5 34.7 ± 2.0 30.8 ± 1.9 31.2 ± 2.2 27.6 ± 1.9 32.6
SCh 127.1 ± 2.0 115.6 ± 1.9 102.7 ± 1.5 111.0 ± 1.4 95.8 ± 1.6 110.5
SE 106.6 ± 1.4 98.1 ± 2.1 89.3 ± 2.9 92.5 ± 2.2 83.3 ± 2.7 94.0
SJ 84.2 ± 1.2 76.1 ± 1.2 72.8 ± 1.8 71.6 ± 1.4 68.1 ± 1.9 74.5
SF 45.0 ± 1.0 39.8 ± 1.6 35.3 ± 2.1 36.1 ± 1.7 31.3 ± 1.7 37.5

SWG 42.1 ± 2.2 37.6 ± 1.3 33.1 ± 1.5 35.2 ± 1.1 30.0 ± 1.7 35.6
mean 74.0 67.0 60.7 62.9 56.0 –

LSD P < 0.05      I – 3.94, II – 3.60, I x II – n.s.

DPPH
[µM Tx/1 g]

S0 37.7 ± 1.2 34.8 ± 1.9 31.4 ± 1.9 30.6 ± 1.3 25.0 ± 1.4 31.9
SCh 53.8 ± 1.9 48.3 ± 3.0 43.9 ± 1.0 43.6 ± 1.4 38.8 ± 0.8 45.7
SE 46.3 ± 1.3 41.5 ± 1.3 35.9 ± 2.1 37.9 ± 1.2 30.2 ± 0.7 38.3
SJ 43.3 ± 1.5 41.0 ± 1.7 37.5 ± 1.6 39.0 ± 1.1 32.8 ± 1.0 38.7
SF 41.7 ± 1.6 38.8 ± 1.3 35.9 ± 1.6 33.5 ± 1.4 30.2 ± 1.6 36.0

SWG 39.0 ± 1.5 35.1 ± 1.8 33.5 ± 1.9 32.8 ± 1.6 29.5 ± 1.4 34.0
mean 43.6 39.9 36.3 36.2 31.1 –

LSD P < 0.05      I – 2.33, II – 2.13, I x II – n.s.

FRAP 
[µM Fe2+/1 g] 

S0 35.3 ± 1.3 34.6 ± 1.9 30.4 ± 2.2 31.1 ± 1.0 29.3 ± 0.6 32.1
SCh 73.1 ± 1.6 67.2 ± 1.4 57.1 ± 1.3 61.6 ± 1.1 51.8 ± 1.1 62.2
SE 55.0 ± 1.9 51.6 ± 1.4 47.3 ± 1.3 47.6 ± 1.5 42.2 ± 1.9 48.8
SJ 44.6 ± 1.3 41.9 ± 1.9 36.7 ± 1.9 37.4 ± 1.9 33.1 ± 1.5 38.7
SF 40.9 ± 1.9 36.4 ± 1.8 33.2 ± 1.1 33.8 ± 1.0 30.5 ± 0.7 35.0

SWG 38.3 ± 1.9 34.6 ± 1.6 31.0 ± 3.3 30.8 ± 1.3 29.0 ± 0.7 32.7
mean 47.9 44.4 39.3 40.4 36.0 –

LSD P < 0.05      I – 2.06, II – 1.88, I x II – n.s.
a Values are presented as mean value ± SD (n = 4) and expressed of fresh matter
b Type of jams: S0 – strawberry jam without enriching ingredients, SCh – strawberry jam with a 
15% addition of black chokeberry, SE – strawberry jam with a 15% addition of elderberry, SJ – 
strawberry jam with an 8% addition of Japanese quince, SF – strawberry jam with a 3% addition 
of flax seeds, SWG – strawberry jam with a 3% addition of wheat germ
c LSD P < 0.05 for: type ofjams (I), storage (II), interaction (I x II) 
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As PineLLi et al. (2015) reported, the content of p-coumaric acid and 
quercentin in strawberry jams corresponded to the results obtained in this 
work; however, the levels of ferulic acid (0.370 mg/100 g), ellagic acid 
(2.751 mg/100 g), and (+)-catechin (0.472 mg/100 g) were different. 

Strawberry jams contained small amounts of vitamin C – on average, 
10.9 mg/100 g (Table 4). However, the addition of black chokeberry, Japa-
nese quince, and elderberry significantly influenced (P < 0.05) its level: by 
6%, 12% and 22% respectively. The vitamin C content in the jams with flax 
seeds and wheat germ was comparable with that determined in the straw-
berry jam without enriching ingredients.

In view of the results above, the combination of strawberries with 
other plant compounds rich in bioactive constituents seems to be justified. 
When compared with the jam without enriching ingredients, the rema-
ining ones showed higher antioxidant activity, on average by 9–239% 
(ABTS), 7–43% (DPPH), and 2–94% (FRAP) – Table 4. The additive which 
elevated the total antioxidant activity to the greatest extent was black 
chokeberry, while wheat germ elevated it to the least extent.

Influence of storage conditions on antioxidant properties

The storage conditions of the jam had a significant effect (P < 0.05) on 
all the analyzed constituents and total antioxidant activity. The average 
content of total polyphenols in the examined products after 6 and 12 
months of storage decreased by 16% and 20% respectively, while losses in 
flavonoids were higher and were 37% and 39% (Table 2). However, it has 
been found that storing jams at lower temperatures results in better reten-
tion of the constituents examined (P < 0.05). After a year of storage, signif-
icant losses (P < 0.05) were noted in the content of the identified polyphe-
nols (Table 3). The average losses of these compounds in the jams stored at 
10°C ranged from 10% (ellagic acid) to 38% ((+)-catechin). In contrast, the 
average losses observed at 20 °C were significantly higher and amounted 
to 48% (p-cumaric acid) and 62% ((+)-catechin). Similar or greater reduc-
tions in the level of polyphenols in strawberry jams were reported by 
Wojdyło et al. (2008). The authors highlight that (+)-catechin content may 
either increase or decrease during storage due to the fact that this com-
pound is released from complex compounds during the first storage period, 
so that its content increases and then decreases during prolonged storage.

The average losses in total anthocyanin content in chill-stored jams 
after 6 and 12 months were 15% and 35% respectively. In turn, for jams 
stored at 20°C, losses after 6- and 12-months of storage were 24% and 51% 
respectively (Table 2). Poiana et al. (2011) also observed losses in antho-
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cyanins during storage of strawberry jam. In addition, WiCKLund et al. 
(2005) and PaTras et al. (2011) found that the retention of anthocyanins 
in the jams stored at 4°C was better, which is consistent with the results 
of KoPjar et al. (2009) who noted a smaller decrease in anthocyanins in 
strawberry jams stored at 4°C for six weeks (21%), compared with those 
kept at room temperature (51%).

What should be emphasized here is the fact that the jams with added 
fruit and those enriched with wheat germ and flax seeds retained their 
total content of anthocyanins better than the jam without added plant 
ingredients. This agrees with the findings of aBdeL-hadY et al. (2014), 
who observed better retention of total anthocyanins in the strawberry 
jams enriched with puree of purple carrot compared with those without 
added plant ingredients.

Average losses of vitamin C in strawberry jams after 6 and 12 months 
of storage were respectively 10% and 21% in the jam kept at 10°C, and 
15% and 30% for those kept at 20°C (Table 4). The studies of Poiana et al. 
(2011) proved that losses of vitamin C in the strawberry jam were much 
more higher (33%) after only 3 months of storage at room temperature. 
The lower storage temperature had a significant effect (P < 0.05) on the 
better retention of vitamin C in the products investigated. 

According to numerous authors, storage conditions of jams are one of 
the factors that affect their nutritive value, including radical scavenging 
activity (PaTras et al. 2011). In the jams examined, the level of antioxi-
dant activity decreased compared with the non-stored products, on aver-
age by 14% (ABTS), 13% (DPPH) and 13% (FRAP) after 6-months of stor-
age and by 20%, 23% and 20% respectively after 12 months of storage 
(Table 4). Many authors also noted a reduction in the level of activity in 
the stored jams (Poiana et al. 2011, PaTras et al. 2011). Moreover, jams 
stored at 10°C always had higher levels (P < 0.05) of antioxidant activity 
compared with those stored at 20°C. In turn, the biggest declines in activ-
ity were recorded in the jams without added plant ingredients, which were 
stored at both temperatures, this relates well to the results obtained by 
Wojdyło et al. (2008).

Conclusions

At present, consumers pay much more attention to the composition  
of food products. They particularly expect a natural product with low calo-
ric value to have beneficial effects on human health. Enrichment of the 
daily diet with pro-health components of natural origin can contribute to 
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the improvement of quality of life. Such components as black chokeberry, 
elderberry, Japanese quince, flax seeds and wheat germ can be valuable 
additives, increasing the nutritive value of products, as shown by the 
results reported in this paper. The addition of these components with heal-
th-promoting properties to jams had a significant effect on the total antioxi-
dant activity when compared with jam without these ingredients. Such 
products may therefore be a good source of antioxidants in the diet. In 
addition, enrichment with these products generally led to better retention 
of antioxidants during storage. With regard to such jams, however, we 
would recommend chill-storage. This is due to the lower losses of bioactive 
components compared with storage at room temperature, which was con-
firmed by our findings.

Translated by BożeNa Firek (UR Kraków), native speaker (Skrivanek – Office Translation)
Accepted for print 6.07.2018
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