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Chronic gastrointestinal diseases are mostly attached to inflammation as well as modified redox homeostasis. These
diseases cause remarkable health problems in the northern regions of Europe, but as the climate becomes colder, the
harvesting of fruit with notable antioxidant content becomes harder. In these regions, polyphenol-rich berries, which
can handle the climate, may have pivotal role in the diet. The aim of our study was to determine antioxidant
properties of watery extracts of blueberry, Vaccinium corymbosum L., bilberry, V. myrtillus L., and lingonberry, V.
vitis-idaea L. that may have role in the redox homeostasis of the gastrointestinal region. Data show that these berries
notably inhibit the lipid peroxidation, underpinned by reducing power, total polyphenol and ascorbic acid content.
The study demonstrates that berries can play a remarkable role in northern European diet, especially when redox
homeostasis is imbalanced.
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It is well known that illnesses modify redox homeostasis, especially when the immune system
is concerned, like in cases of inflammatory bowel disease or celiac disease. With the
measurement of total scavenging capacity, BLAzovics and co-workers (1999) supported that
nonetheless the therapy, the redox homeostasis is always exhausted in Crohn’s disease, but
differences can be found between the activities of ulcerative colitis. Prevalence of diseases is
high in northern regions and increases with age (Tivmm et al., 2014). Another immune system
related disorder is the celiac disease, when the inducers for the inflammation are some
prolamin fractions from cereals (FERrETTI et al., 2012). Celiac disease is one of the most
common genetically-determined enteropathies, and internal oxidative balance plays a pivotal
role. The frequency of the disease is also higher in Northern Europe (GuiraL et al., 2012). In
cases of these gastrointestinal diseases, the supported idea is the need of a higher proportion
of antioxidants, especially polyphenol-rich food, as dietary factors have a wide range of
health-protective and anti-inflammatory effects (FERRETTI et al., 2012; NiLE & Park, 2014).
Nowadays, berries get increasing attention, because of their effects against civilization-
illnesses. Most studies focus on their polyphenolic components, especially flavonoids,
hydroxycinnamic acid derivatives, and anthocyanin content in their extracts (Ier1 et al., 2013;
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NILE & Park, 2014). These compounds have significant antioxidant activities. Antioxidants
as well as prooxidants have significant role in homeostasis, as members of the redox balance.
Anthocyanins are well known colorants in food industry and potent anticancer and
neuroprotective agents with cardiovascular benefits as well (NiLE & Park, 2014). Some
studies demonstrated that anthocyanin derivatives have also urinary health benefits, but the
most known antibacterial components of berries are arbutin and its derivatives. Therefore, in
case of consumption, the content of toxic arbutin should be taken into consideration, as it is
a hydroquinone derivate (YanG & JianG, 2010; Ieri et al., 2013; NiLe & Park, 2014).
According to our best knowledge, this compound is detected in lingonberry and blueberry
(YANG & JiaNG, 2010; Ieri et al., 2013). Recent studies also showed, that the urinary use of
the polyphenol-rich herbs may have unexpected side effects, because they modulated and
sometimes enhanced the bacterial antibiotic susceptibility (SamoiLova et al., 2014).

The fruit contain high concentrations of vitamins as well, but recent study shows that
only scarce of essential elements can be found in relevant amounts in blueberry, bilberry, and
lingonberry (NILE & PARK, 2014; SKESTERS et al., 2014).

Most of the berries have a substantial property that can handle the cold and arid climate.
As a relevant antioxidant source, they are promising fruit to grow in the northern countries,
for example in Latvia (MikuULIC-PETKOVSEK et al., 2012; SKESTERS et al., 2014).

All in all, the berries have significant antioxidant contents, but the antioxidant properties
can change in wide ranges in the species themselves as well as between species (IEri et al.,
2013). Our aim was to determine the antioxidant properties, especially the inhibition of lipid
peroxidation of blueberry, bilberry, and lingonberry available in the northern regions of
Europe, to evaluate their protective effect in some gastrointestinal cases with disrupted redox
homeostasis, which is a serious problem in this region.

1. Materials and methods

1.1. Reagents

Folin and Ciocalteu’s phenol reagent and bovine serum albumin were obtained from Sigma-
Aldrich Co. (St. Louis, USA). Potassium sodium tartratex4H,0, CuSO,x5H,0, Na,CO,,
NaOH, trichloroacetic acid, 2-thiobarbituric acid, tris(hydroxymethyl)aminomethane (TRIS
buffer), maleinic acid, 37% hydrochloric acid, gallicacid, 2,2-bipyridyl, FeNH,(SO,),x12H,0,
85% phosphorous acid, ammonium acetate, K;[Fe(CN),], FeCl;x6H,0, KH,PO,, Na,HPO,,
and 96% ethanol were obtained from Reanal-KER Ltd. (Budapest, Hungary).

Ascorbic acid and citric acid were suited for the requirements of Pharmacopoeia
Hungarica VIII.

1.2. Preparation of the berry extracts

Blueberry (Vaccinium corymbosum L.), bilberry (Vaccinium myrtillus L.), and lingonberry
(Vaccinium vitis-idaea L.) samples were from Latvia, collected in the woods near Riga or
bought at the local market.

Lyophilisation was made with Heto Lyophilizer (HITOSICC, Heto-Holten A/S,
Denmark). The dry matter was 12.22% in blueberry, 8.58% in bilberry, and 22.05% in
lingonberry. After lyophilisation the samples were stored at room temperature.
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Extracts were made by pouring water on the lyophilised berry samples and incubating
them for one day at room temperature. The concentration was adjusted to 1 g lyophilised
berry sample in 10 ml water. After filtration, the aqueous extracts were diluted to 0.05 g ml™!
and 0.025 g ml™!, and measured with the following methods.

1.3. Total polyphenol content of the samples

The total polyphenol content was measured according to Pharmacopoeia Hungarica VIII
(NaTIONAL INSTITUTE OF PHARMACY, 2003). The 0.2 ml Folin and Ciocalteu’s reagent was
added to 0.4 ml sample, 2.4 ml Na,CO, (290 g I'!), and 2 ml bidistilled water. Gallic acid
standard was used. The blind was made by the same method, but instead of Folin and
Ciocalteu’s reagent, 0.2 ml Na,CO; solution was used. After 30 min, reagent solutions were
measured at 760 nm with Hitachi U-2000 instrument. A gallic acid unit (GAU) is 1 mg gallic
acid in 1 ml bidistilled water.

1.4. Ascorbic acid content

Ascorbic acid concentration was determined according to Pharmacopoeia Hungarica VII.
(NATIONAL INSTITUTE OF PHARMACY, 1986). The 0.5 ml samples and ascorbic acid standards
were mixed with 0.1 ml FeNH,(SO,), (0.1 g FeNH,(SO,),/100 ml 2 M phosphorous acid), 0.5
ml 20% ammonium acetate solution, 0.5 ml 1% citric acid solution, and 0.02 ml 2,2-bipyridyl
(1 g/100 ml ethanol). After 2 hours, the solutions were diluted with 3.38 ml bidistilled water
and measured at 525 nm with Hitachi U-2000 spectrophotometer. The blanks were made
from adequate samples; but instead of 0.02 ml 2,2-dipyridyl, the samples were only diluted
with 3.4 ml bidistilled water.

1.5. Reducing power of berries

The reducing power was measured by the method of Ovaizu (1986). The 0.2 ml sample was
incubated with 0.8 ml bidistilled water, 2.5 ml pH=6.6 phosphate buffer, and 2.5 ml 1%
K;[Fe(CN),] solution at 37 °C. After 30 min, 2.5 ml trichloroacetic acid was added to the
samples, and from this mixture 2.5 ml were added to 0.5 ml 0.1% FeCl; solution. The
absorbance of the solution was measured with Hitachi U-2000 spectrophotometer at 700 nm.
Ascorbic acid was used as standard. An ascorbic acid unit (AAU) is 1 mg ascorbic acid in 1
ml bidistilled water.

1.6. Preparation of liver sample for measurement of lipid peroxidation inhibition

The 5 broiler chickens were obtained from Babadi Chicken Hatchery Ltd. (Ocsa, Hungary).
The broiler chickens were terminated, when 42 days old. The livers of the animals were
removed and were homogenized. Protein content was measured according to Lowry and co-
workers (1951). The pooled liver samples were diluted 100 times, and 1 ml was given to 1 ml
of 1:1 mixture of Folin A reagent (0.002 g ml™! potassium sodium tartratex4H,0O, 0.2 g ml!
Na,CO; and 0.04 g mI"' NaOH) and Folin B reagent (0.001 g ml' CuSO, x 5H,0). After 10
min, 4 ml of diluted Folin and Ciocalteu’s phenol reagent (1:17 Folin and Ciocalteu’s phenol
reagent:bidistilled water) was given to the sample, and incubated for 15 min at 37 °C in a
tempered bath. The reaction was stopped in an ice-cold bath and the absorbance of the
solution was measured at 650 nm. Parallels were made, and bovine serum albumin was the
standard. The homogenate was diluted to 10 mg ml™.
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1.7. Inhibition of ascorbic acid-induced lipid peroxidation

Samples (0.05 ml) were incubated for 30 min with 0.01 ml 50 mM KH,PO, solution; 0.05 ml
0.01 M ascorbic acid solution; 0.05 ml 0.5 mM FeCl;; 0.05 ml liver homogenate; 0.05 ml
buffer (11.02 g TRIS buffer and 5.8 g maleinic acid in 100 ml bidistilled water), and 0.25 ml
bidistilled water in 37 °C bath. After half an hour, 0.4 ml solutions were added to 2 ml
thiobarbituric acid reagent (250 ml 30% trichloroacetic acid; 125 ml 1 N hydrochloric acid;
1.875 g thiobarbituric acid, complemented to 500 ml with bidistilled water) to measure the
malondialdehyde. The mixtures were boiled in water for 15 min. After centrifugation of the
samples, absorbance (A) was measured at 535 nm with Hitachi U-2000 spectrophotometer.
The control solutions were made by the same method as the samples, but from 0.05 ml
bidistilled water instead. Every blank of the samples were made from the adequate berry
extract, but instead of liver, we used bidistilled water (HorvATH et al., 1993).

The inhibition% of the lipid peroxidation was counted from the control:

inhibition%=100% (A, A control) Acontrol

sample” -

2. Results and discussion

As it was expected, prominently high polyphenol and ascorbic acid content was in bilberry,
and the values of blueberry were higher than the values of lingonberry (Table 1). On the other
hand, data may seem to be lower than those of other studies, as in the latter measurements a
simple watery extraction was used, only one time, without organic solvents that could be
used easily as a dietary supplement. In the study of Jovancevi¢ and co-workers (2011),
extraction was made with methanol and at least 3.9 mg gallic acid equivalent was measured
in 1 g of fresh bilberry, but in our study only 1.2 mg gallic acid equivalent could be determined
in 1 g fresh fruit. In the literature, for blueberry samples at least 170.9 mg and for lingonberry
at least 431 mg gallic acid equivalent/100 g fresh fruit were measured after extraction three
times with organic or organic containing solvents. In this study only 29.8 and 26.9 mg gallic
acid equivalent/100 g fresh blueberry and lingonberry could be detected, respectively (LEE &
FmN, 2012; Kim et al., 2013). Same results were expected for ascorbic acid concentrations,
when compared to total contents. In the Souci-FAcHMANN-KRAUT database (2014), the mean
of total ascorbic acid content was 22 mg in 100 g edible bilberry. In our study only 5.5 mg
could be detected in the unattended, fresh samples. In the antioxidant measurements,
remarkable differences were found among the three berry-extracts. The reducing power was
the highest in bilberry, also the highest inhibition of lipid peroxidation was observed there
(Table 2). This is in agreement with our previous studies (SKESTERS et al., 2014).

Table 1. Total polyphenol and ascorbic acid content (mean + standard deviation)
in 0.05 g ml™' berry extract (Gallic Acid Unit=GAU)

Blueberry Bilberry Lingonberry
Total polyphenol content (GAU) 0.122+0.006 0.691+0.010 0.061+0.002
Ascorbic acid content (mg/100 ml) 2.254+0.038 3.183+0.095 0.639+0.057
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Table 2. Inhibition of lipid peroxidation and reducing power (mean + standard deviation)
in the 0.025 g ml™ berry extract (Ascorbic Acid Unit=AAU)

Blueberry Bilberry Lingonberry
Inhibition of lipid peroxidation (%) 40.25+2.67 65.57+8.23 23.66+2.57
Reducing power (AAU) 0.146+0.001 0.439+0.006 0.132+0.008

The properties of the lipid peroxidation levels can be attributed not only to the differences
in ascorbic acid, but to the polyphenol content, too. On the other hand, these components may
have pro-oxidant properties, for example in high doses or in the presence of metal ions (YORDI
et al., 2012). Also, high dose ascorbic acid (at least 500 mg day') consumption can cause
enhanced urination, etc. (Rutkowskr & GRZEGORCZYK, 2012).

These chemicals are very favourable for the inhibition of inflammatory processes of
bowel diseases during their contact reactions, as a remarkable amount of flavonoids stay in
the bowel, and may inhibit intestinal lipid peroxidation (DEiaNa et al., 2012; THILAKARATHNA
& RupasINGHE, 2013). In this case, the effects of the compounds are closer to our “in vitro”
experiment, as the performed reaction was carried out at 37 °C and iron was present at the
same time, while ascorbic acid was the main source of reactive substrates.

All in all, the experiment showed the direct effects of the intact, watery extracts of
berries against lipid peroxidation “in vitro”, which may have a role in the prevention of
enterocyte damage, membrane integrity, and inflammation in the bowel as well (DEiaNa et
al., 2012). This effect supports that berries are beneficial nutriment factors in inflammatory
bowel disease as well as in the celiac disease, where the integrity of the bowel is well known
to be disrupted.

The boreal spread of these fruit may have a subsequent benefit in case of celiac disease,
which can be found in higher prevalence in the northern regions, but further clinical trials are
needed to evaluate the effects of berries (FERRETTI et al., 2012; GUIRAL et al., 2012).

3. Conclusions

These “in vitro” data support the high antioxidant properties of these cold, lyophilised berry
extracts. Even though only watery extracts were studied, the inhibition of lipid peroxidation
was notable, underpinned by the remarkable reducing power, relatively high ascorbic acid
and polyphenol contents. While the effects of the antioxidants on illnesses are widely
examined, these experiments demonstrated the direct inhibitory effect of the lipid peroxidation
that has role in the bowel, for example in the case of celiac disease.
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