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Introduction
The
globalization
processes,
civilization
changes
and
internationalization
of the world economy creates new challenges for food producers. Current
role of commodity science is not only limited to design and assurance of food
quality and safety. It also coverers preservation and protection of natural
environment, development of new food products, smart packaging, novel
routine analytical methods, investigation of changes in consumer behaviour
and expectations, contributing in: nutrition education, health and well-being
as well as environmental support.
This volume includes collection of papers from diverse groups of
scientists from departments of commodity sciences of Polish universities.
Current Trends in food quality, innovations in food producing and analytics
were discussed in this monograph. The first group of chapters is concreted
about concentration and activity of biocompounds which determinate quality
and nutrition value of raw materials and foods, i.e. antioxidant activity of:
black tea, powdered wheat and barley grass, and selected medicinal herbs
from conventional and ecological farming it also includes antioxidant activity
during “douche” fermentation process. The next chapter discusses extraction
and purification of anthocyanins of lingonberry fruit on the other hand the
next chapter characterizes interactions of the bitter sparteine and αisosparteine derivatives with active site TAS2R receptors. One of the
chapters is about the application of dietary fibre as health-promoting additive
in sausages from the polish market. The next one discusses about biofilm
which is a problem in drinking water distribution systems. Another group of
consisting of three chapters is related to food safety assurance system in meat
industry and safety and quality of animal provenance products (selected legal
aspects). Following two chapters are about resistant starch, and
photocatalytic decolourization of cochineal. The last chapter is about
application of food freshness indicators in intelligent packaging.
All chapters are very interesting and contain many novelties regarding
the properties of antioxidant and health promoting biocompounds in food
products as well as legal aspects related to food safety.
HANNA ŚMIGIELSKA
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ATTEMPT OF ESTIMATION OF BLACK TEA QUALITY
BY ANALYSIS OF ANTIOXIDANT ACTIVITY
AND COLOR PARAMETERS OF TEA INFUSIONS
Przemysław Dmowski, Aleksandra Kosiorek
Faculty of Entrepreneurship and Quality Science, Department of Commodity
and Quality Science, Gdynia Maritime University, Gdynia, Poland
E-mail: p.dmowski@wpit.am.gdynia.pl
ABSTRACT: Black leaf tea quality depends mainly on the components and color of
the tea infusions and tea prices vary greatly, depending on the quality which has
traditionally been assessed by a tea taster who has developed his own language to
describe various quality attributes of a tea infusion. This language is sometimes
difficult to comprehend by consumers. It is necessary to develop objective methods
to identify the tea quality, chemically or physically. Understanding the relationship
of infusion constituents and infusion color to quality of the black tea would be
interesting for development of methods to identify black tea quality, chemically and
physically.
The present study is set to analyse antioxidant activity and color differences
of black tea infusions and their correlation with sensory quality attributes assessed
by tea consumers, so as to provide useful information for developing models to
estimate black tea quality.
Infusion color indicators of L*, a*, b*, sweet taste and metallic mouthfeel
were significantly correlated to total quality score (TQS). Based upon these results it
may be concluded that these parameters are the most significant, however no
sufficient for quantification of tea quality whereas other physical and sensory
attributes contribute so little to quality estimation that they may be ignored.
Keywords: tea, color, mathematical model, quality, antioxidant activity, linear
regression.

INTRODUCTION
Tea (Camellia sinensis L.) is one of the most traditional beverages consumed
worldwide due to its health benefits, satisfactory taste and aroma. Unlike
green tea (unfermented) and oolong tea (partially fermented), black tea is
defined as one kind of fully fermented tea. The manufacturing process of
orthodox black tea includes steps of withering, rolling, fermentation
7

(oxidation) and drying. Among them, the fermentation process is a crucial
step, which greatly changes the chemical compositions and subsequently the
taste, aroma, color, and nutritional and biological properties of teas [Tan et
al. 2016].
Black tea, is rich in various antioxidant polyphenols such as catechins,
theaflavins, and thearubigins, and other nutrients including amino acids and
bioactive carbohydrates and caffeine too, that could increase risk via
activation of proteins involved in various regulatory signal transduction
pathways [Pasquet et al. 2016]. A number of early studies have been carried
out, focusing on the transformation of flavanols (catechins) during the
complicated process of tea fermentation. The polyphenol oxidase (PPO) and
peroxidase (POD) present in the leaves are considered responsible for most
of the oxidation reactions. Catechins in fresh tea leaves are largely consumed
and chemically transformed to various oxidation products including dimeric,
oligomeric and polymeric compounds, such as theaflavins, theacitrins,
theasinensins, theanaphthoquinones, and thearubigins during the fermentation
process. Besides the flavanols, other compounds, such as flavonol glycosides,
amino acids, phenolic acids, and alkaloids are also bioactive constituents, and
were found changed during the tea fermentation [Tan et al. 2016].
Black tea quality depends mainly on the components and color of the tea
infusions and tea prices vary greatly, depending on the quality which has
traditionally been assessed by a tea taster who has developed his own
language to describe various quality attributes of a tea infusion [Liang et al.
2003].
Consumer acceptability of black tea depends upon its quality.
Furthermore, quality depends upon spatiotemporal variability of geographical
origin, manufacturing process and the species as well, which on the other
hand highly influence the chemical composition, and which are very critical
in determining its quality. Factors like color, appearance, flavor and mouthfeel jointly make up the quality of tea, which determines its commercial
value. Usually, a human panel, known as tea tasters, employs the traditional
method for assessing tea quality. They grade the tea samples on a scale,
separately for color, aroma and taste. However, this human panel tasting is
purely subjective and suffers from inconsistency and unpredictability due to
various human factors e.g. individual variability, decrease in sensitivity due
to prolonged exposure, fatigue, and variable mental states.
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Color of black tea is critical to quality attributes, used in the tea trade to rank
and price black teas. During black tea processing, theaflavins and
thearubigins and other polymerisation products are formed. The attractive
color of tea infusion is due to theaflavins which is an important quality index
of black tea giving a bright color and brisk taste of the infusion. So, the color
of the tea quality is associated with the chemical composition [Ouyang et al.
2017].
In assessment of tea quality or tea price, professional tea tasters mainly
consider the tea liquor characteristics. Understanding the relationship of
infusion constituents and color to quality of the black tea would be interesting
for development of methods to identify black tea quality, chemically and
physically [Laddi et al. 2012; Liang et al. 2003].
The present study is set to analyze chemical composition and color
differences of black tea infusions and their correlation with sensory quality
attributes assessed by tea tasters, so as to provide useful information for
developing mathematical models to estimate black tea quality.
MATERIALS AND METHODS
Materials
Five samples of different high quality grade black leaf tea originated from
four countries were analysed. Samples were acquired from Tri-City market.
The tea is indicated to be high quality (number 1 added to the description of
tea). Samples were as follows: India (Darjeeling FTGFOP 1 First Flush Finest Tippy Golden Flowery Orange Pekoe FF), India (Darjeeling FTGFOP
Second Flush - Finest Tippy Golden Flowery Orange Pekoe SF), Nepal
(SFTGFOP 1 - Special Finest Tippy Golden Flowery Orange Pekoe),
Rwanda (OP - Orange Pekoe) and Turkey.
Methods
Total phenolic content was measured using Folin-Ciocalteu colorimetric
method according to ISO 14502-1 [2006]. Prepared samples were incubated
in the dark for 60 min at room temperature. Distilled water was used as a
reference. The absorbance was measured at 760 nm against the blank and
results expressed as mg of gallic acid equivalents per 100 ml of the water
extract of black tea (mg GAE/100 ml). The determinations were carried out
in duplicate.
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The total antioxidant potential of samples was determined by using the
procedure described by Brand-Williams et al. [1995] and Büyükbalci and El
[2008]. 1 ml of extract was added to 2 ml of DPPH (7,78 mg/100 ml
methanol) followed by vigorous stirring. The DPPH solution was then
allowed to stand for 30 minutes and absorbance was measured at 517 nm by
using a Varian Spectra 250 plus spectrophotometer. Spectrophotometric
measurements were made using methanol as a blank. The reaction was
allowed to take place in the dark space at room temperature to reach a
plateau. The ability of extracts to scavenge DPPH free radicals was
calculated according to the following equation:
Abs contr  Abs sample
AA[%] 
 100
Abs contr
Abscontr – absorbance of control incubation, Abssample absorbance of the tested
sample. All tests were done in duplicate and the results were presented as
means±SD.
Organoleptic assessment of black tea by consumers
Tea infusions were prepared with water. Deionised water (95 mL, 1000C)
was added to 5.0 g of black tea and brewed for 5 minutes without additional
heating. All samples were filtered through Whatman No. 4 filter paper.
Research group was selected by non-random and convenient selection, which
involved the selection of respondents among Gdynia Maritime University
students. Size of the research group was determined by the assumption that
respondents drink tea every day; the minimum was 30 people. The evaluation
involved 35 students, including 17 men and 18 women. 15 men and 16
women met the assumption and then evaluated anonymously 5 coded tea
samples each.
A total of 5 black tea samples were evaluated in two sessions on
different days and all samples were rated twice. All attributes were evaluated
on a structured 5 cm line scale that provided a zero to fife score range.
During the evaluation, the staff instructed the panelists to evaluate the
sensory attribute according to the list of sensory attributes.
L*, a*, b parameters
CIE L*, a* and b* values of tea beverages samples were determined with
Konica-Minolta CR 400 colorimeter. The color values were expressed as L*,
10

a*, and b*. Color value, L*, indicates how brightness/darkness the sample is
(varying from 0 black to 100 white), a* is a measure of greenness/redness
(varying from -60 to +60), and b* is the grade of blueness/yellowness (also
varying from -60 to +60). All the experiments were performed in duplicate.
Statistical analysis
Statistical analysis of the results included the calculation of basic measures
such as the average and standard deviation. A one-way analysis of variance
(ANOVA) was performed for testing significant group differences followed
by a post hoc Tukey’s test (HSD), to determine which groups differed
significantly. Linear regression analysis and multiple linear regression
analysis were carried out using STATISTICATM12 programme. A
significance level p < 0.05 was assumed.
RESULTS AND DISCUSSION
Antioxidant capacity and color difference indicators
The total phenolic content, antioxidant activity and mean values of color
parameters of the black tea infusions are shown in Table 1.
Table 1. Antioxidant activity and mean values of color parameters of investigated
beverages
Country of origin /type of tea

India

Darjeeling First Flush
(DFF)
Darjeeling Second Flush
(DSF)

TP (mg GAE/
100 ml)
431.74  9.8a,b
335.32  3.7a

Rwanda

534.63  91.6b

Nepal

460.57  52.5a,b

Turkey

404.57  11.0a,b

AADPPH
L*
[%]
93.28 
32.41d
0.0007a
94.73 
33.56e
0.0064d
93.52 
27.49c
0.0007a
91.74 
26.40b
1.3866b
92.47 
25.17a
0.0028c

a*

b*

3.13b 18.91d
2.84a 19.90e
6.29d 14.33c
5.67c 12.33b
6.93e

9.47a

Explanatory notes: a – e – mean values denoted by the same letters are (in columns)
not significantly different at the p ≤ 0.05 level.

The lowest content was indicated in India DSF (335.32mg GAE/100 ml).
Data analysis did not show statistically significant influence of country of
origin and order of harvesting crops on the total content of poliphenolic
11

compounds in analysed infusions of high-grade black teas (F(4,20)=4.69,
p=0.06). The highest (not statistically significant) content of poliphenolic
compounds was indicated in the African tea from Rwanda (534.63 mg
GAE/100 ml). Less amount was indicated in tea infusions respectively from
Nepal (460.57 mg GAE/100 ml), Turkey (404.57 mg GAE/100 ml) and India
DFF (431.74 mg GAE/100 ml). Also, post-hoc test did not show statistically
significant differences between each infusion considering phenolic content,
with an exception of India DSF and Rwanda which relevantly differed
between each other.
Taking total phenolic content results for Indian teas from Darjeeling
region into an analysis, it was verified that the harvesting sequence
significantly affects antioxidant activity of these teas (Tab. 1.). Tea from the
First Flush had about 30% more phenolic compounds than tea from the
Second Flush. Different relationship was shown for antioxidant activity (Tab.
2.). Statistical analysis results showed significant impact of the country of
origin on of DPPH free radical scavenging ability of particular teas
(F(4,20)=123.006, p=0.00). Taking antioxidant activity of Indian teas into
consideration, the statistically significant influence was also shown between
the harvesting dates.
The results may also indicate that commercial quality designation does
not always correspond with resulting quality of the raw material.
Theoretically best tea from Nepal had the lowest antioxidant activity
(91.74%). However, presented values are representative for high-quality teas,
which finds confirmation in the results obtained by Tan et al. [2017]. The
average content of phenolic compounds in studied high-quality Chinese teas
was between 10.31 and 17.07 g GAE/100 g of tea. High values of analysed
parameters were indicated also by Perera et al. [2015], who assayed the
average content of phenolic compounds in high-quality teas from Sri Lanka
at the level of 32.5 g GAE/100 g. High values of phenolic content in African
teas were also indicated by Okinda Owour et al. [2008]. Determined values
ranged from 12.1 to 18.2 g GAE/100 g and from 11.4 to 18.9 g GAE/100g
respectively for tea from Malawi and Kenya, depending on the date of
harvest and fermentation time. Corresponding dependence for Turkish teas
was indicated by Özdemir et al. [1993].
Crucial factor determining the acceptance of tea infusion, except health
advantage, is its color (Tab. 1.). The result of tea infusion color parameters
analysis showed that Indian teas were characterised by the brightest color
12

with L*=32.41 and L*=33.56 for DFF and DSF. Significant color difference
between the two was not noticed (ΔE=1,55). Considering the clarity, India
infusions differed statistically significantly (F(4,20)=954.34, p=0.00) from
the other teas, which were clearly darker and of stronger saturation of red
color (value of a*) and significantly less saturated in yellow. Relatively high
values of a* and b* parameters suggested that Nepal, Rwanda and Turkey
infusions were characterised by red-yellowish color, which is undoubtedly
related to higher content of phenolic compounds, particularly teaflavins and
tearubigins that are responsible for typical color of black tea infusions and
influence the acceptance of tea by consumers. Confirmation of differences in
color parameters is found in calculated value of ΔE. Color differences
between Rwanda, Nepal and Turkey infusions were insignificant. Calculated
values of ΔE were as follows: ΔE=2.36 (Rwanda-Nepal), ΔE=5.42 (RwandaTurkey) and ΔE=3.36 (Nepal-Turkey). The biggest differences in colors of
the infusions were between India and the rest.
Sensory quality of various tea samples
In the first step, the panelists (consumers) were informed about the
background and objectives of the study and instructed on the sample analysis
procedure. During the first part of the training, consumers were exposed to a
number of black tea samples to become familiar with the product and the
analysis protocol. During a next session, the 5 samples were analyzed and
compared to one another, and the panel evaluated color and taste descriptors
(Tab. 2.).
Table 2. Average attribute intensities for each quality grade

Taste

Apperance /
Color

Country of origin
Type of attributes /
attributes

India
Rwanda

Nepal

Turkey

3.9  0.9 a

3.8  0.7 a

3.9  0.7 a

4.0  0.8 a

4.1  1.1 a

4.1  0.8 a

4.2  0.8 a

4.2  0.8 a

4.0  0.9 a

total

3.1  1.2 b

4.1  0.8 a

4.0  0.8 a

4.1  0.8 a

4.1  0.8 a

bitter

4.3  1.0 b

3.8  1.1 a,b

3.7  1.0 a,b

3.2  1.2 a

3.2  1.3 a

astringent

4.0  1.0 a

3.9  0.9 a

3.2  1.1 a,b

3.5  1.2 a,b

2.7  1.3 b

acidity

2.2  1.2 a

2.4  1.0 a

2.0  1.0 a

2.2  1.1 a

1.9  0.9 a

sweet

1.4  0.7 a

1.7  0.9 a,b

1.5  0.7 a,b

2.0  1.1 b

1.8  1.0 a,b

DFF

DSF

intensity

2.7  1.2 b

clarity
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metallic

2.1  1.4 a

1.8  0.9 a

2.0  0.9 a

2.1  1.1 a

1.8  1.0 a

earthy

2.0  1.2 a

1.8  1.1 a

2.3  1.2 a

2.3  1.2 a

1.8  1.1 a

TQS

2.8  1.1 b

3.5  0.8 a

3.2  0.9 a,b

3.2  0.8 a,b

3.5  0.7 a

Explanatory notes: TQS – Total Quality Score,
Values are expressed as mean ± SD
a-b – different letters in the same row indicate statistical differences between
means at p < 0.05
The highest rating of TQS was obtained by Turkish and DSF teas
while the lowest by DFF. The results were not statistically significant. Colors
of the infusions were rated on an average of 3.7 which means they were
acceptable. DFF obtained a sufficient rating. All of the tea infusions obtained
good clarity ratings, even though Darjeelings and Nepal gave quite cloudy
infusions.
According to the panelists, the bitter taste was the most intense in DFF,
whereas the least intense was in Nepal and Turkey. DFF tea was also
characterized by the highest astringent which could be the reason of a quite
low infusions total score. The least astringent tea was from Turkey which
obtained the highest total score. Based on that, it can be presumed that
intensity of bitter and astringent taste significantly influence tastiness. These
tastes in tea may be unacceptable or desirable by the consumers.
According to table 2, attributes of color such as „clarity” and attributes of
taste such as „bitter” and “astringent” had the highest average score, followed
by “intensity” color, “acidity” and “metallic” taste. These attributes were
perceived in all of the 5 black tea samples. “Bitter” taste and “clear” color
were demonstrated to be the most important attributes since they were at the
highest level of all attributes in the all tea samples. Other attributes occurred
also frequently in the black teas samples, but their average intensity scores
were fairly low with the maximum scores of less than 2.50.
Linear correlation analysis showed that there were significant linear
relationships between the individual tea taste quality attributes, but the total
quality score was not significantly correlated only to the individual tea
quality attributes – sweet taste (Tab. 3.). This suggests that a fine tea should
have good individual quality attributes. Various attributes of teas may be
compensated by blending. For example, a good blended tea may be obtained
by blending a tea of strong taste and weak aroma with a tea of weak taste and
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strong aroma. That is why a tea manufacturer blends his special brand tea
with materials produced from various origins and seasons.
Total Quality Scores (TQS) is the most important parameter for evaluating
the tea and it is significantly correlated with the individual sensory (taste)
quality attributes (Tab. 3.).
Table 3. Linear correlation coefficient between quality attributes of black tea

Taste

Taste
bitter
astringent
acidity
sweet
metalic
earthy
TQS

bitter

astringent

acidity

sweet

metalic

earthy

TQS

1.00
0.43*
0.20*
-0.31*
0.21*
0.08
-0.11

1.00
0.30*
-0.01
0.19*
0.26*
-0.12

1.00
0.06
0.40*
0.13
-0.10

1.00
0.10
0.16
0.34*

1.00
0.39*
-0.14

1.00
0.02

1.00

Explanatory notes: TQS – Total Quality Score, *p< 0.05

These results provide useful information for developing mathematical models
(Multiple Linear Regression) to estimate TQS of black tea quality depending
on its predictors.
Regression of the TQS upon the taste descriptors produces the following
highly significant relationship:
TQS = 0.40·t_sweet – 0.15·t_metalic + 2.88;
2
r = 0,16 in which the standard error of estimate is 0.844.
The sweet taste and metallic mouthfeel descriptors have the most effect on
the TQS. However, it should be noted, that due to the low value of the
coefficient of determination (r2) and the low probability (p), the depending on
these resulting are weak and do not allow unambiguous prediction of TQS
values based on other taste descriptors.
Furthermore, the linear correlation analysis showed that concentrations of
polyphenols and antioxidant activity were correlated positively or negatively
and significantly with various individual quality attributes and total quality
scores (Tab. 4.).
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Table 4. Linear correlation coefficients between the infusion chemical
constituent and tea quality attributes.
Appearance

TPC
DPP
H
L*
a*
b*

inte
nsit
y
0.06
0.08
0.51

Taste

Clari
ty

total

bitte
r

astri
ngen
t

0.73

-0.08

- 0.08

-0.13

- 0.62

-0.20

0.48

0.89*

0.42

-0.24

-0.06

0.59

0.15

0.49

-0.55

- 0.33

- 0.47

0.13

-0.24

-0.48

0.81*

-0.19

0.86*

-0.56

0.16

-0.37

0.30

0.55

0.23

0.52

0.75*

0.21

0.93*

0.44

-0.26

0.34

0.35

0.53

-0.07

-0.49

0.83*

-0.16

0.8*

-0.61

0.26

-0.21

0.39

Acidi
ty

swee
t

meta
earthy
llic

TQS

*p< 0.05

There were positive and significant correlations of the concentration
polyphenols with the scores of tea earth taste (r2=0.89, p=0.043) while
correlations between the concentrations of polyphenols, antioxidant activity,
color parameters and the total quality score were not statistically significant.
The values of a* parameter were significantly correlated with individual
quality attributes or the total quality score (sweet taste).
The L* value was negatively correlated to the total quality score,
appearance and astringent taste, respectively. Values of a* and b* of black
tea infusions were on the positive scales (Tab. 1.), suggesting that the black
tea infusions were red and yellow in color. The a* and b* were negatively
and significantly correlated with black tea taste (bitter and acidity). The b*
was also significantly correlated with tea bitter and acidity taste suggesting
that infusion of high quality black tea was deeper in red and yellow color
than that of low quality tea.
Results shows that total polyphenol content was positively correlated
with a* (r2 = 0.56; p=0.22) and negatively with b* (r2 = - 0.36, p=0.19) and
with *L (r2 = - 0.52, p=0.12). This suggests that a high quality black tea may
have a higher concentration of red and lower concentration of yellow tea
pigments.
TQS is the most important parameter for evaluating the tea and it is
correlated with the quality attributes, like TPC and color parameters. It will
16

be interesting for estimating tea quality if mathematic models can be
constructed using the TQS as dependent variable and the chemical and
infusion color indicators as independent variables.
Taking into consideration the above results, an attempt was made to
determine the relationship between antioxidant activity, expressed as the total
polyphenol content TPC, color parameters L*, a*, b* and Total Quality
Scores. Due to TPC and color parameters were correlated with TQS, the
linear regression was applied to screen the data set. Analyzing the linear
regression equations, it can be concluded that there is little relation between
tested parameters:
1) TQS = 3.98 – 0.002 · TPC, r2 = 0,18 in which the standard error of
estimate is 0.32;
2) TQS = 0.04 – 0.02 · L*, r2 = 0.09 in which the standard error of
estimate is 0.33;
3) TQS = 0.06 + 0.09 · a*, r2 = 0.13 in which the standard error of
estimate is 0.32;
4) TQS = 0.04 – 0.03·b*; r2 = 0.15 in which the standard error of
estimate is 0.32.
Due to the low value of the coefficient of determination (r2) and the low
probability (p), the relationships between these results are weak and do not
allow unambiguous prediction of TQS values based on TPC and values of the
color parameters L*, a*, b*. Because r2 is less than 0.2, the regression
explains only less than 20% of the TQS variability. Obtained models show
that there is less than 20% of the relationship between color parameters,
antioxidant activity expressed by the total polyphenols content and TQS.
Therefore, in this case the color parameters can not be useful to estimate the
antioxidant activity of researched samples of tea.
CONCLUSIONS
Investigated samples of black tea can be classified as high quality teas. Tea
from Rwanda had higher antioxidant activity than other tea samples,
especially from India, which were declared as First and Second Flush.
However, the result were not statistically significant.
The linear relationship between TQS and polyphenol content or color
parameters was determined to show that there is less than 20% of the
relationship between these variables.
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Based upon these results it may be concluded that color parameters of L*, a*,
b*, sweet taste and metallic mouthfeel are the most significant,
however no sufficient for quantification of quality the researched
samples of black tea, whereas other physical and sensory attributes
contribute so little to quality estimation that they may be ignored.
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Streszczenie: Jakość herbaty czarnej zależy przede wszystkim do zawartych w
liściach składników i pośrednio również od barwy naparu. Wyróżnikiem ceny
rynkowej jest jakość sensoryczna naparów, która bardzo często oceniana jest przez
doświadczonych degustatorów, którzy posługują się określeniami niezrozumiałymi
dla przeciętnego konsumenta. Istnieje zatem potrzeba opracowania obiektywnej
metody pozwalającej na oszacowanie jakości herbaty. Interesującym byłoby
oznaczenie zależności matematycznych pomiędzy cechami sensorycznymi herbaty a
wielkością fizykochemicznych parametrów jakości.
W artykule skoncentrowano się na ocenie jakości naparów czarnej herbaty
liściowej poprzez oznaczenie aktywności antyoksydacyjnej i jej skorelowaniu z
wynikami oceny sensorycznej naparów. Celem opracowania było podjęcie próby
opracowania matematycznej zależności pomiędzy badanymi parametrami.
Wykazano znaczący wpływ parametrów barwy L*, a*, b*, smaku słodkiego
oraz posmaku metalicznego na ogólną ocenę smaku (TQS). Na podstawie tych
wyników można stwierdzić, że w/w parametry są najbardziej znaczące, jednak nie
wystarczające do precyzyjnej ilościowej oceny jakości herbaty, podczas gdy
pozostałe badane parametry fizyczne i sensoryczne odgrywają na tyle nieistotną rolę
w ogólnej ocenie jakości, że można je zignorować.
Słowa kluczowe: herbata, barwa, model matematyczny, jakość, aktywność
antyoksydacyjna, regresja liniowa
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CHANGES IN BIOACTIVE COMPOUNDS AND
ANTIOXIDATIVE ACTIVITY DURING DOUCHI
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ABSTRACT Changes in quantitative relations and properties of bioactive
component of bean douchi at the four fermentation stages were determined.
Yongchuan douchi from China (south-western) was used as a starter to produce
douchi from Polish bean (Phaseolus vulgaris variety Igołomska) obtained from a
local market in Poznan. The process of producing bean douchi increased the
antioxidative properties (determined by the ABTS method) from 1.39 mg/g d.m to
5.40 mg/g d.m. (antioxidative potential expressed in mg of Trolox). The total
polyphenols content increased from 0.46 mg/g d.m to 2.40 mg/g d.m. in bean douchi
and it showed a significant rising trend in post-fermentation and further maturation
stages. A high correlation (r = 0.92) between the changes in antioxidative capacity
and those in total polyphenols content was also observed. Assessment of protein
transformation by native electrophoresis showed that albumins and globulins were
degraded to smaller subunits during fermentation process. It has been shown that
Polish beans can be used as an alternative raw material for production of douchi type
food. Douchi obtained from the bean variety Igołomska is a seasoning with high
nutritional and pro-health value.
KEYWORDS
Douchi, polyphenols, antioxidative activity, functional food, food quality,
fermentation.

INTRODUCTION
Legumes have played an important role in traditional human diets of many
regions from ancient time [Messina 1999]. The 25-year study on mortality
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from coronary heart disease performed in seven countries has shown that
consumption of legumes is connected with the highest significant negative
correlation (r = −0.822) with this mortality, which is higher than consumption
of cereals, fish and fruit [Menotti et al. 1999]. Soybean production is the
largest in the total world legumes production, for example, in 2014 its
contribution reached 66% [Food and Agriculture Organization of the United
Nations]. Soybean is unique among legumes because it is a source of
compounds important for human health [Messina 1999; Sakthivelu et al.
2008]. Compared with other legumes, soybean has a variety of nutritional
advantages related to the high contents of proteins, fats and minerals. The
amounts of nutrients in soybean depend on the variety, region of cultivation
and whether conditions [Ciampitti 2016]. The countries in which soybean has
been popular for ages have developed a number of methods of treatment of
this raw material before consumption. One of such processes is fermentation.
For example, in China a well-known fermentation product is sufu, tempeh is
consumed by Indonesians, natto and miso are popular in Japan, and
Cheonggukjang and Doenjang are widely used in Korea [Kwon et al. 2010;
Nowak and Kuligowski 2017]. Douchi is one of traditional fermented food
products made generally from soybean and originating from China.
Sometimes it is referred to as soy nuggets, salted black beans or fermented
black soybeans. In some regions of China this dish is also called shih, chi,
tou- ch’ih, or douchi. The two most popular varieties in Japan are Hamanatto
(savory soy nuggets) and Daitokuji natto (Daitokuji soy nuggets). The
Philippines and Malaysia have tausi or tao-si [Shurtleff and Aoyagi 2011].
The first record of douchi goes back to 104 years b.c. Douchi has been used
as a medicinal food and seasoning. It is mainly made with soybean or black
soybean (occasionally made with other kind of beans) subjected to a complex
processing of fermentation. Traditional Chinese medicine uses douchi for
treating dyspepsia, restlessness, asthma, and to increase sweating [Xu et al.
2015; Yang et al. 2016].
In China, several types of douchi are known and depending on water
content they can be classified into dry douchi and water douchi [Li 2006].
According to the dominant microorganisms involved in fermentation, douchi
can be divided into two large groups: bacterial douchi and mold douchi.
Mold douchi can be further divided into Aspergillus type (represented by
Bejing douchi, Hunan douchi) and Mucor type (represented by Tongzhou
douchi of Sichuan) [Hou 2013; Li et al. 2007; Wang et al. 2007]. Bacterial
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douchi is very common in north China, and is obtained by spontaneous
fermentation, not by the use of strictly defined starters [Wang et al. 2007].
Climate differences and regional specificities of production process are
responsible for developments of a few brands characteristic for different
regions of China. In general, dry douchi from soybean is obtained by
cleaning, soaking, steaming, cooling, inoculation, douchi qu making, douchi
qu washing, draining, mixed with salt, post-fermentation and drying [Hou
2013]. Douchi qu making is based on the growth of microorganisms in
soybean and the procedure is described below.
Aspergillus type douchi qu: soybean should be cooled to 35°C after
steaming, then it should be inoculated with Aspergillus oryzae or other
Aspergillus spores at the mass ratio of 0.3%, and incubated at 25°C. If the
temperature of soybean grains reaches 35°C, they should be stirred to cool
them down. When soybean surface is covered with yellow-green spores it
indicates that the douchi qu has matured, which usually takes about 72 hours.
Then douchi qu is washed with water to remove the mold spores, mycelia and
some amount of enzymes. The washing process is a unique process of
Aspergillus type douchi production.
Mucor type douchi qu: soybean should be cooled to 30°C after
steaming, then inoculated with Mucor spores at the mass ratio of 0.3%, at
27°C. The temperature of soybean grains must be controlled and kept below
18°C by ventilation. After 10-12 days, the process should be stopped when
the mycelium color becomes grey blackish. During this period, rabbling
should be applied twice. The heat-resistant Mucor M.R.C-1 can be used for
douchi production. If this strain is inoculated singly and incubated at 2327°C, the time of maturation can be shortened to 3 days. If the mixture of
M.R.C-1 and x-1 strain is used to inoculate the soybean, the incubation
temperature may raise to 25-28°C.
Bacterial type douchi qu: after steaming and draining, the soybeans
should be placed in a sack or other container with cover and kept at a
temperature above 25°C to ferment for 3-4 days. When the soybean surface is
covered with mucus and exudes a special flavor, it is the time to stop the
process [Du et al. 1999; Hou 2013; Yurong and Xiaoyan 2010]. Douchi after
inoculation and incubation undergoes fermentation and is aged by storing in a
closed bottle or sunning for more than half a year [Li et al. 2004]
In scientific articles, soy products are described as sources of
compounds such as polyphenols, isoflavones and proteins which can play
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relevant role in prevention of some diseases [Messina 1999; Sakthivelu et al.
2008]. Polyphenols are known health-promoting dietary components owing
to their antioxidative activity [Panat et al. 2016]. They protect plants from
oxidative stress, UV radiation, pathogens, and harsh climatic conditions
[Pandey and Rizvi 2009]. Epidemiological studies and associated metaanalyses strongly suggest that long term consumption of products rich in
plant polyphenols can protect humans against some kinds of cancers,
cardiovascular
diseases,
diabetes,
obesity,
osteoporosis
and
neurodegenerative diseases [Bakuradze et al. 2011; Menotti et al. 1999;
Messina 1999; Pandey and Rizvi 2009]. Other leguminous seeds also contain
high amounts of polyphenols and show interesting nutritional value. Soy
beans are treated with caution by a large group of consumers, as soy belongs
to one of the most often genetically modified organisms [Twardowski 2011].
Therefore, beans other than soybean can be considered as potential substrates
for production of fermented food, especially for the consumers outside Asia.
Douchi production process is generally well-described, however, there
is no uniform standard of specific process parameters, many steps in the
processing sectors are relying on the experience of the workers in the
factories or workshops master, which leads to a variety of douchi products on
the market and differences in its quality [Hou 2013]. Furthermore, in China
not only soybean has been used for douchi production, but also for example
Phaseolus vulgaris beans [Lu 2015].
The objective of this study was to determine the changes in total
polyphenol content, free radical scavenging activity and protein during
douchi fermentation of Polish bean seeds.
MATERIALS AND METHODS
Materials
Bean seeds, Igołomska variety, were obtained from a local market in
Poznan, Poland. Yongchuan douchi as the starter of fermentation was
obtained from a Chinese market (south-western China).
All reagents were of analytical grade. ABTS (2,2ʹ-azinobis (3ethylbenzothiazoline-6-sulfonic acid), Folin–Ciocalteu reagent and Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), were purchased
from Aldrich-Chemical (St. Louis, MO).
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Douchi preparation
Douchi preparation was performed as illustrated in Figure 1. The steps
and parameters were as follows.
(1) Pre-treatment. Bean seeds (Phaseolus vulgaris) were washed then
soaked in tap water over night at room temperature (24 ± 2°C). After that, the
beans were steamed at 121°C. At this stage (stage 1), a test sample was
collected.
(2) Pre-fermentation. The cooked beans were inoculated immediately
with Yongchuan douchi starters (w/v=1%) after cooling to 30–35°C. The
beans mixed with the starters were placed in glass vessels (8.0 cm in
diameter, 4.0 cm in depth) and incubated for 67 h. The humidity was
maintained around 80%. After this stage (stage 2), semiﬁnished product
called douchi qu (Koji) was obtained and another test sample was collected.
(3) Post-fermentation. The douchi qu located in glass vessels was
salted until the NaCl content reached about 10% (w/w). After ripening for 1
month at 33°C the semi-douchi was obtained and a sample set was collected
(stage 3). Next, the douchi was continually incubated at 60°C for two weeks
in order to investigate the changes that took place at this stage. The sample of
the final product was collected for the study (stage 4) [Li et al. 2003].
Douchi samples were prepared in triplicates. The samples collected at
each stage were frozen and lyophilized.
Methods
Determination of total polyphenols
One gram of crushed sample was extracted for 1 h with 70% acetone on a
roller shaker [Gumienna, Czarnecka and Czarnecki 2007]. The mixture was
centrifuged at 1780 g for 15 min. Total polyphenols were determined using
the Folin–Ciocalteu reagent described by Chandler and Dodds [1983] with
Shetty et al. [1995] modification. Gallic acid was used to prepare the standard
curve.
Determination of antioxidative activity
Antioxidative activities were measured using the ABTS method [Re et al.
1999]. The extracts were prepared in the same way as for polyphenols.
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Figure 1. The flow diagram of the process of douchi production from bean
seeds analysis. Antioxidative activities were expressed in mg of Trolox/g dry
weight of samples -Trolox equivalents.
Determination of antioxidative activity
Antioxidative activities were measured using the ABTS method [Re et al.
1999]. The extracts were prepared in the same way as for polyphenols
analysis. Antioxidative activities were expressed in mg of Trolox/g dry
weight of samples -Trolox equivalents.
Protein analysis by Bradford’s method
Crushed samples were extracted for 30 min with 9.5 ml of distilled water on
a shaker. The mixture was centrifuged at 2205 g for 30 min. The supernatant
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was transferred to a 10-ml volumetric flask, diluted with distilled water to
full volume, and mixed. The supernatant was used for determination of the
content of albumins. The precipitation was extracted again for 30 min with
9.5 ml of sodium chloride solution on a shaker. The mixture was centrifuged
at 2205 g for 30 min. The supernatant was transferred to a 10-ml volumetric
flask, diluted with 0.5 M sodium chloride solution to full volume, and it was
used for determination of the content of globulins. The quantitative analysis
of proteins was performed by Bradford's method [Debiton et al. 2011].
Protein analysis by native gel electrophoresis
The protein was analyzed by native gel electrophoresis [Bouazizi et al.
2009]. The sample preparation before electrophoresis was the same like in
Bradford protein quantitative analysis. The Mini-PROTEAN Tetra cell
system was used for the electrophoresis process (Bio-Rad).
Sensory analysis
Flavor profile characterization for douchi was performed by sensory panelists
(including 5 Poles and 5 Chinese persons) from the Department of Food
Science and Technology, Poznan University of Life Sciences. The training
was conducted on three different types of douchi, including commercial
douchi products and laboratory made soybean douchi. Douchi samples were
pan-fried on rapeseed oil, then a little water was added to make a soybean
paste which was mixed with the boiled wheat noodles, and stabilized at 70°C.
The order of the sample presentation was randomized.
Statistical analysis
All analyses were made in triplicates. Statistical analysis was carried out
using Microsoft Excel 2003 and Statistica 9.0 StatSoft software. The Tukey’s
multiple means comparison test was used to verify differences between the
samples. The criterion of significance was α= 0.05. Pearson correlation
coefficients (ToolPak of EXCEL-Microsoft Corporation) were used for the
correlation studies and their significance was evaluated.

RESULTS AND DISCUSSION
The appearance of bean samples is shown in Figure 2. From left to right,
the figure presents the legumes at the pre-treatment stage, pre-fermentation
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stage, post-fermentation stage and further maturation stage. With the
fermentation going on, the color became increasingly deep, meanwhile the
texture became increasingly soft. Indeed, when beans were autoclaved for 15
min at 121°C to obtain sterile beans for monoculture fermentation, they were
slightly softer than those treated for 90 min at 90-95°C (traditional process)
or for 10-15 min at 110°C (optimized process) [Sarkar and Tamang 1995].

Figure 2. Appearance of samples at the four stages of douchi production
process
Changes in the content of total polyphenols during douchi fermentation,
expressed in mg of gallic acid per g d.m. are shown in Figure 3. There was no
significant difference (p<0.05) in the content of polyphenols between pretreatment samples (stage 1) and pre-fermented samples (stage 2). However,
an increase in phenolic compound contents was observed in postfermentation samples (stage 3) and in maturation stage samples (stage 4). The
highest concentration of total polyphenols was observed in the final douchi
product.
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Figure 3. Changes in the content of total polyphenols during douchi
fermentation.
Averages marked with different letters differ significantly (P <0.05; Tukey
test).
The increase in the total content of polyphenols in soybeans after
fermentation obtained in this study is in agreement with the findings of other
researchers [Georgetti et al. 2009; Lin, Wei and Chou 2006; Moktan, Saha
and Sarkar 2008]. It has been suggested that β-glucosidase, exuded by
microorganisms, catalyzes the release of aglycones from the bean substrate
and plays a key role in increasing the polyphenols content in the product
[Kudou et al. 1991]. The total polyphenol content in fermented natto was
higher than in non-fermented soybeans in this study, which was consistent
with the findings of other authors [Kudou et al. 1991; Kwak et al. 2007;
Moktan, Saha and Sarkar 2008]. Similar reports have revealed that total
polyphenol contents in kinema (a fermented soybean food) [Moktan, Saha
and Sarkar 2008] and chungkookjang [Kwak et al. 2007] were higher than in
non-fermented cooked soybeans. However, different results have been
reported by Shon et al. [2007] who did not find change in the total
polyphenols content between chungkukjang (also described as
chungkookjang) and cooked non-fermented soybeans The available
information about fermentation of leguminous products different than soy has
been scarce. Bean (P. vulgaris) tempeh has been shown to contain higher
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amounts of polyphenols than the material before fermentation [Kuligowski
and Nowak 2012].
Changes in the antioxidant capacity, expressed as mg of Trolox
equivalents per g d.m. are shown in Figure 4. The ABTS free radicalscavenging effect was significantly increased (P<0.05) after stage 1 of douchi
preparation, and at stage 4. However, no significant change in antioxidant
capacities was noted between the pre- and post-fermentation stage. A high
correlation (r = 0.92) between the changes in polyphenols content and
antioxidative properties was observed.

Figure 4. Changes in the antioxidative properties during douchi
fermentation. Averages marked with different letters differ significantly (p<
0.05, Tukey test).
The ABTS+ scavenging activity of soybean meal fermented by Bacillus sp.,
R. oligosporus was observed to be higher than that of unfermented soybean
flour. Moreover, Fan et al. [2009] also indicated that the soybean fermented
by B. subtilis showed strong antioxidant activities against the ABTS+ radical
cations in douchi. Pyo, Lee and Lee [2005] reported a good linear correlation
between the isoflavone aglycone concentration and the scavenging activity of
ABTS+ in ethanolic extracts from soybean fermented by lactic acid bacteria.
Fermentation processes have led to an increase in the content of polyphenols
and antioxidative properties in bean [Kuligowski and Nowak 2012] and pea
[Miszkiewicz et al. 2008] tempeh. Increased antioxidant properties and the
content of polyphenols can be a result of enzymatic degradation of seed cells
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and better extraction of polyphenols after their release from connections with
other compounds. Hole et al. [2012] have related this situation to improved
bioavailability of released compounds.
The content of bean douchi albumins increased slightly during the prefermentation stage (stage 2), which was followed by its rapid increase during
the post-fermentation stage (stage 3), and then it sharply decreased (stage 4)
after the temperature was increased to 60°C (Figure 5). The content of bean
globulins showed no changes at the pre-fermentation and post-fermentation
stages, but it decreased at the final stage (Figure 6). A similar observation
was reported by Giami [2004] who established that the albumin and globulin
fractions increased during fluted pumpkin seeds fermentation, reaching their
maximum values on the 5th day, but declined thereafter. Furthermore, no
correlation was found between albumin and globulin content in douchi
fermentation.

Figure 5. Changes in the content of albumins during douchi fermentation.
Averages marked with different letters differ significantly (P <0.05; Tukey
test).
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Figure 6. Changes in the content of globulins during douchi fermentation.
Averages marked with different letters differ significantly (P <0.05; Tukey
test).
Increased contents of albumins and globulins suggested that the
microorganisms degraded different groups of proteins. Qualitative analysis of
proteins was performed by native electrophoresis which was chosen as the
most popular SDS-Page electrophoresis can cause denaturation of proteins
subunits. The changes in subunits of albumins and globulins (Table 1) have
indicated intensive degradation during douchi production process. The
albumins underwent degradation after the pre-fermentation stage, while at the
post-fermentation stage the proteins of a lower retention factor than those
present at the pre-fermentation stage appeared. In globulins the new proteins
appeared at the pre-fermentation stage. The retention factor (Rf) in native
electrophoresis depends not only on the protein molecular mass but also on
their surface structure. If in the process of native electrophoresis the proteins
appear as one band and their Rf is near 1, it means that their structure is not
complicated and molecular mass is low. Several authors have reported the
degradation of proteins (glycinin and β-conglycinin) during fermentation by
proteolytic enzymes released by microorganisms, in the processes of
production of soy sauce, miso, soybean ingredients and feed grade soybean
meals, which led to improvement in their nutritional and functional properties
[Hong et al. 2004; Ito et al. 2005; Kobayashi 2005; Ogawa et al. 2000;
Yamanishi et al. 1995].
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Table 1. Changes in albumins and globulins during douchi fermentation.
ALBUMIN

GLOBULIN

1

stage 1
Rf
µg/g d.m.
0.044±0.008
2393±84

1

stage 1
Rf
µg/g d.m.
0.049±7.1E-4
375±29

2

0.156±0.001

245±16

2

0.198±0.011

1354±355

3

0.222±0.003

1032±148

3

0.370±0.013

9356±1026

4

0.416±0.004

9360±469

4

0.978±7.1E-4

390±90

5

0.678±0.000

355±25

6

0.778±0.000

505±68

7

0.972±0.008

251±18

stage 2

stage 2

1

Rf
0.381±0.001

µg/g d.m.
621±61

1

Rf
0.226±0.001

2

0.477±0.000

8276±166

2

0.349±0.005

682±73

3

0.567±0.011

5668±440

3

0.420±0.005

10827±39

4

0.987±0.001

128±8

4

0.533±7.1E-4

3473±158

5

0.959±0.000

181±11
µg/g d.m.
2879±144

stage 3

µg/g d.m.
3044±432

stage 3

1

Rf
0.233±0.004

µg/g d.m.
4555±474

1

Rf
0.341±0.005

2

0.365±0.004

3518±223

2

0.422±0.007

995±36

3

0.451±0.000

1862±105

3

0.591±0.007

8307±219

4

0.652±0.000

13593±1517

5

0.976±0.006

100±6

stage 4
1

Rf
0.973±0.002

stage 4
µg/g d.m.
102±44

Rf

µg/g d.m.

The sensory analysis was untypical because of the specificity of the
subject of evaluation. Usually, douchi is a seasoning that together with other
condiments affects the taste of vegetables, fish, meat or staple food consumed
in China. Thus, the sensory evaluation of douchi was difficult, all the more
that literature does not provide information on any reliable method of sensory
evaluation of such seasonings. In this study, wheat noodles were used as an
accessory food in accordance with the Chinese eating habits, but unlike
Japanese natto that is usually eaten with rice. However, the wheat flavor is
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stronger than that of rice, which may interfere with the panelists evaluation.
The lab bean douchi was compared with three types of commercial douchi
bought in Beijing on local markets. The aim of this analysis was to define
descriptors allowing evaluation of douchi, because of their lack in available
literature. The commercial douchi aroma was described as roasty, slightly
nutty, slightly mushroomy, beany, and its taste was described as salty, meaty,
burnt, little astringent. In bean douchi, the descriptors included mushroomy,
expired nutty, beany, and bready, meaty and nutty were identified for the
aroma and taste, respectively.

CONCLUSIONS
It has been observed for many years that culinary habits are
transferred from richer or higher developed countries to the countries or
communities which are at a lower economic state. An example is the fast
food chains invasion after Polish political system transformation. Currently,
when the Asian countries have become competitive to western countries, a
similar trend has been observed. Polish market has begun to offer tofu, soy
"milk" and more food products typical of Asia. However, even for the
products that could be acceptable by Europeans there is often the lack of
basic information on descriptors allowing the products characterization and
evaluation of their quality. Additionally, the technology of production of
these new food products is not fully known or only fragmentary described.
To the best of our knowledge this has been the first study on douchi in
Poland. It is important to study a possibility of producing a food product of
high nutrition value widely used in China, which is the most populous
country, with the use of Polish beans as a raw material. Our study has shown
that Polish beans can be used to produce douchi of similar quality to the
Chinese soybean douchi. Furthermore the total content of polyphenols and
antioxidant capacity of bean seeds were significantly improved as a result of
the douchi fermentation process.
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STRESZCZENIE: W pracy określono zmiany składników bioaktywnych na
czterech etapach w trakcie procesu wytwarzania douchi z nasion fasoli
zwyczajnej odmiany Igołomska. Jako starter zastosowano Yongchuan douchi
z południowo-zachodnich Chin. Proces wytwarzania douchi zwiększał
właściwości przeciwutleniające (oznaczane metodą z wykorzystaniem
kationorodnika ABTS+) z 1.39 mg/g s.s. do 5.40 mg/g s.s. (potencjał
antyoksydacyjny wyrażony w mg Troloxu). Całkowita zawartość polifenoli
wzrastała z 0.46 mg/g s.s. do 2.40 mg/g s.s. Zmiany potencjału
antyoksydacyjnego i ilości polifenoli ogółem charakteryzowały się wysoką
korelacją na poziomie r = 0,92. Ocena transformacji białek za pomocą
natywnej elektroforezy wykazała, że albuminy i globuliny były rozkładane
do mniejszych podjednostek podczas fermentacji.
Przeprowadzone badania wykazały, że polska fasola może być
alternatywnym w stosunku do nasion soi surowcem do produkcji douchi.
Douchi wytworzone z fasoli odmiany Igołomska jest przyprawą o wysokiej
wartości żywieniowej i prozdrowotnej.
SŁOWA KLUCZOWE
Douchi, polifenole, aktywność przeciwutleniająca, żywność funkcjonalna,
jakość żywności, fermentacja.
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ABSTARCT: Young cereal leaves due to the high content of various bioactive
compounds has been used as herbal medicine in treatment of various dysfunctions
such as obesity, ulcers, diabetes, some cancers, high blood pressure, gastritis, liver
and pancreas problems, eczema, asthma, anaemia and chronic fatigue. The main
bioactive compounds isolated from cereal grasses are alkaloids, tannins, saponins,
phenolic antioxidants, terpenoids, and cardiac glycosides. Young cereal leaves
provide also high amounts of vitamin C, vitamin A, B-complex vitamins, potassium,
magnesium, calcium, zinc and iron. Therefore food and food supplements made of
young cereal leaves are considered as growing part of functional food market.
Numerous clinical and epidemiological studies have shown that intake of
dietary fiber contributes to prevention of cancer, obesity, type two diabetes and
cardiovascular disease. Another researches have shown that consumption of
products rich in dietary antioxidants causes similar effects. Consequently it is very
preferable to provide appropriate level of these components with the diet. Cereal
grasses, like cereal grain, fruits, vegetables and legume seeds, can be considered as a
rich source of dietary fiber and antioxidants.
In this study the dietary fiber content and antioxidant activity of powdered
barley (Hordeum vulgare L.) grass and powdered wheat (Triticum aestivum L.) grass
was compared. The contents of total dietary fiber and of soluble and insoluble
fraction were determined using an Asp’s method. Antioxidant activity was evaluated
by popular in vitro methods such as TEAC assay and FRAP assay. The obtained
results have shown that powdered barley grass contains a little more (35.08 g/100g
d.m.) total dietary fiber than powdered wheat grass (31.02 g/100 g d.m.). However
powdered wheat grass have demonstrated stronger antioxidant activity.
KEYWORDS: dietary fiber, antioxidant activity, wheat grass, barley grass, cereals
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INTRODUCTION
The cereals are described as a grains or edible seeds of the grass family,
Gramineae such as wheat (Triticum), barley (Hordeum), rye (Secale), oats
(Avena), rice (Oryza), millet (Pennisetum), maize (Zea) etc. [McKevith
2013]. The history of use cereals by humans is long and dating back at least
10000 BC. Cereals are commercially available in different forms as raw grain
or as ingredients of food products. The main groups of foods prepared from
cereal grains are baked products (made from flour or meal e.g. cookies, cakes
or bread), milled grain products (made by removing the bran and the germ
e.g. wheat flour, polished rice or farina), beverages (made from roasted grains
or fermented grain products) and whole grain products (e.g. brown rice,
popcorn or puffed grains). Cereal grains are also commonly used as animal
feed for livestock and poultry, which are grown for meat, dairy and poultry
industries [Sarwar et al. 2013].
Cereal grains are considered as the main source of food and thus as
important source of energy for the world population [McKevith 2013]. The
whole grains which contains three layers of the grain provide high level of
carbohydrates, proteins, B-complex vitamins and dietary minerals such as
magnesium, iron, zinc, copper and phosphorus. They are also a rich source of
antioxidants and phytochemicals which contribute to prevention of numerous
disease [Sarwar et al. 2013]. The bioactive compounds present in grains
structures include lignans, policosanols, phytic acid and phenolic compounds
which are responsible for flavor, color, taste, texture and exhibit strong
antioxidant properties [Kaur et al. 2014].
A trend leading to the improvement the balance of the nutrient intake
by consuming fresh or slightly processed foods of plant origin contributes to
the increase of the intake of the so-called “green food” such as food or food
supplements made of young cereal leaves. These products have their
traditions in East Asians countries whence they spread to other regions of the
world [Paulickova et al. 2011]. Young cereal leaves has been used in herbal
medicine since ages. Nowadays numerous food and food supplements made
of young cereal leaves has been manufactured and marketed by different
companies [Durairai et al. 2014]. Wheat (Triticum aestivum L.) grass is
widely described as concentrated source of nutrients and dietary minerals. It
contains significant amounts of vitamin A, vitamin C, vitamin E, B-complex
vitamins, boron, magnesium, potassium, iron, calcium, zinc, molybdenum
and amino acids [Chauhan 2014, Zandehbad et al. 2014]. The main amino
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acids isolated from wheat grass are glutamic acid, aspartic acid, arginine,
serine and alanine [Chauchan 2014]. Durairai et al. [2014] have reported that
wheat leaves aqueous extract contained many bioactive compounds like
gamma sitosterol, squalene, flavonoids, tannins, alkaloids, saponins,
carbohydrates, amino acids and proteins, phenols, coumarin, terpenoids, and
cardiac glycosides. Chauhan [2014] have pronounced that wheat leaves
aqueous extract is also rich source of flavonoids such as apigenin, quercetin
and luteolin [Chauchan 2014, Durairai 2014, Kulkarni et al. 2006, Zandehbad
et al. 2014]. The other particular feature of wheat grass is high content of
enzymes such as lipase, protease, amylase, transhydrogenase, cytochrome
oxidase and superoxide dismutase (SOD) [Chauchan et al. 2014].
Barley (Hordeum vulgare L.) grass is another health-promoted food
which is widely available in the functional food market. Barley grass like
wheat grass is a rich source of chlorophyll. It provides also significant
quantities of iron, copper, calcium, potassium, magnesium, zinc, vitamin C,
vitamin E, vitamin B1, vitamin B2, vitamin B6, β-carotene, pantothenic acid
and folate [Paulickova et al. 2011]. It was proved that young barley leaves
contain significant amounts of phenolic compounds such as flavonoids,
phenolic acids derivatives, quinones and proanthocyanidins, and other dietary
antioxidants [Kiewlicz 2016, Paulickova et al. 2011]. Among phenolic
antioxidants C-glycosyl flavonoids, in which the sugar moiety is attached by
a carbon-carbon bond directly to the aromatic ring have been particularly
detected [Osawa et al. 1992]. Few authors [Kamiyama and Shibamoto 2012,
Ferreres et al. 2009] have reported that the main compounds which occurred
in the samples isolated from barley leaves were isoorientin-7-O-glucoside
(lutonarin) and isovitexin-7-O-glucoside (saponarin).
The nutritional aspects of cereals have been widely reported in
numerous publications. There are a lot of evidences of high nutritional value
of cereal grains and some reports on the importance of young cereal leaves in
the human diet. Nevertheless knowledge about food and food supplements
made of young barley leaves as a source of dietary fiber and dietary
antioxidants has been still poor. The aim of this study was comparison of
dietary fiber content and antioxidant activity of powdered barley (Hordeum
vulgare L.) and wheat (Triticum aestivum L.) grass.
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MATERIALS AND METHODS
Powdered barley grass and powdered wheat grass were obtained from one of
commercial producers present on the local market. Three samples of each
product were tested. Pancreatin was obtained from Applichem (Darmstadt,
Germany). Heat stable alpha-amylase (Termamyl 120L) was purchase from
Novozymes (Copenhagen, Denmark). Pepsin 1:4000 was bought from BTL
(Łódź, Poland). 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid
(ABTS), 2,4,6-tris-(2-pyridyl)-s-triazyne (TPTZ) and 6-hydroxy-2,5,7,8tetramethylchroman-2-carboxylic acid (Trolox) used in this study were
supplied by Sigma-Aldrich (Saint Louis, USA). Sodium hydroxide,
hydrochloric acid, sodium dihydrogen phosphate, dipotassium hydrogen
phosphate, sodium acetate trihydrate, acetic acid, ferric chloride (III)
anhydrous were obtained from Chempur (Piekary Śląskie, Poland). All
solvents were purchased from Avantor (Gliwice, Poland). All used chemicals
were analytical grade.
Contents of total dietary fiber and of soluble and insoluble fraction
were determined using the method described by Asp et al. [1983]. 1.00 g of
sample were digested successively with alpha-amylase (pH 6.00, 15
minutes), pepsine (pH 1.5, 1 hour) and pancreatine (pH 6.8, 1 hour). An
insoluble fraction of fiber was isolated after filtration. An soluble fraction of
fiber was obtained from the filtrate after precipitation with ethanol. Both
fractions were dried to a constant weight. The results were shown as g/100 g
d.m. Each sample was analyzed in 5 repetitions.
Methanolic extracts were prepared to determine antioxidant activity of
powdered young barley grass and wheat grass [Kiewlicz 2016].
A ferric-reducing activity of the samples were evaluated by modified
method of Benzie and Strain [1993]. The reducing activity of the methanolic
extracts of barley grass and wheat grass was evaluated from the ability of the
samples to reduce TPTZ – Fe(III) complex to TPTZ – Fe(II) complex. For this
purpose 30μl of an extract was added into 2970 μl of FRAP assay, which was
obtained by mixing together (10:1:1) 300 mM acetic buffer solution (pH 3.6),
10 mM 2,4,6-tris-(2-pyridyl)-s-triazyne (TPTZ) dissolved in 40 mM solution
of hydrochloric acid, and 20 mM solution of ferric chloride (III) (FeCl3).
After 4 min the absorbance was measured against blank at 593 nm and
referenced to the FeSO4 standard curve [Benzie and Strain 1993, JimenezEscrig et al. 2001, Wootton-Beard, Moran and Ryan 2011]. The results were
expressed as μmoles of Fe2+/1 g of d.m. Each sample was analyzed triplicate.
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Trolox equivalent antioxidant capacity (TEAC) was estimated by
measuring the capacity of a sample to inhibit the ABTS radical cation
(ABTS•+) and comparison with a reference antioxidant standard (Trolox) [Re
et al. 1999, Zulueta, Esteve and Frígola 2009]. For this purpose 1980 μl of
working solution of ABTS•+ was mixed in the measuring cuvettes with 20μl
of appropriately diluted samples. After 6 min the absorbance was measured
against methanol at 734 nm. Analogous, a Trolox calibration curve was
prepared. The results were expressed as μmoles of Trolox/1g of d.m. Each
sample was analyzed triplicate.
All results were expressed as mean ±SD for triplicate determinations.
The one-way variance analysis (ANOVA) and Tukey’s Post-test (Statistica
ver. 12.5) were conducted to identify differences among means.
RESULTS AND DISCUSSION
The contents of total dietary fiber and of soluble and insoluble fraction
have been shown on fig. 1.
Dietary fiber content [g/100 g d.m.]
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Figure 1. The contents of total dietary fiber and of soluble and insoluble
fraction
Values marked the different letter are significantly different (p<0.05, n=5),
Source: author’s own studies.
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The total dietary fiber content was similar for both wheat grass and
barley grass. The obtained results revealed that powdered barley grass
contains a little more (35.08±0.02 g/100g d.m.) total dietary fiber than
powdered wheat grass (31.02±0.34 g/100 g d.m.). In both materials insoluble
dietary fiber was larger fraction. Powdered barley grass contained 34.02±0.11
g/100 g d.m of insoluble fraction and 1.06±0.03 g/100 g d.m. of soluble
fraction, while powdered wheat grass contained 30.01±0.29 g/100g d.m. of
insoluble fraction and 1.00 g/100 g d.m. of soluble fraction. The content of
insoluble fraction didn’t differ significantly in both wheat and barley grass.
Dietary fiber is indigested heterogeneous complex of different
compounds. Its composition is varied and consists of many fractions. It
contains cellulose, lignins, hemicellulose, pectins, mucilages and numerous
bioactive components including phytochemicals, minerals, vitamins,
antioxidants and resistant starch [Komolka and Górecka 2012, Lattimer and
Haub 2010]. Because of the mentioned diversity, the dietary fiber may in
many ways affect the function of gastrointestinal. Due to preventive values of
dietary fiber the American Heart Association recommends an intake of 25-30
g per day [Howarth, Saltzman and Roberts 2001].
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Figure 2. The antioxidant activity of tested extracts by FRAP assay
Values marked the different letter are significantly different (p<0.05, n=3)
Source: author’s own studies.
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Williams, Bollella and Wynder [1995] have suggested that the minimal
amount of dietary fiber equivalent for children older than 2 years of age
should be more than the sum of the age of the child and 5 g. They have
concluded that this range of dietary fiber intake should provide enough fiber
for appropriate laxation and may help prevent future chronic diseases.
Accordingly, the dietary fiber contained in 100 g d.m. of tested materials may
be an equivalent of the recommended daily intake of this component for
adults. Therefore both powdered barley and wheat grass can be recognized as
valuable source of dietary fiber.
The results of ferric-reducing antioxidant power evaluation have been
shown on figure 2. The FRAP value of methanolic barley grass extract was
31.10 ± 0.65 μmoles of Fe2+/1 g of d.m. The reducing activity of methanolic
wheat grass extract was significantly higher than the activity of barley grass
extract. The determined value of this extract was 42.25±0.88 μmoles of
Fe2+/1 g of d.m.
b

TEAC [μmoles of trolox/1g d.m.]

40,00
35,00
30,00

a

25,00
20,00
15,00
10,00
5,00
0,00
BARLEY

WHEAT

Figure 3. The antioxidant activity of tested extracts by TEAC assay
Values marked the different letter are significantly different (p<0.05, n=3)
Source: author’s own studies
The total antioxidant capacity (TEAC) values (Fig. 3.) have confirmed
that methanolic wheat grass extract exhibit stronger antioxidant properties
than barley grass extract. The TEAC value of wheat grass extract was
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38.51±0.30 μmoles of Trolox/1g of d.m. while barley grass extract exhibited
scavenging activity corresponding to 25.74±0.88 μmoles of Trolox/1g of d.m.
The obtained results suggested that both extracts demonstrate strong
antioxidant activity which can be attributed to their therapeutic application in
various dysfunctions. Dietary antioxidants play important role in prevention
of oxidative stress and lipid peroxidation-related diseases such as cancer,
cardiovascular disease, Alzheimer’s, diabetes and Crohn disease [Benedet,
Umeda and Shibamoto 2007, Brezinova Belcredi 2010]. Literature data have
shown that phenolic compounds are mostly responsible for scavenging
activity of plant extracts. Both barley grass and wheat grass are commonly
known as a rich source of phenolic antioxidants, especially water soluble
flavonoids, which exhibit strong antioxidant properties comparable with
butylated hydroxytoluene (BHT) [Kulkarni et al. 2007]. Wheat grass contains
high amounts of apigenin, luteolin and quercetin [Chauhan 2014]. Among
antioxidant compounds alpha- and beta-amyrin and alpha-tocopherol were
also isolated from wheat grass [Durairai et al. 2014]. Young barley leaves, by
contrast, contain high amounts of water soluble 7-O-glycosylisovitexin
(saponarin) and isoorientin-7-O-glucoside (lutonarin) [Ferreres et al. 2009,
Kamiyama and Shibamoto 2012]. The differences among antioxidant activity
in favor of powdered wheat grass extract may be results of species
differences or depend on the age of the plant, the growth conditions and the
processing conditions [Kulkarni et al. 2007, Paulickova et al. 2011].
CONCLUSIONS
The results have shown that powdered barley and wheat grass contain
high amounts of dietary fiber. Powdered barley grass was little more
abundant source of insoluble fraction than powdered barley grass, but the
content of soluble fraction in both materials was not significantly different. In
contrast, the methanolic wheat grass extract exhibited stronger ferricreducing activity and the total antioxidant capacity than the methanolic barley
grass extract. However both extracts demonstrated high antioxidant activity,
which results from the presence of numerous phenolic compounds, especially
flavonoids and its derivatives.
Consumption of dietary fiber and natural antioxidants contributes
significantly to prevention of many diseases. Due to high content of
mentioned components powdered barley grass and powdered wheat grass
may be considered as beneficial part of the diet.
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STRESZCZENIE: Młode liście zbóż ze względu na wysoką zawartość różnych
składników bioaktywnych wykorzystywane są w medycynie naturalnej w leczeniu
licznych dysfunkcji, takich jak otyłość, wrzody, cukrzyca, niektóre odmiany raka,
nadciśnienie, nieżyt żołądka, choroby wątroby i trzustki, egzema, astma, anemia i
chroniczne zmęczenie. Do głównych składników bioaktywnych wyizolowanych z
liści zbóż zalicza się alkaloidy, taniny, saponiny, związki fenolowe, terpeny i
glikozydy nasercowe. Młode liście zbóż dostarczają dużych ilości witaminy C,
witaminy A, witamin z grupy B, potasu, magnezu, wapnia, cynku i żelaza. Z tego
powodu grupa produktów obejmująca żywność i suplementy diety wytworzone z
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młodych liści zbóż jest rozpatrywana jako rozwijająca się część rynku żywności
funkcjonalnej.
Liczne badania kliniczne i epidemiologiczne wykazały, że spożywanie
błonnika pokarmowego, podobnie jak przyjmowanie produktów bogatych w
przeciwutleniacze przyczynia się do zapobiegania nowotworom, otyłości, cukrzycy
typu drugiego i chorobom układu sercowo-naczyniowego. Trawy zbóż, podobnie jak
ziarna zbóż, warzywa, owoce i nasiona roślin strączkowych mogą być rozpatrywane
jako bogate źródło błonnika pokarmowego i przeciwutleniaczy.
W niniejszej pracy dokonano porównania zawartości błonnika
pokarmowego oraz aktywności przeciwutleniającej sproszkowanych liści młodego
jęczmienia (Hordeum vulgare L.) i sproszkowanych liści pszenicy (Tritticum
aestivum L.). Zawartość błonnika pokarmowego oraz jego frakcji rozpuszczalnej i
nierozpuszczalnej oznaczono metodą Asp’a. Do oceny właściwości
przeciwutleniających próbek wykorzystano popularne metody in vitro, takie jak test
FRAP i test TEAC. Uzyskane wyniki wskazują, że sproszkowane liście młodego
jęczmienia charakteryzują się nieco wyższą zawartością błonnika pokarmowego
(35.08 g/100g s.m.) niż sproszkowane liście młodej pszenicy (31.02 g/100 g s.m.).
Sproszkowane liście młodej pszenicy wykazywały natomiast wyższą aktywność
przeciwutleniającą niż sproszkowane liście młodego jęczmienia.

SŁOWA
KLUCZOWE:
błonnik
pokarmowy,
właściwości
przeciwutleniające, sproszkowany młody jęczmień, sproszkowana młoda
pszenica
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ABSTRACT: The study was conducted with the aim of specifying the content of
antioxidants in medicinal herbs coming from ecological and conventional crops. In
addition, an attempt at discovering whether there is a correlation between the
selection of cultivating method and the concentration of phenolic compounds in
medicinal herbs was made. Moreover, it was assessed if a particular group of herbs
might serve as a valuable supplement to everyday diet in terms of antioxidant
compounds and strengthen organism’s defence against the negative results of free
radicals’ activity.
The subject of present study included 5 herbs coming from conventional and
ecological crops – thyme, oregano, marjoram, lovage, and rosemary. The study
results enabled to confirm a high incidence of phenolic compounds in herbal
extracts. Yet, it was observed that it is not always the ecological cultivating method
which guarantees a high content of these compounds in studied material.
Key words: herbs, conventional and ecological crops, phenolic compounds

INTRODUCTION
Organism’s ageing might be considered from emotional, social and biological
viewpoints. With the passage of years, the effectiveness of repair processes
decreases and accumulation of cellular, tissue, and system damage occurs.
This leads to a reduced physical capacity, social contacts, as well as cognitive
skills. Each multicellular organism, including the human body, undergoes
ageing processes. How quickly they proceed is determined not only by genes,
but mostly our lifestyle, profession, together with living and housing
conditions. Accumulation of DNA damage was observed in the process of
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ageing in the majority of tissues. The reason for such this is an intensifying
state of oxidative, nitrosative, and halogenative stress which, in turn, emerges
as a result of abnormalities and antioxidant in physiological homeostasis of
pro- and antioxidative cell metabolism. The source of reactive nitrogen,
oxygen and halogenated species are inflammatory conditions, disturbances in
mitochondrial functioning, and, above all, aerobic metabolism. This is due to
the oxidation-reduction metabolism that many species of more or less toxicity
appear, generally known as Reactive Nitrogen Species (RNS) and Reactive
Oxygen Species (ROS) [Przybyszewski and Rzeszowska-Wolny 2009].
Herbs are usually considered as plants with aromatic properties and are
mainly used in spicy foods and for preparation of herbal teas in folk
medicine. Medicinal plants have always been considered as a source of
health. They are among our oldest medicines and their increasing use in
recent years is evidence of public interest in alternatives to conventional
medicine. Since prehistoric times, herbs have also been the basis for nearly
all medicinal therapy until synthetic drugs were developed in the 19th
century. Today, herbs are still found in 40% of prescription drugs. In
addition, herbs are used for many other purposes including beverages such
as tea, dyeing, repellents, fragrances, charms, smoking and industrial uses.
Medicinal herbs cultivated from conventional or ecological crops
commonly serve as seasoning to dishes, which greatly improves their taste
and aroma. They are also used in medicine, as well as perfume and cosmetic
industries. Demanded herb properties result from the presence of such
biologically valuable compounds as: phenolic compounds, bitters, tannins,
essential oils, and organic acids. These are antioxidants such as phenolic
compounds, vitamin C, and flavonoids present in herbs which make the
organism more resilient to diseases caused by free radicals’ hyperactivity.
Supplementing everyday diet with products rich in antioxidants could be
a convenient way of promoting antioxidative mechanisms which undergo
damage as a result of genetic change, ageing, and unhealthy lifestyle
[Kazimierczak et al. 2011]. Research carried out by Kazimierczak et al.
(Bioactive substances content in selected species of medical plants from
organic and conventional production) was concluded that spice plants from
organic production in comparison with spice plants from conventional
production contained significantly higher level of total phenolic acids, but
plants from conventional production contained more vitamin C and total
flavonoids.
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Impact of Ecological Crops on Nutritious Ingredients and the Content of
Antioxidant Compounds in Plants
Ecological agriculture applies ecological principles and approaches to
agricultural ecosystems. While not excluding organic agriculture, it is
a broader concept that may be closer to ‘sustainable’ agriculture. In going
about the work of agriculture we purposefully disturb natural ecosystems (or
formerly natural ecosystems) for the purpose of producing food and fiber
crops and animal products of various kinds. These agroecosystems can be
approached as any other ecosystem. An ecological approach to agriculture
involves designing the strengths of natural ecosystem into agroecosystems
[Magdoff 2007].
According to European Council Regulation no. 834/2007/WE from the
28th of June 2007, the objective of ecological food is gaining high quality
products, but it does not specify that quality. Lawmakers probably assume
that it is a product obtained in controlled conditions – that is the ones which
go in line with the Regulation’s instructions stipulating that they must be
devoid of crop protection chemicals, synthetic mineral fertilisers, but
cultivated with the use of organic fertilisers, compost and crop rotation, as
well as a ban on using genetically modified organisms and ionising radiation
[Matt et al. 2011]. Thanks to ecological cultivation method, the content of
these chemical compounds might be reduced even to 50%. From the medical
point of view, the crucial role is played by pesticides’ content in food. Their
trace amounts in ecological food is a characteristic feature. The source of
pesticides in ecological food is spray drift from other fields. A significant
requirement for eco-food is low content of heavy metals (lead, mercury,
arsenic and cadmium). The result of transport and industry development is
contamination of food with heavy metals which, except for cadmium, is not
considerable in Polish conditions. Products deriving from ecological crops
are characterised by a higher content of vitamins, B group vitamins, as well
as vitamin C. While comparing the content of B group vitamins in wheat and
rye bread, their higher content in ecological products was observed. Products
deriving from ecological crops have more minerals such as magnesium,
phosphorus, lead, potassium, and calcium. A higher number of
carbohydrates, proteins, and accordingly, biological value is noticeable
[Gadomska, Sadowski and Buczkowska 2014].
Health-promoting functions of eco-food are directly connected with its
abovementioned features. A higher content of vitamin C and lower
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concentration of nitrate and nitrite plays the crucial role in neoplastic diseases
preventive care. Nitrates, in their unreduced nature, do not negatively affect
human body; however, as a result of nitrites’ reduction, they may cause
methemoglobinemia, impairing oxygen transport in blood. In addition,
nitrites enter into chemical reaction with tertiary and secondary amines,
which gives way to carcinogenic and mutagenic compounds called
nitrosamines. Hence, in order to diminish the adversary effects on health, one
should lean towards the consumption of eco-food deprived of the
aforementioned corrosive substances [Gadomska, Sadowski and Buczkowska
2014].
As for the safety, the vast majority (94-100%) of eco-food does not
contain any traces of pesticides and vegetables are even characterised by a
half reduced nitrate content. Crops cultivated ecologically and conventionally
contain a comparable level of mycotoxins. Moreover, Lairon stated that the
so far prepared cultivation methods in ecological agriculture created the
possibility of generating high quality products with essential improvements
regarding antioxidant and phytosanitary microelements content as well as
reduction of nitrates and toxic (for humans) compounds’ accumulation
[Lairon 2009].
The aim of this study was to specify the content of phenolic
compounds in medicinal herbs deriving from ecological and conventional
crops. The analysis was intended to check if selecting a particular method has
an effect on polyphenols’ concentration in medicinal plants. Furthermore, the
study aimed at assessing if a selected group of herbs might constitute an
antioxidant-rich supplement to everyday diet.
MATERIAL AND METHOD
The subject of study comprised of herbs coming from conventional and
ecological crops. In each of the aforementioned groups, five types of herbs
were included: thyme, oregano, marjoram, lovage, and rosemary. These herbs
(of both crops) fulfilled all criteria necessary for meeting the study: universal
accessibility, relatively low price, and common use in everyday diet.
In the group of herbs cultivated in a conventional way, products of known
brands were selected (PRYMAT marjoram, KAMIS thyme and oregano,
KOTANYI rosemary and lovage). Samples accepted to research were packed
in tightly closed pockets without any protection against air after its opening.
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In turn, ecological herbs (all the five abovementioned ones) were produced
by Dary Natury. The packaging was labelled with Euro Leaf and
identification number of certifying entity “Ekogwarancja”, granted by the
Minister of Agriculture and Rural Development: PL-EKO-01. At the
manufacturer’s home website: www.darynatury.pl, one may find information
that the company’s activity does not have a negative impact on the
environment. The manufacturer claims that all sources used in its production
process come from certified areas and ecological agriculture in Nadleśnictwo
Rudka. Similarly to conventional herbs, the ecological ones were packed in a
secure way, but they did not protect against air after opening the package.
All herbs coming from conventional crops exhibited a long shelf life.
Nevertheless, herbs coming from ecological crops were best before a shorter
time span. Research on herbs was conducted long before the use-by date, so
analysed materials should have retained all their nutritious and functional
values.
The employed spectroscopy technique was UV/VIS that is in
ultraviolet and visible light, frequently applied to analyse the structure of
organic compounds. Metertech SP-8001 spectrophotometer was used for
measurements.
Phenolic compounds content in plant extracts were measured with the use of
spectrophotometric method and use of Folin-Ciocalteu reagent, applying
gallic acid as standard.
The first stage of the study was the preparation of water extracts of
the examined herbs. 50 ml volumetric flasks were added 1 g to each of the
herbs and 20 ml of distilled water. The extraction was carried out for 24
hours, with no light. After 24 hours, the extracts were filtered into dark
bottles to protect the samples from UV radiation, which could degrade the
antioxidant compounds contained therein.
At the next stage of the study extracts were prepared. A 0.1 ml or 0.05
of extract was poured into a 10 ml volumetric flask. Then, 0.5 ml of FolinaCiocalteu reagent and 5 ml of distilled water were added to the flask. The
resulting solution was stirred and allowed to stand for 3 minutes. After this
time 1.5 ml of 20% sodium carbonate was add solution and the volumetric
flask was filled with distilled water up to 10 ml. The thus prepared samples
were left for two hours in the dark. Then the solution was poured into
cuvettes and examined using UV-VIS spectrophotometer Genesis 2 at a
wavelength of 765nm with respect to the zero sample. The total contents of
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phenolic compounds in the studied herbs were read from a standard curve
showing a correlation between the absorbance of the ethanol solution of
gallic acid and its concentration. The equation was y=0,1238x.
RESULTS AND DISCUSSION
Figure 1 illustrates the content of phenolic compounds in all studied
medicinal herbs coming from ecological crops.

Figure 1. Phenolic Compounds’ Content in Selected Herbs Deriving from
Ecological Crops
The highest content of phenolic compounds has been observed in oregano,
amounting to the concentration of 28 mg/g. Thyme is situated in the second
place in respect of the content of studied antioxidants. Almost 20 mg of
phenolic compounds per gram of a herb was found, while in the case of
marjoram and lovage it oscillates between 15 and 17 mg/g. The herb with the
lowest content of phenolic compounds is rosemary (around 5.2mg/g).
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Figure 1. Phenolic Compounds’ Content in Selected Herbs from
Conventional Crops
As for the group of medicinal herbs coming from conventional crops (Fig. 2),
the highest content of phenolic compounds were detected in marjoram extract
and amounted to almost 39.5 mg/g. Similarly to eco-herbs, a large quantity of
these antioxidants might be found in oregano. In its extract, almost 32 mg/g
were found. The content of phenolic compounds in thyme amounted to
slightly more than 28 mg/g, while in rosemary 20.8 mg/g. Lovage coming
from a conventional crop exhibited the lowest amount of antioxidants around 9.2 mg/g.
The comparison of phenolic content in herbs coming from
conventional and ecological crops allows to assume that their presence in
herbs coming from conventional crops is much higher than in the other
group. In the case of marjoram, over twice as high amount of said
antioxidants was noticed. Analogously to marjoram, the content of phenolic
compounds in thyme from ecological crops is lower than in the comparable
conventional material, though the disproportion in the amount is lower than
in marjoram and amounts to around 9 mg/g. Only in the context of extracts
made of conventional and ecological lovage the correlation in the content of
phenolic compounds is lower in the first, non-ecological group of herbs. The
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total content of phenolic compounds in oregano extract was comparable in
herbs from ecological and conventional crops. The difference in
concentration of antioxidants was relatively slight and amounted to a bit
more than 4 mg/g. Just like in the case of marjoram, non-ecological and
ecological extracts obtained from rosemary varied significantly insofar as
phenolic compounds’ content is concerned. It was higher in the rosemary
coming from conventional crops and amounted to over 20.8 mg/g. Ecological
rosemary, in turn, exhibited the lowest concentration of studied antioxidants circa 5.2 mg/g.
Similar research was conducted in 2010 and 2011 in Warsaw
University of Life Sciences. Their aim was to compare the impact of applied
cultivating method (ecological and conventional) on the content of
biologically active compounds – antioxidants in medicinal herbs. The subject
of study consisted of fresh culinary herbs: melissa, mint, lovage, sage and
thyme coming from two farms – conventional and ecological. On the basis of
studies carried out by Kazimierczak et al. [Kazimierczak et al. 2010], it was
confirmed that in herbs from ecological crops, more flavonols and phenolic
acids were found. The difference in the content of these antioxidants, in
favour of eco-herbs described in the study, was 28.51% for phenolic acids
and 68.30% for flavonols. The herb brimming with antioxidant compounds’,
in the group of both ecological and conventional ones, occurred to be thyme
[Kazimierczak et al. 2010]. The same researchers from the Faculty of Human
Nutrition and Consumer Sciences (SGGW) in Warsaw conducted similar
study in 2011. The subject and aim of their study was identical to the
research from 2010. The result of 2011 analyses point to the fact that the sum
of phenolic acids’ content was higher in ecologically produced herbs – 33.49
mg 100 g-1 FW – than in the conventionally produced ones – 32.52 mg 100 g1
FW. With reference to sage, in view of a different reaction to cultivation
conditions, more of these compounds were obtained with the use of
conventional cultivating methods. Flavonoids’ content was, in turn, higher
for herbs from conventional herbs – 51.33 mg 100 g-1 FW. For eco-herbs, the
result was 49.97 mg 100 g-1 FW [Kazimierczak et al. 2011].
Nevertheless, the results for particular herb species were different. In
case of sage and thyme from conventional crops, more flavonoids were
obtained. However, regarding herbs from ecological production, more of
these compounds were detected in: melissa, lovage and mint [Kazimierczak
et al. 2011]. Results obtained in 2011 show that ecological production
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affected the content of particular phenolic acids (p-coumaric, ferulic and
gallic) as well as compounds from flavonoids’ group (quercetin d-glucoside,
rutin, myricetin and kaempferol). During quality analysis of phenolic
compounds in culinary herbs, it was concluded that the most diversified
flavonoids’ content might be found in melissa and thyme, while the most
diversified herb in the context of phenolic acids’ content was lovage. It was
also found that irrespective of cultivation method, the most distinctive herb
insofar as phenolic acids’ content is concerned was sage, and in terms of
flavonoids, thyme [Kazimierczak et al. 2011].
CONCLUSIONS
The main aim of conducted research was to show that the cultivating method
affects the content of antioxidant compounds in medicinal herbs. Their higher
concentration (except for lovage) was found in herbs coming from
conventional production. Medicinal herbs were truly distinct in terms of
studied antioxidants’ concentration (even four times lower than in rosemary).
In the aforementioned studies conducted by SSGW, a positive correlation
between ecological cultivation method and phenolic compounds’
concentration was shown. Yet, high concentration of flavonoids in plants
coming from conventional crops was also noticed. In the studies referred to
in this article, the content of phenolic compounds, including mainly phenolic
acids and flavonoids, was specified. Presumably, it is due to high flavonoids’
content that much higher results of antioxidant compounds for conventional
herbs were found.
It is worth of emphasize that the conditions in which conventional
crops are cultivated are unknown for the studied herbs. Supposedly, they do
not have to diverge significantly from strict standards of ecological crops.
The sign of Euro Leaf which could be found on the packaging of ecological
herbs used to conduct studies guarantees ecological plant production method.
That is why a high quality product with theoretically more bioactive
compounds is expected. However, according to the obtained results, an
ecological product not necessarily contain a demanded amount of
antioxidants.
The concentration of antioxidant compounds is affected by a number of
factors other than cultivation method such as the climate, weather, harvest
time, and storage time – all of which have a significant impact on the content
of antioxidant compounds in the final product. Exposing herb to a direct
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contact with sun radiation or dried product with air accelerates the reaction of
antioxidants’ oxidation and reduction of their concentration. Accordingly, it
is possible that thanks to ecological cultivation method, a product with high
content of antioxidant compounds could be obtained, while the inadequate
conditions could cause reduction of their concentration in the final product.
In view of this, the role of packaging for applied herbs and spices should be
stressed. The closure should be tight in order to limit contact with air and
protect its content from UV radiation. Herbs coming from conventional crops
were protected with a packaging which met the aforementioned conditions.
The eco-herbs, however, were placed in tightly closed but transparent bag
and thus were exposed to the UV radiation.
Notwithstanding this, in order to conclude unequivocally whether a
cultivation method affects the content of antioxidant compounds in culinary
herbs, the two cultivation methods in question must be performed, while the
products must be stored and controlled in line with the same standards. In the
present literature, one can encounter studies which confirmed a positive
impact of eco-crops on the antioxidant content as well as studies which did
not found considerable differences in ecological and conventional herbs. In
the conducted research, only the content of phenolic compounds at large was
found. The dry weight, vitamin or minerals’ amount, which could be higher
in ecological crops, was not specified. Due to the limited literature, the
studies regarding nutritious and antioxidant compounds’ content in ecological
and conventional agriculture products should continue to be developed.
Another aim of this study was to define whether culinary herbs
constitute a good source of antioxidant compounds in the diet. The results
clearly suggest that they are products of high phenolic compounds’ content.
In the aforementioned studies (Kazimierczak et al. 2011), a high diversity of
phenolic acids and flavonoids in both groups of herbs at hand was also
shown. Thanks to their low price, universal availability and frequent use in
research, said herbs might be claimed to comprise a good source of
exogenous antioxidants which could be heartily recommended in preventive
care or combating diseases caused by detrimental free radicals’ activity.
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STRESZCZENIE: Przeprowadzone badania miały na celu oznaczenie zawartości
przeciwutleniaczy w roślinach zielarskich, pochodzących z upraw ekologicznych
oraz konwencjonalnych. Dodatkowo postanowiono przeanalizować czy istnieje
zależność pomiędzy doborem metody uprawy a stężeniem związków fenolowych w
roślinach zielarskich. Oceniano także czy wybrana grupa ziół może być
wartościowym uzupełnieniem codziennej diety w związki przeciwutleniające i tym
samym wspomagać ochronę organizmu przed negatywnymi skutkami działania
reaktywnych form tlenu.
Przedmiotem badania było 5 ziół, pochodzących z upraw konwencjonalnych
i ekologicznych - tymianek, oregano, majeranek, lubczyk oraz rozmaryn. Wyniki
badań pozwoliły na stwierdzenie dużej obecność związków fenolowych ogółem w
ekstraktach z ziół. Jednocześnie zauważono, że nie zawsze ekologiczna metoda
uprawy gwarantuje wysoką zawartość tych związków w badanym materiale.
Słowa kluczowe: zioła, uprawy konwencjonalne i ekologiczne, związki fenolowe
ogółem.
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ABSTRACT: Lingonberry (Vaccinium vitis-idaea) has received much attention in
recent years due to its high antioxidant capacity attributed to polyphenolic
compounds, especially anthocyanins. In this study the extraction of the bioactive
compounds from lingonberry’s fruit as well as separation of pure anthocyanins were
investigated. Antioxidant capacity of obtained extracts was evaluated using Folin Ciocalteu, FRAP and ABTS methods. It was proved that the best results, both in
terms of efficiency and kinetics of the extraction were achieved using aqueous
solution of acetone and acetic acid. Antioxidant potential of extracts obtained using
this solvent was also the highest. Four anthocyanin pigments were identified in the
extracts of lingonberry: cyanidin-3-O-galactoside, cyanidin-3-O-glucoside,
cyanidin-3-O-arabinoside and peonidyno-3-O-glucoside. The purity of obtained
anthocyanin preparations ranged from 60 to 89%.
Keywords: extraction, anthocyanins, antioxidant activity, lingonberry

INTRODUCTION
Lingonberry (Vaccinium vitis-idaea) is a common, widely spread plant in the
North America and Europe. It contains anthocyanin pigments and is
traditionally used for treating frequent urination, sore eyes, toothache, snow
blindness, and thrush [Ogawa et al. 2013]. Anthocyanins can occur in all
tissues of higher plants and are responsible for red, blue and purple colours of
flowers, vegetables and fruits. These metabolites belong to a class of
molecules called flavonoids and due to the polyphenolic structure have strong
antioxidant capacity. Their chemical structure is complex and very diverse.
They consist of an anthocyanidins skeleton (aglycone) linked by a glycosidic
bond to a sugar residue. There are more than 20 types of anthocyanidins, and
the most popular in nature are cyanidin, delphinidin, malvidin, pelargonidin,
petunidin and peonidin. The most common sugar moiety is glucose, less
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common are: galactose, rhamnose or arabinose. Therefore hundreds of
natural anthocyanin pigments and more than 100 obtained synthetically are
known [Piątkowska et al. 2011].
Consumption of flavonoid-rich foods, in particular fruits and vegetables,
is associated with a lower incidence of heart disease, ischemic stroke, cancer,
and other chronic diseases [Lotito and Frei, 2006]. Biological activity of
these compounds have been attributed to their antioxidant properties.
However, the precise mechanisms by which flavonoids exert their beneficial
actions remain unclear. Accumulating evidences indicate that flavonoids are
poorly bioavailable and reach only low, micromolar concentrations in human
plasma, even after the intake of large amounts of flavonoid-rich foods. In
addition, most flavonoids are extensively metabolized in vivo, which can
affect their antioxidant activity [Williams et al. 2004].
Moreover, it has been shown that the bioactive forms of flavonoids in
vivo are not those found in plants but conjugates and metabolites arising from
natural compounds in the intestinal track [Williams et al. 2004]. Furthermore,
there are reports which indicate that purified preparations of anthocyanins
reveal more beneficial physiological effect than the whole berries [Prior et al.
2009]. It should be also taken into consideration that each individual
anthocyanin molecule reveals different physiological effect [Prior et al.
2010a]. Likewise, the sugar moiety on the anthocyanidins may be an
important factor in determining their biological activity. For example,
cyanidin containing di- or triglycosides in black raspberries was ineffective in
altering the development of obesity in contrast to cyanidin-monoglycosides,
which are proven effective [Prior et al. 2010b].
Only few anthocyanins formulation are currently commercially
available. The purchase cost of 1 g of preparation with a purity of over 95%
is about thousands of PLN [Dembczyński et al. 2015b]. Therefore an
important technological problem is to develop an effective method of
separation of anthocyanins from plant materials. With that in mind, the aim
of this work was a study of extraction process of anthocyanins from
lingonberry fruits. The scope of this work included a comparison of
applicability of four different extractants in terms of efficiency and kinetics
of extraction process as well as antioxidant capacity and anthocyanins
content.
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MATERIALS AND METHODS
Lingonberry (Vaccinium vitis-idaea) fruits were freeze dried and
subjected to extraction with four different solvents. Extraction kinetics were
analysed. All extracts were analysed in terms of antioxidant potential as well
as anthocyanins and total phenolic compounds contents. Then all four
extracts were subjected to preparative chromatography and obtained fractions
were subjected to freeze dying. Next, obtained crude anthocyanin
preparations were subjected to antioxidant activity analyses as well as to
analytical chromatography for determination of purity of anthocyanins of
each fraction. The flow chart of experiment is shown at Fig. 1.

Figure 1. Flow chart of the experiment

Preparation of plant material and extraction of anthocyanins
Lingonberry (Vaccinium vitis- idaea) fruits were lyophilized
according to the procedure described by Dembczyński et al. [2015a]. The
dried material was ground into a fine powder, packaged under nitrogen
atmosphere and stored at -20°C.
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Extraction of anthocyanins
Four different extraction solvents were used for the extraction of
anthocyanin pigments:
• water containing acetic acid (0.75% weight/weight w/w)
• water containing hydrochloric acid (0.75% w/w)
• methanol/ water/ acetic acid (40:60:0.5 volume/volume/volume v/v/v)
mixture
• acetone/ water/ acetic acid (70:29.5:0.5 v/v/v) mixture
The extraction was carried out in five stages according to the procedure
described by Dembczyński et al. [2015a]. One gram of lyophilised material
was subjected to the process and poured with 10 ml of fresh solvent in each
step of extraction. Obtained extracts were centrifuged to remove the solid
impurities.
Analyses
Analysis of the dry matter (DM) content was determined by
gravimetric method according to the method described in Polish Norm PN-90
/ A-75101/03.
The antioxidative activity was assessed against the ABTS radical (2,2’azinobis-(3- ethylbenzothiazoline-6-sulfonic acid) in accordance with the
method described by Re et al. [1999]. Ferric ion reducing antioxidant power
(FRAP) was performed according to the method described by Niemeyer and
Metzler [2003]. In both cases results were expressed in Trolox equivalent
antioxidant capacity (μmols TEAC) per 1 g of dry matter of the examined
material.
The total phenolic compounds (TPC) content was determined by the
Folin-Ciocalteu method [Fang et al. 2006] and expressed as an equivalent of
the chlorogenic acid (CAE) per 1 g of dry matter.
Total anthocyanins content in obtained extracts was measured by using
the pH differential method described by Giusti and Wrolstad [2001]. The
anthocyanin content was expressed as a concentration of cyanidin- 3-Oglucoside.
Extraction kinetics model
Extraction kinetics was described using Peleg equation [Peleg et al. 2007,
Białas et al. 2008].
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where:
• E – phenolic compounds or anthocyanins content [mg·g -1 DM] at time
t [min]
• E0 – initial phenolic compounds or anthocyanins content [mg·g -1 DM]
determined at time
t = t0,
• K1 – rate constant [min g DM·mg-1]
• K2 –capacity constant [g DM·mg-1]
Following Dembczyński et al. [2015a] it was assumed E0=0 in all the
equations.
The extraction rate B0 [mg·min g-1 DM] at the initial phase (t = t 0) was
calculated based on the value of K1

The theoretical maximum yield of extraction E m [mg·g-1 DM] was estimated
using the following equation:

The parameters of the equations were calculated in Microsoft Excel
Solver module. It was determined by calculating the minimum loss function
which is the squared difference between the observed and expected values.
Separation of anthocyanins by preparative chromatography
Separation of individuals anthocyanins from lingonberry’s extracts was
performed according to Dembczyński et al. [2015b] using a chromatograph
ÄKTA Explorer 100 Air (Amersham Pharmacia, Sweden). Mobile phase
consisted of two solvents: 5 % (v/v) formic acid in water (A) and methanol
(B). The flow rate was 12 ml/min and the following gradient program was
applied: 0 min 5% B, 16 min 5% B, 31 min 15% B, 37 min 20% B, 72 min
25% B, 90 min 30% B, 99 min 100% B, 109 min 5% B. Anthocyanins
constituting each fractions were identified based on retention times observed
in spectra and compared with available standards (cyanidin-3-O-galactoside,
64

cyanidin-3-O-glukozyd, cyanidin-3-O-rutinoside) [Oszmiański et al. 2007],
and on the literature data [Kammerer et al. 2003, Montilla et al. 2011].
The obtained fractions were concentrated with a rotary evaporator
(Laborota 4003 HB control, Heidolph, Germany) under reduced pressure in a
water bath at 40°C to eliminate methanol. The concentrated solution of
anthocyanins were powdered by freeze drying.
Determination of purity of anthocyanin fractions with high-performance
liquid chromatography
The anthocyanin solution and preparations were analyzed using method
described by Dembczyński et al. [2015b] on Agilent 1200 HPLC system
(Agilent Technologies, USA). The flow rate was 1.0 mL/min at 25°C and the
injection volume was 10 µl. Mobile was 5 % (v/v) formic acid in water (A)
and methanol (B). A gradient elution was performed as follows: 0 min 5%B;
5 min 5%B; 10 min 20%B; 15 min 20%B; 25 min 30%B; 27,5 min 100%B;
31,25 min 100%B; 31,3 min 5%B; 36 min 5%B. The purity of anthocyanins
preparations was expressed as a percentage (the ratio of peak area of the
compound to the total area of all peaks at λ = 280 nm).
Statistical analysis
All measurements were done in six repetitions, unless otherwise stated.
One-way analysis of variance (ANOVA) was conducted independently for
each dependent variable. Post-hoc Tukey HSD multiple comparison test was
used to identify statistically homogeneous subsets p= 0.05 (Statistica 12
StatSoft, software).
RESULTS AND DISCUSSION
Extraction of anthocyanins
Selective solvent extraction is the most popular method for obtaining
anthocyanins. However, due to the complex structure of these compounds
and the type of material from which they are derived, it is difficult to
recommend a single, universal method which allows the efficient separation
[Dembczyński et al. 2015a]. Anthocyanins are not stable in neutral and
alkaline solution, thus during their extraction only acidified aqueous solutions
of selected organic solvents are used.
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Figure 2. Extraction kinetics of anthocyanins and total phenolics using
mixture of acetone, water and acetic acid as a solvent.
As it is shown in Fig. 2, regardless of the solvent used, extraction curve was
non-linear. The highest reaction rate expressed both for the anthocyanins and
the phenolic compounds was observed in the first 25 minutes. In the next 25
minutes extraction rate gradually decreased.
Practically after 50 minutes of extraction, further continuance of the process
did not affect the amount of obtained compounds.
The coefficients of model equations (Table 1.) showed that in the
initial phase of the process the highest rate of extraction of phenolic
compounds was observed for the mixture of acetone, water and acetic acid
used as extraction solvent. It was almost four times higher than in case of the
mixture of water with hydrochloric acid. When extraction of anthocyanins
was analysed the highest initial rate, as previously, was observed for the
mixture of acetone, water and acetic acid as extraction solvent, but the lowest
one was recorded for the mixture of water with acetic acid.
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Table 1. Coefficients of model equation used to describe kinetics of
extraction of anthocyanins and total phenolics from lingonberry fruits
Extractant

Extraction parameters of total
phenolics
K1
K2
B0
Em

Extraction parameters of
anthocyanins
K1
K2
B0
Em

water with acetic acid
0.243 0.0124 4.116 80.189 5.170 0.224 0.193 4.461
(0.75% w/w)
water with
hydrochloric acid
0.282 0.024
3.455 42.253 1.908 0.223 0.524 4.486
(0,75% w/w)
methanol/water/acetic
acid (40: 60: 0.5
0.166 0.012
6.022 81.370 2.376 0.200 0.421 4.990
v/v/v)
acetone /water / acetic
acid (70: 29.5: 0.5
0.073 0.0124 13.719 80.624 1.905 0,246 0.525 4.063
v/v/v)
Explanatory notes: K1 rate constant [min g DM·mg-1], K2 - capacity constant [g DM·mg-1],
B0 - extraction rate [mg·min g-1 DM] during initial phase (t=t0), Em – theoretical maximum of
extraction yield [mg·g-1 DM].

However, the maximum theoretical content of anthocyanins in the extract Em,
corresponding to the equilibrium concentration (extraction time, t → ∞) did
not differ significantly for all investigated solvents.
Actual anthocyanins and phenolic compounds content in the extracts,
after completion of the extraction, is shown in Figure 3. These values were
lower than the Em coefficients which indicate the maximum content
component that theoretically could be extracted from the raw material. This is
due to the fact that, to achieve extraction the yield corresponding to the Em
value, extremely longer time is necessary. In practice, extraction stages
higher than the third had only a little influence on the yield of the process.
Earlier termination of the extraction, before the E m value is reached, is
therefore economically reasonable. The most effective was the process by the
application of mixture of acetone, water and acetic acid, the less - by water
with hydrochloric acid. The processes employing water with acetic acid as
well as methanol with water and acetic acid were quite effective and similar
in efficiency. It should be also emphasized that data regarding anthocyanins
and total phenolic contents, shown in Figure 3, were very well correlated (R
= 0.98).
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Figure 3. Total amount of extracted anthocyanins and phenolic compounds
with the application of different solvents
The values of the antioxidant activity of the obtained extracts
determined by ABTS and FRAP methods (Fig. 4) significantly differ from
each other. The results obtained by the ABTS method were significantly
higher than those achieved using the FRAP procedure. However, it should be
taken into consideration that each method employs a different mechanism of
detection of antioxidant compounds. FRAP method detects compounds that
inactivate the free radicals by the transfer of a single electron, whereas the
ABTS method also includes compounds that have the ability of inactivation
of free radicals by hydrogen transfer [Prior et al. 2005]. Nevertheless, the
results obtained using the both two methods were highly correlated (R =
0.99). The highest antioxidant potential revealed extracts obtained by
extraction with an aqueous solution of acetone with the addition of acetic
acid. The measurement of antioxidant capacity with ABTS method seems to
reflect better than FRAP the contents of anthocyanins and total phenolic
compounds. A good correlations between antioxidant potential analysed by
ABTS and content of anthocyanins (R = 0.85) as well as total phenolic
compounds (R = 0.83) were found. Correlation between antioxidant potential
measured with FRAP method and content of anthocyanins (R = 0.79) or total
phenolic compounds (R = 0.77) should be regarded as satisfactory. A good
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correlation between the antioxidant activity and polyphenols as well as
anthocyanins content was also observed by Dembczyński et al. [2015a] and
Wu et al. [2004].

Figure 4. Antioxidant activity of extracts obtained by using different solvents
Separation of anthocyanins
As a result of separation of obtained extracts by preparative chromatography
three colourful fractions were obtained. The only exception was the extract
obtained using water with acetic acid which consisted of fourth fractions.

Figure 5. Chromatograms depicting separation of anthocyanins in the
preparative, reverse-phase chromatography column.
Fig. 5 shows exemplary chromatogram, obtained during the preparative
separation of the extract obtained by water with acetic acid. It was stated that
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fraction 1 consist mainly of 3-O-galactoside, fraction 2: cyanidin-3-Oglucoside, fraction 3: cyanidin-3-O-arabinoside and fraction 4: peonidyno-3O-glucoside.
Comparison of absorbance values at wavelengths of =520 nm and
=280 nm allows to estimate the purity of the individual fractions obtained
by separation with preparative chromatography. At a wavelength of 520 nm
only anthocyanins are detected, but at 280 nm also other compounds are
visible. Thus, it is possible to determine what portion of each of the fractions
are anthocyanins solely. As it is shown in Table 2 the purity of analysed
fraction varied within the range of 74-89%.
Table 2. Purity of anthocyanins in fractions obtained after preparative
chromatography separation
Solvent

Fraction
1

water with acetic acid
(0.75%w/w)

2
3
4
1

water with
hydrochloric acid
(0,75% w/w)

2
3
1

methanol/water/acetic
acid (40:60:0.5)

2
3
1

acetone / water /acetic
acid
(70: 29.5: 0.5 v/v/v)

2
3

Compounds
cyanidin-3-Ogalactoside
cyanidin-3-Oglucoside
cyanidin-3-Oarabinoside
peonidyno-3O-glucoside
cyanidin-3-Ogalactoside
cyanidin-3-Oglucoside
cyanidin-3-Oarabinoside
cyanidin-3-Ogalactoside
cyanidin-3-Oglucoside
cyanidin-3-Oarabinoside
cyanidin-3-Ogalactoside
cyanidin-3-Oglucoside
cyanidin-3-Oarabinoside

Purity
[%],
=520 nm

Purity
[%],
=280 nm

99

78

99

79

99

84

97

60

99

83

97

74

99

84

99

89

97

74

99

84

99

87

99

88

99

82

The highest purity of anthocyanins preparation (cyanidin-3-Ogalactoside) at 280 nm wavelength was observed when the mixture of
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methanol, water and acetic acid was used as extraction solvent. Similar
results were reported by Dembczyński et al. [2015b] for chokeberry extracts.
Eight of the thirteen solid anthocyanin fractions were characterized by a
purity above 80 %. These preparations revealed indistinctive (average) purity.
Antioxidant activity analyses of individual colourful fractions (Table
3), that could be recognised as chemical compounds of varying purity,
showed that individual data depended not only on chemical nature of main
component but also on purity of the individual fractions. In contrast to the
previous analyses of antioxidant activity of the entire extracts, TEAC (Trolox
equivalent antioxidant capacity) values measured with FRAP method were
usually higher than corresponding data derived from ABTS assays. It was
caused by the not fully perfect separation of anthocyanins with preparative
chromatography. Peonidyno-3-O-glucoside distinguished from the others
anthocyanins its highest antioxidant activity. For cyanidin-3-O-glucoside also
high TEAC values were measured. The lowest antioxidant activity revealed
cyanidin-3-O-galactoside. Extraction with methanol, water, acetic acid
mixture resulted in the highest antioxidant activity of the products of
separation
Table 3. Antioxidant activity of the anthocyanins in fractions obtained after
preparative chromatography separation
Solvent

Fraction
1

water with acetic acid
(0.75%w/w)

2
3
4
1

water with
hydrochloric acid
(0,75% w/w)

2
3

methanol/water/acetic
acid (40:60:0.5)

1
2

Compounds
cyanidin-3-Ogalactoside
cyanidin-3-Oglucoside
cyanidin-3-Oarabinoside
peonidyno-3-Oglucoside
cyanidin-3-Ogalactoside
cyanidin-3-Oglucoside
cyanidin-3-Oarabinoside
cyanidin-3-Ogalactoside
cyanidin-3-Oglucoside

Antioxidant activity
[µmol/mg]
ABTS
FRAP
7.13±0.07

10.20±0.07

12.95±0.45

13.65±0.26

7.24±0.31

10.03±0.25

26.09±3.24

22.91±0.39

4.62±0.08

9.26±0.07

13.69±1.87

13.45±0.83

7.24±0.97

10.70±0.43

8.24±0.42

13.49±0.14

21.58±6.36

19.39±1.84
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3
1
acetone / water /acetic
acid
(70: 29.5: 0.5 v/v/v)

2
3

cyanidin-3-Oarabinoside
cyanidin-3-Ogalactoside
cyanidin-3-Oglucoside
cyanidin-3-Oarabinoside

17.23±0.83

15.37±0.32

5.86±0.12

9.97±0.17

14.57±1.86

16.38±0.55

12.43±0.15

12.45±0.21

CONCLUSIONS
The mixture of acetone, water and acetic acid solution was found as
the most effective solvent for the separation of bioactive substances from
lingonberry fruits both in terms of yield and extraction rate. The use of this
solvent provides the highest output of the process expressed both as the
amount of anthocyanins and phenolic compounds. Antioxidant potential of
extracts obtained using this solvent was also the highest.
Four anthocyanin: cyanidin-3-O-galactoside, cyanidin-3-O-glucoside,
cyanidin-3-O-arabinoside and peonidyno-3-O-glucoside were identified in
lingonberry extracts. The highest antioxidant activity of these compounds
revealed peonidyno-3-O-glucoside, then cyanidin-3-O-glucoside, and the
lowest cyanidin-3-O-galactoside.
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STRESZCZENIE: Borówka brusznica (Vaccinium vitis-idaea) w ostatnich latach
cieszy się dużą popularnością ze względu na wysoką aktywność przeciwutleniającą
przypisywaną obecnym w niej związkom polifenolowym a zwłaszcza antocyjanom.
W niniejszej pracy opisano proces ekstrakcji związków bioaktywnych z owoców
borówki brusznicy, a także separację i izolację czystych antocyjanów. Zdolność
przeciwutleniająca otrzymanych ekstraktów analizowano metodami Folin Ciocalteu, FRAP i ABTS. Stwierdzono, że najlepsze wyniki ekstrakcji zarówno pod
względem wydajności jak i kinetyki osiągnięto stosując wodny roztwór acetonu i
kwasu octowego. Zdolność przeciwutleniająca ekstraktów uzyskiwanych przy
użyciu tego rozpuszczalnika była również najwyższa. W ekstraktach z borówki
brusznicy zidentyfikowano cztery barwniki antocyjanowe: cyjano-3-O-galaktozyd,
cyjanidyn-3-O-glukozyd, cyjanidyno-3-O-arabinozyd i peonidyno-3-O-glukozyd.
Czystość uzyskanych preparatów antocyjanowych wynosiła od 60 do 89%.

Słowa kluczowe: : ekstrakcja, antocyjany, aktywność przeciwutleniająca,
borówka brusznica
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SPARTEINE AND α-ISOSPARTEINE DERIVATIVES WITH ACTIVE
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ABSTRACT: Qualitative and quantitative studies of bitter taste activity of natural
and synthetic organic compounds are very important, for example in the process of
developing flavour formulas for many of food products, nutraceuticals and
pharmaceuticals. The complex interactions between many compounds and taste
receptors, including the those of bitter taste compounds, can be described by the
multipoint attachment taste sensation theory (MPA). This paper reports results of
analysis of the interactions of bitter taste compounds and taste receptors performed
for hydrates and quaternary salts of sparteine and α-isosparteine. The studies was
performed employing recent computer methods of molecular modelling (computer
analysis) and sensory analysis. The result of the conducted study was obtained the
total (global) of spatial distribution of active sites for interactions of compounds
studied with the complementary sites of TAS2R receptors.
Keywords: MPA theory, bitter taste receptors (TAS2Rs), interactions ligands with
taste receptors, sparteine alkaloids, molecular modelling of bitter taste activity,
sensory analysis

INTRODUCTION
Progress in computer technology and new methods of molecular modelling
have permitted more accurate insight into the so-called active conformation
of the agonist responsible for the interactions with a taste
Progress in computer technology and new methods of molecular
modelling have permitted more accurate insight into the so-called active
conformation of the agonist responsible for the interactions with a taste
receptor. A possibility of a detailed analysis of the interaction between the
taste-carrying compound and the receptor has been provided by the
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multipoint attachment (MPA) theory proposed in 1996 by Nofre and Tinti.
According to this theory [Nofre and Tinti 1996, Glaser, Nofre and Tinti
1996], the taste receptor comprises at least eight regions allowing
determination of the interaction points between the active structures and the
inside of the receptor cavity (Figure1).

Figure 1. Spatial distribution of the eight sites of interaction with the
receptor, according to the MPA theory [Nofre and Tinti 1996]
This conformationally labile model of the receptor permits description
of the taste interactions of many sweet molecules, especially those of high
potential of sweetness. The specification of the sites and points of receptor
recognition proposed by Nofre and Tinti is given in Table 1.
Table 1. Interaction sites, interaction points, elementary interactions, and
presumed nature of the receptor recognition sites having accord to MPA
theory [Nofre and Tinti 1996]
Interaction
sites (ligands)

Interaction
points (ligands)

B

B1 and B2

AH

AH1 and AH2

XH

XH1 and XH2

G1
G2

Elementary
interactions

Amino acid
recognition sites of
TAS2R

Ionic and/or Hbonding
Ionic and/or Hbonding
Ionic and/or Hbonding

Asp/Glu

G1 and E1

Steric H-bonding

Thr

G2 and E2

Steric H-bonding

Thr

Lys

Asp/Glu
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G3

G3 and E3

Steric H-bonding

Thr

G4

G4 and E4

Steric H-bonding

Thr

D

D

H-bonding

Ser/Thr

The complete illustration of the receptor interactions was presented by
Nofre and Tinti on the model of the receptor at rest and in the excited state.
The receptor at rest assumes the contact conformation determined by the
hydrogen and ionic interactions between specific receptor points of
recognition (Figure 2).
CH
Thr
CH 3

H3C

G2

G3

O

G1
Thr

3

Thr
HC

O

H

3

G4

H

O

Thr

O

H

H

O

O

H

O

Ser
lub
Thr

D

Asp
lub
Glu

-

XH

AH

B
+
H

O
H

N

O
H

-

Asp
lub
Glu

Lys

Figure 2. The sweet taste receptor model at rest [Nofre and Tinti 1996]
On excitation the receptor assumes an extended conformation imposed
by the penetration of the taste compound inside the receptor (Figure 3).
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CH 3

G3

G2

H3C
Thr

Thr
O

H

CH 3

E2

E3

G1

G4

H

O
H3C
Thr

Thr
H

O

E4

E1

O

H

AH2

XH2
O
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lub
Glu

O
-

XH1
O

AH1
B1

+
H

H
N

B2

O

Asp
lub
Glu

H

Lys

Figure 3. The sweet taste receptor model in the excited state [Nofre and Tinti
1996]
The human taste perception system is very complex, and its sensitivity
is determined by genetic inheritance of taste senses, changes in the natural
environment, quality of available food, taste acceptance and preferences, and
a range of other inter-individual factors including age, health status and level
of social awareness [Favalli, Skov and Byrne 2013]. The bitter taste plays a
very specific and largely ambivalent role as a component of food products.
The basic functions of bitter taste are to protect the organism against toxic
food components [Behrens and Meyerhof 2013, Kikut-Ligaj and
Trzcielińska-Lorych 2015] and ensure an appropriate supply of natural
metabolites; antioxidants; antimycotic, antiviral and antibacterial drugs; and
psycho- and neurostimulants [Behrens and Meyerhof 2013, Le Berrre et al.
2013]. As a rule, humans accept or prefer diets with low to moderate levels of
bitterness, and avoid highly bitter foods [Reed and Knaapila 2010]. The bitter
taste is identified by specialized taste cells located in taste buds. Taste buds
are onion-shaped structures containing between 50 to 100 taste cells
[Montmayeur and Matsunami 2002] moreover, taste buds in all regions of the
oral cavity contain cells that respond to the five basic taste modalities
[Yarmolinsky, Zuker and Ryba 2009]. Bitter taste receptor cells (BTRC S)
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belong to a separate subpopulation of chemosensory cells which are fully
separated from receptor cells responsible for the detection of other taste
stimuli and characterized by the expression of TAS2R genes [Maehashi et al.
2008]. The class of TAS2Rs proteins is also referred to as G protein-coupled
receptors (GPCR) or heptahelical proteins [Reichling, Meyerhof and Behrens
2008]. Recent studies show that the bitter taste is detected by a family of
approximately ~ 30 receptor proteins (TAS2Rs) located in taste cells [Kuhn
et al. 2010, Kikut-Ligaj and Trzcielińska-Lorych 2015, Shi and Zhang 2006].
TAS2Rs belong to a family of receptors possessing seven transmembrane
helices (7TM- heptahelical transmembrane cell receptors), and are coupled
with intracellular G proteins. New research indicates that a half of bitter
chemical compounds are identified by three types of receptors proteins:
TAS2R10, TAS2R14 and TAS2R46 [Meyerhof et al. 2010]. Cells with
TAS2Rs proteins which are located in taste buds are capable of the
expression (identification) of taste information coming from all bitter ligands
stimulating different receptor areas [Yarmolinsky, Zuker and Ryba 2009].
Structural analysis of the human taste receptors [Lindemann 2001,
Kinnamon 1996, Caicedo and Roper 2001, Biarnés et al. 2010, Meyerhof et
al. 2010] and contemporary theories on the chemoreception of taste [Nofre
and Tinti 1996, Shallenberger 1996, Behrens and Meyerhof 2013, Mathlouthi
and Hutteau 1999] indicate a similarity in the processes taking place between
the receptor and the bitter and sweet taste compounds. It should be
emphasised that the differences in the distribution of the active sites in the
receptors of the bitter and sweet tastes have not been strictly established yet.
In view of the above, a study undertaken to characterize the interactions
between hydrates and quaternary salts of sparteine and α-isosparteine and the
bitter taste receptor based on the assumption that the types of elementary
interactions in the active sites of the receptor proposed by the MPA theory
for the sweet and bitter tastes were not essentially different. The main
difference between the bitter and sweet tastes was expected to be the number
of active sites and their spatial distribution.
MATERIALS AND METHODS
Analysis of the cisoid and transoid conformations was performed in
relation to the degree of bitterness of sparteine alkaloids. Molecular models
of the structures of the compounds studied (cationic forms) were optimised
by the PM3 and DFT (density functional theory; with parameters: B3LYP
79

functional with the 6-31G(2d,p) basis set [Kim et al. 2001]) methods by
using the program Cache 6.1 and Gaussian 09W.
The presence of water as a solvent was stimulated with the CPCM
(Conducting Polarized Continuum Model) model [Takano and Houk 2005,
Chen, Baker and Wei 2010, Nunes et al. 2008]. For the calculated structures
of sparteine and α-isosparteine derivatives the partial charges were calculated
on particular atoms and theoretical distances between the nitrogen atoms N1
and N16 were determined.
The sensory analysis was conducted according to the commonly
accepted protocol of sensory studies [PN-ISO 3972:1998, PN-ISO
6658:1998, Skolik 2007] using quinine hydrochloride as an bitter taste
standard of over-threshold concentrations (0.00025g/100 ml of deionized
water) [Skolik 2007, Kikut-Ligaj and Jasiczak 2011]. The sensory
investigation was performed by a group of 20 selected assessors (team of
testers) in three series of tests. Results of the calculations and the study are
presented in Table 2.
Tabele 2. Results of the crystallographic, sensory and computer analyses
Partial charges
N1-N16 distances
on nitrogen
Compound
[nm]
Inde
Type of
atoms
name and
interactionp x of
spatial structure
the
oints
bitte
Crystallo Computer
r
graphic
N1
N16
data
taste
data**
[%]

N

2.65

N

_
a. Sparteine
(cccc)

2.69

+
- 0.100
XH1 or AH1
0.551
95.0
+
G1, G2, G3
- 0.095 0.518



c - chair, b – boat, ** [Przybylska and Barnes 1953, Majchrzak-Kuczyńska, Kozioł
and Wiewiórowski 1987, Kozioł 1992]
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x H 2O

N

N

2.64
3.01
2.64

b. Monohydrat
α-isosparteine
(cccc)

N

2I

N

2.50

c. 1,16endomethylesparteine
diiodide (cccc)

N

+
- 0.098
XH1 or AH1
0.532
86.0
+
G1, G3, G4
- 0.097 0.532

2.53

+
0.560

+
0.571

XH2 or AH2

+
0.546

+
0.546

XH2 or AH2

+
0.605

+
0.591

XH

39.1
G1, G2, G3

2I

N

2.48

2.54

d. 1,16endomethyle-αisosparteine
diiodide (cccc)

N
N

e. N(16)methylsparteine iodide
(ccbc)

48.2
G1, G2, G4

I

3.62

3.69

91.1
G1, G2, G3
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N

N

I

3.25
f. N(1)-methylα-isosparteine
iodide (cccc)

3.14

- 0.081

+
0.623

XH2 and
AH2

117.
3

G1, G2, G4

In order to identify the active regions responsible for the interaction
with the bitter taste receptor the protonated species of the sparteine alkaloids
studied were subjected to molecular modelling. The localisation of particular
points of the interaction between the receptor and the bitter taste compound
molecule was established on the basis of the analyses of:
- intramolecular interactions of the hydrogen bond type,
- donor-acceptor character of particular active sites on the basis of the
partial charge distribution on particular atoms of the molecule,
- spatial localisation of the active sites.
The results are illustrated in Figures 4a’-4f.
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a'

a’’

b'

83

b’’

c

84

d

f

Figure 4. Distribution of the points of interaction between the receptor and
bitter taste compounds studied (hydrates and quaternary salts of sparteine and
α-izosparteine
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RESULTS AND DISCUSSION
Depending on the conformation of the initial base the nitrogen atoms
N1 and N16 of sparteine and α-isosparteine show a different capability of
protonation. Sparteine is characterised by conformational lability [Jasiewicz
2008, Bratek-Wiewiórowska et al. 1974, Galasso et al. 2003, Schneider et al.
1993] and occurs at equilibrium between the chair and boat conformation of
ring C (Figure 5). A close neighbourhood of the two nitrogen atoms N 1 and
N16 in the full-chair conformer II (Figure 5) creates the conditions favouring
formation of an intermolecular hydrogen bond. In proton-donor solutions and
in monosalts sparteine has been found to occur in the full-chair conformation
[Skolik, Wiewiórowski and Krueger 1970, Krueger and Skolik 1967,
Boczoń, Pieczonka and Wiewiórowski 1977]. In aprotic solvents
(tetrachloromethylene, benzene, chloroform) sparteine occurs in a boat-chair
conformation I (Figure 5) and the nitrogen atom N 16 is protonated as first
[Skolik and Krueger 1968, Wiewiórowski, Edwards and BratekWiewiórowska 1967].

C
A
N

1

B

N 16

D

N
N

N

I

N

II

Figure 5. Conformational equilibrium between cisoid and transoid sparteine
species
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In α-isosparteine the situation is different as the full-chair conformation
favours the protonation of the two nitrogen atoms to the same degree
[Przybylska and Barnes 1953]. This almost the same capability of
protonation of the nitrogen atoms in the cisoid species of sparteine and αisosparteine [Galasso et al. 2003] being a consequence of their close
neighbourhood (Figures 4a’-a’’ and 4b’-b’’) is the reason why the hydrates of
these alkaloids are characterised by similar indices of the bitter taste.
The transoid conformation does not favour effective activation of the
taste receptor, because spatial position of the AH type centre excludes the
possibility of its interaction with the receptor membrane. For the hydrates of
transoid species of sparteine to reveal the bitter taste the protonation of the
active centre at the nitrogen atom N1 is needed, which is difficult because in a
healthy man the pH value in the oral cavity is higher than 4 (while the
diprotonated sparteine species occur in the pH range 1-4 [Schneider et al.
1993]). As follows from the above considerations the favoured species of
sparteine and α-isosparteine in water solutions are the cisoid ones [Schneider
et al. 1993]. In the cisoid conformations (Figures 4a’-b’’) a number of
asymmetric AH1↔XH1 type interactions are observed, being responsible for
strong activation of the taste receptor. The total effect of bitter taste is
enhanced by the point steric interactions at the subsites type G1, G2 , G3 and
G4.
In cisoid endomethylenediiodides of sparteine and α-isosparteine
(Figures 4c-4d) the partial charge distribution is different and determined by
the bridge -CH2- group joining nitrogen atoms [Skolik et al. 1989]. Large
positive charge on the atoms N1 and N16 induce a negative charge on the
group -CH2-. As a consequence, the active sites AH and XH are weakened
and shifted. In this situation the methylene group assumes the function of the
blocked active centres and forms weak subsites of interaction type AH2 or
XH2. Taking into regard the crystallographic data, it can be expected that
because of the presence of the hydrogen bonds C−H----J in the crystal
[Kozioł 1992], also in solution the quasi-hydrogen interactions will appear in
the vicinity of AH2 or XH2. Moreover, there are point steric interactions in
the vicinity of G1, G2 and G4. The weak character of the subsites AH2 and
XH2 is reflected by a decrease in the taste indices of these compounds (see:
Table 4c-d).
In water solutions the conformations of sparteine and α-isosparteine
methyliodides are different (Figures 4e-f). Sparteine methyliodide assumes
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the transoid conformation, while α-isosparteine methyliodide occurs in the
cisoid one, which has been confirmed in [Kozioł 1992]. The crystalline
conformations of these compounds have also been determined [MajchrzakKuczyńska, Kozioł and Wiewiórowski 1987, Majchrzak-Kuczyńska et al.
1984]. the methyl group in sparteine methyliodide (Figure 4f) is at the
nitrogen atom N16 in the boat-chair conformation, which favours the
interactions at the subsites G3, G1 and G2. The population of N16 by the
methyl group means that the structure can be protonated only at N 1. This
protonation leads to formation of a subsite type XH. The number of the
interaction sites with the receptor is practically the same as for sparteine and
α-isosparteine. The difference in the interactions between the receptor and
sparteine methyliodide and sparteine and α-isosparteine is that the interaction
with methyliodide occurs through a centre type XH, while the two other
compounds through a tautomeric centre type AH1 or XH1. The above
reasoning suggests that the taste indices of these three compounds should be
similar (see: Table 2a, b and e).
In α-isosparteine methyliodide assuming cisoid structure (Figure 4e)
the methyl group is arranged in the full-chair symmetric conformation
[Simeonov et al. 1989]. This close neighbourhood of the methyl group and
the nitrogen atom permits formation of the intramolecular bond between N1
and a hydrogen atom of the methyl group N16-CH3. Formation of such a bond
most probably leads to the appearance of two active sites type XH 1 and AH2.
Moreover, the spread of partial charges over the whole molecule generates
very good conditions for the interactions of this compound with β-hydroxyl
groups of treonine at the sites G1, G2 and G4. Thus, α-isosparteine iodide has
the highest number of active sites from among the structures considered and
it should be expected to show the highest index of bitterness, confirmed by
observations – see Table 2.
On the basis of the above-discussed data we have proposed a general
model of distribution of active sites in the sparteine derivatives studied.
The model is presented in Figure 6.
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Figure 6. Total model of spatial distribution of active sites involved in the
interactions of compounds studied with the with complementary sites of
TAS2R receptors, proposed on the basis of the MPA theory
CONCLUSIONS
The wide region covering the subsites G1-G4, of β-hydroxyl groups
interactions of threonine is involved in the interactions of practically all
compounds studied with the receptor. The regions with the active sites type
XH and AH related to the interactions with carboxyl groups of asparginate or
glutaminate [Nofre and Tinti 1994] are much more specific. The sites of
dominant interactions are the nitrogen atoms N1 and N16. Differences in the
interactions follow from the conformations of individual compounds, the N 1N16 distance (see Table 1) and the positive charge appearing as a result of
quaternisation of one or two nitrogen atoms. Formation of intramolecular
hydrogen bonds is the reason for the appearance of additional interaction
sites type AH1, AH2, XH1 and XH2 (sparteine, N(1)-methyl-α-isosparteine
iodide and α-isosparteine). In N(16)-methyl-sparteine iodide the loss of the
active site AH at the nitrogen atom N16 is compensated by an increase in the
strength of interactions at the sites G3-G4. If the formation of intramolecular
hydrogen bonds is impossible, there are weak interactions type AH2 or XH2
related to the presence of the methylene ammonium system (Figures 4c-d) or
strong individual XH type interactions for the transoid conformation (Figure
4e). The charge distribution over the whole molecule (Figures 4c-d) does not
favour a strong taste effect because of the lack of strong ionic type
interactions at the sites AH and XH. All the taste receptor interactions with
methylene ammonium derivatives at the sites AH, XH and G 1-G4 involve
hydrogen bonds (Figure 6). With increasing strength of the compounds
interactions and the number of receptor sites involved their index of
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bitterness increases, which has been confirmed by sensory study. It is also
probable that the maximum number of the bitter taste receptor recognition
sites can be lower than eight.
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STRESZCZENIE: Badania jakościowe i ilościowe dotyczące gorzkiej aktywności
smakowej naturalnych i syntetycznych związków organicznych są niezmiernie
istotne podczas procesów tworzenia kompozycji smakowych wielu produktów
spożywczych, nutraceutyków i farmaceutyków. Złożone interakcje pomiędzy
wieloma związkami smakowymi i ich receptorami, w tym także gorzkimi związkami
smakowymi, można przedstawiać za pomocą teorii wielopunktowej aktywacji
receptorów smakowych (MPA). W opracowaniu przedstawiono wyniki analizy
oddziaływań gorzkich związków smakowych takich jak hydraty i czwartorzędowe
sole sparteiny i α-izosparteiny z receptorami smakowymi (TAS2R). Badania zostały
wykonane przy użyciu najnowszych komputerowych metod modelowania
molekularnego (analiza komputerowa) i analizy sensorycznej. Rezultatem
przeprowadzonych badań było sprecyzowanie przestrzennego rozlokowania
obszarów interakcji pomiędzy badanymi związkami i komplementarnymi obszarami
receptorów należących do rodziny TAS2R.

Słowa kluczowe: teoria wielopunktowej aktywacji receptorów smakowych
(MPA), receptory smaku gorzkiego (TAS2R), interakcje ligand-receptor,
alkaloidy sparteinowe, modelowanie molekularne gorzkiej aktywności
smakowej, analiza sensoryczna
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ABSTARCT: One of the most important challenges facing companies providing
drinking water is to ensure public access to clean and microbiologically safe
drinking water. According to the World Health Organisation, diseases associated
with unsafe water, sanitation and hygiene cause approximately 1.7 million deaths
each year.
Drinking Water Distribution Systems (DWDSs) are complex of pipes and storage
tanks that create complicated infrastructure in which interaction of biotic and abiotic
factors has significant influence on the quality of water arriving at customers' taps.
Because of many existing biological interactions, microorganisms play a central role
in determining water quality. The majority of microorganisms within water
distribution systems are in the form of a biofilm attached to the pipe surface.
Biofilms in DWDSs are very difficult and practically impossible to eliminate mainly
due to their structure and presence of self-produced extracellular polymeric
substance (EPS) matrix which protects microorganisms from environmental factors
and fluctuations. Nowadays, the most important challenge is to learn about the
composition and structure of biofilms in DWDSs and understand complex
mechanisms of their function, which is extremely difficult because of limited access
to the water network as well as instability of the biofilm during sampling
procedures. Microbiological analysis of drinking water as well as studies on
drinking water distribution systems have been based on classical culture-dependent
methods, which follows regulatory requirements. However, they provide limited
information about the microbial community. Problems of conventional microbiology
can be solved by advanced methods of molecular biology, chemistry and physics.
Techniques bordering genetics and molecular biology are highly sensitive, accurate,
reproducible and rapid. These methods considerably shorten the duration of analyses
and allow to obtain a wide range of valuable information which helps to understand
the phenomenon of a biofilm in drinking water distribution systems. Consequently,
analysis of the biofilm status in DWDSs should be also a part of the microbial risk
assessment strategy.
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INTRODUCTION
The creation of drinking water distribution systems (DWDSs) has become
one of the most important achievements of humanity. These systems usually
consist of a complex of pipes and storage tanks that ensure public access to
drinking water [Li et al. 2016]. Their structure, location as well as a
combination of older and more modern solutions have a significant impact on
the formation of a specific environment inside them. With constantly
increasing water demand, this is a considerable challenge for companies that
provide safe, drinking water [Fish, Osborn and Boxall 2016]. The quality of
drinking water depends on the interaction of numerous chemical, physical
and microbiological factors, and its changes are associated with, among other
things, age of water, temperature, hydraulic conditions or weather changes
[Manuel, Nunes and Melo 2007; Li et al. 2016]. One of the most important
factors responsible for water quality is the microbiological status, which
significantly affects water biological stability. The vast majority of
microorganisms present in DWDSs assume the form of a biofilm adhering to
pipe surfaces [Boe-Hansen et al. 2003; Douterelo et al. 2016; Biedroń et al.
2017; Fish, Osborn and Boxall 2016]. According to the literature, only 5% of
microorganisms are detected in water samples collected from water supply
systems, while the remaining 95% can be attached to the DWDS surface
[Wingender and Flemming 2011]. A biofilm is a complex structure that
constitutes an assemblage of bacteria, fungi and algae which adhere to one
another, are interrelated with reciprocal interactions and attach to biotic and
abiotic surfaces [Costerton et al. 1995; Davey and O’toole 2000; Trafny
2000]. Biofilm formation in DWDSs is dependent upon multiple factors, such
as the quantity and type of microorganisms present in water, availability of
nutrients, water flow velocity, pipe diameter or material from which the
system has been made [Wingender and Flemming 2011; Ahmad et al. 2008;
Świderska-Bróż 2010]. As evidenced in research, biofilms in water
distribution systems are the main sources of secondary water contamination,
have a considerable effect on DWDS deterioration and lead to significant
exploitation problems [Świderska-Bróż 2012].
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Biofilm formation and structure
The process of biofilm formation is a multi-step phenomenon. The
main phases are: reversible attachment, irreversible attachment, maturation
and biofilm dispersion [Cunliffe et al. 1999; Kołwzan 2011; Ahmad et al.
2008]. Initially, single microbial cells are deposited on the surface of the
material, which is enabled by their high concentration in the environment and
stagnation or reduced water flow. This process is aided by physicochemical
events as well as interaction of gravitational, thermodynamic and van der
Waals forces [Kołwzan 2011; Lappin-Scott 2003]. At this stage, the surface
structure, and thus its adhesiveness, plays a significant role as well. Biofilms
usually develop at the interface of phases, as shown in preferential studies on
hydrophobic, nonpolar surfaces [Donlan 2002]. In the next stage, i.e.
irreversible attachment, the key role is played by chemical forces and
extracellular polymeric substance (EPS) produced by biofilm-forming
microorganisms. EPS is a mix of polysaccharides, proteins, nucleic acids,
lipids and other substances secreted by microbes. The EPS composition and
intensity of production mainly depend on the variety of microorganisms and
environmental conditions. On the one hand, EPS formation enables
permanent attachment of microorganisms to the surface, and on the other, it
ensures protection from unfavourable effects of environmental factors.
Moreover, EPS is responsible for retention and accumulation of organic and
non-organic matter essential for the biofilm to develop [Kołwzan 2011;
Czaczyk and Myszka 2004; Momba et al. 2000; Fish, Osborn and Boxall
2016]. The biofilm maturation phase consists in microbial cell proliferation
and attachment of organisms that are incapable of surface adhesion
themselves. As a result of biofilm maturation, an organised, spatially
heterogeneous structure is formed, composed of functionally specialized cells
connected with one another by a system of channels used for transferring
nutrients to deeper cell layers as well as delivering other substances needed
for further biofilm development and functioning. At this stage, molecular
processes are of significance. Microorganisms in the developing consortium
produce micromolecular compounds which function as inductors that can
permeate into the cytoplasm of other cells and affect their metabolism, which
constitutes a specific means of communication [Łebkowska, Pajor and
Rutkowska-Narożniak 2011; Pierścieniak et. al. 2009; Monroe 2007; Simões,
Simões and Vieira 2010; Hall-Stoodley and Stoodley 2002]. The structure of
a biofilm is heterogeneous. Its base is formed by the primordial layer of
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considerable cell density, and intensive production of polymer compounds
results in its poor permeability. Changing conditions, particularly the access
to nutrients and oxygen, reduce the diversity of microorganisms settling this
layer and, with time, leads to greater contribution of anaerobic
microorganisms. Microbes present in this layer have the greatest influence on
processes associated with pipe corrosion [Sheng, Ting and Pehkonen 2007;
Hall-Stoodley and Stoodley 2002; Świderska-Bróż 2012].

Figure 1. Stages of biofilm development: 1 – reversible attachment; 2 –
irreversible attachment; 3 – biofilm maturation phase 1; 4 – biofilm
maturation phase 2; 5 – biofilm dispersion. Figure by D. Davis form Monroe
[Monroe 2007].
Cells occupying the inner biofilm layer are characterized by lower metabolic
activity. They even become dormant and re-activate as the external cell layer
is removed [Kołwzan 2011]. The main biofilm layer is not as dense,
primarily due to the presence of numerous channels. Thanks to constant
access to nutrients, this layer is characterised by the greatest biodiversity and
high metabolism, thereby constituting another crucial biofilm element. The
external biofilm layer is the most exposed to environmental factors that can
cause detachment of smaller or larger cellular conglomerates. Such a
structure enables co-existence of organisms with various requirements, both
for nutrients and oxygen. It also contributes to an increase in biofilm
resistance to unfavourable environmental factors, including disinfecting
agents [Telgmann, Horn and Morgenroth 2004; Pierścieniak et. al. 2009;
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Świderska-Bróż 2010; Kołwzan 2011]. The biofilm structure is strictly
dependent upon the access of biogenic substances, oxygen, harmful effects of
chemicals and hydraulic conditions in water supply piping [Telgmann, Horn
and Morgenroth 2004].

Factors affecting biofilm development in drinking water distribution
systems
Due to the specific structure and function of water supply systems,
unambiguous determination of all modes of biofilm development in DWDSs
has not been feasible thus far. The basic factor regulating biofilm
development is the availability of nutrients in water introduced to the piping.
The presence of biogenic substances might be caused by an insufficient level
of water purification, in other words introducing biologically unstable water
to the system, presence of chemical sediments in the system or dead
microbial residue in the piping. Moreover, certain plastic materials, used to
make elements of water distribution systems, can also constitute a source of
nutrients. The parameters that determine water biological stability include the
presence of biodegradable dissolved organic carbon (BDOC), the level of
which should not exceed 150÷300 mgC/m3, and particularly assimilable
organic carbon (AOC) [Lechevallier et al. 1996; Volk and Lechevallier 1999;
Świderska-Bróż 2010; LeChevallier, Schulz and Lee 1991], whose value
amounts to 30 mgC/m3 for non-chlorinated water [Volk and Lechevallier
2002]. The presence of microorganisms, resulting from ineffective water
disinfection processes, can be a significant determinant of biofilm
development. Another crucial factor of biofilm formation in DWDSs is
hydraulic conditions. Periods of water stagnation have a positive influence
particularly on the first stage of biofilm formation. Water flow velocity on
the one hand affects nutrient supply, which is particularly significant in
waters poor in biogenic substances, and on the other influences the intensity
of delivering disinfectants [Kołwzan 2011; Świderska-Bróż 2010]. Moreover,
water flow velocity is associated with its biofilm shearing potential. The
formation of a microbiological consortium on the surfaces of pipes also
depends on temperature, which is a factor determining microbial
development. However, it must be noted that biofilms are biologically
diversified, and organisms present therein can have variable temperature
preferences that might be modified in the process of microbial adaptation to
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existing conditions. Optimal temperature has a positive influence on the level
of microbial metabolism, thereby affecting biofilm growth [Świderska-Bróż
2010]. Another important factor in biofilm development is the material from
which water supply pipes have been made, and more precisely, the structure
of their surface that affects cell adhesion. Other factors include the presence
of plasticisers, stabilisers or other substances that might constitute a source of
nutrition for microorganisms. Moreover, microbes settling polymer materials
lead to a release of various compounds from these materials into water. The
type of material can also affect the structure, biodiversity and metabolic
activity of a biofilm. As shown in research, bacteria settling PVC surfaces are
capable of breaking down sorbic acid which is used in antibacterial coats. It
has also been demonstrated that antibacterial substances have an influence on
an increase in microbial adhesion to polyvinyl chloride coats [Biedroń et al.
2017; Farber et al. 1995; Kumarasamy and Maharaj 2015; Rożej et al. 2015].

Consequences of the presence of a biofilm in drinking water distribution
systems
Biofilm development in drinking water distribution systems is a
common phenomenon, and due to its structure and physiology, it is very
difficult or even impossible to eradicate. One of more serious problems
resulting from biofilm formation in DWDSs is secondary water
contamination [Świderska-Bróż 2012]. It is associated both with the potential
presence of pathogenic or relatively pathogenic microorganisms detached
from the biofilm, and releasing into water secondary metabolites of biofilm
microbes or dead cell decomposition products [Långmark et al. 2007;
Nocker, Burr and Camper 2013]. In pipes of various water supply systems
covered with a biofilm, a wide spectrum of opportunistic bacteria have been
identified. They belong to the following genera: Acinetobacter, Aeromonas,
Corynebacterium, Flavobacterium, Klebsiella, Legionella, Mycobacterium,
Pseudomonas, Salmonella and Staphylococcus [Lechevallier et al. 1996;
Volk and Lechevallier 2002; Świderska-Bróż 2003; Wingender and
Flemming 2011]. Also Yersinia and Listeria have been detected [Pierścieniak
2009]. Moreover, the presence of sulphur, iron, nitrifying and denitrifying
bacteria as well as other heterotrophic bacteria has been observed
[Świderska-Bróż 2003; Świderska-Bróż 2012]. In its composition, a biofilm
may contain viruses, which are highly resistant to water purification methods
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and low temperature, as well as filamentous fungi, e.g. species of the
Aspergillus, Penicillium, Cladosporium or Fusarium genera. Furthermore, it
must be noted that, when environmental conditions are optimal, certain fungi
may produce mycotoxins that cause numerous diseases in humans
[Pierścieniak 2009]. The complexity of a biofilm, reciprocal interactions
between organisms as well as production of polymer substance and other
signalling compounds affect biofilm integrity, thereby influencing its
resistance to unfavourable environmental factors, disinfectants and even
mechanical factors. Also, horizontal gene transferring, which might result in
the spread of antibiotic resistance, is possible within a biofilm [Manuel,
Nunes and Melo 2010; Łebkowska, Pajor and Rutkowska-Narożniak 2011;
Flemming 2002]. The presence of a biofilm that is difficult to remove inside
a water distribution system makes it necessary to increase the amount of
disinfectants, the usage of which does not warrant biofilm removal but surely
contributes to the deterioration of water quality [Świderska-Bróż 2012].
Moreover, increased amounts of free chlorine and chlorine dioxide in water
distribution systems have a major effect on the deterioration of corrosionprone materials. Furthermore, a greater amount of disinfectants leads to an
increase in the production of EPS which, together with secondary
metabolites, acidify the environment leading to biocorrosion, i.e. so-called
microbially induced corrosion. The effects of biocorrosion, which also affects
artificial materials, lead to damage within the water distribution piping and
cause further exploitation problems. Corrosion and biocorrosion are
conductive to changes in the material surface structure in water supply
systems, which both increases corrosion susceptibility and its speed as well
as affects water flow parameters, thus reducing DWDS efficiency. The
presence of a biofilm in DWDSs, the possibility of opportunistic bacteria and
their metabolites to enter drinking water, the usage of greater amounts of
disinfectants as well as releasing harmful compounds due to corrosion not
only affect water sanitary quality, but also significantly deteriorate its
organoleptic properties [Świderska-Bróż 2012; Lehtola et al. 2004; Lehtola et
al. 2005; Codony, Morató and Mas 2005; Sun et al. 2017; Wang, Zhu and Hu
2017; Zhu et al. 2014].
Biofilm testing methods
Limited access to DWDS biofilm environment is the greatest problem
in investigating its structure and physiology. The complexity of biofilm
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structure, its formation processes and the multiplicity of factors, both
environmental, such as changes in weather conditions, biological and
chemical quality/stability of water introduced to the system or a type of
material used for DWDS construction, as well as those dependent upon the
biofilm itself, e.g. its biodiversity, age and activity, make it typical of a given
water supply system. Initially, biofilms were tested using conventional
microbiological methods based on time-consuming cultures of bacteria and
fungi isolated from water samples. However, the greatest flaw of these
methods was a slight percentage of microorganisms possible to grow in
laboratory settings [Davey and O’toole 2000; Boe-Hansen et al. 2003;
Douterelo
et
al.
2014].
Moreover, analyses based on culture-dependent methods frequently do not
deliver reliable information about biofilm community diversity. Nevertheless,
these techniques are still commonly applied in routine analyses of water
microbiological quality by companies supplying drinking water, mainly
because of legal requirements, low costs and the simplicity of their
performance. These tests provide necessary information, as specified in legal
regulations, to evaluate drinking water microbiological status. According to
the Regulation of the Minister of Health of 13 November 2015 on the quality
of water intended for human consumption, microbiological analyses should
involve detection of Escherichia coli and Enterococcus bacteria,
determination of an overall number of microorganisms in a temperature of
22±2°C after 72h cultures and detection of Clostridium perfringens (with
their spores). In the case of drinking water introduced to unit packages or
transported in tanks, one should also conduct analyses for detection of
Pseudomonas aeruginosa and for determination of the overall number of
microorganisms at a temperature of 36±2°C after 48h of culture [Minister
Zdrowia 2015].
In laboratories that perform broad-spectrum water and piping
environment tests, conventional culture-dependent methods are aided, or
frequently even replaced with culture-independent methods, mainly based on
molecular biology [Douterelo et al. 2014]. According to the division
proposed by Douterelo et al., these test methods can be categorised based on
the type of information they deliver.
The first group includes methods enabling detection of microorganisms
with their quantitative analysis. This group encompasses methods based on
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culture-dependent, enzymatic and microscopic techniques used mainly for
analyses of unfixed water samples collected from water supply systems. In
quantitative analyses using microscopic techniques or flow cytometry,
appropriate fluorescent dyes are necessary [Hobbie, Jasper and Daley 1977;
Lisle et al. 2004]. The FISH method (fluorescence in situ hybridization),
which uses fluorescent nucleotides specifically binding with selected
microbial DNA sequences, can be used for quantitative analyses and
microbial detection in water samples as well as for examining biofilms in
fixed samples [Gilbride, Lee and Beaudette 2006]. The FISH itself is
employed with many modifications, the most common of which include:
catalysed reporter deposition fluorescence in situ hybridization (CARDFISH) enabling intensification of the fluorescence signal in highly diluted
samples, high-affinity peptide nucleic acid (PNA)-FISH yielding more
accurate results despite the presence of extracellular polymeric substance
(EPS) and LIVE/ DEAD FISH delivering information about the presence of
live microorganisms. Moreover, the combination of microautoradiography
with FISH (MAR-FISH) enables one to learn about the activity of a given
group of microorganisms in the biofilm structure [Wagner, Horn and Daims
2003; Douterelo et al. 2014]. Pathogenic bacteria in water and biofilms are
detected using techniques based on polymerase chain reaction (PCR). These
methods consist in amplification of selected DNA sequences, specific for
given microorganisms, which enables identification of their species and
genera. The multiplex PCR technique enables simultaneous amplification of
various DNA fragments, specific for different bacteria, thanks to concurrent
use of various DNA primers. This results in rapid detection of multiple
pathogenic bacteria in water samples. Moreover, the application of
quantitative real time PCR (qPCR) provides data on the quantity of
pathogenic microbes in a tested water sample. Quantitative real time PCR is
based on the analysis of the number of copies of a selected gene typical of a
searched pathogen. This technique is highly sensitive and accurate, which
results in reliable and precise results. Its disadvantages, particularly with
respect to routine analyses, include high cost, mainly associated with
purchasing reagents and expensive instruments, and the need to have
extensive genetic knowledge [He and Jiang 2005; LaGier et al. 2004;
Douterelo et al. 2014].
Another group of test methods delivers information about the
diversity of microorganisms present in tested water and biofilm structure.
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These data are particularly important if one wishes to learn about the biofilm
structure, which depends on multiple environmental factors, is typical of a
given water supply system and can undergo changes. Molecular biology
offers a number of methods enabling biodiversity testing in a given
environment. Most of them are based on nucleic acid analyses that yield
genetic profiles (biodiversity profiles) typical of a given environment or test
sample, called fingerprints. One of the most common techniques is PCRDGGE, i.e. polymerase chain reaction – denaturing gradient gel
electrophoresis. It enables qualitative representation and comparison of
microbial genotypic structures in a biofilm. Owing to its sensitivity, it also
enables one to test the changeability of microbial diversity in a given
environment over time. Additionally, individual taxons occurring in this
environment can be identified. This technique consists in extraction of the
whole DNA from a sample collected from a given environment. This sample
is a mix of genetic material of all microbes present therein. This is followed
by amplification of a given selectable marker using PCR. The most common
marker gene for bacteria is 16S rRNA and for fungi 18S rRNA or ITS
(internal transcribed spacer) region. The obtained mix of PCR products of the
same base pair length for all bacteria or for all fungi but of different melting
temperatures, resulting from differences in the sequences of the amplified
DNA fragment, are isolated in polyacrylamide gel with a denaturing agent.
The fingerprint provides data on the complexity of microflora in a given
environment, the biodiversity level and dominant genotypes [Lech 2016;
Muyzer, De Waal and Uitterlinden 1993]. Another technique used for
biodiversity testing is terminal restriction fragment length polymorphism (TRFLP), whereby amplified fragments of selected genes are cut by restriction
enzymes and separated using capillary electrophoresis. This technique is
employed for, among others, tracing changes in biofilm diversity [Douterelo,
Sharpe and Boxall 2014]. Other methods used for testing biodiversity of
water distribution system environments, which enable analysis of both
microorganisms present in biofilms and those suspended in water, include
amplified ribosomal DNA restriction analysis (ARDRA), single strand
conformational polymorphism (SSCP) or ribosomal intergenic spacer
analysis (RISA) [Gilbride, Lee and Beaudette 2006; Douterelo et al. 2014].
One of the latest accomplishments of science concerning biodiversity studies
in various environments is testing with the use of metagenetic analyses,
particularly with next generation sequencing (NGS) techniques. In this case,
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a test sample is also DNA isolated from a mix of microorganisms collected
from a tested environment. These methods are based on simultaneous
sequencing of many DNA fragments derived from various microorganisms.
A single analysis delivers vast amounts of information, e.g. on biodiversity in
the tested environment, and enables identification of microorganisms present
in lower counts (less representative microbes). Unfortunately, due to still
relatively low resolution of this method, species identification is not always
possible. Moreover, NGS techniques provide so much information that it is
necessary to employ advanced bioinformatic solutions for its analysis
[Douterelo et al. 2014]. Older metagenomic methods, which provide a
number of data on the microbiome of a given environment and enable
phytogenetic analyses based on Sanger sequencing, are still eagerly applied.
Unfortunately, studies using these techniques are more labour- and timeconsuming than next generation sequencing. They require genetic material
extraction, marker gene selection, clone library preparation and sequencing
[Schmeisser et al. 2003].
Moreover, one more group of test methods can be distinguished. It
includes techniques that provide information about biofilm physiology and
metabolic activity, microbial potential to produce various enzymes or their
reciprocal interactions. However, most of the methods included in this group
have already been described, e.g. sequencing, real-time PCR, PCR-DGGE or
other PCR-based techniques, but in this case the material for testing is RNA.
These methods enable identification of genes responsible for production of
various enzymes and gene expression analysis, thus indirectly enabling
microbial activity assessment [Douterelo et al. 2014]. Tests based on the
analysis of proteins produced by microorganisms and enabling the
characteristics of the microbiome in various environments, are referred to as
proteomics [Siggins, Gunnigle and Abram 2012]. Analogous tests based on
microbial metabolite analysis, which provide information on microbial
activity and reciprocal relationships, are called metabolomics [Beale et al.
2013].
The development of science and technology has equipped scientists
with a wide range of scientific methods and techniques that provide extensive
knowledge about biofilms present even in environments that are difficult to
access, such as drinking water distribution systems. Among other things, they
provide data on the diversity of microorganisms that create biofilm consortia,
enable identification of individual taxons and help learn about their metabolic
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activity and reciprocal interactions. This article has discussed merely a small
portion of currently available methods or their modifications, but their full
description would require a considerably longer review.
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STRESZCZENIE: Jednym z najważniejszych wyzwań stojących przed
przedsiębiorstwami dostarczającymi wodę jest zapewnienie dostępu do czystej i
mikrobiologicznie bezpiecznej wody pitnej dla lokalnych społeczności. Według
Światowej Organizacji Zdrowia choroby spowodowane skażoną wodą są
przyczyną około 1,7 miliona zgonów rocznie.
Sieć wodociągowa to kompleks rur i zbiorników tworzących
skomplikowaną infrastrukturę, wewnątrz której oddziaływanie czynników
biotycznych i abiotycznych ma istotny wpływ na jakość wody docierającej do
odbiorców. Ze względu na liczne interakcje biologiczne mikroorganizmy obecne w
sieci wodociągowej wywierają kluczowy wpływ na jakość wody. Większość
mikroorganizmów występujących w elementach systemów dystrybucji wody ma
postać biofilmu tworzącego się na ich wewnętrznej powierzchni. Całkowite
usunięcie biofilmu z sieci wodociągowej jest bardzo trudne i praktycznie
niemożliwie, głównie ze względu na jego warstwową strukturę oraz obecność
polimerowej substancji pozakomórkowej (extracellular polymeric substance,
EPS), która chroni drobnoustroje przed wpływem czynników środowiskowych.
Obecnie najważniejszym wyzwaniem jest poznanie składu i struktury biofilmów
powstających w sieci wodociągowej oraz zrozumienie złożonych mechanizmów ich
funkcjonowania. Jednakże jest to niezwykle trudne ze względu na ograniczony
dostęp do sieci wodociągowej, jak również niestabilność biofilmu podczas poboru
próbek. Dotychczas analiza mikrobiologiczna wody pitnej oraz systemów jej
dystrybucji opierała się na spełniających wymogi prawne klasycznych metodach
hodowlanych. Jednakże analizy te dostarczają ograniczone informacje choćby o
różnorodności mikroorganizmów. Problemy te mogą zostać rozwiązane poprzez
zastosowanie zaawansowanych metod z dziedziny biologii molekularnej, chemii i
fizyki. Techniki z pogranicza genetyki i biologii molekularnej są niezwykle czułe,
dokładne, powtarzalne i pozwalają na szybkie uzyskanie wyników. Ponadto
dostarczają wielu cennych informacji, które pomagają zrozumieć zjawisko biofilmu
występującego w systemach dystrybucji wody pitnej. Ponieważ obecność biofilmu
jest jedną z głównych przyczyn wtórnego skażenia wody, to badania biofilmu w
sieci wodociągowej powinny być częścią strategii oceny ryzyka
mikrobiologicznego.
Słowa klucz: biofilm, jakość wody, ocena ryzyka mikrobiologicznego, sieć
wodociągowa
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ABSTRACT: The aim of the study was to analyse how often dietary fibre was used
in sausages and to determine if it was used as functional or health-promoting
ingredient. The material for the study consisted of sausages produced by 16 different
Polish manufacturers. The information provided by each producer on the product’s
label, referring to the composition of product, was analysed. Dietary fibre was used
in 40.5% of all analysed products. The most often the additive was used in
homogenized sausages. The dietary fibre, which was used the most frequently, was
wheat fibre. Dietary fibre was used because of its functional properties, such as
water binding capacity, which reduces cooking loss. Although the dietary fibre was
commonly used in sausages produced in Poland, in none of the analysed sausages it
was used as a fat substitute or a health-promoting ingredient. The great chance for
the meat industry exists to bring to the market sausages rich in dietary fibre, labelled
as source of dietary fibre or high dietary fibre, and thus the products possessing the
features of health-promoting food.
Keywords: dietary fibre, functional foods, meat industry, meat products, sausages

INTRODUCTION
Meat and processed meat products, such as sausages, patties, hamburgers
etc., are consumed worldwide. In Poland, the average monthly consumption
of meat and meat products per person is 6.0 kg, including 2.1 kg of processed
meat products and meat preparations [GUS 2016]. However, the excessive
consumption of red meat and nitrite-treated (cured) meat products, is linked
with the increased risk of colorectal cancer, obesity and other disorders.
Therefore, nutritionists recommend to reduce the consumption of red meat to
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0.5 kg per week and avoid consuming processed meat products, produced
from the cured meat [Corpet 2011, Instytut Żywności i Żywienia 2016]. On
the other hand, there are several strategies to obtain healthier meat products,
such as reduction of fat, cholesterol and salt content, increasing the
proportion of polyunsaturated fatty acids, enrichment in conjugated linoleic
acid (CLA), probiotic bacteria or bioactive compounds, including natural
antioxidants and dietary fibre [Hygreeva, Pandey and Radhakrishna 2014].
Dietary fibre is a component of plant cell, which is not digested nor
absorbed in small intestine [AACC 2001]. Based on its water solubility,
dietary fibre is classified as insoluble and soluble. Insoluble dietary fibre is
less fermentable and consists of cellulose, part of hemicellulose and lignin,
whereas soluble fibre is well fermented and consists of pentosans, pectins,
gums and mucilage [Mehta et al. 2015]. Soluble and insoluble fibers have
different impact on the physiological functions of gastrointestinal tract:
soluble fiber might act as prebiotic, reduce cholesterol level in blood and
lower glucose absorption in the small intestines. Insoluble fiber increases
fecal bulk and control the water absorption, thus it provides laxative effects
and improves peristalsis [Maphosa and Jideani 2016]. The consumption of
dietary fibre in an adequate amount might lower the risk of several disorders
such as colorectal cancer, constipation, obesity and cardiovascular diseases
[Rodríguez et al. 2006, Corpet 2011]. For adults, the recommended dietary
allowance (RDA) of dietary fibre are from 28 to 36 g, 70–80% of which must
be insoluble fibre. In Poland the main source of dietary fibre are cereal
products (approx. 42%), vegetables (26%) potatoes (12%) and fruits (9%)
[Górecka et al. 2011]. Although, the average daily consumption of dietary
fibre, calculated based on food consumption between 2000-2009 was within
the recommended values (28 g), it was showed that its amount was constantly
decreasing from 29.5 g in 2000 to 25.4 g in 2009 [Górecka et al. 2011]. More
recently, lower than recommended average daily fibre consumption was
reported by Stefańska et al. [2016] and Szczuko et al. [2016].
Fat in meat products affects their sensory attributes, including juiciness,
mouth feel, flavour, as well as technological properties, such as water binding
and cooking loss, stability of emulsions and heat transfer [Choi et al. 2010].
However, animal fat is characterized by high content proportion of saturated
fatty acids and cholesterol, which contribute to obesity, cardiovascular
disease and hypertension, and thus it is recommended to reduce its
consumption. One way to produce more healthy meat products is to replace
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fat or fatty meat with lean meat. However, it was noted that the meat
products, in which fat was replaced with lean meat, were scored lower in
sensory analysis compared with their full fat counterparts and were
characterized by higher cooking loss [Brewer 2012]. The solution of the
problem is to use in low fat meat batters the substances, called fat replacers,
such as carbohydrates, including dietary fibre, and proteins, that have the
ability to mimic fat in meat products. They have very low caloric value, do
not contain cholesterol, and enable to reduce cooking loss, due to water
binding capacity, and to obtain reduced or low fat meat products with sensory
quality similar to full fat ones. Therefore, the application of dietary fibre as a
fat replacer contributes to obtaining more healthy meat products [Brewer
2012].
The functional properties of dietary fiber, such as solubility, fat
binding, water holding capacity and swelling capacity, as well as gel-forming
ability, made it frequently used in food products, including processed meat
products. In meat and fish products, the dietary fiber might be used as fat
replacer, emulsion stabilizer, water binder, to reduce lipid oxidation, improve
cooking yield and texture [Maphosa and Jideani 2016]. Due to the fact that it
is a food component, and has no its E number, it might be used to replace
other additives with E numbers, in “clean label” products. The impact of
various sources of dietary fibers and fiber itself, including wheat bran, oat
bran, rice bran rye, carrot, peach, sugar beet dietary fiber, on the quality
attributes of meat products was analyzed in many scientific researches
[Özboy Özbaş and Ardiç 2016].
According to our knowledge, there is a lack of reports concerning the
dietary fiber application in commercially produced sausages available
currently in the Polish market. Thus, the aim of the study was to analyse the
frequency of dietary fibre usage in sausages production and to determine if
the additive was used as functional o health-promoting ingredient.
MATERIAL AND METHODS
The material for the study consisted of 37 sausages, produced by 16
different manufacturers, available in two supermarkets in Olsztyn in May
2015. Products represented following groups of sausages with different
degree of meat batter comminution according to PN-A-82007: homogenized
(n=10), finely (n=10), moderately (n=10) and coarsely comminuted (n=7).
The information provided by the producer on the product’s label, concerning
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the composition of a product were analysed. The type and declared amount of
dietary fibre in the products were also recorded. In order to determine if
dietary fibre was used as fat-substitute in the sausages declared nutritional
value was analysed.
RESULTS AND DISCUSSION
Frequency of dietary fibre application
Dietary fibre was used in the production of each type of sausages,
however with different frequency. The most often the additive was used in
homogenized sausages (70% of analysed products). In the case of finely and
coarsely comminuted the frequency of using the dietary fibre was similar,
and the additive was listed as an ingredient in 40 and 43% of products,
respectively. The least frequently, dietary fibre was used in moderately
comminuted sausages (20%).
Fibre origin
In total, dietary fibre was used in 15 sausages (Figure 1), which
accounted for 40.5% of all analysed products.

number of samples

8
6
4

2
0
a fibre

wheat fibre

homogenized sausages

potato fibre

bamboo fibre

soy fibre

finely comminuted

Figure 1. The number of sausages containing a dietary fibre and its particular
types (total number of analysed sausages n=37; homogenized n=10, finely
comminuted n=10, moderately comminuted n=10, coarsely comminuted
n=7).
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The fibre, which was used the most frequently, was wheat fibre, which
was present in 19% of all products. Bamboo fibre was used in 8% of
sausages, whereas potato fibre and soy fibres in 5% of products each. In the
case of one sausage, the producer declared the usage of a dietary fibre, but
did not show the fibre origin. Dietary fibres obtained from different plants
differ in their functional properties, such as water binding and swelling
capacity. As reported by Huber et al. [2016] higher water holding capacity
showed pea and wheat fibres than oat, bamboo, potato and apple fibres. The
fibres differed also in their oil binding capacity and emulsifying properties.
These differences were caused by variations in the fibres particle size and
their nutritional composition and affected the quality attributes of meat
products, such as texture, colour and eating quality [Huber et al. 2016]. Thus,
a dietary fibre characteristics and the meat formulation composition must be
taken into consideration when choosing the appropriate fibre type to obtain a
product accepted by a consumer.
Besides mentioned above dietary fibres, in the analysed sausages other
additives, which may be classified as dietary fibre, were used, including
modified starch, potato starch, maltodextrin, carrageenan (E407), xanthan
gum (E415) or those, that contained dietary fibre such as processed Euchema
seaweeds (E407a). Starches, including modified and potato, were used in 8
products, which accounts for 22% of all sausages. Maltodextrin and
processed Euchema seaweeds were used in 4 and 3 products, respectively,
whereas xanthan gum and carrageenan in 2. When the presence of a fibre
itself and another carbohydrates classified as dietary fibre or containing
dietary fibre were analysed jointly, it was noted that they were a constituent
of 9 homogenized, 7 finely comminuted, 4 moderately comminuted and 2
coarsely comminuted sausages.
The aim of dietary fibre application
To determine the aim of the dietary fibre application, the nutritional
value was analysed and the presence of nutritional claims. Tables with
nutritional values, including fat and protein contents, were placed on labels of
20 sausages. According to Regulation (EU) No 1169/2011 of The European
Parliament and of The Council of 25 October 2011 on the provision of food
information to consumers, labels of food products must contain an
information on nutritional characteristics to enable consumers, including
those with special dietary requirements, to make informed choices. The
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mandatory nutrition declaration shall include the energy value and the
amounts of fat, saturates, carbohydrate, sugars, protein and salt. The
information may be supplemented with an indication of the amounts of
monounsaturated and polyunsaturated fatty acids, polyols, starch, fiber and
vitamins or minerals. These regulations, concerning the nutritional value of
products, applied from 13 December 2016. Our study was performed in mid2015, so the lack of nutritional information on the packages of 17 sausages
was not a failure to fulfill the regulation and the sausage producers still had
time to adjust the labels to the law requirements. Also Daszkiewicz et al.
[2015] who studied the quality of sausages from the Polish market, reported
the lack of nutritional values on the packages of the products.
None of the products possessed a nutritional claim indicating its
beneficial impact on human health due to high content of dietary fibre. The
amount of a fibre used in the products was not provided by any of the
producers, and only one product label contained the information that fibre
content is less than 0.5 g in 100 g of product. According to Regulation (EC)
No 1924/2006 of The European Parliament and of The Council of 20
December 2006 on nutrition and health claims made on foods, fibre is a
nutrient and its content might be subject of a claim. A food product might be
labelled as a source of fibre if it contains at least 3 g of fibre per 100 g or at
least 1.5 g of fibre per 100 kcal. The claim “high fibre” may only be made if
the product contains at least 6 g of fibre per 100 g or at least 3 g of fibre per
100 kcal. None of the studied products had been indicated as a source of fibre
of high fibre, due to too low dietary fibre content. Base on the observation, it
was concluded that dietary fibre was not used in the sausages as healthpromoting ingredient.
Dietary fibre might be used as fat substitute in low fat or reduced-fat
(light) meat products. According to Regulation (EC) No 1924/2006 of the
European Parliament and of the Council of 20 December 2006 on nutrition
and health claims made on foods, a meat product might be labelled as a low
fat if it contains up to 3 g of fat per 100 g, and as reduced fat (or light) if the
fat reduction in content is at least 30% compared to a similar product. None
of the analysed sausages was labelled as low or reduced fat. Declared fat
content in homogenized sausages varied from 13 to 35%. One product,
containing 13 g of fat in 100 g, might be regarded as light, with the
assumption that average fat content in this type of sausages was 22.6%
(Table 1). However, the dietary fibre was not used in the sausage. Fat content
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in finely comminuted sausages varied from 42 to 52%, in moderately
comminuted from 20 to 39%, whereas in coarsely comminuted from 11 to
18%. Based on the results presented, it can be concluded that dietary fibre
was not used in the analysed sausages as fat substitute. Generally, lower fat
content in Polish sausages was reported by Salejda and Krasnowska [2014]
and Daszkiewicz et al. [2015] up to 21.6% in homogenized sausages. Also
Grześkowiak, Magda and Lisiak [2011], reported that fat content in
moderately comminuted pork and poultry sausages was 16.8% and 7.5%,
respectively, whereas in finely comminuted 25.0% and 17.9%, respectively.
Consumers, especially young ones, are interested in purchasing reduced fat
sausages, produced with the addition of dietary fibre or
another plant derived additives [Makała 2012].
Table 1. Nutritional information declared by producers of studied sausages
Sausage type

Protein

Carbohydrates

(%)

(%)

1

13.0

2.0

2

14.0

3

Fat (%)

Caloric value

Fibre

(kcal)

addition

13.0

177.0

No

3.0

19.0

240.0

Yes

14.6

2.7

16.6

221.0

No

4

12.0

1.0

23.0

259.0

Yes

5

13.5

0.9

35.2

347.0

Yes

6

12.0

0.6

29.0

311.0

Yes

Mean value

13.2

1.7

22.6

259.2

1

25.0

3.0

51.0

571.0

No

2

26.0

1.5

42.0

500.0

Yes

3

23.0

3.0

48.0

536.0

No

4

23.0

3.0

52.0

572.0

No

5

23.0

7.8

34.0

429.0

Yes

Mean value

24.0

3.7

45.4

521.6

Homogenized

Finely comminuted

Moderately comminuted
1

27.0

2.0

40.0

476.0

No

2

24.0

0.5

20.0

278.0

No
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3

17.0

10.7

27.7

264.0

Yes

4

19.0

0.2

27.0

320.0

No

5

14.0

0.0

39.0

406.0

No

6

12.0

2.1

22.0

256.0

Yes

Mean value

18.8

2.6

29.3

333.3

Coarsely comminuted
1

25.0

0.2

14.0

227.0

No

2

22.0

1.0

11.0

189.0

Yes

3

19.0

1.0

18.0

270.0

No

Mean value

22.0

0.7

14.3

228.7

To meet the consumers requirements, meat technologists explore the
possibilities to incorporate the dietary fibre into meat preparations. There are
numerous studies in which dietary fibre was used in meat products as fat
replacer. Schmiele et al. [2015] reported that it was possible to obtain meat
products with 1.3% of amorphous cellulose fibre and 50% fat reduction with
technological properties similar to the control, full fat sample. Krzywdzińska
et al. [2016] used dry fermented broad bean in homogenized sausages with
fat reduction from 20 to 60%, and concluded that, it was possible to produce
sausages containing 20% less fat with similar sensory quality to control.
However, the higher degree of fat substitution with broad bean, the overall
acceptance was lower. Also Tomaschunas et al. [2013] showed that inulin
and citrus fibre addition to Lyon-style reduced fat sausage enabled to obtain
sensory characteristics similar to the full-fat sample.
There are also studies which showed, that dietary fibre might be used as
thickening agent (cellulose, resistant starch, carrageenan) and to decrease
cooking loss. Ktari et al. [2014] investigated the influence of 0.5% addition
of powdered cellulose, barley beta-glucan concentrate, and potato fibre on the
techno-functional and sensory properties of a beef sausages, containing 12%
of fat. The addition of the fibres had no negative effects on the flavour and
texture of the sausages and due to the lowering cooking loss minimalized the
production costs. It should be noted that the effect of dietary fibre on the
quality of meat products depend on a fibre amount. Zhuang et al. [2016]
reported that when the level of sugarcane dietary fibre reached 3%, the
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hardness of batter was unacceptable, whereas the sample with 2% of the
fibre had comparable overall acceptability to the control sample.
CONCLUSIONS
Dietary fibre is commonly used in sausages produced in Poland. The
most frequently it is present in homogenized sausages, whereas the least
often in moderately and coarsely comminuted. It is used because of its
functional properties, such as water binding capacity, which reduces cooking
loss. There was a lack of commercially available sausages in which dietary
fibre was used as fat substitute or the ingredient with health benefits. Thus,
the great chance for the meat industry exist to introduce sausages rich in
dietary fibre as health-promoting ingredient.
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STRESZCZENIE: Celem pracy było przeanalizowanie częstości stosowania
błonnika pokarmowego w kiełbasach i określenie, czy był on stosowany jako
dodatek funkcjonalny czy prozdrowotny. Materiał badawczy stanowiły kiełbasy
wyprodukowane w Polsce przez 16 różnych producentów. Źródło informacji o
składzie produktów stanowiły etykiety umieszczone przez producentów na
opakowaniach kiełbas. Błonnik pokarmowy zastosowano w 40.5% wszystkich
analizowany kiełbas, przy czym najczęściej wykorzystywano błonnik pszenny.
Najczęściej błonnik był wykorzystywany w produkcji kiełbas homogenizowanych.
Błonnik pokarmowy stosowany był ze względu na swoje właściwości funkcjonalne,
takie jak zdolność do wiązania wody, co przyczynia się do zmniejszenia ubytków
cieplnych. Chociaż błonnik pokarmowy był często stosowany przez polskich
producentów w produkcji kiełbas, w żadnym z analizowanych produktów nie został
on użyty jako zamiennik tłuszczu czy dodatek prozdrowotny. Istnieje więc szansa
dla przemysłu mięsnego na wprowadzenie na rynek kiełbas, będących źródłem
błonnika lub cechujących się jego wysoką zawartością i tym samym produktów o
cechach żywności prozdrowotnej.
Słowa kluczowe: błonnik pokarmowy, kiełbasy, przemysł mięsny, przetwory
mięsne żywność funkcjonalna.
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ABSTRACT: The fundamental aim of food law is to strive for a high level of
human life and health protection. To protect the interests of consumers, food law
should be the basis for making an aware choice regarding the safety of food that
they consume. Ensuring food safety is one of the major objectives of European
Union Common Agricultural Policy. The law imposed on food companies obliged
them to implement and maintain Good Manufacturing Practice (GMP) and Good
Hygiene Practice (GHP) as well as procedures based on HACCP system aimed at
ensuring health safety. Having an effective system is strongly depended on the
actions undertaken within the organization. In order to ensure high quality and
health safety of food products actions have to be arranged from using high quality
raw materials through all stages of production, processing and distribution till
finished product selling. The improvement of food safety assurance system became
a goal in the company development.
The aim of this study is to analyze the changes implemented within the company
operating in meat industry that maintains the food safety assurance system.
Keywords: food safety, GHP, GMP, HACCP system, development of system to
ensure food safety.

INTRODUCTION
According to Act of 25th August 2006 of Food and Nutrition Safety, food
safety is defined as the general conditions to be met, concerning in particular
the additives and flavours used, levels of pollutants, pesticide residues, food
irradiation conditions, organoleptic characteristics as well as the actions
which have to be taken on all stages of food production and trade to ensure
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human health and life is protected [Act of Food and Nutrition Safety 2006].
Fundamental European Union food safety laws are contained in Regulation
(EC) No 178/2002. Food is considered as safe if it is not harmful to human’s
health and is suitable for human consumption. The prime objective of any
food processing company is to ensure safe food products of highest quality.
Supervision and control of food production processes, in particular regarding
their quality and health-related issues are exercised by:
 an external control system, which is exercised by the relevant
authorities of official control of food quality (e.g. the State Sanitary
Inspection, Veterinary Inspection which is independent to the
manufacturer),
 an internal control system carried out at the plant, which is realized
through the implementation and maintenance of appropriate
compulsory and non-compulsory standards.
By adopting Regulation (EC) No. 852/2004 of the European Parliament
and the Council [Regulation (EC) 852/2004], the European Union made it
compulsory for all companies involved in any stage of food production,
processing or distribution to implement the HACCP (Hazard Analysis and
Critical Control Points) system. HACCP is a prevention system designed to
ensure that all processes applied to food products are fully controlled, all
hazards and risks are analyzed and the problems associated with food safety
are prevented by applying methods to monitor the critical control points.
HACCP is an instrument for ensuring food safety, which is closely associated
with the principles of Good Hygienic Practice (GHP) and Good
Manufacturing Practice (GMP).
Good Manufacturing Practice relates to the actions which have to be
taken and the conditions which have to be met in order for the production of
food and materials being in contact with food are held in a way that ensures
food safety as intended [Act of Food and Nutrition Safety 2006]. The
requirements and conditions specified in Good Manufacturing Practice apply
to plant infrastructure (location and technical conditions of the facility,
buildings and premises, storage and production facilities, social facilities,
equipment) as well as all operations and production processes carried out at
the plant. Each area of activity should be defined (through instructions and
procedures), monitored and evaluated in detail in accordance with its purpose
to eliminate and prevent errors in the production processes.
122

Good Hygiene Practice states for the actions which must be taken and
the hygienic conditions which must be met at all stages of production and
distribution in order to ensure food safety [Act of Food and Nutrition Safety
2006]. Compliance with the requirements in this area requires the
development of a plan of individual operations and activities that will support
the protection of hygiene at the plant including: plans for cleaning and
disinfection of the plant, assessment of the hygiene and health of employees,
sanitation duties.
Without meeting the requirements specified in Good Manufacturing
Practice / Good Hygiene Practice it is impossible to implement and maintain
an effective HACCP system. In some standards, GMP / GHP requirements
are described as prerequisite programs. Among the main factors affecting and
hindering the implementation and maintenance of the HACCP system are the
low awareness and attitude of employees, management and business owners,
the need to adapt the plant infrastructure to the GMP / GHP requirements
(e.g. high adaptation costs that business owners have to bear) and sometimes
also incorrect, too bureaucratic or misguided assumptions of the system. For
small businesses, the problem of lack of knowledge regarding food law is
also pointed out as an decisive factor [Litwińczuk et al. 2016, Dzwolak 2011,
Górna 2008, Trafiałek and Kołożyn-Krajewska 2005, Trafiałek and KołożynKrajewska 2006].
Due to the specificity of meat industry, production processes are critical
for ensuring product safety and appropriate quality. The European Parliament
and the Council have adopted specific regulations on hygiene for food
industry businesses producing unprocessed and processed food of animal
origin. Among the basic legislation are Regulation (EC) No 853/2004 and
Regulation (EC) No 1662/2006. These law provisions complement the
restrictions enacted in Regulation (EC) No 852/2004.
High market concentration, rapid changes in the technology and consumers
expectations as regards high quality make managing a meat industry
enterprise a particularly challenging task. Companies operating in this sector
need not only to fulfill the market demands but also comply with rapidly
changing legislation issues. The improvement and enhancement of food
safety approach allows companies to take actions and look for solutions
increasing the effectiveness and efficiency of their functioning [Stefko,
Lipińska and Piasecka-Kwiatkowska 2013, Choroszy and Tereszkiewicz
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2013, Kłopotek and Małecka 2011, Pachołek and Krzywiak 2011, Dzwolak
2011a, Sikora 2010, Matuszak-Flejszman 2010].
The aim of this study is to analyze the changes implemented within the
company operating in meat industry that maintains the food safety assurance
system.
MATERIALS AND METHODS
A food safety assurance system was examined basing on documents provided
by a medium-sized meat processing polish company (which included internal
and external audit reports, institutional inspection reports and system
records), as well as on the relevant literature. The researched company
specializes in:
 cutting pork carcass to commercial products,
 cutting poultry meat to commercial products,
 production of thermally-treated meat products.
The majority of raw material used to produce processed meat comes from
domestic suppliers. The company offers ca. 100 different meat products. The
employment amounts from 130 to 180 workers. Analysis of the development
of food safety assurance system covers 2009-2016 period.
ANALYSIS OF THE HACCP SYSTEM
The HACCP system implemented in the company complies with the current
regulations. The implemented and maintained HACCP system takes into
account the size and specificity of the production plant as well as the
machinery and technology park. The management of the plant is responsible
for the maintenance of the system. The required HACCP plans cover a range
of procedures concerning all production stages from receiving area (pork
half-carcasses and poultry carcasses) to the storehouse of final products. The
plans are reviewed regularly and amended as needed. The undertaken hazard
analysis identified three critical control points (CCPs):
 CCP 1: pork half-carcass temperature on reception,
 CCP 2: poultry carcass temperature on reception,
 CCP 3: product temperature during thermal treatment.
The company defined other control points (CPs) which are mostly associated
with maintaining cooling conditions at each product stage and included
monitoring the temperature in each controlled room, i.e. raw material
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warehouse (CP1), production floor (CP2) and final products storehouse
(CP3). The cleaning and disinfection is approached as a separate process.
The review of HACCP system is designed primarily to examine
factors influencing the effectiveness of the technological process. The
internal audit is carried out regularly (every six months) according to the
approved plan and is preceded by inspections and maintenance of
technological machinery, equipment and calibration of instruments. In the
system management, both staff as well as persons responsible for functioning
of the food safety system are included. The quality complaints and cases of
non-compliance discovered in the process are presented in Table 1.
Table 1. Percentage of quality complaints and the number of non-compliance
in the company between 2009-2016
Year
Qualitative
characteristics

2009 2010 2011 2012 2013 2014 2015 2016

Percentage of quality
complaints
The frequency of noncompliance, including:

0.1
46

15

18

6

11

1

0

0

 CCP 1

46

0

1

1

-

0

0

0

 CCP 2

-

5

9

2

1

0

0

0

 CCP 3

-

-

-

-

-

0

0

0

 CP 1

-

3

-

-

8

1

0

0

 CP 2

-

3

-

3

1

1

4

3

 CP 3

-

4

8

-

1

0

3

0

0.05 0.05 0.30 0.06 0.06 0.03 0.02

The defect rate reported between 2009-2013 ranged from 0.05 to
0.3%. The complaints are examined yearly. However, each quality complaint
is considered individually to identify its detailed root cause. The most
common complaints relate to the product packaging, which results in
frequent inspections of packaging machines, packaging materials and sealing
parameters.
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In 2009, 46 non-compliances concerning increased temperature (above
normal) of the pork half-carcasses provided by suppliers were reported.
Similar reasons for non-compliance were identified between 2010 and 2011
with respect to poultry carcasses received at the cutting plant. Increased
temperature may contribute to bacterial infections and decrease in
technological effectiveness (temperature increase by 1 oC generates loss of
5% raw material). Given that microbiological risk factors in foodstuffs are an
important source of human food poisoning and illnesses, efforts in should be
made in food production to avoid microorganisms, their toxins, and
metabolites in quantities that may pose a risk to consumers’ health.
Subsequently, the company decided to rescreen its meat suppliers and
enhance its requirements concerning quality of meat raw material. As a
consequence, non-compliances occurred rarely in the following years. The
monitoring of CCP 3 revealed no non-compliance during the examined
period. Nevertheless, in 2012, basing on its own experience, the company
readjusted its temperature requirements for thermal processing for
percolation blanching process from 68-72oC to 70-74oC.
The main reason for non-compliance at the CPs were the breakdowns
of the cooling system during the hot days. This led to modernization of
cooling systems and purchase of a new, more efficient cooling generator.
Hygiene criteria for assessing the hygiene of the production processes
at the plant are included in Commission Regulations (EC) No 2073/2005, No
1441/2007, No 365/2010, No 209/2013, No 1019/2013, No 217/2014. They
define the limits on the number of aerobic colony, Enterobacteriaceae,
Salmonella and Escherichia Coli.
Companies producing ready-to-eat food, which may pose a health risk
due to the presence of Listeria monocytogenes take samples from different
production areas and equipment in order to investigate the presence of
Listeria monocytogenes.
Process hygiene criteria for the production of pork and poultry meat are
summarized in table 2. Process hygiene criteria stand for the requirement
needed to allow the acceptance of a process carried out on the basis of the
absence, presence or number of microorganisms and / or the quantity of their
toxins or metabolites, per unit of weight, volume or area.
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Table 2. Process hygiene criteria for the production of pork and poultry meat.
Limits
Type of food
Microorganism
m*
M**
Carcases of pigs
Aerobic
colony
4,0 log
5,0 log
2
count***
CFU/cm
CFU/cm2
Enterobacteriaceae***
2,0 log
3,0 log
2
CFU/cm
CFU/cm2
Salmonella
Absence in the area tested
Minced meat
Aerobic colony count
5 x 105
5 x 106
CFU/g
CFU/g
Escherichia Coli
50 CFU/g
500 CFU/g
Meat preparations
Escherichia Coli
500 CFU/g
5000
2
or cm
CFU/g or
cm2
Mechanically
Aerobic colony count
5 x 105 CFU
5 x 106
separated
meat
CFU
(MSM)
Escherichia Coli
50 CFU/g
500 CFU/g
Poultry carcases
Salmonella
Absence in 25g
Ready-to-eat
foods Listeria
Absence in 25g****
able to support the monocytogenes
growth of Listeria
monocytogenes
Explanations:
* - the limit for which numbers that are less than or equal to are satisfactory
** - the limit for which number that are greater than are unsatisfactory
*** - daily mean log
**** - before the food has left the immediate control of the food business
operator, who has produced it.
Source: Commission Regulations (EC) No 2073/2005, No 1441/2007, No
209/2013, No 217/2014.
The application of microbiological criteria should be an integral part
of the process of implementing procedures based on the HACCP system
principles and other hygiene control measure systems. If the microbiological
criterion is exceeded, the food product is considered to be contaminated with
microorganisms to unacceptable extent. As a result of such a situation the
product is withdrawn and the production is stopped, while as part of the GMP
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/GHP Best Practices the necessary actions and conditions must be
implemented immediately to ensure that process hygiene criteria are met. To
avoid such a situation, it is recommended to analyze trends in tests results, so
that to be able to detect any negative change in the production process and
take corrective actions before the process gets out of control.
In some case of microbiological clearness, the exceeded overall
amount of microorganisms and, in particular Enterobacteriaceae, was
identified during the review period. Furthermore, continuous improvement in
the hygienic condition of surfaces, which are in direct contact with food, was
noted. In 2009, 137 swabs were performed and 34 exceeded 5 CFUs per cm2,
while in 2010 only 6 smears out of 160 exceeded 5 CFUs per cm2. In the
following year, none of 160 smears showed CFUs per cm2 higher than 5,
while in 2012 and 2013 all smears (respectively 150 and 144) were below 10
CFUs per cm2.
In 2014, the District Veterinary Officer was asked to reduce the
number of control swabs performed. The areas and scope of research in this
direction was set. Additionally, the presence of bacterium Listeria
monocytogenes on food contact surfaces has been included in the tests.
In the years 2014-2016, 45 samples of sanitary swabs were taken each year
for the analysis of total number of microorganisms and Enterobacteriaceae
microorganisms, while 10 swab samples for bacterium Listeria
monocytogenes. In this time frame there were no questioned samples at all.
There were no bacteria above 5 CFUs per cm2 (results showed the amount
lower than 1 CFU per cm2). No presence of bacterium Listeria
monocytogenes was found in the control swabs performed.
The documentation, created for HACCP system purposes, is not very
extensive, but nevertheless, it is fully transparent and sufficient to fulfill the
requirements of company and auditors. This user-friendly documentation
helps to raise awareness among the company's personnel and to inspire them
to commit to the system’s development. The company also focuses on the
employees` training. Every worker attends food quality assurance training at
least twice a year. This activity contributed to, inter alia, a continuous
awareness increase in recent years, as well as to the improvement in hygienic
condition of production lines. The methodology aspects of trainings rely on
Salford food safety management system guidelines [www.food.gov.uk].
The HACCP food quality assurance system may operate as an
individual or integrated system with other management systems. In future,
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the company intends not only to upgrade its technologies, to adopt
innovations and streamline sales procedures but also to improve all food
safety processes by adopting food safety management standards (such as ISO
22000, ISO 22002-1, IFS, BRC or SQF).

CONCLUSIONS
The improvement of food safety management is essential not only to satisfy
the requirements of official food inspectors, but also to advance the
functioning of the enterprises. The analysis of the HACCP system in
described company between 2009 and 2016 shows that its management was
able to ensure an efficient maintenance of the system and its enhancement
annually.
Improving production processes and products quality is the result of not only
mandatory legal requirements but also the progress resulting from market
mechanisms and consumers’ expectations. Therefore, ensuring health
security is not only associated with obtaining a distinction of food safe for
consumer health and life, but also growing consumer awareness of the
negative impact of improperly produced food on both health and well-being.
Thus, the safety of manufactured food products is a key factor in the
functioning of the entire food industry.
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STRESZCZENIE: Podstawowym celem prawa żywnościowego jest dążenie do
wysokiego poziomu ochrony życia i zdrowia ludzkiego. Dla ochrony interesów
konsumentów prawo żywnościowe powinno stanowić podstawę dokonywania przez
nich świadomego wyboru związanego ze spożywaną przez nich bezpieczną
żywnością. Zapewnienie bezpieczeństwa żywności jest jednym z głównych celów
realizowanej Wspólnej Polityki Rolnej Unii Europejskiej. Na przedsiębiorstwa
branży spożywczej nałożono z mocy prawa obowiązek wdrożenia i utrzymywania
zasad Dobrej Praktyki Produkcyjnej (GMP) i Dobrej Praktyki Higienicznej (GHP),
jak również procedur opartych na zasadach systemu analizy i krytycznych punktów
kontroli (HACCP) ukierunkowanego na zapewnienie bezpieczeństwa zdrowotnego.
Posiadanie skutecznego systemu w dużej mierze uwarunkowane jest działaniami
podejmowanymi wewnątrz organizacji. Działania te, w celu zapewnienia wysokiej
jakości zdrowotnej produktów muszą być realizowane już na etapie stosowania
surowców dobrej jakości, jak również na wszystkich etapach
produkcji,
przetwarzania i dystrybucji, od pozyskiwania surowców do sprzedaży detalicznej
gotowego produktu. Doskonalenie organizacji działającej w branży spożywczej
zapewniające bezpieczeństwo żywności staje się celem rozwoju przedsiębiorstwa.
Celem pracy jest analiza zmian zachodzących w organizacji utrzymującej system
zapewnienia bezpieczeństwa żywności na przykładzie przedsiębiorstwa
produkcyjnego branży mięsnej.
Słowa kluczowe: bezpieczeństwo żywności, GHP, GMP, system HACCP, rozwój
systemu zapewnienia bezpieczeństwa żywności.
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ABSTRACT: The aim of the study was to present and discuss food quality systems
operating in Poland, with particular reference to those that relate to meat and its
products. Quality signs/logos, which confirm the fulfillment of the system
requirements, placed on a product‘s packaging are a valuable hint for consumers
looking for the highest quality products. The problem, however, is that there are
many systems, so this article is an attempt to systematize knowledge on the subject.
The food quality systems in Poland can be divided into national and EU
systems - operating in all EU Member States. Among national systems there are
systems dedicated for meat and its products such as Quality Meat Program QMP,
Pork Quality System PQS and Food Quality Assurance System QAFP. Other
national food quality system are: the Integrated Production, but it concerns the
production of plants, and the Quality Tradition system, to which traditional meat
products may belong.
There are no systems for meat and meat products in the group of EU systems.
These systems are more general in terms of product assortment, although they allow
to distinguish quality of only organic or traditional and regional products.
Keywords: food quality systems, quality schemes, meat and meat products, QMP,
PQS, QAFP

INTRODUCTION
Contemporary food market abounds in countless number of products.
Manufacturers are racing to come up with new products, new flavours,
innovative technological solutions, new packaging to meet the needs of
consumers, and sometimes even to create new needs. In the premise it is the
market governed by the consumer, because it is the consumer who while the
purchase of certain goods decides about "to be or not to be" of the
manufacturer. Although these assumptions let consumers make a free choice,
on the other hand, they put a huge responsibility on them, which in the case
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of insufficient consumer's knowledge and awareness can lead to negative
consequences.
Food quality systems that mark the products with special labelling can
help consumers find, in the thicket of foodstuffs, goods that stand out in their
high quality. The problem, however, is that there are plenty of quality
signs/logos. It introduces certain chaos and, as a consequence, can reduce
consumer confidence. Such situation occurred with organic products. Prior to
the introduction of common EU organic logo, in each member state there
were one or even several logos for organic food. It confused the average
consumer. Therefore, as in the case of organic food, introduction of one
common logo for high quality food should be considered. However, before
this happens, realizing the purpose of this paper, the quality systems for meat
and its products will be presented.
SYSTEMS FOR ASSURING FOOD QUALITY
Food quality systems in Poland can be divided into EU and national systems
[polskie i europejskie … 2017]. There are currently 5 national quality
systems recognized by the Minister of Agriculture and Rural Development
[Krajowe systemy… 2017, Integrowana Produkcja … 2017]:
•
Integrated Production (IP) Officially Controlled - this system
however is dedicated only for plants,
• Quality Meat Program (QMP) – system for beef meat,
• Pork Quality System (PQS) – system for pork meat,
• Quality Assurance for Food Products (QAFP) - system for pork,
poultry, goose meat and their products,
• Quality Tradition (QT) - system for traditional products.
The European Union food quality systems are officially called EU quality
schemes for agricultural products and were created as one of the ways of
implementing food quality policy. The schemes allow mark out the high
quality agri-food products with special logos. There are three main European
quality schemes [Food quality ... 2017]:
• Protected Designation of Origin (PDO) and Protected
Geographical Indication (PGI),
• Traditional Speciality Guaranteed (TSG),
• Organic farming.
Sometimes the schemes are divided into two groups of systems for food
promotion and protection [Polskie i europejskie … 2017]:
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• EU protection system for regional and traditional products
(PDO, PGI and TSG),
• EU system for organic farming products.
EU quality systems
The EU systems relate to agricultural products and foodstuffs, wines, spirits
and aromatized wines [EU agricultural … 2017]. Unlike national systems,
none of the schemes is specifically dedicated to meat and its products.
However, once the requirements have been fulfilled, the meat and meat
products may be registered and included in the list of products authorized for
the labelling with these logos. Registration and protection rules are described
in Regulation (EU) No 1151/2012 of the European Parliament and of the
Council of 21 November 2012 on quality schemes for agricultural products
and foodstuffs and in Council Regulation (EC) No 834/2007 of 28 June 2007
on organic production and labelling of organic products and repealing
Regulation (EEC) No 2092/91.
Protected Designation of Origin (PDO) and Protected Geographical
Indication (PGI) aim to help protect and promote products with particular
characteristics linked to their geographical origin. Whereas Traditional
Speciality Guaranteed (TSG) is a tool to highlight the quality and tradition
associated with registered product [EU agricultural … 2017].
The PDO logo is awarded to exceptional quality regional products, with a
reference to the place where it is produced and emphasizing their relationship
with the place. However, the link with the geographic area must be strong
enough to ensure that the production of the product with the properties in
question is not possible elsewhere. This means that products have to be
produced, processed and prepared in this specific geographical area, using the
recognized know-how of local producers. Also all the raw materials and
ingredients have to come from the area concerned [Czarniecka-Skubina and
Janicki 2009, EU agricultural … 2017, Halagarda, Kędzior, Pyrzyńska 2013,
Polskie i europejskie … 2017].
The PGI logo also identifies products whose outstanding quality or
reputation is linked to the place or region where it is produced, processed or
prepared. However, this relationship with the place in the product name is
weaker than in the case of PDO products. It is sufficient that at least one
manufacturing phase takes place in this area. Also the ingredients used need
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not necessarily come from that geographical area [EU agricultural … 2017,
Kieljan 2011, Polskie i europejskie … 2017].
The TSG logo focuses the spotlight on tradition. It identifies products
of a traditional character, either in the composition or method of production.
The product must be made from traditional raw materials, according to
traditional method passed down from generation to generation for at least 30
years. A specific link to a particular geographical area is not necessary
[Halagarda, Kędzior, Pyrzyńska 2013, EU agricultural … 2017, Polskie i
europejskie … 2017, Produkty regionalne … 2017].
The use of organic farming/organic food logo warrants that the product
meets official surveillance requirements and that at least 95% of the
ingredients in the product have been organically produced. Requirements of
Regulation 834 regulate in detail each of the steps of production, particularly
with respect to agricultural production. Most generally the organic production
system uses natural processes, natural fertilizers and biological and
mechanical methods. It is not permitted to use synthetic fertilizers, pesticides,
feed and food additives and genetically modified organisms (GMOs).
Organic products range from fresh fruits and vegetables straight from the
farm to wines and cheeses aged over several years [Council Regulation ….
2007].
National quality systems
According to the current law, the minister responsible for rural development,
through an administrative decision, gives the system the status of a national
food quality system. This can only happen if certain requirements are met.
Therefore, all national food quality systems must: be open to all producers,
be transparent and ensure full traceability. Products manufactured in the
system should have specifications and a public authority or independent
audit/control unit must verify compliance with these specifications. The
specificity of the end product produced under a given system is due to the
requirement to guarantee certain product characteristics or specific methods
of cultivation/production, or the quality of the final product, which
significantly exceeds the market or commercial standards for the product in
terms of public health, animal or plant health, animal welfare or
environmental protection. If any of the requirements is no longer fulfilled
then the system may be removed from the list of national food quality
systems [Krajowe systemy … 2017].
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Quality Meat Program (QMP)
This system was developed by the Polish Beef Association. The main goal of
the system was the production of guaranteed safe and high quality culinary
beef meat. In 2008 it was recognized as the official national beef meat quality
system [Quality Meat Program 2017, System certyfikacji QMP 2017].
The QMP is a voluntary system that beef cattle producers, feed
manufacturers, livestock carriers and meat processors can join [System QMP
2017]. However it should be emphasized, that of course, this is a voluntary
system, but to obtain a guaranteed quality product - QMP beef meat, there
must be at least one cattle farmer and one slaughterhouse in the system.
Assuming that the breeder produces feeds on its own and that the
slaughterhouse has its own means of transportation, both for cattle and beef,
used to supply the stores by themselves. In other words, to obtain quality
guaranteed beef, a number of requirements have to be fulfilled at each stage
of production from the farmer to the consumer. These requirements are
included in the standards of QMP system. They define the whole process of
beef production, from the indication of the best breeds of cattle for meat,
through the conditions of breeding, transport, slaughter, finishing on the way
the meat is packaged and labelled [System certyfikacji QMP 2017, System
QMP 2017].
Meat with a QMP quality mark can only come from animals of meat breeds
such as Limousine (LM), Charolaise (CH), Angus (AN), Hereford (HH),
Salers (SL), Simentaler (SM) and meat crossbreeds (MM), in which the
paternal component is exclusively meat breeds. In order to brand meat with
QMP logo, the animal must be kept on a farm with QMP system at least two
months. Animal maintenance and any treatments (castration, dehorning,
births) should be in accordance with the current animal welfare law. Farms
require a non-chains system, preferably with free range access (free-range
cattle sheds chain-free). Heifers and bulls should be kept in separate groups
after weaning from their mothers, which limits uncontrolled, too early
reproduction of animals [Quality Meat Program 2017, Standardy Systemu
QMP. Bydło 2017].
Each farm with implemented QMP system must cooperate with a
veterinarian who, in addition to standard tasks, helps develop and implement
an annually updated bovine health plan. Any veterinary treatments and
administered doses of medications, withdrawal periods should be recorded. If
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the needle remains in the body of the animal, the breeder is obliged to inform
about this fact the slaughter worker or the animal buyer [Standardy Systemu
QMP. Bydło 2017].
The breeder should also have a plan of feeding for individual groups of cattle.
The QMP standards define specific feed requirements. Feed must come from
certified suppliers who are in the system, or must be produced in-house on
the farm, of course, also with the principles of QMP [Standardy Systemu
QMP. Bydło 2017, Standardy Systemu QMP. Pasze 2017].
Farm buildings, their equipment, farmsteads, pastures must meet
specific construction requirements but also hygienic. Even in the case of
keeping cattle at the court all year round, animals must have the possibility of
shelter and have access to a place to rest. The farm must be equipped with
devices such as raceway tunnels, livestock crushes (squeeze chute), etc.,
which allow for safe control and treatment of the animals while minimizing
the stress and risk of physical injury [Standardy Systemu QMP. Bydło 2017].
All people working on the farm must have specific knowledge and
qualifications. In case of control, they must demonstrate the knowledge of the
provisions of the current on farm animal welfare law, as well as of the
"Compendium of the Polish Beef Association’s recommendations in the
field of animal welfare". In addition, they must be able to demonstrate skills
in handling cattle [Standardy Systemu QMP. Bydło 2017].
The QMP system also sets standards for the transport of animals and
for the practices in slaughterhouses. Also, in this case, the staff dealing with
the animals must have appropriate training and competences. Violence is
forbidden, and the handling with animals, means of transport and equipment
must not cause unnecessary fear, injury or suffering. Transport time must be
kept to a minimum [Standardy Systemu QMP. Transport 2017]. Rules in the
slaughterhouse include, among others the requirements for livestock
warehouse (construction, equipment), the proceedings during slaughter
(description of each stage), the conditions of carcass and half-carcasses
storage, the cutting of carcasses (process of butchering), the packing and the
storage of meat and the conditions of transport of culinary meat to
purchasers. The hygienic requirements at all stages of production are also
detailed. What is very important for the final quality of beef, every QMP
slaughterhouse must implement a post-mortem aging procedure, which
ensures that the ripening period of beef delivered to retail sale is at least 9
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days. It is allowed both the ripening of the meat in the carcass quarters and in
the basic elements [Standardy Systemu QMP. Mięso 2017].
The QMP system also determines the slaughter age of the cattle. It shall
be no less than 12 months and not more than 16 months for bulls and not
more than 24 months for heifers and females. For young beef QMP the age of
slaughter of the cattle is 8 to 12 months [Quality Meat Program 2017,
Standardy Systemu QMP. Mięso 2017]. Fulfilling all requirements from the
earlier phases of the production chain does not guarantee that the meat will
receive QMP certification. The final quality of the meat obtained is still
assessed and only the raw material of the appropriate parameters can be
marketed with the certificate. These requirements are [Quality Meat Program
2017, Standardy Systemu QMP. Mięso 2017]:
• conformation (muscles) E, U, R, O + and fatness 2, 3, 4
according to the EUROP scale for QMP beef or fatness 1, 2, 3
according to the EUROP scale for young QMP beef,
• minimum weight of bull and calf carcass 240 kg, heifers 220 kg,
and for young QMP beef carcass weight can not be less than 160 kg,
• fat must be hard, white or creamy white,
• muscle and fat free from hematoma,
• pH of the meat after cooling should not exceed 5.8,
• meat free from DFD defects (dark, firm and dry meat).
The system requires complete traceability, i.e. it is possible to determine the
animal's number from which the piece of meat comes from, and therefore its
exact breed, age, gender.
Participants in the QMP system undergo an annual audit of an
independent certification body that assesses compliance with the strict
system‘s rules. The control or certification body may also carry out
unannounced random follow-up visits based on an overall risk assessment of
non-compliance with the production rules, taking into account at least the
results of previous inspections [Standardy Systemu QMP. Bydło 2017].
Pork Quality System (PQS)
This system was created as a result of cooperation of two entities, the Polish
Pig Breeders and Producers Association "POLSUS" and the Association
"Polish Meat". As the name implies, it is a quality system targeted
exclusively at pig meat, which was officially recognized as the national food
quality system in December 2009 [System PQS 2017].
138

Similarly to the QMP system, the high quality of pork produced in the PQS
system is a result of adhering to a number of detailed rules throughout the
production chain that is confirmed by the certificate. The system
encompasses several stages of quality control, full traceability of product
origin, respect for the environment and maintenance of human health and
animal welfare principles [System PQS 2017].
The obligations of producers are among others: appropriate selection of
breeded and propagated pigs, special feeding system, appropriate handling
before slaughter. Only pig breeds with high meat content in carcass, low fat,
proper meat quality and favourable levels of intramuscular fat (IMF), such as
wielka biała polska (wbp) or large white/yorkshire, polska biała zwisłoucha
(pbz) or Landrace, puławska, duroc, hampshire, pietrain and their specified
hybrids are used in breeding and crossbreeding. Pietrain pigs may, however,
be used only as one of the hybrid paternal components in the form of a hybrid
resulting from the crossbreeding with the duroc or hampshire breed. It is
forbidden to use in the production purebred pietrain pigs as well as animals
with RYR1T (nn) gene. This gene is responsible for the increased incidence
of PSE meat defects (pale, soft, exudative). In addition, the division into
maternal components (wbp or large white/yorkshire, pbz or landrace,
puławska and certain hybrids) and paternal (wbp, pbz, duroc, hampshire and
certain hybrids) are used. Feeding of pigs has to be balanced and biphasic,
allowing for the maximum utilization of the animal's genetic potential in the
muscular area. This also helps to prevent the occurrence of quality defects in
the meat and excessive fatness, including intramuscular fat deposition. In the
last fattening period (the last month before slaughter) the use of feed
containing fish, other marine organisms, their products and by-products such
as fishmeal is prohibited and the share of maize has to be limited to a
maximum of 20% in the feed dose. The breeder is required to keep a
complete records confirming fulfillment of these requirements [Kryteria
techniczne KT-BC-2 dla producentów 2017, System Jakości … 2017].
Animals intended for slaughter should have a body weight of about 100
kg (+/- 15 kg), which corresponds to the slaughter of animals aged 5-6
months. 12 hours immediately prior to slaughter, animals cannot be fed, but
must have constant access to water. The effect of stressors, which may cause
irreversible metabolic reactions leading to defects in meat quality (especially
PSE and DFD type), should be eliminated or minimized in the pre-slaughter
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trade. Maximum transport time is 8 hours [Kryteria techniczne KT-BC-2 dla
producentów 2017, System Jakości … 2017].
In the PQS system, as in the case of the QMP system, also requirements and
rules for the slaughterhouse are described in a very detail [Kryteria
techniczne KT-BC-3 dla przetwórców 2017].
To guarantee high quality, the final product is also checked and only meat
with the following parameters can be sold with the PQS quality mark
[Kryteria techniczne KT-BC-3 dla przetwórców 2017, System Jakości …
2017]:
• meat color - parameter L * in the range of 43-56,
• water absorption (WHC), determined by the drip loss method
at the level of 2-5%,
• intramuscular fat (IMF) content of 0.8 - 2.5%,
• acidity of meat - pH1 5.8 - 6.4,
• meat content in the carcass in excess of the average carcass
weight of the carcasses and on average not less than 55%
• color of fat (bacon) - white, white with cream or slightly pink,
• firm texture of fat,
• meat free from fish scent .
The Food Quality Assurance System (QAFP)
The Food Quality Assurance System (QAFP) was recognized by the Ministry
of Agriculture and Rural Development as the national quality system in 2009.
When comparing to the two previous systems, it is slightly different – being
more focused on multi-production. It includes not only pork meat but also
poultry meat, poultry and pork-beef sausages and preserves. The long-term
strategy for the system foresees its extension to other products [System
Gwarantowanej … 2017, Historia 2017 ].
The QAFP requirements for pork are very similar to the PQS
requirements. In a way, it can be ascertained that those systems are
competitive to each other. Moreover existance of two different quality marks
for the same type of meat may introduce unnecessary confusion among the
consumers.
In breeding and crossbreeding in this system it is allowed to use only
pigs of breeds providing meat of high culinary quality. They may be animals
from the two-breed crossbreeding (wbp x pbz or pbz x wbp) or three-breed
(wbp x pbz x duroc or pbz x wbp x duroc). Duroc boars can be replaced with
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990 boars. It is also forbidden to use pigs with the RYR1 T gene for
crossbreeding. The establishment of a 60% upper limit for pig meatiness is
intended to reduce the occurrence of defects such as PSE [Obiedziński et al.
2013, System Gwarantowanej … 2017].
Livestock producers must adhere to the certain standards of nutrition.
At least three weeks before the slaughter weight is obtained, it is forbidden to
feed fatteners with feed containing ingredients influencing sensory or
technological value of the carcasses [Obiedziński et al. 2013, System
Gwarantowanej … 2017].
In the QAFP system, as well as in the systems discussed above, transport,
ante-mortem handling, slaughter and meat-cutting procedures are precisely
described. For example, the upper limit of the time in which slaughter
operations should be terminated and chilling should start are defined. The
meat offered for sale with the QAFP quality mark cannot be injected or
subjected to other treatments intended to introduce water or any additives. In
addition, this meat must only be packaged using MAP technology, inert gas
packaging. It should also be added that freezing of the meat excludes the
possibility of affixing the QAFP quality mark [Obiedziński et al. 2013,
System Gwarantowanej … 2017].
The QAFP pork meat, as the final product, is characterized by the following
quality parameters [Obiedziński et al. 2013, System Gwarantowanej …
2017]:
• pH1 of the longest musculus dorsi (musculus longissimus dorsi) at the
level of at least 6.3 and pH2 between 5.5 and 5.7,
• luminosity of the pork visually assessed on the basis of a comparison
with the Pork Quality Standards, National Pork Board 1999, must be in the
range of 3.0-4.0, and its marbled visually evaluated on the basis of
comparison with the above pattern must be within the range of 2.0-3.0,
• luminosity of the hams visually assessed on the basis of comparison with
Pork Quality Standards, National Pork Board 1999 can not indicate the
occurrence of quality defects of PSE and DFD type meat.
The most prominent consumer product with the QAFP quality mark is the
culinary meat of chicken and turkey breast. This system has also recently
been used to obtain carcasses and elements of young Polish oat goose. The
requirements are very similar to those of pork, so below only the selected
poultry-specific requirements are presented.
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In order to produce high quality poultry meat producers of livestock may
only use selected breeds of poultry. The animals should derive from the twobreed crossbreeding of hens and two-lines hybrids of cocks (male father line
and female father line) and in the case of young turkeys from crossbreeding
of broad breasted white turkeys lines [Brzozowski 2013, System
Gwarantowanej … 2017].
In the case of goose fattening, chicks have to originate from white goose
Kołudzka farms, hatched at poultry hatcheries, which are recognized by
veterinary inspection. In addition, only oat can be used in the last feeding
period. The carcasses, elements and meat from young Polish oat goose
should be packed in shrink wrap [System Gwarantowanej … 2017].
Consumer who purchases poultry meat with the QAFP quality mark obtains a
product characterized by the following parameters [Brzozowski 2013,
System Gwarantowanej … 2017]:
• color of culinary chicken: from light pink to pink, turkey breast:
from pink to dark pink, young Polish goose: from red to dark red,
• no excessive leakage,
• no external blood petechia,
• pH value of 5.8 - 6.0; measured in the chest muscle for chickens
and turkeys 10 hours after slaughter, in the case of goose 24 hours
after slaughter.
Sausages that can be produced in the QAFP system are strictly defined
and grouped according to the degree of fragmentation and type of meat.
Detailed characteristics of the raw material and the course of the production
process as well as the physico-chemical parameters of the finished product
are specified [System Gwarantowanej … 2017]. This is the approach that is
used in the Polish Standards. It guarantees the production of repetitive high
quality cured meats.
Each producer of pork-beef and poultry sausages who wishes to mark
their products with the QAFP quality mark must select the raw material and
eliminate or limit the use of meat with technological defects and frozen meat.
He should also reduce the injection of meat with brine.
It is forbidden to use mechanically separated meat (MOM) and smoke
preparations. Depending on the type of cured meat, the meat used as raw
material must have an appropriate pH and be derived from ripening carcasses
(the exact time of the post-mortem aging process is determined). If class II
pig meat is used in production, it must be standardized on fat content. Only
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natural spices are allowed. The use of certain additives, such as sodium
ascorbate or iso-ascorbate or phosphates, is strictly limited. What is important
for the consumer, the maximum product yield per uncured raw material is
regulated in the system [Pisula and Słowiński 2016, System Gwarantowanej
… 2017].
”Quality Tradition"
"Quality Tradition" is a national food quality system from 12 June 2007. The
system is managed by the Polish Chamber of Regional and Local Product
(PIPRiL) in cooperation with the Union of the Provinces of the Republic of
Poland, but the owner of the mark is PIPRiL only [Jakość Tradycja (1 i 2)
2017]. The purpose of the system was to distinguish products made from
natural raw materials and produced by traditional methods. The system like
all national systems is open to all entities and the participation is voluntary.
According to information available on the website of the Polish Chamber of
Regional and Local Product "the only criterion of admission to a system for a
given product is its quality” [Jakość Tradycja (2) 2017]. However after
reading the Rules of the Mark this issue looks a bit different – not only
quality is important. According to the general provisions (the beginning of
the Rules of the Mark), the products with the logo "Quality Tradition" must
be characterized by "traditional composition or traditional production method
(…)“, where "composition, method of production, character of the product
are considered to be traditional only if they have at least 50 years of ancestry
(two generations)“. This criterion is also not clearly defined. Further in the
document, in paragraph 5, point 3, it is stated that "in the case of primary
production products, the additional requirement is a traditional breed or a
traditional variety. Traditional is considered a product that has at least 50
years of manufacturing history. Traditional breeds and varieties are
considered to have been used before 1956”. [Regulamin używania znaku
2017].
This is an inaccurate statement, which can make some doubts and
ambiguities in the case of inquisitive person. In the first formulation the
composition and the way of manufacturing is mentioned, and later the
product itself. Nevertheless, it follows that the criterion of admission to the
system is, in addition to the quality of the product, also at least 50 years
history of existence. The parameters of quality itself in the regulations are
also not mentioned, except the term "special quality”. Products must present
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a particular quality or reputation that distinguishes them from products
belonging to the same category and which may result from their traditional
character or which may express the traditional character of the product.
Other requirements for products that can apply for the mark are: the
use of only natural resources and their full traceability. Natural raw materials
are defined as raw materials from organic farms or farms with Good
Agricultural Practices and Good Breeding Practice implemented. GMO is
strictly prohibited. The product labelled "Quality Tradition” logo may be an
agricultural product, a food or a spirit drink. Their manufacturers are
controlled by accredited certification bodies authorized by the Minister of
Agriculture and Rural Development [Regulamin używania znaku 2017].
Currently, 249 products from all 16 provinces are on the list of
products bearing the "quality tradition" sign. There are over a dozen meat
products on the list, mainly cured meats.
CONCLUSIONS
Contemporary consumer repeatedly at the time of shopping is facing a
dilemma: which product to choose from the thousands available. This
question is of special importance when choosing meat products, as there is no
legal regulation that specifies, for example, how much meat is to be used for
the production and thus how much it should be in the final product. Special
food quality systems were created to help consumers, for example QMP,
PQS and QAFP. These were created typically for meat and meat products
and the rules of system cover the whole production cycle. Besides them, there
are other quality systems such as QT, PDO, PGI, TSG or organic farming.
Their quality logo can also be awarded to meat products.
The closer analysis of food quality systems, especially similarity of the
structure of requirements in QMP, PQS and QAFP systems have prompted
the author to reflections on the need to create one common system for all
products. A system with product quality as the only criterion.
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STRESZCZENIE: Celem pracy było przedstawienie i omówienie systemów
jakości żywności funkcjonujących w Polsce, ze szczególnym uwzględnieniem tych,
które odnoszą się do mięsa i jego przetworów. Znaki jakości, będące
potwierdzeniem spełnienia wymagań systemu, umieszczane na opakowaniach
produktów stanowią cenną wskazówkę dla konsumentów poszukujących produktów
najwyższej jakości. Problem jednak polega na tym, że istnieje wiele systemów,
dlatego niniejszy artykuł jest próbą usystematyzowania wiedzy na ten temat.
Najogólniej istniejące w Polsce systemy jakości żywności można podzielić
na systemy krajowe oraz wspólnotowe, funkcjonujące we wszystkich krajach
członkowskich Unii Europejskiej. W grupie systemów krajowych znajdują się
systemy dedykowane specjalnie dla mięsa i jego przetworów takie jak: Quality Meat
Program QMP, Pork Quality System PQS i System Gwarantowanej Jakości
Żywności QAFP. Oprócz nich krajowym system jakości żywności jest system
Integrowana Produkcja, dotyczy on jednak produkcji roślinnej oraz system Jakość
Tradycja, do którego mogą należeć tradycyjne produkty mięsne. W grupie systemów
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unijnych brak jest takich, które odnosiłyby się wyłącznie do mięsa i jego
przetworów. Systemy te są bardziej ogólne w kwestii asortymentu produktów,
aczkolwiek pozwalają na wyróżnienie jakości wyłącznie produktów ekologicznych,
tradycyjnych i regionalnych. Wniosek jaki nasuwa się po bliższej analizie problemu
systemów jakości żywności dotyczy konieczności stworzenia jednego wspólnego
dla wszystkich produktów systemu. Systemu, którego jedynym kryterium byłaby
jakość produktu.

Słowa kluczowe: systemy jakości żywności, mięso i jego przetwory, QMP, PQS,
QAFP
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ABSTARCT: The concept of security is the sine qua non feature of the food
product. Consumers purchasing the food must have guarantees that through
consumption of the product will not expose on any threat. The law of food safety are
constructed strictly on the basis of the precautionary principle. Food safety is
certainly an element, protected in a special way, and its absence is synonymous with
lack of acceptance of food as such. It can not even enter the market. Today,
however, the safety of the consumer is a feature evident, on his election determines
another factor.
Faced with such a wide range of products on the market the meat sector,
where each of the products introduced is a product meets safety requirements,
consumer goods expects exceptional, outstanding production of high quality goods.
The quality of food products along with safety now becoming a subject of interest
law. Despite numerous problems in defining the concepts of food safety and quality
a matter of law, more and more legal solutions to them refers. Market for the
products of the meat (especially poultry) in Poland is developing very rapidly and
dynamically responds to changes in regulations.
This article is an attempt to analyze the legal status of food products of
animal origin in terms of their safety and quality. Important seems to present this
issue at both EU law and domestic law with particular emphasis on food quality
schemes such as Quality Meat Program (QMP), Quality Assurance for Food
Products (QAFP), Pork Quality System (PQS)
.
Keywords: food safety, animal provenance products, quality.

INTRODUCTION
Food safety is regulated by the provisions in legislation at
international, EU and national level. The practice of trading food, food crises,
varied consumer preferences have become the starting point for the creation
of the relevant provisions. Consumer safety has values, and hence the need
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for special protection in the legal system has become a priority. Consumer,
including consumer products of animal origin, it is now also strongly oriented
towards quality. Knowing that acquires the product completely safe, it is
expected attributes such as originality, taste, smell, appearance characterizing
the quality. This article is an attempt to approximate legal solutions in the
field of safety and quality of products of animal origin.
Selected legal regulations on safety and quality for the products of
animal origin on the plane of international law
On the basis of international law, the basic document in the field of
food law is Codex Alimentarius (Codex Alimentarius - from Latin - code
nutrition). This is a range of both general and specific standards for ensuring
food safety. Its aim is to protect consumer health and guarantee the use of fair
practices in food trade. Codex Alimentarius was created in 1960 jointly by
the two agencies of the United Nations: Organization for Food and
Agriculture (Food and Agriculture Organization - FAO) and the World
Health Organization (World Health Organisation - WHO). Its purpose was to
introduce and promote definitions and requirements for foods to facilitate the
harmonization of international trade in food, including food of animal origin.
The standards set by the Codex Alimentarius are not legally binding, but they
have great importance. [http://www.fao.org/fao-who-codexalimentarius/en/]
In justified cases, the settlement of trade disputes concerning articles
and food products to the WTO (World Trade Organisation) refers precisely to
the standards of the Code. Also, the national law of many states adopt
standards of Codex Alimentarius, contributing to the spread of these
standards on all continents. In the context of products of animal origin
standards CA proved to be very important in the "hormones in bovine meat".
The dispute between the European Community and the United States and
Canada was at the WTO. It concerned the ban imposed by the Community
use of hormones in animal production. Finally resolved the dispute to the
disadvantage of the Community. Current solutions are based on a risk
assessment.[Korzycka i Wojciechowski, 2017]
The Codex Alimentarius includes thousands of records covering the
general and specific standards that apply to all foods and the product. The
general applicable to products of animal origin, we can include standards on
eg.: food hygiene, labeling, pesticides, residues of veterinary drugs,
procedures for conducting inspections and issuing certificates needed to
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import and export, methods of analysis, sampling, and whitelists food
additives, food contaminants and so. functional foods. In addition, the Code
contains detailed records of all groups of foods and individual products.
Codex Alimentarius Commission has created for himself a definition of
food safety: the assurance that food will not cause harm to the health of the
consumer when prepared and / or eaten according to its intended use.[
http://www.fao.org/fao-who-codexalimentarius/en/; Wiśniewska,2016]
Selected legal regulations on safety and quality for the products of
animal origin in EU
European Union law does not make whereas the definition of "food
safety" in the strict sense. Determine the conditions and evaluation criteria
defining the concept of food a contrario by the use of the term food unsafe,
injurious to health or unfit for human consumption in the short and long term
[Korzycka i Wojciechowski, 2017]
At the EU level, the framework act on food safety is Regulation No
178/2002 of the European Parliament and of the Council of 28 January 2002
laying down the general principles and requirements of food law, establishing
the European Food Safety Authority and laying down procedures on food
safety.[Rozporządzenie nr 178/2002 Parlamentu Europejskiego i Rady z 28
stycznia 2002 r., ustanawiające ogólne zasady i wymagania prawa
żywnościowego, powołujące Europejski Urząd do spraw Bezpieczeństwa
Żywności oraz ustanawiające procedury w sprawie bezpieczeństwa
żywności, Dz.U. L 031] This act can be defined as essential in the field of
food law. Is included in the extensive catalog of rules, institutions and
procedures of food law, the possibility of their further development and
clarification. In accordance with the guiding principle contained in this
regulation, the food is deemed to be unsafe if it is injurious to health and is
not suitable for human consumption. Such a measure can not be placed on the
market.[ Korzycka i Wojciechowski, 2017]
Protecting the health of the consumer by providing him access to the
products, which are safe, should be prioritized when there is a conflict with
the economic rules.. The preamble to Regulation 178/2002 explains that "the
free movement of food and feed within the Community can be achieved only
if the requirements for food and feed safety will not differ significantly
between Member States." Thus indicating the essential argument for the
acquisition by the Union competence in the field of food safety. The aim of
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European Union policy in the field of food safety is consumer protection and
at the same time ensuring the smooth operation of the single market. Art. 169
paragraph. 1 TFEU shows "In order to promote the interests of consumers,
the EU has contributed to protecting the health, safety and economic interests
of consumers, as well as promoting their right to information, education and
to organize in order to safeguard their interests." [Rozporządzenie nr
178/2002 Parlamentu Europejskiego i Rady z 28 stycznia 2002 r.,
ustanawiające ogólne zasady i wymagania prawa żywnościowego,
powołujące Europejski Urząd do spraw Bezpieczeństwa Żywności oraz
ustanawiające procedury w sprawie bezpieczeństwa żywności, Dz.U. L 031]
Health and lives of people have been named among the reasons that
could justify a restriction on the free movement of goods. However, it can
indicate on the worrying phenomenon in EU law. Trade in food products,
including those of animal origin, has a dominant position in the field of food
safety [Korzycka-Iwanow, 2011].
In view of the crisis which affected the products of animal origin
(epidemic Kreuzfeld-Jakob disease, avian flu, foot and mouth disease), the
EU is developing control standards in food hygiene and food products,
animal health and welfare, the use of hormones and prevent the risk of
contamination with external. At each stage they are carried out stringent
checks, and imports of food (eg. meat) outside the EU must meet the same
standards and undergo the same checks as food produced in the EU
[http://eurlex.europa.eu/summary/chapter/food_safety.html?locale=pl&root_
default=SUM_1_CODED%3D30]
The European Union while defending the safety of the product as the
next goal set itself protect consumers against fraudulent or deceitful practices
in food trade. Counterfeiting of food, and to provide a basis for consumers to
enable them to make an informed choice about the food. Pursuant to art. 14
of Regulation 178/2002 dangerous food injurious to health or unfit for human
consumption can not be placed on the market. The regulation does not
establish the definition of food safety, food, dangerous or safe, and determine
the conditions and criteria for the assessment of food in order to protect
human health. These criteria include health determinants immediate and
long-term [Korzycka i Wojciechowski, 2017]
Indicating a direct importance the EU attaches to the legislature of
which is security was the change in the field of procedural law. Due to the
mentioned crises in the area of food safety, the European Union does not
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harmonize (by the directive) but unifies the law in this area by means of
regulations [Korzycka-Iwanow, 2011].
Selected legal regulations on safety and quality for the products of
animal origin inn Poland
Food safety is one of the priorities of Polish food policy and occupies a
central place in the area of public health protection. In Poland, the problem of
food safety is regulated by the act of 25 August 2006 on food safety and
nutrition. [Ustawa z dnia 25 sierpnia 2006 r. o bezpieczeństwie żywności i
żywienia, Dz.U. 2006 Nr 171 poz. 1225] This act is the framework which
regulates in a comprehensive manner the conditions necessary to ensure food
safety at all stages of the food chain ,, from field to fork ".
It is understood the general conditions that must be met, in particular:
used additives and flavorings, levels of contaminants, pesticide residues,
conditions of food irradiation, the organoleptic characteristics and actions
that must be taken at all stages of production or marketing of food in to
ensure that human health and life. It should be emphasized that the above
definition, in principle, does not explain the concept of food safety, is only
the need to fulfill certain conditions laid down by law.
The act also specifies the health requirements of food on the principles
of food hygiene, materials and articles intended to come into contact with
food, but only to the extent not regulated in the relevant EU regulations. It
also indicates the competent authorities in the performance of official
controls on food on the terms specified in the relevant regulation of EP and
Council and the requirements for carrying out official food control in the
extent not regulated by the appropriate authority of the EU Regulation.
[Ustawa z dnia 25 sierpnia 2006 r. o bezpieczeństwie żywności i żywienia,
Dz.U. 2006 Nr 171 poz. 1225]
It should be emphasized that the law pursues an objective outlined in
the European legislation, which is a high level of protection of human life
and health and to protect the interests of consumers, taking into account the
internal market freedoms.[Korzycka i Wojciechowski, 2017]
Provisions of the act does not apply however to foodstuffs
produced, processed and stored in the household for their own needs and
their own consumption on the farm, food of animal origin within the scope
regulated by Regulation (EC) No 853/2004 of the European Parliament and
of the Council of 29 April 2004. laying down specific hygiene rules for
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products of animal origin intended for human consumption and the act of 16
December 2005 on animal products, agri-food products in the field of
commercial quality of these articles, certain provisions of the Act of 21
December 2000 on the commercial quality of agri-food as well as to people
individually collecting mushrooms growing in natural conditions, subject to
the appropriate list.
From the point of view of food safety are important regulations in the
act of 16 December 2005 on products of animal origin. The act specifies the
competence of the authorities in terms of hygiene and control of products of
animal origin, as well as food containing both non-animal foods and products
of animal origin, located in the agricultural retail, of EU regulations and
requirements that must be met for the production and placing on the market
of products of animal origin comply with the act also defines the jurisdiction
of the control authorities. The treatment of animal by-products, emerging in
the production of pro-animal products, provisions are consistent with the law
on food safety and nutrition.
It also regulates the responsibility for violations. Placing on the market
of products of animal origin which do not meet the requirements specified in
the special regulations may result in criminal liability, liability for
misconduct or entail the imposition of an administrative penalty. [Ustawa z
dnia 16 grudnia 2005 r. o produktach pochodzenia zwierzęcego, Dz.U. 2017
poz. 242]
As seen from the above, the main regulations related to food safety
have been established in a number of legal acts. National regulations are
primarily intended only to implement these provisions to the Polish legal
system.
Below is presented a summary descriptive in terms of describing the
concept of food security in the main applicable legislation.
Table 1. Definitions of food safety in the basic legal acts.
Definitions of food safety in the basic legal acts
Source
Definition
International
Codex Alimentarius
Food safety as the assurance that
law
food will not cause harm to the
health of the consumer when
prepared and / or eaten according
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EU law

Polish law

Art. 14 item 2 of
Regulation
No
178/2002
of the
European Parliament
and of the Council of
28 January 2002.
laying down the
general
principles
and requirements of
food law, establishing
the European Food
Safety Authority and
laying
down
procedures on food
safety
Art. 3 section 5 of the
Act of 25 August
2006 on food safety
and nutrition

to its intended application
Food shall be deemed to be unsafe
if it is considered that:
a) injurious to health,
b) is not suitable for human
consumption

Generally, the conditions that must
be met, in particular: used additives
and
flavorings,
levels
of
contaminants, pesticide residues,
conditions food irradiation, the
organoleptic characteristics and
actions that must be taken at all
stages of production or marketing
of food to ensure that human health
and life.

Source: own study based on legal acts
The above table shows clearly that a matter of law there is no uniform
definition of food safety.
Under the law, the standard of food safety is the minimum standard for
each product placed on the market. The product does not need to be of high
quality, it can be average, not distinctive specific quality, but its legal
presence in this market depends on meeting all of its designed safety
requirements.[Szymecka-Wesołowska, 2013] Food safety is a basic,
mandatory attribute of the food, but more often emphasized is that there is
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only one. For the consumer significant attributes the origin of the food, its
authenticity, production method and organoleptic properties such as smell,
taste, appearance. Therefore, the quality of food must be seen in a holistic
manner, taking into account a multitude of factors that may affect the health
of the consumer. Mutual relations of security to quality seem to be
particularly important in the context of this study
In defining the safety and quality of food, including animal products,
essential are always two perspectives:
 objective, focused on the implementation of specific standards, legal
requirements, accepted specifications,
 subjective on individual preferences and feelings of the consumer,
among which may be a sense of security, confidence in the product
and the manufacturer.[Korzycka-Iwanow, 2005]
In science, the quality does not meet the view that quality may result
from the application of the law, however, it may be considered institutionally
standards and regulations rights. It should be emphasized, that it is not in the
legislation of its legal definition. According to ISO 9001, the quality is "The
degree to which a set of inherent characteristics fulfills requirements".[PNEN ISO 9001] It should be emphasized that the scope of the definition of
quality standards ISO 9000 series over the years has undergone changes.
Undoubtedly it can indicate that the quality must mean compliance
with the law and strive to meet the needs of the consumer or the manufacturer
of the products may not violate the law. The rationale for setting standards is
always to protect consumer safety.
Quality is not defined in the law mainly because of its subjectivity. The
only definition reference that appears in the legislation is in the art. 357 CC
and for the provision by the debtor things of average quality. [Ustawa z dnia
23 kwietnia 1964 r. Kodeks cywilny Dz.U. 2017 poz. 459] It should be
emphasized that the "average value" is not defined. The European legislator
does not define the quality of food product. In almost a national art. 3 Section
5 of the Act on the commercial quality of agri-food products (in the group,
which includes products of animal origin) indicates that: "The article features
the agri-food industry on its organoleptic, physico-chemical and
microbiological in terms of production technology, packaging, presentation
and labeling, not covered by the sanitary, veterinary and
phytosanitary".[Ustawa z dnia 21 grudnia 2000 r. o jakości handlowej
artykułów rolno-spożywczych Dz. U. z 2016 r. poz. 1604,1948, 1961, 2007]
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But it should be stressed that the control of these standards is not the quality
control within the meaning of the subjective assessment of the consumer, but
whether the trader complied with the law.
Safety management systems health and food quality management
represent some formal tools used in food production or trade of arms. They
guarantee to obtain the highest food quality and safety of its full, and thus
meet the expectations of the consumer. These include the application in the
production process techniques, methods and procedures which ensure
appropriate safety and quality of food produced. [Bielawa, 2011]
Basic systems related to safety and health quality of food are:
- Good Hygienic Practice) - GHP
- Good Manufacturing Practic - GMP
- Hazard Analysis and Critical Point System) - HACCP [ Ładoński i
Szołtysek, 2005]
Within the meat sector, it appears advisable to present the aspect of
quality of products of animal origin through the prism of national quality
systems such as QMP (Quality Meat Program), QAFP (Food Quality
Guaranteed System), PQS (Pork Quality System)
National food quality schemes are recognized in accordance with art.
15 paragraph. 2 of the act of 20 February 2015 on support for rural
development with the participation of the European Agricultural Fund for
Rural Development within the framework of Rural Development Programme
for 2014-2020. Under this provision, the minister responsible for rural
development is considered, by way of administrative decision, quality
systems, referred to in art. 16 paragraph. 1 point b Regulation of the
European Parliament and of the Council (EU) No 1305/2013 of 17 December
2013 on support for rural development by the European Agricultural Fund for
Rural Development (EAFRD) and repealing Council Regulation (EU) No
1698/2006, if they met the criteria set out in this provision:
1) the specificity of the final product within the system due to the clear
requirement to guarantee any of the following elements:
- specific product characteristics,
- certain methods of cultivation or production,
- the quality of the final product that goes significantly beyond the
marketing standards for the product in terms of public health, animals or
plants,
- animal welfare or environmental protection;
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2) the system is open to all producers;
3) the system involves binding product specifications and compliance with
those specifications is verified by public authorities or by an independent
inspection body;
4) the system is transparent and provides full traceability of products.
[Rozporządzenia Parlamentu Europejskiego i Rady (UE) nr 1305/2013 z
dnia 17 grudnia 2013 r. w sprawie wsparcia rozwoju obszarów wiejskich
przez Europejski Fundusz Rolny na rzecz rozwoju obszarów wiejskich
(EFRROW) i uchylającego Rozporządzenie Rady (UE) nr 1698/2006 , Dz.
U. UE L 347]
However, according to art. 15 paragraph. 3 of the act, if the
requirements of at least one of the criteria set out in art. 16 paragraph. 1 point
b of Regulation No 1305/2013, the minister responsible for rural
development withdraws, by an administrative decision, the above
recognition. Note the elevated standards that must be met in the abovementioned systems. On the occasion of their operation safety of the product
becomes somewhat obvious element, which is not guaranteed through. There
is a suggestion, that safety is an inherent feature, the reference point and the
value of the basic functioning of the mentioned systems. Security on the
ground begins to escalate in value. [Rozporządzenia Parlamentu
Europejskiego i Rady (UE) nr 1305/2013 z dnia 17 grudnia 2013 r. w sprawie
wsparcia rozwoju obszarów wiejskich przez Europejski Fundusz Rolny na
rzecz rozwoju obszarów wiejskich (EFRROW) i uchylającego
Rozporządzenie Rady (UE) nr 1698/2006 , Dz. U. UE L 347;
http://www.minrol.gov.pl/Jakosc-zywnosci/Krajowe-systemy-jakoscizywnosci]
In the meat sector are three quality systems, which have been officially
recognized by the Minister of Agriculture and Rural Development:
The QMP (Quality Meat Program) is a set of rules defining the process
of production of beef from cattle breeds indications for the best meat, after
the manner of its packaging and labeling.
Created and supervised by the Polish Association of Beef Cattle
Producers, it was recognized in 2008 by the Ministry of Agriculture as the
official national food quality system. Everyone who works in the System
QMP (farmer, processor, transport companies) must comply with strict rules
(Standards QMP).
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The observance of standards at every stage of armed trained quality
inspectors and certified auditors. [http://www.kochamwolowine.pl/systemcertyfikacji-qmp]
Food Quality Guaranteed System (QAFP) - System covers all links in
the production chain in selected industries. Food Quality Guaranteed System
are procedures to ensure not only safety, but also a higher quality of food. It
is an open system - anyone who meets the standards laid down in the
notebooks industry may accede to it. Certified products mark QAFP its
uniqueness is based on ensuring quality and safety throughout the production
chain. The system is maintained in the spirit of a holistic approach to quality
and safety of food products and normalizes all the way that food is present
from the farmer to the consumer. Standards are covered by the stages of
production from breeding, feeding the animals and the conditions of their
farming by slaughtering, cutting, processing, transport, packaging and
packaging, through to storage and sales. With the interconnectedness of
consecutive operations, significantly increasing the level of consumer
protection against the possible consequences of adverse events in the food
chain. Products bearing the QAFP are traceable at every stage of production.
Breeders System QAFP care about animal welfare and environmental
protection. System requirements are verified by an independent certification
body.[ http://www.qafp.pl/strona,ogolne-zalozenia-systemu.html]
The PQS Quality Pork (Pork Quality System) is one of Poland's first
comprehensive program for the production of high-quality pork, developed in
2009 by the organizations representing farmers and meat processors - The
"Polish Meat" and the Polish Association of Breeders and Producers of Pig
"POLSUS." Among the most important assumptions PQS system are:
• precisely defined standards for breeding and production,
• several stages of quality control,
• full traceability of the origin of the product,
• preservation of the principles of human health and welfare of
animals and plants,
• respect for the environment.
The effect of use in the production of pork PQS conventional methods
of breeding work and detail specific nutritional requirements meat is low in
fat, the processing does not require the use of artificial additives or dyes.
Products certified for PQS have a repeatable high quality, which is verified
during regular, two-stage control.
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Pork Quality System PQS is in compliance with Art. 32 paragraph. 1
point b of Regulation (EC) No 1698/2005 of 20 September 2005. on support
for rural development by the European Agricultural Fund for Rural
Development (EAFRD) and meets the requirements set out in Article 22 of
Commission Regulation (EC) No 1974/2006 of 15 December 2006. laying
down detailed rules for the application of Council Regulation (EC) No
1698/2005. Compliance with these requirements has decided to recognize the
Pork Quality System PQS on 11 December 2009. By the Minister of
Agriculture and Rural Development for a national system of food quality.[
http://wieprzowinapqs.pl/system-pqs/zalozenia]
In the above systems, the value of the exposed first is security, which is
an essential component of the quality of the product.
CONCLUSIONS
During the decades of the Commonwealth noted and appreciated the
multitude of conditions legal regulations concerning food safety and quality.
The term safety of food products, including animal, should be
understand as the health and life of consumers. Therefore, utmost care when
legislating in food safety is of particular importance it is not possible to
define "security" - especially for a particular sector - as the state positive.
However, might say that the law, including regulations relating to products of
animal origin, minimize the risk of a dangerous product.
There may be situations, that food requirements of food law does not
guarantee safety. This is due to the imperfections of legislative solutions. In
terms of food safety, the highest care when legislating it is particularly
important because of the impact it may have on consumer interests, in
particular health. Food safety is a basic, mandatory attribute of the food, but
more often emphasized is that there is only one. It should be noted that the
quality of products of animal origin is understood as the safety, but due to the
uniqueness of the product. Poland as a strong player in the market of products
of animal origin (especially poultry farming) complies with safety standards,
continually improving quality. An example of this are presented above
thriving food quality schemes.
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STRESZCZENIE: Pojęcie bezpieczeństwa jest
spożywczego. Konsument nabywający żywność
spożyciu produktu nie narazi się na jakiekolwiek
bezpieczeństwa żywności są tworzone w oparciu o
staranność w stanowieniu prawa jest konieczna.

cechą sine qua non produktu
musi mieć gwarancję, że po
zagrożenia. Przepisy dotyczące
zasadę ostrożności, a najwyższa
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Bezpieczeństwo żywności jest elementem, który chroniony jest w szczególny
sposób, a jego brak jest równoznaczny z brakiem akceptacji żywności jako takiej.
Produkt nie może być wówczas nawet wprowadzony na rynek. Dziś bezpieczeństwo
produktów żywnościowych jest dla konsumenta cechą oczywistą, a jego wybór
determinuje coraz częściej inny czynnik. W obliczu tak szerokiej gamy produktów
na rynku branży mięsnej, w której każdy z produktów spełnia wymagania
bezpieczeństwa, konsument oczekuje produktu wyjątkowego, wyróżniającego sie
wysoką jakością. Pomimo licznych problemów ze zdefiniowaniem pojęcia
bezpieczeństwa i jakości żywności z punktu widzenia prawa coraz więcej rozwiązań
prawnych się do nich odnosi. Wskazać należy, że szczególnie rynek wyrobów z
mięsa (zwłaszcza drobiu) w Polsce rozwija się bardzo szybko i dynamicznie reaguje
na zmiany w przepisach.
Niniejszy artykuł jest próbą analizy stanu prawnego produktów spożywczych
pochodzenia zwierzęcego w odniesieniu do ich bezpieczeństwa i jakości.Istotne
wydaje się zaprezentowanie wskazanego problemu na płaszczyźnie zarówno prawa
międzynarodowego , unijnego oraz prawa krajowego, ze szczególnym
uwzględnieniem krajowych systemów jakości żywności, takich jak: System QMP
(Quality Meat Program), System Gwarantowanej Jakości Żywności (QAFP), System
Jakości Wieprzowiny PQS (Pork Quality System)
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ABSTARCT: In Europe, functional food usually means a specially designed food
product which show a beneficial, documented impact upon health, which results
from the presence of nutrients traditionally considered as necessary for human body.
The term “functional food” is very broad, because it may include conventional food
products that are naturally rich in components that have beneficial effect on health or
products with such components added. Resistant starch (RS), refers to the fraction of
starch or starch products, that resist digestion in the small intestine, thus reaching the
colon. Therefore resistant starch can be fermented by human gastrointestinal
microbiota, which may result in increased growth of beneficial bacteria. Resistant
starch naturally occurs in variety of food products, but may be also added in form of
different preparations, either isolated from naturally rich sources or manufactured by
physical and/or chemical modification. Because starch products that contain RS
have been consumed by people and animals for thousands of years it can be
considered as safe functional food ingredient.
The paper presents the characteristics of different types of resistant starch and
their role in improvement of the human health. Moreover, the applicability of
resistant starch preparations for thickening of different food products is discussed.
The use of type 4 resistant starch as a thickening agent of semisolid food products
may be particularly effective, as apart from the prebiotic effect, it can positively
influence the texture, rheological properties and colour. Especially preparations
derived from normal potato and waxy corn starch are found useful, due to their
strong texture promoting properties and applicability in food product that are
emulsions and suspensions.
Keywords: resistant starch, thickening properties, prebiotic, functional foods
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INTRODUCTION
Nowadays consumers pay particular attention to the quality and functional
properties of the groceries purchased. The interest in food products with
health-promoting properties arises from increased health and nutrition
awareness of consumers and due to the fact that diet is one of the most
important factors affecting health and mood. Many scientific papers confirm
that defective, deficient or excessive and one-sided nutrition and the lack of
exercise may lead to affluence diseases [Willett et al. 2006]. In the literature
they may be also referred as chronic non-contagious diseases or diet-related
diseases. Therefore, consumers seek for food products that can help to
improve their health condition and prevent such diseases. Hence there is
observable increase of sales and consumption of functional foods. Another
cause of growing interest in the functional food (health-promoting food
products) is changing of the population structure and growing number of
elderly consumers. According to the figures provided in Eurostat’s News
Release [2011] it is forecasted that by 2060, in the European Union, the
number of the entire Community population over the age of 80 will increase
to 14% [Eurostat’s News Release 2011]. Therefore, understanding the needs
and expectations of these customers will be crucial for market success of
functional – health-promoting food products. Nevertheless aging society is
also a opportunity for food manufacturers who, by changing the composition
of their products, can meet these expectations.
The term “functional food” is very broad because it may include
conventional food, naturally rich in components with beneficial health effects
or food with such components added. The definition of functional food has
been set and legally endorsed in the food market of Japan, China, the USA,
and in a number of other countries. In Europe, functional food usually means
“specially designed food products which show a beneficial, documented
impact upon health, which results from the presence in them of nutrients
traditionally considered necessary” [Świderski and Kolanowski 2003].
However, the lack of legal definition of functional food causes a considerable
degree of arbitrariness when placing such food product on the market.
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Functional Food Ingredients Market
High rates of growth of functional food sales are recorded in the developed
countries (approximately 5% per year). In 2012, the value of the market of
this type of food products was estimated at 96 billion USD and had increased
to over 111 billion USD by 2014.
In 2015 the market of functional products in Poland increased by 6.6%
[Euromonitor Int. 2015]. High demand for these products encourages
manufacturers to seek for new solutions and new carriers of bio-active
compounds that can be used in production of new innovative products
enriched with these components. Enrichment with new health-promoting
ingredients may not only increase the market attractiveness of products, but
can also increase manufacturers profits. Therefore specialty food ingredient
market including functional ingredients if estimated to grow at least to 2020
(Fig. 1). Moreover, as one can conclude functional food ingredients
contribute to the majority of the share of specialty food ingredients. This
relationship results from the current trend focusing on designing good tasting,
convenient and nutritionally rich food products. However, the success of this
market strategy is dependent on introduction of new versatile food
ingredients. Among the ingredients are resistant starch preparations that aside
form prebiotic effect can exhibit texture promoting properties and may be
used in new generation of functional food products.

Figure 1. Market value of specialty foods ingredients.
Source: [Market Reports 2016]
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Nutritional value of starch
Starch is a plant reserve material, which also serves as a primary source of
calories (50-65%) in human diet (FAO/WHO 1997) due to the fact that it is
easily and quickly digestible source of energy providing 15 kJ/g. However
not all starch fractions are fully digested by human body, which may result in
reduction of its energy value up to 8 kJ/g [Fuentes-Zaragoza et al. 2010;
Lewandowicz, Śmigielska and Le Thanh-Blicharz 2014].
Until the early 90’s of the last century, form the physiological point of
view, starch was previewed only as source of energy. However it has been
found that starch present in different food products is not fully digested by
healthy individuals, which significantly implies its nutritional value. Due to
above, from the nutritional point of view starch fractions were divided into
three categories [Englyst et al. 1982] (Table 1.).:
 Rapidly digested starch (RDS) – hydrolyzed to glucose within 20
minutes,
 Slowly digestible starch (SDS) – hydrolyzed to glucose within 3 hours,
 Resistant starch (RS) – hydrolyzed to glucose in over than 3 hours.
Further development of research regarding digestion of starch lead to
introduction of new category namely [Soral-Śmietana and Wronkowska
2004]:
 Very resistant starch (VRS) – digested for 24 hours or more.
Resistant starch may be defined as fraction of starch or starch products, that
are not enzymatically degraded by α-amylase present in the mouth and small
intestine. (Table 1.). Therefore RS passes through the small intestine intact
and can by fermented by human microbiota in the large intestine, producing
short chain fatty acids (SCFA). Therefore is should be regarded as dietary
fibre, providing approximately 8 kJ/g [Asp 1987]. From the physiological
aspect resistant starch is similar to the soluble forms of dietary fiber
[Śmigielska, Lewandowicz and Le Thanh-Blicharz 2013].
Classification of resistant starch
Not all resistant starches are the same forasmuch they differ in the
mechanism causing the resistance to amylolytic enzymes. Therefore, up to
date five different types of resistant starch has been defined in scientific
literature [Fuentes-Zaragoza et al. 2011; Homayouni et al., 2014, Raigond,
Ezekiel and Raigond 2015; Sullivan et al. 2017].
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RS1 – inaccessible to digestive enzymes due to the physical barriers
formed by cell walls and protein matrices. Present in bread, seeds and
legumes. RS1 is heat stable in most cooking operations and enables
its use as an ingredient in a wide variety of conventional foods
[Sajilata et al. 2006].
RS2 – starches that are protected from digestion due to their
crystalline structure. Present in undercooked potatoes and legumes,
banana or in high amylose corn [Dupuis, Liu, and Yada 2014].
RS3 – represents the most resistant starch fraction and it mainly
consists of retrograded amylose that is formed during cooling of
gelatinized starch. It can found in salads made with pasta and
potatoes. RS3 is of particular interest to the food industry as it offers
the potential for manipulation of processing to enhance the RS
content of foods [Sajilata et al. 2006]. RS3 is entirely resistant to
digestion by pancreatic amylases and heat stable in high temperature
operations of food industry.
RS4 – chemically modified starch obtained either by crosslinking,
etherisation or esterification. RS4 has novel chemical bonds other
than α-(1-4) or α-(1-6) introduced into starch macromolecule that
hinder the accessibility for amylolytic enzymes. May be present in
food products containing modified starches [Sajilata et al. 2006]
Type 4 resistant starch is of particular interest to food industry, due to
ease of preparation.
RS5 – two different components have been proposed as RS5 either
amylose–lipid complexes [Fuentes-Zaragoza et al., 2011] (which are
formed during processing or can be created artificially); or resistant
maltodextrin which is processed to purposefully rearrange starch
molecules [Lockyer and Nugent 2017].

Table 1. In vitro digestibility of starch fractions in a variety of food products
%
%
%
%
%
Foods
RDS
SDS
RS1
RS2
RS3
Flour, white
38
59
3
traces
Shortbread
56
43
traces
Bread white
94
4
2
Bread, whole meal
90
8
2
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Spaghetti, white
Biscuits made with 50% raw
banana flour
Biscuits made with 50% raw
potato flour
Beans, dried, freshly cooked
Beans, red kidney, canned

55

36

8

-

1

34

27

-

38

traces

36

29

-

35

traces

37
25

45
-

11
-

traces
15

6
60

Source: [BNF 1990], RDS - Rapidly digested starch, SDS - Slowly digestible starch
Explanatory notes: Values are expressed as % of the total starch present in the product

Resistant starch and gut health
Food products that increase the amount of SCFAs in the colon are thought to
be beneficial for health by helping to prevent the development of abnormal
cells in the gut [Fuentes-Zaragoza et al. 2011]. Therefore many animal
studies and some human studies have been conducted to examine the effect
of resistant starch consumption on health. The results have proven that
resistant starch consumption can be linked to a variety of benefits for gut
health and metabolic effects [Evans 2016].
It has been proved that resistant starch can be important factor in the
reduction of risk of chronic cardiometabolic diseases [Bindels, Walter and
Ramer-Tait, 2015]. Resistant starch has digestive and absorptive properties
which may provide health benefit, the physiological effects include increased
satiety [Bodinham et al., 2010; Raben et al., 1994], improved insulin
sensitivity and glycemic control [Keenan et al., 2015; Robertson et al., 2005],
as well as enhanced gut health [Keenan et al., 2015]
Moreover, resistant starch is considered as one of the most abundant
dietary sources (like the non starch sacharides) in promoting large bowel
health and preventing bowel inflammatory diseases (IBD) and colorectal
cancer (CRC) [Topping, Anthony, and Bird 2003; Fuentes-Zaragoza et al.,
2010].
Resistant starch in food technology
Application tests showed that RS may act as texture modifier, imparting a
favorable tenderness to the bread crumb. RS was also incorporated in a
variety of other baked goods, many of which include batter systems, such as
cakes, cake-like muffins, or brownies. The usefulness of RS was also
evaluated in terms of a crisping agent in food products [Sajilata et al 2006].
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It was found that it can be used as ingredient that improves crispness in foods
where high heat is applied to a product surface during processing (i.e. french
toast, waffles). RS can improve expansion in extruded cereals and snacks or
in dried pasta products. RS may also be used as thickener for opaque health
beverages in which insoluble fiber is desired [Sajilata et al 2006]. However
most of the commercial preparations world widely available, like Hi-maize®
(RS2) and Novelose® (RS3) offered by Ingredion, are mostly applicable to
dry food products already containing starch.
New technology for preparation of RS4
Unfortunately most of resistant starch preparations offered on the market do
not exhibit desired rheological properties required in the food industry [Le
Thanh-Blicharz et al. 2011; Śmigielska, Lewandowicz and Le ThanhBlicharz 2013]. Therefore many scientists are developing new technologies
for obtaining resistant starch preparations [Zięba et al. 2010; Wronkowska et
al. 2011; Zięba, Szumny and Kapelko 2011; Wronkowska and SoralŚmietana 2012]. Particularly interesting technology was developed in prof.
Wacław Dąbrowski Insitute of Agricultural and Food Biotechnology in
Poland for production of acetylated distarch adipate – E 1422 that exhibited
reduced digestibility by about 50% and similar rheological properties to
commercial starch preparations [Le Thanh-Blicharz et al. 2011]. Chemical
composition of preparations synthesized on a basis of starch originating form
different botanical sources is listed in table 2. The use of new type of
crosslinking agent allowed for the reduction of starch digestibility almost by
50%, compared to normal (commercially available) E 1422 preparation.
Unfortunately the medium and highly substituted preparations do not meet
the purity specification of Joint FAO/WHO expert committee on food
additives (JECFA) in reference to maximal adipic group content of 0,135%
[FAO/WHO 1997]. Therefore only low substituted preparations that are
digestible in slightly over 50% may be recommended for the use in food
industry. The modification with new crosslinking agent may be particularly
effective in case of waxy starch varieties as probably higher amount of α-1,6glycosidic bonds accounted for lower digestibility of waxy corn starch
compared to normal (common) one. Moreover new waxy starch varieties as
potato and rice have been recently introduced to the market [Lewandowicz
2017].
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Table 2. Chemical composition of E 1422 type 4 resistant starch preparations
Starch
source

Degree of
substitution

Adipic group
content
[%]
0.06±0.01
0.26±0.09
0.45±0.12
0.06±0.01
0.23±0.11
0.44±0.13
0.08±0.01
0.32±0.12
0.55±0.14

Low
Medium
High
Low
Corn
Medium
High
Low
Waxy corn
Medium
High
E 1422
0.03±0.01
Commercial preparation
Source: Le Thanh-Blicharz et al. 2011
Potato

Acetyl group
content
[%]
0.11±0.01
1.46±0.09
3.33±0.18
0.11±0.01
0.77±0.14
1.51±0.11
0.43±0.13
0.67±0.14
0.78±0.11

in vitro
digestibility
[%]
52.7±1.1
50.5±1.2
48.1±0.5
52.0±1.2
50.2±1.3
48.4±1.7
48.4±0.7
45.8±2.7
43.5±2.1

1.21±0.02

93.0±1.2

Functional properties of new type of RS4
Low substituted preparations of new type of RS4 were evaluated as
thickeners in food systems that may be classified either as emulsion (low fat
mayonnaise) [Lewandowicz, Śmigielska and Le Thanh-Blicharz 2015] or
suspension (tomato ketchup) [Śmigielska, Lewandowicz and Le ThanhBlicharz 2013]. It was found that regardless of starch used for thickening,
both types of cold sauces were characterized by similar rheological properties
(Table 3). Therefore new type of RS4 preparations are characterized by
competitive thickening properties, compared to conventional E 1422
preparations. Moreover the use of waxy corn and normal potato variety can
positively influence colour of mentioned cold sauces. In case of tomato
ketchup one can observe increase of value of red colour component and color
score [Śmigielska, Lewandowicz and Le Thanh-Blicharz 2013], whereas in
mayonnaise increase of lightness thus indicating better emulsion
stability[Lewandowicz, Śmigielska and Le Thanh-Blicharz 2015].

169

Table 3. Values of Ostwald de Waele equation parameters describing flow
curves of cold sauces thickened with different types of E 1422 starch.
Type of E 1422
Sauce
Consistency index
Flow index
[Pa∙sn]
[-]
Ketchup
21,81
0,3698
RS4 Potato
Mayonnaise
64,53
0,3703
Ketchup
24,18
0,2931
RS4 Corn
Mayonnaise
21,83
0,3645
Ketchup
21,12
0,4326
RS4 Waxy corn
Mayonnaise
62,49
0,3914
Ketchup
23,27
0,3641
Commercial
preparation
Mayonnaise
51,92
0,4422
Source: Śmigielska, Lewandowicz and Le Thanh-Blicharz 2013; Lewandowicz, Śmigielska
and Le Thanh-Blicharz 2015

The new type of RS4 E 1422 derived from waxy corn and normal potato
starch was also evaluated in terms of being a carrier of micronutrients such as
iron or zinc [Lewandowicz, Śmigielska and Le Thanh-Blicharz 2014]. It was
found that potato RS4 is characterized by high adsorption capacity and can be
used as a carrier of micronutrients in food fortification. Moreover
fortification of this starch preparation with Zn2+ ions has improved colour,
pasting and rheological properties.
CONCLUSIONS
The market of fortified food in the coming years will continue to grow and
adjust to consumer expectations. Therefore food manufactures are now
seeking new solutions that will help them to create new improved fortified
food products. Recently developed technology of obtaining E 1422
preparation that contains 50% of type 4 resistant starch fits into this trend.
This solution is particularly effective because compared to other types of
resistant starches it is characterized by superior rheological properties.
Moreover it has been positively evaluated as thickener for different food
systems (emulsions and suspension) and as a carrier for micronutrients.
Implementation of this preparation to the functional food industry will be
beneficial both for manufacturers and consumers.
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STRESZCZENIE: W Europie funkcjonalna żywność oznacza zazwyczaj specjalnie
zaprojektowany produkt spożywczy, który wykazuje: korzystne, udokumentowane
oddziaływanie na zdrowie, które wynika z obecności składników odżywczych
tradycyjnie uważanych za niezbędne dla ludzkiego organizmu. Określenie "żywność
funkcjonalna" jest bardzo szerokie, ponieważ może zawierać konwencjonalne
produkty spożywcze, które są naturalnie bogate w składniki, które mają korzystny
wpływ na zdrowie lub produkty które mają dodane takie składniki. Termin skrobia
oporna (RS) odnosi się do frakcji skrobi lub produktów skrobiowych, które nie są
trawione w jelicie cienkim, dochodząc w ten sposób do okrężnicy. Dlatego też
skrobia oporna może być fermentowana przez ludzką mikrobiotę żołądkowojelitową, co może prowadzić do wzrostu korzystnych bakterii w świetle jelita.
Skrobia oporna występuje naturalnie w różnych produktach spożywczych, ale może
być również dodawana w postaci różnych preparatów, wyizolowanych z naturalnie
bogatych źródeł lub wytwarzanych fizycznie i/lub chemicznie modyfikowanych.
Ponieważ produkty skrobiowe zawierające skrobię RS są spożywane przez ludzi i
zwierzęta przez tysiące lat, można je uznać za bezpieczny funkcjonalny składnik
żywności.
W artykule przedstawiono charakterystykę różnych typów skrobi opornej oraz
ich rolę w poprawie stanu ludzkiego zdrowia. Ponadto omówiono zastosowanie
preparatów skrobi opornych do zagęszczania różnych produktów spożywczych.
Użycie skrobi opornej typu 4. jako środka zagęszczającego do półstałych produktów
spożywczych może być szczególnie skuteczne, ponieważ poza efektem
prebiotycznym może mieć pozytywny wpływ na teksturę, właściwości reologiczne i
kolor. Zwłaszcza preparaty otrzymane z normalnej skrobi ziemniaczanej i woskowej
skrobi kukurydzianej są przydatne, ze względu na ich silne właściwości
poprawiające teksturę i możliwość stosowania w produktach spożywczych, które są
emulsjami i zawiesinami.
Słowa kluczowe: skrobia oporna, właściwości zagęszczające, prebiotyki, żywność
funkcjonalna.
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COMING FROM FOOD INDUSTRY-PHOTOCATALYTIC
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ABSTRACT: This paper presents the results of research on the possibility of the
photocatalytic decolourization of cochineal (E 120), one of the most known natural
red dye, used in food industry to produce pink shade in food stuffs.
Photodegradation experiments were carried out in model photocatalytic UVVIS/E120/TiO2/H2O and photolytic UV-VIS/E120/H2O systems to determine the
contribution of direct photolysis in photocatalytic decolourization of the investigated
dye. The degree of decolourization of dye in both systems was determined
spectrophotometrically. Loss of dye in the photocatalytic UV-VIS/E120/TiO2/H2O
system was inversely proportional to the initial dye concentration and ranged from
40.9% to 85%. Removal of dye in the UV-VIS/E120/H2O system occurs with less
efficiency ranged from 6.3% to 9.8%, depending on the initial concentration of dye
in the solution. Kinetic studies have excluded that over a range of examined
concentrations, photocatalytic decolourization is regarded as fulfilling the first order
reaction kinetics and takes place in accordance with commonly acknowledged
Langmuir-Hinshelwood model of catalytic heterogeneous processes. It has been
found that the initial reaction rates are inversely proportional to initial concentration
of solution. Significant decrease of pH value during photocatalytic decolourization
of E 120 solution was caused by formation of acidic intermediates of the
photooxidized substrate.
Studies have confirmed that the photocatalytic, processes belonging to socalled Advanced Oxidation Processes (AOPs) can be used for decolourization of
sewage coming from food industry
Key-words: water quality, photocatalysis, decolourization, TiO2, cochineal, E 120
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INTRODUCTION
Food industry is highly water-consuming and most of the water, which is not
used as an ingredient in food stuff ultimately appears in the waste stream. The
food industrial effluents are characterized by high Biological Oxygen
Demand and Chemical Oxygen Demand, high content of suspensions,
colloidal substances, presence of fats, proteins, oil-grease and many nutrients
like nitrogen, phosphorus and potassium [Quasim and Mane 2013].
Components of food industry wastewater can be food additives such as
antioxidants, preservatives and colorants (including natural and synthetic
dyes), added to food for technological purposes in its manufacturing,
processing, preparation, treatment, packing, transport, etc. Colour is one of
the most important sensory characteristics of food products, that determines
their acceptance by consumers. Since the use of synthetic dyes has
increasingly been questioned, the use of natural-type food colours continues
to increase [Lancaster and Lawrence 1996; Gonzalez, Garcia and Nazareno
2010]. The study is focused on decolourization of cochineal (E 120),
commonly used and one of the most well-known natural red dyes that can be
obtained from dried bodies of female insect species, Dactylopius coccus
Costa, which feed on the wild cacti, Opuntia spp. Cochineal is traditionally
used in food industry to produce reddish shade in candy, chewing gum,
concentrated fruit juice, lobster paste, smoked fish, soft drinks, yogurt, ice
cream, jelly, jams, beverages, etc. [Lancaster and Lawrence 1996; Borges et
al. 2012; Stathopoulou et al. 2013]. The main constituent of cochineal is
carminic acid, related to alizarin hydroxyanthraquinone linked to glucose
unit. It is soluble in water, alcohol, ester, acid and alkaline solution and
possesses a good light stability. Depending on the pH, its colour varies from
orange to red. Due to the presence of carbonyl and hydroxyl groups in
chemical structure of carminic acid, it can reacts with aluminum salt forming
carmine, the soluble aluminum lake, giving the precipitates of different
colours used in cosmetics and pill coatings [Gonzalez, Garcia and Nazareno
2010; Kunkely and Vogler 2011; Cosentino, Takinami and Del Mastro 2016].
The chemical structure of carminic acid is shown in Fig.1.
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Figure 1. Chemical structure of carminic acid
Many methods of utilization of organic compounds including natural
and synthetic dyes present in wastewater coming from food industry have
already been applied. Depending on the impurities present in solution,
number of traditional systems, such as coagulation, precipitation,
sedimentation, filtration, biodegradation, air stripping, adsorption of activated
carbon and chemical oxidation are the most commonly used techniques of
water contamination removal [Abo-Farha 2010]. Unfortunately, because of
the diverse composition of wastewater, water treatment processes cannot
ensure an optimal degree of purification of the sewage, even with the use of
combined methods. Due to the huge amount of compounds used as dyes,
which have different chromophore groups and substituents giving them
specific properties, such as solubility and polarity, novel non-selective
methods of water purification are required [Okoniewska 2016].
Recently many publications have demonstrated the potential of
Advanced Oxidation Processes (AOPs) for degradation of contaminants
present in wastewater including sewage coming from food industry [Badawy,
Ghaly and Gad-Allah 2006; Zmudziński 2009; Zmudziński 2010a; Serpone,
Horikoshi and Emeline 2010; Krzemińska, Neczaj and Borowski 2015;
Thiam et al. 2015]. AOPs have been widely investigated due to their ease of
operation, high efficiency in organic mineralization, inactivation of
pathogens and low formation of degradation by-products. Unlike the
biological and chemical treatment they neither transfer pollutants from the
one phase to the other one nor produce massive amount of toxic sludge
[Cheng et al. 2016]. AOPs are based on highly active oxygen specieshydroxyl radicals generated in situ and used for oxidation of organic
compounds leading ultimately to total mineralization [Chong et al. 2012;
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Giannakis et al. 2015]. During the processes, almost whole organic matter is
degraded to harmless products: water, carbon dioxide and inorganic ions
[Lazar, Varghese and Nair 2012]. Process of generating highly active OH* is
possible with the use of ozonation, the action of hydrogen peroxide, Fenton
and photo-Fenton reactions, plasma oxidation, UV-based photolysis,
electrochemical oxidation and photocatalysis on semiconductors [Abo-Farha
2010; Khan et al. 2010; Chong et al. 2012; Cheng et al. 2016].
Currently, photocatalytic processes are successfully applied for
decolourization of synthetic dyes, photodegradation of phenolic derivatives,
pesticides, carboxylic acids, surfactant, some inorganic compounds, and
many others [Zmudziński 2009; Pelaez et al. 2012].
The aim of the study was to determine the possibility of application of
Advanced Oxidation Processes for purification of wastewater coming from
the food industry, including waste containing food additives, such as natural
dyes. The paper presents the results of research on decolourization of
cochineal (E 120 commercial dye) in photocatalytic and photolytic systems.
The study is a continuation of research work carried out in the Department of
Food Commodity of PUEB about the applicability of heterogeneous
photocatalysis processes for the degradation of trace amount of natural dyes
in water (sewage).

MATERIALS AND METHODS
In photocatalytic experiments aqueous solution of E 120 dye was used,
which included 5% of active colourant- carminic acid (Label Food Aromatics
"Hoffmann"). All examined concentrations were prepared from solution with
three-month shelf-life after first opening, provided by the supplier. The
concentration of stock solution was 4 g·dm-3. All initial concentrations of E
120 dye were prepared from the stock solution directly before performing
photocatalytic processes. Calibration curve obtained before the photocatalytic
decolourization was used to determine the concentrations of E 120 dye
solutions. Photocatalytic reactions of E 120 dye were performed at six
different substrate concentrations: 0.044; 0.065; 0.08; 0.103 and 0.117 g·dm3
. The absorbance measurements were made with the use of Genessys 6
spectrophotometer (Thermo Spectronic) at a wavelength of 520 nm, which
was experimentally determined as absorption maxima of E 120 dye in visible
region, based on the obtained absorption spectrum within the range from 200
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to 800 nm. All subsequent spectrophotometric measurements were carried
out at this wavelength. In all photocatalytic experiments, 230 cm3 of the
solution of an appropriate concentration of dye was mixed with 0.05 g of
TiO2 (99.9%, Aldrich, anatase), and sonicated for 10 minutes to obtain
homogeneous suspension. The slurry was pre-aerated with an air stream with
flow rate 50 cm3·min-1 for 15 minutes under dark conditions to achieve the
thermodynamic adsorption equilibrium. Photocatalytic processes were
carried out in specially designed photocatalytic reactor ensures good mixing
conditions and high contact efficiency between three phases (solid
photocatalyst, dye solution and oxygen). The homogenized slurry was
transported to the glass batch reactor (Pyrex, volume 250 cm3) designed by
Sobczyński and co-workers, previously successfully applied i.a. for
photocatalytic degradation of organic compounds coming from food industry
[Zmudziński 2009; Zmudziński 2010a]. The scheme of photocatalytic reactor
can be found elsewhere [Dobosz and Sobczyński 2003]. Photocatalytic and
photolytic processes were conducted for 120 minutes. During the
experiments the reactor was illuminated from side with two xenon 300 W
(Osram) lamps. The radiation spectrum of the lamps ranged from 280 nm to
3000 nm. Bulbs were placed 50 cm from the reactor. The distance between
the lamps was 100 cm. The temperature of the mixture was kept at 30 ± 1°C
due to the applied air stream. To determine the kinetics of photocatalytic
process in the UV-VIS/E 120/TiO2/H2O system, 2 cm3 of the reaction
suspension was taken from the reactor for absorbance measurements,
respectively at 20, 40, 60, 90 and 120 minutes of UV-VIS irradiation. All
experiments were repeated at least twice. Before absorbance measurement,
the sample was filtered, using a filter with a pore size of 0.22 µm (PTFE,
BGB Analytik AG). The pH changes during photocatalytic and photolytic
processes were measured with Mettler Toledo MPC 227 apparatus at
intervals corresponding to sampling for spectrophotometric measurements.
Water used for the photocatalytic studies was doubly distilled in a quartz
water still. Titanium dioxide had a BET-specific surface area of 11.9 m2·g-1
as measured with BET method on Micromeritics ASAP 2010 apparatus.
RESULTS AND DISCUSSION
Changes of substrate concentration versus time for photocatalytic
process are shown in Fig. 2. Kinetic curves were used for determination of
the initial reaction rates (r0) by fit each exponential function f(t) = Ae -kt
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(calculated by the Solver in Microsoft Excel). At the beginning of
photocatalytic reaction E 120 is the only substrate degraded, but during the
process various intermediates, which can also react with hydroxyl radicals are
formed. Therefore, the reaction rates were calculated for t=0 to avoid their
impact on the reaction rate of the main substrate. The initial reaction rates
with corresponding initial concentrations of photooxidized dye are given in
Table 1.

Figure 2. Kinetics curves of E 120 delay versus time
Table 1. Initial reaction rates of E 120 photodecolourization
Substrate concn.
-3

Initial reaction rate

[g·dm ]

r0 [g·dm-3·s-1]

4.4·10-2

1.14·10-5

6.5·10-2

1.03·10-5

8.0·10-2

9.18·10-6

10.3·10-2

8.66·10-6

11.7·10-2

8.29·10-6
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It is assumed that photocatalytic decolourization and degradation of organic
compounds on irradiated TiO2 is regarded as fulfilling the first order reaction
kinetics and takes place in accordance with the universally applied model of
Langmuir-Hinshelwood. Photocatalytic oxidation consists of reaction
between the adsorbed molecules on the surface of the semiconductor and
photochemically generated hydroxyl radicals OH*. The rate of this process is
directly proportional to the concentration of adsorbed substrates on the
surface of the photocatalyst, which is directly proportional to concentration
of the solution [Epling and Lin 2002; Abo-Farha 2010; Zmudziński 2010b;
Gupta et al. 2012]. Langmuir-Hinshelwood equation in linear form is given
below:

where:
r0 - initial reaction rate [g·dm-3·s-1],
c0 - initial substrate concentration [g·dm-3],
k - a rate constant [s-1],
Kads.- a constant of adsorption equilibrium [dm3·g-1 ].
In case of first order reaction kinetics, reaction rate is directly
proportional to substrate concentration and dependence of 1/ r 0 versus 1/ c0
should be linear. Calculated reaction rates (Table 1) were used to obtain the
plot of 1/ r0 versus 1/ c0, which is shown in Fig. 3.
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Figure 3. Plot of 1/r0 vs. 1/c0 for E 120
As it can be seen in the Fig. 3. the initial reaction rates are inversely
proportional to initial concentration of solution. Hence, photocatalytic kinetic
studies excluded that over a range of examined concentrations photocatalytic
decolourization takes place in accordance with commonly acknowledged
Langmuir-Hinshelwood model of catalytic heterogeneous processes. There
are two main reasons, that may cause the inhibition of photocatalytic reaction
in UV-VIS/E120/TiO2/H2O systems. Firstly, in higher concentrations of E
120 dye the zero-order reaction kinetics may be favored and the value of dye
adsorption does not depend from the concentration of the solution. Other
possible mechanism may be related to fast formation of some reaction
intermediates, especially at the beginning of the process. Generated
intermediates can adsorb on the surface of semiconductor, limit the light
access and block its photoactive sites, what can inhibit the photooxidation
process [Dobosz and Sobczyński 2003]. In addition, the main substrate
competes with produced intermediate compounds for hydroxyl radicals,
generated on semiconductor`s surface.
It has been found that the decolourization efficiency (%) decreases,
while the amount of photodecolourizated dye increases with increasing the
initial concentration of the dye in the solution (See Table 2 and Fig. 4). Table
2 shows the results of 120-minute exposure of aqueous solutions of the E 120
dye in photocatalytic UV-VIS/E120/TiO2/H2O and photolytic UVVIS/E120/H2O systems. The experiments in UV-VIS/E120/H2O systems
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have been carried out to determine the contribution of direct photolysis in
photocatalytic decolourization of the investigated dye. It follows from the
data shown in Table 2, that photodecolourization of E 120 dye occurs in both
photocatalytic and photolytic systems during the 120-minute irradiation of
the examined solutions. Decrease of the absorption of light during the
photocatalytic and photolytic process is related to the cleavage of both
carbon-carbon double bonds and other functional groups, leading to the shift
of the absorption spectra of the molecule out of the visible region [Khan et al.
2010]. In the presence of TiO2 the absorbance loss depends on the initial
concentration of the solution and the loss of dye in photocatalytic UVVIS/E120/TiO2/H2O system is inversely proportional to the initial dye
concentration. Removal of dye E 120 in photocatalytic system ranges from
40.9% for the solution with the highest concentration up to nearly 85% for
the solution with the lowest concentration. During the 120-minute irradiation
of solutions without titanium dioxide, photodecolourization also took place,
but with lower efficiency: from almost 9.8% for the lowest concentrated
solution up to about 6.3% for the solution with the highest concentration of E
120. During irradiation without the presence of titanium dioxide, the amount
of photooxidized dye (according to the absorbance decrease) increases with
the increase of the initial concentration in the solution. The presence of
titanium dioxide in the photodecolourization process leads to approximately
9-fold increase of the process efficiency in the case of the solution with the
lowest concentration.
Table 2. The photodecolourization of E 120 during 120-minute irradiation of
230 cm3 of the solution in photocatalytic UV-VIS/E120/TiO2/H2O and
photolytic UV-VIS/E120/H2O systems
Concentration of
E 120
[g·dm-3]

Absorbance decrease
[%]
TiO2
UV/H2O

4.4·10-2

85.0 ± 0.11

9.8 ± 0.32

-2

66.6 ± 0.03

9.9 ± 0.21

8.0·10-2

6.5·10

56.9 ± 1.67

7.3 ± 0.18

-2

10.3·10

45.8 ± 1.93

7.3 ± 2.08

11.7·10-2

40.9 ± 0.75

6.3 ± 0.02
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The dependence of the amount of E 120 photodecolourized in photocatalytic
and photolytic systems after 120-minutes illumination vs. initial
concentration is presented in Figure 4. The obtained dependence of the
amount of decolourized E 120 versus time in photocatalytic system is
rectilinear.

Figure 4. The dependence of the amount of photodecolourized E 120 with
and without TiO2 after 120-minutes illumination vs. initial concentration
The amount of the photodecolourized dye within the range of the examined
concentrations is directly proportional to the initial dye concentration. In the
case of solutions treated in the UV-VIS/E120/H2O photolytic system
photodegradation occurs with lower efficiency and decolourization process of
E 120 is slower. Correlation factors amount to 0.890 and 0.875 for
photocatalytic and photolytic process, respectively.
During the research on photocatalytic and photolytic decolourization of
E 120 pH of the irradiated solution was measured at intervals corresponding
to collecting samples for spectrophotometric measurement, respectively at
20, 40, 60, 90, 120 minutes of irradiation. The observed results of pH
changes during illumination of the solutions in the presence of TiO2 are
shown in Fig. 5.
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Figure 5. The changes of pH during 120-minute illumination of E 120
solutions in the presence of TiO2
It can be seen from Fig.5 that photodegradation of E 120 solutions in the
presence of TiO2, leads to formation of acidic intermediates and decrease of
the pH value of the investigated solutions. The change of pH value is
particularly noticeable in case of solutions with lower concentrations and
higher degree of decolourization achieved. During the photolytic process
acidic derivatives are formed as well, but the observed decrease of pH is
lower. Changes in pH upon exposure in the UV-VIS/E120/H2O system
ranges from 3.2% to 5% and are inversely proportional to the initial dye
concentration.
According to Sobczyński, Gimenez and Cervera-March, at low
concentrations of the substrate, the photodecolourization proceeds via
photochemically generated hydroxyl radicals. In higher concentrations of E
120 photoreaction between photogenerated holes and dye molecules adsorbed
on the surface of titania takes place [Sobczyński, Gimenez and CerveraMarch 1997]. It can be assumed, that in case of performed experiments (the
highest concentration of irradiated solutions was 0.117 g·dm-3), photoreaction
occurs between the dye molecules and the hydroxyl radicals generated on the
surface of titanium dioxide. Carminic acid as an organic chromophore
contains carboxylate and phenolate groups which can easily anchor to the
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surface of the semiconductor and provide strong adsorption. It should be
mentioned that during irradiation of the dye with UV radiation,
decolourization process may also occur as a result of a different mechanism
[Munir et al. 2015]. The mechanism involves adsorption of dye sensitizer
onto the surface of semiconductor, charge injection from the excited dye
molecule into the conduction band of semiconductor and production of
oxidized dye radical. During photocatalytic process the dye molecule is both
a titania sensitizer and a degraded substrate. The use of organic dyes with
visible light absorbing chromophores can enhance the absorption of photons,
which affects the efficiency of photocatalytic process and even promotes
selective removal of coloured pollutants [Han et al. 2009; Kathiravan and
Renganathan 2009]. However, the mechanism of photodegradation of the
main substrate- carminic acid is still not fully known. It most likely involves
the antraquinone aromatic ring opening and glucose cleavage. The
knowledge of photodegradation pathways of the main substrate is extremely
important to understand the mechanism of the photocatalytic reaction and
determine potentially toxic intermediates. It has been shown by AntonioCisneros et al., that the intermediate products formed during the
photodegradation of E 120 contain glucopyranosyl-dioxaanthracene with
different degrees of hydroxylation. These products of photodegradation
process are significantly toxic, in contrast to the main substrate, which is
considered quite safe [Antonio-Cisneros et al. 2015]. Hydroxyl groups are
very susceptible for OH• attacks and their oxidation to carboxylic acids
normally proceeds via carbonyl groups. Further decarboxylation of
carboxylic acids leads ultimately to the total mineralization to CO 2 and H2O.
During the processes, significant changes in pH can be observed.
CONCLUSIONS
In conclusion, illumination of E 120 solutions with UV-VIS radiation with
and without the presence of titanium dioxide caused the photodecolourization
of the investigated dye. In the range of the examined concentrations (0.0440.117 g·dm-3) degree of photodecolourization in photocatalytic systems
ranged from 40.9% to 85% and was inversely proportional to the initial dye
concentration. The efficiency of dye decolourization in photolytic systems
was lower. Removal of E 120 in the UV-VIS/E120/H2O system ranged from
6.3% to 9.8%, depending on the initial concentration of the dye. Initial
reaction rates were inversely proportional to the initial concentration of the
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solution, which suggests inhibition of photocatalytic reaction in UVVIS/E120/TiO2/H2O systems. Research has excluded that over a range of
examined concentrations photocatalytic decolourization takes place in
accordance with commonly acknowledged model of Langmuir-Hinshelwood.
The decrease of the pH value during the photolytic and photocatalytic
decolourization processes of E 120 proves that acidic intermediates are
formed.
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STRESZCZENIE: W niniejszym opracowaniu przedstawiono wyniki badań
dotyczących fotokatalitycznej dekoloryzacji koszenili (E 120), jednego z
najpopularniejszych naturalnych czerwonych barwników, stosowanego w przemyśle
spożywczym w celu nadania różowej barwy produktom żywnościowym. Badania
przeprowadzono
w
modelowych
układach
fotokatalitycznych
UVVIS/E120/TiO2/H2O i fotolitycznych UV-VIS/E120/H2O w celu określenia udziału
bezpośredniej fotolizy w procesie fotokatalitycznej dekoloryzacji badanego
barwnika. Stopień dekoloryzacji barwnika w obu układach określono na podstawie
pomiarów spektrofotometrycznych. Stopień dekoloryzacji wyrażony procentowym
spadkiem intensywności zabarwienia w układzie fotokatalitycznym był odwrotnie
proporcjonalny do początkowego stężenia roztworu i wynosił od 40,9% do 85%.
Proces dekoloryzacji barwnika w układzie UV-VIS/E120/H2O zachodził z mniejszą
wydajnością i wynosił od 6,3% do 9,8%, w zależności od początkowego stężenia
barwnika w roztworze. Przeprowadzone badania kinetyczne nie potwierdziły, że w
badanym zakresie stężeń proces fotokatalitycznej dekoloryzacji zachodzi zgodnie z
kinetyką reakcji pierwszego rzędu, a co za tym idzie nie spełnia założeń ogólnie
przyjętego dla przebiegu heterogenicznego procesu fotokatalitycznego modelu
Langmuira-Hinshelwooda. Stwierdzono również, że szybkość procesu
fotodekoloryzacji jest odwrotnie proporcjonalna do początkowego stężenia barwnika
w roztworze. Spadek wartości pH, zaobserwowany podczas fotokatalitycznej
dekoloryzacji E 120 był spowodowany tworzeniem się kwasowych pochodnych
fotodegradowanego substratu.
Badania potwierdzają, że procesy fotokatalityczne należące do tzw. procesów
zaawansowanego utleniania (Advanced Oxidation Procesess) mogą być stosowane

do dekoloryzacji ścieków, pochodzących z przemysłu spożywczego.
Słowa kluczowe: jakość wody, fotokataliza, dekoloryzacja, TiO2, koszenila, E 120
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ABSTRACT: Food spoilage is a metabolic process including different
physicochemical and biochemical reactions initiated mainly by physical factors (e.g.
inappropriate storage temperature or humidity, mechanical damage), chemical
contamination or growth and activity of microorganisms. Conventional packaging
protects food against external factors like temperature, excessive sun exposure,
chemical and/or microbial contamination, but it warnsthe consumer against food
spoilage only by information about food best before term or its storage and
preparation requirements. Intelligent packaging allow to monitor the real condition
of food products that could be doubtful for example in case of the interruption of
temperature-controlled supply chain (e.g. cold chain) or imperceptible loss of
package integrity. Freshness indicators should warn the consumer of food spoilage
despite the stated expiry date.
Our preliminary study was focus on the optimisation of chemical
composition of developed freshness indicator that based on pH indicators, both
natural and synthetic dyes. The colour change of the freshness indicator was
correlated with the alteration of sensory properties of raw fish, its pH value and
microbial contamination. The spoilage of raw fish placed in packaging with the
freshness indicator was monitored both at room and refrigerated temperatures.
Although the promising results of experiments in model conditions (e.g. using
ammonia vapours as a substitute of volatile food spoilage products), the application
of the food freshness indicator in an active packaging required further studies on its
adjustment to the food storage conditions. Therefore, the selection of humectant
used in the indicator and its moisture content was made in relation to freshness
indicator reactivity. Additionally, the influence of positioning of freshness indicator
in a packaging (the distance from food sample) on the freshness indicator response
on spoiled fish was examined. All tested parameters of the indicator application
turned out to be important to consider during its implementation in intelligent
packaging for perishable food products.
Keywords: food freshness indicator, intelligent packaging, raw fish
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INTRODUCTION
Food spoilage is a metabolic process comprising many different biochemical
and physicochemical reactions that makes food unacceptable for its
consumption [Rawat 2015]. Food deterioration is usually initiated by
physical factors connected with inappropriate storage conditions or
mechanical damage during transportation, chemical contamination and
activity of unwanted microorganisms [Dilbaghi i Sharma 2007]. Most
frequently extensive growth of microbes contaminating food products leads
to changes in its organoleptic properties and chemical composition that
exclude foods from consumption [Ryder, Iddya and Ababouch 2014].
Potential consumers, who evaluate products by the senses, feel the change in
food colour, aroma, texture or consistency, that decrease food quality.
Without direct contact with product for example in conventionally packed
food, consumer cannot assess the freshness of food differently than reading
the expiry date. Intelligent packaging introduce the possibility of monitoring
the real condition of food products, that require special control for example
during their distribution in temperature-controlled supply chain (e.g. cold
chain) or regarding their sensitivity to the ambient environment when the
package is disintegrated [Kerry, O’Grady and Hogan 2006]. The freshness
indicators applied in intelligent packaging change usually their colour in the
presence of volatile products of food degradation and could warn the
consumer of food spoilage despite the stated expiry date [Cierpiszewski
2016].
The typical chemical products of food spoilage, recognisable by
freshness indicators, are volatile compounds such as trimethylamine (TMA),
dimethylamine (DMA), other volatile nitrogenous compounds classified
together with TMA and DMA as TVB-N (Total Volatile Base Nitrogenous),
sulphuric compounds, esters, ketones and aldehydes. All of them could be
emitted to the packaging atmosphere during food spoilage by
microorganisms that are main reason of deterioration of food quality [Pacquit
et al. 2006, Parlapani et al. 2014, Shukla, Kandeepan and Vishnuraj 2015,
Krysińska, Tichoniuk and Cierpiszewski 2016]. The TVB-N level is a
measure of fish spoilage and has defined limits for fishery products defined
in Commission Regulation (EC) No 1022/2008 of 17 October 2008 amending
Regulation (EC) No 2074/2005 as regards the total volatile basic nitrogen
(TVB-N) limits [Commission Regulation 1022/2008 of 17 Oct. 2008]. The
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TVB-N level in food samples is measured by reference method relied on the
extraction of volatile bases by perchloric acid solution [Commission Decision
95/149/EC of 8 March 1995] or by alternative instrumental methods based on
gas chromatography proceeded by solid-phase micro-extraction (SPME)
[Bene et al. 2001] or near-field passive volatile electrochemical sensor
[Bhadra et al. 2015].
Freshness indicators developed for intelligent packaging are usually
simple colorimetric arrays that change their colour in the presence of target
volatile chemical compounds. Their visual interaction relies on pH sensitive
dyes, that convert colouring of freshness indicator mixture after absorption of
volatile products of food spoilage. Alexis Pacquit with co-workers developed
a series of freshness indicators based on bromocresol green that were able to
monitor TVB-N level over the fish headspace [Pacquit et al. 2006, 2007].
Basic spoilage volatile amines initiated the colour change of pH sensitive dye
from yellow to blue, what was noticeable to the naked eye. The response of
the freshness indicator was correlated with the growth of the Pseudomonas
spp. population (bacteria that commonly spoiled fresh fish). Similar
correlation was presented by the research groups of Bambang Kuswandi for
the indicators based on polyaniline (PANI) films [Kuswandi et al. 2012] or
pH sensitive dye (methyl red) [Kuswandi et al. 2013]. Both chemical arrays
were capable of monitoring the freshness of food products and able to change
their colours in case of food spoilage, which was correlated with bacterial
growth observed in fish or chicken meat respectively. Chompoonoot
Rukchon with co-workers described a colorimetric mixed-pH dye-based
freshness indicator based on two groups of pH-sensitive dyes. The first one
was a mixture of bromothymol blue and methyl red, while the other
contained bromothymol blue, bromocresol green and phenol red [Rukchon et
al. 2014]. The freshness indicators were examined in relation to skinless
chicken breast spoilage. The target compounds were carbon dioxide and
TVBN representatives, both released during the food deterioration. The
indicator response correlated with microbial growth patterns and enabled
real-time monitoring of food freshness either at various invariable
temperatures (especially in refrigerating conditions) or with temperature
alternation.
The composition of freshness indicator based on chemical mixture that
is sensitive to volatile food degradation products. Our preliminary work was
focused on the preparation and optimisation of chemical composition of
191

developed freshness indicators devoted to monitoring raw fish. The sensor
array based both synthetic and natural dyes, such as methyl red, curcumin,
grape peel and beetroot extract [Tichoniuk, Radomska and Cierpiszewski
2015, 2016]. Although promising results of the application of natural dyes
the selectivity of observed colour changes was the main reason to use
artificial pH indicators – a mixture of methyl red and bromothymol blue. The
work presented the impact of selected humectant and moisture of freshness
indicator mixture on his response to ammonia vapour as a model of volatile
basic compounds released during fish spoilage. The correlation between pH
value of fish samples, its microbiological contamination and indicator
response observed at room temperature and under refrigerated condition was
the next step of the indicator usability evaluation. Finally the influence of the
indicator positioning in package with food sample was examined.

MATERIALS AND METHODS
Sodium carboxymethyl cellulose, glycerol, polyethylene glycol 400
(PEG9), methyl red and bromothymol blue were purchased from SigmaAldrich (Poznań, Poland). Polyethylene glycol 1200 (PEG34), sodium
chloride, hydrochloric acid, ethyl alcohol and ammonia solution and were
from Lab Empire (Rzeszów, Poland). All solutions were prepared using
distilled water. Nutrient agar for psychrophilic and mesophilic bacteria
growth was purchased from Biocorp (Warszawa, Poland).
Reaction chambers used for the freshness indicator preparation and
evaluation were cell culture flasks purchased from Bionovo (Legnica,
Poland). They were equipped with circular molds with the diameter of 16.2
millimeters. The chambers were made from colorless polystyrene (PS) and
they were covered with transparent glass pane with the thickness of 2 mm.
Boxes with the volume of 500 ml were applied for testing the freshness
indicators in real food packaging with fish samples. Boxes were made from
oriented polystyrene (OPS) and sealed with foil made from the composite of
polyethylene terephthalate and cast polypropylene (PET/CPP). All the
packaging materials were obtained from Bagstar (Warszawa, Poland).
pH indicators, methyl red (MR) and bromothymol blue (BB), were
applied as 3% (w/v) stock solution in 50% (v/v) ethanol solution. The
freshness indicators were prepared firstly by the dissolution of sodium
carboxymethyl cellulose (3% w/v) in water at the temperature of 40°C. The
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solution was enriched with selected humectant: PEG9, PEG34 or glycerol,
and equal portion of pH sensitive dyes (3% v/v of their stock solution,
respectively). Finally, the indicator mixture was acidified with 0.01% (m/v)
of hydrogen chloride addition and further degassed in ultrasound bath. A
portion of 0.7 ml of the freshness indicator solution was placed into circular
mold of reaction chamber and left to dry at ambient temperature for 20 hours.
The freshness indicators applied for the experiments with fish samples
packed into sealed boxes were placed directly onto PET/CPP foil and left to
dry for 16 hours. All experiments with the freshness indicators were
performed three times.
The colorimetric response of the freshness indicator was monitored by
taking photos with digital camera (Canon PowerShot G10) with the same
settings and external artificial lighting for all experiments. The colour of the
freshness indicator was evaluated by GIMP 2.8 graphic software [The GIMP
Team 2016] and WorkWithColor colour parameters converter
[WorkWithColor 2016]. The colour changes of the freshness indicator was
monitored in CIE L*a*b* system calculating so-called Total Colour
Difference (TCD) index [Golasz, da Silva J. and da Silva S.B. 2013] in
accordance to the following equation:
TCD value =[
+
+
]
ΔL, Δa, Δb – differences in L*, a* and b* parameters between the colours
description in CIE L*a*b* model of evaluated and reference freshness
indicators
The colour alteration with TCD values above 5.0 are visible to the
naked eye. Significant changes in colour correspond to TCD values
exceeding 12.0 [Nopwinyuwong et al. 2010]. The valuable indicator response
relies on significant colour change correlated with the unacceptable loss of
food freshness.

RESULTS AND DISCUSSION
The influence of the freshness indicator moisture on its reactivity
The performance of the freshness indicator depends on its ability to the
absorption of volatile products of food spoilage and their dissolution in the
indicator matter. The water present in the indicator structure enables the
colour change of pH sensitive dye in the presence of target alkalizing or
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acidifying adsorbed compounds. In case of the detection of volatile
nitrogenous compounds, released into atmosphere during fish spoilage, the
freshness indicator should be acidic enough to monitor the presence of target
compounds. An appropriate level of the indicator moisture is provided by the
application of humectants that maintain a required moisture of the indicator.
The influence of the freshness indicator moisture on its reactivity
towards volatile nitrogenous compounds were examined by the preparation
of the indicator mixture with one of three humectants: PEG9, PEG34 and
glycerol, or without its addition. All freshness indicators were performed in
accordance with the procedure described above using a particular humectant
in a concentration of 1%, 2% or 4%. The moisture content of obtained
indicators were measured by weighting method by drying them to a constant
weight at the temperature of 50°C. The moisture of prepared freshness
indicator is presented in table 1. The freshness indicators were placed in the
reaction chamber with the addition of 5% (w/v) ammonia aqueous solution
which evaporation was a model of TVBN compounds release during fish
spoilage [Pacquit et al. 2006, Kuswandi et al. 2012]. For each two analysed
freshness indicator a portion of 0.5 ml NH3 solution was introduced into
reaction chamber, which was further closed tight with glass plate and
monitored at the room temperature. The indicator response after the addition
of ammonia solution was recorded by taking photos in regular periods of time
and then calculating TCD values in reference to the colour of particular
indicator before the interaction with the ammonia vapours. The responses of
freshness indicators with different content of analysed humectants are present
on figures 1a – 1c. The last figure 1d demonstrate the relation between the
response of freshness indicators (TCD value) after 5 minutes of interaction
with ammonia vapours and the moisture content of particular indicator.
The humidity of freshness indicator influenced its reactivity towards target
volatile compounds. To low water content in case of PEG34 application and
excessive humidity for the higher content of glycerol provided prolonged
response for the presence of ammonia vapour into reaction chamber
atmosphere (Fig. 1a-c). The highest TCD values and more rapid indicator
response were obtained for the composition containing 2% (w/v) PEG9
humectant (Fig. 4a).
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Table 1. The freshness indicator moisture content and its reaction (TCD
value) after 5 minutes interaction with ammonia vapours in relation to the
humectant applied in the indicator mixture
Type
of humectant

Humectant
concentration
[%]

Indicator
moisture content
[%]

TCD value after 5 min.
of indicator interaction
with NH3 vapours

None

-

8.0 ± 0.5

14.8 ± 3.7

1

10.6 ± 0.8

21.4 ± 6.9

2

13.0 ± 0.0

23.9 ± 3.1

4

16.0 ± 0.9

9.7 ± 3.5

1

6.5 ± 0.3

9.2 ± 2.4

2

5.2 ± 1.5

5.1 ± 1.4

4

2.5 ± 0.4

6.4 ± 0.6

1

11.8 ± 1.0

23.7 ± 6.8

2

18.4 ± 1.1

14.3 ± 7.3

4

27.8 ± 1.8

6.6 ± 1.3

PEG9

PEG34

Glycerol

An optimal humidity level for the indicator reactivity occurred ca. 13%
that was provided by the addition of PEG9 (2% w/v) or possibly by ca. 1%
addition of glycerol, which unfortunately provided less repeatable indicator
performance (table 1).
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Figure 1. Response of the freshness
indicators after interaction with ammonia vapours for the composition a)
without any humectant or using different concentration of PEG9; b) PEG34;
c) glycerol; d) for 5 minutes interaction in relation to the indicator moisture
content
The activity of freshness indicator at room and refrigerated
temperatures
The food freshness indicator prepared in accordance with the
previously described procedure and contained 2% (w/v) PEG9 addition was
applied to verify its reactivity and usability to monitor the freshness of fish
stored at refrigerated and at room temperatures. The freshness indicator was
placed into reaction chamber together with a sample of fresh cod fillet (5 g)
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25

30

and tightly closed. The packed fish was stored at refrigerated temperature (23°C) or at room temperature (20°C). Simultaneously the freshness indicator
response (TCD values) was measured together with the total number of
psychrophilic microorganisms, pH level and sensory properties of stored fish.
The microbiological measurement relied on the grinding of the food sample
with stomacher in 0.9 % (w/v) solution of sodium chloride, seeding it in
successive dilution on nutrient agar and finally incubating at the temperature
of 20°C for 48 hours. The results of freshness indicator response and changes
of fish sample condition stored at refrigerated and at room temperatures was
present on fig. 2a and 2b respectively.

TCD value of freshness indicator
pH level of fish flesh
total number of psychrophilic microorg.
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Figure 2a. The freshness indicator response (TCD values), pH levels and
total numbers of psychrophilic microorganisms in fish flesh stored a) at
refrigerated temperature (2-3°C),
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Figure 2b. The freshness indicator response (TCD values), pH levels and
total numbers of psychrophilic microorganisms in fish flesh stored:
b) at room temperature (20°C), when horizontal lines means: solid line –
visible indicator response (TCD = 12), dashed line – neutral pH level (pH =
7), dotted line – number of psychrophilic microorganisms associated with
food microbial spoilage (1×109 cfu/cm3)
The freshness indicator signalised the fish deterioration when its colour
changed significantly from red to green and measured TCD parameter
exceededa critical value of 12. The indicator response was correlated with the
change of pH level of stored fish from acidicto alkaline, which was
associated with forming alkalizing products of food spoilage. The indicator
colour change was also correlated with extensive growth of psychrophilic
microorganisms up to 1×109 cfu / cm3, that is one of the main reason of
fishery products spoilage. Presented relationships were observed both at
refrigerated and at room temperatures, which confirmed the usefulness of the
indicator for both analysed storing conditions. The freshness indicator
denoted the spoilage of fish after 14 and 50 hours of its storage at room and
at refrigerated temperatures, respectively.
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The positioning of freshness indicator in packaging
The last aspect of the application of freshness indicator in intelligent
packaging was its location in relation to the monitored food product. The
freshness indicators were placed at different distance to fish sample (25 g of
cod fillet) and positioned inside packaging onto sealing foil PET/CPP. The
packed fish was stored at room temperature for 3 days and first food
deterioration symptoms (unpleasant smell, leakage) were observed after 24
hours of its storage. The indicator response for the fish spoilage (TCD values
measured
during
food
storage)
in relation to the distance to food sample was presented on figure 3.
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Figure 3. The freshness indicator response to packed fish spoilage in relation
to its distance to food sample: a) TCD values obtained during fish storage, b)
TCD values measured for the freshness indicators after 24 hours of fish
storage
The distance of the freshness indicator to monitored food product has
important impact on the indicator activity because the detection procedure
based on the absorption of volatile food deterioration products and its
accessibility to the freshness indicator. Figure 3b demonstrate almost linear
relationship between the distance to the packed food sample and TCD values
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measured for the indicator response after 24 hours of storage. Pearson’s r
coefficient for the relation was -0.997 that meant a strong negative
correlation between the compared parameters.
CONCLUSION
The freshness indicator presented in the article was capable to monitor
fish flesh condition during its real time observation. It could be applied in
intelligent packaging that informs about the freshness of packed food
products. The activity and usability of the indicator strongly depended on
various factor that had to be optimised before its application. The chemical
composition and moisture content of the freshness indicator influenced its
reactivity (maximum TCD observed) and the rate of reaction on target
volatile substances. The freshness indicator response signalizing food
spoilage should be correlated with adverse changes in chemical composition
and sensory properties of monitored food and/or with the scale of its
microbial contamination. The application of the indicator in intelligent
packaging must be also adjusted in terms of its proper location in the
packaging space and into a headspace over packed food product. The
reactivity of the indicator strongly depends on the distance to the monitored
food. All mentioned aspects of the freshness indicator application were
analysed thoroughly during our research and part of the results was presented
in this article.
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STRESZCZENIE: Psucie się żywności jest procesem metabolicznym, który
obejmuj szereg przemian biochemicznych i fizykochemicznych inicjowanych
głównie przez czynniki fizyczne (np. niewłaściwą temperaturę lub wilgotność
powietrza w trakcie przechowywania, uszkodzenia mechaniczne), zanieczyszczenia
chemiczne lub rozwój i aktywność drobnoustrojów. Tradycyjne opakowania chronią
żywność przed czynnikami zewnętrznymi takimi jak niepożądana temperatura,
nadmierna ekspozycja na promieniowanie słoneczne, zanieczyszczenia chemiczne
i/lub mikrobiologiczne, ale ich działanie w zakresie ostrzegania przed zepsutą
żywnością ogranicza się do podania daty przydatności do spożycia i przekazania
warunków przechowywania i przygotowania do konsumpcji. Opakowania
inteligentne umożliwiają natomiast obserwację rzeczywistego stanu zapakowanej
żywności, który może być podejrzany przykładowo w sytuacji naruszenia łańcucha
chłodniczego dla żywności wymagającej obniżonej temperatury lub w momencie
utraty szczelności opakowania. Obecne w opakowaniu wskaźniki świeżości
powinny ostrzec konsumenta o zepsuciu się żywności bez względu na podaną datę
przydatności do spożycia.
Przeprowadzone przez nas wstępne badania nad wskaźnikami świeżości żywności
skupiały się na optymalizacji jego składu chemicznego, który opierał się na
wrażliwych na zmianę pH barwnikach zarówno syntetycznych jak i naturalnych.
Zmiana zabarwienia wskaźnika była skorelowana ze zmianami właściwości
sensorycznych surowego mięsa ryby, jego wartości pH oraz stanu zanieczyszczenia
mikrobiologicznego. Działanie wskaźnika było sprawdzone zarówno w
temperaturze pokojowej, jak i w chłodniczej. Pozytywne rezultaty badań (w tym
badań modelowych z wykorzystaniem par amoniaku jako przedstawiciela lotnych
alkalizujących produktów rozkładu żywności) zachęciły do dalszych prac nad tego
typu rozwiązaniem. W pracy przedstawione zostały wyniki badań aktywności
wskaźnika świeżości w zależności od zastosowanego humektantu oraz otrzymanego
poziomu wilgotności wskaźnika. Sprawdzony został także wpływ umiejscowienia
wskaźnika świeżości w opakowaniu (odległości od zapakowanej żywności) na jego
reakcję względem psującej się zapakowanej ryby. Wszystkie przebadane aspekty
przygotowania i działania wskaźnika świeżości okazały się być bardzo istotne w
kontekście jego wykorzystania w opakowaniach inteligentnych przeznaczonych do
szybko psujących się produktów spożywczych.
Słowa kluczowe: wskaźnik świeżości żywności, opakowania inteligentne, surowe
mięso ryb
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