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“The best way to predict the future is to create it.”

Peter Drucker

The challenges that face the present food industry are inbgpara
connected with the trend for innovativeness, as innovations ar®rhefc
modern economic growth strategies, company development and shaping the
social prosperity in the modern world.

In the complex process of product innovation development a yartic
role is assigned to consumers, especially in current makeditons
characterised by production growth, expanding commercial offer and
civilisational and cultural changes. Product innovations in theranttet are
connected mainly with product development, thus with expanding and
deepening commercial consumer-oriented offer to meet histpecktions
and needs related to food and nutrition.

The problem of innovativeness is well established in mamgnsfc
researches that deal with the economic importance of innovatised ba
knowledge, signification of innovations in regional developmentjsPol
consumer behaviour towards branch innovations and identification of
commercialisation conditioning and product innovation diffusion. This is
reflected also in commodity sciences, including food commodity science.

The monograph entitletFuture Trends and Challenges in the Food
Sector” is a part of “Commaodity Science in Research and Practicessét
is aimed at the presentation of modern perception of commaiktyces, thus
evidencing that the Authors seek for innovative research icodutand
applications.

Monograph contains 16 chapters written by the Authors being istsent
from the European commodity science centres.

The monograph is published to present both the challenges thatddce f
commodity science and observed innovative trends in this sciande
therefore it can be a valuable source of knowledge for pometis and
theorists of economic life as well as economics students.

Matgorzata Miniakiewicz
Stanistaw Popek






ROMANIA'S EXPERIENCE REGARDING

THE PRODUCTION, MERCHANDISING

AND CONSUMPTION OF PRODUCTS
BASED ON GMOS

Magdalena Bobe, Lavinia Cristescu, Maria Toma

Department of Business, Consumer Sciences and Quality Management,
The Bucharest University of Economic Studies,
cristescu.lavinia@yahoo.com

Introduction

Genetically modified food is defined by its method of production, which
involves new technologies based on genetic engineering. Sieicectrly
years, genetically modified organisms have had a signifiogract on both
economic and social side. Despite of their substantial contrbubr
increasing the power of food and agricultural markets, GM@sdaased
many cross-cultural differences, regarding their acceptance.

Starting with the highlighting of the biotech risks, there aoeldwide
mixed opinions regarding their benefits. In this context, the main objective of
this paper is to identify the main position of a developing courggarding
its GMO production, merchandising and consumption and the way ifmwhic
GMO'’s benefits and risks are perceived and acknowledgedd Bases GMO
experience, the research was focused on Romania, a European developing
country, with more than 14 years of GMO production.

The secondary objectives of the research are to clhefyegislation in
Romania regarding GMO based products. The legislation in thistry
defines GMOs as “any organism except human, whose genetic mageria
been altered other than by crossing and / or natural recombiratiany
biological entity capable of replication or of transferriggnetic material.”
(Law 214/2002 on the regime of production, testing, use and trade of
genetically modified organisms by modern biotechnology and products
derived from them).

On the other hand, due to ethical issues and related risks, mastnerss
do not accept the application of modern biotechnology to food production,
although in general, the same technologies are accepted iretheafrfield
and the environment. However, interestingly , some applicatiogerudtic
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engineering are more easily accepted than others in positiqreradived
benefits to consumers.

The present research is structured into three main partsllewsto
identifying the key points regarding Romania’s production and medtsiag
experience in GMO based products in a global context; a casgxsasgyting
the analysis of Roundup Ready soy species distribution in Bsthare
supermarkets and the results of an exploratory study on a sarhple
availability concerning GMO's.

The research methodology consists of the above mentioned Case Study
developed in the ELISA Microbiology Laboratory of al InstitufeFood
Bioresources — Bucharest, the questionaire based researdteastdtistical
data retreived from the scientific materials.

GMOs — Key points regarding Romania’s production
and merchandising experience in a global context

Worldwide, genetically modified organisms have been produced, for
commercial purpose, for about two decades. The first GMOs wested in
the 1960’s and caused conflicting opinions that rapidly develapadylobal
scale. Despite the general context, regions like USA and Sowidrida
registered an extensive growth regarding the areas soitledMOs, since
early years.

Based on the potential benefits of genetic engineering, Romania
represents one of the first European countries that embrac@dp&dduction.
Having as starting point the first USA area sown with GM cri[296),
Romania’s GMO production debuted in 1999, when several European
counties, including Spain, France, Portugal and Ukraine, approached modern
biotechnology methods (Table no.1)

Table 1. Area and Counties where GM crops are cultivated, by year

(mill ha)
Year Area Countries

1996 2.8 US, China, Canada, Argentina, Australia and Mexicc
1997 12.0 US, China, Canada, Argentina, AustraléMexico
1998 27.8 US, China, Canada, Argentina, Australia and Mexicc
1999 39.9 US, China, Canada, Argentina, Austr8liayth Africa,

Spain, France, Portugal, Romania and Ukraine
Source: Timo Kaphengst, 2011

Amongst the GM crops grown worldwide, only four have a significant

impact on the global market: soybean, cotton, maize and c&walarding to
the annual reports published by the International Service fokdbeisition
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of Agri-Biotech Applications Organization (ISAAA) in 2013, tfeur GMO
cops reached a total of 174 million ha worldwide (with soybeangbttie
leader — Figure no 1).

MAIZE CANOLA

84.5 239 574 82
rown in 11 counie prown in 15 countries Wi in 17 countr rown in 4

Figure 1. The 4 Major GM Crops and their share in the global market
Source: ISAAA Brief 45 -Global Status of Commerizatl GM Crops: 2013

The first GMO adopted by Romanian agriculture was Roundup Ready
soybean, a crop that, by the year of 2006, covered more than 100.000 ha. The
main characteristic of biotech soybeans grown in Romaniaheaserbicide
tolerance.

Cultivation of GM soybean in Romania has registered a fasttbrsince
1999. By the year of 2001, the area sown with GM soybean reached 14.250
ha, which represented 15% of tiegtional soybean crop area of approximately
100,000 haln just 6 years, GM soybean areas extended more than 8 times
the crops being spread across an area of more than 115.000 hanurheses
highlight a biotech rate of conversion of 79%, reported to the &o&d
cultivated with soybean of 145.000 ha. Seven years of experient&it
soybean crops transformed Romania in an important European producer, more
exactly the third largest producer in Europe, next to Franceftardtaly and
Serbia Montenegro.

The year 2007 was marked by the adherence of Romania to the European
Union. According to the country’s new status, Romania had to tranapdse
apply the European GMO legislation, which was very rigid regariey
aspects like labelling, traceability and, most important, awhtioins for
commercial use. In this sense, a list of European regulation had to be adopted
and implemented within the national law system (Table no 2).

Because of the fact that soybean was and still isn't apprémed
commercialized planting in the European Union, Romania had 8e ¢he
use of this GM technology. This Governmental decision had adug@mic
impact on



Table 2. Basic Legislation regarding GMOs in EU and Romania

EC Regulation no. 1829/2003 on geneticalliResolution no. 173 from 09/02/2006 on
modified food and feed traceability and labeling of GMOs and
EC Regulation no. 1830/2003 on GMOQO¢raceability of food and feed derived from
traceability, labelling & derived food & feed | genetically modified organisms.

EC Regulation no. 1946/2003 on cross-bord®ecision no 497 from 23/05/2007 on
movements of GMOs establishing European measures |on
transboundary movements of GMOs

Directive 2002/53 - common catalogue (0Order no. 730 from 01/11/2006 on
agricultural plant varieties expelling GM soybean varieties from
the official Romanian crops catalog.
EC Directive 2001/18 on the deliberate releaseUG no. 43 from 23/05/2007 on the
into the environment of genetically modifieddeliberate release into the environment
organisms and placing of GMOs the market.
Decision 2004/204 - Rules for registers o®@rder no. 237 from 07/04/2006 on
GMOs authorizing GM crop growers

Source: original, based on data from the Europeanrission and Romanian
Government

Romania’s soybean production: in just 3 years, areas cultivated w
soybean had reduced with 70% and national production has decredsed wit
80%. In other words, the total area cultivated with soybeans has droppe
shapely from 177.000 ha in 2006 (including conventional and GM soybeans)
to only 46.000 ha in 2008.

Romania’s merchandising experience registered a signifiaamithy
right after the this main event from 2007. The decision taken byaRia's
Ministery of Agriculture (MADR) had an important impact on théeioal
market, triggering a major change in the country’s net cawiaiebalance
and global status. Starting 2007, transgenic soybean was importeddrem
EU countries, where soybean crops were still authorized for eooieth
purposes.

In other words, this impact was materialized in exchange of thks
occurred at an economical and commercial level: Romania tooéléhef net
GM soybean importer after 2007. Before this year, Romania was ecegid
a role model regarding the GM soybean production and was one eéttied
global market exporting country.

Other effects of increasing soybean net imports have been iatelgdi
experienced by Romanian farmers that activated in other Hgratuand
industrial sectors: a rapid growth in the cost of animal teet] thus, in the
final cost of meet (especially poultry and pork).

The potential loss of farmers, which activated in this sectoGM
soybean cultivation, has been estimated at 11.1 mil EUR in 2007 and 19.85
mil EUR in 2008. According to the latest publication regardimgRomanian
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academic environment position on GMOs, the economic effects afgehs

cultivation of GM soybeans are:

- mil EUR in 2007 and 1.725 mil EUR in 2008, invested in chemical
fertilizers, that became necessary in the absence of emntrdigat was
provided to future crops, by the symbiotic bacteria from the GM soybean
roots,

- 2.3 mil EUR in 2007 and 4.14 mil EUR in 2008, invested in additional
mechanical works.

According to MADR, Romania represents a major soybean consumer
with more than 500.000 tons annually (mostly consumed as animahfted i
agricultural sector). But, on behalf of Romania’s propitious pdidwatic
conditions, its annually production capacity can rise up to 2 million tones
These statistics highlight a difference of 1.5 million tons, tvhean be
exported.

In 2007 the only GM plant approved in the EU for commercial use wa
the transgenic maize MON 810 (developed by Monsanto — France).7Afte
years of GMO experience (acquired by the GM soybean cutiivgeriod),
Romania soon embraced GM maize as well, but on a lowertbaalsoybean,
in 6 years the largest area cultivated with GM maizendidexceed 7.200 ha
(Table no 3).

The slow evolution of maize crops had bureaucratic and finasatiges,
imposed by the new European standards and, also, organizational causes
determined by the limited supply of GM maize seeds. Another geraiaé
of the slow evolution of new GM crops was the severe econ@uo&ssion
that Romania faced starting 2008.

Table 3. Area cultivated with GM maize in Romania (in ha)
Year 2007 2008 2009 2010 2011 2012 2013

Area 321 7.146 3.2435 756 584 216.5 834.62
Source: original, based on data from the Romaniamsiiy of Agriculture

Comparing Romania’s situation with other Center and Eastern Eamope
countries’ GMO experience, we encounter similarities or major diffass.

Poland’'s GM Bt maize experience, for example started in 2006,awith
total area of 100 ha. After a slow evolution, areas sowed withnilize
reached 3000 ha and the trend was stable until 2012, when Bt maze wa
banned in the country. No crops were officially registeredspite of the
planting acknowledged (Table no 4).

Table 4. Area cultivated with GM maize in Poland (in ha)

Year 2006 2007 2008 2009 2010 2011 2012
Area 100 327 3000 3000 3000 3000 N/A
Source: ISAAA Brief 44 -Global Status of Commerzatl GM Crops: 2012
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Other European countries like Austria, took a total diffeegrgroach
regarding the GMO subject, right from the early years, as@borized, in
certain situations, the banning of GMOs at national levelgsimember
countries. Like Poland in 2012, other countries have invoked the so-call
'safeguard clause earlier (Art. 23 Dir. 2001/18/EC). This invakeporary
restrictions or total prohibition regarding the use and/or ehlthe GM
product on their territory. Next to Austria; Greece, Hungarynt@ey and
Luxembourg adopted this position.

There are other European countries, like Italy or France, where Bt maize
planting has never been allowed, in spite of earlier GM Soybgaarience
(Thomas Venus, 2011). Also, there is no cultivation of GM croptowveSia,
no field trials being identified in this country as well. (ThdeRaf GMOs in
the New Member States — a critical appraisal, European Parliament)

In 2013, Romania is still one of the 27 countries worldwide thatgaflan
GMO crops (according to Global Status of Commercialized Bw@&d
Crops: 2013). Furthermore, Romania is one of the 5 European counétes
still cultivate GM crops, including Spain, Portugal, Czechpubdic and
Slovakia.

As a 2007 accession country to the EU, Romania’s positive ierper
over the last eight years with biotech soybeans has importargy poli
implications concerning the cultivation of biotech crops incaher EU
accession countries like Bulgaria, and other neighboring coumtiies Black
Sea region (ISAAA Brief 44 -Global Status of Commercialig®d Crops:
2012). Romania represents today a role model regarding the grovittechb
crops, having an important implication in the European and global GMO
market.

Case Study: Analysis of Roundup Ready soy species distriliarn
in Bucharest supermarkets

In Romania, genetically modified Roundup Ready soybean was
cultivated legally since 2000, although it was not authorized arfeufepean
Union. In 2005, from the 130,000 ha planted with soybeans in Romania, about
88,000 ha were represented by GM crops. Romanian Government decided to
ban the cultivation of genetically modified soybean plantsfatanuary 1,

2007 according to EU regulations.

At EU level soy is approved for use as food or feed. Wais rather a
political decision, taking into account the perspective of RoamritU
accession in 2007. In the same year, Roundup Ready soybean was authorized
only for testing by the State Institute for Variety Testimgl &egistration
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(ISTIS). Testing was done in five centers of the ISTISvoek: Mircea Voda,
Tecuci, Targoviste, Peciu Nou and Satu Mare and the amount of soy used for
testing was 475 kg. The purpose of testing was the registratia@riefies in

the Official Catalogue of Varieties of Romania.

For the strict monitoring and evaluation of the presence oGiierop
on the market, the Ministry of Agriculture and Rural Developriein®.D.R)
has developed a detailed plan of inspection and control. M.A.D.R. has don
conventional soybean seed testing in order to determine conteomirg
genetically modified seed in the ELISA Microbiology Laboraténgm the
National Institute of Research and Development for Food and Biowess,
Bucharest IBA .

a. The objective of the study

The objective of this study was the analysis and evaluatiooytiean
samples, fresh or processed, randomly chosen from the supermeafrkets
Bucharest. Vegetal food (soy) and also food products of animah evigch
contain vegetal protein (soy) have been analyzed. The method ued in
Microbiology Laboratory — ELISA of IBA Bucharest for the extian of the
nucleic acids was recommended by the Roche producer — High Pute GM
Sample Preparation Kit.

b. The samples

The analyzed samples have inclluded a wide range of soy pspftaot
the less processed ones such as flour, to the highly processesuohess
tofu, soy milk, soy drinks and sweets. Out of the total samplesamples
have been identified with genetically modified soy content, fromid01D0%
and 56 samples which do not contain genetically modified soy. Théjibg
of quantifying genetically modified insert and establish thetlohdetection
to allow rapid identification of products containing geneticailydified soy
and the need to label products containing more than 0.1 % GM@sisera
priority in conducting this study .

The samples analyzed included a wide range of soy products , from the
very little processed as flour to the high processing sutbfias soy milk ,
soy drinks and sweets. The results of 80 tests are giveable 1 soybean on
the basis of two indicators:

- lectin gene - specific plant ;
- p35S promoter ( amount of target DNA , GM ) - GM specific .

13



Tabel 5. Summary results

Number of Number of

Nr of N”mt.’?f i negative positive
Sample name analized positive samples for samples for
samples samples fei p35S p35S
[EE1 g promoter promoter
1. Drinks 5 5 5 0
2. Soy milk 10 10 10 0
3. Soy Flour (producer 1) 4 4 4 0
4. Vegetal Pate 7 7 7 0
5. Cereals that contain soy 1 1 1 0
6. Textured protein 8 8 8 0
7. Sweets 5 5 5 0
8. Tofu 5 5 5 0
9. Soy Fiber 1 1 0 1
10. | Soy granules 1 1 0 1
11. | Soy Flour (producer 2) 2 2 0 2
12. | Soy Schnitzel 1 1 0 1
13. | Soy protein concentrate 1 1 1 1
14. | Textured Soy Schnitzel 1 1 1 0
15. | Vegetal meatballs 1 1 1 0
16. | Vegetal Pate 1 1 1 0
17. | Soy Beans 3 3 0 3
18. | Textured soy protein 7 7 0 5
19. | Vegetal Mushroom Pate 1 1 1 0
20. | Soy Cubes 1 1 0 1
21. | Soy Flour 2 2 0 2
22. | Vegetal Salami 1 1 0 1
23. | Soy Schnitzel 1 1 0 1
24. | Soy granules 1 1 0 1
25. | Vegetal Hamburger 1 1 1 0
26. | Bird baloney 1 1 1 0
27. | Meat roulade 1 1 1 0
28. | Indigen Soy Beans 1 1 0 1
29. | Granulate textured soy 1 1 0 1
30. | Kaizer 1 1 1 0
31. | Baloney 2 2 1 1
32. | Soy Lecitine 1 1 0 1
Total 80 80 56 24

Source: own research. ELISA Microbiology Laboratofyal Institute of Food
Bioresources - Bucharest.
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The samples used in this study consisted of seeds and processedisprod
purchased from different manufacturers or importers of thekehaSeed
samples of 500 grams and 300 g were milled in a laboratiirymtil a fine
powder was obtained. During milling sterile equipment and médeniare
used to avoid cross-contamination.

The samples were packaged and labeled as grinding and honabigeni
and stored at 4 ° C until analysis. Samples were testetbycular biology
techniques (PCR and Real Time PCR conventional) and thesreselt
presented for each sample. (see Table 5)

c. Reference Materials

These materials are represented by Roundup Ready soybean
homogeneous powder in different concentrations: 0.0%, 0.1%, 0.5%, 1%, 2%
and 5% (w / w) supplied in bottles of about 1 g, which is maiathat 4 ° C
in the dark.

From the total of the analyzed samples, 24 samples were found
containing genetically modified soybeans between 0.2 and 100 % , and 56
samples that do not contain genetically modified soybean . Thpréatnted
shows that although some food containings GMOs , the labeling of these
products does not contain this information.

Exploratory study on a sample of availability concerning
genetically modified organisms

A questionnaire based research was developed during 1.03.2011 —
1.04.2011 among 50 persons of Romanian nationality aged above 18 years old
which were familiarized with the genetically modified orgamisotion. The
central objective of the research has succeeded to identipgtbeption that
consumers have about theew technologi€sapplied to food, especially the
contradictions and challenges that genetically modified organismgiogn b

The secondary objectives of the research consisted in the @rsum
attitude concerning genetically modified organisms, their knoweledg
concerning these products based on GMO's, the level of stitsfabtained
by consuming a GM organism based product, the consumption of certain food
identified with genetically modified soy content put on sale ie th
supermarkets from Bucharest, the safety problems conceaihfpod, the
advantages and also the characteristics of GMO products winbstly
influence consumers. The figure below shows where all thasesissand in
relation to Romania’s main actors on the market of GMO based products.
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Figure 2. Romania’s main actors on the market of GMO based products
Source: own research.

The exploratory study has shown the following results :

- increased interest of the consumers for the predmetde through
modern biotechnology.

- bioremediation, medicine and genetic testing are encadirage

- interestingly, some applications of biotechnologg arore easily
accepted than others, depending on the benefitsiged: by
consumers according to the available information.

- customers were not very satisfied from consumptibproducts
containing genetically modified soy, which leadghe following
conclusion: the assortment of such products shioellidnproved in
the future (Cristescu, Pamfilie 2011).

Conclusions

Several important conclusions have resulted from the pressednch.
This paper aimed and managed to identify Romania’s positi@mirige EU
market as a producer, merchandiser and consumer of GMO basedtgrod
Romania was one of the biggest Roundup Ready soybean producers in
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Europe, before 2007 when the country adhered to the European Union and
GM soybean production was prohibited by European regulations. Romania’s
merchandising experience registered a significant growth aiigéxt the this

main event from 2007.

The consumer’s distrust in the application of modern biotechndtogy
food production has led to the proposal of new directives and lawstoee
better food labeling and traceability of genetically modifieddpcts or of
products that contain genetically modified ingredients.

Along with the GM soy termination, the country experienced an
economic impact which affected many farmers and local produbatshad
a high degree of acceptance regarding GMOs. In 2013, Romanibosestf
the 27 countries worldwide that planted GMO crops. FurthermaaRia
is one of the 5 European countries that still cultivate GM crimsuding
Spain, Portugal, Czech Republic and Slovakia.

The data presented in the Case Study regarding the analysis of Roundup
Ready soybean shows that although some food contains GMOshé¢lirda
of those products does not contain this information.

The distrust of most consumers that do not accept the appliation
modern biotechnology to food production has led to the proposal of new
directives and laws to ensure better food labeling and aditg of
genetically modified products or of products that contain geaibtimodified
ingredients. If proper labeling is made, consumers are bettemiedoand can
choose between foods that are genetically modified and non- GM.
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THE PROBLEM OF ENRICHING YOGHURTS
WITH ASCORBIC ACID

Regina Borek-Wojciechowska

Chair of Commodity Science and Quality Sciences,
Faculty of Economics, University of Technology and Humanities,
renia.woj@op.pl

Introduction
Yoghurts and their uses

Contemporary consumers use yoghurts as drinks, snhacks or self-
sufficient meals, though a variety of cooking applications hae found,
like adding them to soups, sauces, cold borscht, pates, cakesilscmhtl
desserts. Dishes based on or including additions of yoghurt remedg
popularity in some countries. Chicken soup with yoghurt is a popular
Bulgarian speciality, while meat in yoghurt sauce is a Kazakmiiore The
latter is based on meat and bone extract seasoned with peppearhisal,
chives, sorrel, turnip, and horseradish, then fermented with yoghdrt a
thickened with egg yolk. YoghurtsAyran) mixed with salted water are
popular in Turkey as they are perfect at quenching thirst apgleament
sweated salt on hot days. Mango, saffron and rosewater ar tadgteghurt
in India, on the other hand. Germans like their yoghurt with muesli, the
English with jams, and Scandinavians with almonds (Mojka 2013).

A growing interest in consumption of yoghurts can be observeolamé
as well. The National Office for Statistics figures #0006 show that the
monthly consumption of yoghurt and fermented dairy drinks averaged 4.94 kg
a head (an average European Union citizen consumed about 15 kg at that
time) (Krasowska, Salejda 2008). Kwietlik (Swietlik 2013) who used
macroeconomic data published by the National Office for Statjstioveys
of household budgets and her own analysis of matkdéstics, implies that,
in effect of a considerable slowdown of Polish economy, consumption
collapsed, real-terms spending on food, retail and consumption of food
products by households declined. Household consumption of a number of
food articles was considerably lower in 2012 compared to 2008 rgbeve
product groups, including yoghurts, resisted the crunch and their consumptio
even rose.
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Euromonitor International data indicate the average yoghurt consumpt
in Poland should reach 9.2 kg by 2015 (http://rme.cbr.net.pl/archiwym/ma
czerwiec-nr-43/51-rolnictwo-w-unii-europejskiej/125-ronie-spoycie-
yoghurtow-w-polsce.html [accessed 21May 2014]).

Yoghurts in the opinions of Polish consumers

Considerable interest in yoghurts is confirmed by surveymgriolish
consumers. Research by J. Stankiewicz and M. Lange impliesrtherfted
dairy drinks most popular with pre-school children are yoghurts 200),
with merely 7.4% of respondents claiming to prefer other drisksh as
buttermilk or kefir (n = 16). 61% of those surveyed claimeg ttensumed
yoghurts on a daily basis (n = 132), 36% pointed to 2—3 timexh (me=
78). J. Stankiewicz and M. Lange cite Adamczyk and Szymander&iBasz
say that yoghurt is the most popular fermented dairy drink wdthth
(Stankiewicz, Lange 2012). G. Krasowska and A. Salejda repéetring to
results published by Adamczyk, that yoghurt consumption is dedigur@d%
of children and young people, attracted chiefly by its nutritioredle
(Krasowska, Salejda 2008). Participants in the survey, studeltsoataw
universities aged 18 to 26 in the academic year 2006/2007, dtsed
fermented dairy products they most often consumed were yogidikedir
(consumption of yoghurts was declared by 40% of female and 36% male
students). A significant number of female students (47%) and only 2186 mal
students claimed they consumed yoghurts daily, with 32% respondents
drinking it several times a week (Krasowska, Salejda 20Q8arly all
respondents (98%), solely shoppers for whole families familéh
fermented dairy products, declared they bought and consumed fermented
dairy products, most commonly yoghurts (97%), in a survey condhygtistd
Nowak, T. Trziszka and M. Szoltysik39% of those surveyed consumed
yoghurts daily, 43% 1-3 times a week (Nowak, Trziszka, Szottysik 2007).

Yoghurts — nutritional value

Basic ingredients of natural yoghurts: 3.4-4.8% of protein, 0.8-80%
fats, and 3.8-11.8% of carbohydrates; of fruit yoghurts: 2.8% to 4.5% of
protein, 1.5% to 3.3% of fats and 8.8% to 15.7% of carbohydrates
(Kunachowicz, Kiys 2002).

Yoghurts are a good source of minerals, especially of easlijabie
calcium, of considerable importance for adequate bone structuferexion.
Research by A. Kunachowicz and W. Klys indicates that natural yaghurt
contain 106 to 170 mg calcium per 100g of the product and 92-122 mg of
phosphorus/100g of the product, whereas fruit yoghurts: 104-134 nignealc
per 100g of the product and 87-96 phosphorus/100g of the product,

20



respectively (Kunachowicz, Kltys 2002). Yoghurts are a sourcetamins
soluble both in water and in fats (Kunachowicz et al. 2005). Tableskpis
the energy value and contents of the basic nutrients in yogltaiols, 2
presents contents of selected minerals and table 3 the conteéfainths in
yoghurts.

Table 1. Energy value and contents of the basic nutrients in yoghurts

Nutrients (per 100g of the product)
Product name

ig?&gy Protein | Lactose | Sacharog Choleste

kea) | @ @ | e | ol(mg
Natural yoghurt 2% fat 60 4.3 4.6 1.0 8
Blueberry yoghurt 1.5% fat 62 3.7 5.0 2.2 7
Cherry yoghurt 1.5% fat 61 3.7 5.1 1.7 6
Apricot yoghurt 1.5% fat 63 3.7 5.0 2.9 7
Strawberry yoghurt 1.5% fat 60 3.7 5.0 2.4 6
Strawberry cream yoghurt 8% fat 139 2.3 3.2 10.0 30
Strawberry yoghurt reduced fat| 46 4.2 5.8 0.0 2

Source: (Kunachowicz et al. 2005, Mojka K. 2013)

Table 2. Contents of selected minerals in yoghurts

Minerals (per 100g of the product)
Product name

Calcium | Phosphorl Potassiu| Magnesiu  Zinc

(mg) | us(mg) | m(mg) | m(mg) | (M)

Natural yoghurt 2% fat 170 122 200 17 0.46
Blueberry yoghurt 1.5% fat 134 96 170 14 0.42
Cherry yoghurt 1.5% fat 134 98 182 15 0.38
Apricot yoghurt 1.5% fat 133 96 200 14 0.38
Strawberry yoghurt 1.5% fat 134 97 179 15 0.37
Strawberry cream yoghurt 8% fat 88 64 109 9 0.24
Strawberry yoghurt reduced fatf 150 116 188 15 0.48

Source: (Kunachowicz et al. 2005, Mojka K. 2013)
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Table 3. Content of vitamins in yoghurts

Vitamins (per 100g of the product)
Product name
Awig) | Dowug) | 8| B cwmg)
Natural yoghurt 2% fat 16 0.03 0.216 0.50 1.00
Blueberry yoghurt 1.5% fat 20 0.02 0.183 0.36 2.8
Cherry yoghurt 1.5% fat 24 0.02 0.189 0.36 2.5
Apricot yoghurt 1.5% fat 57 0.01 0.185 0.35 1.90
Strawberry yoghurt 1.5% fat 19 0.01 0.187 0.35 9.90
Strawberry cream yoghurt 8% fat 70 0.08 0.113 0.24 1.70
Strawberry yoghurt reduced fat 13 0 0.205 0.40 1.50

Source: (Kunachowicz et al. 2005, Mojka K. 2013)

Yoghurt — yoghurt bacteria

Presence of viable bacteria cultures is an essential adyeaot yoghurts
from the viewpoint of health. As defined by the Polish standAF-d\F86061
'Milk and dairy products. Fermented milk', yoghurt is fermentetk m
containing specific, symbiotic cultureStreptococcus thermophiluand
Lactobacillus delbrueckii subspecies bulgariclisis microflora must remain
active, viable and numerous in a finished products by the endsbfalslife.
In accordance with recommendations of FAO/WHO Codex Alimentarids
FIL/IDF, specific microflora of yoghurt should total a minimwf 10 cfu/g
on the last day of storage. Such a definition of yoghurt strésse®le of
micro-flora in this product. Yoghurt fermentation bacteria aymbiotic.
Streptococci initially grow faster, producing lactic acid as weli@ic acid,
acetic aldehyde, diacetyl and formic acid. The presence ofdaicid and the
reduced redox potential of the medium foster growth of yoghurt rods. Th
yoghurt rods in turn, displaying higher proteolytic activitlease small-
molecule peptides and amine acids from milk protein, which enabteer
growth of normally low-protelytic strains &ftreptoccocus thermophilushe
living processes as in yoghurt fermentation bacteria resuatfiilti—direction
changes in milk’s ingredients. The changes comprise primarily:

- the production of acids (mostly lactic acid)
- partial disintegration of milk sugar

- disintegration of proteins resulting in increased amount & &mino
acids

- the increase of some vitamins’ content, mostly folic acid\ataanin B
12 (Tamime, Robinson 1985)
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Bacteria in yoghurts have a variety of effects on functioniige@human
body (Adolfsson et al. 2004). M. Piaia et al. compared yoghurts corgaini
viable bacteria cultures and thermised yoghurts (Piaid. €2083). Their
results show that, seen from a nutritional/functional point of vieeat
treatment dramatically alters some intrinsic beneficiapprties of yoghurt.
There is emerging evidence that fermentation of milk has pesffects on
the release of bioactive peptides, and that consumption of yoghurt has
beneficial effects on the gut equilibrium, on the immune systamrevention
of infections, on mutagenesis and carcinogenesis, on oral hedltlinan
animals) on prevention of collagen-induced arthritis. These ioeledffects
have not been shown for heat-treated fermented milk (Piaia et al. 2003).

Yoghurt bacteria are not typical probiotics. M. Elli et ghow that yogurt
bacteria, especialliz. delbrueckiisubsp.bulgaricus can be retrieved from
feces of healthy individuals after a few days of ingestiorcahmercial
yogurt. Moreover, their results indicate that very careful setupe analytic
procedures can dramatically improve the reliability of studfate survival
of yogurt starters (Elli et al. 2006). Kudetka W. shgstobacillus bulgaricus
strains have stronger probiotic properties tBamthermophilugs they show
greater capacity for settlement in the gut, overcoming the hidhyalsarrier
of gastric juices, exhibiting resistance to physiological eatrations of bile
acids and production of bacteriocins (Kudetka 2008).

Yoghurt — enrichment

Popularity and properties of yoghurts give rise to attempeni@thing
them with a variety of ingredients: vegetable substancesattie activity
(Stankiewicz 2009), calcium and magnesium saitsikpwska, Zbikowski
2011). Interesting results of supplementation with milk powder andeami
acids are presented by M. H. Naji, Z. Hashemi, M. Hoseinii(Najshemi,
Hoseini 2014). The British scientists suggds products are fermented
appropriately to enrichment with L-ascorbic acid and iron ag toatain
plenty of organic acids (Teucher, Olivares, Cori 2004).

L-ascorbic acid plays a major role in the human body. It als@sdo
prevent a range of diseases, including cancer and cardio-aasoulitions
(Borek-Wojciechowska)Reports by scientists indicate that vitamin C can be
used to treaHelicobacter pylori(Borek-Wojciechowska 2009)Ph Y. et al.
show yoghurt microorganisms may adversely affésticobacter pylori(Oh
et al. 2002). L-ascorbic acid has strongly oxidising properties. \Wieakly
oxidised, it converts into L-dehydroascorbic acid via a raditarmediate
compound known as L-monodehydroascorbic acid k&ivHryniewiecki
1998). The latter has the ability of reducing the oxidation-réatugiotential
(Zaleski 1985).
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The redox potential is a physico-chemical parameter defioidptive
or reductive properties in the environment and dependent on food compositio
(content of thiol amine acids, peptides, proteins and reducings$ugét,
temperature and, to a great extent, on free oxygen concentration. The
parameter plays an important role in microorganism cell iplogy as it
affects growth potential (Alwazeer 2003).

The research described below was designed to establish the mioment
yoghurt enrichment with L-ascorbic acid.

Material and methods

Yoghurts were produced in laboratory conditions. 1L of UHT midlsw
inoculated withLbc. bulgaricusandStr. thermophilustrains using quantities
computed for purposes of acidifying 1L as instructed by the macci
manufacturer. The liquid was then filled into three plastic aioets (PS).
Contents of one were enriched with L-ascorbic acid in the foram @gueous
solution. The containers were sealed and the culturesim@reated at 42+-
1°C for 5 hours. After that time, L-ascorbic acid in the form mfagueous
solution was added to the curd in one of the non-enriched containers
contents were mixed and sealed, and all the yoghurts were stdreela€
for 28 days.

A well-mixed representative sample of yoghurt, out of which 1§was
weighed to produce a tGand further dilutions. A deep inoculation of the
appropriate sample dilutions was produced on two parallel Bistnes,
covered then with a medium appropriate to the given culturel7 M-
(Biomerieux) medium was applied t&tr. thermophilus and MRS
(Biomerieux) was applied tidbc. bulgaricus Colonies were counted for each
separate micro-organism grade at the end of the incubation.

Results

Test results for the yoghurts (mean values of three runishedrwith L-
ascorbic acid prior to and post incubation, as well as for theenoohed
yoghurts after the first (X = 0 - after 5 hrs of incubatiand successive days
of storage are illustrated in figures 1 and 2.
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Discussion of results

The results prove that addition of L-ascorbic acid influergreavth of
yoghurt fermentation bacteria. Introduction of L-ascorbic adiér ahe
process of yoghurt incubation produced markedly better eff¥aghurt
fermentation bacteria displayed intense growth during the first day afystor
in samples enriched with L-ascorbic acid after the incubatiock H. (1952)
recommends vitaminising yoghurt on fermentation as vitamin @soskas
much as 50% could be noted, caused by development of yoghurt micro-flora.
Bacteria counts stabilised over the following seven days irtdke ofStr.
thermophilus to decline gradually afterwardsbc. Bulgaricusexhibited a
different behaviour — its quantity fell dramatically in first seven days of
storage, to stabilise during the next 7 days and begin a grdeitlade only
after 14 days. This effect points to a time shift in thetdséc growth;Str,
thermophiluscontinues in the state of equilibrium when thee. bulgaricus
population is decaying. In the case of yoghurts enriched with Liziscrid
post incubation, the quantity bbc. bulgaricusdiminishes as early as the first
day of storage, whereas the same effect comes latez neitiaining sample
types (enriched and not). Rajiv I. Dave and Nagendra P. Shah hat&drt
thermophilusand Lbc. bulgaricusin yoghurts produced by means of four
commercially available cultures showed different respomsiesscorbic acid
content — the count of viabtetr. thermophiludell, whereas the quantity of
Lbc. bulgaricusrose as L-ascorbic acid concentration increased (Dave, Shah
1997).

Addition of L-ascorbic acids to milk pre-incubation scarcelyadithe
count of yoghurt fermentation bacteria in the test yoghurts. Noh atsa
noted somewhat higher quantities of yoghurt fermentation badatetfeeir
yoghurts enriched with L-ascorbic acid and vitamin A than inrcbsamples
(Noh et al. 1994). B. Czarnocka-Roczniakowa and M. Wojewddzka maintain
10-20mg% content of L-ascorbic acid in milk has virtually no icbpzn
growth of yoghurt micro-flora and progress of fermentation (Qxka-
Roczniakowa, Wojewddzka 1969). Earlier research by the author smplie
incubation adversely affects L-ascorbic acid levels at ithe bf yoghurt
production. Levels of L-ascorbic acid after the incubation stagecubated
goat milk enriched with lemon juice and analytical grade L-ascorbic adid an
in unenriched milk declined by: 14%, 15% and 13%, respectively (Borek
Wojciechowska 1998).

Str. thermophilusand Lbc. bulgaricusin non-fortified yoghurts fell
dramatically after the 2%1day of storage. The decline of viable yoghurt
bacteria after 21 days of storage was milder in non-enriched yoghurts.
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Conclusion

Yoghurts are indicated as the most popular fermented dairy dyink
Polish consumers. It must be emphasised that this opinion is shareda#icross
consumer groups, from children, young people and students to adudts. It ¢
therefore be posited that these products have considertggedt the health
of Polish consumers. In effect, maintenance of their requdgitaity,
especially preservation of appropriately numerous and viable+fira, is
of particular importance.

The results of the tests suggest that ascorbic acid chuerioé the
amount of living bacteria both_bc.bulgaricus and Str.thermophilus
Fortification after the incubation process has turned out todse beneficial.

In light of results arrived at as part of the U.S. Human &timme
Project, beside the Human Epigenomic Project the leading cbggaject in
the field of human genetics and molecular biology, the problem difuybg
enrichment to provide adequate counts of yoghurt micro-flora cgyire a
new significance in the near future. J. Fiedurek (Fied@@l4) relies on
results of that project to say: 'The human metabolism slibeidfore be seen
as a result of evolutionary coexistence between the world ¢érimand a
host organism. In this framework, expression of approximately 20,000 human
genes and of an estimated 100 times greater numbers of bacterial gemes mak
up an enormous, highly dynamic human metabolism determining function of
the human body understood as a single, extraordinarily complicated

“superorganism.
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Introduction

The growing interest in old food crop such as quinoa (Chenopodium
quinoa Willd), is based on their nutritional value, high adaptabilitffferent
pedoclimatic conditions and remarkable yields. Quinoa belonge tiamnily
of Chenopodiacee and it is considered a pseudocereal. It is afoatiygant
of the Andean region dating back to 5000 years AD.

Quinoa originated in the Andean region of Bolivia, Colombia, Ecuador
and Peru and was domesticated 3000 to 4000 years ago. This crop was s
important for Andean peoples as food, animal feed and it wasafsidered
sacred as the “mother grain” during their ceremonials. Whencisn
Pizarro, a Spanish conquistador, and his army conquered the Andes (1532),
they imposed to Inca communities Old World religion and habits lik
Catholicism, potatoes, wheat and barley. Despite the riskve their hands
cut off or to be killed for growing quinoa, the Incas continued itsvetion
in hidden locations. It has been claimed that quinoa has been continuously
cultivated in a given region longer than any other crop (Si2@1l3). In the
second half of last century, the interest in quinoa plameased due to the
“rediscover” of its nutritional values, its agronomic que$itand its great
adaptability to different pedoclimatic and water conditions. $togy of
Quinoa is very similar to dozens of other crops, like Amarantteiloped
by Incas but overlooked by Spanish colonizers. Considering them cheap
plants, ignoring their nutritional value and afraid of thdwai importance,
conquistadors preferred to destroy to forbid them. Since a longthiese
crops have been revaluated and grouped in a new and large falteitl/t ost
crops of Incas”. Even if the Spanish must be remember for itbigirin
diffusion of “new crops” like maize, tomato, peanut, potato, etc.

Quinoa is an annual strong herbaceous plant, among over 200egarieti
the most utilized is thReal quinoamainly in the brackish areas of the Salar,
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in the Oruro and Potosi regions. The Incas and other earlienreslt
appreciated Quinoa high nutritional value, including its leaves agdsdn

their diet in order to balancing the lack of animal prote@ginoa seeds are
gluten free, therefore valuable for celiac diet, rich in pnotd4-15%)
primarily lysine (50-54 mg/100 g), in minerals (calcium, magnesicon,
copper, and zinc) and in vitamins. Quinoa seed oil (2-8%) has a higgnton

of oleic (23-29%) and linoleic acid (48-52%) and also a remarkdblef
squalene. Furthermore Quinoa is also an excellent source af stseful in
several food and no-food applications (cosmetics and pharmaceutical)
because its seeds are small starch granules with low amyldsatc@yuinoa

is also a good source of trimethyilglycine, a substance with phdfection,
anti-aging and anti-cancer action (Abugoch James, 2009). Today gsinoa i
currently grown in Bolivia, Peru, Argentina, Chile, Colombia, &ocdador.

Its cultivation has been tasted in different regions of Uriitiade of America,
Canada, India and Europe (England, Denmark, Finland, Greece and ltaly)
where despite the local pedoclimatic conditions, are quite evjuEsitive
adaptation results (Small, 2013; Jacobsen, 1997). The first two ezuate

the main producers and their 2012 total production was approximately equal
to 82,500 t. Due to nutritional, economic, environmental and cultahaé\of
Quinoa the United Nations (ONU) has declared 2013 as the ri&itenal

Year of Quinoa” in order to remark its role as world food security crop.

The objective of this paper is to present a review of quiseed
characteristics and to analyze its potentialities in mmdlurban food market.

Botanical and agronomic characteristics of quinoa

Quinoa was first botanically described by Willdenow in 1778 asigenat
South America species, whose center of origin, according to Bugk&s
Bolivia and Peru. This plant belongs to Chenopodiaceae famiigusy
Chenopodium and its botanical nameCtsenopodium quinoa WilldAs just
mentioned before, more than 200 varieties are known ariehlequinoas
mostly used for its low saponins content. The other species aamtized
are: Bear, Cherry Vanilla, Cochabamba, Dave 407, Gossi, Isluga, Kaslala,
Kcoito, Linares, Rainbow, Red head, Temuco

Quinoa may be classified according to the following parametgrs
morphological characteristics, according to the plant and frdir cor
inflorescence types; b) great adaptability to grow at diffealtitudes, five
ecotypes are recorded: sea-level, valley, subtropical, saldrantiplanic; c)
free saponins concentration, “sweet” quinoa less than and 0.11 %y™bitt
more than 0.11%. This crop is also known as “Inca rice”, “corn of the
Andeans” or occasionally “vegetable caviar” (Jancuroval.e2009; Vegas-
Galvez et al. 2010; Small, 2013).
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Quinoa is not a true cereal but being a dicotyledonous plénitratarch
it is included in the pseudocereal family along with amarantaog
buckwheat. Quinoa plant is 0.7-3 m tall, with an erect branched omatiee
cylindrical stem (1-8 cm in diameter). Plant color may viioyn white to
yellow or from light brown to red. If sown deep in the soil, quinadascould
be 30 cm deep and besides its high growing flexibility at diffealtitudes
(from sea-level up to 4000 m) quinoa is a frost and drought resjdtarit
Low temperature (-1° C) are dangerous for quinoa flowers moist bloom
after frosting season in order to avoid plant and yield damageh H
temperature instead (up to 35° C) is well tolerated by theeyplant. This
crop has a low water requirement, so annual rainfall rangorg 100-400
mm is sufficient to make quinoa grow even if it has not problewigg in
regions like southern Chile where annual precipitationsguraléo 3000 mm.
Quinoa is also a plant that is not affected by acid/alkaliilgpH from 6.0 to
8.5) or by nitrogenous poor soil although different pedoclimatic conditions
have an impact over seed yield and consequently on their nutitiatue
(FAO, 2011; Jacobsen at al., 2005; Coulter, 1993).

Quinoa leaves up to 15 cm long and 12 cm wide, are alternatie arade,
with a “goose foot” shape, have different colors and asarfontaining small
grains that make the plant look like covered with sand. Téesis are rich
in calcium oxalate and are able to retain a water film, isongahe relative
atmospheric humidity and reducing transpiration. Flowers are wealf 630
mm) with no petals and positioned in groups forming glomerules. Btapm
period is 10-15 days long. Inflorescence is a typical panittearcentral axis.

It could be loose (or amaranthiform) or compact (or glomerulatesg0 3on

long and its diameter ranges from 5 to 30 cm. From 100 to 3000 seeds ar
contained in the quinoa inflorescence. The fruit is an achetiadiccal
shaped with a single differently colored seed. The seed isnettérom
quinoa fruit without perigonium. It may be conical, cylindrical ipsoidal
shaped with a diameter ranging from 1.6 to 2.6 mm; 1 g of quinoa seeds
contains approximately 350 colored (white, beige, light yellow, lkghtvn,

red or black) seeds (Vilche et al., 2003; Jancurova et al., 2009) prémgnt

a complex structure with three different parts: epispemsiyding pericarp, a
protective covering and the endosperm), embryo and perisperm. 8ihe m
starch reserve is in the perismerm and endosperm and embryichad
protein and fat. Compared to other seeds the embryo of quinoa geea h
amount of protein equal to 35-40% of the total seed proteins, tiele
perisperm only 6.3 to 8.3% (Abugoch James, 2009).

In general, depending upon the variety and pedoclimatic conditions,
planting season begins in August-September and extends through November-
December. Sowing density may vary from 0.4 to 2.3?gind, on average,
140-180 days after the plants are ready to be harvested.ibulzart126-157
days are necessary under European conditions, 131-200 in Peru and 110-190
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in South America (Pulvento et al., 2010). Quinoa yield shows a rarge

from 0.45 t/ha up to 5 t/ha directly linked to genotypes, pedocliratidition

and fertilizing and irrigation procedures. The average quinod ig€).84 to

3 t/ha, whereas it is reported yields for quinoa as low as 0.4 5at/x record

of 5 t/ha. Traditional producers country (Bolivia Ecuador andi)Peave a

low average annual yield equal to 0.6-1 t/ha in the period 1995-2012. In
different regions yields are higher, in USA and Canada thegnare than 1
t/ha, in ltaly 1.50-3.60 t/ha and in Kenya 4 t/ha (Ahamed et al., 198&Ro

et al., 2010; FAO, 2011).

Nutritional value and antinutritional substances of Quina seeds

Quinoa seeds earned a renewed dietary importance for their high
nutritional value both in origin area and in “new market” liketed States of
America and Europe. Moreover, and as already mentioned, FAO reesgniz
to this crop a strategic role in the international food supply. Qgeeds are
an excellent source of starch about 60%, they have good protein doritent
order of 12-16% and their fat content varies from 5 to 8%. The ashedy mai
consisting of potassium and phosphorus, crude fiber are respectively
approximately equal to 3-4% and 2-10%. The energy value of 100 g of quinoa
seeds (on dry weight) is approximately 330-430 kcal. Compared with
traditional cereals, quinoa seeds have a good level of B aftdr&ins. The
last one is the most important fat-soluble antioxidant vitamin.

The following table (table n. 1) shows the proximate chemical
composition of quinoa seeds and leaves. Even if leaves peesemiarkable
nutritional value (particularly mineral content) their use aslfand fodder is
limited to local production area. In this note we focus on quinoa seeds.

Table 1. Main nutritional information of quinoa seeds and leaves
(% on dry weight basis)

Seeds Leaves

Protein 12-16 21-22
Fat 5-8 3-4
Ash 3-4 18-19

Carbohydrate 60-75 34-35
Crude fiber 2-10 13-14

kcal/100 g 330-400 250-
Source: personal elaboration by the authors onRiakash et al., 1993; Schlick,
Budenheim 1996; Culter, 1993.
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Quinoa seeds protein

Quinoa seeds protein content is very interesting because gfatgity
and quality. Depending on varieties, it ranges from 13% to 22% (pn dr
weight) with an average of 15%, and it is higher than trueat®rsuch as
barley (11%), maize (10%) and rice (7.5%), comparable with whe8&#)(15
and lower than legumes such as beans (28%), lentils (28%), IuBof9
(Jancurova et al. 2009).

It is significant to bear in mind that the larger portiongafnoa seed
proteins are included in the embryo (35-40% of the total seed proteins) so for
instance, quinoa protein content substantially coincides befode after
dehulled treatments. On the contrary, traditional cerealsallieat loose in
protein content depending on refined grade.

Table 2. Amino acids composition of quinoa seed, barley, soybeans,
wheat and skimmed milk

Quinoa Barley Soybean Wheat Skimm
seed pearled raw durum ed milk

Amino acids mg/g protein
Essential
Lysine 54 37 58 36 97
Isoleucine 36 36.5 44.5 43 46
Methionine 22 19 10,5 235 26
Phenylalanine 42 56 49 53.5 46
Threonine 30 34 39 36 40
Tryptophan 12 16,5 12 11.5 14
Tyrosine 19 29 36 33,5 50
Valine 42 49 47,5 61 61
Non-essential
Arginine 77 50 70 83 35
Aspartic acid 80 62.5 136 94 73
Cystine 145 22 12 20.5 9
Glycine 49 36 39 45.5 17
Glutamic acid 132 261 151 195 213
Histidine 29 22.5 27 235 29
Leucine 59.5 98 72 83 82
Serine 40 42 50 52,5 58
Alanine 41,5 39 42 58 28

Source: personal elaboration by the authors onSiehiéick, Budenheim 1996;
Abugoch James, 2009.

Quinoa seeds protein nutritional quality is based on the portion of
essential amino acids which must be provided with the diet. Mimeoaacid
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content of the quinoa seeds is well balanced and offer a widap awtids
range than other traditional cereals. It is equivalemthiat is recommended

for preschool and school children and adults by Food and Agriculture
Organization of the United Nations (FAO), World Health Orgatidn
(WHO) and United Nations University (UNU) in their finaport Human
energy requirements: Report of a Joint FAO/WHO/UNU Ex@erisultation
(FAO, 2001). Quinoa proteins have a balanced composition of esseritial am
acids similar to the amino acid composition of casein. TabPesmows the
proximate amino acids composition of quinoa, other traditional lseaeal
skimmed milk.

Quinoa is rich in lysine (54 mg/g protein) the limiting amino acichost
traditional cereals and rich in sulfur amino acids (methionicgstine 36.5
mg/g protein).

Also in quinoa seed albumins and globulins are the large prmeiion
(44-77%), consequently prolamines percentage is very low. Thiesama
quinoa seeds a natural gluten-free seeds valuable for celiacatieti(@va et
al., 2009).

Quinoa protein efficiency ratto(PER) and protein digestibility are
influenced by plant varieties and washing and/or cooked temperguinoa
flour obtained with washed seeds in hot water (approximately &bfawys a
PER index ranging from 2.1 to 2.3, almost like casein PER @ig@stibility
or amino acids bioavailability calculated for quinoa raw washedssis lower
than casein respectively equal to 83% and 91% (Abugoch James, 2009).

Quinoa seeds carbohydrates

Quinoa seeds are mainly carbohydrates (see table n. 1) and starc
represents more than 50-65 % of their total. Quinoa stazehasid amylase
content ensure a good starch source useful in food and no food industries as a
biodegradable filler in polymer packaging and also due to exiramyd
freezing & melting stability, a perfect thickener for feozfoods and other
applications requiring high retrogradation resistance.

Located in seed perisperm, it can be as single unit or sphaggregates
whose diameter range from 0.6 tu&. Quinoa starch granules are smaller
than other traditional cereals like rice (3u®), barley (3-84m) or amaranth
(2-2 um). The amylase and amylopectin percentage (on dry basis) is
respectively 3.5-22.5% and 75-77.5%.

Other carbohydrates in quinoa seeds are D-xylose, maltose, @yands
fructose, which allows its use in malted drink formulations. Alsocontent

! PER indicates the increase in weight per 1 g ofgim included in standardized
diet.
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of D-ribose and D-galactose and maltose would result in a taetose
glycemic index (Ahamed et al., 1998; Bhargava et al., 2006; Vegeetat
al., 2010).

Quinoa seeds lipids

Quinoa seeds also contain 1.8-9.5% of high quality edible oil, more than
maize (3-4% on dry mass basis) and lower than soy (20-21% on dg/ ma
basis). Several studies have conducted on quinoa oil fatty aeigosition
and all different results are related to different plspecies and different
pedoclimatic conditions. An average fatty acid composition isrdecl in
table n. 3. The main fraction is represented by the unsadurahe
approximately 65-75%, where linoleic (48-52 %), oleic (23-30 %) and
linolenic (5-8%) acids have the highest percentage. @ahgated fraction is
characterized by the prevalent presence of palmitic actil¥8r. Main
properties of this high quality edible oil are its high degreansaturation
with a low polyunsaturation index (3.9-4.7) and its stability, dug¢hto
presence of E vitamins (a natural antioxidant agent). Therfdsk is higher
than most edible oils, such as soya bean oil (3.92), corn oil {&68)olive
oil (0.65). In addition quinoa oil has a significant squalene coméemging
from 3.4 to 5.8 %. Squalene is a terpenoid and a precursor of teholes
biosynthesis, the oldest and most abundant natural source of sqaaleark

Table 3. Fatty acid composition of crude fat from quinoa seed, corn,

and soy oil
Quinoa Soy Corn Amaranth
Saturated (%)
Myristic C14:0 0.1-2.4 traces traces Traces
Palmitic C16:0 9.2-11.1 10.7 10.7 12-25
Stearic C18:0 0.6-1.1 3.6 2.8 2-5
Unsaturated (%)
Myristoleic C14:1 1
Palmitoleic C16:1 0.2-1.2 0.2 traces
Oleic C18:1 22.8-29.5 22 26.1 19-35
Polyunsaturated (PUFA)
Linoleic C18:2 (»-6) 48.1-52.3 56 57.7 37-62
Linolenic C18:3 ¢-3) 4.6-8 7 2.2 0.3-2

Source: personal elaboration by the authors onAlagéaned et al., 1998; Prakash et
al., 1993; Amicarelli, Camaggio, 2012.
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oil (40 - 80%) although a lower quantity is also found in vaiglet oils such
as olive (0.3-0.7%). Another good vegetable source of squalensirsiath
grain (6-8%) (Ahamed et al.,, 1998; Prakash et al., 1993; Amiicarel
Camaggio, 2012).

Quinoa seeds minerals and vitamins

Quinoa seeds have the highest content of minerals among c&iadaés
n.4 shows the mineral composition of quinoa whole and dehulled seeds,
quinoa flour, oat, wheat and barley.

Table 4. Mineral composition of whole and dehulled quinoa seeds,
quinoa flour, oat, barley and wheat (mg/100 )

Quinoa seeds Quinoa
Whole Dehulled flour

Oat Barley Wheat Amaranths

Calcium 86.3 55.1 70-86 58 29 50 25-389
Phosphorous 411 405 22-462 734 221 467 655
Potassium 732 656  714-855 566 280 578 290-580
Magnesium 502 468  161-232 235 79 169 232-363
Iron 15 14.2 2.6-6.3 5.4 2.5 3.8 7-18
Copper i I 0.7-7.6 0.4 0.4 0.7 1
Zinc 4 4 3.2-3.8 3.11 2.1 4.7 4
Sodium 1l Il 2.7-93 4 9 8 7-100

Source: personal elaboration by the authors onAlatgoch James, 2009;
Amicarelli, Camaggio, 2012.

Table 5. Vitamin composition of quinoa flour, oat, barley and wheat

(mg/100 g)

Quinoa flour Oat Barley Wheat Amaranth
Ascorbic acid 4-16.4 Il Il /i 3.36-7.24
Thiamin 0.29-0.36 0.763 0.191 0.5 0.17
Riboflavin 0.30-0.32 0.139 0.114 0.16 0.2
Niacin 1.24-1.52 0.961 4.604 5.9 3.6
Pantothenic acid 0.487 0.119 0.260 /i 1
Folate total 0.184 0.056 0.023 1 1

Source: personal elaboration by the authors onAlaéaned et al., 1998; Abugich
James, 2009; Vega-Galvez, 2010).

Quinoa minerals due to their high values and bioavailable fooukl
meet the daily mineral need of human being of any age. Calciagneasium,
and potassium for instance, are enough for a balanced human didt. Pl
varieties, fertilizers and soil typologies have an impact roimeral
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composition. Seeds dehulling procedure finalized to saponins remaval ha
negative effect because same minerals, mainly calcium andspotaare
located in the removed external layer (Abugoch James, 2009; Asfticar
Camaggio, 2012).

Quinoa seed vitamins content is also remarkable. The highse el
vitamin B6 and total folate (table n. 5) are enough to meetrehiland adults
daily needs. Vitamin E, ranging from 2.6 to 5.4 mg/100 g (on dryhteig
basis), is significant being an antioxidant (Prakash et al., 1993; Vega-Galvez
2010).

Quinoa seeds antinutritional substances

The limit of quinoa seeds nutritional value is representedfelny
antinutritional substances. The fraction of saponins is thestagyeup of
them, these substances consist of different compounds chaexttbyz
diverse structures containing a steroidal or triterpenglgicone and one or
more sugar chain with a distinctive foaming point. These sutssagrant a
typical better-tasting and they may be toxic if highly conegatt. They can
be found in many plants and also, in low concentration, in spinacragsis,
alfalfa and soy beans. They have been named after the soapwurt pla
(Saponaria) discover, the root of which was historically used aga soa

Saponins have been found in all parts of quinoa plant, leavesrdlowe
fruits and mostly in seeds coats. As just mentioned before, gpiantican
be classified upon saponins concentration, variable upon variety and
pedoclimatic conditions, from 0.1 to 5% (on dry weight basis) (FAO, 2011;
Bhargava et al., 2006). Saponins have the natural function to gretgaant
from pests and diseases and prior to consuming quinoa seeds must be
separated from saponins by rinsing them with cold alkaline watdyy
mechanical abrasion. Alkaline water solution, extrusion or roaptiogess
could reduce the saponins effects on quinoa seeds and flour. Saponins
extracted from quinoa seeds could also be a valuable antifuegthent, to
inhibit for instance the growth ofandida albicanas(Kuljanabhagavad,
Wink, 2009). There is also evidence of saponins increasing membrane
permeability, a precious help process for food and drug assimilation.

Phytic acid is considered one more antinutritional compound bechuse o
its ability to make unavailable minerals mainly like ziaed iron, and a
smaller amount of calcium and magnesium. Phytic acid may be foundlgot
in quinoa seeds out layers, as in the case of other tradlitereals such as
wheat and rice, but also in the endosperm in the reason of 10-13angfy
weight basis) (Rouales, Nair, 1993).
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Quinoa seeds uses, production trends and new markets
Quinoa seeds uses

Besides quinoa seeds main nutritional and antinutritional peculiarities, it
is important to analyze their real and potential uses. 8d fioe whole grain
of quinoa is used in daily diet to replace rice when ibislgined with meat
or fish, in soups alone or with other traditional cereals and/or leguitncan
be toasted, popped and extruded to make snacks and breakfastdingspro
Quinoa flour is used in tortillas, bread, pizza and noodles.

Quinoa

“el Food and fodder |
_9| Agrochemical |
—9| Cosmetics |
—9' Paperand pulp |
“9| Plasticand polimers |
Soap, detergents,
] surfactants, emulsifiers and
solvents
*—9' Antifungal, repellent |

Figure 1 Quinoa traditional and potential uses
Source: Personal elaboration by the authors.

Adding quinoa flour to wheat one final products obtained improve their
nutritional value (in terms of protein, oil, fiber and minerals)l & has also
recorded a positive effect on rheological characteristitoafh. For instance,
it is recorded an addition of 10-20% of quinoa flour in bread preparation, 30-
40% in noodles and pasta and up to 60% in biscuits recipes. Tpeseofy
products receive by panelists a good sensory evaluation (Jan@ircaia
2009; Stikic et al., 2012). Quinoa seeds could be sprouted too to impeave t
nutritional quality increasing the bioavailability of vitamm and other
biocompounds. Cereals and other seed sprouts reached greater fyopulari
among consumers more and more consciousness about the strioh relat
between health status and dietary habits. In this field quinaa exeellent
option to enlarge the offer of these kinds of products on the mafket
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functional foods where, foods containing biologically active comptsnsith

a potential in reducing the risk of disease are largely rediuQQuinoa ground
seeds could be used to prepare drinks such as quinoa juaeitinmilk and
quinoa fermented drinks . Other uses of this plant are linkecptmse and
starch. Thanks to their properties this compound could be esgbioiseveral
industries such as agrofood, cosmetics, pharmaceutical and agrahem
Figure n 1 summarizes traditional and potential utilizationshisf ancient
crop.

Quinoa seeds production trends and new markets

Bolivia and Peru have always been the main quinoa producers
accounting, in the last fifteen years the 90% of world productiobleTa 6
shows the data related to area harvested, production, plant ahgiclee
from 1995 to 2012. Other traditional producers countries are Chile and
Ecuador. There are no official figures on Chilean productionrbe2009,
during the last three years, its contribution range from 1 t@®#te whole
quinoa production. Small quantity (approximately less than 2%edbthl) is
constantly produced in Ecuador.

Table 6. Quinoa area harvested, production, plant and seed yields from
1995 to 2012

Area harvested (Ha) Production (t) Yield (t/ha) Seed (t)
Bolivia Ecuador Peru| Bolivia Ecuador Peru Bolivia Ecuad®eru | Bolivia Ecuador Peru
1995 36790 800 1872p 18814 408 137173 0,51 0,51 74 562 47 485
1996 37493 1100 1870 23498 555 16070 0,63 0,50 ,86 580 31 547
1997 38680 600 27038 26366 304 23488 0,68 0,51 ,88 566 62 419
1998 37714 1800 30720 20291 938 28171 0,54 0,52 ,92 539 62 468
1999 35963 1800 28979 22498 938 28413 0,63 0,52 ,98 553 a7 440
2000 36847 1300 28889 23785 650 28191 0,65 0,50 ,98 558 25 435
2001 37223 650 2560 23299 320 227467 0,63 0,49 ,87 567 23 425
2002 37817 600 27851 24179 294 30373 0,64 0,49 ,09 574 8 422
2003 38289 1000 283 24936 519 30085 0,65 0,52 580 9 434
2004 38649 918 2767p 24688 641 26997 0,64 0,70 ,98 590 33 431
2005 39302 929 2863p 25201 652 32990 0,64 0,70 ,14 636 33 431
2006 42431 950 2994 26873 660 30429 0,63 0,69 ,02 682 33 449
2007 45454 980 3038L 26601 690 31424 0,59 0,70 ,05 696 34 331
2008 46369 1000 311 27169 741 29867 0,59 0,74 ,96 899 29 400
2009 59924 1100 340 34156 800 39397 0,57 0,73 ,16 945 37 600
2010 63010 1176 353 36106 897 41479 0,57 0,76 ,16 972 40 710
2011 64789 1277 354 38257 816 41182 0,59 0,64 ,16 945 40 770
2012 63000 1250 384 37500 800 44310 0,60 0,64 ,15 945 40 770

Source: personal elaboration by the authors onkat, 2014.
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More recently, quinoa production expanded from native regions to new
area. Quinoa was introduced to England in the 1970s, same|g&ars
Denmark. Since the middle of 1980s United State of America JUSA
cultivated quinoa firstly in Colorado Rockies and now in Califor@iggon,
Nevada and Washington. In 1993, the project “Quinoa—A multipurpose crop
for EC’s agricultural diversification,” was sponsored by Europe&aion,
including England, Denmark, the Netherlands, and Italy, Scotlandrande=
Further countries, Poland, Czech Republic, Austria, and Greeeadwently
shown growing interest in this crop and Australia, Morocco, Ke@yna,
Netherlands are organizing and testing the adaptability of tbisto their
pedoclimatic conditions. Italy for instance, during a specificjgot had
evaluated different yields of different genotypes planted in the Maittiver
plain (Campania regions — South part of Italy) receiving goodtsdauerms
of annual yields and seeds quality (Jacobsen, 2004; Pulvento et al. 2010).

According to the figures included in table n. 6, the area deditated
quinoa crop increase of 55% from 1995 to 2012. In the same period plant and
seeds production rise respectively of 40 and 62%. This inotdmdue to the
growing consume of quinoa out of the production area.

Quinoa global trade recorded a deep evolution from the year 2000,when
less of 2000 t were exchanged, up today. World export rapidly expanded
passing from 5000 t in 2005 to 40250 t in 2012 mainly supplied by Bolivia
(64%) and Peru (27%). Quinoa export value has been increased passing from
13 to 79 million of USA dollars (USD). United State of Amerisdhie third
exporter but its real role is a re-exporting countries. Onad A quinoa
export equal to 3350 t in 2012, only 728 t are domestic produced. In 2012,
USA was the first quinoa importer (approximately 23000 t.) followed by
Europe (less than 7000 t) and Canada (more than 2300 t.). Europe main
importer countries are France (more than 2701 t), Netherlbssstian 1700
t) and ltaly (less than 300 t). Actually, quinoa export avernagee is
approximately equal to 3000 USD more than double compared with 2007
(Krivonos, 2013).

Conclusion

The proposed review of quinoa nutritional value and its botaaité
agronomic characteristics explains and justifies the growirgynational
interest in this ancient crop.

Quinoa seeds are rich in protein (14-15%) primarily lysine (50-54
mg/100 g), in minerals (calcium and magnesium) and in vitamin& ().

Its oil fraction (1.8-9 %) has a high content of oleic (23-29%)lemoleic acid
(48-52%) and also a remarkable % of squalene. Furthermore gsiialsa an
excellent source of starch, with small granules and low @saytontent,
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useful in several food and no-food applications (cosmetics and
pharmaceutical). Its grain is gluten free useful in caliat. The number of
celiac enlarging year by years and the related food maded good and
cheap gluten free products. In several European countries thetimeti@s
cultivation is closely linked to this problem, in Italy for tasce celiac is
defined by low a social disease and affect 1 person out of 100=L3RI,
2005). Quinoa is also a good source of trimethyilglycine, a substatite w
DNA protection, anti-aging and anti-cancer action. The preseoic
antinutritional substances like saponins and phytic acid do notdinmiba
utilization on the contrary offer new opportunities such as gusaponins
application as phytotherapy and chemotherapy agents.

Quinoa great adaptability to different pedoclimatic, wateil and
fertilizers conditions, is making possible its diffusion outslte native area
of South America. Annual yields in USA, Europe and Africa (1.5d)tare
higher than Bolivia, Peru and Ecuador (0.6-1 t/ha).

As just mentioned before, the United Nation General Assembly has
declared 2013 the International Year of Quinoa. This has beerstiyjmes
award for the Andean people who have continued to cultivate atetpthis
ancient high nutritional value crop. Furthermore, with this detter&N has
focused the world's attention on the role of this pseudoceratddeb world
food supply, poverty mitigation and biodiversity safeguard. The dworl
population is growing, it is estimated that, in 2050, thereb&il? billion more
people so quinoa — with other lost crops of ancient civilizatiooud be a
good option for world food security. New projects are organized and
sponsored by FAO to improve quinoa knowledge (select best genotype)
quinoa yields (improve Andean annual yields) and quinoa cultivation
economy in native and new world regions.

Quinoa increasing export remark its importance in developed caintrie
where nutraceutical and functional food market segments arélyrapi
enlarging due to the changes in eating habits and the growimgattand
consciousness of final consumers. This crop are changing é@sfrah
subsistence to high value crop. The consequence is that theftacls af
correspondence among quinoa export price, local Andean farmer inanthes
retail prices. It is recorded that, in Oruro (Bolivia) from 2002@13 the bread
price is not change while quinoa grain double. Bolivian people lose in money
and in high value nutritional intake. These would be the basisiderations
of a new international agricultural policy by which decision maleve to
be engaged to find the right equilibrium among domestic andhattenal
food supply and economic balance.
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Introduction

Product innovations became a base ground for the expansion of modern
market economy and with that commodities defined as the science of quality.
Activities of this type are growing in popularity, as well #ir and
understanding throughout the world. According to the generally ap@icabl
definition, innovations are all actions of scientific, technioafjanizational,
financial and commercial nature that are designed to achibee t
implementation of innovation (Rudzewicz, Strychalska & Rudzewicz 2013).

New techniques and technologies are an integral part of andixg
consumer market by providing a basis for the design and introduofi
innovative products. The definition of innovative products is peedeby the
consumers in two ways. According to research by Zabrocki atutheof
2011/2012 year, which included a group of around of 600 responders for an
innovative product is considered:

- new product that had never appeared on the market (62%),
- the product known, but modified (23%),

- a product of a new manufacturing technology (approximately 10%)
(Zabrocki, 2014).

Nanotechnology is recognized as one of the most innovative fi¢lds
science and technology. Its interdisciplinary nature appeameate a basis
for development of previously impossible solutions to the fanatity and
utilization of the products. The final result can be obtaioely through a
combination of selected areas of chemistry, biology, physigineering,
computer science, electronics, materials science and engmésrewczyk,
2011; Idzikowska, et al., 2012).

Most significant impact on the contemporary concept of nanotechnolog
has had the history of its development. It is believed th&iaRicFeyman was
the precursor of nanotechnology. In his work he presented a vision of
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possibilities in manipulating the molecular particles and at@mse 1959
Feyman was introducing and idea of the miniaturized computers, specialt
wires and other materials that could be used by medicahcz]b]. Others
seem to believe that the father of nanotechnology is AlbstiBj who in his
PHD thesis calculated the size of a sugar molecule, givirgy size 1
nanometer. In fact, this small size is 10-9 meters. This uimnably small

size can be illustrated as 10 hydrogen atoms arranged one baebthéra
(Sobczak, 2003, Sokdét 2012).

According to one of the widely accepted definitions, a nanomatsrial

a material in which at least one structural element hage less than
100 nanometers. As a result of operating in the nanoscaleccreaterials
can obtain unique properties that are impossible at the mactddgybetter
chemical, electrical, mechanical or optical qualities). For exartipgereason
for such change may be an increase of the external surféoe wiaterial as
compared to the same materials on the macros$aiatek - Prokop 2012;
Sokoét 2012; Szewczyk 201$widerski, Waszkiewicz & Robak 2006)

The introduction of innovation in nano products gives plenty of
opportunities and benefits for many branches of the modern market. The
process of development of new technologies is also accompanieghbgihel
social problems. A very important aspect is to ensure the safety of hidienan li
and health, as well as protection of the natural environment.fdherene of
the most important issues is definition of clear legal egguis. Current lack
of precise legal regulations concerning the use of nanomatésialery
evident. While in European Union legislation introduced speciiies
governing the use of nanomaterials in cosmetics, biociakfad, but it still
lacks legislation defining nano products as a distinct group @dugts.
Decision of the Council of Europe on December 3, 2013 has been derived
from the framework program for research and innovation for 2014-2020. The
result of the work will be overcoming the ambiguities agged with the safe
use of the products generated by the capabilities of nanosodlesaae
develop precise and clear laws. This document clearly inditzesreas in
which required intensive research on the management of nanotedbaplog
provide validated scientific tools and methods relating to hazgrdsare and
risk assessment, and management of nanomaterials throughote theli
of the product (ldzikowska, et al. 2012; Jurewicz 2013; Dz. U. L 347
z 20/12/2013, str. 965—1041).

Actions of individuals interested in the development of pr&slac the
nanoscale, resulted in the fact that consumer can find more than 1000
identified nano products on the current market. With innovatiopepties
derived from nanoscale began to form products with new propertées an
applications (Table 1.). In 2011, the market value of nano produds wa
4.18 billion dollar. It is estimated that in 2025 its value will 18¥ billion
dollar. For example, one of Australia's bakery produced bread turid
nanocapsules oil (rich in omega 3), which resulted in overcorthieg
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persistent smell of fish (Btaszczyk, Jasiczak 2013; Nowak 20@8itek -
Prokop 2012).

Table 1. Examples of possibilities to use the nano materials and nano

products
Industry or Aoplication Additional features as a result of use of
science pp nanoscale

Dressings, bandages, plasters on
wound with disinfecting layer of
silver nanoparticles.

tHéhe antibacterial effect may last more than
week, due to the controlled release of silve
nanoparticles.

Medicine

Screens, curtains, clothing.

Made of fibers and materials impregnated
with nanoparticles of silver and copper.
Exhibit biocidal properties; helps to limit the
possibility of hospital-acquired infections
through physical contact with the such
materials as well

as patients.

Nanotubes covering implants.

Increasing the surédtiee congruence.

Cosmetology

Soap enriched with silver
nanopatrticles.

Elimination of bacteria.

Facial creams enriched with
nanostructures such as gold, silve|
copper, and platinum.

Exhibits a greater efficiency thanks to the
active substances that get to where they ne
'to go, for example, into the deeper layers of
the skin

Construction

Antibacterial paint with silver
nanopatrticles.

Used to protect the walls against the growt
of microorganisms.

Industry Glass Wlth self-cleaning or fog-free Used eg for fireplaces.
properties.
Socks made of fibers coated with | . . .
. . Limitation of unpleasant odors.
. silver nanoparticles.
Textile The water-proof biproduct that allows stear]
Inductry The nanoparticles of soot can forn p p

an anti - static membrane.

=3

to go thru, but is efficient in diffusion of stat]
electricity.

(3]

Food Industry

Deposition of nano silver onto the
filters placed in air conditioners
working in meat processing plants

Air purification from microorganisms that
could possibly contaminate production halls.

Packaging of food products.

By using nanoparticles of silver and coppe
modification of polymers which are the bas
of raw material for the packaging materials
production. This allows significant extensio
of their storage life and thru that reassures
safety of their consumption. Silver
nanopatrticles fill the whole mass of plastic
packaging and assist in eliminating any
bacterial flora, mold and other fungi.

O

=

Graphene battery in

The most effective natural conductor of

Electronic a flexible, electrical -resistant electricity; considered the most durable
coatings. material in nature.
Extreme lightweight and durable | Enables pretty much any of modern
N materials (polymers, nano fibers). | construction solutions.
Motorization

Car care products with addition of

Resistance to dirt and shine for

nanopatrticles.

a long time.

Source: Own research by: Pulit et al., 2012; Nowa&WNiemczuk, 2012;
Szymaiski, 2012; Sokot 2012; Szewczyk, 2011; Schlechtckr8eder,

2010
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The scope of possibilities for application of nanoscale is ngt food
production, but also in packaging technology, chemical industry, @hecsy
aeronautics, medicine, nursing, cosmetology, construction, automatise,
environmental protection (The Project on Emerging Nanotechnologies ).

Very fast growing market of nano products makes the demanithdor
materials also increases. A specific need for nano miatdoathe electronics
and medicine (Table 2.).

Table 2. Projected demand for the use of nanoscale achievements in
2011 and 2025

Sector demand for nano

Sector demand for

Expected market materials nano materials
in 2011 in 2025
Medicine 50% 35%
Electronics 22% 37%

Structural parts

21%

21%

Other

7%

7%

SourceSwiatek- Prokop, 2012;

The discussion about price competitiveness is pointless intribelucing
nano products to the consumer market. These products require higher
production costs compared to traditional products. The only chanceain obt
a market advantage is to persuade consumers to the funcyiamfalliese
products. Consequently, the market growth rate will be deterntipdtie
attitude of the consumers to nano products (Btaszczyk, Jasiczak, 2013).

The following study is an attempt to assess consumer attitodesc
placement of nano products on the market and the factors detegrthigir
attitudes, as well as purchasing decisions.

Materials and methods

The study was conducted in the form of a diagnostic survey with the use
of a questionnaire survey consisting of 14 questions.

The questionnaire form has been arranged in four parts assembéled wit
closed questions once and multiple-choice. The scope of resgascho
determine:

- the level of respondents’ knowledge about the basic concepts of
nanotechnology and nano products,

- consumers' attitudes toward nano products,
- the frequency of purchase and use of nano products by consumers,
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- the source of knowledge and the willingness of respondents to its
expanding.

It was assumed that the end result of research would be definition of the
knowledge level and awareness of the respondents regarding nanotechnology
and nano products. Part of the research findings includes defitfi the
determinants and consumer behaviors.

The study group consisted of 300 randomly selected consumers from the
area of the Tri-City and surrounding areas.

Results and Discussion

As a result of the survey, it was found that Polish consunwereatly
indicate the meaning of the term nanotechnology. Almost 73% of them
indicated that nanotechnology is a technology based on partide siz
millionths of a millimeter. One quarter of the respondenticated that
nanotechnology is the science dedicated to the development of imeovati
products. Only 3 respondents (women) have linked the given defimition
science dedicated to the development of nuclear weapons.

Consumers rated their level of knowledge about nanotechnology and
nano products as low. To complete lack of knowledge admitted 15%
respondents. More than half of those surveyed believe that tiosy litle
about nanotechnology and nano products. A high level of knwledge was
declared by 15% of all respondents (Figure 1.).

15.00% 3,00%

® A high level of knowlegde
29.00% The average level of knowlegde
u A low level of knowlegde

51,00% B Lack of knowledge

Figure 1. Self-assessment of the level of knowledge nanoteclugy and
nano product

Source: Own research

The primary objective of the survey was to investigatesamers'
attitudes toward nanotechnology and nano products. A positive attitud
toward innovative technology declares 42% of respondents, includirfait
greater number of men. Their positive attitude motivate consupngnarily
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interested in the novelty (80%). Almost 90% of respondents belleate t
nanotechnology, by interacting with all sectors of the econoregtes the
potential to produce a range of materials with new propertibge. Sme
percentage of people indicated, that the development of nanotechrology
based products simplified their daily life. Only 9 respondemticated their
negative attitude toward technology based on nanoscale. This eativiagl
motivated by negative impact of nano products on environment (&iA#b)
fear of contributing into innovations in weapons technology (4%34ajy 6
respondents explained their negative attitute with the fedeterioration of
their lives by the use of nano-products. Surprising was thén@otlespite the
high level of positive attitude towards nano products (FigureaBgut 42%

of respondents believe that nano products are not fully examined, scstheir u
puts the consumer at risk.

42.00% m Negative attitude

55,00% Positve attitude

m] can't define

3,00%

Figure 2. Attitude toward nano products
Source: Own research

In the next stage of the research, consumers were askeclacedbeir
attitude in case of real contact with nano product in the stémeogk 90% of
respondents declared interest in nano products, taking into actmint
possible purchase. Despite the relatively high level dfipesttitude towards
nano products (Figure 2.) consumers decalred that they are making t
purchases very carefully, only 5% of them would buy nano products
consciously (Figure 3.). Fear of the news was confirmed by 21 respondents.

Among the study group of respondents, only 30% of them consciously
often buy nano products. It may be noted that a significant groppople
buying these products are often consumers with a better fihaitciation
from the major cities. Quarter of respondents motivate theice by the fact
that they are at a convenient price and have better propénaes for
conventional nano products counterparts (Figure 4). For occhpiumtaase
of goods produced by nanoscale admits 35% of respondents. The same
percentage of people will never knowingly buy nano products. Thisbmay
due to the fact that one quarter of respondents do not &efieproperties
resulting from nanoscale (Figure 4). Almost half of the respusdeelieve
that nano products are expensive.

52



5.00% 7.00%

m [ put on the shelf, trying to avoid such
news

I read the product description with
interest

m [ buy, because nanotechnology is an
improvement

88.00%

Figure 3. The reaction of the respondents in the case of real ¢aaot with
the nano product

Source: Own research

¥ Nano products are better than
26,00% their normal counterparts and
does not vary in price

Ordinary products because they
do not believe in the existence
and "miraculous" effects of nano
products
® Ordinary products because the
25.00% nano products are expensive

49,00%

Figure 4. Purchasing motiovation of the respondents
Source: Own research

Respondents declare a fairly high degree of knowledge about nano
products currently available on the market. About 60 respondents kmmwv na
products, such as car wax/paste, cleaning cloths and mops containing
nanofibers and nanoparticles. Significant number of people frontettte
group indicated that the idea of cosmetics based on nanaaiitibacterial
patches of silver nanoparticles, creams for muscle andgaint and easily
washable fabric with nanoparticles is not foreign to them.

The majority of respondents (80%) asked about the likelihood for éhe us
of nano products, most want to use mobile phone with high quality and
clothing with high resistance to stains. It may be noted thaplp with a
higher level of knowledge and higher income were more likehagply
examples of nano products than people with lower levels of knowledge in the
field of nanotechnology and nano products. The least useful by resp@onden
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nano products turned out to be the soil of nanofibers eliminating diseas
causing pathogens from the environment. Respondents indicate atelessti

in ecological solutions. For example, 60% of them are vdiingio use bus,
which are loaded batteries through nanotechnology within 20 seconds the
vehicle.

Consumers participating in the survey used the information foomcss
such as the internet (83%), TV (37%), university (36%), newspaper (31%).

The analysis of responses showed that consumers have a baskic lev
of knowledge in the field of nanotechnology and nano products. The
knowledge that they use comes mostly from unreliable sourag®ohation.
Respondents indicate the negative attitude toward nano products and
nanotechnology is an evidence inconsistent knowledge base abonattas
However, respondents indicate quite open attitude toward knowéduatge
the topic of nanotechnology and nano products. Evidenced by théndact t
more than half of consumers eager to broaden their knowledge abou
nanotechnology. Lack of decisiveness in this aspect was shown by more than
30% of respondents.

Analysis of the literature references confirmed the alstatment. A
clear trend of increased knowledge and interest in nanoalatean be
noticed at the level of the global product markets. Studieducted in the
United States and Europe confirm that consumers have little &dgeviabout
nanotechnology and products manufactured by using nanoscale. Respondents
from more developed countries such as the United Statesnmaree open
attitude to innovative technology while seeking to facilitateryday life
(Lopacka, Péttorak, 2013; Siegrist, 2008).

Conclusions

1. Consumers have a basic knowledge of nano products and nanotechnology
and show a high level of willingness to broaden that knowledge.

2. Respondents are characterized by a seemingly positive atiituthno
products and nanotechnology. Despite the declaration of a positive
attitude, their purchasing choices are cautious, thus demonssatia
resistance to innovation. It can be assumed that thisguosiill change
with the increase of knowledge in their areas and the intrasfucti
public information campaign.

3. Respondents indicate the existance of a clear economic bHraer
restricts the purchase of nano products. Adjustment of theirspocine
financial capability of consumers could lead to increased interdstse t
products and overcoming of the barrier of fear of innovation.
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Summation

The interdisciplinary nature of nanotechnology makes innovative
products pose potential for the development of global marketdy gaick
pace of the new generation of novel functional properties andidaatt
however, faces a number of barriers to the legal, economisauial. The
next few years will be significant for the developmenthid product sector.
For this reason, a very important role to play to ensurprtier transmission
of reliable information to potential consumers and users, wtachlargely
overcome widespread fear of innovation.

The consumers are seen as an important element influencingreresinc
in demand and should be treated as a key element in theopi®esit of
innovative products. In the absence of reliable information ssueggrding
possible use of nanotechnology, we may experience a phenomenon af gener
lack of acceptance of nano products. The same effect atsmmpaned
introduction of genetically modified foods (GMO) to the market. Tz of
the new as well as ther fear of potential negative &ffetthe use of nano
products may affect the their popularity and consequently théopenent of
this sector of the market considered as innovative (Babiciklngka &
Zabrocki, 2007).

References

Babicz-Zieliiska E., Zabrocki R., 200Ronsument XXI wiekuPrzemyst
Spaywczy, 1, 6-8.

Btaszczyk A., Jasiczak J., 20 Komercjalizacja oraz perspektywy nanoproduktow
Towaroznawcze problemy jakd, 1 (22), 30-39.

Decyzja Rady Europejskigjdnia 3 grudnia 2013 roku ustanawjea program
szczegO6towy wdrajgey program “Horyzont 2020” — program ramowy w zaie
badai naukowych i innowacji (2014 — 2020) i uchylzq decyzje 2006/971/WE,
2006/972/WE, 2006/973/WE, 2006/974/WE i 2006/975(VEU. L 347 z
20/12/2013, str. 965—1041), Physics Web. http:/lexreuropa.eu/legal-
content/PL/TXT/PDF/?uri=CELEX:32013D0743&from=Plccessed 1 May 2014

Idzikowska M., Janczura M., Lepionka T., Madej Mgscicka E., Pyzik J., Siwek
P., Szubierajska W., Skrajnowska D., Tokarz A.,20anotechnologia produkcji
zywnasci — kierunki rozwoju, zageenia i regulacje prawneBiuletyn Wydziatu
Farmaceutycznego Warszawskiego Uniwersytetu Medygzd, 26-31. Physics
Web. http://biuletynfarmacji.wum.edu.pl/12041dzikeka/Idzikowska.html,
accessed 1 May 2014.

Jurewicz M., 2013Prawne aspekty nanotechnolqdticonomics and Management,
2, 106-126.

topacka J, Péttorak A., 2012agrazenia zwgzane z wykorzystaniem
nanotechnologii w produkcji opakowaywnasci w swietle bada naukowych i w
opinii konsumentéwProblemy Higieny i Epidemiologii, 94 (2), 172-178

55



Nanoscience and nanotechnologies: opportunitiesiarartainties The Royal
Society & The Royal Academy of Engineering, 2004 v€don Press, Cardiff , 5.

Nowacka M., Niemczuk D., 201Rlowoczesne Materialy i wyroby przeznaczone do
kontaktu zywnaicig oraz ich wpltyw na bezpieamtwozywnaoici, Opakowanie, 6,
64-69.

Nowak M., 2008 Rewolucyjna nanotechnologigkopartner, 2 (196), 30-31.

Pulit J., Banach M, Tymczyna L., Chmielowiec — Kemiowska A., 20125tan
badai i kierunki zmian w otrzymywaniu nanostrukturalnagebrg Przemyst
Chemiczny, 91/5, 929-936 .

Rogoziski B., 2009 Nanomaszyny - towar przys#ol wyzwanie dla
towaroznawcowTowaroznawcze problem jad@, 4 (21), 84-94.

Rudzewicz A., Strychalska Rudzewicz A., 20%&ategie produktow
innowacyjnychExpol, Olsztyn, 9.

Siegrist M., 2008Factors influencing public acceptance of innovatiood
technologies and products. Trends Food Sci Techréb(11), 603-608.

Sobczak J., 2003Wybrane aspekty nanotechnologii i nanomaterial®amposites,
3 (8), 385-39.

Sokot J.L., 2012Nanotechnologia wyciu cztowiekaEconomy and Management,
1, 18-29.

Szewczyk P., 201Nanotechnologie. Aspekty technicZredowiskowe i spoteczne
Wydawnictwo politechnikglaskiej, Gliwice.

Szlecht A., Schroeder G., 20Ixstosowanie nanotechnologii w kosmetoldgii
Schroeder G. (edNanotechnologia, kosmetyki, chemia supramolekulateted.
Cursiva, 7-33.

Szymaski P., Markowicz M., Mikiciuk-Olasik E., 201Zastosowanie
nanotechnologii w medycynie i farmadjiAB, 1, 51-56.

Swiatek - Prokop J., 201anomaterialy — zalety i zagtenia, Prace Naukowe
Akademii im. Jana Dlugosza w &tochowie, Edukacja Techniczna

i Informatyczna, VII, 47-54, Physics Web.
http://www.pneti.ajd.czest.pl/docs/tom7/zeszyt_7,pdcessed 15 May 2014.

Swiderski F., Waszkiewicz Robak B., 200Bnowacyjnaé¢ w ksztattowaniu

i doskonaleniu proceséw i produktdw;, Zuchowski J. (ed.)nnowacyjngé w
ksztattowaniu jakéci, Wyd. Instytutu Technologii Eksploatacji -PIB, Radch67-
176.

The Project on Emerging Nanotechnologies, acceksdédy 2014r
http://www.nanotechproject.org/inventories/consuiaggalysis_draft/)

Zabrocki R., 2014Consumer at the market of innovative produ¢tsvaroznawcze
Problemy Jakéi, 1 (38), 53-62.

56



FLAVOUR PROFILES AS INDICATORS
OF BOTANICAL ORIGIN OF HONEY

Karolina Kursa, Stanistaw Popek

Department of Food Commodity Science, Cracow University of Economics,
karolina.kursa@gmail.com

Introduction

In the face of continuing production globalization, the issue of food
product authenticity constitutes one of the most dynamically developing food
analysis research trends. It is a difficult, time-consumimg] expensive
process to confirm the authenticity or to detect adulteration of food products

As for honey, authenticity verification is linked with theirrieal
identification; therefore, this research study is an attemmtetermine the
varietal authenticity and origin of honey that would allow idgimg the
botanical origin of honey with the use of a gas chromatography

For many years, the varietal identification of honey has beesearch
subject in many scientific centres (Bogdanov 2007; Bogdanov &maah
2008).

Pollen analysis has been the most often applied method whetfyiidenti
varietal honey. It is a traditional method used to confirm the biologicahorigi
of honey (Louveaux et al. 1970; Sawyer 1988; Feller-Demalsya&ri?
1989; Bambara 1991; Faegri & Iversen 1993; von der Ohe et al. 2004; ;
Skubida et al. 2005; Bogdanov & Gallmann 2008).

Alas, this method is highly time - consuming and depends strongheon t
skill of professional experts. Over recent years, thithowe has also been
applied together with specialist statistical software. Hawme since the
content of various pollens in honey is very large, this method isused as
a supporting one, collaterally with the sensory and physical-claémi
analyses. Honey bees collect floral pollen from various plants, tpure
mono-pollen honey are very rarely encountered (Bogdanov & Gallmann
2008).

Sensory analysis is also used in the varietal identificafitloney (Serra
Bonvehi & Gomez Pajuelo 1988; Kerlvliet 1992). But this method is
considered as subjective, so, many researchers endeavourethi® aisalysis
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of physical-chemical parameters of honey in the varietal andrgphical
identification of honey (Sanz et al. 1995; Marzec 1998; Popek 2001).

Amidst all the physical-chemical parameters of honey qualitgcitic
electrical conductivity appeared to be the most effectinennidentifying
varietal honey. This parameter is mainly used to distinguish s@metal
nectar honey from nectar poly-pollen and honeydew honey §&wdi&
Mastny 1976; Sancho et al. 1991, Salinas et al. 1994; Salinas1&94h,;
Popek 1998).

No anticipated results are reported as regards research@sistogn
honey identification based on pigments in honey, chiefly flavonoids€let
al. 1994; Bogdanov 1989; Meda et al. 2005), or on colour parameter
measurements in L a* b* and X Y Z systems (Ortiz Valbuena\a$osada
1990; Piazza et al. 1992; Giemza 1999).

Another approach points to a chemometric analysis of resultsethta
from searching into physical-chemical parameters such asentoiwif
saccharides, concentration ratio of glucose to fructose, ¢eraénitrogen,
sucrose, 5-hydroxymethylfurfural, ash, and water, or from determiinéngH
level, total acidity, specific rotation, or from the analysiamimatic acids and
amino acidsKrauze 1991; Pirini et al. 1992; Pena Crecente & Herrero Latorre
1993; Persano Oddo et al.1995; Ojeda de Rodriguez et al. 2004; Serrano 2004;
Sanz et al. 2005). The combination of the above named paramekas ina
possible to recognize some mono-floral honey (Pena Crecenteri&réle
Latorre 1993; Persano Oddo et al. 1995; Bogdanov 1997; Piro et al. 2002;
Terrab et al. 2004). Yet the results of those analyses arsatisfactory,
because it is not possible, based on those results, to clafisifpney
according to their individual types and varieties (Bogdanov 196d;eP al.
2002; Terrab et al. 2004).

Some of the methods to analyse volatile fractions in honditdte the
discrimination of honey of different botanical origin. One of thosthous is
the extraction of volatile compounds with the use of n-pentanettagolind
(Alissandrakis et al. 2003). Presently, markers aredesterder to choose
those that might be applied to identify honey using gas chromatography
coupled with mass spectrometry. The search results obtainedspemt to
the existence of some compounds that could be helpful when identifgng
origin of honey (Radovic et al. 2001; Agric et al. 2007; Glory-Cu@@ds).
The results of analyzing honey originating from regions ireGeesuggest that
the developed discrimination and classification methodology isiiueefthe
botanical classification of honey samples and for the asseg®f differences
in their composition (Aliferis et al. 2010).

The application of near-infrared and mid-infrared spectrosdepgf et
al. 2006; Ruoff et al. 2006a). includes basic analysis of spectren#kes it
possible to distinguish honeydew honey from floral honey; additionally, with
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the use of specialized software (TQ Analyst), varietiefasal honey are
determined (Benson 2003; Bogdanov et al. 2004; Persano Oddo et al. 2004;
Sadlej 2004).

The research carried out by Irudayaraj proved that FT-MIRsse0py
could be successfully applied when assessing the authentifdgdabroducts
including honey (Sivakesava & Irudayaraj 2002; Tewari & lrudayz0ay).

A further method is isotope analysis known as IRMS (Isotojie maass
spectroscopy). The content of isotopes in honey is correlatedheitclimate
in a given region, but it can also be correlated with the composifirainfall
(Kelly 2003; Piasentier et al. 2003). IRMS is based on the knowleitide
ratio of isotopes that are characteristic for individual pipetcies; it consists
in determining the quantity or the ratios of isotopes ofatée three basic
elements occurring in living matter: 13C/12C, 180/160, 2H/1H, and in
comparing them to standard values (Przetacze®eska & Rosiak 2011).

However, many times the results of those often complex analyisies,
also, require expensive equipment, do not permit that the autheaotibbney
be confirmed or contested. Thus, other methods are suggested. Tdleg inv
measurements of a couple or a dozen physical-chemical arésthcs of
honey and mathematical-statistical analyses of the paranmedasured (for
example: variation analysis, canonical analysis, analysieyotomponents,
multidimensional analysis, taxonomic analysis, and discrimiaaatysis) in
order to choose a few characteristics of honey. The selelstadcteristics
will be then considered for an optimal varietal or geographimndisishing
feature (Krauze & Zalewski 1991; Pena Crecenta & Herretortea1993;
Salinas et al. 1994; Salinas et al. 1994a; Sanz et al. 1995;\ril988;
Persano Oddo et al. 1988; Popek 2001; Piro et al. 2002; Devillers et al. 2004;
Terrab et al. 2004).

Upon reviewing the reference literature, it can be concludedathat
complex evaluation of varietal authenticity of honey is an @ute of the
analysis and interpretation of the measured organoleptic andcahys
chemical parameters as well as of the pollen analysisséBatsano Oddo &
Bogdanov 2004).

The analysis of the reference literature available cosfione fact:
although so many diverse honey identifying methods are appliedstitl is
necessary to improve them or to develop a more effectiveothéd better and
more successfully identify the type and variety of honey, andsthie is the
objective of the present research study. To achieve thertolg set, an
postulation by Anklam was assumed, i.e.: for the purpose of devglapd
increasing the potential of applying authenticity evaluatichrigues and of
rising their effectiveness, it is indispensable to bridge various sidiglds
and to expand joint co-operation in interdisciplinary fields (Anklam 1998).
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Materials and methods

The experimental material in the present research studystamhef 72
samples of honey belonging to the variety types (nectar (feq, acacia,
heather, linden, buckwheat, and multi-floral nectar from varioustg)la
honeydew, and nectar-honeydew). The honey samples analyzed were
produced in apiaries located throughout Poland, and each sample was from a
different apiary.

The botanical origin and the purity of honey samples were orexit
using a savouriness profiling method developed by Cairnocros é&sib8)
and modified by Tilgner (Tilgner 1962), and a pollen analysis ¢Snez&
Rybak-Chmielewska 1993).

Results of chromatographic studies and analysis thereof

Sensory quality, and, in particular flavour and taste, is a venyfisant
factor from the point of view of the consumer making a purchasssidn.
Flavour is a significant distinguishing feature of qualitysoalit can be a
characteristic of a variety/type. Flavour is a featureatédtile substances (or
substances containing volatile substances) perceived by tleecertimction.
Every food product is characterized by an individual and unidu selatile
compounds, which make up its flavour (Czapski et al. 1999). The téraohc
flavour that is typical for an individual foodstuff depends on many factors, as
well as on the reactions ongoing between the components therdafile/o
compounds in foods are usually a mixture of several tens or hundfeds
compounds present therein in different concentrations (fromgpppin).
From a vast number of volatile compounds identified in varioodstuffs,
only some of them determine the flavour of a food product. Itdsnaplex
process of how a person perceives a particular flavour. Fanpdea
depending on his/her initial connotation of a given flavour, the gsrson
may perceive it differently when he/she repeats the sisees of the same
flavour. Most frequently, flavours were, and still are evilddaby experts.
However, new methods of assessing flavours have appeared alorthevith
developing science. Instrumental analysis has become an akeelt#tion to
the assessment of organoleptic quality of foods because, unditaviter
analysis, a quantitative analysis of flavour-active compounds important
as the identification of flavours. It is possible to dingddentify flavour
compounds and other volatile substances on the basis of gas chromatography
coupled with mass spectrometry. In the past, it happened thanipooents,
which impacted the flavour, could not be determined, becausewibsy
present only in trace amounts. As for the present day, trespacial sensory
systems designed for this purpose and the creation theregiosaible with
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the new feats of flavour perception technology and the development of
measuring technology including computer techniques utilized to a$sess
results obtained (Baca et al. 2011; déeZawirska-Wojtasik 2010).

Honey has a very distinctivilavour; its general character depends on
reactions induced by volatile substances contained in honey, wigimats
either from plants (nectar or honeydew) or from animals (produrceide
organisms of bees or aphids). The formation of a general taste-flaadiler pr
of honey is a process that also continues while honey maturedyasted
from honeycomb, and is stored and transported. Honey is capablewfiads
odoriferous compounds from the environmehgrefore, its flavour can be
changed by, for instance, loose capping or improper storing.

It was attempted to accomplish the assumed objective ofute By: -
answering the question: what compounds occur in theledtaction of varietal
honey; - separating flavour profiles from the ekpental materials; and — finding
differences in the composition of odoriferous \i@atompounds contained in
honey types of various botanical origin. Flavowfibes were developed using
a capillary gas chromatography coupled with masstegeetry (GC-MS). Gas
chromatography is a very effective method use@parsite substances analyzed.
Mixtures of compounds characterized by differenatilgy can be successfully
separated in different stationary phases, and hhamatographic column and
temperature are suggested in general. With a gasnatograph and mass
spectrometer employed as a detector, it is possildmalyze also the separated
compounds. The GC-MS technique is applied to ifjestbmpounds and to
develop qualitative methods for determining tracgoints of substances in
complex mixtures. Volatile compounds were extrabied headspace solid phase
microextraction technique (HS-SPME). The HS-SPMEchméue is
characterized by a high responsiveness and rejfigataliloreover, it does not
require any solvents and it combines the processtiction and condensation in
one phase. The HS-SPME technique involves an amaffeeadspace; thus, while
determining the volatile substances, it is possibkelectively isolate compounds
present in the gaseous phase above the sampfelsesur

Each assay consisted of eight honey samples augaviarieties. Samples
were prepared in 15 ml vials; each sample was @umsi>of honey and de-
ionized water, their by weight proportion was %25 g of honey and 0.5 ml of
water).

In the samples analyzed, over 300 different compounds \e&zemined
in total and ca. 200 of the 300 determined could be identfiethe of them
are those reported in the literature referring to the composititire afolatile
fraction of honey. Organic acids and essential oilstareet compounds that
significantly impact the flavour and taste of honey. Haoalso contains higher
alcohols, aldehydes, ketones, esters, and polyphenols. Futbethere is a
small amount of nitrogen compounds (e.g. enzymes producedlitbgrga
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glands of honey bee workers; those enzymes play antampbiological role)
(Soria 2009; Witkiewicz & Heper 2009; Baca et al. 2011).

For individual varieties of honey, there were delécharacteristic fragment
ions, for which the areas of peaks in a given tanere higher than in all other
samples of other varieties. In Tab. 1, there atedithose detected odoriferous
compounds that were described as characterisgéaébr individual type of honey.

Table 1. Odoriferous compounds characteristic for individuatypes

of honey
Honey
Acacic linder buckwheg heathe rape honeydev
Furfural
a-felandren (isomer | Pentanal
o-terpinene (isomer I)| 3-methylbutanoi
3felandren (isomer II)|  acid + acid
2,6-dimethyl-1,3,5,7- 2-methyl
octatetraene (isomer [)  butanoic
p-cymene pentanoic acid
dimethylstyrene 3,5-|  Butyric acid
dimethyl-2- octanone| Butanal
4,7- dimethyl Dihydro-3- Acetoin
benzofuran methyl -2(3H)- Acetol
p- methyl fgranone 3.45-rimethylo 1-hexanol 25 dimethyl
acetophenone Dihydro-5- phenol 1-(2- furanyl)- furan
2-butenal 2>methyrlc—)3—ezzlenyl 2 mefg:);lr;ifeH)» Phenyl ethar?one_ 2,3-dimethyl-
octanal c msno’I)(isomer D Dihydro-4- acetic acid Butaslosc acid 2-norbornene
nonanal C))//menol (isomer 1) | methyl-2(3H)- Benzoic acid Benzyl alcohol 6-methyl-5-
4-methoxy | C I (i furanone p-damascenong 2yl alcor hepten-2-ol
ymenol (!somer 1) isophorone Benzoic acid 1-octanol
phenyloetanol| Cymenol (isomer IV) 2- methyl ) Hydrocinnamic acid L
Geranium acid propanal @5.5timethy- | "3 & Gimethoxy 467 derf1ethyI
4 3-methyl-2- | 2-cyclohexen-1-  benzaldehyde le_ zze?::rzgr
metoksyfenyloethano| butenal on) 34,5 trimeth
2-karen-10-al 2-methyl-2- oxybenzoate methyfl
p-menta-1,4(8)-diene| butenal 3.5-dimeth
1,2,4,4ri (methylene)-  2-methyl oxybenzyl alcohol
cyclohexane Butanal
Methylstyrene 3-methyl
rose oxide (isomer 1) butanal
Rose oxide (isomer Il) P-anizaldehyde
1,3,8-p-mentatrien 4-methylofenol
NID 3- amino
Terpinene acetophenone
(isomer II)

Source: own research

Owing to the application of the HS-SPME/GC-MS method to anghge
honey studied, it was possible to identify ca. 150 volatile congsofnom the
groups of chemicals such as: aliphatic and flavowtids, aldehydes and
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ketones, alcohols and phenols, terpenoids, derivatives of futlgoysem. The

HS-SPME/GC-MS method enables the checking of the quality ofyheme

the detecting of honey adulteration. Based on the comparis@anietal honey
samples by the HS-SPME/GC-MS method, it was alssiple to determine
compounds that could be utilized as discriminatmrdoney types for the
purpose of classifying honey types as regards viagiety and quality.

The results obtained confirm that the above desdribethod can be
applied to construct profiles of odoriferous vdatompounds contained in
honey and to find correlations between the comijoosiof the volatile
fraction of the honey product and its quality amtWeen the instrumental
and sensory analysi¥he method under discussion can be also utibzed
handy tool when checking the botanical origin ohdéy Consequently, the
conclusion is drawn that the performed research study confirmed thk&dac
the developed method could be a supportive and effective additigheio o
contemporarily utilized methods of classification and assessaigmbney
quality (sensory and pollen analysis) since it brings nua@prehensive
quantitative and qualitative results in a relatively stiore period.

Summary

Within the scope of the research study, a hypothesis was vevifigzh
assumed that chromatographic analyses constituted a basisarfetalv
discrimination of honey. In order to verify this hypothesis, volatlepounds
present in honey were analyzed. The assays performed usings a ¢
chromatograph made it possible to construct profiles of compoundsdarihc
with the botanical origin of honey. Therefore, based on this iorteit was
possible to identify them. The most characteristic profilesvofatile
compounds could be made for the acacia, linden, buckwheat, heather,
rapeseed, and honeydew honey.

References

Agric J., Martos |., Ferreres F., Tomas-Barberan,2000,ldentification of
Flavonoid Markers for the Botanical Origin of Eugptus HoneyFood Chem., 48
(5), pp 1498-1502.

Aliferis K.A., Tarantilis P.A., Harizanis P.C., isbandakis E., 201®otanical
discrimination and classification of honey sammeplying gas
chromatography/mass spectrometry fingerprintinfpeddspace volatile
compoundsFood Chemistry, Volume 121, Issue 3, pp 856 — 862

Alissandrakis E., Dafera D., Tarantilis P.A., Psilim1 M., Harizanis P.C2003,
Ultrasound-assisted extraction of volatile composifrdm citrus flowers and citrus
honey Food Chemistry, Volume 82, Issue 4, SeptembeB#p582.

63



Anklam E., 1998A review oft he analytical methods to determinegibegraphical
and botanical origin of honeyood Chemistry, Volume 63, December, pp 549-562.

Baca E., Baranowski K., Ziélska D., Salamon A., 201Zwigzki smakowo-
zapachowe oraz prozdrowotne i antyseptycznegpyjgce w miodach pszczelich
Przemyst Fermentacyjny i Owocowo-Warzywny, 7-8,74p7 3.

Bambara , S.B., 199Using Pollen to Identify Honeyamerican Bee Journal, 131
(4), pp 242-243.

Benson, I. B., 2003\lear infrared absorption technology for analysiogd
compositionIn M. Lees (Ed.), Food authenticity and tracegb{pp. 101-130),
Cambridge, England: Woodhead Publishing Ltd.

Bogdanov S., 199TCharakterisierung von Schweizer Sortenhonjgen
Agrarforschung 4, pp 427-430.

Bogdanov S., 200Authenticity of honey and other bee products, statbe art,
Bulletin USAMV-CN, pp 63-64.

Bogdanov S., Gallmann P., 20@8uthenticity of honey and other bee products,
state of the artALP science 2008, No. 520.

Bogdanov S., Ruoff K., Persano Oddo L., 20@dysico-chemical methods for the
characterisation of unifloral honey: a reviewpidologie 35, S4-p 17.

Bogdanov S., 198®etermination of pinocembrin in honey using HPUGBurnal of
Apicultural Research 28(1), pp 55 -62.

Czapski J., Grajek W., Pospiech E., 199@rowce, technologia i dodatki a jako
zywnasci. Pozna. Wydawnictwo Akademii Rolniczej w Poznaniu, pp 1465.

Devillers J., Morlot M., Pham- Delégue M.H., Dor€.J 2004 Classification of
monofloral honey based on their quality controlajdtood Chemistry, volume 86,
Issue 2, June 2004, pp 305-312.

Faegri K., Iversen J., 197Bodrecznik analizy pytkoweWyd. Geologiczne.
Warszawa.

Feller-Demalsy, M.J. & Parent, J., 198Malyse pollinique des miels de I'Ontario.
CanadaApidologie 20 (2), pp 127-138.

Giemza M.A., 1999Znaczenie barwy w ocenie jakdproduktéw na przyktadzie
miodéw odmianowychRraca doktorska, Akademia Ekonomiczna, Krakow.

Glory-Cuevas L.F., 2007A review of volatile analytical methods for detenmg
the botanical origin of honeyood Chemistry, Volume 103, Issue 3, pp 1032-1043

Jeler H., Zawirska-Wojtasik R., 201@hromatografia gazowa — olfaktometria do
identyfikacji zwgzkow zapachowyclywnaoici, Przemyst Spywczy, 64 (11), pp
21-23.

Kelly S.D., 2003Using stable isotope ratio mass spectrometry (IRM$9od
authentication and traceabiliffrood authenticity and traceability, pp 156-183.

64



Kerlvliet D., 1992 De bepaling van de botanische herkomst van honig. d.
organoleptische eigenschappen, de pH, de elek&igefeiding en de
mikroskopische eigenschappémspectie Gezondheidsbescherming Keuringsdienst
van Waren 22(4), pp 208-221.

Krauze A., 1991Sugar spctrum of Polish nectar and honeydew hoAetg
Alinentaria Polonica 41, pp 104-116.

Krauze, A., Zalewski, R.l., 199C]lassification of honey by principal component
analysis on the basis chemical and physical parameZeitschrift fir Lebensmittel
Untersuchung und Forschung, 192 (1), pp 19-23.

Kubisova S., Mastny V., 197&rounani dvou metod diferencjujicich nektarove a
medovicove me¢¥edecke Prace Vyzkumneho Ustavu Vcelarskehole Dd.bcic
7, pp 87-96.

Louveaux J., Maurizio A., Vorwohl G., 1978lethods of melissopalynologgee
World 51, pp 125-138.

Marzec J., 1998)rganizacja rynku miodu cz. Bszczelarstwo 3, pp 11-17.

Meda A., Euloga Lamiec Ch., Romito M., Millogo Nacoulma O., 2005,
Determination oft he total phenolic, flavonoid alpbline contents in Burkina
Fasan honey, as well as their radical scavengintyég, Food Chemistry, Volume
91, Issue 3, pp 571-577.

Ojeda de Rodguez G., Sulbaran de Ferrer B., Ferre A., Rugyz B., 2004,
Characterizaton of honey produced in Venezuetond Chemistry, Volume 84,
Issue 4, pp 499-502.

Ortiz Valbuena A., Silva Losada M.C., 199racterizacion cromatica (CIE L
a*b*) de las mieles de la Alcarria y zonas adycent@uadernos de Apicultura 8, pp
8-19.

Pena Crecenta, R. & Herrero Latorre, C., 19%8tern Recognition Analysis
Applied to Classification of Honey from Two GeodriapOrigins Journal of
Agricultural and Food Chemistry, 41 (4), pp 560-564

Persano Oddo L., Bogdanov S., 20D4termination of honey botanical origin:
problems and issueépidologie 35, S2-S3.

Persano Oddo L., Sabatini A., Piazza M. Accorti M95,Characterization of
unifloral honey Apidologie 26(6), pp 453-467.

Persano Oddo, L., Stefanini, R., Piazza, M.G. &d&ticM., 1988,Diagnosis of
Unifloral Honey: Application of a Statistical Appaoh to Honey Classification.
Apicoltura, 4, pp 27-32.

Persano Oddo, L.; Piana, L.; Bogdanov, S.; BentgholGotsiu, P.; Kerkvliet, J.;
Martin, P.; Morlot, M.; Valbuena, A. O.; Ruoff, Kvpn der Ohe, K., 2004,
Botanical species giving unifloral honey in Europgidologie, 35 (special issue),
pp 82-93.

65



Piasentier E., Valusso R., Camin F., Versini GQ@&table isotope ratio analysis
for authentication of lamb mea@¥|EAT SCIENCE 64, pp 239-247.

Piazza M., Accorti M.G., Persano Oddo M., 1982nducibilita ceneri, colore e
potere rotatorio nei mieli uniflorali italianiApicoltura 7, pp 51-62.

Pirini A., Conte Lanfranco S., Ornella F, Lercker 992 Capillary gas
chromatographie determination of free amino acidboney as a means of
discrimination between different botanical sourcisurnal High Research
Chromatogr. 15 (3), pp 165-178.

Piro R., Guidet ti G., Persano Oddo L ., Piazza M2B02 Methematical diagnosis
of unifloral honeyin: Sabatini, A. G., Bolchi Serrini, G., FrilR., Porrini, C.
(Eds.), Il ruolo della ricerca in apicoltura, LisdsBologna, pp. 235-239.

Popek S., 199&Iectrical conductivity as an Indicator of the Qifglof Nectar
Honey Forum Ware 1-4, pp 75-81.

Popek S., 2003Studium identyfikacji miodéw odmianowych i metogoloceny
wihasciwasci fizykochemicznych determigaych ich jakéé, Wydawnictwo
Akademii Ekonomicznej w Krakowie, Krakéw.

Przetaczek-Rmowska I., Rosiak M., 201 Wykrywanie zafalszowaywnagci,
Przemyst Spaywczy, 65(2), pp 20-24.

Radovic B.S., Careri M., Mangia A., Musci M., Geld®M., Anklam E., 2001,
Contribution of dynamic headspace GC-MS analus&raia compunds to
authenticity testing of honglfood Chemistry, Volume 72, Issue 4, pp 511-520.

Ruoff K., Luginbuhl W., Bogdanov S., Bosset J.GstdEmann B., Ziolko T.,
Amado R., 2006Authentication of the botanical origin of honeyrmar-infrared
spectroscopyjournal of agricultural and food chemistry 54 ,6867-6872.

Ruoff K., Luginbuhl W., Kunzli R., Iglesias M.T.,d§danov S., Bosset J.O., der
Ohe K., der Ohe W., Amado R., 2006&ythentication of the botanical and
geographical origin of honey by mid-infrared spesttopy Journal of Agricultural
and Food Chemistry 54, pp 6873-6880.

Sadlej J., 2005 pektroskopia molekularn8/ydawnictwo Naukowo-Techniczne,
Warszawa.

Salinas F., Montero de Espinosa V., Lozano M., Band., 1994Analisis
discriminante parametros fosico quimicos de mieksemenastnvestigacion
Agraria 9(2), pp 221-230.

Salinas, F., Alvarez, P., Montero De Espinoza, \L&ano, M., 1994Study of
physical-chemical parameters of honey by Rasch M&d#ista Espanola de
Ciencia y Tecnologia de Animals, 34 (6), pp 672-683

Salinas, F., Monterro De Espinosa,A V., Lozano&8\banchez, J., 1994nalisis
discriminante parametros fosico quimicos de mieldsemenasinvestigacion
Agraria, 9 (2), pp 221-228.

66



Sancho M.T., Muniategui S., Huidobro J.F., Simall991 Correlation between
the electrical Conductivity of honey in humid andiry matter Apidologie 22(3),
pp 221-227.

Sanz M.L., Gonzalez M., Lorenzo C., 20@&contribution to the differentiation
between nectar honey and honeydew hpRegd Chemistry, Volume 91, Issue 2,
pp 313-317.

Sanz S., Perez C., Herrero A, Sanz M., Juan B5,%pplication of a statistical
approach to the classification of honey by geograjphigin; Journal of the Science
of Food and Agriculture 69(2), pp 135-141.

Sanz, S., Perez, C., Herrera, A., Sanz, M. & Jtiar1,995 Application of a
Statistical Approach to the classification of HolwyGeographic OriginJournal of
the Science of Food and Agriculture, 69 (2), pp-138.

Sawyer R.W., 198&loney IdentificationEd. R. S. Picard, University College
Cardiff Press.

Serra Bonvehi J., Gomez Pajuelo A., 1988, Evalaatichoney by organoleptical
analysis; Apiacta XXIII, pp 103-117.

Serrano S., Villareho M., Espejo R., Jodral M., £@0hemical and physical
parameters of Andalusian honey: classification tfus and Eucalyptus honey by
discriminant analysisi-ood Chemistry, Volume 87, Issue 4, pp 619-625.

Sivakesava S, lrudayaraj J., 20@assification of simple and complex sugar
adulterants in honey by mid-infrared spectroscdpternational Journal of Food
Science and Technology, 3pp 351 — 360.

Skubida P., Semkiw P., Skowronek W., 200%0dy odmianowe szanslla
pszczelarstwa ekologicznego (badaniagmse), (w:) Wybrane zagadnienia
ekologiczne we wspotczesnym rolnictW@egs¢ 1, Monografia tom 2,
Wydawnictwo Przemystowy Instytut Maszyn Rolniczy&wmzna 2005, pp 292 —
296.

Soria A.C., Gonzalez M., de Lorenzo C., Martinesi@al., Sanz J., 2009,
Characterization of arisanal honeys from Madrid the basis of their
melissopalynological, physicochemical and volatinposition dataFood Chem.,
85, pp 121-130.

Szczsna T., Rybak-Chmielewska H., 199$aliza pytkowa miodéw (przegl
literatury); Pszczelarstwo, nr 5, pp 19-32.

Terrab A., Gonzalez A.G., Diez M.J., Heredia RR0Q4,Characterisation of
Moroccan unifloral honey using multivariate anakydtur. Food Res. Technol. 218,
pp 88-95.

Tewari J , Irudayaraj J., 200@uantifi cation of saccharides in multiple fl oral
honey using Fourier transform infrared microattetedhtotal refl ectance
spectroscopyJournal of Agricultural and Food Chemistry, 58,3237 — 3243.

Tilgner, D. J., 1962Dilution Test for Odour and Flavour Analysisood
Technology, 2, pp 58-64.

67



Tisse C., Dordonnat M., Tisse C., Guerere M., 1@gracterization of honey
using color analysisFalsit. Expert. Chim. Toxic. 87(928), page 16Db¢k.).

von der Ohe W., Persano Oddo L., Piana L., MorlgtMartin P., 2004,
Harmonized methods of melissopalynolofygidologie 35, pp S18-S25.

Witkiewicz Z., Heper J., 200€hromatografia gazowaVNT, Warszawa.

68



THE WORLD MARKET OF FUNCTIONAL FOODS

Lolita Liberatore 1, Assia Vicentin?

! Dipartimento di Economia, Universita degli Studi
“G. d’Annunzio” Chieti-Pescara
|.liberatore@unich.it
2Dipartimento di Scienze degli Alimenti, Universita degli Studi di Teramo

Introduction

Since the early 21st century, our society has been withessimgiauous
increase in life expectancy and, at the same time, grdtdatian to quality.
Consumers are increasingly concerned about their health and pay mor
attention to their lifestyle and the healthiness of their (Baakaly, Szente,
Kovér, Polereczki, & Szigeti 2012).

The link between diet and health has been recognized since dimsgnt
as Hippocrates said, “Let food be thy medicine and medicine b®akly.
This “connection” is increasingly the focus of attention of thedemn
consumer, for whom, nutrition must not only meet basic nutritional needs but
also provide an additional physiological benefit (Hasler 1998hidrcontext,
functional foods (FFs) play a key role. The increase in denmarsiith foods
can be explained by the increasing cost of healthcaretdhdysincrease in
life expectancy, and the desire to improve their quality6(SKapolna,
Képolna & Lugasi 2008).

The concept of FF was born in Japan in the early 80s, used by thiyindus
to describe foods fortified with specific ingredients to immme health
benefits. In 1993, concerned about the aging population and the higif cos
health care, the Japanese Ministry of Health and Welfareutestia policy of
“Foods for Specified Health Uses” (FOSHU) by which health dadfrsome
selected functional foods were legally permitted. Up to now éNtber 22,
1999), 167 FOSHU products have been born (Arai 2000). Later, they have
also been introduced in the USA, Europe and the rest of the (Marhagen,

Vos, Francl, Heinonen & Loveren 2010).

Functional foods are the first to bear health claims. Accordintpe
Codex Alimentarius, a claim means “any representation whiadsstaiggests
or implies that a food has particular characteristics rglato its origin,
nutritional properties, nature, production, processing, composition or any
other quality”. The two main types of claims regard: (a) twih@ food
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contains, i.e. nutrient content claims and comparative claims; andh@bthe
product does in terms of health, well-being and performanckeiéh claims
(Richardson, Affertsholt, Asp, Bruce, Grossklaus, Howm&nemans, Ross,
Verhagen & Viechtbauer 2003). These health claims have l@eaoneans to
communicate to consumers the health benefits of foods thatic@mecific
formulations, conveying relevant information that would otheswismain
unknown.

Communication has a great impact on consumers’ knowledge and
attitudes (Verbeke 2008). Health claims are key factorthiodevelopment
of the functional food market. They play a central rol@liiwing purchase
decisions, and help consumers make more informed food choipesjadly
if the product is made of new ingredients or performs actiemeficial to
health that are poorly understood (Annunziata & Vecchio 2012). Consumers’
purchasing decisions are influenced by many factors. Some shailies
shown, for example, life satisfaction and age influence theelbitnctional
foods (Urala & Lahteenmaki 2007; Carrillo, Prado-Gasco, Fiszman & Varela
2013). These new trends have dramatically changed the industry. Food
companies are investing in this sector, with new marketing and
communication strategies, and changing their food innovation pradess.
market for functional foods is dynamic and growing. Japan, the hndefa
the FFs, is a leader in the field, followed by the United Statel Europe
(Bleiel 2010).

The aim of this paper is to identify which areas are npoome to the
development of this market, paying more attention to those cesirttrat
contribute significantly to the growth of this sector.

Nutrition and health claims

The history of functional foods is not very old. In 1980, a Japanese
company, was always more interested in the prevention of disedestes! to
a healthy lifestyle, out of its awareness of the rapidggrocess. This gave
a strong impetus to food science and to the politicians in the fotmt $Arai
2001). Later, in 1991, these foods were defined by the acronym FOSHU,
Foods for Specified Health Use, namely foods having benefidettefon
human health due to the presence of particular elements or dkeofla
allergenic constituents. The first FOSHU product was appriov&993. Over
500 have been approved since then (Jones & Jew 2007).

Most food industries have paid attention to the concept of funcfiooal
introduced by the research projects of the MESC (MinistrEddication,
Science and Culture), started in 1984. In the US, specaatiath was given
to claims that accompany the products with a functional role. Timgartant
changes occurred in 1990, 1994 and 1997. They affected the dissemaofati
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information to consumers about the relationship between diet ant hrealt
food regulations. The first of these is the Nutrition Labeling addcEtion
Act of 1990 (NLEA). The NLEA allows statements on food labbist
characterize the relationship of any food or food component to ssdisea
health-related condition. Such “health claims” must be pre-approyede
FDA before their use.

The second and probably most important (and controversial) clirange
food regulations was the passage of the Dietary Supplement Health
Education Act of 1994 (DSHEA). This act regulates dietary supgahs as
foods, not food additives, defining them as “vitamins, mineratbshar other
botanicals, amino acids, or other dietary substances for useahyton
supplement the diet by increasing the total dietary intakeluding
concentrates, metabolites, constituents, extracts, or any matmoli of the
above”.

To expedite the health claims approval process and thus hasten the
availability of health messages to consumers, Congreasted the FDA
Modernization Act (FDAMA) in 1997. This legislation streamlinikes FDA
pre-approval process by enabling the use of so-called “autheeitati
statements” on food labels as health claims. Historically, corep#hat have
attempted to launch a functional food in Europe have faced ietywanf
legislation regulating the approval of products, the kinds of nutritio
information required on labels, and the types of functional anthheaims
that were allowed in connection with a product (Bech-La&e3cholderer
2007). After a first attempt at harmonization, which has prohibltg@daduct-
related communications from attributing properties for preventr@atment
or cure of human diseases to food (European Parliament & Coukgitabe
2001), the situation changed. On July 2003, the European Commission
proposed a harmonized regulation COM/2003/0424 on nutrition and health
claims made on foods, including dietary supplements (FAO 2007). In
December 2006, the Council and Parliament adopted the Regulation
1924/2006 on nutrition and health claims made on foods. For the first time,
this Regulation lays down harmonized rules across the European tni
the use of nutrition claims such as “low fat”, “high fibre” oahk claims such
as “reducing blood cholesterol” (European Parliament & Counciluobie
2006). This regulation ensures clear and accurate informaticed bars
evidence accepted by the whole scientific community. In ordegdoclaims,
foods will need to have appropriate nutrient profiles, which lvéllset. This
Regulation introduces a new category of claims, i.e., “Reductiatisefise
risk claims”. This means any health claim that states, suggestpl@srinat
the consumption of a food category, a food or one of its constituents
significantly reduces a risk factor in the developmenadifuman disease.
Europe instead displays requirements for a high level of doenti
substantiation. The European Food Safety Authority (EFSA) is inddlve
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implementing the new regulation. This Authority has published a guidance to
help companies who want to submit health claims for authoriza&GB8A
2007). The assessment of a health claim by EFSA is the fististthe
authorization process. Only those claims, which are sdtailjf
substantiated, will finally be authorized for use. The final aygrof a health
claim is the responsibility of the European Commission and MeGilages,
based on the scientific assessment expressed in the opinion of EFSA's Pane

World market of functional foods

The market of functional foods is growing rapidly and is highly dyica
In many ways it may even be characterized as an experineenvisonment
(Bech-Larsen & Scholderer 2007).

The increase in life expectancy, resulting in an increageinamber of
the elderly and the desire for an improved quality of life, at asethe
increasing costs of health care, has stimulated governmesisarchers,
health professionals and the food industry to study how such cheengyée
managed more effectively.

It is difficult to have a precise estimate of the data ortdte turnover
and the volume of functional foods sold.

There are three regions where sales of functional food®acemtrated:
Japan, United States and Europe (Datamonitor 2004; Menrad 200@)m&/i
et al., (Williams, Pehu & Ragasa 2006), which indicates thadle¢h®sand for
functional foods within developing countries is growing, presenting a
lucrative opportunity to develop domestic markets. The demardrfctional
foods appears to be heterogeneous throughout different countries. Th
industry growth is affected by the selling price and, consequémiaverage
per capita expenditure globally. In 2013 Euromonitor estimated tleat th
average per capita expenditure is around US$ 36 from cotmtrguntry,
reaching a maximum value of approximately US$ 272 with a worklwid
turnover in the sector of approximate US$ 252 billion (Euromonitor 2013
Figure 1 shows the global distribution of functional foods market shares.

As can be inferred from figure 1, the main market for functional faods i
Asia Pacific. Revenues for the field of functional foods ireAsid the Pacific
islands constitute as much as 34% of total revenue worldwids.i3 ot
surprising, given that Japan alone is one of the main maxkefarictional
foods. The aggregate of Asia Pacific covers a vastdgyritvhich includes
the various countries where the market for functional food®isigg rapidly,
as, for example, China, South Korea and Malaysia. For thisomedhe
revenues for the field of functional foods in the Asian teryitare so crucial
in the world. The second largest market in the world is tbhNAmerican
one, substantially consisting of the United States and Canada. filese
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countries alone reach 25% of total revenue worldwide. Particulartiie
United States , the field of functional foods is a real busingseir marketing
is favored by a legislative approach as well as a vamyipsive advertising.
In addition to that, the growth of the sector is boosted by ittee o the
territory and the population. These factors contribute to the high revenue

DAsia Pacific
34%

mLatin America

OWestern
Europe

3%/7 OAustralia - NZ
3%
b / mMiddle East

29, and Africa

mEastern
Europe

16% B North America

Figure 1. Percentage breakdown of total revenues worldwide.
Source Euromonitor 2013

In Latin America, the functional foods and food production argivelst
“new”, but very promising. In fact, as can be seen from figutbelrevenues
for this sector are really high. Whereas the marketinfymdtional foods in
South America started very recently and revenues for tliedfeunctional
foods currently make up 17% of total revenue worldwide, it canietbat
Latin America is a market on which investment in functional fostutsuld
continue. From the point of view of the percentage breakdowmofifunal
foods revenues worldwide, the markets of Australia, New ZealbZy, (
Africa and the Middle East and Eastern Europe can be considerégibieg|
since all together they make up just 8% of total revenue wittdRegarding
Australia, the low revenue for functional foods is certainly duthé small
size of the population and, therefore, the small number of potenrtistimers.
As far as Africa and the Middle East are concerned, the market fdioioaic
foods is hampered by extreme poverty and socio-cultural backwardhess
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most of the territory, as well as by the uprisings and cosflighich
unfortunately involve many countries of this vast geographic aegs. not
forget that for most of the African population there is no needtthezdthy,
rather to just eat. Therefore, apart from a few rareptians, the market for
functional foods in Africa and the Middle East is not favourable.

The demand for functional foods in Europe varies considerably from
country to country, being affected by culture and culinary tradj@astellini,
Canavari, & Pirazzoli 2002). The market of Western Europe , hes be
relatively stable over time, with a 16 % of total revenoédwide. The main
source of revenue for the area of functional foods is the Unitegbléim with
20 %, followed by Germany with 14%, which corresponds to more than fou
million Euros. Follows France, with 13% of total revenues, amounting t
about four million Euros. Spain and ltaly account for 12 and 11% of total
revenues respectively, which correspond to more than three million Euros.

In Eastern Europe the functional food market accounts for appreetima
3% of total revenues worldwide, and it includes some interesbingtries
from the viewpoint the development of this sedRussia alone, for example,
constitutes 51% of total revenues, followed by Poland, which hasf #tal
revenues and the Czech Republic with approximately 9% (Liberao
Vicentini 2014). On the other hand, for most of the other cmstinat make
up the vast east European territory, the marketing of functional foodsshas ju
timidly begun or is even non-existent. So, the market for iimmat foods in
the East European region is very fragmented and in need ofter bet
organization and an adequate promotion in order to foster development.

Table 1. Annual percentage growth rate in the functional foods semt

worldwide.
2007-08 2008-09 2009-10 2010-11 2011-1p
Asia Pacific 6.2 6.3 8.9 8.1 10
North America 4.8 -4.2 14 55 14
Latin America 11.1 8.5 12.8 12.9 12.4
Middle East
and Africa 14.9 6.6 9.1 9.8 9.3
Australia-NZ 6.7 6.6 7.9 8.1 5.2
Western Europe 54 2.4 1.5 2.3 2.5
Eastern Europe| 20.6 1.6 7.7 11 9.2

Source: Euromonitor 2013.
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For what concerns the global trend of functional foods the situa#iries
from country to country. In order to have a more complete viethe world
market, table 1 shows the performance of the sectomistef annual growth
rate

This boom not only underlines the dominance and maturity of the Asian
market, which in 2012 recorded as many as 10 percentage pointsows s
in table 1, the market has been consistently strong, only in 201@1i1 di
register a small decline but this has not destabilized its growth.

Asia is a vast territory, the most important countries inntiaeket for
functional foods are China and Japan, let's not forget the @dsiéinds,
which contribute to the growth of the market, despite the small peresntag

The economic and social context influences this development, it was
found that the increase in income guides the growth of thetrgoBeveral
studies claim that the market for functional foods in Chinaexisected to
expand further in the near future, becoming increasingly importabaigy
(Cranfield 2011).

Despite being the second largest market, North Americeasgesidedly
unbalanced trend. From 2007-08 to 2008-09 the retail value of functional
foods decreased by less than 4 percentage points. The reasdapeag on
the economic recession that hit the United States, which hadedrife
global economy. Despite this, America has recorded poskives, reaching
about 6% in 2011, but then suffered a further decline.

Latin America is considered a promising region. In 2008-09, there was a
slight decrease of 4 percentage points probably due to the ecocsrs.
From 2009 to 2011-12, the trend was positive and this does nothing but
emphasize how this turns out to be potentially attractiverimg of growth
and investment.

Finally, the Middle East and Africa. The economic and social gbnte
make the growth of these markets difficult and unstable. Henyete
situation is not entirely negative. There are also ara#is mgh growth
potential such as Saudi Arabia, South Africa and the Stateradll These
aggregate with Australia and New Zealand, with minimumereege impact
on the industry.

The growth trend in Eastern and Western Europe is varied ovgedhe
Definitely better for Western Europe with a market thed established itself
over time even if the growth value is lower compared to Badterrope
(emerging market). Indeed, the latter recorded a sales boom iR22087
before suffering a collapse in the ensuing year, which coincidtd the
global economic crisis, and a sharp recovery as early as 2010.
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Although the annual growth rate in Eastern Europe is higher than that of
Western Europe, it must be emphasized instead as the awenagel
consumptions per capita are higher in this area (Euromonitor 2013).

Conclusions

The agribusiness sector has undergone a profound change in the last two
decades. The deepening global crisis that has hit the economy has
considerably changed consumers’ habits and as a result, comparibéséa
forced to revise their action plan. Increased attention taicoms’ health, has
given the scientific research and business, a stimulus to dgureldpcts with
therapeutic features that go beyond the role played by traditioods.
Research in this field has given a strong contribution and madé¢hstirthie
food market can evolve.

These products have had an immediate success in most of the
industrialized countries and in the developing ones, therefore weaganas
they can actually be an opportunity both for the industry in econiamits,
and for the consumer in terms of health.

Looking at the situation of the world market, the leading exponent in the
field of FFs is Asia Pacific, followed by North America,tibeAmerica, and
finally Western Europe. The field of “functional” food has a ptité that still
has to expand, but it calls for the solution of the main isselased to
regulations and information aspects. Therefore, investmeriteeifield of
functional foods will prove beneficial only if specific legibn, an
international collaborative approach and a direct and effestiagegy for
communication between producer and consumer will be developed.
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Introduction

The snail farming is an emerging economic activity witemse diffusion
in the last decade, but the available information on domestcfareign
markets, economic actors and their involvement are still aneed often
contradictory. On economic crisis contexts and prospects ¢tbarad by a
globalized and highly competitive market, we are witnessinggtbesith of
interest for productive activities that create added vdalues is the case of
companies related to land snails. Many initiatives, including indusines,
see the snails production and their food products as a way ohdetuh
economic outlooks, employment and gastronomic interest growth. On the
other hand, the gastronomy quest of new subtle and delicate flavdyedras
leading to a new food product, an exotic quality of “white cavidug:Helix
aspersasnail eggs. Land snails are recognized as healthy food dué tothe
fat content and presence of nutrients required for a welibedadiet, in
addition they are a great vehicle for flavour. Snails have fegened for food
for hundred years and are a rich source of proteins. Indeed srssEhvE®
were established in Rome in 50 B.C. so the food consumption and snalil
farming date back to ancient Romans. Gaius Pliny the Elder" 723A.D.)
in his "Naturalis historia" treatise refers to the eglispecies. Among the
known snail species, 116 are considered edible (AbdulmawjooddABte,
M. 2001a) The most popular edible snails &telix aspersa, Helix pomatia,
Cornu aspersurandEobania vermiculataAnother less valuable edible snail,
consumed in Europe, islelix lucorumfrom northern Italy and Turkey.
Cooked snail meat is highly appreciated in France, It&8lgain,Germany,
Austria. It is also gaining popularity in Britain and in the United t8a
particularly in areas populated by French, Italian, and German peopl&t but
is already eaten in numerous countries such as Philippines, MoNigeria,
Algeria, Portugal, Greece, Belgium, Vietnam, Laos, Cyprus, Cambodia
Ghana, Malta, Terai of Nepal, Japan, several regions of Indih an
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Southwestern China (Perma Culture Science 2014). Moreover, wedave
consider the new producing countries such as Poland, Bulgaria, Tukdly, N
Africa and Chile; this last is one of the best producesnafl caviar. One of
the most used species for caviar production is the NortlcakfrGreat Grey
Snail, a domesticated form @ornu aspersumThe consumption rise has
increased the interest for breeding, which has slowly gairgshee in the
market, through the study of the most updated techniques and whickidras gi
the opportunity to obtain more expensive and quality products, with
undoubtedly superior characteristics compared to the product coliedtes
wild.

Breeding, production and marketing of snails are usually sulgebe
general rules related to animal health, agriculture and foodicgt®on, but
most of the countries do not have specific legislation, as it happ@roducer
countries as Argentina, Belgium and France, where a quality lialsebeen
also established. The lack of legislation facilitatesatvamercialization of
land snails for consumption without a prior check by administrgtessvell
as the possibility for some companies to buy product from noteeggsstock
farms or small rural collectors.

If snails provide an easily harvested source of protein to rpaople
around the world, it is true they are also considered as dhe wforst causes
of food allergy. In fact, some people may develop severe episbadsthma
after ingestion of snails and a connection with house-dust-mitey\alie
firmly established (de la Cuesta C.G. and others 1989); moeatrstudies
have identified an allergen in snails which is responsiblerass-reactions
with foods and inhalants (Martins L.M.L. and others 2005). Snailgyiler
rare but it can cause fatal and almost fatal anaphylacttors, so a notice
explaining the hazards of eating snails should be included indbktdaether
with other relevant information for consumers.

Characteristics of edible snails products

Snails have appeared on Earth, in an aqueous environment, maigio y
ago. Their name comes from the Byzantine period and it is thaudiue of
the word “saliagas” (slug = Saligari in Greek), from theri§8alio in Greek)
released during their movement. Snails are among the most knowal anim
species in the world and belong to the second largest categongaimne
groups of animals that inhabit the Earth (after insects), cc&lastropods
Pneumonofori Moluschi. They have a special adaptive capacityféveait
environmental conditions with a significant logarithmic repicitbn rate. In
ancient times, the snail's role was instrumental for the derent of many
sciences. The father of Medicine Hippocrates was the finst studied and
appreciated the special properties of foamy slime thatthiesecretes for its
self-protection and the protection of its eggs. Pitagora fé@amos studied
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shell's structure and formulated his famous "golden rulethikedes
conceived the principle of “lifting of the screw” in MechaniSsail's role has
been important as food and gastronomy since ancient times. tWisey it
was mentioned that snails were part of the daily dieeeiththe poor or the
rich Greeks. Since the end of the"t@ntury, their consumption has greatly
increased due to the advertising based on their nutritionae \add culinary
uses.

There are many species of snails on the market, but thevbich
dominates the world market and the “gourmet cuisine” is Hedix aspersa
Muller”, which owes its name to the Danish naturalist Otto Fakdwiiller
(1974). TheHelix aspersa Muller (Cornum aspersungme is found in many
scientific references and especially at zootecnic and cocrathégvel. Other
common names of the species are: “escargot petite griseimcky “brown
garden snail” in English, “cretan koxlios” in Greek (SALIPAP C.O. 2014)

Snails, improperly called land snails, are mollusks belongirtgetOrider
Stylommatophorar hey are equipped with shell and this feature distinguishes
them from so-called snails, which belong to Families: Ariomidand
Limacidae. They have got edible and excellent meat, extrdestyand rich
in proteins of high biological value, which has been used for foodnres
European and extra-European countries. The available referanoesthe
nutritional values refer to the specldslix pomatiaand are rather discordant.
The meat however contains low levels of cholesterol di0fatto 0.8%) and
contains vitamins A and C, plus 1.5% minerals (zinc, copper, manganese,
potassium, calcium and iodine). As for protein (a total of 12 to 16#)meat
contains 9 of the 10 essential amino acids important for humans
(Abdulmawjood, A. and Bilte, M. 2001b). With regard to identifiedyfatt
acids, results show that snails, although being terrestrialadgiwith lung
breathing, presents a fatty acid composition similar to thishadry products.
Indeed, the breakdown of fatty acids per 100 grams of edible portiqnas e
to 0.26 g of monounsaturated fatty acids, 0.25 g of polyunsaturateddats
and 0.36 g for saturated fatty acids. The edible land snails baae/gry low
energy value (Table 1) and, if boiled, they could be easilyded into a low-
calorie diet against overweight. In any case they aren’t easigtilite food,;
the maximum recommended serving is about 10-12 mollusks per person,
while the average serving size includes between 5 and 6 pieceslter adu

The real value of the snail meat is given by amino acidsinguatticular
by the presence of the essential ones. It is also rich in aisnespecially
calcium and phosphorus, due to the genesis and the development process of
the shell. Among other mineral elements is definitely worthyhate the
presence of iron, potassium and magnesium.
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Table 1. Chemical composition and energy value éfelix pomatiasnails
meat per 100g of edible portion

COMPONENT |  vaue [  unit
PROXIMALS
Alcohol (ethanol) 0 g
Energy, Total 86 kcal
Fat, total (total lipids) 1.4 g
Proteins, Total 16.1 g
Water (moisture) 79.2 g
CARBOHYDRATES
Carbohydrates 2 g
FATS
Fatty acids, total monounsaturated 0.26 g
Fatty acids, total polyunsaturated 0.25 g
Fatty acids, total saturated 0.36 g
Cholesterol 50 mg
VITAMINS
Vitamin A, retinol equivalents retinoschisis adiies and carotenoids 30 ug
Vitamin E, alpha tocopherol equivalents vitamertsviies E 5 mg
niacin equivalents, Total 14 mg
riboflavin 0.12 mg
thiamine 0.01 mg
Vitamin B-12 0.5 ug
Vitamin B-6, Total 0.13 mg
MINERALS
Calcium 10 mg
Iron, total 35 mg
Potassium 382 mg
Magnesium 250 mg
Sodium 70 mg
Phosphorus 272 mg
Selenium, total 27.4 ug
Zinc 1 mg

PERCENTAGE DISTRIBUTION OF ENERGY
COMPOSITION percentage
Proteins P 76%
Lipids T 14%
Carbohydrates L A
Alcohol 0%

Source: Elaborated from “Consorcio BEDCA y Ageriegpafiola de Seguridad
Alimentaria y Nutricion, 2010”

Besides the meat, snail eggs are also consumed, a highly '[frieedh
caviar", while their shell, especially of theelix lucorum species, finds
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numerous applications for dining preparations. The caviar consistsadf
eggs looking like small white beads of 1-2 mm. It is theulteof a very
difficult job of selection by snails producers, through induced couftiaigks

to recreation of the necessary habitat and the microclinteehrbods and
individual eggs selection. Each snail lays hundred eggs pe(ateaut 4 g)
between March and April, therefore, to have an adequate produci®n it
necessary to seasonally adjust the spawning, so snails don't hibewhédg a
four times a year instead of two as they would do in nature. Rarvested,
the eggs are cleaned and tidied, by means of very hard manualliwerkthe
product is usually pasteurized, with added sea salt, citric acidsgom
sorbate, sodium benzoate and flavored with rosemary and transforneed in t
product that will last for at least three months, to be soldPasirls of
Aphrodite.” The first manufacturers were the French in 2004, but bese
joined by other countries such as Chile, Italy and Poland. Th&rcav
production is well underway and there are producers who are woiking t
understand where, how and when to harvest the eggs. On the other hand the
is the food and wine sector that begins to exploit the patesitian “elite”
product like caviar. For this product no scientific studies have pablished

on the nutritional value and antioxidant properties and thetsf@a intestine,
while there are some evidences of allergic reactioosdScience Lab 2014).
Only one reference in literature (Panus 2014) reports nutritiomiatoon on
Helix aspersa Millecaviar (Table 2).

Table 2. Caviar's nutritional value of Helix aspersa Miillersnail

NUTRITION INFORMATION
Serging Size: 1 tea spoon (10g)
Portions per package: 5
100g 1 portion

Energy (kcal) 46 4.6
Protein (g) 4.5 0.45
Total Fat (g) 0.3 0.03
Carbohydrate (g) 6.4 0.64
Sodium (mg) 1400 140

Source: Elaborated from “Panus”, 2014

There is another trend that has centralized further inteoest
heliciculture. For cosmetics, there has always been aylartioterest in the
use of snails, due to the healing that derives fronH#iix aspersasnail. The
mucus they leave behind is claimed to contain hyularonic acid, pdwerfu
proteins and antioxidants, all of which can help to repair andalieetthe
skin. Snails have been reported in the literature since artoiesd as a
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therapeutic remedy. Since the ancient Greek age to the éviidygls, snails
have traditionally been used as a medicine for stomach probleshsas
peptic ulcers and gastritis, to heal wounds and to stop bleedingnati i
form of syrup, to calm cough, loosen up the phlegm and let its easier
elimination. Back in 19 and early 20 century snails were used in England
as a tuberculosis cure, once dissolved in salt and mixed with cressngard
(Canada Free Press 2013).

Snail production and market

Drawing out a general framework on snails farming is complex
Production mainly consists of natural harvesting and artifiri@éding. The
available data on production are still incomplete and not exhalssti refer
very often to private institutions and industry associations. gloéal
character of the phenomenon is evident considering the intefest
stakeholders who still face a booming market. The marketcdigsiis
constituted of harvesting countries or producers and consumer esuntri
Then, it is important to notice that there are producer cosniiéch cannot
cover domestic demand as for France and ltaly.

The snails market for gastronomy of Helix species hasmadfin the last
20 years deep and wide-ranging changes in quantities, commereghid
prices. In the “70s in large part of Western Europe specific lawsevaeed
that regulated the natural harvest of Helix, mollusks, bat the harvesting
practice has been prohibited in Europe. In the ‘70s helicieulivas
developed, in order to compensate, through a managed and controlled
production, the decline and lack of product, previously retriemechture.
Recently in the world, especially in the Western countries, wifisiant
increase in consumption due to the entry of snails in the worlddafirial
processing and canning has been recorded. In the early 2000s the tdd num
of snails placed on the market, including alive, frozen and preserved, stood at
320,000 tons per year worldwide (Figure 1).

Product harvesting has shifted from Western Europe to Easteope;ur
where intense and organized harvesting was encouraged ouatfies of
the area from Poland to Bulgaria, in order to increas&tinepean currency
intake to help their fragile economy. The total consumption has twtoach,
at the beginning of the new century, the share of 420,000 torchgzed for
almost 50% by processing industries in France which, with theiofies in
Turkey and especially in North Africa, exports worldwide carsrells with
the famous name "escargot".

Post-Chernobyl radioactivity has encouraged the French to parchas
intensively grown snails, in order to avoid the consumption & smails
collected in Eastern Europe. The global business of sndlile peist ten years,
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referring to the wholesale prices touched and exceeded 10 billiorlstituto
Internazionale di Elicicoltur2014a).,

w0000 400.000 405000

2010 1990 1980

||:| Natural collection ®  Farmed production |

Figure 1. Global Snails Consumption: natural collection and farred
production

Source: International Institute of Heliciculturé&)12

For example, ltaly in 2010, despite the economic crisis, has exteede
38,000 metric tons of consumption, an increase of about 2% over theugrev
year. Imports of live and preserved snails by producer countnvesidached
again in 2010, 225,000 tons, about 65% of the total product. The total value
of the entire supply chain (farmed production, imports, industrialgssing
and gastronomic consumption) was more than 210 million euro.

The international prices of live and semi-finished product exported from
the producer countries are due to low labour costs of people whivgan t
business of wild harvesting. Prices have changed and increateel early
‘90s when the events that followed the fall of the Berlin Wale changed
the global policy framework and the approach of these countriesdewar
European Economic Community. Along with the consumption growth, the
interest in the industrial production has increased, bringing te exqrensive
and superior quality products, in respect to the wild harvested ongaask
the snails breeding has not achieved its original purposehgetistto fully
replace the wild harvest. The industrial production covers in fagteosimall
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part of the whole consumption. In 2010 it was estimated that glothely
snails breeding covered only 15% of the total sales (Istituernazionale di
Elicicoltura, 2014b).

Poland is one of the harvesting and producer snail countriesh whic
exports to France, Spain and Italy most of its slimy mollulsietix aspersa,
Helix pomatia or "winniczek" in Polish, also known as Burgundy snahe
French region. The French import 95% of the national snail consum@¥on,
of which comes from Poland, according to the trade figures diffogetie
Polish embassy in Paris. Poland also offers canned meat, pégtdyswail
eggs caviar and slime facial cream. According to the iPGQlentral Statistical
Office, in 2011, Poland exported 282 tons of snails, corresponding to an
economic value close to 1.1 million euro (AFP, 2013).

Heliciculture legislation in European Union countries

In Europe, even if there isn’'t a specific regulation for sraitgluction,
there are countries such as Belgium and France that are enditktvadjuality
label. In Italy there is "The International Institute of idielolture” which buys
Helix aspersa Miuller and Maxima snails from national companiedwitave
signed a partnership business contract with it, which altbevsise of all the
technical information provided by the Institute and sell it spdist not in
exclusive way. The Institute also gives producers the origindbfItalian
Snails". A quality brand is also given in Belgium where, followtmg issue
of the decree of 1998 which regulates the production requireamrahtpuality,
the brand "Escargot Fermier" or "Snail Farm" is releaseshails produced
in farms that practice biological helicicolture (Sicur@zalimentare, 2013a)
In addition to it, a sale label is applied on products, reportypg twof
preparation and/or performed treatment, as well as the phgsicditions of
the snail, the total net mass of consumption, the number of @ausits
contained in each package, the scientific name of the shailligt of
ingredients and the expiration date.

In Spain, the lack of legislation and of a quality label fadtés the
commercialization of land snails without a prior check by admnatiens, so
some companies can buy the product from not registered individuals. Sna
breeders are subject to the same legal conditions as ftaramr or producer.
The only existing European standard is related to "the conservation @flnatu
areas and wildlife" which strictly prohibits the indiscrint@&arvest. In Italy,
in Spain as in other countries, the lack of precise legisl&iices companies
to equate the production of snails to that of ruminants or @hienals;
however, when the demand is covered by other countries, the European Union
legislation imposes specific requirements regarding compliavite the
minimum conditions for the health of the animals (Sicureziraestare,
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2013b). The purpose of the standard is to prevent that these prazhstiite
a risk for human consumption. It is difficult to import producitheout the
required health certificate. In this why, the market is bettgularized outside
than inside. The sector therefore requires specific rulssrgimg the breeding
of snails, in order to avoid the consumption of wild land snailtd ¥hails,
in fact, are exposed to massive use of toxic products usepiculéure and
can cause serious damage to the health of consumers.

The current policy of the European Union aims at protecting human
health and consumers' interests. This policy has been refornoed2€i00 to
ensure a high level of food safety at all stages of prowgssid distribution.
The Hygiene Package of European Union has introduced the extensati of
control HACCP (Hazard Analysis Critical Control Point) ftye primary
production and the application of the ISO 22000:2005 "Traceability in food
chains" standard (De Leo, F. and Pastore, S., 2012). Throudtytiene
Package all Member States have the same criteriadirgahe hygiene of
food production and therefore health checks are carried out aggaedihe
same standards throughout the European Community. The adoption of this
practice is for all food producers, but also for all people inwblwvethe
subsequent and intermediate steps in the food chain. Among thatiesl
included in the hygiene package there is the EC Regulation 8522004 |
down the principles and requirements of food law, establishedtropean
Food Safety Authority and the procedures in matter of secutity. Sme
regulation affects all activities of the food supply chainhezitanimal or
vegetable, including primary production. This refers to the breedidg a
cultivation of raw materials, including harvesting, milkingdaprocessing
prior to slaughter, and also it includes hunting, fishing and gathef wild
products (mushrooms, berries, snails, etc.).

Snail species are usually identified and differentiated bgphological
characteristics; however, specific snail species are unrectd@i after
cooking and canning. This could represent an issue because armails
imported as canned products too and it can happen that cans arecihcorr
labeled just to increase profits. So there is the need forabkuiechnique to
identify canned snail meat, as for fish, crustaceans, and ¢&aarera and
others 1996, 1998, 1999). Moreover snails carry protozoa and many forms of
salmonellae, therefore proper health practices should be usedfeeumng
them. So the preparation of snails or shail eggs for presmmvat
consumption should be subject to inspections for public health andicpeci
information for consumers should be provided in relation to mild symptoms
such as oral allergy syndrome, urticaria (hives) and seyemptems such as
asthma and anaphylactic shock that can occur after sraisumption
(InformAll. Allergenic Food Database 2014).
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Conclusion

Snails’meat was highly appreciated as food since Romars tme the
art of fattening snails is said to have been discovered Rgman named
Fulvious Lupinus (Larousse Gastronomique, 1961). Snails were also eaten a
Minoan Akrotiri, perhaps imported there from Crete as a luxtgyn.i
According to Galen, they also represented a common food for Goééhes
Roman period. Snails were fattened on emmer meal mixed veifie gyrup
(Food in the Ancient World from A to Z, 2003). In France snails have always
been very popular. Snails have been eaten cooked in largef fantopean
Countries, but they are also gaining popularity in Britain anithénUnited
States. From a nutritional point of view they are excellent food. Theirimea
very lean and rich in proteins of high biological value, \aittexcellent flavor.

On economic crisis contexts with a globalized and highly comneeti
market, the breeding of snails is an emerging productive sé@tterfarming
process of edible terrestrial snails (heliciculture) wesgeloped in the ‘70s
when specific laws were enacted to prohibit the harvest ok lHedilusk in
large part of Western Europe. The heliciculture sectordwsded in the last
20 years a consumption rise and major interest from breedersopeaumrand
extra-European countries.

The market launch of snail caviar and the use of snail moagsimetics
are increased the interest in the snails farming. The implatien of this
activity in some of the world’s poorest communities gives aalslke source
of income and may even help to meet the ever-increasing deorafobd.
Moreover, the environmental footprint of snails as food is mo@dler than
other types of meat.

"Escargot” is the French name which most commonly refeesther
Helix aspersa or to Helix pomatia species, but other \esief snails are
eaten. Physical features are expressed by variations indizer, and banding
of the shell. Some species have got higher potential for adaptatd, if
introduced in non-native habitats without control, they could possibly
dominate the local snails. Because of its dominating charstatsyiHelix
group snails are banned in Canada; only Otella lactia, Cegildlata and
Cedpaea nemoralis species are allowed (Ministry of Agriejltood and
Fisheries Canada, 1994). Snails farming, if done in the propercaaly also
help to protect biodiversity.

The lack of common regulation for production and trade, as wel as a
European quality certification that identifies the product, ttogrewith the
limited data available, make the analysis of an emergingnomenon,
characterized by strong interests, very difficult. The apptinabf the
Hygiene Package in the European Union to snails farming doesn't ré@esen
complete protection for consumers. So the creation of a Communityyqual
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certification is necessary which takes into account alsextsting national
brands as well as a label with health information, contaimiagnings in
relation to the hazards of eating snails, like mild symptonts asioral allergy
syndrome, urticaria (hives) and severe symptoms such as aatitmzear-
fatal anaphylactic reactions.
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Introduction

Well-being of people and economic growth have always attrabted
attention of economists and governments. The Physiocrats firsthend
Classical economists later, put in evidence that the natsalrces, and in
particular the availability of arable land, were not unleditand that this
prospect, in the long term, would have caused recession, econ@sisg cr
social conflicts and poverty.

A couple of centuries after the publication @i’ Essay of the Principle
of the Population as it Affects the Future Improvement of §tcite
catastrophic theories of Malthus have been, thankfully, ladistggarded for
many reasons. However, a fifth of the world population is still sufgeiriom
hunger and the state of the environment has become increasorgly. vihe
modern societies, especially the most technologically advancaek h
developed and continue to grow along ethically, environmentally and
economically unsustainable pathways.

The law of diminishing marginal returns of David Ricardo isaict fstill
valid today, especially with regard to the availabilityadd resources, for the
achievement of which it is necessary to massively ineré@s use of inputs
with high environmental impacts, such as, for example, fertilizarg
pesticides. In addition, it is expected that, by 2030, the world paoguuhail
be near 9 billion people (United Nations 2013a). To the need ofdodlese
people, the need of land, water and resources to feed animalsussbe
added.

Nowadays, there is the widespread concern that, in front stéady
growth of the world population and a constantly increase ofdhsurnption
of meat, our planet could not sustain new intensive livestookirig
(Alexandratos & Bruinsma 2012). There will be the need to hais=cond
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planet” in order to properly meet, in the future, the cursandard of
consumption: the Earth’s resources could not be enough for all the people.

In this context, the use of insects for human consumption “could”
represent a reliable source of important nutrients and a gumériendly
choice, having a remarkable nutritional and environmental potentesahaie
used the verb “could” because the aim of this paper is taiaealthe
advantages and disadvantages associated with entomophagy anglbvent
review the current certainties that support the opinion theg@dy today, this
alternative food choice is already mature for the market.

Materials and methods

Currently, according to FAO, about 1,900 species of insects -ebeetl
(31% of the total), caterpillars (18%), ants, bees and wasps ,(14%)
grasshoppers, crickets and locusts (13%) etc. — are consurhednartd and
there are about two billion people, concentrated in South-AmeridaaAand
Southeast Asia, who regularly use insects (FAO 2013; Van Huis 2013). Even
if Westerners already consume and appreciate, often withoue@ess,
products coming from the world of insects — for example, the “relineal”
or carmine, known as E120, obtained by aphids — we are still \lacyaet to
accept this potential new source of food.

In fact, it seems that psychological and cultural factepsasent the main
obstacle and attitudinal barriers to the consumers’ acceptatfilitys source
of food and for the diffusion of entomophagy among people in the richest
countries. However, because these are topics that are beyond our
competences, these aspects, as well as those related to uncml;c
anthropological, historical and geographical aspects will nanadysed in
this paper.

We have investigated, instead, the nutritional, environmental and
economic issues associated with the consumption of insects, comparing them
to livestock. We have also omitted the discussion about tissiveause of
insects in traditional and, in part, modern medicine and pharmacogdoeia o
many countries, such as China, Korea, Brazil and [Adv@s & Alves 2011)
and also the analysis of the farming practices of insects for afgatl

A large number of references have been examined and inupertice
most significant and most recent papers, highlighting the pesitid negative
aspects related to the use of insects for human consumption. Thiesé c
evaluations have enabled us to express an opinion relatecstestamability
of medium to long-term consumption of these “new” alternative food
resources.
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Results and discussion

The institutions and reports which support the entomophagy asiiee se
source of food and nutrients, to the entire world population, are vemroum
and promote their important nutritional and environmental benefits. In
particular, many authors think that, in this way, it is possiblchieve three
of the eight Millennium Development Goals (MDGs) set by thetddhi
Nations (2013b) as priority objectives to be met by 2015, nanigly:
combating poverty and hunger in the world; 2) reduce theruhigh rates
of infant mortality due to malnutrition, and 3) orientate th@a@evelopment
towards environmental sustainability (Shockley & Dossey 2014).

However, in this paper, we would need to assess, by an objentive a
scientific manner, the related advantages and disadvantadet® assess
whether the former are more influential than the latter. Fanpbe in many
papers it is stated that the consumption of insects, undeniabty tdean
improvement of environmental conditions. However, it is not medsime
the same authors who claim that, what would be the consequences of a
massive consumption of insects for the entire ecosystem,iafpécthis
consumption is conducted through the use of massive and indisceéminat
capture techniques. It could occur as a consequence, for exahgpbrastic
decline or even the complete disappearance of beneficiatsneesome areas,
such as pollinators, or the lack of insects that are ab#éise of the food
pyramid in a specific geographic area. Let's examine soméeofntost
important issues.

Advantages

Insects have been consumed in significant quantities for a oieghly
large segments of the world population; in addition the nugrieontained in
hundred species of edible insects (the most edible speditesdanding order
of importance, belong to the orders of Lepidoptera, Hemiptera, &ele)
are often of undoubted biological value (FAO 2013).

Regarding the potential contribution that insects could provide to
integrate the diet of the poorest populations and remove, iwdyisthe risk
of malnutrition, many authors believe that this is possible ukoglly
available species of insects with the highest nutritioregnties (Premalatha
etal. 2011).

In fact, Rumpold & Schliiter (2013) have confirmed that insects have
level of proteins, in particular those with essential amindsaand fats,
especially of the omega-6 and omega-3 groups (linoleic and linditty
acids), comparable to the proteins of milk and meat, whictharéods that
currently largely satisfy the world’s food needs.
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DeFoliart, already in 1992, showed that insects, having a high content of
proteins, composed of essential amino acids, such as lysineraadihe, are
able to compensate the deficiencies of the cereal proteinjoustigrpoor in
this pattern of amino acids.

Many species of edible insects contain important substaneels,as
metabolites, enzymes, antioxidants, etc. which, if ingested througtiethe
have beneficial effects on human health. The insects areaasadach in fibres
and micronutrients (like magnesium, iron, selenium, copper, margganes
phosphorus, zinc, etc.). For example, while beef has an iron contént of
mg/kg, the value for some locusts is between 8 and 20 mg /kige(R
Oonincx 2014).

Still very few and of low scientific level are the steslithat have
investigated the vitamin content of edible insects. Howe®ekkens (2005)
has shown that many insects have a good content of variomsnat@A, B1,
B2, B12 and D).

With the same energy output provided (caloric content), it seleats
insects require fewer feed inputs and a significantly lower avigyadf land
than those needed for farmed animals. In this way, we could pdiential
increase the current rates of animal production and theahiliyl of cheap
proteins.

The mechanized trapping of those insects that live free in the
environment, to allocate them for food, can lead, according to aathers,
to environmental and economic advantages: for example, limititigis way,
the use of pesticides, increasing crops yields and integthtrtgchniques of
organic farming (FAO 2010).

Some studies, carried out to measure the energy efficiency of
biotransformation of insects compared to vertebrate feedstoekfdiand that
the former have a smaller ecological footprint than therlgEAO 2013).
They have shown, in fact, that insects, being poikilothermicadd-blooded”
animals, have a great feed conversion ratio (or “efficienayoafersion of
ingested food index” or ECI), turning it into edible biomass for humans
(Spang 2013). In fact, on average, an insect is able to cé@kgf feed into
1 kg of meat, while for a cow it takes about 8 kg (Hallofavantomme
2014).
Another point of strength is the wide variety of species themnpially
are of interest for human nutrition. It means almost two thousandeedibl
species (Jongema 2012). This great biodiversity offers thébpitgso breed,
for food purposes, those species with high levels of ECI anddlasing costs.
Moreover insects, as it is well known, reproduce themselvgsjueckly
and easily, even in difficult and not optimal conditions. This ineslthe
availability of a large mass of precious food in a short time.
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In terms of environmental protection, in particular, for the puepafs
limiting the greenhouse effect, another important benefiteagpeculiarity of
edible insects to produce, during their metabolic processeg, levets than
cattle of greenhouse gases (GHGs), such as carbon dioxidbanmet
ammonia and nitrous oxide.

Oonincx et al. (2010), in fact, have experimentally demonstratedbyhi
measuring the amount of GHGs emitted by insects, being animatiothat
need to regulate their body temperature. The same authors hafeuald
that the edible insects, forming part of the panel subjectadalysis, had a
relative growth rate or average daily gain much higher thah of the
livestock. The insects have, in fact, a greater food produeti@h than cattle,
for the same foodstuff consumed.

Van Huis (2013) has also found that insects have a better watigriribo
because, in addition to consuming less water compared to farmlgnima
related to the edible substance produced, obtain the wateth#aneed
directly from the food and thus have no need for additional amount ofrdyink
water.

Insects, it is easy to understand, do not require to have aaabléol the
production of their feed, as occurs, for example, to farm animalg giey
can consume what remains from agricultural crops: like-enghastrial wastes
such as straw, agricultural crop residues, twigs, orgargtidra and so on. In
this way, insects could be a realistic “biological convefieable to transform
waste biomass into foods with a high biological value.

From the point of view of environmental efficiency, everyonewks that
the cattle breeding is among the major causes of the gresmleffect, as a
result of their emissions of GOSQ and CH. Well, with the breeding of
insects, these problems would disappear, as only cockroachesrianited
produce methane.

Disadvantages

The disadvantages, or, at least, the aspects that swggéisn, seem to
compensate, in equal measure, the benefits outlined above.

First, while it is relatively easy to obtain the insectslegdo feed a small
community, by outdoor hunting (harvested from the wild), it is not aasy
cheap satisfying, with this method, the food needs of larger huroapggifor
which there should be the provision of effective industrial methufds
breeding (farming) and transformation. In fact, the harvestnegdis,
especially if conducted as a form of control/prevention of infiestaof crops,
it requires, as stated by Van Huis (2013), a massive usbaid, preferably
cheap, to be able to keep prices low.
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Moreover, even if the wild-harvesting of insects could lead t
theoretically, environmental benefits, however, an intense @ctiof
collecting, lasted for long periods and repeated for the same areas, aduld le
to counterproductive ecological problems, i.e. determining an avestang
and undermining the balance of the ecosystem. Moreover, it could slgb re
in the collection of insects already contaminated with pessciok other
pathogens, causing, thus, serious health risks to consumers.

Currently, most of the insects used for food are caught prefhrat a
family-farm level and sold in small niche markets. Theingaof insects,
according to many authors, even if conducted on a large scale, implies higher
prices of sale compared to meat from the conventional farmshe
Netherlands, for example, Meuwissen, in 2011, has demonstrated that the
breeding cost of mealworms, as animal feed, is 4.8 timezgtay than that of
other chicken feed (Veldkamp et al. 2012).

However, obviously, if we considered, in the calculation of production
costs, also the avoided external diseconomies (GHGs emissasis, water,
etc.), these costs would be, obviously, very competitive. Isetkta
mechanization/automation of rearing processes may causeremoagkable
reduction of production and processing costs.

Another important point to consider, in the perspective of predisposition
of facilities for insect breeding, is to understand exactlyptrécular type of
feed, which is more suitable from a nutritional point of viewl avhich must
be given to insects by the farmer (FAO 2013). There arefearyesearches
at this regard due to the lack of interest about this topic.

An environmental risk, linked to the farming of insects, isrewdistic
possibility of introducing, deliberately or accidentally, aliea@es of insects
that can be very invasive and competitive against nativeiespecausing
destabilization of particular ecosystems.

In addition, the current and most commonly used methods of cooking
(roasting and frying) could remove or destroy many nutrients, denatuting fa
and proteins (Ekpo 2011). Further studies are therefore requia@ditbthis
and to preserve the nutritional value of these foods.

It will also be necessary to identify — particularly byolbgists,
entomologists, nutritionists, psychologists and marketing expetie bdst
way to present these particular foods to the public; for examplefdramsg
them into liquid, solid, pasty, dry or dust forms, in order togmasthe best
nutritional value and enhance the perceptual and sensoniattdristics. This
will involve the need, from the big brands of food sector, to inwasch
money in scientific and market research, processing technobkogigsroduct
packaging, advertising campaigns, etc.

Another problem is the substance of which the exoskeletomstairthe
chitin, a polysaccharide. It is therefore an undesirable compdhanhas to
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be eliminated, since its presence, tolerable at very low dasdeetary fibre,

can represent an anti-nutritional factor for humans, becaustowt have
chitinase enzymes like other primates and it can potentiadiit the
absorption of other nutrients (Raubenheimer & Rothman 2012).IlItowvi
required, even in this case, to identify the most cornedtedfective way to
remove the chitin from other edible components, at acceptable dosts o
processing.

From a safety and health point of view, it is necessaryowge — during
the preparation, processing and packaging — proper pasteurization and
disinfection processes, in order to eliminate bacteria jpmieks that can cause
health problems to consumers. Obviously, because these diétewaieor
the western industrialized reality, it is necessary tdystile most appropriate
sterilization technologies in relation to the specific badtstrains present in
these foods. Since it is the terminal part of the intestinesetts the preferred
location where they can nest bacteria and other pathogens to humans
sophisticated preparation technology to remove, in addition to cigimthis
part of the body of the insects have to be provided (Shackleton &I8tuac
2004).

Beside the predisposition of transformation and preparation techemlog
there is the need to develop unique and clear regulations to deteitmine
relation to this particular type of food, a set of hygiene cherstics and
transformation protocols, methods and techniques of good pr&eicee the
mass consumption of these sources of food, it is therefore necesfilirgto
soon as possible, this legislative gap, both at national and Eurtgyehn
because the current rules, in their general principles, aredinitly to recall
general principles of health and hygiene of “traditional” f@®egulations EC
No. 178/2002, 179/2002 and 853/2004).

Conclusions

Placing insects into diet of populations and cultures which, liks, our
have been alien to these eating habits, would like to sagttonaseveral
fronts: first, by investing in promotional and educational campdignthe
proper use of these new foods and then in expensive and sopldsticate
processing technologies.

Even if it is undoubtedly true that insects have a prote@ntent
quantitatively comparable to that of animal feedstock (someéespetinsects
have a protein content equal to 60% of their weight), tisetlee problem to
place systems which eliminate the chitin from other edibleeprat This
involves, in addition to a technical complication on the productiondloeier
process times and higher costs. However, we have to considalsihather
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animals, while not having chitin, have many other waste pdrishvweannot
be consumed, such as skin, hair, bones, cartilages, some organs, etc.

Surely these new food choices will be desirable, at least, to ifljveus
current eating patterns focused on a too small number of food sources.

Another problem, as we have mentioned, is that concerning tlde foo
safety. In fact, there is the need to prepare laborious andedetegulations
to protect consumers against possible health risks and to ¢msurielogical
value of the food, for example by updating and developing voluntary
regulatory codes such as the Codex Alimentarius.

It is necessary to acquire, especially during the preparatistaofiards
of good hygiene practices, relating to the handling and processiting s
elements, a multidisciplinary approach, in order to acquire, edlpdnyahe
decision-maker, the greatest number of information and to obtaiis way,
a large and correct overview of the situation.

To reach these goals, everyone must be involved: governments, research
institutions, universities, corporations, private companies, ssignivith
different skills, etc. It is necessary, in fact, to proadeurate information and
ensure good products, from a sensory and health point of view, to coasume
In this research and dissemination work, the experts of comnsui#yce can
also give their important contribution.

References

Alexandratos N., Bruinsma J., 200®prld Agriculture Towards 2030/2050: The
2012 RevisionESA Working Paper No. 12-03.

Alves R.N., Alves H.N., 201IThe faunal drugstore: Animal-based remedies used
in traditional medicines in Latin Amerigdournal of Ethnobiology and
Ethnomedicine, 7:9, DOI:10.1186/1746-4269-7-9.

Bukkens S.G.F., 2005sects in the human diet; Paoletti M.G. (ed.), Ecological
Implications of Minilivestock: Potential of InsecRodents, Frogs and Snails,
Enfield, NH: Science Publ., pp. 545-77.

DeFoliart G.R., 1992nsects as human food: Gene DeFoliart discusseg som
nutritional and economic aspe¢rop Protection, 11 (5), pp. 395-399.

Ekpo K.E., 2011Effect of processing on the protein quality of fpopular insects
consumed in Southern Nigeriarchives of Applied Science Research, 3 (6), pp.
307-26.

FAO, 2010,orest insects as food: humans bite hdtoceedings of Workshop on
Asia-Pacific resources and their potential for depment, 19-21 February 2008,
Chiang Mai, Thailand, Durst P.B., Johnson D.V.,lieeR.N., Shono K. (ed.), ISBN
978-92-5-106488-7.

98



FAO, 2013 Edible insects: Future prospects for food and feecurity FAO
Forestry Paper 171/2013, Wageningen University tatiooy of Entomology,
Rome, ISBN 978-92-5-107595-1.

Finke M.D., Oonincx D., 2014nsects as Food for Insectivores: Mass Production
of Beneficial Organismsn: Morales-Ramos J.A., Guadalupe Rojas M., Slapir
llan D.I. (ed.), Mass Production of Beneficial Ongans: Invertebrates and
Entomopathogens, ISBN: 978-0-12-391453-8, DOI: AD61B978-0-12-391453-
8.00018-2, pp. 583-616.

Halloran A., Vantomme P., 201%he contribution of insects to food security,
livelihoods and the environmemAO Report 13264E/1/04.13, accessed 12 March
2014.

Jongema Y., 2012,ist of Edible Insects of the Worl#/ageningen University,
Wageningen, The Netherlands. http://www.ent.wudKIEdible+insects/
Worldwide+species+list, accessed 11 February 2014.

Oonincx D.G.A.B., van ltterbeeck J., Heetkamp M.J.Vén den Brand H., van
Loon J.A., van Huis A., 201@&n Exploration on Greenhouse Gas and Ammonia
Production by Insect Species Suitable for AnimaHoman Consumption PLoS
ONE,5 (12) DOI: 10.1371/journal.pone.0014445.

Premalatha M., Abbasi T., Abbasi T., Abbasi S.A]2, Energy-efficient food
production to reduce global warming and eco-degtama The use of edible
insects Renewable and Sustainable Energy Reviews, 1313%Y.-4360.

Raubenheimer D., Rothman J.M., 2002¢ritional Ecology of Entomophagy in
Humans and Other PrimateAnnual Review of Entomology, 58, pp. 141-60.

Rumpold B.A., Schliter O.K., 201Botential and challenges of insects as an
innovative source for food and feed productibimovative Food Science &
Emerging Technologies, 17 (1), pp. 1-11.

Shackleton C., Shackleton S., 200#e importance of non-timber forest products in
rural livelihood security and as safety nets: Aiesvof evidence from South Africa
South African Journal of Science, pp. 658-54.

Shockley M., Dossey A.TInsects for Human Consumptian: Morales-Ramos
J.A., Guadalupe Rojas M., Shapiro-llan D.I. (eMlass Production of Beneficial
Organisms: Invertebrates and Entomopathogens, |SB8k0-12-391453-8, DOI:
10.1016/B978-0-12-391453-8.00018-2, pp. 617-652.

Spang B., 2013nsects as food: Assessing the food conversianiesféiy of the
mealworm (Tenebrio molitorjhesis submitted in partial fulfillment of the
requirements for the degree Master of Environmesiaties The Evergreen State
College, Washington (USA).

United Nations, 2013a, Department of Economic amclab Affairs, Population
Division, 2013 World Population Prospects: The 2012 Revision, Kieglings and
Advance TablesNorking Paper No. ESA/P/WP.227.

99



United Nations, 2013 he Millennium Development Goals Report 2013,
http://www.un.org/millenniumgoals/pdf/report-2012igireport-2013-english.pdf,
accessed 27 March 2014.

Van Huis A., 2013Potential of Insects as Food and Feed in Assuringd~
Security Annual Review of Entomology, 58 (1), pp. 563-83.

Veldkamp T., van Duinkerken G., van Huis A., Lakedd.M.M., Ottevanger E.,
Bosch G., van Boekel M.A.J.S., 201@sects as a sustainable feed ingredient in pig
and poultry diets - a feasibility studyfageningen UR Livestock Research, Report
638/2012, ISSN 1570-8616.

100



FACTORS THAT INFLUENCE ACRYLAMIDE
CONTENT IN CEREAL-BASED BABY FOODS

Joanna Michalak, Elzbieta Gujska,
Marta Czarnowska, Fabian Nowak

Department of Commaodity Science and Food Analysis,
Faculty of Food Science, University of Warmia and Mazury in Olsztyn,
seniutaj@uwm.edu.

Introduction

Thermal processes used in food manufacturing can lead to changes i
their composition. The Maillard reaction is considered as onéeofrtost
important chemical reaction taking place during food processimg loss of
thermo labile compounds and the formation of compounds that are not
naturally present in foods is the most significant conseguefithis reaction.
Some of Maillard reaction products may have mutagenic, cargiiogad
other high toxicological potential. Well-known toxic compounds fatrase
heterocyclic amines, nitrosamines and polycyclic aromatic dogdbons.
Recently, also 5-hydroxymethylfurfural (HMF) and acrylamid&)AClaeys
et al. 2005; Claus et al. 2008; Bent et al. 2012).

Acrylamide has been added to the list of food-borne toxicants 2002
The major pathway for acrylamide formation in foods is Maill reaction
with free asparagine and reducing sugars. The acrylamidatiormin foods
is largely associated with the presence of non-reactivexnsuch as starch
or protein substances. Moreover, high temperature (usuallyeali® °C)
during thermal processing of food, has a decisive impact on A& ievhe
final product. Other processing parameters, which also influemgkamide
formation are, i.e. the type of raw materials, the prodoatposition, pH,
moisture. The highest levels of this compound are formed in fdodsto
following thermal processes: potatoes frying and browning, cbeaas and
coffee roasting, bread and cakes baking, thermal processingalc@tlaeys
et al. 2005; Zhang et al. 2005; Bent et al. 2012; IFST 2012).

Acrylamide was detected at high concentration exceeding 2000 pg/kg in
heat-processed, carbohydrate-rich foods. Most of these foodsrticelpa
popular among children. Cereal-based baby foods are an important gburce
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nutrition for children around the world. However high consumption afethe
products by infants and children may be a significant sourdailyfexposure
to acrylamide (Fohgelberg et al. 2005; Hilbig et al. 2004; Jiad. €005).
Therefore, it is important to understand the reactions leadiagrigamide
formation and degradation during heating in cereal-based foodsgdntd. It

is necessary in order to develop methods for decreasing AA camigaiby
foods.

This study was aimed to evaluate the effects of cerddgitiees, pH,
water activity and contents of cereal-based baby foods componeriis on t
acrylamide formation. In particular, the effects of natuoahgonents (sugars,
amino acids, ascorbic acid) were evaluated. The possildeofdron and
calcium ions in the formation of acrylamide, were also examinieé.study
was conducted in order to design strategies to prevent oradedtee extent
of AA formation in baby foods.

Material and methods

ChemicalsThe acrylamide standard ©9.8%, catalogue no. 23701) was
obtained from Sigma-Aldrich (St. Louis, MO, USA) angagdrylamide
standard from Polymer Source Inc., Dorval, Quebec, CanaddaAtde and
ds—acrylamide standard solutions were prepared in 80% methanol.
Asparagine, D-glucose, D-fructose, sucrose, ascorbic acid, nelyand
CaCb, FeCt-6H:0, all of analytical grade and for HPLC, were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Acetonitrile, methanol, hexa
and all other chemicals and solvents used in this study wei¢PbfC
analytical grade and were obtained from Sigma-Aldrich (St. L.M@ USA)
and from Merck (Darmstadt, Germany).

Preparation of model systenilhe preparation of the model systems was
based on the method described by Becalski et al. (2003). For mosteliies
data on nutrient concentrations in cereal-based baby foods was usait, Ini
a mixtures of following eleven major amino acid: asparagispartic acid,
glutamine, glutamic acid, valine, lysine, serine, alanine,imggyccysteine,
methionine and six sugars: galactose, fructose, glucose, mdHotese,
sucrose present in cereal-based baby foods was used. Ma&seiths shown
to be the most active in the Maillard reaction. Thereforentioelel was
simplified and consisted only of asparagine and glucose, frugtdssuarose.
Three model systems were prepared by weighing and mixing diffieneels
of asparagine monohydrate and sugar powders (asparagine-glucose,
asparagine-fructose and asparagine-sucrose). The independenesaviaisl
heating temperature (heat treatment was performed at 100, 120, 14(80,60,
200°C in oil bath with thermostat), heating time (1, 5, 10, 20, 30, 60 min),
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certain additives (iron and calcium ions, ascorbic acid anddy8.1 — 5%,

0.1 - 5%, 0.2 — 15% and 10% were added, respectively, before the start of
reaction to test their inhibition effect on acrylamide productiqe)(pH of

the model systems was adjusted by addition of NaOH or HN® pH range
between 3 and 9. The pH was measured by using a CyberScan PH 510 from
Eutech Instruments Europe B.V., Nijkerk, Netherlands.), wateritgq(The

model systems were lyophilized using Christ Alpha 1-2 LD ghasn
Osterode am Herz, Germany. Direct addition of increasing \edurhwater

to the lyophilized model was performed and the water activiigddrom 0.2

to 0.9. The lyophilized model systems was stored in vacuuto groid any
water adsorption. The measurement of water activity at 26€fGre heat
treatment was performed using LabMasterfeom Novatron, London,
England.), asparagine monohydrate and sugar (fructose, glucose morehydrat
and sucrose) according to molar ratio (1:1, 1:2, 2:1, 1:4, 4, their
interactions between each other were also taken into congider&ach
sample was prepared in triplicate. The independent varialglesimportant
factors which significantly contribute to the generation oflaonde, such as
heating temperature, heating time, molar quantity of asparaginehydrate,

level of the selected additives, pH level and water agtiyptesence of
particular amino acids and sugars in the mixture and theiagtiens between
each other.

Analysis of acrylamide.Prior to analysis, samples were diluted in 80%
methanol in water (1:5 - 1:10) and filtered on a 0.2 um nylon syfilige
(Millipore from Merck, Darmstadt, Germany). The determinatioh
acrylamide concentration was performed using the ion-parHRRC
method developed by Michalak, Gujska and Kuncewicz (2013). The
following instrumentation was used: a Shimadzu LC-10A seriesCHP
(Kyoto, Japan) equipped with a UV—Vis 190-600 nm diode array detector
(DAD model SPD-M20A, Shimadzu) set at 200 nm. The column used was a
Synergi Hydro—RP 80 A 4 mm 250 x 4.6 mm (from Phenomenex, Torrance,
CA, USA). The operating conditions were as follows: the mobilsghas
an isocratic mixture of 5 mM sodium 1-heptanesulfonate in yeatetonitrile
(97/3, vlv); flow rate, 1.0 mL/min; injection volume, 1QQ; column
temperature, 25 °C. Peak identification was based on the retentioustinge
a comparison of the ratio of UV spectra with that of a staraladdyuantified
by the external standard procedure, using a calibration curve.

Statistical analysis.Data analyses were performed by using Student's t-
test with the Statistica 9.0 software package and Duncan reutiptje using
SPSS program package. Analysis of variance (ANOVA) wstedeon a
significance level of p=0.05.
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Results and discussion

The role of amino acids and sugars in acrylamide formatin. In our
studies data on nutrient concentrations in cereal-based babywasedssed.
The results showed (data not shown) that acrylamide was rextefbtin
mixtures of amino acids and sugars heated when asparagine vyaesett
in this mixtures. Therefore, the presence of asparagine heasdin factor
for acrylamide formation in foods. Acrylamide was produced onherw
asparagine and glucose, fructose or sucrose were used. Tééhefonodel
was simplified and consisted only of asparagine (Asn), and glucdsg (G
fructose (Fru) and sucrose (Suc). Three equimolar model systemes
prepared by weighing and mixing of asparagine monohydrate and sugar
powders (asparagine-glucose, asparagine-fructose and aspaiagivse)
and were heated at 100, 120, 140, 160, 180;dA glass tube for 1, 5, 10,
20, 30, 60 min and the formation of acrylamide was monitored. The ¥ield o
acrylamide from different model systems is showikigure 1. Our studies
also showed fructose to be much more efficient than glucose imagjege
acrylamide. This means, that acrylamide is formed from dagciat lower
temperatures. Mixtures with fructose generated acrylamideloaer
temperature (120 - 20Q) then mixtures with glucose, in which acrylamide
was formed at higher temperatures (140 -°2)0 Acrylamide was not
detected in samples with fructose heated at A@Mnd in samples with
glucose heated at 100 and 1200 This may be related to the difference in
these sugars structures. It is well known that the strudieméures of the
carbonyl reactants are important for the Maillard reaction. Instudies,
glucose, which is considered to be more reactive in Maillard chemisids le
to the formation of relatively lower levels of acrylamithan fructose. This
may be related to the fact that fructose has @wohydroxyl groups and
glucose only one, which might be relevant for the reactionsdeet the
reducing sugars and asparagine in the Maillard reactions. Hoveds@other
parameters than chemical reactivity may play a roleexplain this
phenomenon. Although many researchers have found that acrylamide is
mainly formed when a specific amino acid reacts with a redwtiggr in the
presence of heat, in our study the reaction of sucrose and anaaiario the
presence of heat resulted in acrylamide formation compatalitee levels
formed by fructose and glucose. Asparagine needs sucroseiaehgligher
temperature to increase the amount of acrylamide.

Our studies showed that acrylamide was also formed in systhiok
sucrose was present at 140 — 280 Sucrose is a non-reducing sugar and
should not participate in the acrylamide formation. However,rssigeh as
sucrose, can easily hydrolyse upon heating at high-temperatuae sligtly
acidic pH, resulting in the formation of monosaccharaides. laryh@ne
sucrose molecule could give rise to two reducing hexoseléimgsn a molar
ration of 2:1 sugar to amino acid. If sufficient reactanéspaesent to react
with the a-NH2 group of asparagine in the Maillard reaction pathway,
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acrylamide can be formed. As to the reactivity, Stadleal.e2002) found
fructose, galactose, lactose and sucrose to release AA with ciiggields.
On the other hand, Becalski et al. (2003) observed a loveivecyield of
AA from a dry asparagine-sugar system when sucroseisescompared to
glucose or fructose. Also the addition of 40% sucrose to whmatdid not
result in increased AA levels (Biedermann et al. 2003). Compaylucose
and fructose, fructose appeared to result in a higher AA yieldglbanse in
an asparagine-sugar system (Biedermann, et al. 2002a; Biedefntarob,
2003; Becalski et al. 2003).
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Figure 1. Formation of acrylamide by heating equimolar mixtures
Asp/Glu, Asp/Fru, Asp/Suc for 5 min

Source: own research.

The effect of molar ratio of asparagine to sugarsMixtures of
asparagine/sugars (Asn/Glu, Fru and Scu) were prepared acctodnolar
ratio: 1:1, 1:2, 2:1, 1:4, 4:1. To study the effect of iniggatant concentration
on the kinetics of acrylamide formation and to evaluateffeeteof an excess
of one of two main reactants on the course of acrylamide cwatient the
initial reactants molar ratio in mixtures was changed ftointo 1:2, 2:1 and
1:4 or 4:1. All mixtures were heated at 140, 160, 180,°Z0for 20, 30, 60
min. The acrylamide yield depended on the initial reactant fatibe model
systems with an excess of asparagine, the yield was the highestad/tie
acrylamide yield in the model system with an excesgwfose, fructose and
sucrose, was higher than in the equimolar model systems. Indgdl systems
tested, the initial rate of acrylamide formation increaséith \mcreasing
temperature, and the maximal acrylamide concentration waigeattin all
samples with different molar ratios heated at 18(for 30 min. But in the
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samples in which molar ratio was 4:1 (asparagine/sugarsadiygamide
concentration was the highest. When the molar ratio of asparsgsugars
was 4:1 and heated at 180 for 30 min the average yield of acrylamide was
fivefold and threefold higher than in the samples at molavsraff 1:1, 2:1
respectively was four times higher than in samples in whiclammatio was
1:2, 1:4 as shown ifigure 2. The results showed that the availability of
asparagine in the reaction medium may be the main limigogpr for the
formation of acrylamide in food. ANOVA analysis of variance tbg
asparagine—sugar type of model showed that the molar quantifyasbgme
monohydrate became the most important parameter contributing to the
formation of acrylamide. By changing the reactant ratio in nsosiedtem, the
rate constant for acrylamide formation remained withindf# confidence
interval. The coefficient of correlation between amount of Asd the formed
amounts of AA in models was 0.731, demonstrating that participation of Asn
in the model plays a role in AA formation. The asparagingéetdmepresents
14% and 18% of the total free amino acids of wheat flour andprigfein
rye, respectively (Mottram et al. 2002). Some authors sudggsivten though
amino acids in general and asparagine in particular play a priwiarin the
formation of AA in heat-treated food, the AA content seenfetbttle or not

at all correlated with the total amino acid content or with the curatéon of
asparagine in products (Amrein et al. 2003). However, in wheat aritbuy,

a high correlation between the AA yield and the level of agpae was
observed (Surdyk et al. 2004).
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Figure 2. The acrylamide yields from mixtures (asparagine/sugarsyith
variable reactant ratio after heat treatment at different
temperatures and times

Source: own research.
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The effect of reaction time and temperature Heat treatment was
performed at 100, 120, 140, 160, 180, 2GCor 1, 5, 10, 20, 30, 60 min and
the formation of acrylamide was monitored. As showRigure 3 andFigure
4, these parameters strongly influenced acrylamide formatiorylakeide
was not detected in unheated control samples. Acrylamidealsasnot
detected in samples heated at F@ for 1-60 min. Study showed that
acrylamide is formed at about 120 at long reaction times. The vyield of
acrylamide from model systems depends on the chemicamMigaofisugars.
In samples with fructose acrylamide was generated edHear in those
containing glucose or sucrose. It means that acrylamidensetbat lower
temperature, about 12@. In case of glucose and sucrose, about °210
Sucrose generates very low amounts of acrylamide afQ4fbmpared to
fructose and glucose. The highest yield of acrylamide in thepleas was
obtained by heating at 160 and 18D for which the maximum yield was
reached after 30 min. In all model systems tested, the irdt@abf acrylamide
formation increased with increasing temperature, and the maxamdamide
concentration was obtained in the samples heated &C1&0 30 min. In the
samples heated at 140, 18D content of acrylamide was 31 and 13% lower
than when heated at 18G. In case of samples heated at 200t was also
lower of about 10% than when heated at 180
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Figure 3. Acrylamide formation as a function of temperature in
mixtures heated for 30 min

Source: own research.

In the present work, the graph of acrylamide amount generated in the
model systems showed a decline tendency in the combined condition of
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elevated temperature and extended time. The decrease yanade
concentration, observed in all model systems tested at telomgsrabove 180
°C and particularly in temperature at Z@after prolonged heating (60 min).
It is probably a consequence of reaction of acrylamide with otmponents
formed within the model systems. Higher temperature (ZD)0combined
with prolonged heating time produced reduced levels of acrylamidepdue
elimination/degradation processes. In our study, we found a straedption
between heating temperature from 0 to 18&nd acrylamide (r = 0.696, p <
0.05) and a lower but significant correlation between heatingftone O to
30 min and acrylamide (r = 0.404, p < 0.05). The influence of tertyperand
time on the formation of acrylamide has been repeatedlyonistnated.
Eriksson (2005) reported that time and temperature is of gngartance in
the formation of acrylamide in heat-treatment. Prolonged hediing
decreases the acrylamide content.
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Figure 4. Acrylamide formation as a function of time in mixtures heated
at 180°C and 200°C

Source: own research.

The influence of lysine on acrylamide formation.Subsequently, the
impact on acrylamide formation of L-lysine was investigatdany studies
have shown that the reactivity among the diamino acids increatedhe
length of the carbon chain. Among the amino acids studied lysinenasts
reactive in Maillard reaction (Lingnert et al. 2002). Bus thmino acid might
also reduce acrylamide formation by competing with asparaginadbwih
reducing sugars in the Maillard reaction. Our results indithég the
efficiency of free amino acids to decrease the acrylamidewcomtay depend
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on the experimental set-up such as, for example, the heating condittons
shown inFigure 5, the concentrations of acrylamide in samples in which was
the addition of lysine, decreased with heating temperaturehelrsamples
heated at 140, 160, 180 and 2@the losses of acrylamide were 11, 21, 21
and 28%, respectively. The study showed that when lysine was applied at the
amount of 10%, acrylamide decreased significantly (t-testiverage on 23%
compared to the blank. In conclusion, lysine applied proved to be alsuita
and effective tool for acrylamide minimization in productsdbBgrg et al.
(2003) reported that the addition of other free amino acidspootain-rich

food component strongly reduced the acrylamide content, probably by
promoting competing reactions and/or covalently binding of formed
acrylamide.
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Figure 5. Acrylamide contents with 10% addition of lysine in the mode
systems

Source: own research.

The influence of pH on acrylamide formation.Formation of AA is
like the Maillard reaction dependent on the pH of the system pFhwill
influence the reactivity of both the sugar and the amino group. Araihe
favors the open chain form of the sugar and the unprotonated fotine of
amino group to reactivity. The formation of acrylamide was invattas a
function of pH by heating mixture with different initial pH in lsed glass
tube. Three equimolar model systems were prepared by weighing and mixing
of asparagine monohydrate and sugar powders (asparagine-glucose,
asparagine-fructose and asparagine-sucrose). The pH of the Iystdehs
was adjusted by addition of NaOH or HN®© pH between 3 and 9. Prior to
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heating, the pH was measured by placing the pH electrodslylingto the
mixture. Subsequently, 1 g of the mixture in glass tube wasdedeating
was performed for 30 min at 180C. With these heating conditions,
acrylamide could be quantified over the whole range of tigeged pH
values. After heating, a quick cooling was established, subnggtigé glass
tube in the ice bath for 5 min. Finally, the 1 g mixture wasyaedl for
acrylamide content. All reported acrylamide levels areatlerage of at least
three heating experiments. The acrylamide contents of thenesxtheated at
180 °C for 30 min, are shown ifrigure 6. This investigation showed a
significant impact of the mixtures pH on the acrylamidenfmion, based on
95% confidence interval. These results indicate that acigéaformation in
mixtures with glucose and fructose showed an optimum between pH 7 and 8.
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Figure 6. Acrylamide formation as a function of pH in the model
systems, heated at 18TC for 30 min

Source: own research.

The pH-dependence of acrylamide formation shows a maximum around
pH 8; higher and lower pH enhanced elimination and decelerated fonmati
of acrylamide. The clear decrease in acrylamide contest negéed upon
acidification of the samples. The acrylamide contentedsad of about 60%,
50% when the pH was adjusted to 3, 4 respectively, compatied toixtures
in which pH was 7 and 8. The acrylamide content also decreaabdwif30%
in mixtures when the pH was adjusted to 9, compared to the mixtumdsdh
pH was 7 and 8. In addition, it was demonstrated that sucrose tgsnera
highest amounts of acrylamide at pH 3 - 4. In this case, the seciafa
acrylamide content (about 40%) was noted with acidification of tlkeureis.
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This may result from the fact, that sucrose can easdydhyse upon heating

at high-temperature and at acidic pH. This results in the gftom of
monosaccharides, which are considered to be more reactive itariail
reaction, leading to the increased formation of acrylamidesterose, which

is a non-reducing sugar. Correlation analysis was pertbtomvestigate the
strength and direction of the relationship among the pH of the model systems
with fructose, glucose or sucrose and acrylamide concemtradi positive
correlation was found between pH of 3 - 8 and acrylamide formatitrein
mixtures with fructose and glucose (r = +0.894 and r = +0.886 respgcfive

< 0.05), but a negative correlation at the same pH and acryl&onidation

in the mixtures with sucrose (r = -0.654, p < 0.05). The results € the
experiment emphasize the importance of controlling sample pH. Theuoptim

pH for AA formation of suggested by many researchers is around 7-8 (Broda
& Alexe 2011; Rydberg et al. 2003). One of the factors alteringpbhés
heating. Heating can cause a decrease in pH because of edcreater
dissociation (Gertz & Klostermann 2002).

The role of water activity (ay) in acrylamide formation. In this study,
the effect of initial water activity on acrylamide fortiem was evaluated.
Water activity and temperature effect are being linkegHfT(aw)). Thus, it is
difficult to separate the influence of each parameter inylamide
formation/degradation reactions during heat treatment. Besidegffect of
water activity on acrylamide formation remains unclear apndetimes
contradictory, because the experimental procedures and the plsyateabf
the reactants reported in the literature vary considerdablpur study the
formation of acrylamide was investigated as a function ofuhier activity
of the heating mixture with different initial water activin a closed glass
tube. Three equimolar model systems were prepared by weighing and mixing
of asparagine monohydrate and sugar powders (asparagine-glucose,
asparagine-fructose and asparagine-sucrose). The model systems
lyophilized. Direct addition of increased volumes of water toybphilized
model was performed and the water activity varied from 0.2 toThe.
lyophilized model systems was stored in vacuum jar to avoydveater
adsorption. Their water activity was measured at 25 °C anditherediately,
1 g of the mixture in glass tube was heated. Heating experimesnts
performed for 30 min at 18TC. After heating, the glass tubes filled with the
final reaction products, were taken out from the oil bath andeunely
cooled in prepared ice water to stop any further reaction. Thiewholing
process was performed in a room with stable air temperanderelative
humidity. Figure 7 shows the changes in acrylamide formation affected by
initial water activity. This investigation showed that wateas both an
inhibitory and an accelerating impact on the acrylamidedition. Water may
act partly as a reactant and partly as a solvent andpwaing medium of
reactants (reactant mobility). The results from our stuidienodel systems
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showed the @abetween 0.4 and 0.7, to be favourable to acrylamide formation.
It was also found that acrylamide formation did not vary sigaifily at the
water activity of 0.4 — 0.7 and that the activation enerdidsnot vary
significantly within the initial and final water activi({).2 and 0.9), based on
95% confidence interval. In all model systems it was found thigaconstant
rate of acrylamide formation showed a clear minimum at 0.9 an@&,0.2
Probably the main explanation for an optimum reaction rate atearmiediate
aw,is that the reactants are diluted at the highemile at a lower @the
mobility of reactants is limited, despite their presence irmtreased
concentrations. At highy@he reactivity of reactants is also limited due to high
dilution of the reactants.
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Figure 7. Acrylamide formation as a function of initial water adivity
(aw) in the model systems, heated at 18C for 30 min
Source: own research.

On the basis of different studies AA formation seems to balynai
surface phenomenon. It was found that in real food (cake) acrylamide
formation did not occur in a large extent when moisture contas higher
than 5% (Elmore et al. 2005). It was also found that anaseri acrylamide
formation/elimination rate constants when initial watelivitgt decreased
(Bassama et al. 2011). Robert et al. (2004) suggested that inatitor of
acrylamide cannot be correlated with water activity.

The effect of ascorbic acid on acrylamide formationThe purpose of
this investigation was to determine the influence of thetiatdof ascorbic
acid solution at different concentrations on AA formation in
asparagine/fructose, asparagine/glucose and asparagine/saqros®lar
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model system. Natural antioxidants may be another importantonagluce
AA content in Maillard model system and in food matrix. HoweVerd were
some contradictory reports on this topic from different rebeasc Some
researchers found that addition of antioxidants including asceartiit,
significantly reduced acrylamide formation in the equimolspaaagine—
glucose model system. While other researchers observed relatorr
between acrylamide formation and antioxidants including ascadtin a
thermally processing model system of asparagine and glucoskrifp the
disagreement among reported observations, addition ascorbic axidsed
to investigate its effect on elimination and formation of Eeryde in model
reaction systems. In our study, the model systems (asparagarsisug
Asn/Glu, Fru and Suc to molar ratio: 1:1) were prepared witladidé@ion of
ascorbic acid solution at different concentrations of 0.2%, 0.5%% &t
15%. In order to eliminate the effect of different initiahter activity on
acrylamide formation the model systems were lyophilized. Aftes, the
water activity was 0.7 in the test groups and identical w#sei control group.
The reactant mixtures in hermetically sealed glass tubes all heated in the
oil bath at 180C for 30 min. After heating, the glass tubes filled with thalfi
reaction products were taken out from the oil bath and immediately cooled in
prepared ice water to stop any further reaction. The wholanggwocess was
performed in a room with stable air temperature and relativeidity. The
acrylamide contents were determined in the cooled reactamugis. Based
on the quantitative results of acrylamide contents in mixttinegelationship
between the reduction of acrylamide contents affected by thi@oaddof
different levels of ascorbic acid solutions could be observkd.€effect of
ascorbic acid on AA formation was showrFigure 8.

In Asn/Glu model system, the reduction rates were 0%, 1%, 3%, 8% and
11% after the addition of ascorbic acid solution at the curamons of 0.2%,
0.5%, 1%, 1.5% and 15%, respectively. Similar results werenaotan the
Asn/Fru model system. In Asn/Suc model system, ascorbic acdidnba
influence on AA formation. When the concentration of ascorbid was
15%, the highest reduction rate of AA formation was found, and dluetien
rate was 4%. In our study, ascorbic acid showed no effective rexwttect
on AA formation in all model systems, especially when theitiaad of
ascorbic acid was lower than 1.5%. Significant differenceddoelonly found
between the addition of high concentration of ascorbic acid sol(ti.5%
and 15%) compared with the model systems without the additiorcofés
acid (p < 0.05). Addition of the ascorbic acid caused aedserof acrylamide
content which could be explained by lowering the pH or increasednlindi
water. Ascorbic acid is well-known antioxidant. Howeverpur study the
ascorbic acid showed no high effective reduction effect on AA. The mixtures
containing ascorbic acid had a lower pH (3.70 to 6.50) compared to thel cont
mixtures (6.50). It was found that the addition of ascorbit lagvered the pH
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of the mixtures and accordingly the acrylamide content, but mofisant
reduction, apart from the lower pH, was assessed. This sugtiestadcorbic
acid may cause an inhibiting effect on acrylamide foiwnatprimarily
through the pH effect. Contradictory results were published omibect of
different types of antioxidants on acrylamide formation.dBrenann et al.
(2002b) reported a weak decrease of AA formation by the addifiascorbic
acid (1%) to a potato model. Ascorbic acid seemed neitharhibit AA
formation, nor to influence AA elimination significantly. Rydberg a.

(2003) observed a significant reduction in AA content when 1.7% lascor
\
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acid was added to a potato sample.
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Figure 8. AA contents with different addition concentrations of acorbic
acid in model systems, heated at 18C for 30 min

Source: own research.

The effect of some cations on acrylamide formatiorA recent patent
application also showed that polyvalent cations are able to reshroe
compounds formation during heating. For this reason, this study med at
investigating the effects of divalent and trivalentiarad on acrylamide
formation in an asparagine-glucose, asparagine-fructose and gispara
sucrose model systems. In our study, the model systems (aspésagars:
Asn/Glu, Fru and Suc to molar ratio: 1:1) were prepared witladdéion of
CaClb and Fed 6H,0 to mixtures at 0.1%, 0.5%, 1%, 1.5% and 5%. Then,
as indicated above.

As shown irFigure 9 and 1Q addition of cations significantly influenced
the formation of acrylamide. The presence of*Gand Fé' cations in the
reaction mixture decreased acrylamide formation. The cations dedréee
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Figure 9. AA contents with different addition concentrations ofCa?*
cation in model systems, heated at 18C for 30 min
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amount of acrylamide formed in the reaction mixture when tbeicentration
increased from 0.1% to 5%. Increasing the amount &f&lal F&* ions from
0.1 to 5% decreased acrylamide formation during heating ofeihetion
mixtures by 36 - 40% and 68 - 77%, respectively. The significafiereifces
with the control mixture was observed, confirming the efficieamylamide
reducing effect of calcium and iron cations (p < 0.05¢* @ad Féions
acrylamide lowering effect may be due to the binding of ionsgaragine in
order to prevent the Schiff base formation, which is a kqyistacrylamide
formation. Adding divalent cations such agGa Mg?*to dough had a strong
effect on acrylamide content. Elder et al. (2004) reported ansal@0%
reduction in acrylamide when these ions were added and a deci&@8é o
when slightly acidic conditions (pH = 5.5) were provided. Gokmen and
Senyuva (2007) reported a negative correlation between acryléomiaztion
and added Caconcentration in potato products.

Conclusions

In our study we demonstrated that acrylamide occurs in heatet f
products for baby, with unexpectedly high levels in certain cereal-based baby
foods. Our results are in agreement with earlier findings fradel systems
in which acrylamide formation was strongly influenced by thesqmmee of
sugars and asparagine.

The acrylamide content of cereal-based baby foods is thé su
complex reactions leading to both, the formation and degradatidhisof
molecule. The study showed, that it is possible to reduce acdgdacontent
even up to 70 - 80% in model systems. We showed that by selectingaimater
low in sugars and low in asparagine, acrylamide content can beurstiddit
reduced when using an industry standard procedure and a heating tarapera
of 180 °C.

Pilot acrylamide reduction projects should be introduced edlyefma
foods for particular nutritional uses (products for infants ahidren).
Currently, there is no practical and effective method for irliting
acrylamide from food products and even if the occurrence glaaide can
be reduced, there will not be one solution applicable to each food type
Moreover, many measures capable of reducing the acrylamide camdgnt
have an adverse effect on the taste, color or consistengyodiicts.
Consequently, it is important to develop and introduce methods for raductio
of the occurrence of acrylamide in foods while preservimgjrtsensory
characteristics. Therefore, all modifications connected witlmatvematerial
or process conditions should also be considered from the consumers
perspective and laboratory tests should be combined with reszameting
both consumer and commercial aspects. Even if the full extére ofduction
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could not be achieved for commercial reasons (e.g., organoleptictprspe
our study shows the importance of controlling some precursorsytéduaide.
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Introduction

Genetically modified food is foodstuffs’ category that increageskly
worldwilde and is widely launched into the market. Every yeaaibimports
from the USA, Argentina and other countries of the world aboum#ln
tons of grain (soy, corn, canola). In more than 90% they are gdiyetica
modified plants. Currently, high-protein products such as soybeahare
the basis of animals' feed (de Jong 2010, Aniot, Prusdy& Twardowski
2007).

The source of GMOs may be vegetable oils (corn, soybean, canola)
chips, vegetarian burgers, meat substitutes, including hotfdog&ds, ice
cream, yogurt, tofu, soy sauce, soy cheese, tomato saucen poeteals,
burgers, hotdogs, margarine, mayonnaise, cereals, crackers tshiscui
chocolate, candy, baking powder, alcohol, vanilla, powdered sugar, peanut
butter, enriched flour, pasta. Soy protein concentrates are ddddte
majority of highly processed foodstuffs, e.g. to sausage or ypgma most
of soybean which use Polish processing plants is transgenic, Tais
probability of consuming products containing GMOs, especially GMis
very high (de Jong 2010). This raises a lot of controversy ngtambng
scientists in biotechnology, but also among the average consuhgersore
that European consumers have shown and still show a clear preféoenc
non-GMO products (Cardwell 2010, Badora 2013). The same trend even
stronger can be noticed in Poland. In addition to the concdmst éhe
consequences of GMOs on human health, the impact of GMOs on the
environment is a concern, in particular their effect on biodtyeaiad existing
species (Badora 2013, Twardowski 2012, Pytka, Kordowska-Wiater & Stgj
2014). It happens even though the European Commission, based on a number
of opinions of experts, has stated that ,products GMOs do not pose any other
threat to our society and the environment than conventionally sourced
materials, and strict evaluation criteria lead to the coraughat these
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products are actually safer than classical ones* (AniotsZyfiski &
Twardowski 2007, de Jong 2010).

Studies of the acceptance of food products produced with the G8é@f
tend to divide buyers into two groups: those that accept or aféenedt to
the presence of GMOs and those who reject it. Some buyeralmaue the
presence of GMOs but also care about other quality attributes asuch
environmental impact, nutritional quality, and convenience of Tisey will
buy a GMO products if safety is assured (Caswell 2000, Aniot, Rrsisiz§
Twardowski 2007, Badora 2013).

Generally the Poles have a great distrust of the food produdkd basis
of genetic engineering achievements. Despite the lackaf eleédence about
the dangers of consuming genetically modified organisms, shortyhigtibre
use of these modifications, popularization too general knowledgeel as
known from the past various types of adverse effects of usgaitions such
as insecticides and medicines, seem to explain this attitudéelibkthat the
Polish accession to the European Union made the food in our ctes#isafe
than it used to be before favours them also (Putaska-Borowicz Ba@éra
2013, Twardowski 2012, Pytka, Kordowska-Wiater & Stéj 2014).

GMO labelling was introduced to give consumers the freedom to choose
between GMOs and conventional productSince 1997 Community
legislation has made labelling of GM food mandatory for prodhetsconsist
of GMO or contain GMO and for products derived from GMO butamyér
containing GMO if there is still DNA or protein resultingpiin the genetic
modification presentDue to theEU Regulation 1829/2003 on genetically
modified food and feedll food (including processed food) or feed that
contains greater than 0.9 precent of approved GMOs must besthbeélls
especially important in the context of the fact that theagmajority of
European consumers has shown and still shows a clear preferemzafor
GMO products (Heslop 2006, Wigewska-Wal 2013, Vigani, Raimondi
&Olper 2010)

Mandatory GMO labels are helpful to buyers who wish to avoidéhdr f
products produced with the use of biotechnology. For these buyer®, GM
presence or absence equate with low quality and some withghigfity.
Mandatory labels help these consumers find the product thatctdmsider
“high quality.” The drawback with mandatory labels is teaeryone, even
those who do not care, bears the cost of testing, certificadind labeling
(Caswell 2000).

Main aim of the paper was to present the basic EU regeimts on
labelling of food products with GMO. In the experimental parthef paper
the packages of 75 food products available in Malopolska Re@pecially
in Cracow hypermarkets potentially containing GMO or producitd GM
engineering techniques were analysed in the context of presénie

122



appropriate label. Special attention was paid to soybean proasictsy
protein play very important role in the foodstuffs manufacturingthad=EU
imports 35 to 40 million tones of soy annually, while about 90%of@Ns

The analysis covered the packageshaked goods, breakfast cereals, pasta,
beverages and toppings, meat, poultry and fish products, diary mahic
well as soybean meat substitu@snsumers’ attitude towards foodstuffs with
the label “with GMO” and “GMO free” was also determined onlibsis of
the survey carried out in Malopolska Region on February 2014.

Labelling of genetically modiffied food products in the BJ

The EU recognizes the consumers' right to information anditedpak a
tool for making an aware choicketween GMOs and conventional
products. Essentially, if a foodstuff is produced using geratilmeering, this
must be indicated on its label. Actual labeling practice, howévéar more
complicated. It must be planned and regulated taking into acissues such
as feasibility, legal responsibilities, coherence and stdirddion
(Premanandh 2011, Gruére 20@8uere, Carter &Farzin 2009).

In 1997, the EU introduced GMO labeling policies with the purpose of
guaranteeing ‘the consumer’s right to know’, but labels gadigations other
than just the presence of GM ingredients, they also gieemation on health
factors and product diversification (Veyssiere & Giannak@94). Labeling
has also met environmental issues, playing a role in consunejgtisions of
consumers concerned by environmental factors associated with @slMcs.
Indeed, a label can act as a warning, indicating potentiard&zand thus
affecting the demand for GM and non-GM products, particuladyaiag the
demand for the ones including GMOs (Gruére, 2006).

According to article 12 paragraph 2 of the EU Regulation No 1829/2003
labeling requirement specifying that the product contains GMipses to
foods containing material which contains, consists of or is pradfroen
GMOs in a proportion greater than 0.9 percent of the food ingredients
considered individually or food consisting of one component, provided that
this presence is adventitious or technicaly unavoidable (European
Commission 2003a, European Commission 2003b). It clearly meandlthat a
food (including processed food) or feed that contains greater than 0.9 percent
of approved GMOs must be labeled (Davison 20t@)cludes:

* Food which is a genetically modified organism (GMO) or which consists
of GMOs - it can be GM plants, GM animals or GM microorganisms.

« Food, ingredients or additives, which are produced from GMOs.

For labeling, it is irrelevant if the GMOs used are detaetin the end
product.
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At present, possible products include those made from GM sog badn
GM maize:

- oil from GM soy beans;

- margarine from GM soy bean oil;

- oil from GM rapeseed/canola;

- cornflakes from GM corn;

- starch from GM corn;

- bread with GM soy protein or GM soy flour;

- glucose (dextrose), glucose syrup and other ingredients witha@M ¢
starch.

- peanut puff snacks oder tacos containing GM corn starch.

Additives which are produced from GM plants also must be labeled, and
include:

sugar from GM sugar beet;
lecithin from GM soy beans;
vitamin E (tocopherol) from GM soy beans; and

cellulose from GM cotton, used as thickening agents and binder.

* Food, ingredients and additives, which contain genetically maddifie
organisms. This category applies primarily to food produced with GM
microorganisms, and includes:

- wheat beer with GM yeast;

- yeast extract from GM yeast;

- yoghurt with GM lactobacilli (lactic acid bacteria);

- salami (raw sausages) with GM lactobacilli (lactic acid dyée);
- blue cheese with GM moulds;

- Quorn (protein from protazoa) from GM fungi.

Under certain conditions, numerous products are exempt from labelling
obligations. These exemptions primarily concern additives aodepsing
aids, but also apply to meat, milk and edget all applications of genetic
engineering oblige the manufacturers to label the ingredemtthe end
product.

Food, which is produced with the aid of GMOs does not have to be
labeled. Legislatively, no labeling is required when food ingragier
additives have not resulted directly from a GMO. In this exmiabeling is
dependent upon food or additives containing material made fromgglyet
modified organisms.
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Labeling is not required for i.e.:

meat, eggs, milk, and dairy products obtained from animals fdd wit
genetically modified feed.

additives, flavours and vitamins produced with the help of GM
microorganisms, which are defined as “processing aids” if famds
additives do not contain any of these microorganisms or their residues

food containing GMOs up to a threshold of 0.9 percent:

- if the producer or importer of a product is in a position to supply
evidence that appropriate steps have been taken to avoid thecprese
of such material and that the presence is adventitious or ¢adini
unavoidable,

- if the GMOs are authorised in the European Union and therewith
classified to be safe.

honey containing pollen or nectar from genetically modified plants,

products containing the GMOs substances that must not be deatared
the list of ingredients, such as enzymes, substrates for mierosngs, at
present, most often GM corn or GM saoy, carrier substances, whigch ma
be derived from starch, dextrins or glucose, which all nagist of GMO

raw materials (GMO Labelling. Guidelines 2007).

Soybean food products produced with GMO ingredients

Each year, the EU imports approximately 40 million tones of raw soy

products, primarily from Brazil, the United States and Argentwhich are
the worlds’ leaders of GMO soy producers. Imported soy isopnathtely
used to feed livestock (cattle, swine, and chicken) - withoeitsoy protein
Europe would not be able to maintain its current level of toes
productivity. During processing, soybeans are pressed in o#,maitid the
derived oil is extracted and refined for food use. In addition, soyleansed
to produce numerous food ingredients and additives.

Many food manufacturers recognize soy protein as a versatile food

ingredient with functional and nutritional properties that greatlya@ce the
value of finished foods in every consumer category. It can be present in:

baked goods - soy protein is used in the manufacturing of breads, ¢ookies
crackers and other baked goods to improve texture, hold moisturte, crea
cake richness, whiten bread, extend shelf-life, reduce dgealkand
crumbling, enhance nutrition, improve manufacturing, handling and
machine ability. It also improves mouth feel and overall qualiy
perceived by the consumer.
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Table 1. Requirements for labeling of genetically modified produst

Genetically modified An example of a food or food Required
product ingredient labeling
Foodstuffs Corn flour YES
. Corn oil
Products derived from GM Soybean oil YES
plants .
Rapeseed oll
Food derived from animal$ ,I\Eﬂge%? NO
fed with GM feed .
Milk
Food produced with the | Bakery products obMtained
participation of enzymes with the participation of NO
GM amylase
» . Lecithin extracted from
Additives and flavorings soybeans used in the YES
produced from GMOs .
production of chocolate
GM feed Corn YES
Feed produced from GMOss Corn gluten YES
Soybean feed
Additives to feed derived N . .
from GMOS Vitamin B12 (riboflavin)) YES

Source: own elaboration based on GMO labellingd€lines, 2007

breakfast cereals - soy protein is used extensively aggeadient in hot
cereal mixes and breakfast bars to boost protein value and quantity.

pasta — fortification with soy protein increases nutréioralue, especially
protein content.

beverages and toppings - soy isolates are used in coffee evhitéguid
whipped toppings and pre-whipped toppings. They also are used in sour
cream dressings to emulsify fat, control viscosity and protedgural
characteristics. Instant beverages used as meal replasasften contain

soy concentrates and soy isolates as a source of protein.

meat, poultry and fish products - processed and whole meat products can
be improved by adding soy protein, which provides the product fleyibilit
and cost stability consumers demand. Adding soy protein to meat and
poultry products can enhance moisture holding, texture, binding and
cohesion, product yield, juiciness, protein quality, appetizing color and
appearance, longer shelf-life, palatability and total nutrition.
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* diary products — a number of dairy analog products have been developed
with soy protein, including imitation milk, imitation cheesmn-dairy
frozen desserts, coffee whiteners, yogurt and others. Soy protedrslow
cost, improves nutrition and reduces allergenic response.

« milk blends - many companies produce soy and milk protein blemds f
food manufacturing, combining the two to offer protein content sirtolar
milk in a non-fat dry milk form. The different blends are useda
complete or partial replacement for non-fat dry milk in lohkeods,
sauces, meat products and other foods (Gelder, Kammeraat &Kroes
2008).

In the context of the labeling of foods potentially containing GMOs
produced based on genetic engineering in Table 1 there are presented
examples of regulations on the labeling of foodstuffs and aniredllfased
on the European Commision Regulations 1829/2003 and 1830/2003.

Materials and method

The aim of the research carried out in March and April 2014, was
verification of the presence on the Polish market food productpatikaging
of which have contained the information about the genetic modificafithe
product or its ingredients. Inspected food came from retail slaopls
supermarkets located in Krakow.The analysis covered the geskdtbaked
goods, breakfast cereals, pasta, beverages and toppings, mikxat apolfish
products aw well as diary produciltogether 75 batches of food products
were analysed across 8 business units, such as: Alma, Carréésco,
Biedronka, Lidl, Polo Market, World's Kitchen and Organic He&arm. The
method used in thus research was uncategorised observation, although
information was collected in a deliberate and planned walge T
complementation of the market research was the survey ceddonatrder to
determine the general knowledge of the inhabitants of Malopolska Region
GM foods and their attitude towards products labeled with such an
information. Special attention was paid to soy products potentiafigaining
GM soy in thier compaosition. 150 adult respondents (95 women and 55 men)
living in Malopolska Region took part in a survey conductedebsnatic. It
consisted of 22 questions, including 3 open and 19 closed ones.

Conducted surveys, due to the relatively small number of respendent
and the way to reach them (electronic survey) can not bedeshaas
representative, but they may be an important contribution knitweledge of
Poles, especially the younger market participants, on food peociuataining
GMOs. Therefore, they are not merely cognitive, but may hise the
meaning of application.
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Results and discussion

Polish consumers rarely have the possibility to find labetsfindition
indicating the use of genetic engineering on food products’ packaghs4
out of 75 checked in this scope products packages had a lalialnsoc@MO'.
It was soy cutlets, chocolate, soybean oil and salad vegetable oil.

Other controlled parties of the foodstuffs were not labeled asdcathat
contains any element of genetic modifications. Similar resldtained the
study conducted by IJHARS - none of the analyzed samples potentially
including GM soybean contained such an indication. Additionally latigrat
tests performed on these products have confirmed that the modificati
content of the samples did not exceed 0.9% of the genetic paiidifi, and
thus the threshold at which food is to be marddHlARS raportuje 0 GMO
2009).In the present research it can be assumed that the feasioe lack of
information on the GMO content on the other foodstuffs’ labels wasasimi

To get to know the Malopolska inhabitants' attitude to GM foutithe
level of their interest of such products’ labeling, respondemie asked
whether GM foods in their view is curently present on the market. According
to 42% of questioned people it is, 7% were not able to cleadwexr this
guestion, and 51% of respondents claimed that it is not. When asked abou
their subjective attitude to this food category the majorityaémed that they
are affraid of transgenic foodstuffs, 22% is free from titeseerns, and 33%
had no opinion on this point.

To the question of whether respondents personally encountered with
products containing GMOs 25% of them answered affirmatively, 59%
negatively and 16% said that it is difficult to say. Thestoften difficulties
to answer this question had people over 50 years old.

When making a purchase decision of food 84% of the respondents never
check product labels for the presence of information about genetic
modification, 11% sometimes do that, and only 5% often and very often.

Although the respondents claimed to have seen products labeled with
GMO on the market they have a considerable difficulty intitieng specific
examples. The most often mentioned were the products which areweslog
of meat — soy burgers (34%), soy hot dogs (30%), as well as doy3ii),
cornflakes (23), animal feed (20%) and products containing reddstarches
(18%). The last indication generally demonstrates a lackiabtelknowledge
about GMO foods and erroneous classification of products containing
modified starch to this group. None of the respondents mentioned, bre
chocolate, oil or pasta as a product suspected of the presence of GMOs.

The factor that affects the ability to identify on the foaéfst market the
food products containing GMOs is the level of education of thgoredents.
In general, people with higher education were more interested in GMO foods
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and more aware of its presence on the market, although not allaeiys
attiude to these products was generally positive. The resuifsro studies

carried out on a representative group of Poles in 2012 by CBOQ®i@a
2013).

Representatives of the Malopolska inhabitants asked about ghk le
regulations concerning the labeling of food products containing &EIO
produced by genetic engineering were convinced that in Polansl it
compulsory to label food products with an appropriate informatibe.vast
majority of respondents claimed that this applies to both plasdupts
containing GM organisms (95%) and animal products from animalsitad
feed containing GMOs (93%). These opinions dominate in allosoc
demographic groups, but most people who can not take a position isstieis
are among respondents over 50 years old and have at most mduaajion.

It is also worth noting that respondents slightly greater esiplpait on the
issue of the need to label products directly derived from gengtioaltiified
organisms, than products from animals fed with feed containing GMOs.

As is widely known one of the most important determinants odl foo
choices on the Polish market is the price of products. Thereésmomdents
were asked about their preferences in the choice betweaperhgroducts
containing GMOs, and significantly more expensive (min. 30%), buOGM
free. It turned out that the vast majority of respondents - @b#ftem when
having the opportunity to make an informed choice prefers theerpensive
products, but free from genetic modification treatments. 7% pbreents
had difficulty in making a choice, while 18% admitted that tipeevious
knowledge about GMOs allows them to make a choice based on lower prices
of these products. The survey’s results indicate a high distr®les to the
achievements of genetic engineering.

Respondents were asked about their attitude to food in thegiaglat
which there is an information about genetic modification ofriggedients.
The vast majority of them - 72% treat it as a warning agajesetic
modification and knowingly waives the purchase of such a produdt. thig
perception in mind it is not surprising that even if the manufastuvant to
use the component containing GMOs do everything not to exceed tliatam
of it above 0.9% as it is the amount above which the product mudtddeda
as including GMOs. For the remainder of the surveyed informaiiat the
product contains GMOs is a specific ensurance of a high qualgyaif a
product. Its modified ingredients have to undergo multiple tesis tdlowed
on the market. Some respondents ignore this information, bedaeise t
knowledge is insufficient to be able to consciously take radsba this issue.
Wisely prefer to choose a product labeled GMO-free, or witheout
information in this regard. Only a small proportion of responde@tsf-150
person indicated that in this case, you have to deal with the @ifothsthe
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production of which a much greater amount of pesticides, herbicidemand s
on were used than in the case of plant products including &fdean for
instance.

Majority of the inhabitants of Malopolska Region are not athat the
application od genetic engineering is very common and often unaileidab
nowdays food production. What is more most of these cases areveoed
by the labelling directive. Milk, meat, eggs, and other animadymis from
animals fed GM plants can be the best examples of it. Anothempéxamay
be enzymes produced with the help of GM microorganisms used in the
production od cheese, juices, wine or glucose syrup.

To sum up it has to be stated that even supermarkets with nacfgrodu
with GMOs labels may not be free from all types of genetic engineering.

Conclusions

To conclude the results of conducted analysis it has to be s$tatied
producers avoid labelling of food products with GMO on the Poliatket.
Only 4 products out of 75 with the label indicating the use eriegc
modification were found. The average consumer interprets slatielbas a
warning rather than as information about the application of igenet
engineering. Many consumers prefer to choose products without GMO labels
as they are meant to notify of health hazards. In order to agt®lof losses
in sales and damage to their image many producers have chdmged t
composition of their products — trying to avoid GMO ingredientsarer
spending extra money for the ones with written guarantee that@siént
does not exceed 0.9%. This for example allows the producer toysad
forgo the GM label. On the other hand GMO-free labels are armtemore
popular on the food products, however the rules of labelling produtits wi
them should be harmonized within the EU. We should keep in mind that
genetic engineering is a very broad field, and even when organsat
producers, and retailers use the term "GMO-free", genetioezming often
is involved nonetheless. Therefore, even supermarkets with no products
labelled as GMOs may not be free from all types of genetic engineering.

It is believed that consumers have the right to know not onlyhwhic
porducts contain GMO, but also which ones are GMO-free, howtbeer
mandatory labelling can be misleading. The EU should adopt hamdonis
rules for GMO-free lablling to ensure consistency in theridsket and that
the threshold for GMO-free labelling should be harmonised at k&l &
0.1%. This percentage is a reasonable detection limit, signifjcbetter than
the threshold of 0.9% for GMO labeling, and representative ob&ide soy
beans available on the world market. This will ensure that soyfood gn@duc
who invest in traceability and certification of GMO-free $mans and even
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pay an extra premium to their suppliers, are able to label phedtucts as
GMO-free which is also relevant information for the consumer.

It is worth noting that mandatory labeling programs for GMOs have
limitations as methods of communicating about product quality, inttiea
label is one-dimensional (presence or absence of GMOS). For consumers, the
full informational content of a GMO label will depend on ak tdditional
information, indicators, and cues they have regarding the quality attributes of
products produced with or without biotechnology.

Conumers should be eductaed about GMO food products. Objective
campain is needed including the composition of the products thelggsearc
and consume just to not blindly follow the most prominent slogans appearing
in the media not always backed up by reliable scientific research.
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Introduction

Spices are food ingredients that can be used in food producisnigot
because of its flavouring properties - taste, flavour, aromacalawd. Also
important are the antioxidant properties, which allow for aepinent of
synthetic antioxidants such as BHA, BHT commonly used in food teatmol
These antioxidants are volatile and easily decompose at highregomes.
Additionally, it is still unclear whether chronic consumption cadl® health
risks (Martinez-Tome et al. 2001).

Furthermore spices, seasoning, blends or its extracts aeé/wiskd in
commonly each meal, and they can constitute in the daily dietesair
antioxidants.

The scavenging action of plant constituents has been found to be
associated with phenolic compounds (Madsen at all. 1996).

It is well known that the antioxidant activity of plant exteacontaining
polyphenol components is due to their capacity to be donors of hydrogen
atoms or electrons and to capture the free radicals. DRRi{ssEs is one of
the tests used to prove the ability of the components of thesspitects to
act as donors of hydrogen atoms (Stoilova et al.2007).

Many factors can affect the content of polyphenols, the most iargort
seem to be those associated with the botanical origin of speoagonents
and antioxidant content. The research of literature show hibarhount of
identified polyphenols also depend on the type of extractionrs¢fue et al.
2007).

Different specific antioxidants accept basic ones, are présespices
e.g. piperine in black pepper, gingerol and zingerone in ginger, thgmabl
carvacrol in marjoram.

The research material consisted of the different depites from
different parts of plant: black peppePiger nigrum L.), cinnamon
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(Cinnamomumverum ginger ¥Zingiberofficinale L. Roscoe), marjoram
(OriganumMajoranal..).

Black pepper is the most popular and most widely used spice, cinnamon
is the most popular spice used to sweet dishes, marjoramnsos$t popular,
traditional domestic spice and ginger very good known oriental spice.

Table 1 shows the part of plant from which they comes and batanic
family for all investigated samples.

Table 1. Characterization of the plant material

Part of plant | Spice Botanical family
fruit Black peppefPiper nigruni..) Piperaceae
roots GingelZingiberofficinald..) Zingiberaceae
leaves MarjorangOriganumMajoran&.) | Lamiaceae

bark Cinnamo(Cinnamomumverum) | Lauraeceae

Source: Drygas &niegocki 1971

The aim of this study was short commodity evaluation of selegieds,
then determination the antioxidant activity of them, measoyeteir abilities
to scavenge free radical using DPPHe reagent,and atdessgmination of
total phenolic content measured using the Folin-Ciocalteu method.

Now more and more often, it is believed that the method of usingtthe F
reagent is used to determine total antioxidant activityrerathan the
polyphenols content (Everette et al. 2010).

Commodity evaluation of selected spices

Black pepperPiper nigrumL.)

All spices, particularly pepper, must be used with consummalte sk
Even the most insipid dishes can be improved by taking advantahe of
pungent taste and spicy aroma of pepper to produce savoury dishés; that
why pepper is a universal favourite, the most popular spice wand.About
60% of Piper species occur in central and northern Southidan®epper is
now grown in tropical zones such as the Asia Pacific regiomlynhidia,
Indonesia, Malaysia, Sri Lanka, Thailand, China, Vietham and Cambodi
Outside the Asia Pacific region the crop is distributed iazBr Mexico,
Guatemala, etc.(Ravindram, Kalluparackal 2001).

Black pepper is obtained from the still immature fruit, calogeeen to
yellowish. During drying, the surface shrinks and wrinklesprcohanges to
black. The main alkaloid present in the pepper, responsibliesfpungent,
burning taste, is piperine, it forms about 98% of the overall isswa of the
crisp pepper aroma(Melchior, Kastner 1976).
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Parmarlisted the following flavonols from pepper: quercetin,
isoquercetin, isorhamnetin BD-rutinoside, kaempferol 3-arabinoside,
kaempferol-3-d3-galactoside, quercetin-3f8D rutinoside(Parmar et al.
1997).

Cinnamon(Cinnamomumverum)

The genuLCinnamomunbelonging to the familjLauraceaeomprises
about 250 species which are distributed in India, China, Sri Lanka and
Australia. Cinnamon(Cinnamomumverumare called aromatic cinnamon
bark, whichhave a specific odor and sweet-bitter taste. Cinnantioa oldest
spices in the world, after black pepper is one of the most frdgussid
one.The sweet taste of cinnamon is due to the presence of cinnamaldehyde. |
is reported that, when combined with sweet food, the sweet sensétihe
food is enhanced because of the synergetic effect betweewdle¢ taste of
sugar and sweet aroma of cinnamon (Kumar et al. 1997).

On the domestic and foreign markets are two spe€legiamomum-
zeylanicumBreyne Cinnamomumceylanicuiless) Cinnamomum cassia
BlumefromLauraceaéamily.

Ceylon Cinnamon outside Ceylon (Sri Lanka) is cultivated in Java,
Sumatra, the Seychelles and Brazil, Guyana and the West Indiees€
cinnamon plantations outside of China are in Cambodia, Vietham, Japan,
Indonesia and Sumatra.

In trade cinnamon occurs most often in two tyfassia vera— bark
from thin branches ai@hssia lignea- bark with the thickness of above 3 mm,
obtained from trunk and thick branches. (Melchior, Kastner 197&gNie
Guz, Smiechowska 2008) The components of cinnamon of particular
importance in food processing are oil,coumarin and cinnamon aldehyde,
which owes its distinctive cinnamon flavour (Lee, Balic 2005).

Ginger (Zingiberofficinale L.)

Ginger is a spice plant not issuing fruit, is reproduced kisidn of
rhizomes. Spice are thickened, fleshy rhizomes, sometimes bdmaatied.
Some of them may gradually pass the root.

Native to Southern Asia, although extensively cultivated @pids,
principal India, Sri Lanka, Jamaica, Africa (Sierra LeonggeNa), China and
Australia (Arthur 1996).

Raw ginger is a beige-gray rhizome with bark in pieces.g=sestion of
the raw material is pale yellow, grainy, mealy, and fibroustdtiee presence
of tufts bast fibers. The smell of ginger root is strong, atayféavor strongly
spicy.( DrygaSniegocki 1971, Melchior,Kastner 1978)

The most valued is very aromatic and sweet ginger fronaidam the
highest quality type, rhizome scraped from all sides, not ttedtl lime and
not bleached(Melchior, Kastner1978).
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The characteristic organoleptic properties of ginger are distetom
volatile oil andnon-volatile solvent extractable pungent compstientoots
and the obtained extracts contain polyphenol compounds (6-gingerol and its
derivatives) which have a high antioxidant activity (Herrmann 1994).

Marjoram (Origanum Majorana L. syn. Majoranahortensis)

Marjoram is a herbaceous plant native in Europe and in the
Mediterranean. Marjoram belongs to fanligmiaceaeformerly Labiataelt
has often beenmistaken for oregano in botanical description, foy years
both marjoram and oregano were knownQrsganummajoranal., now
marjoram isidentified aslajoranahortensisas a member of the mint family.
Distinguishing marjoram from oregano is possible during flowenmagnly
due to the characteristically different inflorescences (Sekid2084).

Marjoram is widely known in the form of crushed, gray-green herbal
spice Herb Majoranaewith a characteristic smell. Commercially is most
common marjoram rubbed, very rarely whole dried sprigs. Marjasam
characterized by light gray- green color, has a strong, aiosratll and a
bitter, spicy taste. Marjoram owes its popularity to thigatiristic aroma,
widely used in cookery(Newerli-Guz 2012).

Material and method
Chemicals

2,2-diphenyl-1-picrylhydrazyl (DPPHe),Folin-Ciocalteu reag&Hylic
acid werepurchased from Sigma Aldrich Gmbh (Steinheim, Germany),HPLC
grade methanol was obtained from POCH S.A. (Gliwice, Poland).

Plant material and sample preparation

Dried spices - 48 samples(15 black pepper, 9 cinnamon, 8 ginger,16
marjoram) were obtained from the Tricity market (18 déférmproducers) and
investigated.Fivepackaging of all investigated spices were taken feokem
according to PN-ISO 948 (PN-ISO 948 Spices sampling),than miledse
of black pepper and cinnamonaccording to PN-ISO 2825 (PN-ISO 2825
Herbs and spices, preparation of the ground sample for as)alysi then were
prepared 1% aqueous extracts.

Total phenolic content
The total phenolic content in water crude extracts wagsrdeted by
Folin — Ciocialteau method. Antioxidant activity was determinsthg the

DPPH reagent and showed as DPPH radical scavenging percent.
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The total phenolic contents (TP) were measured using the-Foli
Ciocalteau (FC) method with modifications (Amin at all.2006)

2.5 mL of 0.2 N FC reagent were added to tested solutions and mixed.
After 5 min, 2 mL 75g / L N&GQ:s solution were added. After 120 minutes
incubation, the absorbance relative to that of a prepared blamkead at a
760 nm using a spectrophotometer (Unicam UV2, Varian). The total pbenoli
contents are expressed in mg of Gallic acid equivalents Gig/g of
product).

DPPH?e free radical scavenging

Free radical scavenging effect was determined using teerditical
DPPHe+(2,2-diphenyl-1-picrylhydrazyl)reagent. 1 mL of the extras added
to 2mL DPPHe. The samples were gently mixed and left todsia the
darkness for 60 min. Absorbance was read at 517 nm using
spectrophotometer. A control sample was prepared by mixing DPRKe w
distilled water. The ability of extracts to scavenge DHRde radicals was
calculated according to the following equation:

Radical scavenging activity[%] = (1- (Abs. of saenpAbs. DPPHe )) x 100 %

The values are presented as the means of triplicate analyses.

Statistical analysis of the results consistent of theutation of basic
measures such as: the average and standard deviation. Oaealgsis of
variance (ANOVA) and the Kruskal —Wallis test were useddtermine the
difference among the means P values < 0.05 were regarded to be significant.

Results and discussion

Table 2 shows the results of total polyphenols content () a
antioxidant activity (AA) of the investigated extracts.

Table 2. The average total polyphenols content (TP) and antioxidant
activity (AA) of investigated types of spices

Sample N TP AADPPH
[mgGAE /g] [%]
Black peppdiPiper nigrum L.) 15 13.45+5.20 82.96+2.13
Cinnamon(Cinnamomumverum) 9 77.98+13.17 81.14+15.52
Ginger(Zingiberofficinalis) 8 12.81+4.54 52.69+15.77
Marjoram(OriganumMajorana L.) 16 55.88+22.21 89.14+0.74

Source:own research
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Total phenolic content

The results of the phenolic analyses show that in examined
spicessamplestotal phenolic content vary.Black pepper and diagerthe
contents of a similar level of about 13 mg GAE/g, marjoramatoetl about
50 mg GAE/g, while the tested cinnamon samples contained they nearl
fourteen times more than marjoram samples.

The determined total phenolic content of the black pepper extract
amounted from 10.73mg GAE/g to 32.11mg GAE /g, withaverage total
phenolic content for all tested samples 13.45 mg GAE/g.

Investigated byGlulgin (Gulgin 2005)water and ethanolextractdaak
pepper exhibited strong total antioxidant activity. Total phermaolident were
determined as Gallic acid equivalents on the level 54.3mg & XEWwater
extracts.

Confirmation of the antioxidant properties of black pepper sareh in
which was found about 200 times greater than BHT and over 300 than B
black pepper’'sability to inhibit lipid oxidation (Shobana,Naidu Adéhder
2000).

Black pepper compared with spices from other parts of the plant ha
phenolic content at a lower level than the cinnamon, ginger, nutrzg, s
anise, bay leaf and basil( Su et al. 2007, Hinneburg et al. 2005).

The content of phenolic compounds in the studied cinnamon samples was
in the range of 53.16 to 94.26 mg GAE / g, average content 77.98md GAE
of product.

Average total phenolic content in ginger samples was 12.81&kd;
and the maximum was reached 17.92 and minimum 11.97 mg GAE/g. The
lowest content of total phenolic was determined in raw girg2i2 mg
GAE/qg.

The content of total phenolic in ginger have been previouslyateal
by other authors, and they were diverse.

Hinneburg (Hinneburg at al.2006)determined23.5 mg GAE/g in
investigated ginger samples. Other analyzed spicesAmateadamily like
cumin, fennel, parsley have bigger amount of total phenolic.

Isabelle (Isabele, Bee Lan Lee et al. 2010)determined fregfergi
phenolic content at the level of 1.45 mg GAE / g.

Ginger has excellent antioxidant properties(Kikuzaki, Nakat®93),
studies include the role of components such as gingerol in imigibitioleic
acid autoxidation.

The total phenolic content range from 26.66 mg GAE/g to 98.43 mg
GAE/g in analyzed marjoram samples, with average value 55.88 mg GAE/g.
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Tsimidou (Tsimidou, Boskou1994) concluded that among the spices
extensively studied, the plants obtained from ttemiaceae (formerly
Labiataefamily) possess a significant antioxidant activity. Otedrby other
authors total polyphenol content in marjoram ranged from 21.18 - 84.26,
average 47.92 mgGAEHFeck, Turk 2008).

Polyphenol content determined by Hinneburg (Hinneburg et al. 20606) f
basil, also familyLamiaceadyy the Folin — Ciocalteau method has amount
147 mg GAE/g.

DPPHe scavenging activity of plant extracts

Determined in this study the antioxidant activity of wateraots from 4
spices wary. The extracts from marjoram have the higimtistxidant activity
as DPPHe scavengers, although black pepper showed high antioxidant
activity. The lowest antioxidant activity from determined samplesginager,
but also more than 50%.

The water extracts of black pepper have strong scavenginigya@bout
80%), the highest ability to free radicals scavenge was 8Hdawest 78%.

Other studies have shown the impacy eirradiation (the power of the
radiation and the operating time) on the ability to scavenge fadicals.
Suchajin his research showed a statistically significaetetf black pepper
radiation on the growth of antioxidant activity using DPP#Rre2 months of
storage. After 4 months of storage, these changes reachdd feve
9%(Suchaj et al. 2006)..

The ability of the extracts to scavenge DPPHe free raglidifers in
investigated samples of cinnamon. It was on the level from 36,399681%,
on average level of 81,14%.

Prasad (Prasad et al.2009) found the difference in DPPHe.rgpage
ability among different cinnamonspecies, they decreage. agylanicaC.
cassiaz BHT>C. pasiflorun®C. burmanni»C. tamala

All tested ginger samples were characterized by high DPRidieals
scavenging, on average 52.69%, in the range of 34.8% to 79.2%. In
comparison, fresh ginger has 40.88%antioxidant capacity.

This result is very similar to the result of otherauth@kobana,Naidu
Akhilender 2000) who determined the antioxidant capacity of fyesier at
41%. But compared with the literature concerning other spices, this is not too
high level (Druynka,Wojda 2007).

For ginger it seems advisable to use extraction media whéchlde to
extract the lipophilic antioxidant compounds (Hinneburg et al. 2006jerO
studies (Murcia et al. 2004) seam to contradict this findings.
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The marjoram extract showed a significant effect in inimgi DPPHe
radicals, reaching up to 90,7%, average value is 89,14%. Antioxidantyacti
of marjoram shown by Jin Jun (Jin Jun et al. 2001) was at a sievé&drand
amounted to 85.5%.

Table 3 presented results of statistics ANOVA, ANOVAigkal-Wallis
for studies samples. All results showed a statistically signifiefiect of the
origin/producers on spices antioxidant activity.

Table 3. Impact of origin/producer on investigated parameters.

Spice Parameter Value of stastistics
(ANOVA, ANOVA Kruskal-Walis)
Black pepper TP F(14,45)=77.57 p= 0.000
DPPH F(14,45)=620.98 p=0.000
Cinnamon TP KW(8,27)=11.82 p=0.159
DPPH F(8,27)= 650.43 p=0.000
Ginger TP F(7,24)= 116,69 p=0.000
DPPH F(7,24)=2118,14 p=0.000
Marjoram TP KW(15,48)= 46,55 p= 0.000
DPPH KW(15,48)= 43,96 p=0.001

TP —total phenolic content
DPPH- DPPHe scavenging activity
Source: own research

Conclusion

The results of the study imply that different spices areotential
promising source of antioxidant. Their origin/producer have impacthe
total phenolic content and the ability to neutralize free DPPHeaksdic

The differences in the phenolic content and antioxidant actigguylt
primarily from characteristics of the raw material. Thiuence of these
parameters can also have processing and storage (especialiggogsa 24
month shelf-life of spices).Other authors confirm that factors mé@terg the
antioxidant activity of spices beyond genetic one are mainlir@mental
technique and growing conditions (Sgherri et al.2010). Cousins (Gatsah
2007) mentions that many inherent variation in commercial procassess
the production region including variation in drying techniques, timée
field, harvesting methods, and clone can lead to quality diffeseéndbe final
products.
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Introduction

Patients’ nutrition is one of the urgent and important prob&msodern
society. Analysis of current global and domestic scientifita [1, 2, 3, 4]
shows that the problem of nutritional needs of people with hyper mesiaooli
with necessary nutrients can't be solved only by a simple fuiiisti of
protein, lipid, carbohydrate and vitamin and mineral costs. Numeroussstudie
in this area [3,10] make it possible to reveal the specifics of theghbgyisial
processes of the organism in this state and became the drades/&loping
the basic principles of human nutrition with hyper metabolism .s@he
provisions are based on advanced data features of the metapbnse of
the organism to the action of the etiological factors andechlog it stress and
their physiological effects, biological constitution (genotypiejhe victim,
energy and plastic nutrients value, due to which there is pooves food
needs. Scientists like E. Fistal, H. Kozinets, A. Belyadv,Marshak, I.
Khoroshilov, O. Pochepen, A. Botkin, Wilkinson A.W., Selye H., Wilmore
D., Mayers |., Barendgret K., Moore F.D., S. Ortega, M.H. DelLe@ge
Royall, K. FarverA have done significant contribution to the dgwakent of
scientific principles of human nutrition with specific disea3é®ir numerous
long-term studies have allowed to analyze the specific métgirocesses in
the human body with hyper metabolism and became the basis for the
development of the concept of food in this state.

The aim is to conduct a critical analysis of existing apgreato patients'
diet and the development of conceptual foundations to develop prdducts
enteral nutrition taking into account the specific needs of thg bbpeople
during the period of treatment and rehabilitation.
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Results and discussion

For the metabolic response of the organism to certain faggoch as
after surgery, trauma, burns, disorders of the gastro- masthd nervous
systems, septic conditions, etc.) characteristic is thelamwent of non-
specific reactions hyper metabolism — hyper catabolism , irggulh a
complex disordered metabolism of proteins , carbohydrates, lipidsyeatha
cost of carbohydrate lipid reserves and the collapse of tissuenarotoss of
body weight. Nutrient needs of patients who are in criticaditmm are
especially high. To replenish essential nutrients of the matiieo types of
food are used on practice - enteral and parenteral [6, 7].

Selecting patients for enteral nutrition is based on a study of
anthropometric data to determine nutritional status, anticipateti@iurof
illness and severity of damage. Patients with weight loss%fdiOmore are
defined as depleted patients requiring enteral nutrition [9].

Choice of the type of food - enteral or parenteral is aecioius issue at
present. Muggia-Sullam and colleagues in their studies bhwen that
patients with different surgical pathology both parentanal enteral nutrition
are maintaining an equivalent positive nitrogen balance, maimgabody
weight, providing protein synthesis [2]. Some other studies havenstiaw
parenteral nutrition is a significant advantage in secwaigrage , positive
nitrogen balance, maintaining weight. However, even modern to&aitesal
nutrition is not replacing many very important functions ofithestine, and
in its conduct mechanical, septic, metabolic complications d¢6jur There
are indications that parenteral nutrition can inhibit its ommune system.
Intestine atrophies during total parenteral nutrition. In additf@ptrenteral
nutrition requires strict adherence to sterility and speedothingredients
introduction due to some technical difficulties.

Enteral nutrition, like any other method of intensive therabgukl be
used based on a number of indications and contraindicationsh@]main
indications for enteral nutrition include: state, accompaniedhiyer
metabolism (trauma, burns, sepsis, major surgery, preoperativeia®plet
central nervous system disorders that result in disturbarfcaestritional
status, prolonged dysfunction of individual organs ( cachexia, closad h
injury, surgery, kidney failure, liver failure). Intestinal tlstion, acute
pancreatitis and severe malabsorption are contraindicationise use of
enteral nutrition.

The works by Fry D.E. have shown that enteral nutrition can pteve
immune system abnormalities, reduce the incidence of saptiplications
by restoring the integrity of the affected intestine wallq]. Moreover, many
clinical studies have shown that enteral nutrition is more iplogscal,
effective and safe. In addition, this type of food does not reqterdity.
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Enteral nutrition helps maintain digestive tract in normllysiological
condition and prevent many complications that occur with patierdstical
condition. Thus, whenever possible, the choice of method of nutritional
support should in favor of enteral nutrition.

Cost of food components is about the same in group of enteral and
parenteral nutrition , but the cost of auxiliary componentsgisifgcantly
higher in medication for parenteral nutrition (cost of non-famdmonents of
parenteral nutrition is 43 % of the total cost of the medinatwhile for
preparations for enteral nutrition value nonfood additivemig 13 %) [10].
Additionally, the frequency of complications occurring during enteral
nutrition is significantly lower than during parenteral, so when consider
the cost of treating complications that arise when a paati¢ype of food is
consumed, it can be concluded that the value of enteral omtistiower than
parenteral [7 ]. These studies show that during enteral nuititsonot always
possible to achieve calorage and nitrogen balance as during parenter
however, immunity and nourishing effect of enteral nutrition isiS@antly
higher than parenteral [3, 4].

It should be noted that the treatment of complications arisinggla&rly
enteral nutrition requires much lower economic costs than treatofent
complications arising during parenteral nutrition. Thus, enterdaition
allows on the one hand to effectively ensure a positive nitrogkemdsa
restore lost cell mass of patients, restore cellular imtyuimprove wound
healing by providing the patient’s body with the necessary plastic seisstrat
On the other hand, the cost for enteral nutrition is considel@r than the
equivalent parenteral energy supply.

Nutritional support products development is based on current saentifi
research on nutrition composition balance and its conformity tepibeifics
of metabolic needs of people with hyper metabolism. Enteral nutrition can be
used both as a food additive and used as a source of nutrientseagdfen
a long time as part of such compounds include proteins, fatghyahtates,
vitamins and minerals in balanced proportions. Modern mixes foraténte
nutrition are mainly of two types: balanced (polymer), and medlifMost
mixtures are isotonic and contain no lactose.

Polymeric formulas contain whole protein isolate (milk, egg e#it
meat, soy protein, etc.), partially hydrolyzed starch ant/tegides, as well
as the necessary set of vitamins, micro and macro elemeifiise Bbsorption,
these mixtures are subjected to enzymatic processing in thefigut n@xture
is produced in powder form and prepared immediately before use, iighe
ready suspension. Energy density of polymer compositions is usuallf 1
kcal \ ml and osmolarity is not usually high - 300-450 mosm\kdariged
mixtures contain enough calories and are relatively cheap. In tbicpraf
intensive care modified mixtures have proven being signifizdietiter which
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contain crystalline amino acids or oligopeptides and medium liglg¢grides
[2]. Simple molecules do not require digestion, which is espeampgrtant
for patients in critical condition because their fermentation ggees are
violated [10]. Under conditions of stress occurs mobilizatbrbranched
amino acids from skeletal muscle [6, 7, 10]. In modern balanceduf@rm
branched amino acids content is not less than 30% of the totahproteent

, and nutrient mixtures used for the critically injured brandmého acids
content is not less than 45 %.

With the introduction of modified mixtures containing branched amino
acids the severity of catabolic reactions is reduced, nitrdgdance is
reconstructed and mortality among survivors is reduced. Thengeestthese
compounds can not only ensure the patient's body with nutrients anggt,ene
but also for the enrichment of special pharma nutrients and caoogligith
certain proportions of nutrients exercise aimed at corredtsggders caused
by certain diseases . Protein availability in mixture isallg defined as the
ratio of 1 gram of nitrogen per 150 non-protein calories [2]. Dubddigh
demand of the critically injured in nitrogen, some modified nmeduatio of
nitrogen to non-protein calories is 1:80, 1:100. The identified dafiEs of
modified mixtures include hyper osmolarity and relatively high cost.

When developing products to provide the necessary needs of the patient,
it is important to use the available raw materialsngknto account specific
stages of treatment and recovery of the body. Thus, due to thefareed
additional energy to break down protein more convenient to thenpatie
proteins and animal fats in concentrated and isolated fornmg aasessible
to digest peptides and amino acids. Increasing the amount oinpiote
balanced mixture can be achieved by introducing protein supplemirtise
mixture. Thus, the present mixtures for enteral nutrition comgfaitamine [2].

This amino acid is a major component of food of intestinal vsllinvolved

in the regulation of reabsorption of water and sodium, prevents the
development of stress ulcers, normalizes the secretion ro@imoglobulin.
Glutamine is an essential amino acid during serious illness because its use by
tissues exceeds several times the body's ability to endogenoysthésss of
glutamine. Glutamine dosage recommended is 0.57 mg / kg / day or 2.6 g per
day [8]. Amino acid arginine has equally important role indie¢ of patients,
which increases the production of nitric oxide synthesis of peptides, proteins,
creatine phosphate, and also participates in the synthesis oftided€d].
Arginine also increases collagen synthesis, thereby accetgratbund
healing, helps to normalize the metabolism of nitrogen.

Fat is a major source of non-protein calories and allowtgatreate a
reserve of approximately 140,000 calories per adult. The structtine ¢t
must include essential fatty acids such as linolenic imnaouat of 2-4% of
total calories as fatty acid deficiency this causes aedse in platelet
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aggregation [7]. In general, the amount of fat in the mixtureefderal
nutrition must not exceed 50%. One of the highlights is the iratmixture

for enteral nutrition of long-chain and diddle-chain fatty acigually
important is the presence in mixtures for enteral nutrdt@nponents such as
omega -3 unsaturated fatty acids , the main action is directed at thaanhibit
of excessive activation loop of arachidonic acid, resulting inbited
formation of prostaglandin E2 imunodepressant . The use of omegty-3 fa
acids also leads to accumulation of antioxidants, particularly vitarfiih E

To provide support for the body's carbohydrate is important to usessuga

in the diet of patients having no adverse effect on the paranelasot injure

the gastrointestinal tract. 30 to 70% of the energy neetle @rganism are
provided by carbohydrates from 2 to 5 grams per kilogram pe#jia@ften,
carbohydrates are glucose, fructose and lactose sometimes. Camnpdsiti
enteral nutrition intended for use for patients with diabetabohydrates
contain fructose and starch [5,6]. You must also take into acdwufdadt that

the respiratory rate of the oxidation of carbohydrates is tjfeekt, which is
important with patients with respiratory failure .

Ascorbic acid plays particularly important role in patieniody, its
metabolism is strongly correlated with the protein, and vitamBing,, B,
Bs, E, trace elements - iron, zinc, selenium, dietary fibdrsa on. In view of
the fact that the metabolism of proteins, carbohydrates, fawssseaily
requires vitamins catalysts of biochemical reactions aadetrelements-
cofactors of fixed enzymes. All modern mixes for enteralithmtrcontain the
above mentioned substances in sufficient quantities [3]welisknown fact
that the lack of one component leads to a lack of effectivaridbe enteral
nutrition.

Achievement over the last two decades is development of alleffior
enteral nutrition that takes into account the metabolic ctaarstits of the
organism, resulting in lack of function of specific organ systémgarticular
in case of hyper metabolism mixes for enteral nutrition ard essuring 1-

1.5 g/ kg per day of protein and calorie content equal to 25-30 kcal / kg / day
with a low ratio of nitrogen to non-protein calories 1:10D Buch mixtures
for enteral nutrition contain a large number (40%) branched amino acids.

However, even using the most advanced balanced and modified mixtures
for enteral nutrition, especially in the early stages, osoune difficulties.
Therefore, we carry out a systematic way to develop assefifoods that
would take into account the specific needs of the organism anpat
throughout the period of treatment and rehabilitation, namely the stage
of treatment (immediately before and after surgery), intenstabilitation
period, the main period of rehabilitation of people recovering, renecbvery
phase outside medical institutions ( for patients with riegu requiring
nutritional support for a long time).
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Conclusion

So, one of the conditions for successful treatment and rehtbiitof

people with hyper metabolism is nutrition developed on the basgeoftific

data on the specific occurrence of physiological processes.nTdkss it
necessary to find new ways to provide the patient with fulkangprehensive
nutrients needed, which in turn requires research and ificieeasoning for
the development of products specific to the flow of metabolic pesseat
different stages of treatment and rehabilitation that would restore the
body's efficiency of people as a result of diseases anddsjofi different
origin.
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Introduction

One of the major indicators of bakery foods competitiveness i
conditions of market economy is their shelf life without detation of the
basic parameters of quality.

To improve the quality of baked bread, various additives — imprafers
flour quality, have been used recently everywhere, howeeequbstion of
justified application of improvers of bread quality remains opéechaev
2006), especially that their application frequently does not sbk/@roblem
of storage length. The great success is achieved when appigng
technologies for dough preparation (Erkinbaeva, Kozyukina & Skevha
2002; Nilova & Naumenko 2007). To increase the shelf life, various methods
of physical exposure, such as both heat treatment and ionizingags€d,
ultra-violet, etc.) treatment are mainly used (Snapyan, Sahratghrie96;
Polandova & Kventniy 2002).

We previously showed that bread irradiation with gamma raygoled
protection of bread from mold thus increasing duration of its sterag
(Snapyan, Sahradyan et al. 1996; Sahradyan &Voskanyan 2011).

The objective of the present work is to develop a methoddatment of
packaged bread - a product that is most subjected to microbiological spoilage
(moldiness) due to the high moisture content. We aimed to develop the
method, which will provide chemical and microbiological safety, guek
storage for long terms.

Material and methods

The study involved samples of formed bread of extra, first arnshdec
grade wheat flour. For bread packing plastic film was chosen dwitghigh
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physicochemical properties and resistance to radiation dosgégysis (D =

0-10.0 kGy) that are within the limits of recommended internatimorms
Codex Stan 1883 REV - 2005 (Codex General standard... 2005). Treatment
of the investigated product samples was performed in the lestit@hysical
Researches NAS RA &fCO isotope installatioii-120 000 with energy 1.25
MeV and power 1.0 Gy/sec. The energy of the Institute was atethe
recommended limits of the international norms of CAC RCP 19-1978. T
researches were performed by standard organoleptic, physicochamical
microbiological methods of analysis. First signs of molding anatpalisease

were defined visually and by seeding technique (GOST 26972-86... 1986).

Experimental section

Samples of formed bread of extra, first and second grades wbeat f
packed in plastic film of 15 qithickness were treated SACO isotope
installation with gamma rays atyx 0.5-5.0 kGy, control samples of bread
were not irradiated (D= 0kGy). After treatment, the whole of bread (control
and treated samples) was stored under room uncontrolled tempenadure
humidity conditions (20-2% and relative humidity 60-75%) for
identification of its shelf life. Frequency and the resegocogram were
conducted according to MU 4.2.727-2002 (MU 4.2.727-99 ... 1999).

Before storage and at the end of exposition, in addition to orgamolepti
physicochemical and microbiological researches of bread, aawido-
composition was also determined.

Results and discussion

Study of physicochemical parameters of investigated samplesaf
before treatment with gamma rays (control samples) and dimtedy after
treatment showed their compliance with the established sta(AaiiB1-94-
32, 1994).Results of the research are given in Table 1.

As follows from Tab. 1, treatment with gamma rays did not affect
physicochemical parameters of bread. Change of organoleptimetars of
bread occurred during its storage in parallel with stalehgssn storage the
treated samples of bread lost their freshness at different rates.

Freshness of bread was assessed by the accepted 5-point syséeof. Dat
Table 2 prove that parameters of bread freshness were fiigimethose of
control samples. Control samplesy(®0.0 kGy) lost freshness in 48 hrs while
samples treated with gamma raysy €03.0-5.0 kGy) lost freshness in 96-120
hrs. . It is necessary to note that high doses of irradiatignDe= 10 and B
= 20 kGy led to the appearance of extraneous smell and tastat &yur 10
kGy and fishy at B = 20 kGy that sharply worsened organoleptic parameters
of bread.
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Table 1. Physicochemical parameters of formed bread of diffent
quality wheat flour

Dose of Porosity, (;)Ot lestha  ymidity, % Acidity, %
li irradiation
Qually aI?Ge;: ° Norm Norm Norm
AST3194 Resull \c131.9q4 RESUN o3y g Result
Bread 63.0 40.0-48.0 3.0-5.0
0.0 ( control) 63.0 44.2 2.8
1.0 63.0 44 .2 2.8
Second 2.0 65.0 44.2 2.8
3.0 63.0 44.2 2.8
6.0 63.0 44 .2 2.8
10.0 63.0 44.0 2.8
Bread 65.0 40.0-47.0 3.0-4.0
0.0 / control/| 65.0 42.3 2.3
1.0 65.0 42.3 2.3
First 2.0 65.0 42.3 2.3
3.0 65.0 42.3 2.3
6.0 65.0 42.3 2.3
10.0 65.0 42.5 2.9
Bread 68.0 39.0-46.0 3.0-4.0
0.0/ control/ 68.0 43.8 2.8
1.0 68.0 43.8 2.8
Extra 2.0 68.0 43.8 2.8
3.0 68.0 43.8 2.8
6.0 68.0 43.8 2.8
10.0 68.0 44.3 2.9
Source: own research

Table 2. Change of freshness of bread of extra quality wheat flour

at storage
Dose of Freshness score
irradiation
kGy
3 24 48 72 96 120 144 164
Storage
time,
hrs
0 5.0 4.0 3.0 2.5 2.0 1.0 1.0/0/ 1.0
1.0 5.0 4.5 4.5 4.2 4.0 1.0 2.0 1.0
3.0 5.0 4.5 4.5 4.5 4.2 4.0 2.5 1.0
5.0 5.0 4.0 4.5 4.2 4.0 4.0 2.5 1.0
10.0 3.0 3.0 3.0 3.( 1.0 3.0 2.0 1.0
20.0 2.0 2.0 2.0 2.0 2.0 20 2.0 1.0
Source: own research
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Determination of physicochemical parameters of the contikeated
samples of bread at storage revealed that porosity wasdm parameter,
subject to a change. Table 3 presents data on the dynamicssifypohange
in formed bread of extra quality wheat flour.

Table 3. The effect of storage time of the bread of extra quality wheat
flour treated with gamma rays on its porosity

Dose of Point, %
irradiation
kGy
3 24 48 72 96 120 144 168
Storage
Time,
hrs
0 68.0 64.0f 62.0 61.Q 56.0 55.0 530 52.0
15 68.0 65.0f 62.0 64.0 64.( 62.0 61|5 61L.5
5.0 68.0 66.0f 63.5 64.0 63.( 62.0 62|5 62.5
10.0 68.0 66.0 65.0 65.5 62. 61.5 61{0 60.5
15.0 67.0 65.0, 65.0 65.0 61.( 60.0 6010 59.5

Source: own research

In the course of the research changes in microbiological parasnuéte
bread quality were studied in dynamics according to [4]. @@snof bread
were visually checked for the appearance of the first sigmsotding and
potato disease. Visible growth of mold fungi colonies was notexbrirol
samples as early as on th& day, while some treated samples remained
outwardly clean even after 4 months.

In the treated samples the rate of moldiness appearance depesugédyg s
on a dose of irradiation. The dependence of molding rate on the dose of
irradiation was ascertained; thus, af B 5.0 kGy mold fungi visually
appeared on thé"@lay after treatment; atyD= 1.0 kGyon — on the f=day;
at Dy = 2.0 kGy — on the 25day; at O = 3.0 kGy on the 3Q at Dy = 5.0
kGy on the 38; at Dy = 10.0 kGy on the 109 at Dy = 20 kGy on the 120
day after treatment. In the course of storage no potatcsdisess observed in
both treated and untreated sampled.

Besides visual observation seeding technique was used tmihetéhe
total amount of yeasts and mold fungi in bread samples accord®@$3
26972-86 [4]. The results of analysis showed that the sampdgsdneith Dy
=1.0 and B = 2.0 kGy about 30 times slowed down mold growth as compared

to the control, increasing shelf life of the packed bread up 1b090days,
correspondingly.
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To establish the availability or absence of radical cheimggamma rays
treated samples of bread, amino-acid composition and the améunt o
nitrogenous compounds in the studied samples of bread before radurization
(Dy = 0.0 kGy), after it (p = 1.0 - 5.0 kGy) and in the course of storage (on
the £, 8" and 3¢ days) were determined. The total nitrogen was determined
by the Kjeldahl arbitration method (for protein converdion 5.68).

It was found that protein substances of bread when treated withl[D
- 3.0 kGy practically did not undergo changes, and when treated with D
10.0 kGy the loss of proteinaceous substances was signidicdrabout 1.6
% in relation to the first day.

Study of amino-acid composition (analysis was carried out oncaid
analyzer T-339") showed that when irradiated witly B 0.0 - 3.0 kGy nor
guantitative, nor qualitative amino-acid composition of the breaglssnof
the extra quality wheat flour changed. Fig. 1 shows amino-acigh@sition
of the investigated bread samples.

 0-0KGY
s 1.0KGy

0.9 2.5 KGy
m— 3 0KGy

1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17

Figure 1. The effect of gamma irradiation (r = 0-3.0 kGy) on amino-
acid composition of bread samples of extra quality wheat flour
1-11- threonine, 2 - valine, 3 - leucine, 4 - lysine, 5 - methionine,
6 - phenylalanine, 7 - isoleucine, 8 - alanine, 9 - arginine,

10 - aspartic acid, 11 - histidine, 12 - glycine, 13 - glutamic acid,
14 - serine, 15 - tyrosine, 16 — proline

Source: own research
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As follows from Fig.1, samples of bread of extra quality wiikmatr
contained nonessential and essential amino acids: alanine, lelysine,
phenyl alanine, isoleucine, arginine, aspartic acid, glycihgamic acid,
serine, tyrosine, proline. Tryptophane out of essential and ogsteit of
nonessential amino acids were missing in the composition of $hegaes.

As seen from Fig. 1, radurization of bread did not lead to significhanges

in the amino-acid composition of bread. Exception was glutamit thei
content of which in comparison with the control samples at
Dy = 10.0 kGy decreased.

Conclusions

The given experimental data prove that gamma rays irradiatioine
dose of @ = 3.0 — 5.0 kGy is optimum for treatment of bread of different
grades wheat flour and 9-10 times increases the storagadicmmpared to
untreated samples not worsening organoleptic and physicochemical
parameters, nor leading to the change of nutritious properties.
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Introduction

Sodium is a mineral, essential in small amounts for the prapetiéning
of the body. It determines the maintenance of homeostasis of thedmatly
particularly the proper water-electrolyte balance. Salhésmain source of
sodium in the diet. It plays an important role in nutrition, by giyngducts
a proper flavor, often decisive of their attractiveness and uoosis
acceptability (Jaroset al.2011, Stowik 2009, Tsugane 2005).

There is scientific evidence that increased salt intadetributes to
elevated blood pressure. This in turn can lead to inaleaisk of
cardiovascular diseases. According to the World Healthridrgtion (WHO),
the salt content in the diet should not exceed 5 g per day, which isleqtiv
to 2 g of sodium per day. However, the data on global consumptiont of sal
indicate its excessive consumption, which may cause adverse éféedts to
consumers. Therefore, the WHO recommended that countries, in valtich s
intake exceeds the recommended daily dose, should develop and implement
programs persuading the society to reduce the salt intakedreth€he WHO
also recommended introduction of separate, original programs bydinaliv
countries due to cultural differences and variations in patt#roonsumption.
Social campaigns conducted in countries such as Ireland, Finlandzaroe F
and encouraging manufacturers to reduce the salt content in products
manufactured by them, contributed to the significant achievemasts,
measured by the declarations of consumers, changing habits teshedta
the consumption of salt and the actual decrease in the ineidémoronary
heart disease and stroke (WHO 2011, Jareszl. 2011, Respondek,
Grodowska 2011, Staniewska, Staniewski 2010, Traczyk, Jarosz 2011).

In Poland, the excessive intake of salt is an enormous problertheand
average daily dose, similarly as in many other European cesingsiceeds 12
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g per day. The reasons for this situation include the excassvef salt in the
industrial production of food products, such as canned goods, meats, cheeses,
pickled food, smoked bacon, soups and sauces, and some spices. Aga part 0
comprehensive approach to the problem, it is necessary to take actions aimed
at reducing salt consumption in the households, food serving establishments
and catering companies. Manufacturers are aware of the problem arig modi
the composition of their products by lowering the salt content eadtis for

simple and understandable ways of passing this message to consumers
Labeling of packaging with precise nutritional information may pdey
important role. However, the above-mentioned actions of producetsomus
accompanied by measures raising nutritional awareness of consumer. O
conscious consumer, who has an appropriate knowledge and knows how to
use it, can become a demanding client capable of making mature and rational
purchasing decisions, bearing no threat to his health and lifeyi{§xar
Goldmann, Ratajczak 2010, UE 2012).

Numerous scientific studies showed that consumers, when buying food
products, are increasingly driven by information on the content ohtésse
nutrients, such as fat or sugar (Grine¢sal. 2009, Kristal, Patterson 2001,
Neuhouser, Kristal, Patterson 1999, Weaver, Finke 2003). Hergmegrits
interesting to answer the question whether a reduction iratheasitent and
the placement of such information on the product's packagingy wi
significantly affect consumer acceptance, expressed logiparg the salty
taste and overall flavor desirability. This is particlyfamportant in view of
intensified work on the shaping of appropriate food choices.

Therefore, the aim of this study was to assess the impadbaiition
of a reduced salt content on the acceptance of the flavor iseleeted
assortment of meat products.

Materials and Methods
Materials and experimental design

The material consisted of sausages (frankfurters) of ngusalt content
from a single manufacturer, available in retail on domestic marketstiiig
involved 100 students of the University of Warmia and Mazury irzt¢xs
79% of whom were women and 21% men. These respondents declared that
they are consumers of meat products, including sausages.

The study of consumer acceptance proceeded in two stages, imthe sa
conditions, in the sensory laboratory at the Department of Commaiiyce
and Food Analysis, UWM in Olsztyn. First, consumers evaluateddcode
samples of sausages of standard and reduced salt content,ratitetame
group of consumers assessed decoded samples, with information label.
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Methods

The even methadl'he even methodas used to examine differences in
the preferences with respect to sausages of standard and reduced sdlt conte
Evaluators were asked to indicate the preferred sampldudfieen was
performed using coded samples, and then the same group of consumers
assessed decoded samples, with information label.

Scaling methodTo assess the desirability of salty taste of sausaghs wit
standard and reduced salt content, a classic nine-point hestmale was
applied with the following marginal designations: 1 — "the produtbisalty
enough", 5 — "the product is sufficiently salty", 9 - "the product is tog %alt

The evaluation of expected product palatability, based on a visual and
information layer of the packaging, was performed using a 9-point scale wit
designations: 1 - "the product does not taste good at all", 5 prikect taste
is just fine", "9 - the product taste is above average."

Indirect questionnaire. The consumer survey analyzed respondents'
opinions as to the choice of the product on the basis of a visiaifarmation
layer of its packaging, with particular regard to the inforomaabout the salt
content and its role in the selection of sausages.

Preparation and presentation of test sampld3irectly prior to the
evaluation, sausages were taken out of commercial packawinglaced in
the amount of about 25 g to the odorless, disposable containers. S&nple
evaluation were coded with the three-digit codes and presented|t@aters
in a random order. Non-carbonated water was served between sdmple
neutralize the taste.

Statistical analysis

The data collected were processed using a Statistica 9.0as®ftw
package. Basic statistics were used in the initial asalykithe data, i.e.,
means and standard deviations. One-way ANOVA was applied to #ssess
differences in the mean values. Normality of distributiors isted by
Shapiro-Wilk and Levene's tests, and the homogeneity of thablarby
Levene's test. The significance of differences was tested latvieof 0.05.

Results and Discussion

Consumer preferences relative to the sausages of a standard and reduced
salt content

The results of the test of consumer preferences with respeitte
sausages evaluated with the use of coded samples showed that most
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consumers preferred the product with a standard salt contesel@&ions),
while the product with a reduced salt content received more thhofhibe
votes less (32) (Fig. 1).

M Sausages with standard salt content = Sausages with reduced salt content

Figure 1. Consumer preferences for sausages with standard and
reduced salt content -encoded samples (% of respondents)

Source: own research.

B Sausages with standard
salt content

Sausages with reduced
salt content

Figure 2. Consumer preferences for sausages with standard and
reduced salt content- decoded samples (% of responses)

Source: own research.
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The test using the products with the information about standard or
reduced salt content demonstrated similar relationships. Most carssume
preferred the product with a standard salt content (71 smisgtiwhile the
product with a reduced salt content was selected by 1 outegp®mdents
(Fig. 2). This result demonstrated that the appearance of iafiomabout the
lowering of the salt content in the tested products had agitdgleffect on
the change in consumer preferences towards the products evaluated.

100%

Y%
s 70%
o 62%
B
o0k 38%
A% o
I
2%
10%

0%

Wrrmeen % [T 51

B Sausages wilh standard salt content Sausages with reduced salt content

Figure 3. Preference for standard and reduced salt content sausagby
gender of the respondents - encoded samples (% of responses)

Source: own research.
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7%
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IO

19%

20% |
10%

D.% 4

Woarmnen Mien

| Sausages with standard salt content Sausages with reduced salt content

Figure 4. Preference for standard and reduced salt content sausagbsi
gender of the respondents - decoded samples (% of responses)

Source: own research.
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It should be noted that in the experiment with coded sampleq38%%)
were a group that more often than women (30%), preferred saustlges w
reduced salt content. In contrast, the occurrence of informatior kveer
salt content caused a change in preferences of men who were inclinedl towar
the product with standard salt content (81% of responske group) (Fig. 3,

4).

The results might indicate a negative consumer perceptitve girocess
of decreasing the salt content in the analyzed meat productadd@hieon of
sodium chloride in the production of meat is not only technologipastjfied,
but provides general consumer acceptance. Technological basiet
limitations related to the safety of manufactured producigedisas the need
to meet individual consumer preferences, will not in this case asrfaetors
that would facilitate the process (which is slow anywaygdticing salt intake
in the population of Europeans, including Polish society (CAskai 2011).

In addition, the study found that women were less willing to chdrage t
preferences when information about reducing the salt content pradect
was added. Similar results were obtained in the study conductecetoyelti
al. (2011). The study was based on determining the expected and actual
saltiness of "Chicken Noodle" soups and their palatabilityes€ authors
found that information about the lower salt content in the producttinety
affected its perception. Consumers were adding salt tsdbp that was
provided with information about the lower salt content. A diffetuation
occurred in the case of soups with a logo demonstrating the health benefits of
the product, but without information on the reduction of salt in tbheyzt.
Therefore, the need is emphasized, to consider a more evocativiswadly v
exposed forms of communication of important nutritional information.

Information about the standard and lower salt content in sausages and
consumer desirability of salty taste

Analyzing consumer impressions in relation to salty tastea# moted
that the study participants evaluated sausages with a staattacdrdent as
"salty just right" both in the test with coded (5.42 + 1.46) and decsalagles
(5.69 £ 1.08) (Tab. 1). The presence of the information about the salt content
significantly differentiated the desirability of saltt&a@ the test group, in the
case of sausages with a reduced salt content. The codec:savepé rated
significantly higher than the non-coded samples (Tab. 1).

In the group of men the desirability of salty taste changetfisigntly,
to the detriment of the product with the information about lowkrceatent
(Tab. 2).
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Table 1. The degree of salty taste desirability of tasted sausages

Standard salt content sausages
5,42+1,46 4,61+%,62
Decoded samples 5,69+1,08 4,04+271

Evaluation was performed with using a 9-point scaleere 1 meant that the product
is not salty enough, 5 - the product is salty elg@g- product too salty

Reduced salt teatesages

Encoded samples

a, b - statistically significant differences witharcolumn for p< 0.05
Source: own research.

Table 2. The degree of salty taste desirability of tasted sausages,
by gender of respondents

Female Male
Standard salt| Reduced salt| Standard salt| Reduced salt
content content content content
sausages sausages sausages sausages
Encoded samples 5,44+1,41 4,52+1,69 5,33+1,68 4 98%
Decoded samples 5,64+1,05 4,16+1,74 5,85+1,19 3,53%

Evaluation was performed with using a 9-point scaleere 1 meant that the product
is not salty enough, 5 - the product is salty elg@g- product too salty

a, b - statistically significant differences witharcolumn for p< 0.05

Source: own research.

In the group of men the desirability of salty taste changetfisigntly,
to the detriment of the product with the information about lowkrceatent
(Tab. 2).

Determination of the expected palatability and selection factors of
sausages with standard and reduced salt content

Another element of the study was to determine the expectedhiiihata
of the product evaluated on the basis of visual and informé&tigar of the
packaging. Subjects evaluated higher the palatability ofptbeuct with
standard salt content (Tab. 3). This relationship was asbrmed by the
analysis taking into account gender of the consumers (Tab. 4).

Table 3. The expected tastiness of tested sausages determined
on the basis of visual - information layers of package

Average Standard Deviation
Standard salt content sausages 5,48 1,12
Reduced salt content sausages 4,27 1,61

Evaluation was performed using a 9-point hedon&desavhere 1 meant that the
product does not taste at all, 5 - is very tastyugh, 9 - product tastes good above
average

Source: own research.
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Table 4. The expected tastiness of tested sausages determinechen t
basis of visual - information layers of package, including the
gender of respondents

Female | Men
Average / Standard Deviation
Standard salt content sausages 5,43+1,07 5,62+1,36
Reduced salt content sausages 4,18+1,38 4,38+2,27

Evaluation was performed using a 9-point hedonédesavhere 1 meant that the
product does not taste at all, 5 - is very tastyugh, 9 - product tastes good above
average

Source: own research.

B Sausages with standard
salt content

41

Sausages with reduced
salt content

Figure 5. Choice declarations of the product on the basis of visual
information layer of package (% of responses)

Source: own research.

Analysis of consumers opinion concerning the choice of the product
the basis of visual and information layer of its packagilogvad to conclude
that about 60% of the respondents would choose sausages with staidard
content (Fig. 5).

The results pertaining to the declaration of product selectiaulmasthe
assessment of visual and information layers of the packagiwges! that men
(67%) more frequently than women (57%) declared the choice chgesis
with standard salt content (Fig. 6).
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Figure 6. Choice declarations of product on the basis of visual
- informational layer of package, including the gender
of respondents (% of responses)

Source: own research.

The evaluators were asked in the next stage of the studytteelisictors,
which motivated them to select a particular version of theof of the
product. The appearance of packaging, product design, product knowledge
and familiarity with the taste of the product was most fratjyenentioned
regarding the sausages with standard salt content. Payemgiaitto these
factors can be simplified to the familiarity with the produist characteristic
taste, appearance and visual layer of packaging. In turn, tHuseéeclared
the selection of sausages with reduced salt content, moseifitygspecified
the information about the reduced content of this component, neketo
information on the lower fat content. Other, less frequently ooguanswers
in this group of consumers were the appearance of the pagkagid
information that this is a new product on the market.

As shown by numerous studies, the selection of the food is influéyced
many factors. Krasnowska and Salejda (2011) emphasized thsit fad
consumers during shopping were primarily driven by price. The sbady
Radzymhska and Jakubowska (2010) observed that the most important
factors in the selection of meat products were associatedtivatiproduct
itself, with the organoleptic attributes prevailing. However, gtady
conducted by Mieczkowska and Panfil-Kuncewicz (2011) found that the
choice of food was mainly affected by the information about the expiey dat

Our study concerning the effect of information on the acceptahthe
taste in a selected group of meat products has shown thatdhmatibn, in
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broad terms communicated with the package, did not play such acsighif

role in the selection of sausages with standard salt cahinare available

on the market for many years. However, nearly 89% of respondieciteed

that their attention was drawn to the information placed on the package about
the reduction of the salt content in sausages. This percewasgydigher
among those declaring selection of products with reduced sa#intdover

92%) compared with the declarations of a group of people tending teechoo
products with standard content of this component (86%).

It can be concluded that the average consumer, despite an indgeasing
higher level of awareness and nutritional education, still does not show much
interest in products with reduced salt content. However, amynaaffecting
consumer choices that will be based on a dependable knowledge admutrit
will be a socially desirable phenomenon.

Conclusions

1. The appearance of the information on the salt content of evaluated fla
versions of products, affected minimally the changes in women
preferences, whereas among men it resulted in leaning towards the
product with standard salt content.

2. The feeling of salt taste desirability was differentiated by thernmdition
of the reduced salt content of the product - coded samples wede rate
significantly higher than the decoded ones. The desirabilithefsalt
taste in the group of men changed considerably to the detrohehe
product provided with the information of the lower salt content.

3. Nearly 90% of respondents declared that their attentiordveasn to the
information placed on the package about the reduction of the salt content
in sausages. In the group of respondents declaring selecfwadofcts
with reduced salt content, information about the lower erttnof this
component in addition to the information about the reduced fat ¢onten
were the most frequently mentioned factors in the hierarchy eaf th
choices regarding the evaluated group of meat products.
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Introduction

Nowadays, we meet more and more often with infections related to food
product quality. According to the control report of the Quality lotipa of
Agricultural and Food Products in 2011, in the first quarter of teat the
quality of fresh fruits and vegetables was controlled in 193%hbeatotal
weight of 203,7 tons) including 1219 batches of fresh fruits (Weéddht of
152, 2 tons) and 720 batches of fresh vegetables (total weight ofobh§)5 t
(DHARS Report 2011). The quality requirements in terms of tregle value
were not met by 18% of all controlled products, with 216 batchisits and
126 batches of vegetables. Some of the irregularities wereetudt of
improper labelling; however, as many as 7 tons of food product8¥caf
controlled batches) did not meet the quality requirements. Sontaeof
products were not fresh and had visible signs of rot and decayeshlts of
that inspection show the importance of proper storage and tran$goad
products, especially fruits and vegetables. The quality atigme was
conducted in large supermarkets only, and that was the first trespetthat
kind in 2011. The report results were, however, much more positive cetnpa
with the previous ones. It is therefore clear that the consunzerd
tradesmen’s awareness regarding compliance with the conditods
standards applicable in the sales of food products is going up.

The quality in highly competitive reality of our times is otienes the
key factor influencing consumer’s purchase decision justthkelevel of
transport services and sales is an important aspect is t@riguality. The
majority of product damages occurs on the level of food trangputt
distribution, and that affects the final sensory impressions gbribetuct on
offer.

Since Poland joined the European Union, all professional carriees ha
had to comply with strict regulations regarding food product transakt
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consequently, had to heavily invest in proper equipment andtiftage. As

the result, the freight prices went up. Moreover, the pridefua rose
dramatically. In the analysed offer the changes in fuel pghewed a rapid
increase — which was presented in the graph below. The oil @m&ced
November 3t 2011 were on the level of 4.41 PLN. At the beginning of 2009
they were on the level of 3.53 PLN, which means that withintless two
years, the prices went up by 0.88 PLN.

The aim of this study is to analyse the real data and findicuduthat
might facilitate the decisions in terms of logistics. T$tady is mostly
explorative and focuses on evaluating the effectiveness reintiyrused food
product transport methods. The main goal of this researchaisalgse the
level of unsold products and their cost due to wrong decigiaiesms of the
use of transport methods. Such mistakes do not only affect thpaogm
finance (the cost of returned or re-called products) butthAls@ompany’s
image.

The study was conducted in October-November 2011. The documents of
the forwarding and transport company “Trans” were monitored angisauial
with the focus on data — the company documentation was not allovied to
presented.

Elements of cost in food products road transport

The overall costs are the monetary value of raw materaas labour
cost, external cost and manufacturing cost. The cost ofpwenmeans
something different to the entity commissioning the transposices and
something completely different to the forwarding company, railrtine. The
standard sales of transport services, excluding logisticpaoies, means that
the real cost is incurred during the actual transport fronptaee to another
and loading, reloading and unloading the goods. Such costs are chegdcteri
by their variability. For the company commissioning the transpenvices
other costs might be of more importance, such as: the costerafjest
reloading, sorting, packaging, labelling and price tagging, prodtwinrer
recall, product damage in transport and administration. leretbre crucial
to group different costs in order to be able to analyse themibboly (Bolton
2000, Button, Vega 2005, Dyszy 2008, DG TREN 2008, Follett 2007, Glaeser,
Kohlhase 2003, Handbook on estimation of external costs in the transport
sector 2008, Harris 2005, Philipp 2007). According to Jerzy Tarkowski, t
following tripartite system should be used (Tarkowski 1995):

» Cost type — mostly costs depending on time such as: amortizatienest
rate, taxes, insurance policies, labour cost; but also oostslirectly
depending on time: mileage, the use of tires, repair costs and services.

» Place of incurring the cost — understood as the type of vehicles used.
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» Cost carrier — determining transport tasks, single transpagingces or
long-term, regular deals etc.

The calculation of the vehicle cost is the basis of the futoserelations.
Fixed costs should be analysed here such as taxes and insasamed as
variable costs such as mileage, fuel consumption and drivée&ieéness.
The aim of such calculation is to evaluate the level of plessiosts in the
future. Total costs are divided into several elements wtlachiithtes the
assessment of the level, dynamics and diversity of codtiitidnally, a close
monitoring of cost parameters enables the person responsiigafming
transport and logistics a quick identification of potentiakats and reaction
or introduction of preventive measures.

The elements which have a direct impact on the level ofgosihsosts
are: technology, weight and volume of goods, transport distancegerdang
connected with the transport and the value of products thesssdlhe total
costs can be presented in the form of the following equation (Twardg 2003):

Kt = Kas + Kpts + Kmts + Kb + Ku + Krs + Kd + Kints + Kut

Where: Kas — amortization costs of cars and car baseihggd
Kpts — labour costs of drivers and operating parebn
Kmts — materials, fuel and energy costs relatethteexploitation
Kb — office costs
Ku — car insurance costs
Krs — car repair and maintenance costs
Kd — lease costs
Kints — other car base costs
Kut — external costs of transport services

Currently, the most common breakdown of costs is a system baslee
type of cost, which enables to group different costs in terrtieedfeconomic
elements, expenditures and the means of production. In other worderdiffer
costs of the company can be put together in a generic system tsf cos
(Handbook on estimation of external costs in the transport 68). The
most standard elements are: amortization, use of matedabs, texternal
services, labour costs and other costs. The exploitation dostssoused in
transport are usually connected with amortization, use of fikland
lubrication and drivers’ remuneration.

The prices of transport services can vary depending on pe df
transport and the type of services as well as any additenakes on offer
required by the client. That is why the prices are usuallgmifft in terms of
the means of transport used. The price itself is of couseygpowerful tool
in generating the demand for transport services. The followirtgr&aare
considered while determining the prices of different transpovices (Taryfy
transportowe, ceny w transpor@el1):
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- the cost formula, eliminating the impact of the market on the price
- the size of single batch
- the scope of additional services
- the time of transport
- the space of transport
In international transport the following factors have to be corside
(Ruciaski 2005):
- the number of other companies offering similar services
- the level of internal costs
- the changes in energy costs: oil, fuel, electricity
- the rarity of services
- the level and diversity of demand for transport services
- the time of actual transport
- the level of taxes

A very common practice on the market of transport servicee igse of
tariff prices, which are usually determined by relevaulblic authorities. In
such cases the prices of services cease to be decision-based.

Determining the total costs of transport services
in tarpaulin-covered dumper trucks based on the data
obtained from a transport company

The abovementioned transport company, depending on the time of the
year, imports up to hundreds of tons of fruits and vegetablesGemany to
Poland. For the purpose of this case study, the transport of apiles c
LOBO will be analysed. The apples are transported from Brandgnbur
Germany to the distribution centre in Wroctaw, directlyCash and Carry
shops — the route is 487 km long.

The driver is able to cover such distance as many astthreg a week,
considering the time of labour and all applicable road andaraifulations.
It is economically groundless to send the vehicle to Germany widnout
load, because an empty lorry generates losses. That is whpeabialist in
logistics working for the “Trans” company had to find some cliemtho
export their goods in the same direction. Usually, the products aof kelye
accounts are then transported to Germany, to areas near Bdrlueemberg
which ensures the continuity of providing transport services andodt. pr
When there are no clients interested in the company seiniaggven period,
the forwarder looks for potential clients or transport goods on the commodity
exchange market. Only if there is an exporter involved in tspat, the
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journey is profitable. This study, however, focuses on the ingfoapples
only. The total weight including the load must not exceed 40.8 tores. Th
vehicle itself weighs about 15 tons, consequently the totahivefdoad must
not exceed 25.8 tons. Generally, the load is estimated at 24 tons.

Both loading and unloading of apples is performed at the presetite of
driver and usually takes around thirty minutes. During that fimié and
vegetables are put onto the vehicle, and during the unloadingthkasgples
or potatoes are then segregated and packed in larger packaging atinonly
are ready for further distribution. The costs of transport eterBoland-
Germany have gradually increased in the past few years@assequence of
the global rise in fuel prices. At the beginning of 2009, 1 km usuoadabout
0.85 €, at the end of the analysed period the prices were around 1 €, and t
areas near Berlin - nearly 1.20 €. The table below shows tesiesl per
kilometre.

Table 1. Rates per kilometre from Poland to Germany, based on the
company data (“Trans”)

Rates per kilometre according to ,Trans” company inEURO
Months Year 2009 Year 2010
January 0,85 0,96
February 0,84 0,92
March 0,85 0,90
April 0,87 0,95
May 0,87 0,95
June 0,90 0,98
July 0,93 1,00
August 0,90 1,00
September 0,90 0,98
October 0,90 0,98
November 0,95 1,00
December 0,95 1,10

Source: Own work based on the company’s internalideentation.

The research was conducted in November 2011 and refers to the period:
2009-2010. The transport of apples was analysed. All data receivethizom
“Trans” company are connected with the costs of transport and the arhount o
transported goods. Data regarding product losses come from tigudiistr
centre in Wroctaw and had been obtained courtesy to the Dirddtogistics
and then developed and analysed for the purpose of this prdpecapples
transported from Germany are all local crops and are interatedirbct
consumption. Data presenting the amount of transported productseand th
level of losses are shown in table 2 and 3 together with trarcsysts. In order
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to determine the overall costs of transport the route both wag/saleulated,
without considering any other services provided to other clientkeorame
route.

Table 2. The costs of transport en route: Brandenburg - Wroctaw
including losses and total tonnage

Transport of apples Brandenburg — Wroctaw 487 km

Year 2009 2010
Total Losses Transport ngare Total Losse Transport | Share of
Months | amount [t costs losses amount s [ costs losses
[t] [EUR] %] [t] [EUR] [%]

January 288 14,4 9 934,80 5,00 268 11.p 6 545,28 4,44
February 240 11,7 8 181,60 4,88 240 12, 8 960,80 5,04

=

March 240 9,8 8 279,00 4,08 192 9,7 8 766,00 5,05
April 192 6,5 6 779,04 3,39 168 6.4 6477,10 3,93
May 192 3.8 6 779,04 1,98 144 2,8 5 551,80 1,99
June 168 2,9 6 136,20 1,73 144 2,2 5727,12 1,53
July 144 37 5434,92 2,57 120 1.6 4 870,00 1,33

August 168 4,3 7 012,80 2,56 144 19 5 844,00 1,37

September 288 4,4 10519,20 1,53 168 24 6 681,64 1,4
October 312 3,6 11 295,80 1,15 264 2,3 1049972 0,88

November| 360 34 13 879,50 0,94 288 3,1 11 68800 1,08

December| 312 4,2 12 028,90 1,35 264 3,1 11 78540 1,4

Total 2904 | 72,7 | 106260, 251 240 60[3  93396,86 2,51
Source: Own work based on the company’s internalideentation.

The greatest level of losses was sustained towards tleé @aduary and
the beginning of February 2009. As much as 5% of the total amount of
transported goods was lost, which was most probably the regattafularly
low temperatures in that period. Some apples were simply expoded,t
freezing temperatures for such a long period that the changesirimuality
were irreversible. This situation repeated itself in 2018, ttirie at the end of
February and at the beginning of March. The best period for trdimgpor
apples in tarpaulin-covered lorries/trolleys is the summertin 2009 it was
May and June and in 2010 May-August. A particularly low level otlpct
losses was the result of the temperatures outside similhe tones in which
apples ripen. The only sustained losses in those periods were the ones
connected with the ending of the acceptable storage period. Adewide
level of losses was also observed shortly after the harvestrdit were very
fresh then and susceptible to damages, but the total losses were very low.

It can be observed that losses incurred only in transport are already quite
significant. This most certainly is caused by the type ofckehised. If the
transport was performed in vehicles with temperature-obhedr conditions
and the loading and unloading was conducted in a different way virieofe
losses would be much lower.
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In conclusion, the biggest losses are sustained during the transport at the
beginning of the year (in winter) with the total level@gdes around 5%. The
losses are the least significant in autumn (1.25%), the average arotuadtpr
loss in transport is 2.51%

Determining the cost of product losses in transport

The costs arising from transportation of food products are not only
connected with the transport costs, but also the cost of sieletseffuch as
commodity losses. As it was presented in table 2, the total loSHes kind
are on the level of 2.5% which is quite a significantrégim terms of the total
tonnage of transported goods. These costs and losses can be mitiiougéd
if proper logistic decisions are made. Considering the lossegedciur the
transport of apples — 2.51% on average between 2009 and 2016sitttysv
monetary loss of circa 5 011.41 € in just two years.

The losses in goods during transport processes

The losses in food products relate to the decrease in the wsight
products ready for consumption within the supply chain, which obedeads
to rejection of products that do not meet strict requirementshaisdare not
ready for direct sale and consumption. The starch test wasaiassgéss the
level of apple ripeness. While considering the safetyaoforted goods, the
planned action is aimed at minimizing the level of product toske&ing
transportation. Although the majority of forwarders assebs#sown safety
in terms of potential risks of theft, the safety in transparhoabe limited to
the actual theft or robbery. During the process of transportation@ortant
role is played by drivers. It is essential for them to uridedsand possess
knowledge of the goods that are transported thus being fully relsjeofts
the products in transportation. It is the driver's role to supe the proper
handling of goods during loading and reloading, proper documentation and
handing over the products to authorized persons. It is also hisoraleke
sure the products are transported properly and the load will roitically
damaged. The safety of the transported goods is the responsbilibe
driver; however, the total liability regarding the load is ondéuier. In order
to raise awareness among the drivers it is important to tihaim regarding
the entire logistics of transport, electronic devices and systemsithad e
used, and of course the general safety of transported productoantb
handle them properly. It is clear that one of the most cruciariaof proper
handling are the conditions of transport, because they affectaieofoducts
directly leading to an increase in damages and losses. Thense#or
incurring losses and the events leading to them shall now be analysed.
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The reasons for incurring losses

There are several reasons for incurring food losses. Accotding
international research results almost one third of all food ptedsievasted,
which brings around 1.3 billion of tons every year (Global Food Isoard
Food Waste, FAO 2011).

The losses can be incurred at different levels of supply emairmiepend
on many factors, from improper harvesting techniques through storage in ba
conditions to transport and, of course to a large degree, the wroicg oifio
the means of transport. In considerably well-developed and developed
countries a lot of food is wasted on the level of consumption,hwhieans
that a lot of products are thrown out despite being fit for congampin
developing countries a lot of losses are incurred at the baginhthe supply
chain due to lack of means of ensuring proper storage anchgalifood
products. Different foods can also be rejected or wasted due tity qua
standards prevailing in a given country. If then the product ecteé on the
level of aesthetics, it might not be considered on offer. Afsevesting, the
apples are stored in temperature-controlled cold rooms. Ifttleeproducts
are removed from such storage conditions and placed inside thali@arp
covered vehicles, the storage cycle is broken and it candeackversible
changes in the quality of apples. In the summer periods, when theétumee
outside is similar to the ones at which apples ripe, the goaingn such
conditions may lead to apple withering. It is also relatieggnmon that the
apples are loaded inappropriately by being dropped from above onto the
vehicle thus losing their aesthetic value and in many casag hiready at
this stage unfit for sale. Unfortunately, it is impossiblevaluate the amount
of products discarded, after they were taken by the shops,odtieeit
unattractive appearance and consumer rejection. Summing up, it siztdae
that the quality of fresh food products is strongly affected bganelitions in
which they are stored and transported. Proper conditions of such product
storage were examined and described in great detail byatenisl Institute
of Fresh Produce. Apples should be transported in temperatures ranging from
-1°C to +3°C, which of course means that the use tdrpaulin-covered
lorries/trolleys in the summer period diminishes the valtighese food
products.

Proposals to minimize the amount of losses arising during
transportation

The reasons for the losses arising during transportation, as pnothed

research, depend to a large extent on the means of transport uste@ and
conditions of storage. If the requirements behind transport conditibns
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apples are fully understood, the choice of means of transpoulds be
reconsidered. The products stored in temperature-controlled coldsroom
should be also transported in similar conditions, especially if the tatope
outside is significantly different from the conditions in whilsbyt were stored
e.g. hot summer or particularly cold winter. In order to enswgdigh quality
of fresh fruits and vegetables it has to be rememberedhiabnditions of
storage have a direct effect on the quality of these prodndtaray kind of
unnecessary reloading and re-packaging may lead to the decrehs final
level of quality of the products. This could be avoided ifapples were put
into the containers which could be then returned when the drivaclsin
Germany. All unnecessary re-packaging is then minimized anpirtioieicts
retain their high aesthetic value.

Another important issue is the temperature and humidity during
transportation. A certain level of temperature and humidity shoermain
stable, all sudden changes affect the quality of produsstiyi. It is therefore
much better to store the food products for a couple of hours petatures
relatively higher than they should be, provided that there are ntéicdras
changes in these temperatures. Sudden and brisk changes impbeatare
of storage adversely affect the quality of fresh food. Both means of transport:
tarpaulin-covered vehicles and lorries with cold rooms wee &nalysed and
compared in order to determine why the vehicles with cold rooms @ m
suitable for the transport of fresh fruit.

The comparison of the incurred losses and costs between
the transport in tarpaulin-covered dumper truck
and refrigerator truck

The table below presents the losses arising from the transpeticles
with cold rooms, exemplified by the transport of apples. The $ossze
estimated by the Director of Logistics at the Logistiestte in Wroctaw and
then analysed for the purpose of this study.

Comparing the tables 2 and 3, it can be observed that the coatsspiort
in a vehicle with a cold room are perhaps higher (up to 4 thousaodbeur
the losses generated in both cases make the second solutibnnrote
effective economically. Apples transported in vehicles witlold room are
also put into special boxes which prevents the fruit from sustagdamages.
Figure 1 presents the full comparison between these two megasigport
and losses incurred in both cases.
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Table 3. The costs of transport in the refrigerator truck en route:
Brandenburg - Wroctaw including losses and total tonnage

The costs of transport in a vehicle with cold room en route:
Brandenburg — Wroctaw 487 km
Year 2009 2010
Total Share Total Transport Share
Losses| Transport| of Losses| of
Months amount amount costs
It [t] |costs [EUR] losses It [t [EUR] losses|
[%] [%]
January 154 0.03 10934.80| 0.02 264 0.03 754528 0.01
February |242 0.04 9 181.60 0.02 242 0.04 9960.80 0.02
March 242 0.07 8 279.00 0.03 198 0.07 8766.00 0.04
April 198 0.05 6 779.04 0.03 176 0.06 6977.10 0.03
May 198 0.05 6 779.04 0.03 154 0.04 6551.80 0.03
June 176 0.06 7 136.20 0.04 154 0.03 5727.12 0.02
July 154 0.04 5934.92 0.03 110 0.03 4870.0 0.03
August 176 0.04 7 312.80 0.02 154 0.04 5944.00 0.03
September| 286 0.07 10519.20| 0.02 176 0.08 6881.64 0.05
October |318 0.08 11 295.80| 0.03 264 0.07 10999(72 0.03
November | 362 0.06 13879.50| 0.01 286 0.06 11 688/00 0.02
December |318 0.04 12 228.90| 0.01 264 0.04 11 98540 0.00
Total 2 824 0.63 110 260.80 0.02 2 4472 0.59 97 396.862 0.0
Source: Own work based on the company’s internalidentation
1062608 110260.8
120000 - 97396.86
100000 /

80000 /

60000 /

40000 /

20000 _/ 44,26 19,48

0 T

2009

2010

OKt dumper truck BK losses OKt refrigerator truck BK losses

Figure 1. The list of costs and losses in the transport of apples
(tarpaulin-covered dumper truck and refrigerator truck)
in 2009-2010

Source: Own work based on the company’s internalidentation
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It can be observed that the costs of losses in these two aa&ses a
significantly different. It is altogether cheaper to transpgriles in vehicles
with a cold room, despite the fact that the cost of freightgher than in case
of the tarpaulin-covered vehicle. By not generating signifipamtluct losses
the forwarding company can also build up the relationships withéegunts,
gaining more respectability, trust and reliability. Keynlis nowadays expect
their forwarders to possess thorough knowledge about the tracspditions
of food products whose temperature must be controlled. The most common
reason for losses in transport (vehicles with a cold rooendgain the human
errors. If the temperature-control system breaks down, thersualy little
that a driver can do about it, however when the driver makestake — it is
a completely different case. The most common human errordhseéting the
temperature of isotherm to automatic cooling, not to the contiraraisThey
also rarely check whether the temperature inside the cold coomplies with
the requirements, that is why the driver does not give any fekdaroute
about possible breakdowns of the system. Moreover, sometimesvées dr
want to save fuel and energy by setting the temperature oreeediffevel
than stipulated in the transport documentation. Such behaviour athyde
incurring big losses and should be prevented in any possible vean &lso
result in the waiver of the insurer to pay compensatiois. ddn be, of course,
prevented by the use of telematics devices allowing to monitor and report the
conditions inside the cold room along the entire route (TX-CONBACK
OFFICE SOFTWARR012).

Conclusions

The conducted research proved that the quality offered by tHe app
grower is rarely retained in storage and transportatidmyagh it represents
approximately 50-60% of the total expenditures incurred in theeenti
production cycle. The final level of quality of fruits and vegetsidlepends
mostly on the proper choice of the means of transport and may mefpize
the product losses, increasing the reliability of the forwaeshel its good
opinion among clients. The quality also depends on the distandethit be
covered in transport, and the longer the journey the higher produagdam
and losses. According to the analysis, transport in a vehitgd fitith a cold
room is a better choice in case of fruits and apples ircphati It enables to
keep the products in stable and controlled conditions throughoutribeoti
transport, thus ensuring the conditions similar to those of pstpeage and
minimizing the damages. The best transport packaging in t¢agmples is a
special pallet case (volume: 300 kg). The use of such padles caduces the
product losses. Efficient and cost-effective transportation of foaducts has
to meet specific requirements regarding fruits and vegetablecase of
apples, the best way of transporting means that not only ceetzets |of
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temperature and general conditions are kept, but re-loading padkaging

is relatively rare as well. In the analysed transporttoading and re-
packaging was a common practice, which of course directly affectéidahe
guality of apples. The effectiveness of the vehicle depends dlistiamce it

has to cover, tonnage, time of loading and unloading, and the averade spee
of driving. These figures are interdependent; the effectigeokesansport is
proportional to the tonnage and inversely proportional to thé tioia of
transport. That is why a large tonnage vehicle will not beféective as a
smaller one when the distance is not very long.

The company that served for the purpose of this case study triaaspor
5266 tons of apples in two years. The average level of prodwsesliagas
2.51%. The transport of apples was analysed from the perspettarpaulin-
covered vehicles and vehicles with cold rooms. It has to bedstadbwever,
that the results of transport in vehicles with a cold rooerewonly an
estimation because the company did not use such vehiclesgpart food
products.

The vehicle with a cold room is a better solution in food prbduc
transportation. It minimizes the product losses. An increaseight costs by
four thousand euro resulted in the level of losses decreasing %y 60
Therefore, it is altogether cheaper to transport apples in gshigth a cold
room, despite the fact that the cost of freight is higher thazase of the
tarpaulin-covered vehicle.
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Introduction

Recently, the circumstance surrounding sake, the represe titpimeof
Japan, is becoming tough. The reason is that consumption of young
generations, 20s and 30s, of Japanese traditional liquor (sake)inishing
while demand for wine or other kinds of liquor is growing. Accordingl
production of Japanese liquor and the manufacturing companies which
manage ‘kuramoto’ (place where Japanese sake is producetbsed) sire

both decreasing. Théz 2 X|’ (technician who makes sake) system which has

long been maintained from the old time, and methods or know-how are being
lost. According to statistics of Japanese Revenue Service, tiomes
consumption of Japanese liquor was below consumption of soju in 2003, and
in 2008 the consumption dropped to almost 50% of the 1989 consumption.

On the other hand, Japanese food is in boom outside Japan and demand

for Japanese foods such as sushi and Japanese liquor is grovaver alie

world. Japanese government is promoting globalization of Japamesednd

foods, as a part of Japan Regeneration Strategy, targefiog expansion of
agricultural and marine products and foods. The purpose of this igatoer
review globalization strategy of Japanese liquor industryutoensarize the
actions in the Eastern European market which is not larg@aeicularly in

the V4 market, and to study the future prospect.

Overseas expansion of Japanese liquor
Comparing export and import of overall liquor in Japan, import is

dominating in the ratio of 1:10 in both volume and amount. This tiend
expected to continue consistently in the future. In classificatiateby beer
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export shows substantial growth rate in both volume and amount. Seke, th
Japanese traditional liquor, is still in growing trend of ekptthough growth

is slowed down recently. On the other hand, in import, import akipg

wine is noticeably expanding, and import of wine is also inrdoevering
trend.

Export volume of sake was about 6700 kI in 1989, and after that kept
growing to 12000 kI in 2008, which was almost twice of the 1989 volume, and
to about 14000 kl in 2012. Export amount is also growing, and recorded 8.95
billion Yen in 2008.

1600

1400 -

1200 —+

1000 mSake

800 - ¥ shochu
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Figure 1. Alcohol Export value according to Country
Source: Agriculture, Forestry and Fisheries Depantim

In classification by importing country of Japanese liquor, in 2018 US
imported the most Japanese liquor, about 3,900 kI (28% of the whold expor
volume from Japan), Korea wa¥' @ith about 2,900 kl which was 20.6% of
the whole export volume from Kapan, Taiwan wdgabout 1,600 ki, 11.4%),
and Hong Kong was™with about 1,500 kl which was 10.6% of the whole
export volume from Japan. On the other hand, in amount, USA wahestill t
highest with 3.25 billion Yen (36.3% of the whole export amount frorardjap
Hong Kong was "2 (1.50 billion Yen, 16.7%), and the rest of order was Korea
(1.2 billion Yen, 13.5%), and Taiwan (0.51 billion Yen, 5.7%).
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Table 1. SAKE Export value according to Country

Country Export Proportion of | Quantity | Proportion
(million export(%) of
yen) export(%)
1 us 3245 36.3 3952 28.0
2 Hong Kong 1495 16.7 1492 10.6
3 South Korea 1204 135 2904 20.6
4 Taiwan 513 5.7 1603 11.3
5 China 412 4.6 666 4.7
6 Singapore 375 4.2 399 2.8
7 Canada 245 2.7 489 3.5
8 Australia 214 2.4 281 2.0
9 England 182 2.0 238 1.7
10 Thailand 168 1.9 446 3.2

Source: National Tax Agency

Export of Japanese liquor to Eastern European Region

“I heard that there were only 30 Japanese restaurantsiodimntry in
2006 but the number has rapidly increased to about 270 now, 9 times in 7
years. If this trend continues, | think Japanese restaurantser@gpanded to
2,500 places until 2020“ - this is a part of speech given by Japariese P
Minister Abe when he visited Warsaw, Poland in June 2013 and did top sales
of Japanese food. As can be noted from this statement, theréaislgex
boom in Japanese food. Also, according to survey of JETRO (2014gvin a
countries such as Turkey or Russia where Japanese food nsatkegsd,
import of Japanese foods and agricultural & marine productertsily
decreasing, whereas in countries such as France, Greeced,Irel@and,
Czech Republic, Latvia, Lithuania, Slovak, Hungary, Bulgaria, Estamrid
particularly Eastern European countries, demand for Japanese fodds a
liquor is reported to grow rapidly. Economically, the Easteurofean
occupation in the EU economy is largely expanded compared to thapast,
the Eastern European GDP occupied about 5.4% of the EU GDP in 2012
Considering that the occupancy had been about 2% until 1995, the recent
consistent growth is understandable.
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Figure 2. Visegrad V4 GDP& Scale of Trade
Source: IMF, KOTRA
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Figure 3. SAKE Export value according to V4
Source: Agriculture, Forestry and Fisheries Depanim

The rapid increase of demand for Japanese foods in recennEastepe
is considered to be caused by entering of multinational comgatodsastern
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Europe due to economic vitalization there and the resulting expans
resident employees, rise of standard of living in Eastern Europe, anchgrowi
residents of companies from advanced countries. Because rapidfrise
demand for Japanese foods is directly connected to demand foresapa
liquor, studying future prospect of demand for Japanese foods is important.

Spread strategy of Japanese liquor in Eastern Europe

When spread of Japanese liquor in Eastern Europe is considshexlld
be understood that demand for Japanese liquor in Eastern Eunoptesis
high right now. Certainly, it is in the growing trend comparedhi past
because of the increasing number of Japanese residents whueliege dut
demand from Japanese businessmen is certainly limited. Toesuate
globalization of Japanese liquor, making Eastern European peoptmize
and like Japanese liquor is important. Localization effornfdapanese liquor
manufacturers is needed until Eastern European people willmeeothat
Japanese liquor is good. Also, needless to say, development ozddcal
products to the level that local residents may feel Japaa&seis good is
important.

Director Ishige Naomichi of Japan National Folk Museum cenmied
on the Japanese liquor sold in Eastern Europe, “I once wenttericgsirope
for business. Eastern or Central Europe may be called gienrfarthest in
cultural distance from Japanese liquor or Japanese culture. Véhprepare
Japanese foods to local residents for tasting, we usuallynpréspanese
liquor and tea, but the Japanese liquor | drank in Eastern Europealiys
bad”. Storage management and quality management is importanisbeca
exporting from Japan to Eastern Europe takes time, and thiemaémplies
that Japanese sake exported to Europe has still many probleinsse t
aspects.

Taste is important above all to enter overseas market. Vovdgh the
liquor is estimated in Japan, it is meaningless if the ligosed taste in the
actual locality of Eastern Europe. And, what is important is tkkengaod use
of the image Eastern European people have for Japan and to devetep ma
Under the premise of development of good taste Japanese liquonaitg g
management for export, this paper emphasizes the following a®itits to
be considered at the time of advancing to Eastern Europe.

First, Japanese restaurants should be used. First of all, Jajigunese
needs to be supplied in priority to Japanese restaurants aric&strope, and
information on local restaurants should be collected usingnmafiion of
JETRO or local Japan Chamber of Commerce.

Second, collaborative selling with local competitive distrifuti
companies is important. In the long term, to obtain wide demand tirem
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world, companies that are trying to export Japanese liquor shouldtnang

will to make Japanese sake or soju a global product. To make an
internationally standardized product, whether the Japanese ligpdr s
overseas suits the needs of Eastern European people or othemvdset
modification is necessary should be reviewed.

After such a review, collaborating with local distributors, depants, or
supermarkets, liquor manufacturer will be required to devetopgucts that
will satisfy market trend or preferences of local mark€@serall actions
aiming at global market need to be considered, such as qualitglingtaste
or scent, vessel, label design, vintage, ways of providing iEamuith
consumers. Not actions for Japanese or Japanese liquor residang
overseas but serious market-developing mechanism should be constructed.

Third, products should be developed targeting Eastern Europe. Japanese
liquor including sake is distributed mainly to overseas Japaressaurants,
but if it is to penetrate widely into each country in the doslhich has
completely different food culture, ways to drink in harmony wigbds or
food culture of the country should be developed. What is necassatymere
development of products customized for the country but aggegssimotion
for those residents who lack understanding of Japanese liqumindra
awareness of Japanese liquor is important, for example throughprsiate
companies, by using a famous chef in Eastern Europe to develop foods
suitable for Japanese liquor, or holding cuisine contests suitahlapanese
liquor or cocktail contests using Japanese liquor, in main markets.

Forth, differentiation strategy from wine is also importantsTifinot a
simple issue. The history of wine’s internationalizatione#ond localization
effort cannot be easily benchmarked by Japanese liquor comparsesding
to Michael Potter, professor of Harvard Business School, soafce
differentiation includes brand image, independent technology, design or
performance of products, customer service, and sales chanaosi. the
viewpoint of Potter’s theory, the current position of Japanese ligustitl far
behind. It is reality that when compared with wine through e&dtotier's
elements for strengthening competitiveness, Japanese liguaotimore
competitive in any element.

What competitive advantages does Japanese liquor have as adfource
differentiation? Strategies of Japanese whisky, YamazakHibiki, to
advance to world may be useful references. In “World Whiskarév2012”
which is the world best competition, Japanese whisky Yam&akiears
(Santori) and Taketsuru pure malt 17 years (Nika) worhigfieest award in
the field of whisky. This paper tries to seek overseas eigastrategy for
Japanese liquor by finding the reason.

When launching the premium whisky brands (Yamazaki and Hilbdki),
the world, Santori carried out concentration strategy as bearseen in
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promotion of winning in world class competitions, giving tastingiesars,
promotion of competitive quality and obtaining of PR, and focused satling t
overseas Japanese restaurants. And, while competing commansiasd local
procurement, local production and low price strategy, Santoriidznesl
production in Japan very important, and made strict management d quali
putting development of tasty whisky ahead of everything. Also, it esiypeth
the image of Made in Japan and strict quality system, and jputseistrategy

of high price.

What is revealed through these strategies is that as ipréigeess of
whisky, developing Japanese liquor that satisfies overseas casswitiethe
goal of winning at international competitions is important. But,tvehauld
be noted is that whisky basically existed in the western worldapaoducts
customized for Europeans could be developed in a short period, whereas i
the case of Japanese liquor or soju, Japanese food culture orcliduoe
does not exist in Eastern Europe. How to develop a market @edds
Japanese culture under this circumstance is a subjectetiidtes serious
consideration.

Conclusions

On Sep. 4, 2012, Japanese government announced “Program to export
Japanese liquor or other” to promote “Globalization of Japditps®”. This
program includes many important policies to encourage export asich
establishment of marketing strategy, establishment of bratrésgthening
of industrial basis, and local vitalization by creating liquor tourism.

While it is important to expand Japanese liquor business in thd wor
market including Eastern Europe with combined efforts of governavaht
civil sector, what is most important is efforts of Japatigeer manufacturers
to develop markets. Success will be unlikely outside Japtre mindset of
pride in “This is popular in Japan”. Also, the level of understanibcal areas
and creation of native mania who understand Japanese liquor atg fooi
strengthen competitiveness of Japanese liquor there.
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