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Abstract. Vegetables are a basic element of each diet and their
relatively low consumption in Poland is a stimulus to look for
new attractive forms of the products. This paper presents an
outline of production technologies of dried vegetable snacks
and results of a questionnaire on vegetable consumption and
social acceptance of new products in the area as described
in this paper. The new processing technologies of vegetable
snacks are based on a drying method that generates prod-
ucts attractive in terms of physical and chemical properties.
A questionnaire survey shows that interest among respondents
to buy snacks made of root vegetables is highest with respect to
carrot-based products. The respondents highly assessed visual
properties of the new product, primarily the colour and shape.
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INTRODUCTION

Vegetables — due to their nutritive values and properties
of their phytonutrients should constitute a significant ele-
ment of each rational diet. The importance of fruits and
vegetables in adequate nutrition is confirmed with the fact
that they are recommended for daily consumptions in the
form of a minimum of 5 portions (not including potatoes).
As confirmed with much scientific research, the active
compounds in vegetables (including vitamins and poly-
phenols) are related to multidirectional health supporting
actions (Kajaba et al., 2007). For example, beta-carotene

found in carrots (dApiaceae) displays the activity of vi-
tamin A. Additionally, carrot roots contain inter alia: B
group vitamins, E vitamin, carbohydrates and fibre (Kuna-
chowicz et al., 2005). Further, Brassicaceae have high
nutritive value, high anti-oxidation activity and health
supporting effects (Sikora and Bodziarczyk, 2012). Non-
nutritive components of edible vegetables are involved
in multiple metabolic processes strengthening the body’s
immune system. Antioxidants in vegetables are able to
neutralise free radicals (Steinmetz and Potter, 1996).
The reduced consumption of fruits and vegetables
and continued low consumption of fish in Poland is
worrying from the viewpoint of balanced consumption
(Piwowar, 2016). The reduced vegetable consumption
is accompanied with structural changes towards more
processed products (this applies also to vegetables)
(Piwowar, 2008). Among the subjects under review, it
is not only the quantity, but also the type of vegetables
in the context of their overall anti-oxidation potential
(Predka and Gronowska-Senger, 2009). Vegetables may
be consumed in various forms while scientific and tech-
nical progress in food processing makes various forms
of food products more available. New solutions in the
sphere of drying plant products may provide for varied
consumption forms of vegetables. Thermal processes
which are the most important methods to preserve food,
in the case of vegetables, may ensure high quality of the
generated crispy snacks and attractive sensory values.
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This paper presents an outline of the drying technol-
ogies of dried vegetable snacks and the results of em-
pirical studies concerning consumption of vegetables
among students, including their preferences with re-
spect to product innovation (vegetable snacks). The Pol-
ish Central Statistical Office data shows that the char-
acteristic features of vegetable consumption models of
Polish households include varied levels of consumption
and assortment structure in various social-economic
types of households. Consumption analyses of selected
food products in Poland in public statistics are very gen-
eral and the results of surveys on vegetable consump-
tion do not take into account e.g. the age of people in
households which is a major determinant of consumers’
attitudes to food products.

RESEARCH METHODOLOGY

The core objective of this paper is to analyse the fre-
quency and the forms of vegetable consumption by
students and their acceptance level for new products
in respect to the outline. The measurement of consum-
ers’ preferences was related to vegetables generally and
root vegetables, and covered both positive and negative
opinions. The survey was carried out in June 2015 with
a direct questionnaire, containing 14 questions in two
thematic categories (6 questions about intake of veg-
etables generally and 8 questions in the section on root
vegetables consumption, preferences, and acceptance
of new products). The questionnaire was completed by
107 students of the Wroctaw University of Economics,
most of them in second-cycle studies (62%). The visual
values of considered vegetable products were also as-
sessed in the research (a colour photo was placed in the
questionnaire). The survey sample was dominated by
women (74.8%). People aged 19-25 (96% of the sur-
veyed group) dominated among the respondents. Most
of the respondents lived in towns and cities, including
34% in cities with more than 500 thousand inhabitants.
Every fifth respondent lived in rural areas.

OUTLINE OF THE MANUFACTURING
TECHNOLOGY OF DRIED VEGETABLE
SNACKS

Dried vegetables are commonly consumed in most
countries of the world. It is estimated that in China the
annual production is worth USD 800 M of which almost
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60-70% is exported (Liu, 2003). The value of the Eu-
ropean market of dried vegetables grew from USD 260
M at the beginning of the 1990s (Tuley, 1996) to almost
one billion USD now (Huang and Zhang, 2012). The
European Union countries are the major importers with
the largest suppliers being China, USA, Hungary and
Poland (Stgpka, 2004).

Snacks are most often produced of potatoes, carrots,
pumpkins (in the form of slices), tomatoes, and beans
(dried in whole). Sometimes vegetables are processed
as paste with some spices and salt added and afterwards
reprocessed and dried (Zhang et al., 2011). With the ad-
dition of cereal flower or fruit pure, dried products are
generated with new taste, aroma and colour (Huang et
al., 2011).

Considering the growing structure of vegetables in
Poland, carrots (Daucus carota L.) are of major impor-
tance for potential production of dried snacks. The high
nutritive value of carrots and the variety of culinary ap-
plications have caused that carrots for years have been
among the most valued vegetables in the world. Carrot
roots may be orange, yellow, red, and purple which is
visual evidence of the varied profile of phytonutrients.
Orange carrots have a high concentration of beta and
alpha carotene. Yellow carrots contain much lutein
and red carrot — lycopene (Dias, 2012).

Now, the main trends in carrot processing are fo-
cused on minimum root processing — peeling, develop-
ing a shape ("baby carrots” or “cut- and-peel carrots”)
and proper processing, including canning, freezing,
marinating, juice extraction, cutting in various ways and
snack production (Joy and Lada, 20006).

Among the manufacturing methods of vegetable
snacks made of carrot, the most frequent are: hot-air
drying (1), vacuum drying (2), freeze drying (3), drying
in a microwave field (4) (Zhang et al., 2006), extrusion
(5) and combined (or hybrid) methods (6). Appropriate
processes are selected subject to the texture of the mate-
rial, its chemical component, and the nature of the dry-
ing process. Each method is different not only with
the way of energy consumption of the dried material,
but primarily with the physical, chemical, and sensory
quality of the final product. Hot air drying is the oldest
and most popular manufacturing method of vegetable
snacks. The advantages of the process include low costs
and easy performance. However, moisture removal by
applying high temperatures with a long drying time re-
sults in a major reduction of nutritive and sensory values
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and changes the colour and aroma. As a result of the dry-
ing process, there are changes to the plant tissue — often
permanent — like deformation of the shape, shrinkage,
sticking or browning which also adversely affects the
quality of the final product (Kaminska and Ciesielczyk,
2011; Kowalski and Szadzinska, 2003).

Low temperatures in the drying process are obtained
by applying a vacuum. Gentle thermal processing re-
sults in a higher quality final product as compared to
those obtained with the convection a drying method un-
der normal pressure (Fernando and Thangavel, 1987).
High costs of the drying process under reduced pressure
are appropriate for processing expensive material that
is sensitive to temperatures, e.g. fruits with high sugar
content or some expensive vegetables. As a stand-alone
process, drying under reduced pressure is not recom-
mended for vegetable processing (Huang and Zhang,
2012).

The best colour, shape, aroma, texture, and preser-
vation of active compounds are obtained as a result of
freeze drying (sublimation drying) as the dried material
is subjected to more gentle thermal processing and lim-
ited contact with oxygen. Many freeze dried products
— boiled and seasoning — may be consumed as a snack,
e.g. courgettes, potatoes or carrots (Huang and Zhang,
2012). Despite this, freeze drying is in many ways an ex-
pensive process. The investment in equipment requires
approximately 3-fold higher cost than in the case of oth-
er types of dryers. Moreover, the cost of energy are 2—3-
fold higher compared to other methods, and the drying
time is long (up to 24 hours) (Witrowa-Rajchert, 2009).

One of the most promising techniques to improve
the performance of the drying process and quality of the
final product is to apply microwaves. This method of
generating heat energy in place of convection may ma-
terially shorten the drying time and reduce demand for
energy in the process as compared to the traditional dry-
ing technique with hot air (Stanistawski, 2005). The op-
eration cost of equipment is lower, because the absorp-
tion of microwaves occurs only in the heated product.
There is no need to heat the entire reactor. Because of
the small size, microwave installation does not require
additional production infrastructure. Compared to con-
ventional drying methods, microwave food processing
reduces labour cost (automation, elimination of some
interoperable activities) (Przetaczek-Roznowska and
Szuba, 2014). Microwave heating provides heat to the
entire volume of the material being dehydrated and thus
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the shape of the particles is retained and the drying time
is substantially reduced (Kaminska and Ciesielczyk,
2011). However, the microwave field may damage the
structure of the material and cause undesirable changes
to the texture. That is why the micro wave field is used
combined with other manufacturing methods of vegeta-
ble snacks.

Extrusion is another method of producing snacks. It
is applied to products obtained from vegetable or ce-
real flours with the addition of vegetable puree. The
process consists in transferring chopped moist mate-
rial through nozzles of an appropriate size to a drying
chamber at a high temperature. Snacks manufactured
with this method have low bulk density, are crispy and
tasty (Dehghan-Shoar et al., 2010). Extrusion technol-
ogy is one of the HTST processes. Its advantage is the
low cost of production, the continuity of the process,
small production area, low specific energy consumption
and automation (Fichtali et al., 1995).

Removal of individual limitations of the methods
and reinforcement of their advantages can be obtained
by appropriate designing of the process. Products gen-
erated with various methods will differ in aroma inten-
sity, texture and taste. The best combined manufacturing
method is drying in a micro wave field. The applica-
tion of microwaves to the air drying process materially
shortens the process and thus the contact of the material
with the oxygen in the air. This affects the behaviour
of nutritive components as well as the product texture,
colour, and taste.

Evaporation of moisture from the material by reduc-
ing pressure with simultaneous delivery of micro wave
energy is called puffing. Such reduced pressure results
in reduced boiling temperature of the water in the dried
material. Additionally, the material is supplied with
heat energy with the operation of the micro wave field.
Intensive production of water vapour and operation of
vacuum expands the volume of the material. The pro-
cess generates material with a crispy and stable texture
(Yan et al., 2010). Due to the short processing time and
low temperature of the material during drying, the dried
mass obtained with this method is characterised with
a higher quality than obtained with other techniques
(Szarycz et al., 2002). As a result of appropriately se-
lected process parameters — the power of micro waves
and the range of the applied pressure — depending on the
structure of the dried material — the product is suited to
consumers’ needs.
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CONSUMPTION OF VEGETABLES

BY STUDENTS AND THEIR RELATED
PREFERENCES - RESULTS OF EMPIRICAL
STUDY

The knowledge of the respondents in the sphere of ef-
fects of vegetable consumption can be termed as very
good. 94% of the respondents agreed with the statement
that “high consumption of vegetables reduces the risk of
obesity, cancer, and cardiovascular diseases”. However,
there was concern about the respondents’ knowledge
on recommended consumption of fruits and vegetables.
24% of the respondents claimed that the “recommended
daily consumption of fruits and vegetables was about
100 g (1 portion)”, while 25% of the respondents had no
opinion on the subject.

Almost all of the respondents like vegetables. To
the question “Do you like eating vegetables”, over 55%
of the students responded “absolutely yes” and an-
other 39% of the respondents replied “rather yes”. The

Less than couple times/week
Rzadziej niz kilka razy w tygodniu

3.0%

Couple times/week
Kilka razy w tygodniu

1-2 times/day
1-2 razy dziennie
48.0%

21.0% ‘r

frequency of vegetable consumption in the interviewed
group is presented in Fig. 1.

Declarations among the respondents relating to the
frequency of vegetable consumption were materially
different with respect to various plant species (Table 1).

The results of the analyses indicate varied consump-
tion of vegetables among the interviewed group of stu-
dents. As the study shows, 43% of the respondents eat
tomatoes once—twice a day and 20% of the interviewed
students eat cucumbers once-twice a day. The consump-
tion of beans, beetroots, and celery was infrequent in
the studied group while a major part of the respondents
do not eat those vegetables at all (in particular celeriac).
The respondents identified the following reason of low
celery consumption: taste and aroma. The respondents
like the natural taste of vegetables and they like the col-
ours (in particular of carrots and beetroots) (Table 2).

The respondents further stated that the preparation
of celery and beetroots for consumption is too time con-
suming for them.

5-7 times/day
5-7 razy dziennie
4.0%

3-4 times/day
3-4 razy dziennie
24.0%
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Fig. 1. Frequency of vegetable consumption by respondents

Source: own elaboration on the basis of questionnaire studies (N = 107).
Rys. 1. Czesto$¢ spozycia warzyw przez respondentow

Zrédto: opracowanie wlasne na podstawie badan ankietowych (N = 107).
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L J
Table 1. Frequency of vegetable consumption by respondents
Tabela 1. Czgsto$¢ spozycia wybranych gatunkéow warzyw przez respondentéw
Less than
57 times/day 34 times/day 1-2 times/day Couple times/ Couple times/ couple times/
) ) 5 71a 3 4r1a 122 ra week month month Never
Specification dzi zy dzi 2 dzi Zy Kilka razy Kilkarazy = Rzadziej niz Wecale
Wyszczegolnienie zienme zienme zienme w tygodniu  w miesigcu kilka razy
W miesigcu
(%]

Potato — Ziemniaki 0 1 7 48 34 7 4
Cucumber — Ogorek 0 0 20 52 24 3 1
Tomato — Pomidor 1 5 43 38 9 1 3
Cauliflower — Kalafior 0 0 1 9 47 37 6
Broccoli — Brokuty 0 0 5 19 40 31 6
Carrot — Marchew 0 2 8 43 37 7 2
Bean — Fasola 0 0 2 8 29 47 15
Cupsicum — Papryka 0 0 11 29 37 17 6
Beetroot — Buraki 0 0 1 9 37 44 8
Celeriac — Seler 0 0 1 8 25 32 34
Source: own elaboration on the basis of questionnaire studies (N = 107).
Zrodto: opracowanie whasne na podstawie badan ankietowych (N = 107).

Table 2. Respondents’ opinions on selected features of root vegetables

Tabela 2. Opinia respondentdéw na temat wybranych cech warzyw korzeniowych

I like the I don’t like
Ilikethe Tdon'tlike Ilikethe L00Wtlike texturein - thetexture ©p ey gopy fike
h ) the colour the meals  in the meals a he fl
Specification t;ls te. h .t ¢ tait 0 dCO our g Nie odpo-  Odpowiada  Nie odpo- ;W or h t el ba.vo.rh
Wyszezegdl- Lusnﬁlf Nie o wiadamiich  miich  wiada miich L;a o Nl;’a .
nienie barwa konsystencja konsystencja p P
w potrawach w potrawach
[%0]

Carrot 36 2 21 1 21 1 17 0
Marchew

Parsley 18 20 13 4 15 5 19 7
Pietruszka

Celeriac 11 24 9 7 12 5 10 14
Seler

Beetroot 24 8 20 3 15 2 12 5
Burak cukrowy

Source: own elaboration on the basis of questionnaire studies (N = 107).
Zrédto: opracowanie whasne na podstawie badan ankietowych (N = 107).
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Table 3. Form of selected vegetables consumed by respondents split by the autumn-winter and spring-summer season
Tabela 3. Posta¢ spozywanych przez respondentdw wybranych warzyw w podziale na okresy jesienno-zimowy i wiosenno-letni

Autumn-winter season
Okres jesienno-zimowy

Spring-summer season
Okres wiosenno-letni

W;SI; i?f;;i?:nie Raw Processed Never Raw Processed Never
Surowa Przetworzona Weale Surowa Przetworzona Weale
[%]
Potato — Ziemniaki - 97 3 - 96 4
Cucumber — Ogorki 57 42 1 85 14 1
Tomato — Pomidory 74 23 3 86 11 3
Cauliflower — Kalafior 13 76 1 21 72 7
Broccoli — Brokuty 11 79 10 18 74 8
Carrot — Marchew 55 42 3 70 29 1
Bean — Fasola 4 74 22 9 73 18
Cupsicum — Papryka 68 23 9 80 14 6
Beetroot — Buraki 6 82 13 8 79 13
Celeriac — Seler 10 50 40 13 47 40

Source: own elaboration on the basis of questionnaire studies (N = 107).
Zrédto: opracowanie whasne na podstawie badan ankietowych (N = 107).

It is interesting to note the form of vegetables con-
sumed by respondents split by the autumn-winter and
spring-summer season (Table 3).

From among the vegetables listed in table 3, four
(cucumbers, tomatoes, carrots, and peppers) are con-
sumed in raw form most often. However, major dif-
ferences were noted in replies in view of the time of
consumption.

Respondents like consuming root vegetables in the
processed form (in particular carrots and beetroots). Re-
sults of the surveys related to the respondents’ willingness
to purchase vegetable snacks are presented in Table 4.

As the surveys show, the respondents’ willingness to
buy chips of root vegetables was highest with respect to
carrot products (54% of the respondents) and of beet-
roots (28% of the respondents).

Table 4. Respondents’ willingness to buy dried products of root vegetables with spices (vegetable chips) (%)
Tabela 4. Sktonno$¢ respondentow do zakupu suszonych produktow z warzyw korzeniowych z dodatkiem przypraw (,,chipsy”

warzywne) (%)

Specification Yes — Tak No — Nie I don’t know — Nie mam zdania
Wyszczegodlnienie [%]
Carrot — Marchew 54 38 8
Parsley — Pietruszka 12 74 13
Beetroot — Seler 12 74 13
Celeriac — Burak ¢wiktowy 28 64 8

Source: own elaboration on the basis of questionnaire studies (N = 107).
Zrédto: opracowanie whasne na podstawie badan ankietowych (N = 107).
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OVERALL LOOK — WYGLAD OGOLNY
40%

30% 260

%
0,

20%

10%

0%
no approval
brak akceptaciji

full acceptance
petna akceptacja

SHAPE — KSZTALT
40%
’ 36%  a50

35% o
30%
25%
20% 19
15% |
10% | 102
5%
0%

no approval full acceptance
brak akceptacji petna akceptacja

Fig. 2. Visual advantages of the assessed product

COLOUR - BARWA
60%
50% 499
40%
30%
20%
100/0 200
0%
no approval
brak akceptacji

full acceptance
petna akceptacja

TEXTURE — STRUKTURA
40%
35%
30%
25%
20%
15% -
10% -
5%
0%
no approval
brak akceptacji

full acceptance
petna akceptacja

Source: own elaboration on the basis of questionnaire studies (N = 107).

Rys. 2. Walory wizualne ocenianego produktu

Zrédto: opracowanie wlasne na podstawie badan ankietowych (N = 107).

other
inny
1%

spicy

ostry natura:
29% naturalny
33%
salty ‘ sweet
stony stodki

29% 8%

Fig. 3. Preferred tastes of vegetable chips in the respondents’
opinion

Source: own elaboration on the basis of questionnaire studies
(N =107).

Rys. 3. Preferowany w opinii respondentow smak przekasek
warzywnych

Zrédto: opracowanie wlasne na podstawie badan ankietowych

(N =107).
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As mentioned in methodology section with a grade
scale of 1 to 5, the respondents expressed their opinions
on the product (Fig. 2).

The respondents highly assessed visual properties of
the new product, primarily the colour and shape. Pre-
ferred tastes of vegetable snacks are presented in Fig. 3.

The results of the surveys showed differentiated
tastes of the respondents in their consumption of veg-
etable snacks. Most of the respondents were interested
in natural tastes (33% of the respondents) followed by
spicy and salty tastes (29% of the respondents each).

SUMMARY

It is worrying that the consumption of vegetables has
been decreasing in Poland while the use of vegetables
(in raw or processed form) for meals is a major element
of correct nutrition. Thus, it is necessary to look for
new attractive forms of those products. Technological
innovations in food drying support the manufacturing
of attractive sensory vegetable products that can be con-
sumed directly. As a result of the application of mod-
ern drying technologies and manufacturing techniques,
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drying does not result in a major deterioration of the
quality of final products as related to fresh material. Ad-
ditionally, various additives can be used in manufactur-
ing processes (e.g. herbs, spices) that improve organo-
leptic and healthy aspects of the snacks.

Consumers’ behaviour has been constantly chang-
ing and therefore it is necessary to analyse the levels
and changes of consumption in various circumstances.
The numerous recommendations, confirmed with much
research, requires special focus on vegetable consump-
tion. As the surveys show, consumption of 400-500 g
per day of vegetables and fruits reduces the risk of many
diseases, including cancer and bile stones. Students are
a special focus group among nutrition specialists.

The analysis of consumers’ behaviour presented in
this paper identified the most commonly consumed veg-
etables, the frequency of consumption, and an opinion
was obtained on their sensory values. As the question-
naire surveys show, the willingness of the respondents
to purchase snacks made of dried root vegetables is the
highest with respect to carrot products. The respondents
highly assessed visual advantages of dried vegetable
snacks, in particular their colour and shape. It is rec-
ommended to continue monitoring the nutrition model
among students with respect to vegetables, in particular
dried products. As a result of popularisation of new tech-
nologies, in the near future there will be an increased
supply of those products on the market.

REFERENCES

Dehghan-Shoar, Z., Hardacre, A. K., Brennan, C. S. (2010).
The physicochemical characteristics of extruded enriched
with tomato lycopene. Food Chem., 123(4), 1117-1122.

Dias, J. S. (2012). Nutritional Quality and Health Benefits of
Vegetables: A Review. Food Nutr. Sci., 3, 1354-1374.

Fernando, W. J. N., Thangavel, T. (1987). Vaccum drying char-
acteristics of coconut. Drying Technol., 5(3), 363-372.

Fichtali, J., van de Voort, F. R., Diosady, L. L. (1995). Perfor-
mance evaluation of acid casein neutralization process by
twin-screw extrusion. J. Food Eng., 26(3), 301-318.

Huang, L., Zhang, M. (2012). Trends in Development of
Dried Vegetable Products as Snacks. Drying Technol., 30,
448-461.

Huang, L. L., Zhang, M., Mujumdar, A. S., Lim, R. X. (2011).
Comparison of four drying methods for re-structured
mixed potato with apple chips. J. Food Eng., 103(3),
279-284.

198

Joy, P., Lada, R. (2006). Crack Development in Individually
Quick Frozen Cut and Peel Carrots. J. Food Sci., 71 (9),
392-397.

Kajaba, 1., Dandar, A., Suréwka, K., Cejpek, K., Augustin,
J. (2007). The role of vegetable nutrition sources in the
prevention of civilization diseases. Zywn. Nauka Technol.
Jakos¢, 6(55), 35-47.

Kaminska, A., Ciesielczyk, W. (2011). Kinetyka suszenia mi-
krofalowego wybranych warzyw i owocow. Inz. Aparat.
Chem., 50, 1, 19-20.

Kowalski, S. J., Szadzinska, J. (2003). Suszenie marchwi
w warunkach okresowo zmiennych — jako$¢ produktu.
Inz. Aparat. Chem., 4, 345-347.

Kunachowicz, H., Nadolna, 1., Przygoda, B., Iwanow, K.
(2005). Tabele sktadu i wartosci odzywczej zywnosci.
Warszawa: PZWL.

Liu, L. (2003). Entry into supermarket of agricultural prod-
ucts after entering WTO. Agric. Prod. Proc., 6(5), 4-5.
Piwowar, A. (2008). Rynek ziemniakow. In: S. Urban (Ed.),
Wybrane rynki branzowe produktoéw rolno-spozywczych.

Wroctaw: Wyd. UE we Wroclawiu.

Piwowar, A. (2016). Spozycie podstawowych produktéw po-
chodzenia ros$linnego i zwierzgcego w Polsce w latach
2000-2012. Handel Wewn., 1, 94-103.

Predka, A., Gronowska-Senger, A. (2009). Wlasciwosci prze-
ciwutleniajgce wybranych warzyw z upraw ekologicz-
nych i konwencjonalnych w redukcji stresu oksydacyjne-
go. Zywn. Nauka Technol. Jakos¢, 4 (65), 9-18.

Przetaczek-Roznowska, 1., Szuba, E. (2014). Mikrofalowe
pole do popisu. Agro Przem., 2, 66-70.

Sikora, E., Bodziarczyk, I. (2012). Composition and antioxi-
dant activity of kale (Brassica oleracea L. var. acephala)
raw and cooked. Acta Sci. Pol. Technol. Aliment., 11 (3),
239-248.

Stanistawski, J. (2005). Drying of diced carrot in a combined
microwave-fluidized bed dryer. Drying Technol., 23,
1711-1721.

Steinmetz, K. A., Potter, J. D. (1996). Vegetables, fruits and
cancer prevention: a review. J. Am. Diet. Assoc., 10 (96),
1027-1039.

Stepka, G. (2004). Polski handel suszonymi warzywami.
Hasto Ogrod., 2, 1-3.

Szarycz, M., Kramkowski, R., Kaminski, E. (2002). Zasto-
sowanie mikrofal do suszenia produktéw spozywczych.
Cz. I. Konsekwencje sterowania moca mikrofal. Probl.
Inz. Roln., 2, 47-54.

Tuley, L. (1996). Swell time for dehydrated vegetables. Int.
Food Ingr., 4, 23-27.

Witrowa-Rajchert, D. (2009). Ekspertyza. Nowe trendy w su-
szeniu zywnosci (p. 1-21). Retrieved from: www.ageng-

pol.pl

www.jard.edu.pl



Piwowar, A., Teleszko, M., Rychlik, M. (2017). Dried vegetables snacks — review of the process technologies and consumption

preferences among students. J. Agribus. Rural Dev., 1(43), 191-199. http://dx.doi.org/10.17306/J.JARD.2017.00177
L J

Yan, W. Q., Zhang, M., Huang, L. L., Tang, J., Mujumdar, A. S.,  Zhang, F., Zhang, M., Mujumdar, A. S. (2011). Effects of dry-
Sun, J. C. (2010). Study of the optimisation of puffing ing methods on drying characteristics and quality of re-
characteristics of potato cubes by spouted bed drying en- structured wild cabbage chips. Dry. Technol., 29, 682—688.
hanced with microwave. J. Food Sci., 90, 1300-1307.

Zhang, M., Tang, J., Mujumdar, A. S., Wang, S. (2006).

Trends in microwave-related drying of fruits and vegeta-
bles. Trends Food Sci. Technol., 17(10), 524-534.

SUSZONE PRZEKASKI WARZYWNE - ZARYS TECHNOLOGII WYTWARZANIA
[ POZIOM AKCEPTAC]I WSROD STUDENTOW

Streszczenie. Warzywa to podstawowy element diety, a ich relatywnie niskie spozycie w Polsce sklania do poszukiwania
nowych, atrakcyjnych form produktow. W niniejszej pracy przedstawiono zarys technologii produkcji suszonych przekasek
z warzyw oraz wyniki badan ankietowych dotyczacych spozycia warzyw i akceptacji spotecznej dla nowych produktéw w za-
kresie przedmiotowym opisywanym w niniejszej pracy. Nowe technologie produkcji tzw. snackdw warzywnych, oparte na me-
todzie suszenia, pozwalajg uzyskac atrakcyjne pod wzgledem wlasciwosci fizyko-chemicznych produkty. Z przeprowadzonych
metoda ankietowa badan wynika, ze sktonno$¢ respondentéw do zakupu przekasek z warzyw korzeniowych byta najwigksza
w przypadku produktow marchwiowych. Respondenci wysoko ocenili walory wizualne nowego produktu, w tym gtéwnie bar-
we 1 ksztatt.

Stowa kluczowe: warzywa, przekaski, spozycie, preferencje
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