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ARTICLE INFO ABSTRACT

Article history: The paper presents the impact of the initial processing, cultivar, and
Received: December 2019 storage time on the physical and chemical quality of freeze-dried sweet
Received in the revised form: pepper crisps. Sweet pepper after initial washing and crushing was sub-
January 2020 jected to further four combinations of the initial processing. The first
Accepted: February 2020 combination included freezing, the second one blanching in 98°C and
Key words: 2-minutes time, the third one -dehydration in 2% solution of ascorbic
sweet pepper, acid and the fourth one - dehydration in the 2% solution of sodium chlo-
freeze-drying, ride. Both types of dehydration were carried out in 70°C for 20 minutes
qrgégéin with a 1:4 participation of raw material to osmotic solution. Blanched
grisps, 9 and dehydrated raw materials were subjected to freezing in -18°C for
bacteria, 24 hours. After the completed process of freezing, the samples were
fungi moved to a freezer-drier and were dried by sublimation in -18°C and

the reduced pressure of 63 Pa. The research that was carried out proved
that the microbiological quality of the obtained sweet pepper lyophi-
lizes was significantly affected by the cultivar, treatment type and stor-
age time. These factors significantly diversified the number of micro-
organisms in sweet pepper crisps. No initial processing before sublima-
tion drying caused a considerably average increase of the number of
psychrophile and mesophilic bacteria in crisps from both sweet pepper
cultivars. A considerable reduction of their total number took place dur-
ing blanching and dehydration in the ascorbic acid solution and sodium
chloride solution. Additionally, along with the storage time, reduction
of the total number of psychrophilic, mesophilic bacteria, fungi and
yeasts was reported.

Introduction

The increasing popularity of a diet reach in fruit and vegetables functional food, induces
producers to produce a number of innovative and attractive products. Recently, products with
a relevant content of fibre and macro and micro-elements are searched for (Janowicz et al.,
2012; Kedzierska, 2012; Konopacka and Ptochawski, 2003). Crisps made with vegetables
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and fruit are a rich source of those components. They belong to a wide group of “snack food”
which constitute dry snacks offered in pubs made by drying, frying, extrusion, flaking,
freeze-drying, or baking. They are usually consumed between meals (Janowicz et al., 2012).
The subject of fried crisps has been undertaken in Poland for the first time at the end of the
20th century. Apples were dried in rapeseed oil after initial cutting, blanching, dehydration
in the water solution from sugar, corn syrup, citric acid and maltodextrin and drying. The
ready product had a taste typical for a dry raw material, light colour, and a quite crisp texture
(Janowicz et al., 2012). Dried fruit and vegetable crisps are usually produced with sublima-
tion drying (freeze-drying), conventional, vacuum - microwave and mixed (e.g. convective
and vacuum-microwave) (Janowicz et al., 2012). Konopacka and Ptochawski (2003) devel-
oped a technology of production of fruit and vegetable crisps. It was adopted for production
of dried apple crisps which during the initial processing were saturated with carbohydrates
solutions and colour-fixing components. In order to diversify their taste, addition of vanilla
or chocolate aroma was used, and they were dried to a constant final moisture of less than
3%.

Produced in mild conditions of drying, vegetable and fruit products with the name
“Crisps” have become a contemporary product on the market. These snacks have properties
similar to a fresh raw material including high nutritive values. Adults and children may con-
sume this product. Crisps, amongst others, may be made of potato, kiwi fruit, sweet pepper,
pineapple, beetroot, carrot, peach (Janowicz et al., 2012).

The increase in the interest with a healthy and balanced diet and functional food causes
that consumers more eagerly reach for no-fat, dried crisps, and fruit and vegetable crisps
(Janowicz et al., 2012, Kedzierska, 2012; Konopacka and Ptochawski 2003).

Crisps are products with strong hygroscopic properties. Therefore, they must be packed
in a hermetic packaging not to cause a considerable reduction of their quality (Konopacka
and Plochawski, 2003). Additionally, control of their microbiological conditions is indispen-
sable. Pursuant to the Resolution 178/2002 of the European Parliament and the Council that
sets forth general principles for the food law, foodstuff is considered unsafe not only when it
is harmful for health but also when it cannot be consumed by people. In this meaning, spoiled
food is also dangerous. Food spoilage may start soon after harvesting of raw material (fruit,
vegetables) or slaughtering (animal for slaughter, poultry, fish). It is estimated that despite
the fact that proper conditions of processing, storage and food distribution of food are en-
sured, ca. 25% of their total production is lost as a result of microbiological spoilage. A con-
siderably short shelf life and susceptibility to micro-organisms is a characteristic feature of
raw materials and food products. The speed of spoilage processes depends on many factors
related directly to composition of food and the type of the contaminating micro-flora (the so-
called internal factors) as well as on external factors, i.e. on the time and manner of storage
and conditions of distribution. The effect of microbiological decomposition of the elements
of food is reduction of their sensory and nutritive value. Microbiological spoilage of food is
a multi-stage process where many groups of micro-organisms, adjusted to decomposition of
many substrates participate (Libudzisz et al., 2008, Jay et al., 2005).

The aim of the paper was to determine the impact of the initial processing, sweet pepper
cultivar, and the storage time on the physico-chemical quality of freeze-dried food.

70



Initial treatment...

Material and methods

The research comprised of two sweet peppers and a white cultivar of Shanghai F1 and
Belladonna F1 from Poland. Sweet pepper class 1 quality were purchased in September 2019
on the retail market.

Vegetables were washed, cores were removed, and they were crushed before microbio-
logical analyses were performed. Dried quarters of sweet pepper were cut into thin slices
2-3 mm thick with a multifunctional kitchen robot Siemens type MK 55300 with 110 W
power.

Raw materials before sublimation drying were subjected to initial processing according
to 4 following combinations:

— no initial processing,

— blanching in water for 2 minutes in the temperature of 98°C,

— dehydration (enrichment) in 2% ascorbic acid solution for 20 minutes in 70°C,
— dehydration in 2% sodium chloride solution for 20 minutes in 70°C.

The sublimation drying process was carried out with lowered pressure of 64Pa and the
temperature exceeding -18°C in a freeze-drier CT - 60 type.

Figure 1 presents a schematic representation of the laboratory method of obtaining crisps
from yellow and white sweet pepper.

Before inoculation was performed for psychrophilic and mesophilic bacteria, a culture
medium from agar-agar was made (10 g of agar-agar diluted with 250 ml of distilled water).
The obtained medium was sterilized for 15 minutes in 120°C with MICROIJET sterilizer to
prevent from secondary microbiological infection of inoculation. The fragmented sample of
fresh sweet pepper or crisps with the weight of 5 g was diluted with 50 ml of distilled water
and homogenized by making thus 1:10 dilution. 1 ml of dilution was placed on two parallel
Petri dishes with a sterile end of an automatic pipet pouring 15 ml of a liquid culture medium
cooled down to 47°C. The culture medium on the dish was mixed with a circular movement
so that it did not touch the cap. Incubation for psychrophilic bacteria was carried out in 30°C
for 24 hours and for mesophilic bacteria for 48 hours at 37°C in a laboratory incubator
ELKON (Btazejak et al., 2010). To determine a number of bacteria, fungi, and yeasts colonies
after the incubation period a colony counter was used. Further, a number of colonies per
1 cm? of dilution was counted by multiplying it by inverse of this dilution.

Before the inoculation was performed for fungi and yeasts, firstly a culture medium from
Sabourada agar was made (SS). SS agar was diluted in 250 ml of distilled water and sterilized.
Then, with a pipet 1 ml of dilution was collected and poured with 15 ml of SS culture me-
dium. The further procedure was the same as in case of inoculation for bacteria but with
a different temperature (25°C) and incubation time (from ind yeasts included in 1 cm of so-
lution was determined through multiplication of inverse of this dilution (Btazejak et al.,
2010).

Statistical development of research results was carried out with analysis of variance of
experiments (ANW) version 2.1. This program was created and developed in DOS system
by Stanistaw Manko (the University of Technology and Life Sciences in Bydgoszcz). This
analysis enables indication of factors which significantly diversified physico-chemical prop-
erties of the obtained product and raw material. In case significant differences were reported,
values of the smallest significant differences were provided in tables (NIR at a. = 0.05),
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Figure 1. Technological schematic representation of obtaining yellow and white sweet pep-
per crisps
(Author’s own study)

Research results

Microbiological assessment of raw material

According to the data presented in table 1 the number of psychrophilic bacteria present
in yellow sweet paper Shanghai F1 achieved the level of 4.60 log CFU/ml, and in white sweet
pepper Belladonna F1 no growth was reported. Meanwhile, the highest number of mesophilic
bacteria took place in white sweet pepper and contained 4.70 log/CFU ml. The number of
this type of bacteria in yellow sweet pepper fruit was 3.49 log/CFU ml. No growth of yeasts
and fungi was reported in both analysed cultivars.
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Table 1.
The number of micro-organisms in fresh sweet pepper (log CFU/ml)

Type of material Psychrophilic bacteria ~ Mesophilic bacteria  Yeasts and fungi (log

(log CFU/mI) (log CFU/ml) CFU/ml)
Fresh yellow sweet pepper
Shanghai F1 4.60 3.49 No growth
Fresh white sweet pepper No growth 470 No growth

Belladonna F1
"NIR (1) cultivar =1.943

The type of microbial flora present in fresh vegetables depends mainly on occurrence of
soil bacteria, fertilization type, hydration, and purity of water for washing (Ercole et al., 2003;
Ahvenainen, 1996). The treatment of washing combined with disinfection removes from 20
to 90% of micro-organisms from the surface of vegetables (Nguyen-The and Carlin, 1996).
The initial processing of raw material including fragmentation and peeling favours microbi-
ological infections. As a result, juice from touched cells constitutes a great medium for nu-
merous micro-organisms. Possibility of their development may reach even 107-10% log
CFU/ml (Czapski, 1997). The number of micro-organisms in sweet pepper subjected to anal-
ysis was lower and within 10>-10° log CFU/ml.

The average number of bacteria in fresh white sweet pepper should be within 5.02-103
log CFU/ml. Yeasts and fungi should occur in the amount of 2.41-10°% log CFU/mI (Yogen-
drarajah et al., 2014). White sweet pepper Belladonna F1 cultivar did not exceed limits of
these norms.

With regard to the microbiological quality (purity) analysed cultivars of white and yellow
sweet pepper differed significantly (NIR = 1.943). It could have been caused by an incorrect
initial processing i.e. uncareful washing of vegetables, using microbiologically contaminated
water for their washing and by too a high degree of fragmentation of raw materials. Szparaga
etal., (2014) when testing fresh plums proved that the contact of raw material with a substrate
favours intensification of microbiological contaminations on its surface and a correct initial
processing enables their considerable removal (Szparaga et al., 2014). Microbiological con-
tamination of vegetables depends not only on the number of micro-organisms in soil.
A method of irrigation and fertilization as well as purity of water of technological lines for
washing vegetables also has a significant impact on them (Ercole et al., 2003). Fragmentation
of raw material influences a faster development of micro-organisms as a result of destruction
of a natural barrier of the skin. A sudden development of micro-organisms is caused by in-
sufficient removal of water and cell juice after cutting and washing raw materials. In techno-
logical processes for removal of these water remaining in fruit and vegetables a special type
of centrifuges is used (Yilidiz, 1994).

Incorrectly performed activities during sowing on Petri dishes could also have a negative
impact on differences in the total number of micro-organisms included in two cultivars of
sweet pepper. It could have resulted, inter alia, from a too long time of homogenization, lack
of sterility and tightness of closing of vessels in which dilution was performed, short or long
period of sedimentation after dilution, the use of contaminated water for dilution, the use of
the infected equipment or vessels for inoculation and getting micro-organisms from air. Ho-
mogenisation of a sample for dilution should not be longer than 2 minutes. Glass vessels and
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Stomacher’s bags designed for dilution should be closed. Additionally, a culture medium
designed for pouring on dilution on Petri dish after sterilization should be cooled down to
45°C. The use of a culture medium with a higher temperature kills the microbial flora in
a sample (Btazejak et al., 2010).

Microbiological price of a product

Table 2 presents a number of psychrophilic bacteria in crisps of two sweet pepper culti-
vars during storage. The average highest number of psychrophilic bacteria occurred in yellow
sweet pepper crisps at the level of 5.15 log CFU/mI. With this regard it was higher by
0.55 log CFU/ml than the number of these bacteria occurring in fresh raw material. The low-
est number of this bacteria type contained crisps enriched with Vitamin C (0.80 log CFU/ml).
This value reduced in comparison to the basic raw material by 3.80 log CFU/ml. It was con-
firmed that osmotic dehydration in ascorbic acid causes reduction of the total number of bac-
teria (Nowacka and Witrowa—Rajchert, 2011).

Contrary was the case of freeze-dried white sweet pepper. White pepper crisps not sub-
jected to processing included 4.30 log CFU/mI of psychrophilic bacteria. While, blanched
white pepper crisps had 1.40 log CFU/ml of these mirco-organisms. A sudden increase of
bacteria was reported in the previously discussed freeze-dried white pepper in comparison to
raw material, which did not have those bacteria at all. The storage time influenced the reduc-
tion of the number of psychrophilic bacteria.

Table 2.
The number of psychrophilic bacteria in sweet pepper crisps (log CFU/ml)

Storage time (days)

Material type

30 60 Average
Fresh yellow sweet pepper crisps 5.90 1.60 3.75
Blanched yellow sweet pepper crisps 4.90 5.40 5.15
Yellow sweet pepper crisps +Vit C 1.60 No growth 0.80
Yellow sweet pepper crisps +NaCl 3.80 1.70 2.75
Average 4.05 2.17 311
Fresh white sweet pepper crisps 5.90 No growth 2.95
Blanched white pepper crisps 1.20 1.60 1.40
White sweet pepper crisps +Vit C 5.60 3.00 4.30
White sweet pepper crisps +NaCl 6.00 1.50 3.75
Average 4.67 1.52 3.10
“NIR (|) cuttivar = 0.317 "NIR (||) processing type = 0.449

“NIR (I11) storage time = 0.317

Yellow sweet pepper crisps were the most microbiologically contaminated by mesophilic
bacteria (4.15 log CFU/ml). The number of micro-organisms included there was higher by
0.66 (4.15 log CFU/mI) than the basic raw material. The lowest contamination with these
micro-organisms was observed in lyophisates from sweet pepper of this cultivar enriched
with Vitamin C — in the amount of 3.10 log CFU/mI. Their content reduced referred to the
control sample by 0.39 log CFU/m.
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Dried vegetables obtained from fresh white sweet pepper contained the highest number
of mesophilic bacteria (2.80 log CFU/ml). The lowest number of this bacteria was found in
crisps which were soaked in water solutions with sodium chloride before drying (2.45 log
CFU/mI). Both presented values were lower than the number of mesophilic bacteria included
in fresh raw material on average by 2.07 log CFU/ml.

Table 3.
The number of mesophilic bacteria in sweet pepper crisps (log CFU/mI)

Storage time (days)

Material type

30 60 Average
Fresh yellow sweet pepper crisps 6.70 1.60 4.15
Blanched yellow pepper crisps 3.90 2.50 3.20
Yellow sweet pepper crisps + Vit C 2.20 4.00 3.10
Yellow sweet pepper crisps +NaCl 7.10 No growth 3.55
Average 4.97 2.02 3.50
Fresh white sweet pepper crisps 3.40 2.20 2.80
Blanched white pepper crisps 1.60 3.50 2.55
White pepper crisps +Vit C 3.30 2.20 2.75
White pepper crisps +NaCl 3.40 1.50 2.45
Average 2.92 2.35 2.64

“NIR (1) cultivar = 0.242 ““NIR (I1) processing time = 0.342

"NIR (|||) storage time = 0.242

It was also proved that along with the storage of products, the number of mesophilic bac-
teria shows a decreasing trend.

Data concerning a general number of yeasts and fungi were presented in table 4. In crisps
made of blanched yellow sweet pepper, the highest number of yeasts and fungi (3.30 log
CFU/ml) and the lowest in crisps made of yellow sweet pepper with Vitamin C (2.45 log
CFU/ml) was reported.

White sweet pepper crisps enriched with ascorbic acid had the highest number of yeasts
and fungi — 3.75 log CFU/mI. Their lowest number was in case of fresh white sweet pepper
crisps — 1.00 log CFU/mI. In lyophilizates made of blanched sweet pepper with NaCl addi-
tions, no growth of these micro-organisms was reported.

Referred to the lack of a general number of yeasts and fungi in fresh sweet pepper of two
cultivars, its sudden growth in the obtained dried vegetables was reported during storage.

Interesting observations were made with regard to the average number of yeasts and fungi
during storage. This number along with the extending storage time decreased aiming at the
total fading.

Bruzewicz and Malicki (2007) during a 2-month storage of red sweet pepper in powder
proved that the total number of bacteria included there was at the level of 1.93 log CFU/ml,
and mould and yeasts 1.62 log CFU/ml. The total number of yeasts in the author’s own study
on freeze-dried yellow and white pepper was lower than the results obtained by Bruzewicz
and Malicki (2007).
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Table 4.
The number of yeasts and fungi in sweet pepper crisps (log CFU/ml)

Storage time (days)

Material type

30 60 Average
Fresh yellow sweet pepper crisps 5.90 No growth 2.95
Blanched yellow pepper crisps 6.60 No growth 3.30
Yellow sweet pepper crisps +Vit C 4.90 No growth 2.45
Yellow sweet pepper crisps +NaCl 5.20 No growth 2.60
Average 5.65 0.00 2.82
Fresh white sweet pepper crisps No growth 2.00 1.00
Blanched white pepper crisps No growth No growth 0.00
White pepper crisps + Vit C 7.50 No growth 3.75
White sweet pepper crisps +NaCl No growth No growth 0.00
Average 1.87 0.5 1.18

“NIR (1) cultivar = 0.212 "*NIR (I1) processing type = 0.299

““NIR (111) storage time = 0.212

To conclude it should be emphasised that the survivability of micro-organisms is greatly
influenced by a chemical composition of freeze-dried food. The more it is rich in various
nutrients which act protectively on cells, the higher is their survival rate. Intracellular sub-
stances of micro-organisms, that free from damaged or dead cells may be also protective. The
survival rate of micro-organisms in preserved food results also from the possibilities of their
adaptation to the existing conditions. Moreover, microbial flora which survives the preserva-
tion and storage process as a rule shows a high tolerance to a low activity of the environmen-
tal water. Reduction of the number of live cells of micro-organisms is the fastest during freez-
ing and in the initial storage period of products. During this time, micro-organisms sensitive
to freezing die, only the resistant ones survive. Further dying of micro-organisms, however,
considerably slowed down, takes place during storage of preserved products (Majczyna and
Biatasiewicz, 2001).

Conclusions

1. Analysis of variance proved that the microbiological quality of the obtained lyophilizates
from sweet pepper was caused by a cultivar, type of processing and storage time. These
factors significantly diversified the number of micro-organisms in sweet pepper crisps.

2. No initial processing before sublimation drying caused a considerable average increase
in the number of psychrophilic and mesophilic bacteria in crisps made of both sweet pep-
per cultivars referred to raw material. A considerable reduction of their total number took
place during blanching and dehydration in the ascorbic acid solution and sodium chloride
solution.

3. A two-month storage time significantly influenced the microbiological quality of the ob-
tained sweet pepper crisps. It caused their reduction of the total number of psychrophilic,
mesophilic bacteria, fungi, and yeasts.
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OBROBKA WSTEPNA, SUSZENIE SUBLIMACYJNE I CZASU
PRZECHOWYWANIA CRIPSOW Z PAPRYKI.
JAKOSC MIKROBIOLOGICZNA - CZESC |1

Streszczenie. W pracy przedstawiono wplyw obrobki wstepnej, odmiany i czasu przechowywania na
jakos¢ fizykochemiczng liofilizowanych cripséw z papryki. Papryke po wstepnym umyciu i rozdrob-
nieniu poddano 4 dalszym kombinacjom obrobki wstepnej. Pierwsza z kombinacji obejmowata zamra-
zanie, druga blanszowanie w temperaturze 98°C i czasie 2 minut, trzecia odwadnianie w roztworze 2%
kwasu askorbinowego oraz czwarta odwadnianie w 2% roztworze chlorku sodu. Obydwa rodzaje od-
wadniania prowadzono w temperaturze 70°C przez 20 minut przy stosunku surowca do roztworu osmo-
tycznego wynoszacego 1:4. Blanszowane i odwodnione surowce poddano zamrazaniu w temperaturze
-18°C przez 24 h. Po zakonczonym procesie zamrazania probki przeniesiono do liofilizatora i suszono
sublimacyjnie przy temperaturze -18°C i obnizonym ci$nieniu rownym 63 Pa. Przeprowadzone badania
wykazaty, ze na jako$¢ mikrobiologiczng otrzymanych liofilizatow z papryki istotnie wptyneta od-
miana, rodzaj obrobki oraz czas przechowywania. Czynniki te istotnie roznicowaly liczbe drobnoustro-
jow w cripsach z papryki. Brak obrobki wstgpnej przed suszeniem sublimacyjnym spowodowat
znaczny $redni wzrost liczby bakterii psychrofilnych i mezofilnych w cripsach z obu papryk. Znaczne
obnizenie ich ogdlnej liczby nastgpowato przy blanszowaniu i odwadnianiu w roztworze kwasu askor-
binowego i chlorku sodu. Dodatkowo wraz z czasem przechowywania obserwowano obnizenie ogdlnej
liczby bakterii psychrofilnych, mezofilnych, grzybow i drozdzy.

Stowa kluczowe: papryka, liofilizacja, jako$¢, obrobka, chipsy, bakterie, grzyby
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