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a b s t r a c t 

In these days people are more interested in frozen foods, especially home freezing fruits and vegetables. 

In this study, the effects of a new developed quick freezer system for home-type refrigerator on the 

freezing rates and some quality properties of strawberries were investigated. The freezing cabinet (at 

−30 °C with 1.2 ms −1 air) was designed and manufactured by Bosch und Siemens Hausgerate GmbH 

(Çerkezköy, Turkey) then the strawberrries were frozen in a novel quick freezer and compared with the 

samples frozen statically at classic home type refrigerator (at −18 °C without any air blown) via the 

freezing times at three different (bottom, middle and top) position. Microstructure, color, antioxidant 

content and microbiological quality during storage of 4 months at −25 °C compared. Strawberries reached 

-15 °C approximately 234 min shorter in the novel system. Freezing rates were determined as 0.32 cm h −1 

for the static freezer and 1.51 cm h −1 for the quick freezer. Unlike the classic home-type refrigerator, quick 

freezing process took place in the novel home freezing system. SEM images showed that higher freezing 

rate in the novel system provides better protection in tissue structure and cell walls. The antioxidant 

activity of the strawberries frozen in the novel home freezing system was 8.96% higher after the freezing 

process. Brightness and redness of samples were protected better after quick freezing during storage. 

Nonetheless, no evident differences were observed in microbiological criteria. 

© 2020 Elsevier Ltd and IIR. All rights reserved. 

Effets du nouveau systéme de congélation domestique sur la microstructure, la 

couleur, l’activité antioxydante et les propriétés microbiologiques des fraises 

Mots-clés: Fraise; Congélation au domicile; Vitesse de congélation; Surgélation; Microscope électronique à balayage; Activité antioxydante 
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. Introduction 

Fruits have an important role in human nutrition due to their 

astes and valuable nutrients. In former times, fruits were con- 

umed in only their seasons, but now they can be eaten at all 

imes of the year thanks to the developing international trade net- 

orks, greenhouse activities, and various preservation methods de- 

eloped. Nowadays, consumers are more aware of the quality and 
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he benefits of their foods than in the past, and prefer the foods 

hat are most nutritious, healthy, closest to the fresh condition 

nd almost no-treated ( Danesi and Bordoni, 2008 ). For this rea- 

on, even though it is one of the ancient methods, freezing tech- 

ology is still unrivaled and it has become more common in the 

ast decade and for long-term storage, in order to use the prod- 

cts in the off-season ( Poiana et al., 2010 ; Sorica et al., 2019 ). Deep

reezing is one of the most widespread used preservation meth- 

ds for foods. By this method the rate of most deteriorative reac- 

ions and microbial activities are significantly reduced ( Zhan et al., 

019 ). Furthermore, the advantages including less nutrient loss and 

lmost always available in the same standards have made frozen 

oods as an important part of daily life ( Çurkan et al., 2012 ). 

https://doi.org/10.1016/j.ijrefrig.2020.10.013
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijrefrig
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijrefrig.2020.10.013&domain=pdf
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mailto:muratyanat@gmail.com
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Nomenclature 

a ∗ redness \ Greenness value 

AA antioxidant Activity 

b ∗ yellowness \ Blueness value 

CFU colony Forming Unit 

DPPH 1,1-diphenyl-2-picrylhydrazyl 

L ∗ lightness \ Darkness value 

Mag magnification 

SEM scanning Electron Microscope 

�E total color difference 

Fresh vegetables are preferably stored in a refrigerator or 

reezer because they only remain fresh for a short time. 

 Çubukçu et al., 2019 ). Among the fruit species with the widest 

se for freezing can be remembered berries, strawberries, cherries, 

eaches and apricots ( Sorica et al., 2019 ). Zhao et al. (2020) dis-

ussed the importance of freezing process that protects pheno- 

ics in berries. One of these fruit is strawberry which is rich in 

itamin C and polyphenols, including anthocyanins, ellagic acid 

erivatives and flavonols ( Kamilo ̆glu, 2019 ), and is used mostly 

n frozen state from in the industry. Poiana et al. (2010) , empha-

ized the importance of freezing strawberries will increase flexibil- 

ty for consumers via the availability. The effects of freezing pro- 

ess on the structure and quality of this fruit has been evaluated 

ince old years due to its perishable structure ( Sahari et al., 2004 ;

elgado and Rubiolo, 2005 ; Buggenhaut et al., 2006 ; Cheng et al., 

014 ; Kamilo ̆glu, 2019 ). Protecting the features of this fruit such 

s color, texture and aroma is the critical point in freezing be- 

ause it has low solid content (approximately 10%) so suscepti- 

le to the damages. Buggenhout et al. (2006) studied the effect 

f infusion with pectinmethylesterase and calcium combined by 

ifferent freezing conditions for strawberries to protect the stuc- 

ure. Similarly, Suutarinen et al. (20 0 0) used calcium chloride and 

ucrose against the tissue deteriotation of strawberry as a freez- 

ng pretreatment. Reno et al. (2011) , described the importance 

f microscopy is being used to study the influences of process- 

ng conditions on the food structure who studied the microstruc- 

ural changes of frozen strawberries. In addition it was mentioned 

hat quick freezing provides small ice crytals by fast freezing rate 

nd effective on the color, structure and nutritive value positively 

 Dima et al., 2012 ). The effect of the freezing process on the cell

tructure can differ due to the size of the ice crystals occur in the 

ifferent freezing rates. Van der Sman (2020) explained the freez- 

ng operation and formation of ice crystals well and discussed how 

he freezing rate impacts the ice crystal size, and thus the food 

uality. If the freezing rate is sufficiently slow, the average tem- 

erature and solute/biopolymer concentration will follow closely 

he freezing line until the temperature of the cooling medium is 

eached. Large crystals resulting from slow freezing cause deforma- 

ion, dislocation, and perforation of cell walls, and when defrosting 

hese products, juice losses are high ( Sorica et al., 2019 ). There- 

ore providing fast freezing is important for obtaining the frozen 

roduct in better quality so the researchers aimed to try the in- 

ovative ways for quick freezing. In the literature, novel freezing 

ystems have been discussed that can improve the organoleptic 

uality or economics of production of frozen foods. Some of these 

ovel freezing technologies are pointed to increase the rate of heat 

emoval from the food while others change the physical/chemical 

tructure of the product ( James et al., 2015 ). Jo et al. (2014) stated

he importance of novel quick freezing methods on the quality 

f the product and decided that in the case of vegetables and 

ruits, it is also possible to greatly reduce the overall freezing 

ime. These methods include high-pressure freezing, dehydrofreez- 
229 
ng, and applications of antifreeze protein and ice nucleation pro- 

ein ( James et al., 2015 ). Also electrostatic, ultrasound, microwave, 

nd radiofrequency-assisted freezing methods have been proposed 

here new techniques need to improve ( James et al., 2015 ). 

The changes in the living conditions due to the disease Covid- 

9 in this year, people begin to make all of their needs and food 

t home. They wanted to store the food in refrigarator for a long 

ime and the importance of freezing increased. Under the circum- 

tances, home freezing gained popularity. Turkish people also find 

rozen products “time-saving” and “ease of preparation” ( Bekta ̧s 

t al., 2010 ). However, they do not prefer to purchase frozen foods; 

n the contrary, freeze at their homes. Frozen strawberries are typ- 

cally produced commercially, although preparation of fresh straw- 

erries for home-freezing is also common ( Huang et al., 2019 ). 

Freezing fresh strawberries at home is a simple process; straw- 

erries should be washed, not soaked, allowed to dry, placed in 

reezer containers or bags, and then placed into a freezer ( −20 °C) 

 Huang et al., 2019 ). Nevertheless, industrially frozen foods have 

etter properties in many quality criteria after thawing compared 

o home freezing food, due to foods can be frozen more quickly at 

ower temperatures in the industrial freezers. At this point quick 

reezing system at home freezers has become a significant subject 

o be dealt with. 

With all this in mind, the aim of the present study was to in- 

estigate the effect of the novel quick freezing cabinet which is 

nstalled inside the freezing unit of classic refrigerators (able to 

low air at −30 °C with 1.2 ms −1 air velocity) on the freezing time 

nd comparing the quality (microstructure, color, antioxidant ac- 

ivity, and microbiological properties) of strawberries after freezing 

nd during the storage time for 4 months with classic home type 

reezer. 

. Material and methods 

.1. Strawberry 

Strawberry samples were purchased from a local market in 

ornova (Izmir, Turkey) and were stored in a case box at + 4 °C 

ith 90% relative humidity in the Fruit and Vegetable Processing 

ilot Plant, Department of Food Engineering, before the freezing 

rocess. The samples with a minumum 3.0 cm, maximum 3.4 cm 

iameter (average diameter of 3.2 ±0.2 cm) with suitable ripeness 

egree and bright red color were used. Samples were washed with 

 5 °C mains water then dried with filter paper for removing the 

ater from the surface prior to freezing. 

.2. Freezing and frozen storage 

Slow freezing was achieved in home type freezer at −18 °C 

ithout blowing air to reach the center point of −15 °C. Modi- 

ed freezer cabinet which was designed and produced by Bosch 

nd Siemens Hausgerate GmbH (Çerkezköy, Turkey) was used for 

uick freezing. Schematic illustration of the freezing process was 

hown detailed in Fig. 1 . This unit situated in the freezer sec- 

ion of home type refrigerator. It is capable of blowing air at a 

peed of 1.2 ms −1 , at −35 °C. This cabin had internal lengths of 

8 × 14 × 24 cm. In all freezing processes, strawberries were 

rozen in a 10 × 5 × 22 cm sized, perforated stainless steel con- 

ainer. The cabin cooled and when the temperature was constant 

he samples were placed and temperature data was recorded by 

hermocouples. 400 g of fruit was frozen in each freezing process. 

uring the all freezing operations, temperature changes occuring 

n the samples and the freezing ambient were collected by a com- 

uter and packaged software system (Dali08, Ordel, Turkey). Tem- 

erature measurements were monitored by T-type thermocouple 
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Fig. 1. Schematic illustration of the freezing process. 
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OSTS, Ordel, Turkey) which were fixed to the top, bottom and cen- 

er points of the individual samples ( Fig. 1 ). 

After freezing processes, the frozen strawberries packaged with 

ow-density polyethylene (LDPE) bags (24 cm x 28 cm) were stored 

n a freezer (U ̆gur Deep Freezer, UCF 310 SSL, Turkey) at −25 °C
or 4 month and analyzed at the end of 2nd and 4th month. The 

reezing process was performed in 2 replicates, and analyses were 

eplicated at 3 times. 

.2.1. Freezing time and rate 

The time required to decrease the temperature of the product 

rom its initial value to a target value at its thermal center can 

e described as freezing time. The freezing rate was defined for 

he foods as the time to reach the temperature of −15 °C from 

 °C at the cold point. The freezing rate was calculated as the ra- 

io of the distance of the center point in the frozen sample to the 

reezing time given in the Eq. (1) ( Cemero ̆glu, 2004 ). The distance

as the radius matching the characteristic length. According to the 

alculations in Ş ahin and Ş umnu (2006) , the equivalent radius of 

trawberries was determined as 1.58 cm and freezing rates were 

alculated with the following Eq. (1) . The measures were repeated 

inimum 3 times. 

reezing rate = 

Distance ( center to surface ) cm 

Freezing time ( 0 

◦C to − 15 

◦C ) h 

(1) 

.3. Scanning Electron Microscopy (SEM) 

Frozen strawberries were freeze-dried by a freeze dryer (Arm- 

eld Refrigerant, R502, England) with a vacuum pump (Javal, 852, 

rook Crompton Betts Ltd., Australia) during 24 h at −40 °C be- 

ore taking images. The analysis was done by Scanning Electron 

icroscope (SEM) (SEM, Quanta 250 FEG-Carl Zeiss 300VP model) 

ocated in İzmir Katip Çelebi University, Central Research Labo- 

atory to determine particle appearance of the cells according to 

nakar et al. (1981) . For this purpose, approximately 5 g of sam- 

le was adhered to one side of the double-sided tape and covered 

ith gold, and after the plating process, the particle appearance 

at 3 kV voltage) was determined by scanning electron microscope 

60x-50 0 0x). 
230 
.4. Color determination 

The color values (L ∗, a ∗, b ∗) of samples were measured with

unter Lab Clor Flex CX1633 (Managment Company, USA) color 

easuring device. The total color difference ( �E) was calculated 

rom L ∗, a ∗, b ∗ values using the following Eq. (2) . 

E = 

√ (
L ∗ − L ∗

re f 

)2 + 

(
a ∗ − a ∗

re f 

)2 + 

(
b ∗ − b ∗

re f 

)2 
(2) 

.5. Antioxidant activity 

The antioxidant activities were determined according to the 

ethod given by Brand-Williams et al. (1995) . DPPH (1,1-diphenyl- 

-picrylhydrazyl) free radical (Merck, Germany) and a spectropho- 

ometer (Varian Cary 50 Scan, Australia) were used. The stan- 

ard curve was formed according to different concentrations of 

ethanol in DPPH solution. 

.6. Microbiological analyses 

Total mesophilic aerobic bacteria count, yeast and mold count 

nalyses were done according to methods (990:12; 997:12) in 

nonymous (2012a , b ). In both analyses, 10 g of each thawed sam- 

le was taken into sterile bags and homogenized in a stomacher 

BagMixer 400 CC, Interscience, France) by adding 90 ml of 0.1% 

eptone water. Suitable 3M Petrifilm medium plates (3M Coopera- 

ion, USA) were used for growth medium. 

.7. Statistical analysis 

Duncan and T-tests on SPSS 18 (SPSS Inc., Chicago, III, USA) 

oftware program were used for evaluation of differences between 

reatments at levels of significance p < 0.05. 

. Results and discussion 

.1. Calculation of freezing rates 

The freezing times of strawberries which located at differ- 

nt points of the stack are given in Table 1 . On average, straw- 

erries had reached from 0 °C to −15 °C in 63, and 297 min 

or quick-frozen and static-frozen samples, respectively. After the 
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Table 1 

Freezing times of strawberries (min). 

Freezing 

medium 

Freezing time (0 −( −15) °C)) (min) 

Top Middle Bottom 

QF-1 59 62 67 

QF-2 55 60 70 

QF-3 60 63 71 

SF-1 289 301 299 

SF-2 294 307 298 

SF-3 291 299 295 

QF: Quick freezer, SF: Static freezer. 

Fig. 2. Scanning electron microscope image of static-frozen strawberry after the 

freezing process (Mag = 60X). 
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Fig. 3. Scanning electron microscope image of static-frozen strawberry after the 

freezing process (Mag = 250X). 

Fig. 4. Scanning electron microscope image of quick-frozen strawberry after the 

freezing process (Mag = 60X). 
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uick freezing process a significant reduction was determined in 

he freezing time. Because the position of air outlet in the novel 

reezer, strawberries located in the top of the freezing container 

eached to the temperature of −15 °C earlier than others. Freez- 

ng rate changed with the position. Freezing rates were determined 

s 0.32 cm h 

−1 for the static freezer and 1.51 cm h 

−1 for the

uick freezer and they were considered as slow and quick freezing 

rocesses according to Sun (2011) . Freezing proceeded slowly in 

tatic home type freezer but the novel system ensured fast freez- 

ng. In another study the freezing time for strawberry was found as 

1.16 min at an air velocity of 1.71 ms −1 by Müftügil (1986) . It was

xplained that the freezing process of strawberry has a rapid fall 

n temperature which takes place in the initial period. The temper- 

ture drop is much lower around the freezing point. This is due to 

he inhibition of temperature change because of the heat of phase 

onversion. The rate of temperature drop is again rapid in the final 

hase of freezing, as a consequence of further freezing and a si- 

ultaneous cooling of the samples ( Müftügil 1986 ). Similar study 

howed that freezing applied at low temperatures increases the 

reezing rate and consequently the freezing time was shortened. 

t was mentioned that when higher freezing rates were applied, 

he rate of damage to the sample can also decrease ( Ergün et al.,

020 ). 

.2. Scanning electron microscope (SEM) images 

The cell walls and the cytoplasmic membrane generally seem 

s bright regions in the micrographs; ice and cell contents were 

n the darker areas ( Bomben and King, 1982 ). Figs. 2 and 3 show

EM micrographs of strawberry tissue frozen in the static freezer 

t 0.32 cm h 

−1 . Collapsed and irregular shaped cells which point 

o tissue distortion were observed. These findings proved the ex- 

racellular freezing. Slow freezing rates generally create some al- 
231 
erations in the transport membranes that cause membrane de- 

erioration which result in the loss of the ability to act as a 

iffusion barrier or semipermeable membrane. This process ends 

ith the leaching of cellular substances from tissues and wa- 

er transfer from intracellular to extracellular ( Delgado, 1997 ). As 

 consequence of slow freezing, structural alterations were ob- 

erved such as membrane deterioration, contraction of the cells 

nd reduction in water retention capacity were higher in static- 

rozen strawberries. Also drip loss values could be explained 

ith this structural property The data showed a significantly 

ower water loss for quickly frozen strawberries when compared 

o the slowly frozen strawberries during thawing ( p < 0.05). 

uutarinen et al. (20 0 0) specified that the parenchymall cells were 

hanged after freezing. 

On the contrary to static-frozen strawberries, SEM micrographs 

f quick-frozen (1.51 cm h 

−1 ) samples which shown in Figs. 4 and 

 have much more uniform tissue and well-protected cell walls. 

he integrity of isodiametric cells and intact membranes were the 

esults of the small-sized ice crystals and more numbers of nucle- 

tion zones occurred in quick freezing. Fig. 4 would indicate that 

reezing rate was rapid enough, the minimum effect of the crys- 

al growth and ice nucleation were observed on cell walls and ice 

ormation was mainly in intracellular ( Allan-Wojtas et al., 1999 ). 

he loss of cellular fluid occurs during freezing, with the crystal 

rowth, and the manifestation of these crystals occurs in the inter- 

ellular spaces ( Reno et al., 2011 ). 
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Table 2 

L ∗ a ∗ b ∗ values of fresh and frozen samples. 

Fresh 

fruit 

Quick freezer Static freezer 

After freezing 2.month 4.month After freezing 2.month 4.month 

L ∗ 22.76 ±0.01 28.84 a,I ±0.04 27.16 b,I ±0.02 23.23 c,I ±0.02 27.79 a,II ±0.02 26.88 b,II ±0.02 22.14 c,II ±0.01 

a ∗ 28.60 ±0.01 39.46 a,I ±0.01 37.07 b,I ±0.10 32.09 c,I ±0.01 38.08 a,II ±0.03 35.55 b,II ±0.01 30.81 c,II ±0.01 

b ∗ 15.67 ±0.01 24.88 a,I ±0.02 19.87 b,I ±0.02 18.48 c,I ±0.01 23.50 a,II ±0.01 18.90 b,II ±0.02 17.03 c,II ±0.02 

Significant differences ( p < 0.05) were indicated with different letters (a, b) for samples frozen in the same equipment between 

months and different numbers (I, II) for samples frozen in the different equipment. 

Fig. 5. Scanning electron microscope image of quick-frozen strawberry after the 

freezing process (Mag = 1.00KX). 

Fig. 6. Changes in the total color difference. 
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Delgado and Rubiolo (2005) , reported that low ambient tem- 

eratures and high air velocities provide better protection of the 

issue structure of strawberries. The amount and location of extra- 

ellular water and also properties of the ice crystals (size, shape, 

nd number) are the main factors affecting the microstructure of 

rozen foods ( Reid, 1990 ). 

.3. Color 

Color is one of the most important parameters for the accept- 

bility and preferability of the product. It is also an important indi- 

ator of the quality and condition of the food. Chromatic changes 

re given in Table 2 , also the changing trends of �E values are

hown in Fig. 6 . Generally, the pigments released after the thaw- 

ng process from the damaged cells are the main reason for the 

hange of color values in frozen fruits. 

Compared to fresh fruit, evident rises of a ∗ values were ob- 

ained in both samples according to anthocyanins diffusion from 

he center of the strawberry to surface layer ( p < 0.05). Quick- 

rozen strawberries were more red and brighter, depending on 

igher L ∗ and a ∗ values ( p < 0.05). Therefore, lower a ∗ values were
232 
btained in static-frozen sample regarding further tissue deterio- 

ation which caused more anthocyanin lost in thawing. In similar 

ith the results of the present study, strawberries frozen in home 

ype freezer had higher a ∗ and b ∗ values compared to fresh ones 

n the study carried by Bulut et al. (2018) . Because of the recrystal-

ization, and degradation of color pigments which occurred during 

he storage time, L ∗, a ∗, and b ∗ values were getting close to color

alues of fresh fruit. For cherry tomatoes in the same cabinet the 

uthors found after quick freezing, the brightness of samples to be 

igher than slow frozen samples. The b ∗ value were lower in quick 

rozen products than that of slow frozen products ( Ergün et al., 

020 ). 

.4. Antioxidant activity 

Fruits and vegetables are rich in phenolic compounds such 

s tocopherols, ascorbic acid, carotenoids, flavonols and pheno- 

ic acids, which show antioxidant activity. These strawberries are 

ich in ellagitannins, which are large molecular weight polyphe- 

ols and phytochemicals protect plant cells against stress and dis- 

ase ( Can et al., 2005 ). The number of antioxidant substances 

an increase or decrease as a result of heat treatment and 

ther technological processes applied to fruits and vegetables 

 Skrovankova et al., 2015 ). 

Antioxidant activity values of strawberries are given in Fig. 7 . 

 significant difference was found in the antioxidant activity of 

he samples after freezing processes ( p < 0.05). It is thought 

hat higher antioxidant activity value of quick-frozen strawber- 

ies owing to well-protected tissue and higher amount phenolic 

ompounds. The phenolic substances, which are generally water- 

oluble compounds, move away from structure by drip loss. The 

revious research of the same authors confirmed this decrease by 

howing that the decrease in the phenolics were statistically sig- 

ificant at the end of 4th month and lower in quick freezing group 

han slow freezing samples. Some studies in the literature report 

he correlation between antioxidant activity and the number of 

henolics in fruit ( Kalt et al., 1999 ; Sun et al., 2002 ). Significant

eductions occurred in the antioxidant activity of both samples af- 

er four-month storage ( p < 0.05). 13.77% and 8.13% antioxidant 

ctivity losses were obtained during storage in quick-frozen and 

tatic-frozen strawberries, respectively. In adidition the decrease 

n antioxidants was because of anthocyanins and ascorbic acids. 

scorbic acid contents of these samples were given as 56.91, 53.73, 

7.47 mg/100 g for slow frozen strawberry samples. 63.11, 63.77, 

7.94 mg/100 g for quick frozen strawberry samples after freezing 

nd during the storage, respectively in the previous study of this 

esearch ( Yanat and Baysal 2018 ). Yanat and Baysal (2018) found 

hat the content of monomeric anthocyanin in slowly frozen straw- 

erry samples was lower than that of the quickly frozen sample 

roup. They also stated that there was a significant reduction in 

he two sample groups in the total monomeric anthocyanin con- 

ent after 4 months in storage. According to the study carried by 

oiana et al. (2010) , strawberris lost 22.90% of their antioxidant ac- 

ivity in the storage at −18 °C for 4 months. 
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Fig. 7. Antioxidant activity values of samples. 

Table 3 

Microbiological analyses results (log CFU/g). 

After freezing 2.month 4.month 

Total mesophilic aerobic 

bacteria count (log CFU/g) 

Quick freezer 2.79 ±0.00 a,I 2.79 ±0.00 a,I 2.72 ±0.01 b,I 

Static freezer 2.80 ±0.00 a,I 2.80 ±0.00 a,I 2.72 ±0.00 a,I 

Mold and yeast count (log 

CFU/g) 

Quick freezer 3.61 ±0.00 a,I 3.61 ±0.00 a,I 3.60 ±0.00 b,I 

Static freezer 3.66 ±0.00 a,II 3.63 ±0.00 a,I 3.61 ±0.00 a,II 

Significant differences ( p < 0.05) were indicated with different letters (a, b) for 

samples frozen in the same equipment and different numbers (I, II) for samples 

frozen in the different equipment. 
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.5. Microbiological results 

Due to its natural habitat of strawberry fruit grows in contact 

ith various microorganisms in the soil. The number and composi- 

ion of those microorganisms in the fruit can change with different 

rocesses and conditions ( Archer, 2004 ). 

Total mesophilic aerobic bacteria count, and yeast and mold 

ount analyzes results are given in Table 3 . The effect of freezing 

ate on total mesophilic aerobic bacteria count was not significant 

etween the groups in this study ( p ˃ 0 .05). However, a small 

ethal effect of 4 months storage at −25 °C was observed; even so, 

ecreases in counts of both sample groups were not bigger than 

%. Some studies in the literature specify that only freezing pro- 

ess does not destroy the microorganisms, especially many bacte- 

ia have extreme resistant to the effect of freezing ( Lund, 20 0 0 ;

rcher, 2004 ; Barbosa-Canovas et al., 2005 ). 

The freezing process at different freezing rates created a slight 

ifference in mold and yeast counts of samples ( p < 0.05). After 

reezing, mold and yeast counts were obtained as 3.61 log CFU/g 

nd 3.66 log CFU/g for quick-frozen and static-frozen strawberries, 

espectively. According to Beuchat (1984) , a rapid decrease in tem- 

erature affect the cell integrity of molds and yeasts negatively and 

an reduce the number of colonies. Moreover, the effect of storage 

n the number of molds and yeasts were negligible ( p > 0.05). 

. Conclusion 

The results obtained in this study revealed that the novel home 

reezing system freezes the strawberry 234 min shorter than and 
233 
t 1.51 cm h 

−1 freezing rate compared to the classic home type 

efrigerator. In addition novel system had positive effects on mi- 

rostructure, antioxidant effect, and color of the samples. Light- 

ess and redness was protected better during the storage in quick 

rozen samples. Quick-frozen strawberries had well-preserved tis- 

ue structure due to more numbers of nucleation zones occurred 

n quick freezing obtained from SEM analysis. Antioxidant activ- 

ty was 10% higher in the 2nd month of storage in the saamples 

rozen at novel system. There was a small positive effect on yeast 

nd mold count, no significant differences were found in both mi- 

robiological analyzes. It is considered that the novel home freez- 

ng system would be preferable by the consumers depending on its 

onclusive effects on frozen foods. The other fruits and vegetables 

ould be studied in further researches. 
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