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Research Article

Effect of Different Cooking Techniques on Microbial, Sensory and
Colour Characteristics of Fish Paté: Comparison of Ohmic and
Traditional Cooking Techniques

Cem AYDIN?, Unal KURT?, Yalgin KAYA?

ABSTRACT

The objective of this research was to investigate the quality characteristics of fish paté produced
using different cooking techniques. For this purpose, the fish paté was cooked by ohmic and
traditional (water bath) cooking techniques to same target temperature (78 °C). The time required
for pasteurization of ohmic cooked fish paté (OC) was calculated as 473.82 minutes, which is shorter
than the pasteurization value of traditionally cooked fish paté (TC) calculated as 2696.23 min.
However, total bacteria count (TBC) and total yeast and mold count (TYM) of OC and TC were not
(p>0.05) statistically different. Although the L* and a* colour values of OC and TC were not
significantly different (p>0.05), these colour values were significantly different (p<0.05) from the
values of uncooked fish paté (UC). After cooking process, the sensory score of OC was higher than
the sensory score of TC according to appearance, flavour and odour score. On the other hand, the
deterioration of OC was occurred faster than the deterioration of TC during cold storage (4°C) of
fish patés. OC was evaluated “unacceptable” at the 20™ day of storage when TC was evaluated as
“acceptable” on the same day of storage. In the view of such information, it has been determined
that further optimization studies are needed in order to use the ohmic cooking technique, which has
a unique heating mechanism, in the cooking of fish paté.
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Farkh Pisirme Tekniklerinin Balik Ezmenin Mikrobiyal, Duyusal ve Renk
Karakteristiklerine Etkisi: Ohmik ve Geleneksel Pisirme Tekniklerinin

Karsilastirilmasi

0z

Bu arastirmanin amaci farkli pisirme teknikleri kullanilarak iiretilen balik ezmesinin kalite
karakteristiklerini incelemektir. Bu amacla balik ezmesi ohmik ve geleneksel (su banyosu) pisirme
teknikleri ile ayni hedef sicakliga (78 °C) kadar isitilmistir. Ohmik ydntemle pisirilmis balik
ezmesinin (OC) pastérizasyonu i¢in gereken siire 473.82 dk. olarak hesaplanmistir ve bu deger,
geleneksel yontemle pisirilmis balik ezmesinin (TC) 2696.23 dk. olarak hesaplanan pastorizasyon
stiresinden daha kisadir. Bununla birlikte, OC ve TC ‘nin toplam bakteri sayisi (TBC) ve toplam
maya-kiif sayis1 (TYM) istatistiksel olarak farkli (p>0.05) bulunmamistir. OC ve TC ‘ye ait L* ve
a* renk degerleri 6nemli bir farklilik (p>0.05) gostermese de bu renk degerleri pigirilmemis balik
ezmesine (UC) ait L* ve a* renk degerlerinden onemli derecede farklilik (p<0.05) gostermistir.
Pisirme islemi sonrasinda, goriiniim, tat ve koku degerlerine gére OC’nin duyusal begeni puanlari,
TC’den daha ytiksek olmustur. Diger yandan, balik ezmelerin soguk ortamda (4°C) depolanmasi
sirasinda, OC’deki bozulma, TC’deki bozulmadan daha hizli ger¢eklesmistir. OC depolamanin 20.
gliniinde “kabul edilemez” olarak degerlendirilirken, TC ayni depolama gilintinde “kabul edilebilir”
olarak degerlendirilmistir. Bu bilgiler 1s18inda, kendine 6zgii 1sitma mekanizmast olan ohmik
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pisirme tekniginin, balik ezmesinin pisirilmesinde kullanilabilmesi i¢in daha ileri optimizasyon

calismalarina ihtiya¢ duyuldugu tespit edilmistir.
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Introduction

Heating is the most widely used technique to
increase shelf life and improve digestibility in
food processing.  Conventional heating
techniques use substantial time and enormous
energy to convey heat from the outer layer to the
coldest point of the food products to achieve the
target temperature for safety consideration.

Although conventional heating techniques are
able to provide microbiological safety, the
intense  heating nature of conventional
techniques generally causes overheating
problems, which may adversely affect the
nutritional value and sensory characteristics of
heated foods. Therefore, novel thermal
technologies such as ohmic heating, have been
the subject of researches in order to prevent the
thermal damage caused by conventional heating
(Wills et al, 2006; Sarkis et al., 2013; Uran and
Gokoglu, 2014; Tian et al., 2016; Turp et al.,
2016.)

Ohmic heating is recognized as an emerging
heating technology, based on a passage of
electric current through the food.In ohmic
heating, uniform temperature distribution occurs
as a result of the fact that heat is generated in the
whole volume of food product at the same
time(igier and Ilical1, 2005; Tornberg, 2013). By
this way, ohmic heating provides high energy
efficiency and fast heating rates with limited
thermal damage (Dai et al., 2014; Aydin et al.,
2020). In ohmic heating, as compared to
conventional heating techniques, the energy
efficiency and the decrease of process time were
reported at about 90% and 50%, respectively.
(Zell et al., 2009; Aydin et al., 2020). On the
other hand, researchers have been conducted on
the disadvantages of ohmic heating, such as
insufficient microbial inactivation and colour
formation of food products(Sengun et al., 2014;
Bozkurt and Icier, 2010; Kendirci et al., 2014;
Turp et al., 2016). However, it was stated that

254

differences in process parameters of ohmic
heating and in the design of ohmic system could
affect the results of researches on physical,
chemical and microbiological parameters of
ohmically heated food products(Yildiz-Turp et
al., 2013).So, exploring the quality parameters of
various food types under different ohmic heating
conditions makes considerable contributions to
the limited knowledge about ohmic heating
mechanisms as a novel food processing
technology. The aim of this research was to
study and compare the effects of ohmic and
conventional heating on the microbial, sensory
and colour characteristics of fish paté.

Materials and Methods

Preparation of Fish paté

The fish paté was produced according to the
previous study (Aydin et al., 2020). As a raw
material, rainbow trout (Oncorhynchus mykiss,
Walbaum, 1792) were obtained from a local fish
farm in Samsun, Turkey. The fishes were
eviscerated, be headed and filleted.

The fillets were steeped in 20% (w/ V) brine
solution for 60 min. Then, hot smoking process
was carried out in smoking oven (Apparatebau
Gunther Kronawitter, Wallersdorf, Germany)
and beech tree sawdust was used to produce
smoke. After hot smoking process, the fillets
were cooled and skins were removed. The
skinless hot-smoked fish fillets were minced by
a grinder machine (EKIY-182121, Tulsan,
Turkey). Finally, minced fish meat was mixed
with the ingredients according to the following
formula: meat (% 91.5w/w),butter (% 8.1 w/w),
powdered onion (% 0.3w/w) and black pepper
(% 0.1 wiw).

Ohmic Cooking Procedure

An ohmic heating device was designed as
expressed by Aydin et al. (2020). Ohmic heating
apparatus, made up of rectangular tempered-
glass, was connected to a 2.5 kVA power supply
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(50 Hz, 0-4300 V). The gap between two
parallel stainless steel (316) electrodes were 10
cm and the electrodes were connected to the fish
paté. The temperature change at the center of
heating cell was monitored by using K-type
thermocouple during the heating process. The
fish paté samples were heated with 5 V/cm
voltage gradient and 50 Hz frequency to reach
set temperature 78°C.

Traditional Cooking Procedure

Fish paté was placed into glass jars (KP82,
Sisecam, Turkey) that each contains 135 g of
sample. Then, the samples were cooked to 78°C
in water bath (WB-22, Wisetherm, Korea) set at
98 + 1°C. When the temperature reached to
target temperature, all samples cooked by ohmic
(OC) and traditional (TC) technique were cooled
for a while at room temperature. After cooling
period, samples were stuffed in cylindrical boxes
(PP-60, LP Italiana, Italy) and ohmic cooked
(OC) and traditional cooked (TC) paté samples
stored at 4 + 1°C for 20 days. Analyses were
carried out at the beginning and 4%, 8", 12t 16"
and 20" days of storage period.

Pasteruzation Value (PV) Calculation

During cooking processes, pasteruzation value
of paté samples was calculated by the following
equation (McKella et al., 2006);

t  T-60
PV=f 10 55 dt
0

where T is the temperature of coldest point of
paté samples during cooking and t is the total
time (min) for cooking process. The
pasteruzation values (min) below 55°C were not
taken into account because of small values.

Colour Analysis

Color measurements of uncooked and cooked
paté samples were made by using a Minolta
colorimeter (Model No. CR-400). Color
coordinates in CIE Lab L*,a*, b* were recorded.
The CIE Lab L*, a*, and b* values correspond
to lightness (L*), redness (a*), and yellowness,
(b*), respectively. Eight readings were
performed for each condition.

Microbial Analysis

Total bacteria count (TBC) and total yeast and
mold counts (TYM) of fish paté were used to
determine microbial quality of cooking
techniques. At the beginning, ten grams of paté
sample from each group (OC, TC) was added to
sterile bag with 90 mL sterile physiological
saline (% 0.85) and was homogenized using
stomacher. Then, 10-fold dilutions were
prepared using the same diluents up to 107 in
duplicate in growth media. (Glirgliin and
Halkman, 1990). Plate count agar (PCA) were
used for the total bacteria counts (TBC) and the
inoculated plates were incubated at 28°C for 72
h. The total yeast and mold counts (TYM) were
detected using potatoes dextrose agar (PDA)
incubated at 28°C for 72 h (Goktan, 1990; Varlik
et al.,1993). Analyses were performed with 3
replicate trials for every duplicate sample. The
counts were reported as log cfu/g.

Sensory Analysis

Sensory analysis of fish paté was performed by
five trained panellists, who were asked to
evaluate appearance, flavour, odour and
texture.Nine-point descriptive scale was used for
analyses described by Schormiiller (1968) and
modified by Varlik et al. (1993).

According to scale, a score higher than 5.0 were
evaluated as “good quality”, a score of 5.0-4.0
indicated “limit of acceptable quality”, a score of
3.9-1.0 indicated “unacceptable quality”.

Statistical analysis

Data sets were tested to regarding normal
distribution by the Shapiro-Wilk test and
Kolmogorov-Smirnoff. For data’s with normal
distribution, statistical differences between the
groups were determined by performing analysis
of variance (one-way ANOVA) and Tukey’s test
was applied for post hoc comparisons. Sensory
analysis results with non-normal distribution
were tested by non-parametric procedures for
independent samples (Kruskal-Wallis and
Mann-Whitney U). All statistical calculations
were performed using SPSS 17.0 (SPSS Inc.,
Chicago, IL, USA). The level of confidence was
% 95 (Stimbiiloglu and Stimbiiloglu, 2000). All
datas were given as mean values + standard
error.

Result and Discussion
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PV Calculations

Pasteurization value is a term of lethality level at
reference temperature and it is also used to
evaluate the inhibition effect of heating process
on microorganisms (McKenna et al., 2006). In
this research, the PV of TC were higher than the
PV of OC in all temperatures and as the
temperature increased, the difference between
PV of TC and OC also increased. For instance,
the PV of TC and OC at 58°C was 0.31 min and
0.17 min (Table 1) and the PV of TC and OC at
75°C was 872.45 and 193.85 min respectively.
At the end of heating processes, the total PV of
OC and TC was calculated as 473.82 min and
2696.23 min  respectively.  The total
pasteurization effect of TC was 5,69 times
higher than the total pasteurization effect of OC.
The pasteurization effect of different heating
techniques was also investigated by several
researchers. Sengun et al. (2017) reported that
the pasteurization effect of ohmic - infrared
combination heating technique was changed
between the range of 50.5 - 7.83 x 108 min due

to the process parameters. The pasteurization
effect of ohmic and traditional heating at cold
point was also stated by Zell et al. (2009), as
2800 and 1480 min, respectively. McKenna et al.
(2006) heated the different meat samples by
radio-frequency and steam cooking technique at
72 °C (2 min) and found that the pasteurization
value of steam cooking was approximately 5
times higher than the pasteurization value of
radio-frequency cooking. These results were in
accordance with our results. As ohmic and
traditional cooking compared, the rate of
temperature increase at ohmic heating was
higher than the traditional heating, so the process
time to reach set temperature was shortened in
ohmic cooking process. It was evaluated that the
differences between the pasteurization values in
literature associated with the time-temperature
profile of heating technique. That is why, it was
recommended that the cooking process was
checked not only by the control of target
temperature, but also checked by the time-
temperature profile (Matsui et al., 2008).

Table 1 Pasteurization values (min) of ohmic and traditional cooked fish paté

Temperature (°C) oC TC Ratio (TC/OC)
55 0.02+0.00 0.03+0.01 1,50
58 0.17+0.01 0.31+0.11 1,80
60 0.44+0.04 0.96+0.22 2,20
63 1.54+0.16 3.28+0.89 2,13
65 3.87+0.57 8.21+2.00 2,12
68 12.85+0.82 30.454+9.22 2,37
70 29.21+£2.27 76.29+16.53 2,61
73 90.63+0.08 329.29+37.28 3,63
75 193.85+14.66 872.45+50.97 4,50
78 473.82+38.46 2692.23+£270.78 5,69

OC: ohmic cooked fish paté, TC: traditional cooked fish paté,
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Colour Analysis

One of the critical characteristics of meat and
meat products is its colour which influences the
consumer’s decision on purchase and
consumption (Engchuan et al., 2014) and the

cooking process had substantial effect on the
colour of meat and meat products (Dai et al.,
2013). The colour changes of UC, OC and TC
can be observed from Table 2.

Table 2 Colour properties of ohmic and traditional cooked fish paté during cold (4°C) storage

L a b
Storage Time oc TC oc TC oc TC

(day)

uc 69,90+0,062 3,69+0,04° 21,34+0,12°

0 70,99+0,05°%°  71,06+0,024° 3,26+0,02°% 3,44+0,08%2 21,36+0,09°8°  20,89+0,06"2
4 71,47+0,1482  71,59+0,09% 3,21+0,03%2 2,96+0,07° 21,83+0,148%  21,78+0,1452
8 71,060,118 71,1240,094% 2,76+0,06% 2,64+0,085% 21,72+0,124BC  21,0340,124
12 70,97+0,10°P2 71,50+0,098° 2,310,078 2,48+0,0282 21,73+0,09A8¢ 21,34+0,104B"
16 70,5420,10AP2 71,66+0,09%° 2,35+£0,0782 2,00+£0,04"°  21,27+0,12%%  20,90+0,094°
20 70,410,142 70,92+0,012° 2,02+0,044% 1,71+0,03A°  21,84+0,05%%  21,25+0,06"°

Different small letters (a, b) represent significant difference among groups (P < 0.05). Different capital letters
(A, B,) represent significant difference among different days within the same group during storage (P < 0.05).
UC: uncooked fish paté, OC: ohmic cooked fish paté, TC: traditional cooked fish paté,

The L* and a* values of OC and TC were not
significantly different (p>0.05) at the beginning
of storage, but these values were significantly
different (p<0.05) from the L* and a* values of
uncooked (UC) samples.

Both ohmic and traditional cooking were
substantial affected on the colour of L* and a*
values of paté samples. On the other hand, the b*
values of TC were significantly different
(p<0.05) from the b* values of OC and UC.

During storage of paté samples, the L* and a*
values of OC and TC fluctuated but showed a
tendency of decrease in general. The L* and b*
value of UC, OC and TC were lower,the a* value
of UC, OC and TC were higher than the values
reported by Daaroonpunt et al. (2016) and
Amaral et al. (2015). The colour difference of
fish paté samples might have occurred due to
cooking loss, denaturation of proteins and
oxidation reactions as a result of different rate of

temperature increase during the cooking process
(Shibukawa et al., 1989; Estevez and Cava,
2004; Ganhao et al., 2010).

Microbial Analysis

The microbial load of a food product has a direct
relation with quality of food, so the microbial
analysis is the one of the most frequently used
methods to decide the quality and shelf life. OC
and TC were heated to same target temperature
(78°C). TBC and TYM of OC and TC (Figure 1
and Figure 2) were not significantly different
(p>0.05) at the beginning of storage. The
difference was found significant (p<0.05) during
cold storage of fish paté in all analyse days.
Meat and meat products consist of components
with different electrical conductivity such as
protein, fat, water and spices. When the meat and
meat products were cooked by ohmic cooking
technique, the parts with bad electrical
conductivity were not heated as good as the parts
with good electrical conductivity. So, during
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ohmic cooking, some insufficient heated parts
may be occurred (Shirsat et al., 2004; McKenna
et al., 2006; Sarang et al., 2008).
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Figure 1. TBC of ohmic and traditional cooked
fish pate during cold (4°C) storage

Different small letters (a,b) represent significant
difference among groups (P<0.05). Different
capital letters (A,B,) represent significant
difference amongst different days within the same
group during storage (P<0.05). OC: ohmic cooked
fish paté, TC: traditional cooked fish pateé,
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Figure 2. TYM of ohmic and traditional cooked
fish pate during cold (4°C) storage
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Different small letters (a,b) represent significant
difference among groups (P<0.05). Different
capital letters (A,B) represent significant
difference amongst different days within the
same group during storage (P<0.05). OC: ohmic
cooked fish paté, TC: traditional cooked fish
pate,

Sengiin et al. (2017) stated that the ohmic
cooking technique decreased the process time in
half, but it might be insufficient to ensure desired
microbial safety. In our study, fatty parts of OC
may not be cooked enough due to bad electrical
conductivity, thus these parts may be not
pasteurised enough. And by the contribution of
microbial load at unpasteurised parts, microbial
deterioration of OC may be faster than microbial
deterioration of TC during storage. At end of
storage, TBC of OC was exceeded the limit of 6
log cfulg and OC was determined as
“unacceptable” (ICMSF, 1986; Nickelson and
Finne 1992; Cakmak and Colak, 2004; Erkan
and Ozden, 2007).

Sensory properties of fish paté

Sensory score of fish paté was presented in Table
3. Flavour scores of OC and TC showed
significant difference (p<0.05) after cooking
process. Subsequently, the significant difference
(p<0.05) between OC and TC remained
unchanged during cold storage. The flavour
score of OC was lower than the flavour of OC at
the 16" day. The flavour score at 20" day of
storage of OC were found 3.80 and OC was
evaluated as “unacceptable quality”. Up to 16"
day of storage, there were no significant
difference (p>0.05) between the texture scores of
OC and TC. According to the texture score of
OC, it was evaluated as “unacceptable quality”
at 20th day. Amaral et al. (2015) studied the
change of sensory properties of cooked paté
samples during storage and explained that the
appearance, odour, flavour and texture quality of
samples were deteriorated during storage and
shelf life of paté samples were reported as 30
days (4°C). Zell et al. (2010) stated that the
appearance and texture score of ohmic cooked
meat were higher than the score of traditional
cooked meat as similar to our study. Bozkurt and
Igier (2010) compared the ohmic and traditional
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cooked meat products in their research and
concluded that the cooking technique had
significant effect on meat quality, especially on
texture. The flavour and texture quality changes
of paté samples are in agreement with the
findings of Siret and Issanchou (2000) who
stated that the flavour and texture characteristics
were the most effective sensory attributes on

paté quality.Due to different time-temperature
profile of OC and TC, physical and chemical
reactions might be effected the sensory attributes
of paté samples in different degrees. It was also
decided that the quality loss occurred during
storage could be a result of chemical and
bacteriological changes (Dainty and Mackey,
1992; Bremner et al., 2002).

Table 3. Sensory scores of ohmic and traditional cooked fish pate during cold (4°C) storage

Storage Appearance Odour Flavour Texture
Time
(day) oc TC oc TC oc TC oc TC
0 7,80+0,13¢  7,10+0,10¢ 7,90+0,10¢ 7,10£0,18¢ 7,90+0,10¢ 7,10+0,18% 7,40+0,16° 6,90+0,188
a b a b a b a a
4 7,00+£0,008  6,80+0,138 7,80+0,13¢ 7,00+£0,21¢ 7,80+0,13¢ 6,90+0,18% 7,00+0,00° 6,90+0,108
a Ca a b a b a a
7,00+£0,008  6,70+0,15~ 7,90+0,10¢ 6,80+0,138 7,40+0,16¢ 6,90+0,108 6,90+0,10° 6,60+0,168
8 a BCh a Cb a b a a
6,70+£0,15* 6,50+0,174 7,10+0,108 6,70+0,15* 7,30+0,15¢ 6,80+0,138 6,80+0,13¢ 6,60+0,168
12 Ba BCa a BCb a b a a
6,60£0,16" 6,30+0,15* 6,30+0,15~ 6,30+0,15% 5,80+0,258 6,50+0,17% 5,20+0,258 6,30+0,158
16 Ba Bb a Ba a b a b
20 6,30£0,15" 6,00£0,15* 6,20+0,13~ 6,10£0,10~ 3,80+£0,20% 5,60+0,16" 3,60+0,16" 5,40+0,224
a a a a a b a b

Different small letters (a,b) represent significant difference among groups (P<0.05). Different capital letters
(A,B,C.) represent significant difference amongst different days within the same group during storage
(P<0.05). OC: ohmic cooked fish paté, TC: traditional cooked fish paté

Conclusions

It was determined that cooking methods had
considerable impact on sensory attributes of fish
paté.As a novel cooking technique, fish paté
cooked by ohmically was preferable than the
traditionally cooked ones. There was not any
difference between the microbiological and
colour properties of fish paté cooked by ohmic
and traditional heating technique. On the other
hand, the quality parameters of fish paté during
cold storage were changed significantly due to
the implemented cooking technique. Because of
the heat transfer mechanism of cooking method,
the intensity of heat transferred to food
substantially changed. For that reason, when the
ohmic cooking method were compared with any
other methods, the control of pasteurisation
value based on heat-temperature profile could be
better to use instead of the control of target
temperature during cooking process. Future
research should be focused on optimisation of

ohmic cooking process as a promising
technology, to achieve better understanding.
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