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Comparative assessment of nutritional composition and physicochemical
properties of fresh, freeze- dried and rehydrated rainbow trout
(Oncorhynchus mykiss Walbaum, 1792) mince
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Abstract

, Nilgun GUNERT!

Freeze drying is known as the excellent drying method for heat sensitive food products. In this research was aimed to
determination of nutritional composition and physicochemical properties of fresh, freeze- dried and rehydrated rainbow trout
(Oncorhynchus mykiss) mince. Sample groups were established as fresh trout mince, freeze-dried trout mince and rehydrated
trout mince after freeze-dried. Proximate composition, pH, water activity, colour measurement, rehydration ratio, fatty acid
and amino acid profiles were determined in the samples. As a result; nutritional composition, total aminoacid amounts and
total MUFA amounts were different in fresh, freeze dried and rehydrated samples. However; the difference between the total
amount of PUFA in fresh and rehydrated samples were found insignificant statistically.

Keywords: freeze drying; trout mince; nutrition composition; physicochemical properties.

Practical Application: In this study, which is aimed to use fish mince functionally, the applicability of freeze drying has been
tried to be measured. The physicochemical and some nutritional characteristics of the freeze dried and rehydrated trout mince

were determined for the first time.

1 Introduction

It is recognized that seafood consumption has nutritional
and healthiness advantages in mankind (Burger & Gochfeld,
2009; Rebolé et al., 2015). Fish and other seafood are regarded
to be a good source of essential amino acids, polyunsaturated
fatty acids, vitamins and minerals (Rebolé et al., 2015). Omega 3
and omega 6 Polyunsaturated fatty acids cannot be synthesized
in the human body, they must be received through nourishment
(Mahan & Escott-Stump, 2005; Castro et al., 2007).

Seafood products has been provided by aquaculture production
over the past two decades. Farmed fish (specially rainbow trout)
has importance in providing n-3 fatty acid sources to consumers
(Delgado et al., 2003; Blanchet et al., 2005). Rainbow trout is
a valuable source of many important nutrients. It has low fat
and calorie values than some foods from the meat group such
as red meat and chicken meat. About 3 ounce cooked rainbow
trout comprises 22 g protein, 5 g fat, 30 mg sodium and 130 cal
(Ladewig & Morat, 1995).

Freeze-drying can be defined as remove by sublimation
of water from a frozen material. It provides an opportunity
to obtain high quality food products. Because of the absence
of liquid water and low temperatures are delayed some of the
chemical and microbiological degradation (Rawson et al., 2011).

The advantages of a freeze-dried product are as follows:
fast rehydration, retaining good flavour, preserving good color
and appearance, prolonged shelf life, reduced transport and

storage costs, using simple convenience, minor loss of nutrients
(Zhang et al., 2014).

In spite of all these advantages a few seafood products have
been dried in using this procedure. There are sliced cod, boiled
shrimp, boiled crab and so on. The freeze drying technology are
an advisable method for the preservation of seafood products
and some problems solving in fishing sector. The freeze dried
tuna fish, halibut, trout, whale, shrimp, calamar, octopus, clam,
seaurchin, abalone and moss were examined in terms of freeze
drying mechanism of marine products (Kobayashi, 1969).

No previous reports focused on the freeze-dried fish mince
and nutritional composition, physicochemical and sensory
properties. Therefore, the objective of this study was to investigate
the nutritional composition and physicochemical properties of
fresh, freeze- dried and rehydrated rainbow trout (Oncorhynchus
mykiss Walbaum, 1792) mince.

2 Materials and methods
2.1 Sample preparation

A total of N = 40 farmed rainbow trout (Oncorhynchus
mykiss Walbaum, 1792) was used in this study. The average
body length of the fish was 41.77 + 0.26 cm with weight of
1200 £ 23.33 g. The fish were obtained from a trout farm in Sinop,
Turkey. The fish were brought to the laboratory in iced styropor
box. They were eviscerated, beheaded, filleted and washed with
iced water. The fish were removed from the bones and skin. Then
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the fish were minced using a blender (Arcelik, K 1260, Turkey)
approximately 3 min. (for each lot).The fish mince samples were
vacuum packaged using polyamide/polyethylene film (30 x 30 cm,
COEX, 90 , oxygen transmission rate of 160 cm*/m?/24 h atm at
23 °Cand 0% relative humidity; carbon dioxide transmission rate
of 32 cm?/m?/24 h atm at 23 °C and water vapor transmission rate
of 8.5 g/m?/24 h atm at 38 °C) (Polinas, Turkey). The packaged
samples were stored at -35 °C until freeze drying.

2.2 Freeze drying process

The trout mince samples were transferred to a pilot plant
(Gebze Technical University, Chemical Engineering Department,
Kocaeli) by the cold chain for freeze drying process within
7 hours. Firstly, the trout mince were thawed (30-45 min) and
placed on the freeze dryer tray for efficient drying. Secondly,
samples were frozen in a freeze dryer (VirTis Ultra 25 Super
XL, USA) at -35 °C temperature for 2 hr. Then, samples were
dried at +10 °C shelf temperature, 20 Pa pressure for about 24 hr.
The freeze dried samples were put into zip lock bag immediately
after freeze drying. The freeze-dried fish were cut into small
pieces for all analyses (Figure 1).

2.3 Proximate composition

The protein value was determined by the Kjeldahl method
(Association of Official Analytical Chemists, 1961). Lipids were
extracted by the method of Bligh & Dyer (1959). The moisture
content and crude ash content were determined according to the
method of Ludorft & Meyer (1973) and Association of Official
Analytical Chemists (1984) respectively.

2.4 Pysicochemical analyses

pH analysis was carried out according to Curran et al. (1980)
(Werkstatten 82362 Weilheim, Germany). Water activity and
color analyses values were measured according to Association
of Official Analytical Chemists (1980) and Schubring (2003),
respectively. Rehydration ratio was determined as follows
(Equation 1, Giri & Prasad, 2007):

RR(Rehydration ratio)= Wy | W, (Rehydrated sample weight / Dried sample weight) (1)

2.5 Aminoacid composition

The amino acid composition values were determined in fresh,
freeze dried and rehydrated samples following the procedure
described in the literature (Dimova, 2003).

2.6 Fatty acid analyses

The fatty acid profiles were carried out according to the
method ISO 12966-2:2011 (Demirtas et al., 2013).

2.7 Statistical analysis

Experimental data were analysed using of Minitab 15 program
(Minitab Inc., State College, PA, USA). It was used one way
analysis of variance (ANOVA). For data analysis, mean, standard
error were used (P < 0.05). (Ozdamar, 2015).

3 Results and discussion
3.1 Proximate composition

The proximate composition values of the fresh trout mince,
freeze-dried trout mince and rehydrated trout mince were
shown in Figure 2.

The moisture value of the freeze-dried trout was reduced
to 2.11 + 0.01%, and the fat value increased to 23.53 + 0.02%.
Protein and ash values were increased by 66.41 + 0.02% and
5.20 = 0.05%, respectively. Similar consequence has been
reported for freeze dried tuna fish (Thunnus tongol) and shark
(Rhizoprionodon acutus). (Rahman et al., 2002; Sablani & Kasapis,
2006). It can be said that the increase in protein, fat and ash values
is a proportional increase due to decrease in moisture value.

If there are no contrary effects on the entirety of the tissue
structure, it should absorb water to the same moisture content
as the original sample before drying (Senadeera et al., 2000;
Marques et al., 2009). In our work, it was not possible to recover
all of the water after rehydration. This can be said to be due to
the loss of water retention capacity of the trout in relation to
the texture deterioration of freezing- thawing and freeze-drying
process.

Figure 1. Fresh trout mince (A); Freeze drying process (B); Packaged freeze dried trout mince (C).
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Figure 2. Proximate compositionof fresh trout mince, freeze-dried trout
mince and rehydrated trout mince. The same letters of a, b, ¢ point out
no significant difference, and the different letters between them mean
there is a significant difference, p <0.05.

3.2 Pysicochemical analyses

pH, water activity values, color measurement of the trout
mince samples and rehydration ratio freeze-dried trout mince
were shown in Figure 3, Figure 4 and Figure 5.

According to the pH values, freeze-dried trout were not be
affected from freeze-drying process (p> 0.05). However, pH value
of rehydrated trout mince were decreased (p<0.05). A very low
water activity value was obtained after freeze drying and this
value was slightly above the fresh fish value after rehydration.
The difference between the water activity values of fresh and
rehydrated samples was not significant (p>0.05). No microbial
activity has been reported in dried aquatic products with water
activity below 0.60. The decrease in water activity value also limits
or prevents enzymatic changes (Varlik et al., 2004).

We did not encounter the literature related to freeze dried and
rehydrated trout of L, a*and b* values. However, studies of color
values of freeze-dried cod and tuna fish were found. Eikevik et al.
(2005), freeze dried the cod fish at different temperatures. They
were reported that when the drying temperature decreased the
b*value also decreased but the L value increased. In our work,
the L value was increased by freeze drying. However, the value
of b*increased after rehydration. Rahman et al. (2002), reported
that they found L value of 57.20, a* value of 6.48 and b* value
of 10.88 for tuna fish freeze-dried and stored for 6 months at
20 °C. The browning of dried products can be understood by
the L value. At high L values, the brown color of the product is
reduced. It has been reported that the highest L value is seen in
freeze-dried products when compared with freeze-dried samples
with air-dried and vacuum-dried samples (Rahman et al., 2002).

In present study, rehydration ratios of freeze-dried trout
mince were determined in distilled water at 30 °C and 100 °C.
Rehydration ratios of the samples were 2.65 + 0.07 at the 15th
minute and 2.72 + 0.18 at the 210th minute at 30 °C. These
values were 2.28 + 0.01 at the 2nd minute of the rehydration
and 2.47 £ 0.01 at the 20th minute at 100 °C (Figure 6).

Rehydration ratio of freeze-dried foods is in general
4-6 times higher than air-dried foods (Meda & Ratti, 2005).
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Figure 3. Pysicochemical anayses results of fresh trout mince, freeze-dried
trout mince and rehydrated trout mince. The same letters of a, b, ¢ point
out no significant difference, and the different letters between them
mean there is a significant difference, p <0.05.

Generally, dried fish samples is soaked in water before cooking
or consumption, thus rehydration is one of the critical quality
criteria for dried fish products (Lewicki, 1998; Rahman & Perera,
1999; Rahman et al. 2002).

Heetal. (2012) reported that rehydration ratio as 2.15 in the
30th minute and 2.21 in the 60th minute of freeze-dried crab.
It can be said that the value of the rehydration ratio are close to
our study. In our study, rehydration ratio that determined in the
distilled water at 30 °C was higher than rehydration ratio measured
at 100 °C. It is thought that the reason for this is denaturation of
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Figure 4. Rehydration ratio of freeze dried trout mince samples at
30 °C water temperature.
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Figure 5. Rehydration ratio of freeze dried trout mince samples at
100 °C water temperature.

Figure 6. Freeze dried trout mince before rehydration (A) Freeze dried
trout mince after rehydration (B).

proteins during the rehydration process at 100 °C is associated
with the detrimental effect of the textural properties and thus
the reduction of rehydration capacity.

3.3 Aminoacid composition

The aminoacid composition values of the fresh trout mince,
freeze-dried trout mince and rehydrated trout mince were
shown in Table 1.

In our study of amino acid values in fresh, freeze-dried
and rehydrated fish, it was determined that the fresh trout had
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the highest content of lysine (2.81 g/100 g) of essential amino
acids. After freeze drying, leucine (6.53 g/100 g) was detected at
the highest level compared to other amino acids. Although the
amount of leucine after rehydration showed decrease compared
to the freeze-dried product (3.12 g/100 g), it was determined
that all amino acids contained the highest leucine content.

It is observed that the amounts of amino acids increase
after freeze drying in our work. There are very few studies in
the literature evaluating the amino acid content of freeze dried
aquaculture products. In a study examining the amino acid
compositions of three different species of jellyfish, oven dried and
freeze dried jellyfish were compared. According to this; it can be
said that jellyfish treated with freeze drying contains amino acids
at higher levels than those dried in the oven (Kogovsek et al.,
2014). In another study; different drying methods were applied
to sea cucumber and their amino acid contents were examined.
Compared with the amino acid contents of fresh and freeze
dried sea cucumber, certain amino acids are found to increase,
while others decrease. However, the total amount of amino acid
was determined as 74.80 in fresh sea cucumber and reported as
73.24 in freeze dried sea cucumber (Duan et al., 2010).

In our study, the increase in the amino acid values of the
freeze-dried trout and the decrease in the amino acid values
of rehydrated samples is thought to be related to proportional
water loss. It is also believed that the reduction in the amount
of amino acid relative to freeze-dried samples in rehydrated
samples is related to denaturation of the proteins as a result of
rehydration by immersion of product the distilled water at 100 °C,
or to the passage and loss of water-soluble proteins. As a matter
of fact, the structure of fish proteins can be easily changed by
changing the physical environment. It has been reported that
the solubility properties of myofibrillar proteins change after
freeze drying (Spinelli et al., 1972; Huss, 1995).

3.4 Fatty acid composition

The fatty acid composition values of fresh trout mince,
freeze-dried trout mince and rehydrated trout mince were
shown in Table 2.

The highest amount of SFA was measured in all groups as
palmitic acid (C16:0), and in fresh, freeze-dried and rehydrated
trout, 14.79 £ 0.08%, 14.32 + 0.00 and 14.27 + 0.00, respectively.
The highest MUFA was oleic acid (C18: 1 n-9), 30.02 + 0.02%,
29.51+0.01 and 30.09 £ 0.00% in fresh, freeze-dried and rehydrated
trout samples, respectively. The lowest MUFA was found to be
0.03 + 0.00% myristicoleic acid (C14: 1) in all three groups.
The highest PUFA was determined as linoleic acid (C18:2 n-6)
in all three groups. Also, the lowest PUFA was measured in all
groups as eicosatrienoic acid (C20:3 n-3).

Celik et al. (2008), investigated the fatty acid profile of fresh
trout (Oncorhynchus mykiss). They were reported that total
saturated fatty acids, total monounsaturated fatty acids and total
polyunsaturated fatty acids amounts as 27.65%, 35.56% and
23.09%, respectively. It can be said that these results are close to
the results of our study. Murphy et al. (2003) investigated the fatty
acid and sterol composition of frozen and freeze-dried mussel
(Perna canaliculus) from three sites in New Zealand. According
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Table 1. Aminoacid compositionof fresh trout mince, freeze-dried trout mince and rehydrated trout mince (g/100 g).
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Amino acid (g/100 g) Fresh Freeze-dried Rehydrated
Alanine 0.70 £ 0.02° 2.82 +0.13¢ 1.97 +£0.02°
Aspartic acid 2.26 +0.02* 4.57 £0.01° 2.98 £0.02°
Methionine* 0.52 +0.00? 2.53 +0.01¢ 1.15 + 0.00°
Glutamic acid 2.43 +0.00° 5.39 £2.79¢ 2.81 +0.03"
Phenylalanine* 0.63 + 0.00* 3.57 £ 0.01¢ 1.64 +0.01°
Lysine* 2.81+0.00° 6.04 +0.01° 2.96 + 0.03*
Histidine* 0.65 + 0.00* 2.21 +0.02¢ 1.04 +0.01°
Tryosine 0.56 £ 0.00° 2.93+£0.01¢ 1.31+£0.01°
Glycine 0.93 £ 0.00° 4.20 £ 0.01¢ 1.63 +0.02°
Valine* 0.67 + 0.00* 3.32 £0.00° 1.84 +0.01°
Leucine* 1.30 = 0.00? 6.53 +£0.04¢ 3.12+0.01°
Isoleucine* 0.80 + 0.00* 4.65 + 0.03¢ 2.05 +0.02°
Threonine* 1.50 + 0.00* 5.35+0.01¢ 2.46 +0.03"
Serine 0.91 £ 0.00* 2.93 +0.01¢ 1.61 +0.01°
Proline 0.91 £ 0.02° 4.24 +0.09° 1.41 £0.01*
Arginine* 0.44 +0.00° 0.61 + 0.00° 0.39 £ 0.00°
Total amino acid 18.11 £ 0.00¢ 61.96 + 0.18° 30.44 + 0.31°
Total essential amino acids (E) 9.35 + 0.00° 34.84 +0.13* 16.69 + 0.15°
Total non-essential amino acids (NE) 8.76 + 0.00¢ 27.11 £ 0.04* 13.75 £ 0.15°
E/NE 1.06 + 0.00¢ 1.28 + 0.00* 1.21 +0.00°

Data are expressed as mean +SE (n =2). Means +SE follow by the same letter, within a row, are not significantly different (p<0.05). Essential amino acids (E)*,

Non-Essential amino acids (NE).

Table 2. Fatty acid compositionof fresh trout mince, freeze-dried trout mince and rehydrated trout mince (%).

Fatty acids Fresh Freeze-dried Rehydrated
Cl12:0 0.03 +0.02* 0.04 +0.00* 0.05 +0.00*
C13:0 0.01 +0.00* 0.01 +0.00* 0.01 +0.00*
C14:0 2.23+0.01* 2.13 £ 0.00° 2.14 £ 0.00°
C15:0 0.25 +0.00* 0.26 + 0.00* 0.26 +0.00*
Cl16:0 14.79 + 0.08° 14.32 + 0.00° 14.27 £ 0.00°
C17:0 0.21 £0.00* 0.26 + 0.00° 0.26 + 0.00°
C18:0 4.28 £ 0.00* 4.41 +0.00° 4.52 £ 0.00°
C20:0 0.25 +0.00* 0.32 +0.00° 0.27 +0.00*
C21:0 0.04 +0.00* 0.01 + 0.00° nd
C22:0 0.13 +0.00* 0.14 £ 0.00° 0.14 +£0.00°
C23:0 0.01 +0.00* nd 0.02 +£0.00°
C24:0 0.05 £+ 0.00* 0.06 + 0.00* 0.06 +0.00*
YSFA 22.30 £ 0.07* 21.97 £ 0.00* 22.01 £0.01*
Cl4:1 0.03 £ 0.00* 0.03 +0.00* 0.03 £ 0.00*
Cleé:1 3.98 +0.00* 3.61 £ 0.00° 3.58 +0.00¢
C18:1 n-9 30.02 +0.02* 29.51 +0.01° 30.09 +0.00*
C20:1 n-9 1.83 £0.01* 1.78 £ 0.00° 1.86 £ 0.00*
C22:1 n-9 0.19 +0.00* 0.19+0.01* 0.21 +0.00*
C24:1 0.19 +0.00* 0.21 £ 0.00° 0.21 £ 0.00°
XMUFA 36.25 +0.02° 35.35+£0.03¢ 35.98 + 0.00°
C18:2 n-6 (omega-6) 21.96 £0.01* 21.77 £ 0.03° 21.79 +0.00°
C18:3 n-3 (omega-3) 2.76 £0.01* 2.66 + 0.00° 2.63 +0.00°
C18:3 n-6 0.27 +0.00* 0.34 + 0.00° 0.32 +0.00¢
C20:2 1.72 £ 0.00* 1.76 + 0.00° 1.76 £ 0.00°
C20:3 n-3 (omega-3) 0.23 +0.00* 0.26 £ 0.00° 0.23 +0.00*
C20:3 n-6 cis 0.52 +0.00* 0.61 £ 0.00° 0.60 + 0.00°
C20:4 n-6 0.38 +0.00* 0.47 £ 0.00° 0.44 + 0.00¢
C22:2 0.49 £0.01* 0.49 + 0.00* 0.47 £ 0.00*
C22:5n-3 0.59 £ 0.00* 0.68 + 0.00° 0.64 £ 0.00°
C20:5 n-3 (EPA, omega-3) 1.20 £ 0.00* 1.31+0.01° 1.19 £ 0.00*
C22:6 n-3 (DHA, omega-3) 528 +0.04" 5.81 +0.01° 5.35+0.00*
YPUFA 35.41 +0.02° 36.18 + 0.05° 35.44 +0.01°
Xw-3 10.06 £ 0.01° 10.74 £ 0.02* 10.05 £ 0.01°
Xw-6 23.13 +0.00* 23.19 £ 0.02* 23.15 +0.00*
w-3/ w-6 0.43 + 0.00° 0.46 + 0.00* 0.43 £ 0.00°

Data are expressed as mean +SE (n =2). Means +SE follow by the same letter, within a row, are not significantly different (p<0.05). nd = not detected; SFA = Saturated
fatty acid(s); MUFA = Monounsaturated fatty acid(s); PUFA = Polyunsaturated fatty acid(s).
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to the result of study they were reported that some of the amounts
of fatty acids increased whereas some decreased. It can be said
that these results are similar to our study. In addition, the same
investigators have reported that freeze-drying may affect the lipid
composition of the mussels. In particular, they have reported
that freeze-drying may cause to disappear some volatile fatty
acids and may cause isomerization some of other fatty acid. It is
thought that such an event might have come to fruition in our
work. In another study, Zotte et al. (2014) reported the ratio of
total saturated fatty acids in freeze-dried trout (Oncorhynchus
mykiss) as 21.12% and indicated the highest saturated fatty acid
as palmitic acid with 13.28%. These results are in parallel with
the freeze-dried fatty acid results of our study. In the same study,
the amount of total monounsaturated fatty acids in fresh trout
was expressed as 20.62%, which was determined as 36.24% in
our study. Total polyunsaturated fatty acids of fresh trout were
reported by Zotte et al. (2014) as 57.92%, while in our study this
value was found to be 35.40%. It can be said that the difference
is due to some environmental factors affecting the biochemical
composition of the fish.

4 Conclusion

In this study, we determined the nutritional composition and
physicochemical properties of fresh, freeze- dried and rehydrated
rainbow trout (Oncorhynchus mykiss) mince. According to the
nutritional composition results, it can be said that protein, fat,
moisture and ash (except rehydrated), amino acid and fatty acids
values are affected by freeze drying and rehydration processes.
Also, it is thought that the samples are affected by the processes
such as frozen transfer and thawing before freeze drying.

The pH value of fresh trout mince was not aftected by freeze
drying process but decreased following rehydration. The water
activity value of the freeze dried trout mince was determined
to the amount that can be prevent the microbial and enzymatic
activities. There were no changes in L and b* value among the
freeze dried and rehydrated trout mince samples, while a*value
presented a more reddish tone in the freeze dried trout mince.

In view of the nutritional value of the product, it can also
be used as a protein additive to enrich various food products
as well as direct consumption.
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