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Study of Nutritional Value and Shelf life of the Consolidated Burger
(Grass Carp-Red Meat) During Freezing Storage at -18 °C

Parvin Kaviani - “, Babak Karami*~

a- Department of Food Science and Technology, Faculty of Biological Sciences, Islamic Azad University, Tehran North Branch, Tehran, Iran

Abstract Keywords
Nutritional value and shelf life of the consolidated burger (grass carp-red meat) during  Consolidated burger
freezing storage at -18 °C was determined in this study. In recent years, with the change in Grass carp

lifestyle and the development of urban life, consuming semi-prepared foods has increased Red meat

and meat products based on minced meat such as burgers have a major share among these Shelf life

foods in the modern lives. In this study, a combined red meat (beef meat)-grass carp burger Texture

with different ratios of 0:100, 25:75, and 50:50 was prepared and stored at -18 °C for 4
months. The value of protein, fat, moisture, ash pH, peroxide value, thiobarbituric acid
value, volatile nitrogen bases, fatty acid profiles and sensory evaluation were determined
on the first day and end of the storage period. Measuring parameters showed the amount of
protein, fat, moisture, and ash decreased and the average pH, peroxide, thiobarbituric acid,
and volatile basic nitrogen values increased over storage. With increasing the amount of
fish meat used in the burger formulation, protein, moisture, ash, and pH values and sensory
properties decreased and fat, peroxide, thiobarbituric acid, and volatile nitrogen values
increased. The results of this study suggest that consuming Mix50% burger provides some
parts of body’s needs for unsaturated fatty acids and protein.
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Fig. 1. Changes of consolidated burger protein during the storage period.
Small letters indicate significant differences between different burger
samples. Capital letters indicate a significant difference percent of the
consolidated burger sample during the storage period (P <0.05).
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Small letters represent significant differences between different burger
samples. Capital letters denote a significant difference of the consolidated
burger sample during the storage period (P <0.05).
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Fig. 4. Changes in consolidated burger ash during the storage period.
Small letters represent significant differences between different burger
samples. Capital letters denotes a significant difference of the consolidated
burger sample during the storage period (P <0.05).
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Fig. 3. Moisture changes of consolidated burger during the storage period.
Small letters indicate significant differences between different burger
samples. Capital letters represent a statistically significant difference of
the consolidated burger sample during the storage period (P <0.05).
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Fig. 5. pH changes of consolidated burger during the storage period. Small
letters denote significant differences between different burger samples.
Capital letters indicate a significant difference of the consolidated burger
sample during the storage period (P<0.05).
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Fig. 6. Changes in consolidated burger's peroxide value during the storage
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burger samples. Capital letters denote a significant difference of the
consolidated burger sample during the storage period (P <0.05).
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Fig. 7. Changes in consolidated Burger's thiobarbituric acid value during
the storage period. Small letters represent significant differences between
different burger samples. Capital letters denote a significant difference of
the consolidated burger sample during the storage period (P <0.05).
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Table 2. Fatty acid profile changes of different burger samples during the storage period
Storage time-month

Fatty acids 0 4
Control Mix75% Mix 50% Control Mix75% Mix 50%
C8:0 0.00™ 0.02* 0.03* 0.00* 0.03* 0.03*
C12:0 0.18" 0.12% 0.10° 0.19* 0.13* 0.11*
C14:0 2.50% 2.42% 2.39" 2.75" 2.66™" 2.47%
C16:0 17.55™ 1775 17.85* 19.30* 19.53* 18.02*
C18:0 2.14% 3.03* 3.48" 2.35" 3.34™ 3.56™
C19:0 0.00" 0.01* 0.01** 0.00* 0.01* 0.02*
C20:0 0.31* 0.25" 0.02* 0.34% 0.27% 0.03%
C21:0 0.00* 0.46™ 0.70* 0.00* 0.51* 0.75"
C24:0 0.00" 0.00™ 0.01** 0.00* 0.01™ 0.02%
Cl4:1 0.80™" 0.61* 0.51* 0.77% 0.57* 0.49%
Cl6:1 3.52% 5.30" 6.19* 3.38% 5.03* 6.01%
C18:1 27.35% 23.54" 22.64 26.25% 22.36% 21.96™
C20:1 0.00* 0.33" 0.49* 0.00% 0.31% 0.47%
C22:1 0.00" 0.01* 0.01** 0.00* 0.00™ 0.00*
C24:1 0.00" 0.00™ 0.01** 0.00* 0.00™ 0.00*
C18:2 36.31™ 25.04" 19.4% 34.84% 23.78% 18.8%
C18:3 5.65" 5.42% 5.31% 5.43% 5.14% 515™
C20:2 0.00* 0.09™ 0.14* 0.00% 0.08* 0.13%
C20:3 0.00* 0.00™ 0.00* 0.00* 0.00* 0.00*
C20:4 0.60" 2.64% 3.66"* 0.58" 2.50% 355"
C20:5 0.03% 3.03%* 4.53* 0.02% 2.87% 4.36™
C22:2 0.01* 0.02* 0.03* 0.00* 0.01* 0.02*
C22:4 0.20 0.45" 0.57* 0.19* 0.42* 0.55*
C22:5 w6 0.10% 0.60™ 0.85" 0.09* 0.57* 0.82%
C22:5-w3 0.30* 2.01* 2.86" 0.28% 1.91* 277"
C22:6 0.05% 4.22" 6.30" 0.04" 4.00* 6.11%
Total 97.60 97.37 98.09 96.80 96.04 96.20

Small letters denote a statistically significant difference at the probability level of 0.05% between different burger samples. Capital letters denotes a
statistically significant difference at the probability level of 0.05% of the pooled burger sample during the storage period.



Table 2. Fatty acid profile changes of different burger samples during the storage period

Storage time-month
Fatty acids 0 4
Control Mix75% i Control Mix75% Mix 50%
C8:0 0.00* 0.02* 0.00* 0.03* 0.03*
C12:0 0.18" 0.12* 0.19* 0.13* 0.11*
C14:0 2.50% 2.42%> 2.75™ 2.66™" 2,47
C16:0 17.55% 17.75™ 19.30* 19.53™ 18.02*
C18:0 2.14* 3.03% 2.35%
C19:0 0.00" 0.01* 0.00*
C20:0 0.31* 0.25%* 0.34*
C21:0 0.00* 0.46™ 0.00*
C24:0 0.00* 0.00™ 0.00*
Cl4:1 0.80* 0.61* 0.77*
Cl6:1 3.52% 5.30" 3.38%
C18:1 27.35% 23.54" 26.25%
C20:1 0.00* 0.33% 0.00*
C22:1 0.00* 0.00*
C24:1 0.00* 0.00*
C18:2 36.31™ 34.84%
C18:3 5.65™ 5.43%
C20:2 0.00* 0.00*
C20:3 0.00* 0.00*
C20:4 0.60* 0.58"
C20:5 0.03% 0.02%
C22:2 0.01* 0.00*
C22:4 0.20% 0.19%
C22:5 -w6 0.10% 0.09%
C22:5-w3 0.30% 0.28%

C22:6 0.04%

Small letters denote a statistically significant difference at the probability level of 0.05% between different burger samples. Capital letters denotes a
statistically significant difference at the probability level of 0.05% of the pooled burger sample during the storage period.
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Abstract

A concise and factual abstract of ng more than 250 and not fewer than 200 words is required. The abstract should briefly state the
purpose of the research, the main findings and the main conclusions. Numerical values for the maost important findings should be
given. An abstract is often presented separately from the article in databases, so it must be able to rely on its own. For this reason,
vague terms and references should be avoided. Also, non-standard or unusual abbreviations should be avoided, but if necessary,
they must be self-defined when first mentioned in the abstract.

Abstract

Nutritional value and shelf life of the consolidated burger (grass carp-red meat) during

freezing storage at -18 °C was determined in this study. In recent years, with the change in

lifestyle and the development of urban life, consuming semi-prepared foods has increased 4;%
and meat products based on minced meat such as burgers have a major share among these

foods in the modern lives. In this study, a combined red meat (beef meat)-grass carp burger ‘«

with different ratios of 0:100, 25:75, and 50:50 was prepared and stored at -18 °C for 4 207
months. The value of protein, fat, moisture, ash pH, peroxide value, thiobarbituric acid
value, volatile nitrogen bases, fatty acid profiles and sensory evaluation were determined
on the first day and end of the storage period. Measuring parameters showed the amount of
protein, fat, moisture, and ash decreased and the average pH, peroxide, thiobarbituric acid,
and volatile basic nitrogen values increased over storage. With increasing the amount of
fish meat used in the burger formulation, protein, moisture, ash, and pH values and sensory
properties decreased and fat, peroxide, thiobarbituric acid, and volatile nitrogen values
increased. The results of this study suggest that consuming Mix50% burger provides some
parts of body's needs for unsaturated fatty acids and protein.
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Internationally accepted recognized rules and conventions must be followed i.e.

use International System of Units (SI).

If other

units are mentioned, please give their equivalent in SI. Temperatures should be given in degrees Celsius. The unit billion is
ambiguous and should not be used. Abbreviations for units should follow the suggestions of the in British Standards publication
BS 1991. The full stop/ period should not be included in abbreviations, e.g. m (not m.), ppm (not p.p.m.); ppm); % and / should be
used in preference to per cent percent and per. When abbreviations are likely to create ambiguity or might not be understood

easily by an international readership, units should be written out in full.

Measurement of Volatile Basic Nitrogen

The method proposed by Jeon et al. (2002) was used in order
to measure volatile basic nitrogen. For this purpose, 10 g of
Berger's sample, 2 g of magnesium oxide (Merk, Germany), 300
mL of water and a few pieces.of grinding stone were added to
the Kjeldal distillation flask| 25 cm? ¢f 2% boric acid solution
and few drops of methyl red reagent were added in an
Erlenmeyer flask with a capacity of 500 t¢ 700 cm?, Iwhich was
placed under the cooling part of the distillation apparatus as a
receiver. After the distillation operation, the distilled solution
was diluted with 0.1 normal titer sulfuric acid and the amount
of sulfuric acid consumed was multiplied by 14, and in this
way, the amount of volatile basic nitrogen was calculated in
terms of mg per 100 g of meat.

D\ .
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Math formulae

Please submit math equations as editable text rather than images. Represent simple formulas as closely as possible to regular
text, and use the solidus (/) instead of a horizontal bar for small fractional numbers, e.g. B.X/Y. Variables must always be shown in
italics. Please submit mathematical equations as editable text and not as images. Simple present formulas are often more
conveniently denoted by exl’. Number any equations that must be presented separately from the tex{ (if explicitly referenced in the
text)lconsecutively. The number of each formula is inserted in the right corner of the formula in the due parentheses.

V’

(1)

Nitrogen percentage =
Acid normalityxAmount of acid used for titrationx0.014 % 100

SSEISSSTTIISNN

Sample weight {
Moisture percentage =
weight of sample before drying - weight of sample after dryin
g p 'ry g g p ying x 100 (2)
weight of sample
lant weight and ash — plant weight
Ash percentage = 2 £ P B~ % 100 (3)

sample weight
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Tables

Please submit tables as editable text rather than images. Tables must be placed after the relevant text in the manuscript. Number
tables consecutively according to their appearance in the text and place any table notes below the table body. Be sparing in the
use of tables and ensure that the data presented in them does not duplicate results described elsewhere in the article. Please
avoid vertical lines and shading in table cells.

e The title of the table should be typed with highlighted Times New Romans 10 font, and the text related to the explanation of
the tables and figures should be typed with normal Times New Romans 10 font.
« The title of the table is written at the top should be aligned to the left and should be clarify the results it contains.

o The number of the table should be placed in parentheses.
« Tables that are used from other sources, in addition to the fact that the source must be specified in the title, the
responsible author must receive the permission letter from the publisher and send it through the system along with

other files.

1

Table 2. Fltty acid profile changes of different burger samples during the storage period
]

SSENSSSSEISSIN

Storage time-month

J

/7877777070577

Fatty acids 0
Control Mix75% Mix 50% Control
C8:0 0.00™ 0.02" 0.03™ 0.00"
C12:0 0.18M 0.124» 0.10° 0.194
C14:0 2.50™ 2,425 2.39" 2.75M
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References style

Text: In-text citations should follow the American Psychological Association's style of referencing. You are referred to the
Publication Manual of the American Psychological Association, Seventh Edition, ISBN 978-1-4338-3215-4, copies of which can be

ordered online. List:|References should first be sorted alphabetically and then,

if necessary, chronologically. More than one

reference by the same author(s) in the same year must be identified by the letters a, b, c, etc. followed by the year of publication.
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Study of Nutritional Value and Shelf life of the Consolidated Burger
(Grass CarpfRed Meat| During Freezing Storage at -18 °C

Beef meat

Keywords
Consolidated burger
Grass carp

Red meat

Shelf life

[Texture] |=> s 35wl P 3)lgo ) 399 )3gd

sensory properties, nutritional value

Abstract Cuwl )ig) JLpg)) Lorn
H\Iutritional value ancﬂelf life of the consolidated bu_rger (grass carp-red meat) during| P2 /;/; 03338 (231 LB)ShH0 )

reezing storage at -18 °C was determined in this study.|In recent years, with the change in ’ 20U )53
lifestyle and the development of urban life, consuming semi-prepared foods has increased
and meat products based on minced meat such as burgers have a major share among these
foods in the modern lives. In this study, a combined red meat (beef meat)-grass carp burger
with different ratios of 0:100, 25:75, and 50:50 was prepared and stored at -18 °C for 4
months. The value of protein, fat, moisture, ash pH, peroxide value, thiobarbituric acid
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lifestyle and the dqevelopment of urban life, consuming semi-prepared foods has increaged
and meat product\based on minced meat such as burgers have a major share among#ese
foods in the modern Wes. In this study, a combined jred meat (beef meat)-grass carp|burger
with different ratios of{0:100,125:75, and 50:50 was prepared and stored at -18 °C for 4
months. The value of protein, fat, moisture} ash pH,|peroxide value, thiobarbituric acid
value, volatile nitrogen bases, fatty acid profiles and sensory evaluation were determined
on the first day and end of the storage period. Measuring parameters showed the amount of
protein, fat, moisture, and ash decreased and the average pH, peroxide, thiobarbituric acid,
and volatile basic nitrogen valucls increased gver storage. With increasing the amount of
fish meat used in the burger formulation, |grotein, moisture, ash, and pH values and sensory
properties decreased and fat, peroxide, fhiobarbituric acid, and volatile nitrogen values
increased. [The results Jof this study suggesf that consuming burger provides some
parts of pody's needs for unsaturated fa ids and protein.

) soib ol $)LaT Oyg0 @ 20
)y (S0 asis A Ol Gsbo sls als3 (Sl Canyd goAis
x5 § wolla "in all samples”

ll’ n ):).l_.) - S‘A )_CL-)
CubldaLs

oLls § 95 CuNyS Oo /00
S)S dwld
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ground meat @

Ihtroduction e

Inf recent years, with evolving lifestyle and the development
of urban life, preparing and cooking food at home has
dgclined and the propensity to consume ready-made and

ese nutritional needs of modern lives (Taskaya et al., 2003).
The red meat used in the preparation of burgers includes beef,
veal, sheep, and lamb. Red meat is a major source of proteins
with some valuable nutrients such as vitamins and minerals
(Pal et al., 2018). Despite these benefits, overconsumption of
red meat has negative effects on health and can increase

blood rhﬂﬂwmmm |
2017).JNowadays, processed products made from red meat

have gained great attention among the human society, one of| ¥
which is hamburger, prepared from minced red meat with
spices and vegetables|(Velloglu et al., 2010; WolKk, 2017). Fish
meat is very easy to digest because of the low connectlve
texture, short length of connective texturg strands Py :
absence of elastin, also in terms of water-soluble vitamms
such as vitamin B1, B2, pantothenic acid, niacin, and various
fat-soluble vitamins such as it is considered a rich
source of calcium, iron[ calcium, phos&rus jum, and

iodine (Gokoglu & Yerhkava\

LCANG3AS 0) (338 )3 Jolas o oaelag £03 0

—— suchasK, A, D, E
D3 AN YOGS EAlS :
70



Today, the consumption of fish as a health food ,

| preventive of all kinds of diseasey YEE becarappe R
scientists and nutritional science experts (Oliva-Teles, 2012),
and providing it and placing it in the household food basket
is one of the concerns of those in charge of production and :
nutrition affairs (Fathi et al., 201 4)] Most of the fat in fish id P22

| unsaturated fatty acids| Fish is a very valuable source of
unsaturated fatty acids such as linoleic acid, linolenic acid,
arachidonic acid, and especially omega-3 fatty acids (such as
docosahexaenoic acid and docosapentaenoic acid), (Oz, 2018;
Shekarabi et al., 2020). Among the positive effects of omega-
3, we can mention the reduction of the risks of blood pressure,
cardiovascular diseases, and some cancers (Vianna et al.,
2020). Also, the therapeutic effects of these compounds have
been recognized. The amount of cholesterol and fat in fish is

much less comPared to red meat] Fish has a very hi 7> (ols CuDYS .Cunyd BSls alas 1)
nutritional value and contains most of the useful and essenti V 3)133 1 (5)015 slo.0 Lol

nutrients for humans alone] Therefore, the special feature of
1sh that makes 1t important among other foods is the type of
fat in it, which is more than the unsaturated type, and they
do not increase cholesterol and undesirable fats in the blood
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(Watson et al, 2018). Consolidated burger is produced by
combining different types of meat in order to reduce cost and

increase health (Fathi et al, 2014). In this research, a
consolidated fred beef jmeat and fish burgenvdmgm> was
The fish used in this project is Grass Carp fish, which is one of
the types of freshwater fish widely cultivated in China, and|this ]
fish islalso bred in Iran, which has been introduced and
accepted in Europe and America due to its fast growth, healthy
breeding, high yield, low cost, and high nutritional value. This g2
fish has an elongated and wide body with short and strong fins, — Y
which is similar to a white fish, but its body is covered with
large scales that turn bright yellow. Their main food is fodder
and aquatic plants and they are introduced to aquatic
environments to control plants (Liu et al, 2(1)2(i>)| Considering
the increasing popularity of hamburgers among people of

different ages, fwe decided tqlprepare a consolidated burger of
red meat and fish, which can be a healthy ct (B)E

to the market (Liu et al., 2020). the aim of this study...

72
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Materials and methods
Preparation of Samples

In order to prepare and produce sample{lﬁrst, 2 )

(Amur fish) were prepared from fish breeding ponds located in kg Dlalal .Cuno ¢, Bhis &
Anzali port (Guilan province, Iran) and transferred to the

laboratory of the National Aquatic Center. After cutting off the

head and|emptying the intestines| they=wese-washod-senesal—yp cviscerating

times. The fish meat was completely cleaned and separated

from the skin and other bones using a deboning device
(Chuangbo CBYU-150, China). In order to reduce the specific

smell of fish, fish meat was washed with 0.3% salt|in thek b,
|proportion of four parts water and one-part fish. @ —
meat (beef meat), which was prepared from halal meatr animals
and in accordance with the characteristics mentioned in the
national standard of Iran No. 2304 (Iranian National
Standardization Organization, 2016), was ground with a meat
grinder (TZ, China) diameter of 3 mm and kept in a
refrigerator with 4 ymixing with other ingredients.

$CADQd (-0 509 )3g)
at a ratio of 4:1 (water:fish)
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and 3010 )53 330 3)1s3Gw) o)lasn @

o el 5pm

Preparati¢k of Burgers 12 1363 4303 310)3 (33013 Noafi
SleTumsd b guhd b In order repare burgers, fish m¢4dt and red meat are ground
o 9 bglas jlayd ¢ 2\ tog eparated to the extent 64 70% with other permitted
' A3 A)a * spices according to the|national standard of Iran|with 30% of
additives (bread powder 11%, onion 9%, |garlic powder 01
[0.0%, Jtomato paste 0.2%, lemon juice 0.095%, salt 1.1%, 598 b Cuny (5)ls
spices 0.6%, egg white powder 0.2%, vegetables 1.85%, 3010 alibgd S)jy
W 03)S bolas jl sy soy 5%) poured in the mixer machine and mixed well wi@feach
bliAs (slo O <—5kr. |At this stage| three treatments were prepaf€d: control do)las oly sy Ugaczs

53)3 EANES treatment (containing 100% red meat) eatmen --‘-W M (330381 LS5
(containing 25% fish meat and 75% red meat), and|treatment MixX ¢slay 363 By o3Ity

(containing 50% fish meat and 50% red meat). Then, using a Mix25%. Caingiss 75%
modeling <=n:mma‘ molding hachine, samples with a diameter of 8 cm and

a thickness of 1 cm were prepared. They were placed in
polyethylene wrappers, packed, and marked in groups of 5, and
{ °C]for[a period of time. They were kept for] 4 treatment

months| Sampling was done randomly on day zero and moypth
K (303 adLd)

4, and then thvant tests were done.

MiX %00 CauboiLs 0L
Oralle ()30 Cuw)s

315 0w as)s

SEAUBIAI (5)lap gl als 1€-o ¢3Ls) 83)0 OW oy poidis 8)))53 slsad 74
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method, in the presence of sulfuric acid and a catalyst, the SIS 2)13) a(BTws L )5\
burger sample is digested, then the nitrogen atom is a5 OlansgT as o
et Mo O I o ot o o
£oits S i e : a(55ws Ciloadis § el sl
absorbed in hydrochloric acid or boric acid, and its amount is a0 15

determined by titration with an acid. Therefore, the amount
of protein was determined in three stages of digestion,
distillation and titration, and the amount of protein was
calculated using the following formula:

(333 8j1a3) (Tws gy @ )5

(1) C e e = M
: (8 1586 00 o3
Nitrogen percentage I: €00 «LG00 ) ) == 5
Acid normalityxAmount of acid used for titrationx0.014 % 100 eees0) Los ‘L')L‘)) ‘u-“u-). GG
Sample weight RNTEV.S )\ )5') d.x)(j

10)9)33 310)s M Cana (33339)3 30)3 ()
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Fat Measurement g

Soxhlet method was used to measugje the amount of fat in

burgers. For this purpose, the dried homogenized

sample of the moisture measurement stage was placed in an

Erlenmeyer and 35 mL of concentratedl hydrochloric acidl e

(Merk, Germany), and 65 mL of distilled water were added to

it and heated. Then filter the contents of Erlenmeyer with

filter paper and wash the filter paper with hot water until te \ 53iiS e_‘s 9 (,)ob
water|does not change the blue color of litmus paper.|Aftdf > ="
drying the filter paper and its contents in thmmert
UN30, Germany) and cooling in the desiccator (Guidg Medlab
180mm, China), it was placed in the extraction caM COss an San)s sia
Extraction of fat from the obtained sample was done with the ) )
solvent of dipetroleum ether using a Soxhlet apparatus

(Schott Duran Soxhlet Extractor 100ml, Poland). At the end,

the extraction flask was removed from the device and the
remaining solvent was evaporated using a water bath (Bligh

& Dyer, 1959). S~ G
Moisture Measurement

To measure the moisture content, th¢ samples yere dried in

an oven at 105 °C for 12 h and measured 1ndigectly (AOAC,

until filtrate is neutral

content of the sample after reaching a consta
calculated according to the following formula:

23 ()b @)s )lsbs

Moisture percentage =
weight of sample before drying - weight of sample after dryin
g p ying g p ying x 100 (2)

weight of sample
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until all organic matter was removed,”

- \ a2 . -'T'LO-- . \' . . .
Cusl ol 193 gl gle) Oxe ¢ Mgal )9 Hlads leaving only the mineral residues

Ash Measurement i i

In order to measure the ash, ieasured at a temperature
of 500-550 °C by removing organic materials|and residues |

| and mineral resml%' Using the weight of the dried sample,
the ash content of the samples was calculated according to
the following formula (AOAC, 2006):

JATLYEY
CrUCibIe Ash percentage = plant ‘zelght and ash — plant weight % 100 (3)

sample weight

PH Measurement

For this purpose, 5 g of burger sample was added to 20 mL of
distilled water and homogenized for 2 min by homogenizer
(Stomacher 400, United Kingdom). The resulting mixture was
filtered through Whatman Medium No. 2 paper and readjust
in 50 mL volumetric flask. Then, the pH was measured by a

calibrated!pH meterlin triplicate (Lee & Yoon, 2001).
0503 )33 a(BTws Cilelbl g 0B 77
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sodium thiosulfate

In order to determine the peroxide value in the samples, the oil
of the samples was extracted using the Soxhlet method |(
let al, 2015)] About 5 g of oil extracted by Soxhlet methoc
weighed in a 250 mL Erlenmeyer flask and 30 mL of
chloroform acetic acid solution (Merk, Germany) was added to

(AW3)8) b gnd)s) (1l
__p )3 0€0) phalwl sy a5
=y @45 ()8 ) o)l
Ll Ciglais

m = d mixed completely, and th ol aligd N U sg9 )3g
mL of saturated potassium iodide (Merk, Germany) mL o I

distilled water and 0.5 mL of 1% starch solutionAvere added.
The released iodide was titrated with 0.1 %/////
(Merk, Germany) until the yellow color disappeared. During |
the titration, the mixture was stirred vigorously to separate the
iodine from the chloroform layer. All procedures were
performed for the control sample without oil, finally, the

peroxide value was expressed in milliequivalents of oxygen per
1000 g of oil using the following formula (AOAC, 2006):

sodium thiosulfate

4)

roxide value =
sed in milliliters x molarity of sodium thiosulfate x 1000

weight of oil in terms of oil -~

0

Weight of oil 78
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Sis aslatwl Juo3Al i) (ks )s asls
for thiobarbituric acid reactive substances
determination (measurment) @

A%surement of Thiobarbituric Acid|Value |

For [thiobarbituric acid] 5 g of burger sample and 20 mL of  Sasd elail o(55ws b b1

>, for 5 min. The homogenized mixture was centrifuged ; Seicw as b Sis)9s as )s
) or 10 min at 4 °C. 4 mL of the supernatant liquid was mixed
) 3355 133 CIALE ' iobarbituric acid pnd incubated in a water bath

at 100 ° : e absorbance|of the supernatant was

syLe 00 ) o ondyd) s ?sured at 532 nm by pectrophotometer uv

o osub Joau)iilw Jolas ssas China). The thiobarbituric acid value was calculated using the
EIGGRew wds guaw  malondialdehyde standard curve and the results were shown in

300010 m)ﬁ/l micromoles|of malondialdehyde per gram (Jridi et al., 2017).

I Thiobarbituric acic‘ “Z

measured optical absorbance

VP 7
7
7

umoles

X sample weight in grams (5)

optical tube thickness in centimeters
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Total volatile basic nitrogen (TVB-N)
Measurement o Basic Nitrogen
The method proposed by Jeon et al. (2002) was used in orde

Burger to measure volatile basic nitrogen. For this puype#®e, 10 g g boiling stone

O s @ (il B sample 2 g of magnesium oxide (
mL of water and a few pieces of g

€ #hd| Kjeldal e
and few drops of methyl red reagent were added #™ 7
Erlenmeyer flask with a capacity of 500 to 70( which was

placed under the cooling part of the distillation apparatus as a

receiver. After the disti]lation operation, the distilled solutio
m a a the amount

2
Y 7757
{/{1// 2

s SI gl

titrated with 0.1 N
sulfuric acid

20 dpos sawl eas
1€ g ol axlleys )sapb
TVB-N (mg/100 g)=VxNx14 aAlsy @ (i) a5 sob

- LCunl 23003 2)Ln)
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boron trifluoride—methanol (BFs—methanol)

Measurement of Fatty Afid Profile

In order to measure the profile of fatty acids, 1 g of oillobtained | Extracted
from different bur ples was placed in a flask with 20 mL
KOH Qﬁ:ﬂﬂﬂ:ﬂ]ﬂl of Aw/v% , for 25 min under reflux and
then 12 mL of [fluorine bromine [was added to the contents of
the flask through refrigerant and boiled slowly for 10 min. = .. S EBL R
After] turning off the heat|jsodium chloride solutionlweﬂdﬂﬁ-'
to the aqueous phase. The upper hexane phase containing
methyl ester fatty acids was removed and Imicroliter twas

010 ATNE sAE @ )Xy ulit
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immediately injected into the gas chromatograph (Shimadzu,
GC-2010 pro, Japan).

|1 uL. of the methyl ester sample was injected into the gas | Q) (5)1)33 alas
[chromatograph  using a microliter syringe] The gas

chromatography device was equipped with a flame ionization
30 )33 9o Shodis 330 M% made of fused silica of

the bonded phase type. Helium gas with a pressure of 25 bar
with a purity of 99.99% was used as carrier gas. The detector
and injector temperatures were 255 and 270 °C, respectively.
After injecting the sample into the gas chromatography device,
a curve was drawn and the [inhibition] time of each fatty acid
was compared with the curfe of the standard fatty acid and its
inhibition|time. In this waf, the type and number of fatty acids
in the tesdd sample was fletermined (Botinestean et al., 2012).

retention time
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Sensory Characteristics ﬁ

For this purpose, th¥ nine-pointlhedonic method (1 =very bad,
2=bad, 3=moderate, 4= good, and 5=very good) was tested
in terms of color, smell, taste, texture, and overall acceptance.

ation panel had IZI male ]W (e )

to 45 years old. The consolidated burger samples were cooked
using al microwave I)VCII at 70 °C (700 watts) for 7 min and the
oMM )53 253wy Obodite Seference sample was|market hamburger.|Fresh water was used
for drinking b

were

\
B 0018 A Al )Spes G380 @ byyes bdsd )al)b o3l Joss @ asgs b
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Statistical is

The analysts™of tife results obtained in the associated tests was
carried out inAhe form of a completely random design using
the|one-way ANOVA|analysis of variance method at the 95%
confidence level, and T-test pairwise test was used in order to
compare the pairs of samples during the beginning and end of
<the [maintenancq period.[Comparison of means|was done using

SPSS version 20 softwgte. [In order to reduce the err§)7r| all

experiments were perfogged in three replicates.

Aoy as b LAlene § (8051
Tukey, Duncan, LSD )
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Results and discussion
Protein changes

In this research, for the first time, red meat, and grass carp fish
meat have been used to produce a consolidated burger, and its
physicochemical and sensory changes during the storage
were investigated | period will be investigated.l’l‘ he results for protein changes of

ifferent consolidated burger samples during 4 months of
storage at -18 °C have been revealed in Fig. (1). As it is
observed, with the passage of storage time for 4 months, the

00 aslatwl Tj1 ANOVA ) t of protein in_all three investigated samples ha
A5 D o IS 15 i) gy deccpTEAeom | < 00001 Jor all three regizmert® By

= increasing the amount of fish meat usgs#t® the formulation

-zero% n the contrglesefple -1.39%) to 50% in the
/7 ///'// -

(2.45%), the amount of protein reduction has
onslad sac OG0 AV Q) )3g) // ncreased. In other words, in the sample that contains higher
i asls amounts of fish meat, protein breakdown is higher. Also,

adding fish meat to the sample caused a significant decline in
the protein percentage in the samplesl; so that the highest and

lowest protein percentages were obtained at the beginning and

end of the storage period, respectively, in the control sample

and the Mix50% sample (t0f df =2,8; F =5292.60; P<0.0001;
(’Quo\l t4: df=2,8; F=1018.98;|P < 0.0001).
A

\

O3 04880 Olpaes

13000 (0036330 1) S0 @
so that the highest and lowest
protein percentages at the
beginning and end of the storage
period,were obtained in the

control sample and the Mix50%

sample, respectively. -



species

during storage

(Fathi et al, 2 ‘)1#3)| The longer the shelf life increases] e
release rate of nitrogen substances increases{over time i

protein chain. Hence, a decrease in the amount of protein in
the treatments during storage in freezing conditions will
occur. It is worth mentioning that this decline occurs more at
higher temperatures (above zero) which leads to more
reduction in protein percentage. If the storage temperature of
the product is lower than -18 °C, this reduction will occur
less. Similar results regarding the decrease in the protein

percentage of burgers prepared frorrl burger samples prepared | Lol

catla fish burgers (Vanitha et al, 2015), and Common carp
(Cyprinus carpio), (Bavitha et al., 2016) have been reported,
which is in line with the results of the present study.
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038483 DB (9.\9) sac) hanges of consolidated burger protein during the storage period.
)) b Gl HEgy AT mall letters indicate significant differences between qurger p

Iy slacl Joss )lsg.el ?—2) L:’ consolidated burger sample during the storage period (P<0.05).
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Fat changes

The results for the fat changes of different consolidated

burger samples during 4 months of storage at -18 °( have | are

 been [llustrated in Fig. (2). As can be seen, with the passage

of storage time for 4 months, the fat content in all three

examined samples has decreased significantly (t<0.0001 for

all three treatments). Also, with the increase in the amount of

fish meat used in the formulation, the amount of fat has
Cuwl 0305 031y 21893 JWs | increased [significantly f=28; F=2587.87; P<0.0001;
t4: df % 2.8: H=429.50; P<0.0001)| In other words, lipociasis
is higher in the sample containing higher amounts of fish

The reduction of fat during the freezing storage period

depends on the freezing conditions (slow or rapid freezing),
) )okis lainl tO ot4 U 599 )g AS 039y als €9 yaw ols Ylowd T Jialed O)be " gopb b alas g3l P3)91
L SYbo3A) ) @ s ) 330 B aiSus aslalwl Juo3al )5 aSis) g slsas W 1) 068 83383 (s Mol “)5ys
) §sbo pis elal )s 3)06 () .3)508 2)linl @Slc )18 s alas
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can reduce the percentage of fat at the end of the product's
storage period. The final reduction of total fat amounts in the
8051 | measured pamples is due to the effect otI enzymes effective in | lipolytic enzyme

|the hydrolytic corruption of fat] especially cold-resistant

lipases and its conversion to free fatty acids and fat oxidation

in the presence of oxygen. Similar results regarding the

reduction of fat have been obtained regarding the reduction | 804\ g (5)))55
in gray and golden mullet and anchovy sprat (or sprat

and carp fish) during the storage time (Fathi et al, 2014).

Moreover, Jorjani (2013) reported that the changes in the

total fat percentage of common carp fish burger samples

during storage at -18 °C decreased and between 6.00-7.01%,

which is if] accordance [with the results obtained from the

present study..cuwl osfis asls 51595 Ja)s
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Fig. 2. Changes in consolidated burger fat during the storage period.

_ . e letters sgailicant differences between different burger
Ol » eg\) Indicate = == significant difference of the consolidated
burger sample during trestorage period (P<0.05).
indicate
Moisture changes

The results for the changes in moisture content of differe
consolidated burger samples during 4 months of storage ah
18 °C have been shown in Fig. (3). As can be seen, with the
passage of storage time for 4 months, the moisture content in
all three investigated samples decreased significantly
(t<0.0001 for all three treatments). Fathi et al. (2014) also

obtained similar results regarding moisture reduction in
90
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burger samples prepared from sprat and carp fish stored at -
18 °C during storage. Vanitha et al (2015) presented a
decrease in the trend of moisture changes in fish_burg
samples during storage in cold conditions. It was
that the moisture content would increase during the storage
period, but considering that the samples were placed in
polyethylene plastic after being prepared, not only there was
no increase in humidity, but also a significant decrease
occured. In line with our study, the moisture content of bee
slices decreased significantly as a function of cold storage
ime (Alizadeh Behbahani et al., 2021; Kiarsi et al, 2020). A

Abis A3 aslsl )y as s n the maisture content \rs.akn.nnuc:p in fish

)3 [8)S) olad (,130)8] Hga Caumnd
230 Ol aallos )

urgers from over g 19-daysjperiod afrefrigeration by Bavitha

et al. (2016). refrigerator or refrigeration condition

Also, with the increase in the amount of fish meat used in
the formulation, the moisture percentage of the samples
decreased significantly (t0: df=2,8; F=776.45; P<0.0001;
t4: df=2,8; F =450.03; P<0.0001). Similarly, Parvizi and
Moosavi-Nasab (2021) stated that moisture value in raw
surimi was much higher than that in fish burger, maybe
because of presence of additives in fish burger which can
absorb water and decrease the moisture content of fish burger

(Park, 2005).
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Fig. 4. Changes in consolidated burger ash during the storage period.
Small letters represent significant differences between different burger
samples. Capital letters denotes a significant difference of the consolidated
burger sample during the storage period (P <0.05).
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Ash changes

The results for the ash changes of different consolidated

burger samples during four months of storage at -18 °C have

been shown in Fig. (4). As the results show, the ash content

in the control sample decreased significantly with the passage

of storage time for 4 months. |However, no significant] .3)ls Oplzs Hsgai L
difference was observed in the amount of ash in the other two
samples during storage time (Control: t=0.006, Mix75%:
t=0.0303, Mix50%: t=0.0172). |f\lso, the amount of ash
decreased significantly with the increase in the amount o Al Abylos )lsgad L ols CungS
meat| used in the formulation (t0: df=28; F=288.78; sl
P<0.0001; t4: df=2,8: F=138.87: P<0.0001). Nemati et al. '
(;’.'I,?i.-"‘_ﬁ’j reported the amount of ash in burger samples with |

I equal amounts of fish and red meat to be 2.75%. I

Aiias Al PwSlE s S slp s 00 .Gl by ¢ Adas
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“The potential microbial and
enzymatic activities in meat
during storage may contribute
to anincrease in pH.”

pH changes

The pH value is not suggested as a reliable factor for
measuring spoilage and is only used as auxiliary tool to
estimate the quality of meat, fish and products prepared from
them. This factor is influenced by other chemical, sensory,
anactors (Jorjani, 2013). The results related to
the pH changes of different consolidated burger samples
during four months of storage at -18 °C have been shown in
Fig. (5). As is observed, with the passage of storage time for
4 months, the value of pH has increased in all three
investigated samples (t<0.0001 for all three treatments).

e pH of meat samples during the storage period is due to
the use of amino acids and protein reserves as substrates for
activities of bacteria. As a result, they produce volatile
compounds such as ammonia and trimethylamine and the
accumulation of amino acids and amino acid decomposition
products increase the pH (Ruiz-Capillas & Moral, 2002). Meat
contains endogenous and microbial enzymes such as

(2013) reported an upward trend for the pH of carp burger

proteases and lipases that affect the pH of meat. Jorjani

samples during 4 months of storage at -18 °C, which is in line

with the results of the present studyl Tokur et al. (2006)

reported the fluctuating pH changes in fish fingers obtained
from washed and unwashed minced meat of common carp

LI (i)d)
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freezing storage

during 6 mofths of storage in af cold storage at -18 °C (Tokur
et al., 2006).] In consistent to obtained results| all beef slices
samples in previous studies (Alizadeh Behbahani et al., 2021;
Kiarsi et al., 2020) experienced an increase in pH value as a

function of storage time.

S lab WhShl JS — :
ef)giéb = )il;if Althoughl there was a significant difference between the
' .;)\) (,1;993')L? sample containing 50% fish meat and the other two samples

in terms of pH with a higher pH at the beginning of the
storage period, the lowest increase in pH (0.26) was related
to this sample. The largest change in pH belonged to the
control sample (0.58), which was completely prepared from
red meat [(t0: df=2,8; F=37.09; P=0.0004; t4: df=2,8;
F=62.69; P<0.0001)] Indeed, adding fish could suppress the
rowth of bacteria and fungi fand subsequently lower the pH

S T @ Job )s o b o aigal )hlizs Oiglas @ il Jals O)be
(A)E YA -3)13 o3 aAlngd s alas @ () § 3)ls 2)lb) ls)
()50 sy s Cuwlis Jouny als CubgS (30)8) 95
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Lipid oxidation is one of the major parameters that limit the
quality and acceptability of beef, as it is responsible for
various changes in beef and the production of potentially
toxic compounds (Branciari et al., 2015). The results related
to the changes in the consolidated burger's peroxide value
during four months of storage at -18 °C have been shown in
Fig. (6). As is observed, with the passage of storage time for
4 months, the peroxide value in all three investigated samples

as increased significantly all
os)g\ DOAL )0 W LD )d o).xp,.\

three

freatments). The in peroxide value pf all samples

iy showed the higher speed OM primary anioly sq) )igd

formation compared to their decomposition into secondary

products. The highest increase in peroxide valug

observed in the Mix50% sample, which was equal t¢

and the lowest increase in perox1 e was also relatedgto
the control sample, which was 040 These results wgre

consistent with the results obtaine Kh anipour
(2013). They announced an 1ncreasmg tren the pero

S 8)1ad) m\g 0033

et
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which are considered to be the main units of fish fat. Also, at
the beginning of the storage period, the peroxide value in the T
sample containing 50% fish meat was higher than the other
two treatments (df =28.50; P=0.0009). The reason
for this is the presence of higher amounts of long chain fatty
acids in the final burger formulation. In additign, the
peroxide values of the ter four months 0 20 QoA 0 Loy

ifferent] from each other (df=2,8; freezing

o)Ll gislisl g g5 . S .
RIS F=497.57; P<0.0001).
ko of fish

B 1 AL b 233 A3hS Jals Oybe
G180 @ ol AungS and in this respect, all the examined samples were

olg S e )l pv sy Gasd

within the permissible range (Yanar, 2007). Fat oxidation o : i o
causes unpleasant odor and taste in fish and its products, and b amy(as galply soings ostbiwl
hydroperoxide and free radicals formed may directly react s WIEMDA

with fish textures to create complex reactions and cause this

process (Yanar, 2007). Jorjani (2013) reported an upward

trend for the peroxide value of carp burger samples during six
months of storage at -18 °C, which is in agreement with the
results of the present study. Vanitha et al. (2015) declared the
trend of peroxide value changes in fish burger samples during
storage in cold conditions to increase. In agreement with our
finding, PV content showed an increasing trend by the

storage period in fish burgers produced from catla bl g (5)1)a5
(cyprinus carpio) 97




-18 °C have been shown in Fig. (7). As it can be seen, with
the passage of storage time for 4 months, the amount of TBA

S) [ssus "'3"““ 0" _yalue has increased in all three investigated samples and the
“’“"39” ?.._\Q ditte is statistically significant (t<0.0001 for all three
elevation G increase reatments). Thi improvement #s associated with the increase

of iron and o oxides jn meat (Alexandre et al., 2021). The

increase in TBA value was observed in the Mix50%
sample, which w ~ nd the lowest increase in TBA value
was i ontro sample which was 0.69. Also, at both
fies, increasing the fish meat content caused a significant
increase in TBA value (t0: df =2,8; F=120.40; P=0.0004; t4:
df =2,8: F=302.22; P<0.0001).

pro-oxidant compounds

3)183 anlg
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off-flavor and odor

3185 saly <

secondary oxidation products from the decomposition of
hydroperoxides. The increasing trend of hydroperoxides can
also be a reason for increasing TBA. The presence of aldehyde

compounds in fish meee=—cmrse m in its sensory
e taste and smell.

he TBA value is
DI CONSUMErs, due to its Tmpieass

& Kontominas, 2007; Izci et al, 2011). ln all
e end of the storage period, the TBA value was
.JVanitha et al (2015) announced an increase in
ue in fish burger samples during cold storage.
Proteolytic enzymes synthesize the protein structure of meat
and as a result of these interactions, volatile nitrogenous and
free ammonia are produced and released in meat. Therefore,
one of the methods to determine the spoilage of burger is to
measure the content of volatile bases in it (Koohdar &
Radmehr, 2016).

E B Control W Mix75% Mix 5006
25
¥ 2 Ab A2
> Lad
_" < 1.5
£ 2 Ba
3= Bc Bb
% 1 A Eaen] =
2
= 0.5
0 =S e
0 4

acceptability limit
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TVB-N changes

The results related to the variations of volatile basic nitrogen )')fn_; ) Qg(_) (,.mLA 0)9')'9\ \)é

(TVB-N) of consolidated burger samples during four Sosih TVB-N s i

of storage at -18 °C h: hown in _Lis=#*7 The results

showed that] adding fish mea e samples mgmﬁcantly

increased the amount of TVB-N (t0: df=2,8; F=237.81;

P=0.0004; t4: df=28; F=5120.55; P<0.0001). Also,

according to the figure, with the passage of storage time for

4 months, the amount of TVB-N in all three investigated

samples has increased significantly (t<0.0001 for all three

treatments). Osheba et al (2013) showed that TVB-N

l B increases in fish finger samples over time, and the amount of
AL DD CDHAS 3 }ig) Ivolatile basic nitrogenlin coated samples was lower than in
uncoated control samples (Osheba et al., 2013). The highest

increase in volatlle basic nitrogen was observed in Mix50%

- nd the lowest increase in

was related to the control sample, which was equal to
These results are consistent with the results obtained by
(Koohdar & Radmehr, 2016)|for the increase in the amount
of TVB-N in chicken meat during the storage period.
Moreover, the TVB-N content of fish burgers prepared from
C. carpio increased during storage period at
refrigerated temperature (Turgut et al, 2016). Baltié et al

3)1a3 anlg

Alys AT0G3 31 Jals 3303
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Fig. 8. Changes of volatile basnc nitrogen of consolidated burger during
the storage period. Small letters represent significant differences between
different burger samples. Capital letters denote a significant difference of
the consolidated burger sample during the storage period (P < 0.05).

Gl ]

TVN (mg/100g)
=

Volatile basic nitroen in burers is used as an indicator

()N fenzvmes within the texure](Ruiz-Capillas & Moral, 2002).
Khanipour et al (2013) reported that the values of volatlle
basic nitrogen in fish burger samples increased during the

Cos (,_b_)\)fu an ) 6)\)@5—3 | storage fperiod, which is in accordance with the results
: " i ) “obtained from the present study] The increase of volatile basic
Jdlady O stass)

S)H33

nitrogen during frozen storage can be related to the activities
of spoilage bacteria and internal enzymes] Since TVB-N is
mainly caused by the bacterial decomposition of fish meat,
the increase in fish bacterial load during the period will be
the reason for the increase of TVB-N. According to available
reports, 25 mg of TVB-N per 100 g of meat is the highest
acceptable level for TVB-N (Jorjani, 2013) and in this respect,
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Fatty acid changes

The results related to changes in the fatty acid profile of
different consolidated burger samples at the beginning and
end of the storage period have been shown in Table (2). As
can be seen, the total amount of fatty acids hag decreased fo .Cuw) )sbzs (5 o) L1
blé rount after the storage period, which is due to the
b o) (fisyghis Uleial I synthesisr)f fat and fatty acids during the storage period. With
' the increase in the amount of fish meat used in the burger
formulation, the reduction in total fatty acids increased,

which is related to the higher sensitivity of polyunsaturated
fatty acids in fisat to oxidation.

(,505)

5303 O lswS)
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Table J‘ Fatty acid !roﬁle changes of different burger samples during the storage period

Storage time-month

Fatty acids —— 0 4
| Control | Mix75% Mix 50% Control Mix75% Mix 50%
C8:0 (MO (0,02 0.03* 0.00* 0.03* 0.03*
= - ‘ - 0.19% 0.13% 0.11%
A0 63w A3 )s slacl g (olc plad o)3gy 2.75% 2,66 2.47%
-l &slo (o 03 5y /<l 19.30™ 19,53% 18.02"
QU] (§IU0 e Wb OO D 51y 2.35% 3.34% 3.56*
C19:0 0.00™ 0.01™ 0017 0002 n.o01Ae 0024
" Aa Aab . - - - = =
gi‘l)g 83; 832 33)1s (530) (ol CagS s10)s A5 (I (a )5 )
i g s = 0 .y = Sy = L L ma
141 050~ o061 Al Axilola) o Aitleiy) 0ping sl oaiing
C16:1 3.52% 5.30" 6.19* 3.38" 5.03% 6.01%
c18:1 27.35* 23.54" Q/ 22,64 26.25™ 22.36 T/ 21.96*
C20:1 0.00* 0.33% 0.49% 0.00* 0.31% 0.47"
co% a oo an1s 0.01* 0.00* 0.00™ 0.00*
5 39063 @ )Le 3 0.01* 0.00* 0.00™ 0.00*
BQsisiol UQL_M @ 230 )-*4-’ 19.4% 34.84" 23.78% 18.8"
Als olgic ()9 s 3Jg3 § d)e d)lwl 5.31% 5.43" 5.14% % 5.15%
_ " . a2 0.14% 0.00* 0.08" 013"
)> G JSpas (3BE gu))l Pl )y 0.00* 0.0 0.00" 0.00"
: _ - - 3.66™ 0.58* 2.50° 3.55"
£0100.0 1l @ Al@s slo 2a0 > ASx3)00 453" 0.02% 2.87% 4.36"
. - \ > - > L)j)\ 0.03* 0.00* N n1ha N Nnnia
) 0.57* 0.19* 2)1P 30)s Crslle 330
0.10 0.60" 0.85" 0.09" - =
0.30% 2.01% 2.86" 0.28" O Aoy 330 2)ljs s10)s )51 L
0.05* 4.22% 6.30" 0.04* S L
97.60 97.37 98.09 96.80 96.04 96.20

fenote a statistically significant difference

statistically significant difference at the probability level ‘f 0.050/1of t

7 level bf 0.05% between different burger samples. Capital letters denotes a

bability I._v j

pooled Qurger sample during the storage period.
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Capslézs I As the results show, in burgers containing fish meat, the I
- | most fatty acids are linoleic and linolenic fatty acids| These
results are in line with the results obtained by Khanipour et
al. (2013). While investigating the changes of unsaturated
fatty acids during the storage period in burger fish samples,
they announced a decreasing trend for unsaturated fatty acids
such as linoleic and linolenic. The reason for the reduction of
these unsaturated fatty acids can be due to oxidation during
storage. Jorjani (2013) showed that the amount of
unsaturated fatty acids i1} breaded Kilka fish pfter freezing in 03303 () slp s slals
ol 1€ a1dS s (slo theonth of storage in a cold store is decreasing. Similar (51,5 a3a5 (ais) carp aias
- results have been reported for mackerel, shark, sokla, and
scombromorus fish kept in -18 °C cold storage (Nazemroaya et
al., 2009; Sahari et al, 2009; Taheri et al, 2012).
Polyunsaturated fatty acids are highly sensitive to oxidation
and freezing, so their amount decreases during the storage
period.
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Organgleptic indicators changes

The ev@luation of organoleptic indicators along with chemical
and mifrobial tests (as a complementary method) is necessary
as one Jof the quality indicators of meat products during the
storagd period and to determine the level of spoilage and their
shelf 1¥e (Pourashouri et al., 2014). The results for texture
sensory changes and general acceptance of burger samples
en shown in Fig. (9). Addition of fish meat (25 or
has an effect |on stickiness (t0: df=2,14; F=0.43;

P=0.6631; |t4: df=2,14; F=1.75; |P=0.2158) texture
cohesiveness (t0: df=2,14; F=1.08] P=0.3714;t4: df=2,14;
P=0.2561) and general (aecepianee=tiimdbmdetid overall

F=3.06] P=0.0846;|t4: df=2,14; F=4.74f P=0.0304) and
no differencelwas observed between different treatnj¢nts.

significant differences were Cybgise o0 o _ 1 |
2 e O3 p ssc @ asyl b «5)lse @)les ols )s (IS gy

aAnLed asls! )y A533)010 )s o350 0333 (B Aga) O (5)sbzs
A0 o lis )las3 o (5)blas Ciglas
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Chewiness (t0: df=2,14; F=3.04;] P=0.0854] t4: df=2,14;
dSa O)be R 09d  F=4.56; P=0.0336j with increasing amount of fish meat in|
20 Guns basys (2)Xs))B|the formulation increases jand softness (t0: df = 2,14: F =4.23;
iy 03)9| alas SN )3 p=0.0407; t4: df = 2,14; F = 4.68; P=0.0314) and juiciness of
texture (only in the fourth month), (t0: df=2,14; F=3.29; . . b
P=0.725; t4: df=2,14; F=7.57; P=0.0074) decreased.| =~ 2o =
: statistically decreased
On the other hand, the passage of storage time leads to a
30 alwg) )ls Gzs |decrease| in texture juiciness (control: t=0.005, Mix75%:
t=0.002, Mix50%: t=0.0438), chewiness (control:
t=0.0068, Mix75%: t=0.0062, Mix50%: t=0.0025) and
overall acceptance (control: t=0.0068, Mix75%: t=0.0062,
Mix50%: t=0.0062) of all three treated samples. Also,
increasing the storage time decreases the stickiness of the
Mix50% treatment (control: t=0.1330, Mix75%{t=0.0285,| — "~ '°"
Mix50%: t=0.0094), the softness of the Mix75% and Mix50% 70241643
t=0.0116,] Mix75%: t= 0.0025,
Mix50%: t=0.0337) and the cohesiveness of Mix75% and

Mix50% treatmenttrol: t=0.0857, Mix75%: t=
0.0530, Mix50%: t=0.0053 M o051

Cubls Ysbzs puals
(A}

ubls Ysbezs (a5
J)3S asg.e0
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Oxidation of fats and proteins during th¢ storage period
affects the texture of meat samples. As| h result of the
soils aiiisgd sqy yigy OXidation of meat proteins, proteing accumulate land this |

through several mechanlsmsl happens in different ways. |Ox1dat10n of thiol groups of
disulfide bonds, reaction between carbonyl and protein and

cross-linking between proteins of amino groups of lysine

re51dues can lead to the accumulatlon of proteins. Cross-links

Lo s oxidative conditions and
reduce the sensitivity of proteins against hydrolysis by
proteolytic enzymes. In other studies, the relationship
between the protein and fat oxidation rate and the crispness

of the burger texture has been mentioned (Lund et al., 2011;
2007).

highly
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Fig. 9. Sensory e|valution of consolidated burger samples during the storage period.
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The juicinessjof the burger texture is a crucial sensory
characteristic an{ is directly related to the wrinkling of the

burger texture sui\acq In other words, the more wrinkled the

| texture of the burg\yr, the juicier it will be] The juiciness of

the texture directly Xfects the quality and economy of the
burger. As seen in thi e burger sample prepared
from red meat had the highest Ievel of juiciness. In the control
sample, the moisture content of the burger is higher, which
leads to juicier texture of the burger. Removing more water
from the product leads to a decrease in its juiciness. Juiciness
also affects the appearance of samples, so that the water
leaves the product and the texture juiciness decreases, an
unbalanced pressure is created between the inside and
outside of the burger, which creates contraction forces and
causes deformation and wrinkling (Hoseini & Aliabadi, 2017).
Mahmoudzadeh et al. (2010) regarding the shelf life of
uncoated raw frozen fish burgers prepared froni Kijar Mangut I
fish, stated that according to the sensory scores obtained, the

30 EPG3) b pols alw)

bl< a5
\A3aS guScy (i) (g .Cuna )5 Sg)a bl ) GNb s

bgst use-by date for the fish burgers is after 3 months jof
orage, while the pH and TBA factors in their research c
not cover the sensory characteristics, and the s
evaluation compared to the chemical indicators was
tool to evaluate the quality of theI said product. IIzci et al
(2011) produced and examined the quality of fish fingers
obtained from A. boyeri during 6 months of storage at -18 °C.
According to the sensory evaluation results, the produced fish
fingers maintained their good quality until the end of the
sixth month. Moini and Bassimi (2004) suggested the
maximum shelf life of carp fish burger stored at -18 °C for 90
days and declared peroxide index as the main factor of shelf
life, and this was while there was no change in the TVN index
during 120 days of storage at -18 °C. Based on the
organoleptic results in the research of Jorjani (2013), the
reduction of the overall acceptance score and also considering
that the TVB-N value in thxceeded the suggested

acceptable limit, evaluated the maximum shelf life of carp
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)3 § 83)3 )53 9)MIX75% Al elad )s g b asos In this research, according to all the physicochemi
LA3D3 0| e 23238 (,3lgd (SIS syl ts, it can be said that the burger prepareci with 25%|
Lols O3 POV abus sbs Bis) sy I fish meat ian be a good substitute for burgers made from red
0D AN Hlus 300 § Cuw o335 235 (65 meat, considering that it has good quality characteristics after
4 months of storage.

The trend of changes in the sensory score of overall
acceptance in all examined samples during the storage period
was decreasing. Chemical and microbial changes cause

Olallbs) Olallos 5365 guicsig) \3) secondary metabolites and chemical compounds production
oo o Jus @ Dgacs soius oby (guaal  which reduce the sensory score of overallIaccePtance. Jorjani I
15 2)lH) a0 (2013) reported an increasing trend for texture sensory

Tl .- increase LS‘A(U [-\ Dla3 \(_,-)Q evaluation score and overall acceptance oI carp burger

-1 .1 ’ |samples during six months of storage at -18 °C. |A negative
e UBRA) AaD L3 082 decrease amaoi correlation was observed between storage period and overall

D30 @3 (5)1343 Job )s acceptability scores in other previous studies (Alizadeh
Behbahani et al., 2021; Bavitha et al., 2016; Kiarsi et al., 2020;

Surasani et al., 2022). As observed, the process of changing

the sensory characteristics of the burgers during the storage

reflected periocI was reflecting Ihe oxidation changes. This issue can be

attributed to fat oxidation that causes the elimination and loss

of sensory characteristics and the reduction of the nutrients
content such as PUFAs and the production of toxic materials.
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Conclusion

Today, the consumption of fish as a health food is approved

by scientists and nutritional science experts as a prevention

of various diseases and effective in the treatment of some
diseases, and its provision and inclusion in the household

food basket is one of the concerns of those in charge of
production and nutrition affairs. In this research,| red |meat beef
and grass carp burgers were produced at the ratios of 0:100, |

| 25:75, and 50:50|c0ntent of protein, fat, moisture and
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ash decreased with the storage time. However, pH value, NN 6'
peroxide value, thiobarbituric acind volatile basic )()fb aslatwl value -)\ wb
nitrogen increased with the passage of storage time. By -

raising the amount of fish meat used in the burger

formulation from zero to 50%, the contents of protein,

moisture, ash and pH decreased and the amount of fat,

peroxide vz hinharh acid and valarile hasicnitragen, 330y conclusion ys )b o9l 3u03 g a3.803 result )y 265 o)
increased. | The amount of C18:2 and C18:1 fatty acids

declined with increasing fish meat content. But the values of S Cul ng 0 &40 DHA QEPA &1 )ém\ 0 (’mu >

C22:5-w3, C22:5-w6, and C22:6 increased| All sensory O oS s a5 C22:5W6 gmsge g 03)35 o)l EPA @ (ais) s
properties of the texture and overall acceptance of the e dﬁS)g_} ')_!é(_')

samples decreased with the passage of storage time, and the )
same trend was observed with the measured properties of
oxidation and approximate decomposition of the samples.
Considering that thg.us 3 idsd '

highest contents areflinoleic. linolenic. and arachidonic fatty Oplas
acids, especially] eicosapentaenoic acid and docosahexaenoic|  (1)bo3Al

acid, a burger made from
valuable source of these compounds] The results of this . B . t = - .
research show that by consuming a 50% mixed burger, part St 031)> 63'9 Gl e‘_- 'OMQJ_?'Q_)_ )3 13 amil oal
of the body’s needs for unsaturated fatty acids and protein can QM0 B3) JBAS § WS D)0

e met. It is alsof worth mentioning that the current study  (g)gb (ais] ¢,Jg s Aol VO ¢ 5)‘)9_)9353 bla) v asiv) resd
provides baseline information on the shelf life of consolidated T T . - 5 - i B
burger (grass carp-red meat) during freezing storage at -18 0303 P OeZ a3 3o @)l

°C. Therefore, for more concrete and conclusive assessments, e G381 )< g §loyglas (,fn)(i') 1o i) alas

further related researches are needed.
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