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2. Lipids
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Table 1 Moisture and fat values (%) of omega-3 oil enriched fishbergers during storage at -18 ° C

Time (month)

Treatment 0 ! 2 3 4
Emulsion and 68.45+0.13%B 692444038 69.14+*B( 84 69.51+980.43 69.56+"°40.41
cinnamon
Microencapsulation ¢ 4y jbeaby 14 g9 581940 55 68.18£%0.72 68718047  69.09+>%4B0 35
powder + cinnamon
Cinnamon 69.51+0.22 69.87+40 41 69.37+440.45 69.36+™A038  69.47+¢A0 11
emulsion
Emulsion and 69314049 69.78+™%0.49  69.01+™1.30  69.15£%0.40  69.38+™0.32

¢  rosemary in burger
g Microencapsulition —¢o 4y heang 61 6938400.56 693944120 689349032 68.38:0.61
§ Powder + Rosemary
Rosemary 69.194™0.11  70.07£0.10  69.05+0.42  69.68+™%0.18  69.85+*0.23
emulsion
M‘Cr";‘;fjg:‘rﬂat“’“ 68.84+4033  69.09+40.12  69.42+*40.72 69.88+%40.70 69.72+40.78
Check with 6827590063 68404048  68.674°033 68655047  69.06+%%0.29
Check with 67.685P0.64 6863037 68764093  6886:9%024  68.64£%40.13
vegetable oil
Emulsion and 3A26122°% 4974%028 5065038 4934059 455£%0.19
cmnamon
Microencapsulation 5 gouamp 60 38319%0 10 44940%039  415:%%0.52 3.54+%0.11
powder + cinnamon
Cinnamon 4.17+40.33 4.49+°%0.20 44304037 4.00£°°%046 40804049
emulsion
Emulsion and 40155021 423+™%P050 45304032 383:™P017  3.79+470.24
rosemary in burger
5 Microencapsulation = 35, 55 4.29+"% 81 4.74+40.27 4.32+"%.12 4.28+0.91"°
= Powder + Rosemary
Rosemary 3.77+40.88 4254°%0.19 46140028 4.17+"°%0.26 5.88+3.03
emulsion
M‘Cm‘;‘;fjg:‘rﬂat“’“ 3.70+%5%.14 4267940 24 4.05+>480 25 3.524°0.13 3.824"C0.11
Check with 371648020 4015016 3828017 3324037 367040
Check with 35480072 43980047 406£™M051 3932027 408+%%0.49

vegetable oil

The numbers represent mean + SD.

(A-B) Various capital letters in each row indicate a significant difference between various test times in a treatment.
(a-b) Various small letters in each column indicate a significant difference between various treatments at a specific

sampling time.
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Table 2 peroxide values of omega-3 oil enriched fish bergers during storage at-18 ° C

Time (month)

4 3 2 1 0 Treatment
15.084°40.83  13.36+™0.49 5.54+°0.18 8.65+ 035 3.3242.10°B Emulsion and
cinnamon
Microencapsulatio
6.77+"0.99 10.38+>B0.52 7.85+°0.14 7.15£1.25% 5.65+1.74* n powder +
cinnamon
12432060 7.94+°0.49 5.48+°0.25 6.54+ 1.23°¢ 4342071 Cinnamon
emulsion
11224037  1457+038  9.58+%P0.12 6.86:£0.50°C 4924 20 Emulsion and
rosemary in burger 2
Microencapsulatio &=
14454043 8.67+0.71 6.33+°€0.19 6.24+0.96 4.53+1.05" n Powder + S
Rosemary =
9.48+°€0.51 13.98+*1 .24 10.13+"%.86  12.87+2.56"® 53243 11 Rosemary
emulsion
1129+%0.18  11.58+°4P0.60 8.48+°%80 33 11.290.74%* 3.854eA] 47 Microencapsulatio
n powder
12462094  9.11+°0.60 12.69+30.59 15.86+1.37* 4.57+%A1 27 Chffsclfgl‘th
208544070 125744078 68.76:"0.93 58140345 56244119 Check with

vegetable oil

The numbers represent mean + SD.

(A-B) Various capital letters in each row indicate a significant difference between various test times in a treatment.
(a-b) Various small letters in each column indicate a significant difference between various treatments at a specific

sampling time.
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Table 3 Free fatty acids (% Oleic Acid) and Shrinkage (%) of omega-3 oil enriched fish bergers during
storage at-18 ° C

4 3 2

0 Time (month)

Treatment
2.06+0.18 2.89+"40 51 2.20+"0.26 3.03+%40.65 1.5740.11% Emulsion and
cinnamon
2.69+80.23 2.95+"80.57 1.90+€0.15 428+*0.51 1.45+%40.39 Microencapsulation
powder + cinnamon
1.92+™0.14 1.89+°%0.28 1.56+%0.14 2.64+°0.29 1.31+*0.60 Cinnamon
emulsion
1.60+£80.33 1.84+"80.12 1.57+%80.27 3.27+%%0.20 1.61+0.92 Emulsion and 2
rosemary in burger <
5.60+£0.19% 3.09+"€0.59 1.50+%°0.18 3724032 1.57+*40.80 Microencapsulation %‘
Powder + Rosemary :
3.12+%40.22 3.13£°%0.58 2.75+"0.10 2.57+0.32 1.49+*40.50 Rosemary £
emulsion =
57254044 525494048 24780012 3.13£%0 45 152404908~ Microencapsulation
powder
3.98+°403 5004740 .46 22148020 2.47+B024 1.44+%0 36 Chgsclf gl‘th
452:%%086  5.05£40.77 22758030 28745097 19320072 Check W‘ghﬂvegetab‘e
33554003 2.554%] 47 5465025 428+%0.54 1 8720 45 Emulsion and
cinnamon
2.65+*0.28 4.02+"1.50 3.334%40.34 4.03+*0.84 1.99+%¢A1 11 Microencapsulation
powder + cinnamon
2.46+*0.03 3.824%0.51 2.56+0.25 3.94+%1 43 2.88+%¢A0 7] Cinnamon
emulsion
21154035 3.19+0.02 18844117 3112%129 242441 42 Emulsion and o
rosemary in burger e
3.22+0.23% 2.63+40.86 2.15+40.23 2.49+"1.53 339440 49 ~ Microencapsulation 2
Powder + Rosemary :;.
2.83+%1.18 2424179 4741 33 3.80+™1.81 3.16£™40.89 Rosemary 2
emulsion
4.05+"1.38 3.8+ .43 4.37+°41.65 3.86+*41.67 3.67+1.34 Microencapsulation
powder
2.64+%0.71 5.64+2 06 4.07+*B0.62 3.01+%0.93 1.56+0.87 Chgsclf (V)]Yl‘th
34254056 3.06£%0.27 20244090 3194161  240+%Agsg  Check with vegetable

oil

The numbers represent mean + SD.

(A-B) Various capital letters in each row indicate a significant difference between various test times in a treatment.
(a-b) Various small letters in each column indicate a significant difference between various treatments at a specific sampling time.
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Table 4 TVBN(mg/100g) and Expressible moisture (%) of omega-3 oil enriched fish bergers during

storage at-18 ° C

4

3

2

1

0

Time (month)

Treatment
1726+80.80  13.06£%°01.80  16.33+™0.80 21.534*4075  20.00£0.91% Emulsion and
cinnamon
17.73+£%0.80 14.40+°0.69 14.46+°0.80 23264075 21.53+%0.75  Microencapsulation
powder + cinnamon
18.66+°%80.80  17.33+"%0.75 19.13+%40.80 19264094  20.06+°%0.80 Cinnamon
emulsion _
: en
15.06+""%0.94 2060069  2076=*%040 1453075  22.13+"0.83 Emulsion and s
rosemary in burger =
1 1 en
23.4620.57% 16.13+°°0.70 232654092 2046+%0.75  22.66:%046  Microencapsulation g
Powder + Rosemary 2’
21.13£*40.61 16.33+°0.80 11.66+™0.80 19.26+%%0.94  17.06+°°0.46 Rosemary @
emulsion E
22.93+*0.75 12.26+°€0.94 19.13+%0.80 18.53+80.94  22.00+*0.69 M‘Cm‘;‘;fjg:‘rﬂa“"“
1926548004 1426£9P0 46 164685094 246652092 19.13+"%0.80 Chgscﬁ (m‘th
17.26+%%0.80 13.06+%€0.80 16.33+80.80 21.532%%0.75  20.00£*40.91 Check with
vegetable oil
5.5429%0.14 469470198 4.63+0.68  4.60£™0°0.58  4.60£0.10 Emulsion and
cinnamon
46387040 4726MR072  4645P020 4708091 4574055  Microencapsulation
powder + cinnamon
469092040 47144055 470+40.26 465:0%023 468030 Cinnamon o
emulsion =
479+4™%0.18  465¢°0.46 461001 46240000 4.52+0.15 Emulsionand g
rosemary in burger E
45403548 4.630.63 4.49+%%0 76 44655041 451448 1o  Microencapsulation g
Powder + Rosemary 2
4.74+¢40 65 472440 11 4.61£40.92 4.56£40.11 4.58+"40.92 Rosemary 8
emulsion e
459+0.94  473+0R0.55 46545047 459+"P047  458+0.62 M‘Cm‘;‘;fjg:‘rﬂa“"“ =
4.84+%40.20 4.85+%40.35 4.73+*80.40 4.69+"0.72 4.68+"0.13 Chgscﬁzl‘th
4.85+%40 45 4.82+%40 95 470+0.52 4.74+0.21 4.60+40.10 Check with

vegetable oil

The numbers represent mean + SD.

(A-B) Various capital letters in each row indicate a significant difference between various test times in a treatment.
(a-b) Various small letters in each column indicate a significant difference between various treatments at a specific

sampling time.

eSO/ Slaal G SSla b e ls O gl Sl 5 o 2
T T R IR NPT SRUUE S PR
Loombesl spse gla S, cib - Skl (P<i/v0)
Sss b e Sl ol Ll asl eSOl csdS
Gl cmbe cuiS Sl S8l e @l (P>er0)
g besl s b dals Jlas sla S5 5 eas 8 gl S
GoSedir 2 aS olas 5 Jsl ey, Sl Sl 5
CodsS e b AlS e S CBl b S il oiS
o o ol S5 0V se s ey Sl OS5

_,\...Zl.s .LL:.?)\): Jb.ﬁj‘e‘ (}‘9})

v

> 2led I A=Y

<L —V-A-Y

SVl e, beds b b sl S il el =
s A sl 3 IS Sl b Al slaslas
oS sly Olas sl ool odd eaysl 0 Jaar s 3l sl
Al e S 5 L3l CudS ol e o6 bl slasles
At Sl 5 bl 6 ks LT .P>0/00) il
55 PZere0) s b 8 5 Sl s ssse else ls ine
Shael VY Jlade b alS oy, ol aals Sl jio ol



Lfﬂuﬁj;u;)btf&;ﬁl}mu;ud»j)ﬁu C)‘é@l‘“})°ﬁls)°°‘).¢;°‘j€:’g‘“§’

Table 5 Sensory index of omega-3 oil-rich bergers and herbal extracts during storage at-18 ° C
Time (month)

4 3 2 1 0 Treatment
6205083  657+1.22 65654134 74284097 7.50+1.22% Emulsion and
cinnamon
6.40+40.54 6.284"*1.26 6.53+41.30 6.28+"1.79 71041 34  Microencapsulation
powder + cinnamon
6.20+*40.83 6.71£*41.32 6.00£"41.88 6.28+1.11 5.80+*1.64 Cinnamon
emulsion
6405089  6.57+%1.39 68054132 7.00£%081  7.30£0.97 Emulsion and
rosemary in burger g
1 1 -
6204083 61442203 6334123 628:"125  670:%164  Microencapsulation 2
Powder + Rosemary g
6.20+*40.83 6.78+*1.31 6.67£1.39 * 6.71£41.11 6.90+*41.02 Rosemary =
emulsion
6.40+0.54 6.85+"1.46 6.80+™1.26 6.42+™1 27 73040097  Microencapsulation
powder
6.20+"40.83 6.57£41.22 6.80+™1.52 6.57+"1 27 7.00+40.70 Chgscﬁzl‘th
66052054 6.924%1.26 70654143 6428139 730097 Check with
vegetable oil
63324158 6.60+"0.54 700£41.52 7142116 7.60+1.14% Emulsion and
cinnamon
65354155 6.60+%0.54 5,574 11 68554156 640L™A0s54  Microencapsulation
powder + cinnamon
5.80+™1.52 6.2040.83 5.85+™1.34 6.57+"1 .34 64021 .14 Cinnamon
emulsion
6532135  6.80+£"0.83 6574097  7.00£*1.41 7.60+%1.14 Emulsion and
rosemary in burger o
6.03£1.60™  6.40£%0.54 5858089  685£%135 40054  Microencapsulation 9
Powder + Rosemary =)
6.13+"1.18 6.40+0.89 6.14+"1.06 6.71"1.32 7.00£41.22 Rosemary
emulsion
6.10=21.75 640089 628:4125  728:106 5804164  Microencapsulation
powder
68654145 600+ 41 6145160  700£4170  4.60£%134 Chgscﬁzl‘th
68654106  6.80+*1.30 6145146 7578428 7305139 Check with
vegetable oil
60054165  6.80+*0.84 004058  7.64£093%  7.80+1.79% Emulsion and
cinnamon
63341 45 6.80+*40.84 6.43+*41.90 743£1.16™ 7404152  Microencapsulation
powder + cinnamon
6.00+1.65 6.80+0.84 7.00£1.15 743+ 0.94* 7.60+1.67 Cinnamon
emulsion
6472151 6804085 75744053 7294073 7.60+*1.34 Emulsion and
rosemary in burger ©
6.13£130"  6.80+*40.86 65744140 7212105  780+130%  Microencapsulation
Powder + Rosemary =
6.87+41.19 7.40£*%0.55 7.14+*40.69 736+ 1.15%  820+1.10 Rosemary
emulsion
6.97+41.20 7.20+40.84 7.29+%40.76 721£089%  780:%084  Microencapsulation
powder
71054114 7.00£*1.00 7204 11 7362084 8.00£*1.00 Chgscﬁzl‘th
72054108 7.20+%0.84 686:41.07  786£095% 820084 Check with

vegetable oil

The numbers represent mean + SD.

(A-B) Various capital letters in each row indicate a significant difference between various test times in a treatment.
(a-b) Various small letters in each column indicate a significant difference between various treatments at a specific
sampling time.
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The effects of different encapsulated omega-3 oil enrichment
methods with Cinnamon and Rosemary extracts on fish burger
quality and its shelf life

Bahramizadeh, I', RahmaniFarah, K **

1. Ms.C of Seafood Processing, Department of Pathology and Quality Control, Urmia Lake Research Institute,
Urmia University, Iran.
2. Assistant Professor, Department of Pathology and Quality Control, Urmia Lake Research Institute, Urmia
University, Iran.

(Received: 2018/05/22 Accepted:2019/01/19)

The aim of this study was to fish burger enrichment with different omega-3 oil formation accompanied
with Rosemary and Cinnamon extracts and evaluation of its stability in -18 °C. Omega-3 fish oil in forms
of a) Emulsion and herbal extract (separately added to fish burger paste), b) encapsulated fish oil with
herbal extract and ¢) emulsion and herbal extract (together added to fish burger paste) were added to
Silver carp fish burger. Experimental treatments compared with different control treatments consist of
encapsulated fish oil, fish oil and vegetable oil. Physico-chemical and sensorial assessments performed at
0, 1, 2, 3, 4 month during fish burger storage at -18 “C. Emulsion and rosemary extracts treatment showed
the highest (69.85%) and encapsulated fish oil with rosemary extract depicted the lowest moisture content
(68.38%) at fourth month, over burgers storage time.Fish burger enrichment with omega-3 oil had no
distinctive effect on fat content at first day (P<0.05). Fortified burger in emulsion and rosemary and
cinnamon treatments had lower free fatty acid contents than burgers with pure fish oil. Enrichment of fish
burger with omega-3 oil showed no undesirable effects on nitrogenous compounds decomposition and
accumulation of TVB-N in products (P>0.05). Panelist scores declared comparable texture and odor
quality of fortified burger with control treatment, while flavor index was more impressed as enrichment
process. From the results of this study in order to enrichment of fish burger rosemary and cinnamon
emulsion is suggested.

Keywords: Emulsion, Omega-3, Enrichment, Fish burger, Microcapsule.
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