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1. Encapsulation
2. Lipids
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1. Free fatty acid (FFA)
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Fig 1 Diagram of fish burger production
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1. Total voltaile base nitrogen (TVB-N)
2. Expressible moisture
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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
EI:;E:EO?IM 68.4540.13"8  69.24+>4P038  69.14+™B0.84  69.51+%0.43  69.56£40.41
xlvcviif}nfﬁﬁﬁgﬁ 68410 14 69.58+™40.55 68.18+°%0.72  68.71£°%0.47  69.09+™B0 35
gﬁﬁﬁﬁl 69.51£*40.22 69.87+40.41 693744045 693624038  69.47£40.11
o roslzrrﬁgi;i?rﬂlt?ﬁfger 69.31+£%0.49 69.78+%40.49 69.01£41.30  69.15+940.40  69.38+"40.32
.g %ﬁ?;nf‘}l{’(i‘s‘;ﬁfg 68424794061  69.38+™%0.56  69.39+41.29  68.93+™%032  68.38+0.61°*
= E;SEE‘;‘;IY 69.19+P0.11 70.07+*40.10 69.05+*%0.42 69.68+"°40.18 69.85+%40.23
Micro;r;i‘v’g;ﬂaﬁon 68.84+40.33  69.09+40.12  69.42+*%0.72 69.88*40.70 69.72+%40.78
Chffsctll‘zlith 68.27+%40.63 68.40+%%0 48 68.67£40.33 68.65+°%047  69.06+°40.29
V(ég:f:bﬁthﬂ 67.68+%0.64  68.63+°“B037  68.76+*40.93 68.86=9%024  68.64+%A%0 13
th‘iﬁifgoind 3.12+1.20% 4.97+%40.28 5.06+"0.38 4.93+%40.59 4.55+%40.19
%ﬁ;ﬁf"ﬁﬁﬁgﬁ 3.86+*80.60 3.832%4%0.10 449440 39 4.15+%0 52 3.544°%0.11
223‘1‘;10;1 4.17+40.33 4.49+%0.20 443+™4037  4.00+™%0 46 4.08+"40.49
rog;‘;‘giﬁ ]‘J’Efger 4.01+%%.21 42324480 50 4.53+%040.32 3.83+%45C0 17 3.79+7€0.24
8 %ﬁ?;nf‘}l{’(i‘s‘;ﬁfg 435+"0.25 429+%%0 81 474444027 4.324%80.12 42840918
}:;SEEZ;Y 3.77+"0.88 425940 19 4.61+%0.28 4.17£°0.26 5.884%43.03
Micro;r;i‘v’g;ﬂaﬁon 3.70+0.14 42644024 4.05£™480 25 3.52+%0.13 3.82+"80.11
Chffsc}ll‘zl“h 3.71£*80.20 4.01%%0.16 3.82+4%0.17 3.32+%0.37 3.67+°480.40
Check with 3.542°41.72 439440 47 4.06+™%0.51 3.93+%%0.27 4.08+"40.49

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

4 3 2

1 0 Time (month)

Treatment
15.08+°%0.83  13.36+40.49 5.54+°€0.18 8.65+0.35B 3.3242.10B Emulsion and
cimnamon
] Microencapsulatio
6.77+"20.99 10.38+>80.52 7.85+%80.14 7.15+1.25% 5.65+1.74% n powder +
cinnamon
12.43+40.60 7.94480 49 5.48+°€0.25 6.54+ 1.23°C 434470 71 Cinnamon
emulsion
11224037 14574038  9.58+°B0. 12 6.86:0.50%C 49249 22 Emulsion and
rosemary in burger 2
] ] Microencapsulatio %
14.45+0.43*  8.67+0.71 6.33+°°0.19 6.24+0.96 4.53+1.05" n Powder + £
Rosemary =
9.48+°0.51 13.98+*1 24 10.13+"2°0.86  12.8742.56™B 53248 11 Rosemary
emulsion
1129+%0.18  11.58+P0.60 8.48+°%80 33 11.29+0.74% 3854%cA| 47 Microencapsulatio
n powder
12462094  9.11+°0.60 12.69+%80.59 15.86+1 37" 4,57+ 27 Chffscf:zl‘th
20.85:™0.70  12.57+%0.78 68.76+0.93 5.8140.34%8 5.62+%1.19 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<80.18 2.89+"40.51 2.20+80.26 3.03+%40.65 1.57+0.11% Emulsion and
cinnamon
2.69+%50.23 2.95+80 57 1.90£°€0.15 428+%0.51 1.45+%0.39 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+2%0.33 1.84+0.12 1.57+%80.27 32744020 1.61£0.92 Emulsion and 2
rosemary in burger ;
5.60+0.19% 3.09+°0.59 1.50+%0.18 3.72+%80.32 1.574%0.80 Microencapsulation &
Powder + Rosemary =
3.12+%0.22 3.13+240.58 2.754%40.10 2.57+°™0.32 1.4940.50 Rosemary £
emulsion =
5.72+*40.44 5.25+0.48 2.47+°P0. 12 3.13+°%0 .45 1524028 Microencapsulation
powder
3.98+403 5004740 .46 2.21480.20 2.47+%0 24 144440 36 Chffsc}lf zllth
4.52:+%%0 86 5.05+"40.77 227+%80.30 2.87+20.97 1932497y Check W‘g;lvegetable
3.35+0.93 2.55+"1 47 546125 428+*0.54 1.87+0.454 Emulsion and
cinnamon
2.65+*0.28 4.0241.50 3.33+740.34 4.03+%40.84 1.99+%¢A1 11 Microencapsulation
powder + cinnamon
2.46+£%0.03 3.824740.51 2.56£40.25 3.94+%1 .43 288840 7] Cinnamon
emulsion
2.11£%0.35 3.19+°40.02 1.88£"41.17 3.11£*1.29 242474 42 Emulsion and ©
rosemary in burger &
3204023 2.63+0.86 2.15+*40.23 249+ 53 3394040 42 Microencapsulation 2
Powder + Rosemary E
2.83+4%1.18 24241 .79 4.74+1.33% 3.80+™1 .81 3.16+2°40 89 Rosemary “
emulsion
4.05+*1.38 32842 43 43741 65 3.86+™1.67 3.67+"1 34 Microencapsulation
powder
2.64+™0.71 5.644"2.06 4.07+*B0 62 3.01+0.93 1.56+80.87 Chffsc}l: zllth
3.42+%0.56 3.06+"40.27 2.92+%40.90 3.194%1 61 240480 53 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

| 0 Time (month)

Treatment
17268080  13.062°01.80  16.33+%0.80 21.53+"40.75  20.00+0.91** Emulsion and
cinnamon
17.73+%0.80 14.40+°0.69 14.46+°0.80 232654075 2153498075  Microencapsulation
powder + cinnamon
18.66+B0.80  17.33+°%0.75 19.13+40.80 19.26+440.94  20.06+"0.80 Cinnamon
emulsion —_
: o6
15.06+°4%0.94  20.60+°0.69  20.76+"P0.40 1453£*%0.75  22.13+"%0.83 Emulsion and S
rosemary in burger =
23 4620.57* 16.13+°%0.70 23.26+%40.92 2046£%80 75 22.66+046  Microencapsulation - &
Powder + Rosemary E
21.13£%0.61 16.33+°°0.80 11.66+0.80 1926+°0.94  17.06+£°€0.46 Rosemary 2
emulsion E
22.93+*0.75 12.26+°0.94 19.13+30.80 18.53+%0.94  22.00£40.69 Mlcro;r;i‘v’g;ﬂa“on
192648094 14269046  16.46x%%.94 2466092  19.13+*%0.80 Chffsc}ll‘zl“h
17265080  13.064%080 16332080 2153075  20.00£*091 Check with
vegetable oil
5.54+9%0 14 4.69+701 .98 4.63+*0.68 4.60+™40.58 4.60+0.10** Emulsion and
cinnamon
463800 40 4724MN072 46428020 47080091 457055 Microencapsulation
powder + cinnamon
469594040 4.71£%%0.55 4.70+£%40.26 4.65+%40 23 4.68+"40.30 Cinnamon ©
emulsion =
4.79+40.18 4.65+°480.46 461580 11 4624480 10 4.52+°%0.15 Emulsion and z
rosemary in burger E
4.54+0.35%8 4.63+£°40.63 4.49+"%0.76 4.46+"%0.41 4514480 19  Microencapsulation g
Powder + Rosemary S
47440 65 472440 11 4.61+%0.92 4562011 4.58+%%0.92 Rosemary 8
emulsion &
4.59+980) 94 47340 55 4.65+*B0 47 459+™B0 47 4.58+"80 62 Mlcro;r;i‘v’g;‘la“on =
4.84+"40.20 4.85+"0.35 473480 40 4.69+°%0.72 4.68+"%0.13 Chffscfl‘zl“h
4.854%40.45 4.82+™40 95 4.70£*0.52 474021 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.
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Table 5 Sensory index of omega-3 oil-rich bergers and herbal extracts during storage at-18 ° C
Time (month)

4 3 2 ! 0 Treatment
6.20+40.83 6.57+*41.22 6.56+"1.34 74244097 7.50+1.22% Emulsion and
cinnamon
6.40+0.54 6.28+"*1.26 6.53+"1.30 6.28+"1.79 7104134  Microencapsulation
powder + cinnamon
6.20+740.83 6.71£41.32 6.00£1.88 6.28+%1 .11 5.80+"1.64 Cinnamon
emulsion
6404089  6.57+1.39 68054132 7.00£%081  7.30£%0.97 Emulsion and
rosemary in burger g
1 1 -
62040.83**  6.14+"2.03 6.33+%1.23 6.28+"1.25 6704164 ~ Microencapsulation 2
Powder + Rosemary g
6.20+%40.83 6.78+*1.31 6.67£1.39 * 6.71+1.11 6.90+*1.02 Rosemary =
emulsion
6.40+0.54 6.85+"1 .46 6.80+™1.26 642+ 27 730440.97 ~ Microencapsulation
powder
6.20+"20.83 6.57+1.22 6.80+1.52 6.57+1.27 7.00£40.70 Chffscflelth
6.60+40.54 6.92+"1 .26 7.06+™1.43 642" 39 730+™0.97 Check with
vegetable oil
63341 58 6.60£240.54 7.00+*1.52 71441 16 7.60+1.14% Emulsion and
cinnamon
6.53+£"41 55 6.60£40.54 557111 6.85+£*41.56 640+040 54 ~ Microencapsulation
powder + cinnamon
5.80+*1.52 6.20+40.83 5.85+*1 34 6.57+*1 34 640+ 14 Cinnamon
emulsion
6.53+£%1 35 6.80+240.83 6.57+%40.97 7.00+41 .41 7.60+*1.14 Emulsion and
rosemary in burger o
6.03+1.60 ™ 6.40£"40.54 5.85+0.89 6.85+"1.35 640+040 54 ~ Microencapsulation g
Powder + Rosemary &
6.13£41.18 6.40+40.89 6.14+**1.06 6.71£*41.32 7.00£®21 22 Rosemary
emulsion
6.10£1 75 6.40+40.89 6.28+1.25 7.28+%1.06 5.804A] g4 ~ Microencapsulation
powder
6.86+21 45 6.00£*1.41 6.14+**1.60 7.00£*41.70 4.60+°21 34 Chffsc}ll‘zl“h
6.86+"1.06 6.80+*1.30 6.14+"1.46 75741 28 730+™1.39 Check with
vegetable oil
6.00£1 .65 6.80+240.84 8.00+£40.58 7.64+0.93 7.80+£1.79* Emulsion and
cinnamon
63344145  6.80£°40.84 64354190  743£1.16™  740+15p%  Microencapsulation
powder + cinnamon
6.00£*1 .65 6.80+*40.84 7.00£41.15 7.43+0.94 7.60+™1.67 Cinnamon
emulsion
64741 51 6.80+40.85 7.57+0.53 7.29+0.73 % 7.60+*1 34 Emulsion and
rosemary in burger °
6.13+130% 6.80+£"40.86 6.57+*1.40 721£105%  780+130%  Microencapsulation g
Powder + Rosemary 2
6.87+"1.19 7.40440.55 7.14+*0.69 736+£1.15* 8.20+™1.10 Rosemary
emulsion
6.97+"1 20 7.20+40.84 7.29+"0.76 721+ 0.89% 7804084  Microencapsulation
powder
7.10+*1.14 7.00£1.00 729+ 11 7.36+0.84* 8.00+*1.00 Chffsc}ll‘zl“h
720441 .08 7.20+40.84 6.86+"1.07 7.86+0.95 8.20+™0.84 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
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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 c¢) 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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