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Abstract

Omega-3 fatty acids play a role in achieving optimal health and protection against various diseases. However,
the instability and oxidation of its essential fatty acids have limited its use in food products. Among the strategies
used to avoid these challenges, the encapsulation method has been the most successful. Therefore, the present
study was performed to improve the stability of fish oil with the encapsulation method and produce a useful
product. In this research, the encapsulation of fish oil with a ratio of 3:1 (oil: coating) with malt dextrin, sodium
casein, protein whey concentrates, and modified starch (HICAP) by freeze-drying. Yogurt enriched with
encapsulated fish oil powder was produced and the physicochemical and sensory properties of the product were
evaluated. The results showed that the particle size, particle dispersion index, and encapsulation efficiency of the
capsules were 0.85um, 0.29 and 90%, respectively. Also, the results showed that the syneresis of yogurt enriched
with microcapsules was lower and the water holding capacity was higher than the control and sample enriched
with non-encapsulated fish oil. The increase of peroxide values in yogurt enriched with encapsulated fish oil had
a slower trend than in yogurt enriched with non-encapsulated oil. In all treatments, pH decreased and acidity
increased. The sensory evaluation of the treatments revealed that the quality parameters of the yogurt treatments
decreased during storage, and the yogurt treatments were enriched with microencapsulated oil, and the control
treatment did not show any significant difference in terms of overall acceptance.

Keywords: fish oil, encapsulation, peroxide, yogurt, sensory evaluation.
1. INTRODUCTION

Oils with high concentrations of polyunsaturated fatty acids (PUFASs) have been increasingly used in food
production. Among these, fish oil is an important source of polyunsaturated fatty acids with multiple double
bonds, particularly omega-3 fatty acids, mainly EPA (eicosapentaenoic acid) and DHA (docosahexaenoic acid)
(Shegelman et al., 2019). Encapsulation is a technique used to trap bioactive compounds within a wall structure
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made of a carrier material (Mahdavi et al., 2022). Given the high potential of our country in harvesting Kilka
fish, the oil from this fish can be optimally utilized for fortifying food products, leading to the development of
high-quality products with extended shelf life. Therefore, this study aims to prepare and evaluate fish oil-loaded
microcapsules with a polysaccharide-protein complex coating for yogurt fortification and to assess its
physicochemical and sensory properties.

2. MATERIALS AND METHODS

Kilka fish (Clupeonella cultriventris caspia) were purchased in spring from Khazar Production Company, located
in Bandar Anzali. The oil extraction from Kilka fish was performed using the (Bligh and Dyer,1959). To prepare
the emulsion, various wall materials were dissolved in distilled water, including maltodextrin (15 g), sodium
caseinate (20 g), whey protein concentrate (20 g), and modified starch (20 g). The total solid concentration was
set at 20% (w/w). Fish oil was then added to the solution at a ratio of 3:1 (Gallardo et al., 2013). The prepared
emulsions were dried in a freeze-dryer under reduced pressure. Polydispersity index (PDI) was measured
(Gallardo et al., 2013). Encapsulation efficiency was calculated using the (Ojagh and Hasani, 2018). To prepare
functional yogurt, raw milk with 1.5% fat content was used to produce three samples: control yogurt, yogurt
containing 2% (w/w) free fish oil, and yogurt containing 2% (w/w) microencapsulated fish oil. Comparative
analyses were performed after production and weekly for 21 days (Tamjidi et al., 2013). Acidity was determined
using the (Iranian National Standard N0.2752, 1994). Syneresis (Ghorbanzade et al., 2022) and water-holding
capacity of the yogurt were measured using (Tamjidi et al., 2013). Viscosity was assessed using a Brookfield
rotational viscometer and expressed in centipoise (cP). Yogurt fat extraction was conducted and the peroxide
value (PV) of the yogurt fat was also determined (Ghorbanzade et al., 2017). Sensory evaluation of the final
product was carried out by a 20-member panel. This study was designed as a split-plot test in time within a
completely randomized design.

3. RESULTS

The polydispersity index (PDI) of the fish oil-loaded capsules was reported as 0.29 + 0.05. The encapsulation
efficiency of the produced oil capsules was determined to be 89.3 + 0.2%. Changes in acidity (g/100 g lactic
acid) in the produced yogurts during 21 days of storage indicated that acidity increased in all treatments over
time. However, this increase was not significant (p <0.05) from day 14 to the end of the storage period. The
syneresis rate in all treatments decreased until day 14 of storage, and the syneresis level in the control yogurt was
higher than in yogurts enriched with microencapsulated fish oil and free fish oil. Evaluation of syneresis changes
during storage revealed that the highest syneresis occurred in the control and enriched samples during the final
week of storage. According to the results, the viscosity values of the control and free fish oil-enriched yogurt
treatments increased over time. However, in the yogurt treatment enriched with microencapsulated fish oil, the
viscosity increased until day 14 of storage and then decreased. The water-holding capacity of all treatments
improved over time. Additionally, the peroxide value in yogurts enriched with microencapsulated and free fish
oil increased with storage time, with a slower increase observed in the microencapsulated fish oil-enriched
yogurt. It was also found that there was no significant difference in overall acceptability between the control
yogurt and the yogurt enriched with microencapsulated fish oil.

4. DISCUSSION AND CONCLUSION

Encapsulation efficiency is one of the key factors in determining the stability of encapsulated compounds, as it
reflects the presence of surface oil on powder particles and the ability of wall materials to prevent the leakage of
encapsulated oil (Ghorbanzade et al., 2017). In the study by Jafari et al. (2008), a relationship was demonstrated
between the rapid formation of a shell and a reduced surface oil content. They attributed this to the fact that a
quickly formed shell reduces the likelihood of core materials (such as fish oil) reaching the particle surface.
Based on the results of the acidity test, it can be concluded that incorporating fish oil into yogurt slows down the
pH reduction and acidity increase. These findings are consistent with those of Nejat Pirsaraii et al. (2021), who
reported higher acidity levels in cheese enriched with encapsulated fish oil. Syneresis can be considered a primary
defect in yogurt, where serum appears on the gel's surface (Ghorbanzade et al., 2022). The highest syneresis
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levels in the samples occurred during the final week of storage, attributed to increased acidity and the hydrolysis
and digestion of soluble proteins by microorganisms over time. This process causes proteins responsible for the
desired texture to lose their properties, breaking their bonds with water (Nouri et al., 2013). In yogurt enriched
with microencapsulated fish oil, viscosity increased up to day 14 of storage and then declined, which can be
attributed to the hydrolysis of soluble proteins by microorganisms as storage time progressed (Hamed et al.,
2019). Tamjidi et al. (2013) demonstrated that the peroxide value in yogurt enriched with free fish oil increased
more rapidly than in yogurt enriched with microencapsulated fish oil, consistent with the findings of this study.
The objective of this research was to develop fish oil-containing microcapsules using different coatings to fortify
yogurt. Based on the results, microcapsules containing fish oil can be used for yogurt enrichment without
introducing undesirable odors or flavors.
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Fig. 4- Changes in the syneresis of the produced yogurt during 21 days of storage (Capital letters
indicate the difference between treatments at the same time and small letters indicate the difference
between different times in the same treatment)
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Fig. 5- Viscosity changes of produced yogurt during 21 days of storage (Capital letters indicate the

difference between treatments at the same time and small letters indicate the difference between
different times in the same treatment)
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Fig. 6- Changes in the water holding capacity of the produced yogurt during 21 days of storage (Capital
letters indicate the difference between treatments at the same time and small letters indicate the difference between
different times in the same treatment)
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Fig. 7- Changes in peroxide (PV) of produced yogurt during 21 days of storage (Capital letters indicate
the difference between treatments at the same time and small letters indicate the difference between

different times in the same treatment)

GBS 299 ()l bxe BMB] LSS Gul g il gla sl
Py 99 0a3ld 5 bjlas eled 5 cdl jasld ol Gl b
sy 2 (plo 19y 9 dgunS (159, Lodd (28 e slalogs

(P<1+0) Wlodgs > (me 1 5 Cunr 9 w2)lex

R (55 o £

Lol 89 sl Gl 4 Goos ol jl Ban
Sty 35 Conls 5k i Cg il (sla gy 5l o3lizl
2l Jpame (> g plerdsSosd Sluogad b))l 5l ol
cdl l Bl loy cudlS b STy (e ob ol 6yl (b
FAS dguaSg)Suo gy b ol (8 Cusle Hlod )3 N9y g
)b g ujeSuny guS 9)See (19 Sol> Cuwle (slayloidg:
b jlass ol o (5558 (01 S olse g YL O (651005
09 slasl yo dald Cusle 3903 i (wes (0bj)l Els il
935 51055 0 (&S sloadls (eled ) g VL Slial o)l
bosd i Cusle 5 dald Conlo i S iy (asls blod ]
@ a2 LI 00,50 odalie ()0 (ire SIS dgunsS'g S (42
3 S gusS 5,55 Sl oo 2ol 36 3 ol Csd 4 gl
gllaol pabs g g2 dbrl (g Cusle (gilo (o Baa b ale g,
Dged 03]

¥y

Gl oloj 3,91 sl caslio () lsis 41 e (2
maaside blodd (o (e 2Ly e el ()15 09 (b
P85 B o 3)90 (S oy 5 8L kS g ek sl
Bagle; om buasls ol S5y a3l 3> 4 el Jles
o3l ljlitel 51 yloj cubdS b g 03ls L5 (5o dre gl Calisee
5 o gy jlitel cunl S5 @ p3Y (A JS5) <8l ialS ond
sl SuSG b gy ame M a0l

OFe) bodd 8 Cusle Jlod 3 (s 2yl & bgiye gl

5 Comnr U i o) J1 S0y (el el oy (i gy See
13 oyl ol Sltel 5 bl (s stno IS (5005 o5
@l Gilas 08 <l ) jliel (ol oS 5 G o)
OF9) bodd (28 )l 3 (IS pdy 5 Bl e el slaadle
5303 s (P /+0) (6o sine s (51455 o o oalo
S L el padls bl & 2b5)l 3)90 slapadls (olod
SIS SbL 5 st gy 9 392 008 S Slilitel 1 oj
woled y3 g oy olamsl ogs a1y shael liee (0 yieS g oy i
SIS () 05 9 Co 9 w22)lkz sbojgy o el
o O o byl Sl (P /00) cllis dg2g o> (me
9 gl slajgy 33 Lt @ls (L85 )3 (qwyp 390 3 Jlewd
I JgusS 9550 b odds (38 Cusle g 30ld o (o 6/ wiin
2 ek j9) 9 IS Sird g SOl g ek aSls bl

Vo e cJsl oybond ooyl 3 Commms 059 df»uﬁ;rﬁ)f

Spgh (ode s wb Jad



RULS PR Sodgul b Cale (ows g (2 lomi Sy b Sluoguad 1 ool 5319 (lo (59, Sl GAimigs 1) (T 9 o)y

i}
-
Aa
v L —_Aa
¢ L
Ab Aa Ab
1 0 ]
¥ L
Ba Ba Bb Ac
v L
Y L
L Cb Bc Bb
Gl T "
b4 A~
Aa As Aab
vV b —
s L
[Aab Ab
S
R i b
X Ba a Ac
v L Bc
Y o
Bb Bc
AN = Bb
\ V¥ AR
(332) gl
&
A Aa Aa
v L Aa Aa
7+ Ab Aa
5> F
2 f Ba Ba Bb
] 3 Ba Bb
v L
AN Ba
\ -
\ \Vf Yy
(59 oloj

Gliseo s loj 55 Bylowd 53 g1 S (s Ll () £g, eSS liseo (s ko 45 ylowd 43 b &S s W (W) A UK
Oloj S 3 Lylow (o SWE 0> (LS 533 By ) (5,1 oo o loj 3 Bajlosi )3 ) (S (ad L (g) £,
(dliom slowi Sy 53 liseo S ylo; (o ST 22D (LS S8 B9y 5

Fig. 8- (a): Qualitative index of taste in treatments at different storage times; (b): Qualitative odor index in
treatments at different times of storage; (c): Quality index of color in treatments at different times of storage
(Capital letters indicate the difference between treatments at the same time and small letters indicate the
difference between different times in the same treatment)
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treatment)
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