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Table 1. Moisture and fat content of butter samples containing olive leaf extracts nanoliposomes

e S5
Sample c .
C N400 N200 N100 N50 omposition
(1) <
14.18 +0.730° 14.09 +0.840° 14.19 £0.98° 14.22 £0.15° 14.26 +0.200°" , 0
Moisture (%)
)
82.19£0.811°  82.04+0.811°  82.86+0.811°  82.41 +0.029"  82.05 +0.811° e
Fat (%)

(P>2/00) sl sy pa 55 Sla pme OV 55 e adan 0l alie by

Similar letters in each row show insignificant difference (P>0.05).
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Table 2. Acid value of butter samples containing olive leaf extracts nanoliposomes

Shes! 30

Acid value & god

AT 4ISTD) ARISTY! ARBYP) ST Sample

Day 80 Day 60 Day 40 Day 20 Day 1
2.49 +0.01°° 2.37 + 0.04°° 2.22 +0.05° 1.73 £ 0.03%® 0.23 +0.01* C

1.11 £ 0.02° 0.68 + 0.03°° 0.48 + 0.05°¢ 0.34 + 0.02°8 0.29 +0.05%" Nso
1.03 + 0.03°F 0.61 +0.01°P 0.45 + 0.05° 0.34 + 0.02°® 0.33 £0.02°* Nioo
0.83 + 0.03% 0.60 % 0.02°P 0.39 + 0.02%C 0.32 +0.03® 0.35+0.03 Nooo
0.813 £ 0.01%F 0.52 + 0.05%° 0.38 % 0.04% 0.33+0.01® 0.35+0.01A Naoo

s gme OVt 5 g s Kby wlie 18 Syp Gy 5 Ot o 53 bajled n (P<e/00) Sls pme O3Vt 5 g 5 0 a0l i 86 SrsS g >

sl sy s s (eSS Ol b

Different small letters in each column indicate a significant difference (P<0.05) between treatments. Different capital
letters in each row indicate a significant difference (P<0.05) over time.
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Table 3. The peroxide values of butter samples containing olive leaf extracts nanoliposomes

eS|y se
peroxide value ST
AT AISTY! ARISTY! ARBYP) ST Sample
Day 80 Day 60 Day 40 Day 20 Day 1
1.80 + 0.09*F 1.88+ 0.08"° 1.92+ 0.07% 1.19+0.12%® 0.54+0.11° C
1.21+ 0.07°F 1.41+0.11°° 1.48+0.13% 1.20+ 0.08%® 0.60 £0.07°4" Nso
1.01+0.10°" 1.45 + 0.09°° 1.41+0.10°€ 0.94 £ 0.05"® 0.69 £0.05°* Nigo
1.17+0.17° 1.21+0.12° 1.39+ 0.08°C 0.81 % 0.09 0.65 +0.04° Nago
1.04+0.11°F 1.15+0.12°° 1.30+0.11% 0.81+ 0.04® 0.71+0.02°* Nioo

Oley b Jlsgme Ml 55y Sl wlie b S5 o 5 O o 53 bajlass (w13 ime OVt 3 5o 5 ains 0L wlis 86 S S o >
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Different small letters in each column indicate a significant difference (P<0.05) between treatments. Different capital
letters in each row indicate a significant difference (P<0.05) over time.
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Table 4. The Psychrotrophic total counts in butter samples

(cfu/g) s st s e

Microbial total counts (cfu/g) & god
A 55, [AIBTS ARISTS Yeos AISTY) Sample

Day 80 Day 60 Day 40 Day 20 Day 1
90000a" 50000°° 110007 5000 B 100 *A C
40000°" 20000°° 5000 7008 100 Nso
30000 8000°P 5000 5008 100 Nioo
20000°F 4000°° 5000 300 100 Nago
20000°F 6000°° 6000 400°B 100 Nuoo

Oley b Jlspme Ml 55y Sls wlie b S5 oy 5 Ot o 53 Wajlesd o Jls me O3Bt 5 g 5 olins 0L wlias 86 S S o >
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Different small letters in each column indicate a significant difference (P<0.05) between treatments. Different capital
letters in each row indicate a significant difference (P<0.05) over time.
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Table 5. Sensory Evaluation in terms of bitterness for butter samples

Sl bl (Sl
Average score of bitterness € e
AT ARSTS IST3! Sample
Day 80 Day 40 Day 1

1.55+ 0.65"® 1.45+0.71 * 1.38+0.44 C
1.48 +0.63* 1.410+ 0.28*4 1.42+0.35* Nso
1.52+0.70*® 1.38+0.25* 1.33+£0.23% Nioo
1.67+0.41°® 1.45+0.45°* 1.40+ 0.50 ** Naoo
230+ 0.69® 1.75+0.22%* 1.48+0.18 %A Nioo

Ol b Sl gme et 355 Kol wlie e Sy Coy o 5 Ot o 3 baslad w Slsme OVl 5 g5 ains 0L i b S S g >
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Different small letters in each column indicate a significant difference (P<0.05) between treatments. Different capital
letters in each row indicate a significant difference (P<0.05) over time.
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Table 6. Sensory Evaluation of butter samples in terms of rancid flavor

S5 bl (Sl

Average score of rancidity & god
AT \RSTS ST Sample
Day 80 Day 40 Day 1

4.81+0.70 % 2.28+0.49 *® 1.08+0.78 % C
3.77+0.68°C 1.98+0.50 °B 1.11+£0.53% Nso
3.63+0.66 1.50+0.34 8 1.15+0.62* Nigo
2.67+0.92°® 1.35+£0.79 4 1.12£0.39* Naoo
2.55+£0.38°® 1.30+ 0.55 4 1.25+0.78* Nioo

FF

Ol b Jls e Ol s gy Slo alie 6 Sy Chy o 5 Ogi a5 bajlasd (o Jls e O] 3 5o 5 otins OLES il 6 S S oy >

RGIOH O TRV ST IR

Different small letters in each column indicate a significant difference (P<0.05) between treatments. Different capital
letters in each row indicate a significant difference (P<0.05) over time.

oS sldigd NS cdpde o 25,1V dy
Table 7. Total acceptance of butter samples

S Sl pie el Sl

Average score of overall acceptability < e
AT ARSTS ST Sample
Day 80 Day 40 Day 1

1.75+0.45 % 3.18+0.62 8 455+1.03% C
220+ 0558 4.10+0.54 %A 4.11+0.29% Nso
2.61+£028°® 4.00+ 0.29 4 415+ 020 Nigo
2724 0.64°C 4.06+ 0.49® 437+0.594 Naoo
2.08+0.43 % 3.99+ 0.29 A 4.07+0.82% Nuoo

Oley b ol ime el sy s S0l il o S Gypm 5 O on 53 Lasled o Sl ime OVl 35 5 0 uasOLES wlie b SOz S By >

RGN RO FES R ST S

Different small letters in each column indicate a significant difference (P<0.05) between treatments. Different capital
letters in each row indicate a significant difference (P<0.05) over time.
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Abstract

Background and objectives: Olive leaf extract as a rich plant source of phenolic compounds
has significant antioxidant, therapeutic and antimicrobial properties. Today, due to the unique
properties of olive leaves, it is widely used in pharmacy and there is a great interest for its
application in food industry. However, adding it directly to food is not very satisfactory due to
its bitter taste, which may have a negative effect on the quality of the product. Encapsulation in
nanoliposome may be used as delivery system to protect phenolic compounds during processing
and storage. Butter is a high-consumption product and in terms of emulsifying nature and the
presence of a high aqueous phase in its composition, can quickly be rancid. Hence, this study
aimed to investigate the effect of olive leaf extract-loaded nanoliposomes on butter stability.

Materials and methods: First, nanoliposomes containing olive leaf extract (OLE) were
prepared and different OLE-loaded nanoliposome concentrations including zero (control
sample), 50, 100, 200 and 400 ppm added to butter formulation. Samples were stored at
refrigerator temperature for 80 days and subjected to physicochemical (determination of fatty
acids, acid number and peroxide value), microbial (total cold-resistant microorganisms count)
and sensory analysis (in terms of bitter taste, sharpness and total acceptance).

Results: The results showed that the addition of OLE-loaded nanoliposome had no significant
effect on butter composition in terms of moisture and fat content along with fatty acid profile.
Data from acid number and peroxide value showed that the addition of OLE-loaded
nanoliposome could prevent lipolysis,the oxidation of butter, and production of free fatty acids
and peroxides during storage. On the other hand, the psychrotrophic counts in butter samples
decreased further with the addition of nanoliposomes. Sensory evaluation also confirmed the
high ability of encapsulation in the form of nanoliposomes to prevent the bitter taste of olive
leaves and its inhibitory effect on the development of rancid taste.

Conclusion: Olive leaf extract can be properly encapsulated as nanoliposome to be used in
butter formulation without adverse effect on its organoleptic properties. Enrichment of butter
with OLE-loaded nanoliposome effectively prevent chemical and microbial spoilage of butter
and increase its shelf life.
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