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Fig 1. The effect of Butcher broom (Ruscus hyrcanus L.) extract on moisture content (%) of oily cake during storage; Different letters
indicate significant difference between samples in each time (P < 0.05). The dashed line represents the threshold limit.

ol 35 aea oo pLad |y Wiged ilsed 5 ST sz (slav]
0,99 b (288 Slge oS Aomiw )0 e 23 G
2SS 5 ez 392y [FF] Wiie Ol 4 5l
o 5099 ()7 OgeslienST Cd iy 5l S S
5 prb adox 5l 89, S o TRy 50 (Sl
slodiges ;o asli g0 ol Slpess (V) IS8 005 o o
ol 1) (e slos )3 55, F0) 6 IS5 (9 (b S5
Y T L R W RPSINTE Py R
S sloaasses (aaluSTolud (e 2 pley <235 L

rlowd bS5 wlEAlgS go)las LU YY
9y S
Slysizme g PV) STy aslis (ol pl (Lo o jlaibenl o
ol olud @3l g0 laie a4 FFA) of5T G ol
Ayl Jo—amme oS 000 Sl £ yhae SIS0
Al onl i b oS aiien o)z 5 oy, ol
B e R S BUS BT BUCREL PRI P
adgl Jolye pansis 6l ol SLulid STy
Sloizms Gauwl ol fuiman [FY] cul LS|



ul)li&m 9 (SO0 oy

¥V c s oL F ous ligs e, o las b S 6, Fuile il

go)las alin Sl o) wb BT S 55 Ve g
—ialaSTas alus 5 IYY] Gol mgh o ais) 5«
§ A8 oo o) ot ST sland b 39,000 sloal b
S5t el o3 (9 SN L 5 p0 il S shoal b

ST (S Sl 5 prizpen g oo Sl SlaS y

J—lse) 6508 slapygm (59,5 4 &b 5l ol (e

WSl Bdo g Al (ST (ilads B L (GlanSTs

Y 0] oS Jleel slid 5l 6,8 ol 0 1 55 cuie S
Les

o S (B DS 5 oy 4 b ey LS 5 Ll
o 5 H3eST59) (65l Ll g 238 goole a3
Coico o |y Loyl sl eslial ol opl astes Goles (YL
|y Lol (i il g oo 5 3l s azlse (2l L 132
SlaS 5 Slbgigye anlp aes Ghals )l gxe 5k
b bS5 ol 5 eblis sl ganie Jol) Jbb
565 giegi ol o [0l asl lid slge (eSS 5wl
s Eemo g (S ogille (pBli> (Shy L @
S sojlas Dl,35L gl S B dsS (g0 las
ald U e g0t il gl e b 4
i e 1S ey ols Bl S 5 Gl
o U8 53 Glinoigys 5 331 slaojlae coe 15
e e a] asles S o lal plgil Y game yo ialuST
5 a1y a3l gl iy BB sailia] [0 F]
s Y meq O/Kg iy ar g, S sl (gl Ll
RO I PO 1 WA & RGO DNV P DRRWRNRY L {
VO 5SS J5S eiges aenSTn el [l 5l oS Jl>
9301 soslias L ool lad (saiged iy (g B b 5o,
Go3game )3 55, FO 5l ey 5 VO 050> SLBgy 35,0
obo) 3= FFA Lazli gasly ool J1 8 o laski]
osbas boad jlod (saiged wald saises S5 5 B wle

D93 55, o g YO AY oy 4y oad Sligy g, 9 o\ﬂ

lraigas yo olid ol Ll (P<+/+0) ol 00l 05533l
CNges )" ).‘(‘,5 LS)“)LSL’“’ )5.]4: 4 U»BAJBS 60)La_c le)lo
s 6,0 oley L o 4 I s e cals
Sade cpl 0g O/FY Meq Ox/kg S sdigad jo aunSTlyy
o Slings y9,8 3 331 (g lac b oo Jlewd (siges 4o
o li 09 VIAY 5 YIAZ meq Ou/Kg s 5 a4y (wlsalsS
oles ol o wals gatisel s ol oy z (slao
S50, Golas sl saiges 2l 0 G )N
Sl €L IYA 9 VY 5 4) ogr ol alsS (o0
o Glig yg)0 az g ol JSb 4 4z WA (o lac
4 Aol Gli8l 51 pase aiS S ) an sl sy
loog, 4 ;500 A5y 5 JgpedS Jomslis 5 5l
S s2leSTL 5 s oy sloosyslyd 50 35250 i S
5 ddwl 09 Fomb ade oplplo dF0] sgs o ool
e Ol ) b dsS Aol il lajles
Wlgs e a5 el ojlae ol oS T cools cle
sloam 5l g ol oz slaal Gili 8l 5y pue sl

Te8] wsl Seds oun
alidee JUad Gy OlaS 5 jed> o 4 uBalsS olS
5 Lol wsas il Gloiminle SlaS 5 5 bagilwsi]
2y el o—ioluSTas Sl e Lo gloa g0 5
Olmme LEA LBV AT il sols olas ot slaimgiy
A5 ey Gl iRgiy )0 ojlas (nl LS OlS S
ol_zf )1 03— C‘)Jr.»_.u‘ ‘_go)L»a.c ‘si‘m“ru] uo|9_>
S /Y 5l Gy OPPH s ) oS 5T 508
039 P51l SIE VAN MY s 5 s laaSgigdld
PVFY MY g S 59 Ve e g 0 VW /O MY St



VE- ol oY oyl WA 050 dié Canio o waz sl slid aslila

Yvy
\

mextract mnanocapsule

A
A
B
3 A
B C
2 C I
BB ==
 mas HHE Il I
Bl sin s |
0 15 30 45

Storage time(day)

= control
6
~ 5
o
X
N
3 4
O
()
£
>
o
0
= Control
1.4

1.2

FFA Content (%)

0

m Extract = Nanocapule

A

0.8
0.6
0.4 A B c C
0.2 . B B

A A A i

Aan - i

15 30 45

Storage time (day)

Gy 106,005 olyso Jsb o s, S () oyl oo ym ool B 5 (MEGKG) oSl s (aSLIA e o el 5 o las 1 (V) S5

el eyl ol i pdy ailiw] Goaimolis cop bas (P < /0 0) s o i 1) ey 0,90 o 10 bdigei G o cire igles Siglate

Fig 2. The effect of Butcher broom (Ruscus hyrcanus L.) extract on A) peroxide value (meg/kg) and B) free fatty acid (%) of oily cake

during storage; Different letters indicate significant difference between samples in each time (P < 0.05). The dashed line represents the
threshold limit.
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Fig 3. The effect of Butcher broom (Ruscus hyrcanus L.) extract on mold and yeast contents (Log CFU/g) of oily cake during storage;
Different letters indicate significant difference between samples in each time (P < 0.05). The dashed line represents the threshold limit.
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Table 1. The effect of Butcher broom (Ruscus Hyrcanus L.) extract on the color measurement results of oily cake crumb during storage at
room temperature

Kigos (59 BN Qo)
sample Storage time (days)
P 0 15 30 45
L*
Cont. 74.28+0.98" 68.41+0.76%°  62.15+0.98¢ 57.70+1.76%¢
FEX. 79.74+0.88"  73.58+0.6™ 69.20+0.35"° 62.91+0.775¢
Enc. 79.75+1.03% 75.41+£0.79"°  71.70+0.63"° 68.41+0.76"°
a*
Cont. 3.86+0.12"¢ 4.31+0.07°° 4.91+0.07"° 5.32+0.10"
FEX. 3.25+0.14°%¢ 3.60+0.08%"°  3.95+0.08%° 4.41+0.065°
Enc. 3.1740.17%¢ 3.48+0.04%%  3.77+0.108%® 4.11+0.02%2
b*
Cont. 43.23+0.92%*  36.00+0.15®°  30.21+0.51°° 25.05+0.28%°
FEXx. 45.88+0.14" 42.07+0.28"°  37.79+0.92%° 33.88+0.465¢
Enc. 45.16+0.02"%  42.66+0.68"°  40.66+0.78"" 37.85+0.38"°
AE
Cont. 2.063+0.86°° 10.90+0.28"°  19.27+1.026"™°  26.12+1.34™
FEX. 5.55+0.61°° 3.21+0.11°¢ 8.97+0.56°" 15.97+0.8852
Enc. 5.47+1.03"° 2.79+0.93%" 5.23+0.36%" 9.40+0.18%
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Values are mean + standard deviation. For each color parameter. different small letters in each row and different capital letters in each

column indicate significant difference between samples (P < 0.05). Cont: control sample; FEX: Samples treated with free Butcher broom
extract; Enc: Samples treated with encapsulated Butcher broom extract
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Table 3. The effect of Butcher broom (Ruscus Hyrcanus L.) extract on the color measurement results of oily cake crust during storage at
room temperature

Sample Storage time (days)
P 0 15 30 45
L*
Cont. 42.58+1.40% 36.41+0.56">  32.15+0.25 29.70+0.37%°
FEXx. 58.07+1.24"%  50.75+0.70"°  45.24+0.91°%¢ 39.18+0.565¢
Enc. 57.60+0.55"%  52.79+0.48"°  49.17+0.55"° 43.08+0.69"
a*
Cont. 14.86+0.36"° 15.92+0.04%  16.37+0.23"*  17.01+0.04™@
FEXx. 13.55+0.145° 14.03+0.02%°  14.92+0.045%° 15.15+0.0552
Enc. 13.32+0.305¢ 13.93+0.09%°¢  14.28+0.095®  14.92+0.04%
b*
Cont. 29.08+0.6952 24.44+1.37%°  21.96+0.68%° 18.05+0.745¢
FEXx. 32.84+0.42"%  30.57+0.45"*  26.00+0.79"" 21.99+0.77%°
Enc. 33.17+0.39"  30.16+0.02°%  28.04+1.27"° 24.87+0.39%°
AE
Cont. 1.14+0.00%¢ 7.89+0.37°¢ 12.79+0.62"° 17.25+0.18™
FEXx. 15.99+1.09%  8.35+0.61°° 4.07+1.20%° 7.87+0.95%°
Enc. 15.64+0.46™2 10.31+0.49"°  6.75+0.73%¢ 4.27+0.31°°
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Values are mean * standard deviation. For each color parameter, different small letters in each row and different capital letters in each

column indicate significant difference between samples (P < 0.05). Cont: control sample; FEX: Samples treated with free Butcher broom
extract; Enc: Samples treated with encapsulated Butcher broom extract
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Table 4. The effect of Butcher broom (Ruscus Hyrcanus L.) extract on the sensory properties of oily cake crust during storage at room

temperature
Sample Storage time (days)
0 15 30 45
Color
Cont. 4.8+0.422"° 3.6+0.516™  3.3+0.483° 2.9+0.568%°
FEx. 4.7+0.483 4.6+0.516™ 3.9+0.316™° 3.3+0.483 #B¢
Enc. 4.7+0.483" 4.8+0.422" 4.00+0.4717° 3.7+0.483""
Flavor (taste and odor)
Cont. 4.8+0.422"° 3.0+0.471%° 2.4+0.516%° 1.8+0.632%
FEx. 4.4+0.516™ 3.8+0.632"° 2.7+0.675"F° 2.3+0.483%¢
Enc. 4.9+0.316™ 4.1+0.738" 3.240.6327° 2.8+0.4227°
Texture
Cont. 5.0+0.0™ 3.1+0.32%° 2.3+0.48% 1.9+0.57%°
FEx. 4.8+0.42 " 4.1+0.57% 3.3+0.48"° 2.5+0.53"°
Enc. 4.9+0.32 " 4.7+0.32" 3.8+0.63" 2.9+0.57%°
Overall
Cont. 4.87+0.25" 3.13+0.17%" 2.52+0.33%¢ 2.02+0.39%°
FEx. 4.58+0.25" 4.03+0.46"°  3.08+0.42"° 2.53+0.35"¢
Enc. 4.86+0.17" 4.42+0.36" 3.53+0.44"" 2.98+2.28"°
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Values are mean =+ standard deviation. For each sensory property, different small letters in each row and different capital letters in each

column indicate significant difference between samples (P < 0.05). Cont: control sample; FEX: Samples treated with free Butcher broom
extract; Enc: Samples treated with encapsulated Butcher broom extract
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Abstract

Oily cakes are susceptible to oxidative and microbial spoilage due to their relative high levels of unsaturated
fatty acids and moisture content. Plant extracts have a good antimicrobial and antioxidant potential. However,
bioactive compounds of these extract are unstable in processing and storage conditions. Encapsulation technique
is considered as one of the best strategies to overcome this challenge. Therefore, the aim of this study was to
investigate the efficacy of free and encapsulated extract of Butcher’s broom (Ruscus hyrcanus L.) leaves (0.7%
w/w) in retarding physicochemical, microbial and sensory spoilage of oily cake during 45 days storage at
23+3°C. The results show that the moisture content of treated cakes with Butcher’s broom extract was
significantly higher than control ones (P < 0.05). At the end of storage, the lowest total color difference (4E)
value was recorded for treated with encapsulated extract (9.4). The Butcher’s broom extract showed a
significant antifungal and antioxidant potential. The lowest yeasts and mold counts, free fatty acid and peroxide
value was obtained in cakes contained microparticles. The total sensory score of samples treated with
encapsulated extract was higher than 3 (threshold acceptable limit) for around 40 days. While this time was 15
days for control samples. The shelf-life of oily cakes containing free and encapsulated was 1.8 and 2.3 times of
control samples, respectively. Overall, encapsulation of Butcher’s broom extract with maltodextrin/gum arabic
(50:50) is recommended to improved shelf-life of oily cakeits byprotection effectsagainst chemical and
microbialdegradation.
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