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Fig 1 Preparation and production of cheese samples
with edible coating treatment
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Table 1 Specifications of Whey Protein

Concentrate
Specifications Amount

Protein (dry basis) 81%
Fat 5.5%

Ash 3%
Moisture 5.3%
Carbohydrate 10%

pH (10% solution) 6.1

1. DSM FoodSpecialities, Seclin, France



g P B e Bl Bl Sl b 50

Q\)KA.A 9 e:b’ J:l;- g}”L&

el o o 63,51 2 s L3 st o el 1SS
Shs i lasles aan 4 sl olas Lubyls U
piiai S ok e S5 A5 (P < 0.05) (ks pne s sbos
ol el s e Ll sl sla iy als [RalS )
Jees OLSI8= 505 ol sla by Sl 53 SS
bl 0 30 ol gla ids g sbandis S
rg)thS/OBw_LO/lZ Jol e 51, Sl Ad, cadl
Shidas S sl 55 52 r:i)bﬁ J@Ml/gg + 0/09 «
5ol il S cpl i 28 55, 5 o235l s,
o=l Gz 4 S il J s opliden; 2129 £ 0716
A4S hagh 3w 7169 £ 0/20 & J =5 sei 5o S
slaphs s S ol (2010) O 5 53l baw s
3 O st bBU (sl ol s sl SL
g 2 055G slacs S I 28 G Sl
oS ol OLES s cpl glaesls [18] s 3 1 agallans 4o
Pk S8 At Sl el sl lapld
(2006) 0LSen 5 ol S Slge o 1 paiion S
Sl Gl b e bl ol Ol 538 ity b
OLES sl sl 3 L3l 3y0e SLES 0 ol
L Ul e bl g5l 35 L by oS sl
53 [19] s B 1) e 5 SIS Al ole K ke
o 51 (2008) OIS 5 e 5 g8l e (6 505 anlllas
Sl a0l oS5 5 s LU 5l sk Sacdy
s ol el 3 eslinad Vlige oy ol a3
50 o st L sl o ys 8 (sl iy oS sl OLES
sy halS o LS 2 Ol w0 ) e 5 SIS A o
Oy 95555 o 31 (2010) SiSs 5 53,085 [20]
el Ly I oy 58l 35 Sl bbb
Ll 1 sl wleS 3ls QUi G ol slasls s S
5527 L5_19)3“,:4“)&!1/1 L ases 5 S Al Ll e
L imes ol s 6 [2D] s 2alS oS
el s cnillas (2013) LLLSs 5 5 1S s
o e LU 4 )3 0/02 05553 (o pioen ol s el
aiy (P OM05) (s lsloms b 4y ool * 5,598 iy
S 555,30 b Ssosba (hlas xS 1) e 5 S
712109 « 4107 51 J 55 €505 55 jess 5 S Ol e

1. Saloio cheese
2. Galotyri cheese

308

L(phs e 5l oS ke 40) 11 o OIS 0555
Jse 01 Slics U Jahoea2 Ml 3 5 0 bsee Sotes
3,8 sl a3 60 les 53 5 s = GBI les 53 2
Goble 3 e A3 (IS b S 55, 10 o o

A Lol i O e e b 4y O slite

95w s g3l -5-2
Gl opddsd Sl Gl eddag GlaeslEls e
T e s ele Glaiagn Ol sld an s A
TSB s Laoms 5l a8 CuiS oy g g 5 2
b sl s abiln] a5 S oled A ol
(W1 S 50) ST S Lo, polamt] CiS Lass 5l aslizad
w3 3T los 53 Uaeli Sl 5 b SIS gy & s
d4 7 3 Dsbeol; w3 cole 48 e w0 51 5 sl
E.coli s sU sl as plodl a5 5 ey 55,28 521
L BT S8 ciS lase 1 eslizad LO157:H7
w3 31 los 53 05l Sl ol 24 51 n J st e
17 s S sl
i oliwPDA S b 51 paiisn Sl b

S oled gl As el
Sde w5l e w53 25 (gles s bl S il
SS Goled e 5 0l @IS wlis S 55,5 I3
[2] s plot jass

Gl o 5 450 -6-2

3lass JalS oS ok al e tlesl 3l ol slaesls
S5 Oy Ol 5 i dises lajles ool g
(21 w2) SPSS sl 1 31,405 8 i3 sy 35
=l 53 ol e gla sl L eslinad Laesls 5T e
A 033 e by el LT Sl eslid
55 oSl lecaloior &3] 31 o oSl eyl i
0> bl eles o esbinad (P<O/05) s ls e o
e 5 3l sl el b L yls sas sy o3 S ool 1S53
4 0t 2013 LSl

&7&33@\.‘3—3

P3390, paches

J._.,;)J_:vS\)HL;;Auﬂ_mfﬁl_? @;:J



1398 %:)l 416 093 4870)@

Wy (6 i Sl Ky pl esle e as 5o 5o
Sl OAS ok 5 s 56 (2007) OliSen 5 Olss
sl 3o Vol sy 80l 1 i
S AE5 Ly, oS s LIS ey ol s [24] wsls 1 3
LA 31 5 st asls iy Sladignd 53 pasen
2l Glpan Sl Ly B LSy s Ol
S e e eals (g sladisad 03 S A RS
53 SRy 0 025 0313 DS OS] 358 2alS
D3 sl 3sse 5SS iy S 2 pdss el sy
b (S5l as ol 0L 5 ey ol s 23 S
Gt O5d Gladised 5l meS 0l el s lad ges
ol A s el byl NSTPNECCUIREp*
b sdodosls by slaadped ;a8 (Sopll s it
sl s Lo slaaly b oS L5 8 0l 05| 355 2alS

125]

Ol e LU b ol Hlas (slad g o3 Js <ol ol
353100 50> 3 g )55 0Lk 53 e 5 S
U s =5 @l b emes S0 ey s [22]
Lol s idg sladisas 55 .[23] )l Slses (2012)
S Lajlas oled 3 OLIS= 53 sl ol s
gy Ll s gad (b (g25m0 LS5 Ly o n S paden
g S el Sl el Gl i s ek sed o3 A
Ggad s oo Comer (LGS 55528 b s S sha
0/20 4, Iy 5/01 + 0/05 sus el sl e 51 J s
Sla iy ladssed 53 aS Jl- s scal a5l 7/69
Slachle by s sy K 6/87 £0/11 us) Olps Slas
0/05) i sdalive (13 sonn oslis OUSISS= 55 s
S8 Ay A, (M Iyl aia 53 b s (P>

wai oliosls L}.:M\;JJJ L;LAMJA.: BEl ffjjﬁ;f’%w

Table 2 The Effect of WPC- based edible containing Natamycin and Lysozyme-Xanthanate Conjugate
on Phenicillium Chrysogenum growth in UF cheese during 28 days

Days
28 21 15 7 3 1 Treatment
7.69+0.20  7.56:0.04%°  7.77+0.04 7.16+0.02° 6.61+0.07° 5.01+0.05™ Control
453:0.13%  4.49+0.11% 3.62+40.15" 3.82+0.11"° 4.53+0.13%* 5.04+0.11°®  Coating + 10 ppm natamycin
4.14+0.20®  3.68:0.21%° 3.82+40.11%° 3.24+0.06" 3.92+0.08%° 5.05+0.09™  Coating + 20 ppm natamycin
2.29+0.16%  2.19+0.20"  1.99+0.09" 2.34+0.12%® 3.28+0.17® 5.08+0.12°®  Coating + 30 ppm natamycin
6.73+0.03°  6.58+0.01% 5.60+0.04™ 5.31+0.01 5.15+0.01% 5.00£0.03®  Coating + 200 ppm Lyz-Xan
6.76£0.04°  6.60+0.02° 5.65+0.07 5.39+0.07% 5.13+0.01%" 4.99+0.03®  Coating + 400 ppm Lyz-Xan
6.87+0.11°  6.64+0.14% 5.62+0.09™ 5.31+0.07% 5.12+0.04% 5.00£0.02®  Coating + 600 ppm Lyz-Xan

*Values are mean of at least 3 replicates * standard deviation between means.
*A-DDjfferent uppercase superscripts differ between ripening times within the same sample (P>0.05).
*dDjfferent lowercase superscripts differ between treatments within the same ripening time (P>0.05).
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Fig 2 The Effect of WPC- based edible containing Natamycin and Lysozyme-Xanthanate Conjugate on
Escherichia coli O157: H7growth in UF cheese during 28 days
A-D Different uppercase superscripts differ between ripening times within the same sample (P>0.05).
a—d Different lowercase superscripts differ between treatments within the same ripening time (P < 0.05).
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Fig 3 The Effect of WPC- based edible containing Natamycin and Lysozyme-Xanthanate Conjugate on
Staphylococcus aureus growth in UF cheese during 28 days
A-D Different uppercase superscripts differ between ripening times within the same sample (P>0.05).
a—d Different lowercase superscripts differ between treatments within the same ripening time (P < 0.05).
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Table 3 The Effect of WPC- based edible containing Natamycin and Lysozyme-Xanthanate Conjugate
on cheese starter activity during 28 days

Days
28 21 15 7 3 1 Treatment
7.66+0.26™  8.19+0.31%  8.27+0.29® 8.36+0.27° 8.93+0.08"™  8.16+0.12% Control
7.81+0.09"  8.36+0.31%"  8.34+0.32%"  8.45+0.32%" 8.99+0.09°° 8.19+0.16°  Coating + 10 ppm natamycin
7.87+0.15"  8.3+50.29%"  8.30:0.32%°  8.40+0.24%*° 8.89+0.13%° 8.16+0.14®*  Coating + 20 ppm natamycin
7.79+0.12"°  8.31+0.24%®° 8.35+0.28° 8.48+0.13® 9.04+0.13% 8.09+0.20"®  Coating + 30 ppm natamycin
7.53+0.33"  8.17+0.28%°  8.39+0.31%° 8.28+0.33°" 8.88+0.24°° 8.24+0.19%*  Coating + 200 ppm Lyz-Xan
7.23+0.36"°  7.89+0.30°®  8.01+0.29°° 8.02+0.15°" 8.97+0.25"" 8.11+0.28%*  Coating + 400 ppm Lyz-Xan
7.17+0.23"  7.66£0.27%°  7.76+0.22°*  7.8240.12%  8.62+0.27° 8.29+0.20°  Coating + 600 ppm Lyz-Xan
*Values are mean of at least 3 replicates * standard deviation between means.
“AD Different uppercase superscripts differ between ripening times within the same sample (P>0.05).
“ @ Different lowercase superscripts differ between treatments within the same ripening time (P>0.05).
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In this research, the effects of whey protein concentrate based edible coatings containing different
concentrations of natamycin and lysozyme—xanthan gum conjugate were investigated. For this
purpose, Escherichia coli O157:H7 (as an indicator for gram negative bacteria and also resistant to
commercial pasteurization), Staphylococcus aureus (as an indicator of gram-positive bacteria), and
Penicillium chrysogenum were inoculated to ultrafiltrated white cheese surface and the microbial
properties of cheese samples were evaluated during 28 days storing.The results showed that all coated
treatments significantly reduced the growth of Penicillium chrysogenum. Natamycin-containing
coatings have been more effective in reducing the mold population than lysozyme-xanthan-containing
coatings. Coated samples containing 600 ppm lysozyme-xanthan reduced E. coli O157: H7 growth
2.09 log compared to control samples.Also, the growth rates of Staphylococcus aureus were lower in
all samples treated with lysozyme-xanthan than control sample. The lowest growth rate of
Staphylococcus aureus was observed in the coated sample containing 600 ppm lysozyme-xanthan on
28" day, with a microbial population of 2.60 logarithms. Unlike other treatments, the growth rate of
Staphylococcus aureus in the sample coated containing 600 ppm lysozyme-xanthan was descending
over 28 days.The results of this study showed that whey protein based edible coating can be used as a
carrier of natamycin and lysozyme-xanthan in optimal concentration, for increasing the microbial
quality of UF cheese.

Key words: Edible coating, Escherichia coli 0157: H7, Lysozyme-Xanthan conjugate,
Staphylococcus aureus,Ultrafiltraed white cheese
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