'YV b\:;ﬁ- Ao 69> A\ e)Lo..i (;;‘:"‘hﬁ)‘:’ CMZ\JJL:)&U& Gme E) r}l"’

L 09 U b v 58 (i ght WS (SlSUS' 8 (DO i 93 (S Hlwding
Sl w9

R ‘D@U b 6lg

.glﬂuwwwml;510@:;13‘1}%—Wb)»\)w\;\;@u”,l;%fwu)\wu)sé}@m-\
d‘ﬁ‘w}d&lﬁéu&ﬁj}i QL&)LA ,6))1.'3 S ) cxm}ﬁwmw—v
Ol el e oD 33T o83l gy = cpalys Aoty (2l o 5 sk 05 8 LSl T

o ALS>

555 r 03 o B oS ST o Ss 8 5 S Pl e 21 Slse 3 s ge 58 ar 4 3e 5 3 Sl (olan 2
S 3 o g e i s Sl Bl bl 5 5l b 8 6 eSS (il bl A el s Sl i
FAS Osk GBS @ Bl D358l 5 s B0 e il Sl eslial b ey cnl 0 20,8 (Sl sl a5 Olley ol s
5 b anlis Sl (T eld St b sl .l giledug WOSS ool ileid s A i Jauld welsl 53 5 Ld )
s 5o b5 S s 55 Bl pas e 53 S Gl e 51 A els A (SIS 05 (LSS (5, (1)) e LSS
waldd Jhdg b Sl ol S8 ml el 038 15 e b0l e 5 S Lol D)l 5wl DL ek 5
Sl gl s S eslinal b 03,5 St slas 5 ek CBlE 5 s Ol @ged e A3 Sl SRags e aelsl (sl 203
(et A Ol gy 4l Ol e w508 Sl a3 Y 038 it gles 5 )3l LYY Chl (s il A5 g5lane: (RSM)
535 B o Ol 51l iy asad 53 (TSl Al als OLES s A3 o ugr a3 et esls il el 53 (B 5L
J513 53 1 il (Bl Wl e b @uliS VY [hi g nlaly 5 Oles Sde ead 53 Aald 6505 1 S g 5 BB Olge 4 o0

Ao il K ol e 3 KS

St (S3lo i s (A 5 (5 S Dsk SIS 0Bl AdS

zare@irost.iruis. J o ?

Yov



ol g8 58 BB G js s iy sileang

UL 5 ole

S 8 0T Oleys L3 e ) & plagslen 3 (S
o D sl sl el SU goleg LS 0 Wl 1) ege
25 Kl OO 3 e IS Ol 4 06 DDl
S iy Jle 3 ol SlE 5 ol pde D50
o 3 GRS s 0 Sn s58 s dr mh (gole
et O Sl 250 (i Blpe Ol a4 3B 53 5 w8,
3505 Gl Jold o2 Oleys SU Lol an 55050
U st el O 55 Sa i b (655,46 e s
Ll ol 53l L 0 01l 53 obow () paed Aas e DL
ol iy 65V g ysiS s b oanlis 53 oS
03 Fad Sl e Rl Y B0 005 53 olew cpl gt
Sse Y sane Solo ol LS 5l 6 ,S sl sl .l Ol o
34 e o Olsley ! 2l 3 31 588 Sl Ll
IS e sl ] M 4 S S b
SOl opl s Gaas sype oM Sl ol S

Ll I3y 55 ol el
DL 5 oS dmen BKS ol slge o 505 e 3l S
G D pae 558 U5l S SUL 4 s 53l L
s ol msate S L e XS
5L a5 el b ety o el Y g
L LS Ol e ool ols (63L5 2 0,8 b pme & g
Srae 3| s GlE Jpams 5008 5 Ghhe Sl b
i e S e bSS Gl 58 S
sl K Olge 4 WlS e LS s | Sles clle
i e | Shas G2 Spe A5 Cer w2
SIS BT L Gl Ol e LSS Gl g
Sl sl fdsy e 5 03500 (3l o6 Pk L
s 0as b ol Tonel s Slein Olpe 4 B0 S
S Olss e R Skl asde 8 Ou
LS S Ot sl S 558 OS] T
Mlasy 53 Ol w olsil B agsley &0 5 Sty
Al s bislan ol 4 Ml dates &S _SUL
05 8 0S4 Gl ok B LS 5 e
oalinad bl 213 slse w0 Ll 03 5 Wl 5 o3 b
S 338 elen gas iy i il sl
S oslial as fds el 3 eslitul 3,58 2lge 1 530008 5
S B SL sl ol (Sh o sle e
WaolanST ol sl el 5 13 slge Lais s |, sl S

Gk slge S o (3L o 5 LaesilS 1y S L,

YoA

dsdis —\
ol il Glacais 5o anws 5 Sd Ll Loyl
slaly 5o Sl slasls uals PS5 sl be
Sl 5l Sl S sl 51l azils ) anw s ol
R e R
o Oler el 3 baimis by 5 n SE g s
Slr s S ool O53l5ss B S s s Dled
el 51 ol 45 agap3l U slge 035380 51 (5,8 sk
SSes s SSE
ey Jbs 4 OBuSu 5 2y (dl pele bl
oo b 1 Shee 5 ST ol S Mg g
] Comer o 5 QWS e cadl oS il
Slosle SSE 51 olae slse 4 | Xles 0 515 2L

QKJA.S\JM 6‘)’ Col ob}:}

Ol 5 Codl il g 3 Lapsln s 5 Laols| s
ol 033 OLES (654 gyl Sladllae ilods 28 Lo ey
ol s rals s Jlb b Shes slalie B pae oS
ol el s S b el 34 Ol
Sk 5 sansmel el s el o L
s 5 ele Glacd iy pde Plr s 055 1A
& 5P DS pae b el o3 5 o a8 WG 5
3 i 5 e Jsb (SH5 kS spe s LI 1B
IS s S s B Ol sbsley
bl Sl Vs aedle agslen opl Jle i iy
e sy adlge ol wbs 5 Sl Sl bagley 2l &S
5 S 3G S IS oK s SO
St i LS e olis el 0 g0l o S5
A SLS 5 sk 5K wwe ol 3 gldE sl
b sl 5 gdas Ol 5 Ll g aplanst &1 =,
5 OgoldeSt S5 g T b Ll e o
SISl a5 1) 0d gladsle 5 03 S ablis Lacils
o Ol 5l F o 0l b gl S il sl
G S 5l S 1 e LS5l o] Ll
Jl b 5 Sl Npdm sl Ko Sy 5 (935 f e
Sy oesp LSS wlgls 5l sk S .
(i Sl 3l OlnST BT ) el OlST s
Shegta GBSl s A 5K O flsl 5

L]t o 5 Topls



W“\V >|Jj>.' u\o 092 LV-\ G)Lwi

Ao sl 5 s e 3 g dal B eslanad LB AL
o SV pame cpl Gy Ol (o L5 L LS e
338 gy ol 033 Ry 50

Lokl eals idy 58 BB slss Silweslal g
1Y sl ol gl Il o e b3 K2 4 jackse
Wl o Jald B s s 535 5l e S ks
ol e Ve e DL 5 s Al Ol
(b DRl oS 2 /010 IS 5l 3 Jsloe 5 A3 Jo lade
A sl oS Sl a5 WYY gles 3 4lds 0 s
e Sl IS a5 bt ptT gsald oy 4 e
Oy Osd wped Sy LA sl g LSS S
o3ls g SAKS s A a3 S L js dals Olge w
Osl 55 318 ol am s 00 glas 3 diBs A Sode (gl el
by B esls 55 (Ol Cotla /0 and &S L5)
Jls LS s Sast Sl e 8w S Gl sl
LS i e T o g

A SN SS en o el g b LSS a3y 5l
G Sosde Opeil Sl esliad L oSdl 5 p oS, b
Sl e ge B A S 15 e oLl 5 slilai
5 &S sbml 0Ll a0 51 S sy relin U S 55
& ges led (Sl g 0ok (LSS L Ll Bl
0313 QL3 YV Jar o sl a0 L3501 sl 0 dd 4 sla
RGO PR W+

Wl 5l plmil e e L3l VO o e S
3 e pab b i gy O (08 gad o o L atl
o L1 aol)) Al al ey 8505 S5 S0

VRV g Lgﬂﬂ}J@Jf

b S5 s padds s 515 (65550 b Dl IS5 @0 il 5 o
Oy JSE s ol sl S 058 Sose w s
I¥],8 515 08US8 lagis, b talr ol slpe 535
L6 s Sl s Fass ol rL>u‘ O G pl by
Gl b s St b U0 Sk b S
Sda 5> Syl 5 58 OS] 4 plas 03le K Olge @

sl (65106 Ol

UAUSJJJAUA -y

B2 P gl KS ag NN
33 edide csle GBS sl 8 SIS g Gl
Sl b s b o (Sl O S eslizad b § jaesd sde
soS e SV e 02,5 SO K0 Bk s S S
plad Culgs 52 5 a8 byl Drea b S5 oy o S0
4 et g okd byl oa b 5,1 p S YOH Lol s 3l
Ve Sde 4 et OF 5l e A enls Gy 4ids Yo ke
S day 558 Semmeia 0T LB A a,y GBI glos 55 sl
5kd el Ko 8V laels 4 e cell YE
a3 Te e 4 oS mle sam s 1Y sles s WSS

WP L

Bl olweslel 5 LS s jidg —Y-Y

(Jyl > 0) wr 2L g
Sl b iy SO Sl 5o by sSU g Sage 51 S
Ll QBS G me il e Y g as idp
S ot bl Sl b il S el (S
SEAS S pae sl Sindy JB &S Gope 5o Ll il

Table 1 Formulation of coated cakes with different biopoérs for evaluation in hedonic test

Test

NO. Feature
1 Gluten free cake coated with 186dium caseinate solution
2 Gluten free cake coated with 1% xanthan solution
3 Gluten free cake coated with 1% sodium alginatatsni
4 Gluten free cake coated with 1% corn starch satutio
5 Control (no coating)
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Table 2 Formulation of coated cakes contain betateae in biopolymer or inside of cake for
evaluation in hedonic test

Test NO.

Feature

~NoO O~ WNE

Gluten free cake coated with 1% corn starch satutio
Gluten free cake coated with 1% sodium caseindtgiso
Gluten free cake coated with 1% corn starch salutientain 0.28 mg Beta-carotene
Gluten free cake coated with 1% sodium caseir@tgisn contain 0.28 mg Beta-carotene
Gluten free cake contain 2.5 mg Beta-carotene doatit 1%corn starch solution
Gluten free cake contain 2.5 mg Beta-carotene doatitn 1%sodium caseinate solution
Control ( no coating)
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skl Response Surface Methodology (RSM)

Table 3 Selected factors and levels for optimization us&R8M

Factors

Test NO. Biopolymer concentration (%) Drying temperaturé()
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Table 4 The average of acceptance of samples in thesfige using five points hedonic test.

Taste rate Aromarate  Colorrate  Tissue rate Sample
3/6°0.70 3/4%1 3441 3/3%+0.7 Corn starch
3/2°+0.78 3/4%£0.56 3/4+0.73 3/3F+1.1 Xanthan
3/1%+073 3/2°£0.92 3%0.52 3%+0.81 Sodium caseinate
2/9°+0.99 3%0.63 2/7%0.81 2/6+0.87 Sodium alginate
2/9+1 3/1%£0.51 3*+0.86 2/9°+0.91 Control

Means within each row with different lower case significantly (P < 0.05) different
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Table 5The average acceptance of taste of samples setiend stage using five points hedonic test.

Coated cake Average acceptance

With 1% corn starch solution 3.5730.7

With 1% sodium caseinate solution F%0.73

With 1% corn starch solution contain beta carotene 3.86%+0.83

With 1% sodium caseinate solution contain betateam 3.680.9

Cake contains beta caroten coated with 1% corolstolution 4.2:0.67

Cake contains beta caroten coated with 1% sodis®icate solution 3.450.83

Control (without beta carotene) 2"28.96

The Means within each row with different lower case significantly (P < 0.05) different
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Table 6 The average acceptance of aroma of samples settand stage using five points hedonic

test
Coated cake Average acceptance

With 1% corn starch solution 3.2.73

With 1% sodium caseinate solution 36063

With 1% corn starch solution contain beta carotene 3.53+0.91

With 1% sodium caseinate solution contain betateam 3.48:0.82

Cake contains beta caroten coated with 1% cornlstolution %0.84
Cake contains beta caroten coated with 1% sodis®itate solution 3.780.7
Control 3.33+0.48
0.05) differeréMeans within each row with different lower case aignificantly (P
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Table 7The average acceptance of color of samples inebensl stage using five points hedonic test

Coated cake Average acceptance
With 1% corn starch solution 3.868:0.63
With 1% sodium caseinate solution F%600.73
With 1% corn starch solution contain beta carotene 3.66°%0.9
With 1% sodium caseinate solution contain betateam 3.260.77
Cake contains beta caroten coated with 1% cornlstolution 4.280.86
Cake contains beta caroten coated with 1% sodasgaicate solution % 0.84
Control 3.06+0.7
Means within each row with different lower case significantly (P < 0.05) different
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Table 8 The average acceptance of texture of sanmplbe second stage using five points hedonic

test

Average acceptance

Coated cake

P°3.13+0.51 With 1% corn starch solution

€2.86+0.83 With 1% sodium caseinate solution

a3 93+0.79 With 1% corn starch solution contain leeteotene

a3 33+0.9 With 1% sodium caseinate solution conb@ita carotene
%.06+0.7 Cake contains beta caroten coated witltdi%b starch solution
%.06+0.79 Cake contains beta caroten coated witlsddium caseinate solution
€2.53+0.91 Control

Means within each row with different lower case significantly (P < 0.05) different
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Table 9 Experimental design for beta-carotene stabilityirdyicoating at Day zero and seven

Beta-carotene (mg/14g cake) Factors
Day seven Day zero  Biopolymer concentrations Drying temperatures
0.97 1.17 15 50
1.01 1.14 1 55
1.24 1.18 0.79 50
1.07 111 15 57
11 0.92 15 50
1.09 1.08 15 50
0.95 1.28 2 55
0.98 1.10 15 50
1.01 1.16 15 50
1.07 1.17 2.2 50
1.15 1.20 2 45
1.07 1.17 1 45
0.92 1.02 15 42
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Table 10Analysis of variance of drying temperature andoblgmer concentration at Day zero

Coefficient
Source . f-value p-value
estimate

Model 1.09 0.90 0.531
Linear -—-- 0.36 0.712
Temperature 0.018 0.33 0.581
Polymer concentration 0.019 0.38  0.557
Lack-of-fit - 043 0.741

R-square 39.08

Coefficient of variation (CV) 7.9%

Table 11 Analysis of variance of drying temperature andobigmer concentration at Day seven
Coefficient

Source estimate F-value P-value

Model 1.07 1.01 0.478

Linear - 0.43 0.669

Temperature -0.008 0.06 0.812

Polymer concentration -0.029 0.79 0.403

Lack-of-fit 3.52 0.128
R-square 41.82
Coefficient of variation (CV) 8.3%
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Table 12The average amount of Beta-carotene in the caategbles and control at Days zero, three
and ten.

Beta- carotene (mg/14q) Day
Control Coated samples
2.285%+0.34 1.989"+0.02 Zero
1.885"+0.15 2.124%40.13 Three
1.134"+0.16 1.417%+0.31 Ten

Means within each column with different lower case significantly (P < 0.05) different
Means within each row with different upper casesagaificantly (P < 0.05) different
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Fig 1 Appearance of cake without coating (control)

after 10 days storage at ambient temperature

Fig 2 Appearance of coated cake after 10 days of

storage at ambient temperature
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Table 13 Water activity of control and coated sargilDay zero and seven of storage

Water activity (%)
Day seven Day zero

Sample

0.24 0.31
0.26 0.78

Control (no coating)
Coated cake with 2.2% corn starch salutio
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Table 14 Moisture content (%) of control and coatahples

Muisture content (%)

8.09%
16.07%

Control(no coating)
Coated cake with 2.2% corn starch solution
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In celiac disease, patients are not capable tcstige gluten of food. Beta-carotene is precureor f
vitamin A and one of the most powerful fat-solubtgioxidants. Enrichment of gluten free cakes with
beta-carotene and extension of shelf life of bet@tene by coating can improve nutritional quadity
diet in celiac patients and even healthy peopléhénpresent research the effect of coating ofeglut
free cakes on sustainability of added beta-carotea investigated and effective factors on coating
and enrichment of gluten free cakes were optimilethe first phase, gluten free cakes were covered
by alginate, xanthan, corn starch and caseinataraol solution (1%) and sensory evaluated. In the
second phase, beta-carotene was added into the daligh, directly or into the biopolymer solutions
of sodium caseinate or corn starch and cakes vem®osy evaluated. According to the results, cakes
contain beta-carotene coated with corn starchisolutere selected. The concentration of biopolymer
and drying temperature was then optimized by respearface methodology (RSM). Based on RSM
results, the optimum condition was 2.2% corn stdmhbiopolymerconcentration and 42 °C for
drying temperature. After this, beta-carotene dilitglin optimized condition was evaluated. Results
showed that reduction of beta-carotene in coatedpkes was significantly lower than control
(without coating) during 10 days storage. Therefaaating with 2.2% corn starch could increase
durability of beta-carotene inside the cake dustugage.

Keywords: Gluten free cakes, Coating, Biopolymer, Beta-car@t®ptimization
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