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Bge 5,8l el Bhes da Olad) oda s L Bsle 21y At )l Olisg (adLa))
54101V ((Gray and Bemiller, 2003) ;s oSlgandt L oLy el
2o sledl) e (WS e Lo dale] oSy (e Bile JIy Y olld any
2 e Sl sl s Gl e el gy D FLo e s fas sl
Ooraikul, ) i Sz 31 aelio 3 2olas¥ slasd) o)l ol
(1991

A G ga S sl 2-2

idl e ollalag ol gl @Aﬂf(wi s bl Olie Wedlng 859> JaS
Bl flas deluall oda (G B8 ljpell slais | Jled) ) Slgzoneg 8354
ISy (il plagly (aalSl §,La)) dsea)) [BY) s Yol L AE
aplo] ST Sl el 5yl Al (39 . 5Ll Sl aslia) ) Bledly i)l
Bles oo I3 e i Loy el i) llasy (ool lnily 2l JSS Lats
3k 83942 Aol Bjsell Slnaill Wane OF g pall e L Aanall Waully dcliall 2l
Sl sladll o gb BN B B el ol pUT Anad a2
el B Saptly jelally aolly wabal) e S5 Lo s sl Sy Slesly
.(Sperber and Doyle, 2009) sl
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78 opp Ak 05 OF o el it 8 g SN Ll s ST 50 el
e g s wL1 75 Ogme 3 8sle a5 31 00ady S ISy 2oLl
oSy sl Baes Bl G ekl ja 21 pulid) a5 4 Lo 3l 3l 2
hl . (Sperber and Doyle, 2009) <Ll e ol slud 3 oty LYS
O o Gl S sl o)) el BACIITUS iz o 331530 LS a5
(Pateras, 21 alee s g e A5 g ol H 060 e 5dl U
2N 5l s Lgin dptally Lgtanley OSG IS7 (3 320l Al o) dag . 1999)
wroel) s OF 3 Slonad U e w8l b e DLW a1aY) s
.(Sperber and Doyle, 2009) =Y 24691 ¢lsl &l o143

B 4 OWISIL j gl yslas 1-2-2

Alaxznd) a1 5166 L A ] ke oy 3 g 323 A SLISIL Sl Sus
o ol LA (3 Bl Sl S e ianly desamt skl A me ) 2l 8
A o adle o wis g (SN LS e b kil 8 S O Se
(Garcia et al., 2019) ala psendl cosldl 1) SIS (60515 (3l (3 ay kil

g ) bl g else Bhe ek plll Sl 3 g9 SU Sl as
Bt (AdlasS 5lge) Y B3 (621 B SUSU (adl £ ) SUS (a5
(&l dl i pdl) bl Baasy Gl vealy A (o) mall L
el ey 880> L) Slnsie Cidas O Ul o(Ckadl (3 edsinnd) sl g 559 (e
Slbadll o€ e Sia Lo M (il mhaw Jog 2 Spal) e il ST ) 08
(Legan, 1993) & .41,

S S by BN SLadl (3 Al BB i A1 pie OB ales
Sladl ) @by S Jsss aie Jomandd 0 06 515 .@,JJQM, Sl mall sl
AT sy Wiy s WSl s Olenslie V) jan guki oz SUA a1l
b aeSo s eed 1Ly ((Olivedra et al., 2014) a5t S of asl;4)
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) 3 skl sl 2-2-2
Oy L olledll i e Ul o) o Al dsall Sl (3 ak e Ll
i S maas e 306 8 b ¢(dg)olS) jeasdl ) as oS ool kil
Moore ) 51 jslas o slddll jolazsl g b e fibdl cdas sé8 JWbg sl
Sl blziy (Y045-40) Ul Jle gob) 522 53 e 331 055, (et al,, 2011
ol o35 b s (ol badll e 2z plsh 2LoW 2,0e 56 ((0.97-0.94) J1e>
(Legan, 1993) M joladl s {le 53 S 550

Legan, ) Gsa sl sanill olbdl ST 0 » Penicillium spp.
o) 7 sledl s &) Y Sl e Aanly degaz s 0T Y] (1993
«Neurospora, Mucorales, .Cladosporium, Aspergillus : J:.
gis sl by Rhizopus, ([Endomyces, Monilia, Fusarium,
Sperber and ) (1) 3, JSa)l ey LS @l 0585 mn 39031 U] sl 3391
=3 Opiad (3 Giaze Wbl Slge Jo g22 il 3 o L asle ((Doyle, 2009
.(Legan, 1993) i 7

A e hall slud y3eb g 850 (1) IS
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U o o 02T (o b g5 o8 Bal (3 g g () Sl s
s Ly bl 3 5 sl ol WL il g5 a Aspergilius spp.
W) 3 d e dssue degast Wl 0LV 0 %090 Penicillium spp.
s Pentcillium spp. of sy dib d35ned) g2l 8Sleal) 2l Wl calesd)
Al e Y0424 0 4 5 ays e 0l ) gl il Slie e 082
Jago and Jago, 1991;) »° 24-22 .. w4 5> @y 3 Ol el
.(Legan, 1993

WLy G el 3Ll Sl e slaill a3 A M A 5l Sl
kel gl adaid) o ) Sldas (T (6l e Adas dn Sat aal S Sl
Sodll ol e el St U 5 e semsll aall O legan (1993) 5l s,
A Szl me ol B SUS w o slobl e ) e il ) Ugss £ 3
ol oYl oSy o lall Sl o s sl e gt 3301 Of
s ot & el Gl e 30 L jLasl ) (05 53 s Blas sy OB als
AN B 3 Dosas S Sty ool & Wsastl Ll ol sie Bl QWb sl
m b b 150 S sl e ssns ST dlesl) llaall b 056 G Bpkall
e elea 3 il Sy Ll jLas) ek Soas s Sl O

o) deall Jo bl Gl (caall fady 5 sles o 24U slesd) Bl
D2 as bl pped) 2L e L5 o 3y (ol il £l e e 320
26 I ol cgdl aadl dalyy Auldl S ISV 5 ale GamST L) A kedll agal]
(Jago and &l ;41 e sdis &) bkl Slnzie Mgzl @b oo ol
Olomiiey Oadl Dlgzal Lo Gay ol Goliasl 0gnstl 5130 13,044 Jago, 1991)
and 3daall 4 bdll poadl JBY o m Lo e Laele) Comd gl (3 5unld)l gl
ol oy OF Sy (S pranll Sled) (B ey Lpeanyg i s By )l g
Sperber and ) aladl psadd 3Lall BV e ST ST daly g g5 Al (g ladl
(Doyle, 2009
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e S sl 3-2-2

B Sl sled Cons ST 36 (RoOpiness) (gl Lbydl slud sy
5 o8 bl S b S slad ga badl slais L dall ey 22801 LY
Bacillus ¢ oy BTy o4 asd Bacillus subtilis S
B. firmus, (B. clausii, (B. cereus, (B. pumilus, (Jicheniformis
Cod) o den B Yl e drles 8 LWLy ) 3 als LKl e sl ol
bl a s o] s ) et OT Y] (Uil 1l dgast 0SS 15 SIS (g adg
Sk o8 WSl eda (4 sl Bt o (G DBy 3l Brad) Je) Gl
Sl 0SS Ayl b Slas o Lt gl L ol ) aad s Il Bl
talate (3 Uosaasy ol Ades Y a0 ol 0 LS e (3l odd i glie LSO ol

(Cauvain and Young, 2007; Wang et al., 2017) _as ) Laws
Bacillus xS aadl W) géy S4B e 54 5 Sa b Sy
ols oSl sely b g (blly U b))l Y agt bed) slis SPD.
seek s 3 bodd slud i Saasle 48-36 Vs L a5 LK)
115 pad) of LB Bty ged Bl 065 G (higie pf 3adl 2SN 23,
Aalliely sVl izl S e Bplledl GASU 065 oy Sl (2l
sy ke ] o] ke W) ol T SLadll sl g ctandll Wiy Vs
s ey il Ablbll Lokl glasy bl Oy pand 5 ol U A (28
IS 3 LS il 2o gl o) gt agunll bl ndad elade (e U] 53 i
.(Cauvain and Young, 2007; Sperber and Doyle, 2009) (2) .,
ol NI cBactllus spp. Lo jlisly 55 3 camndd 055 0 pladlazd S
Crbadl Olel >y Jladdl LadlS” (bgdl slus [&,LA\ & by DU oludl L)
i sde L) Olaa) pldl slgall dyysdl lsled e gamdly ) ol Ol
o Jao s Sll) plasaaly g ed dpdlly 25800 ) s )] Olesy (LS
Wang et ) sbedl) &g o o8 JS0ts P 6 ool Sy isernd
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oo Al (3 Sgadt 36 bad sl Sgda e Je Vs Selsly L(all, 2017

i Sl axly O e (3 SST0S5 W bgdt slud bl oF Y] Lol
.(Jago and Jago, 1991) susull aSLLS aeluall aladldl 51k Sl g

A b
ekl o 3 Gy adeli wis badl sLud mo g Syse 1(2) S

3 Sl slud 4-2-2
S L ey 3pead e oMalag panall A (3 Sgudl b Sl &l
Y il e st (Setler, 1992) alsb 55 sasll pesdl wlles I Gl
kil sl Sllas o1 Sl j 3 Sl OF S Sy el Bhes Ay 2 S
Byl 2aabl of Bsenil) ekl w8 et S e 2 Skl 2s ) psLall
s ple Sy Bpasld B SN e de gy Rl e Bl B e iyt
(Legan and Voysey, 1991) ;41 stué 3 aweddl jLA) s Oles
LS E e e Jly :Fermentative yeasts sl b1
bl s Bz ool e 8,0 oda 3edkl gl o el Sllat L) (3 8300l
Lged LT » "L 5" Saccharomyces cerevisae i V)
¢ paldl Olasl" (ol Uall <« :Filamentous yeasts ik3! jl1.2
A e 38 i al s S5 BT 6 ey L eed) Bipeal
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b e ey Rl sy S0 s ey SrasS nyliel # o allls
sis st Prchia burtonin Sy itk Olisl o ailie o1l dla el
Jago ) a1 0laeVL &) las alasldl Ikl dagling sl o 3,56 4S5 (gt

.(and Jago, 1991

sl & g9 S sl 8 (St 3-2
W92 A Olgs 3 diwd) 1-3-2

Jl Blss dame lse (3 iamdl 25 Cauvain and Young (2007) J G,
(%010-3) 05, S ST 36 0 3lze DS Ld A lgs sl a51a) 5l
@ LYl auly il oz 3 (MAP) Wles dise Sl (3 20l gl o
aasldl sl e Alas) saad) Al ks G Lgyl (3 Aol (Sliandl sl
A Blall (3 L2l

g 2-3-2

Plsly ) ol o drlss 8 g olbedll S o sladll sl sl Sg
il ansVly (g Slly Aol Bgb ana¥l & ) bi (3 deasandl plasy)
376 oo iple ARl Ll Slowsie ol Ak donenil G g Aas V) ptsinns ol et
sles 2o o Laslsle 1 3> Wy ¥ BL e LS aall jseb 554 Lz
) el feas b gy Sl AaaY Al Wl LSl Cosand (38 Yy Cidad
O3 sl OF Y] () sy o) G 84 Sl ST g5 095 c(sgbilly
pdsind Bl Lzl e W el ple wde ) Lk Al S gy S
B> ) eV s Gub e S e DLk (e e eled) o aasl
(ladl B3Le Aadlw of 0 glang ikl B3gr e Uhw 50 095 (2775 2L 158 M1 51 4
Sl o Ohsd) (s gl Slnadl (3 Uogaasg S gl Lede Ol )
(Cauvain and Young, 2007) calais i 3 adladl of
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(AilonSJY) dpslinad) A28l 316kt 3—3-2

A5ka S a3 Sl Jlemsal 2 5 aslio 3 Bt (Sl B b ST e
3 Glasana) alasld) slll odn STy clgmMaly elasVly Elojsndly Sismadl (olals”
(1) 05 Jsadt & moge 58 LS cbsmgnll (b 5l dslis

EU 39)591 381 0 8asally 531 dslr § Blusuinl LLeST1 AladU-1 31kt 38T 1 (1) Jur

"”’jj (‘y“")’“:‘ Ladl 5L !
0) 4
0.1 Propionic acid &lsssnd 2o | E280
0.2 Sodium propionate syssall by, | E281
0.2 Calcium propionate a5 by, | E282
0.2 (70% Jsk2) Sodium dipropionate psssall sy S5 | E5000
.(Seiler, 1983) : yualt s Ojp el e %0 *

V) i p o3y el 15 (ST BT (3 e S Dlisayy e Jas AT e
e Sl b T LS caasil) adl Sl s 2o Y1 a1 oYy
S G Slsad) plasanl (Ko alas sad) o Ll oY L S ) 2kl
(Cauvain and gemall 3 jesd) sl 5pad) blas o 0gs dbabl> 3508
.Young, 2007; Singhal & Kulkarni, 1999)

(1T BT Ggor s Gne) GRAS WT e LSl ods s o (21 o
Silva ) oLyl e Lo BET o 393391 SLEY1 a3l pLal 093 Lgalisiaal O V)
Saranraj and ) sy ,=s 25108 28 ©LSH odb J $Uis"((and Lidon, 2016
ot L) o Wy ezl 06 Ua)f (Geetha, 2012; Sharma, 2015
Ao Sl SV o Wb ) deglally adelilly el Jo olbisd)
Dengate and Ruben, 2002; Jing et al., 2014; Suhr and)
.(Nielsen, 2004
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o isle & Akl dab) 316l 4-3-2

Lo ) aslio (3 dleanl) Ay bl sl slgl) aey lulyld) o sde
Jayashree et al., ) »sdly L ally a8y Jodt ey e a5l 2l &gl
Denkova et al., ) (sourdough) sl el bl cllis” (2018
.(Latarga et al., 2013) ,2a 0550 (2014

SBLal alscsl aisy deced) ol W3 oSl ol wis
e Al cd L3l i 3 A Al L) Dgs B ol (3 delia])
alaszaY Ol Gt gl OF V) Ol (e el (3 2slial) by SN sl
alodld) sl #10Y L asliall slsell LAl Al JBY) s Bl alaslh) Il
3 SlamY sasly BsSy el G o (LB e Ll RV aslis (3 Al
BLall dadlll sl 08700 V) sl Bdby wlse £y (AR A3l 3 olgl
ddrde sl dasl> 3L (i pat MU yepall wnl g Jat Y e ool da b
el Al dmy il W@l e Wga> 13 LS 2 o5 U] dand jsliae s
wlaak Bl 2 e JUby el 2aal Al Sl Sy cwlin BT Ol
b oo WS U ) el o) i (Sa Ll slbly BLAL Sl (53
U 0o et Ol S plladh (3 Jadll 535 slly Aualall 2ladUh) 1ol plaszl
Lad s osll OB SHL I adlog aned jums ldyy cplisara¥h o Ligb 56
(Negi, 2012) alek
Y ) oty 5ol dangall BLOYY e Al alisaaaly yshes 01 U
s L 2LeSl Sl e 331 b e ol e Jgaol) g bgias g it
or A e b Al lge @i SV e Wil o] BT Lo g2l bl L
Ak Wbl Slgs 1 (3 Sl UL B me dBad by Uges 208N Sl

oy Ruad)y Al
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:OlygaSdt 42
Oy S 1-4-2

N-deacetylation JzV) g5 adan ;2% « mub S ads 58 0152l
05y ool dny 83 Bmpall Bpsd) Sliadedl ST Gb ga rSls (S e
G IS O galalely Sy cspedt (3 LS L 3 e Sl )
S ko Gl ey sms Ol jan W i 3y didl ) 3 0ol
Dutta et al., ) apme)l ©lLadll doney W) 3 Obedl) |5 ey alle 2y oLl
%50 ) 4 ool L) molt ki Sy . (2004; Kumar et al., 2005
bl SV cul imall eVl e 3 515 S e (OlsaSO) xd
ol gt e iliia Jo Jsadly avlss e o onSU SLeS)
F i (Bgs olixall sda T ga 01528 0T YL ((2) @By Jgudr! oSl iz
SV Gl (3 olibadl e dal) me o Bl ey Sl St Jo )
.(Raafat and Sahl, 2009; Rinaudo, 2006)

O3Sty sl Sldnies 1(2) Jokr
OlgaSd) linins S olnts

Chitosan oligosaccharides (COS) Chitosan

O and Ncarboxymethylchitosans Carboxymethylchitin

Chitosan 6- O-sulfate Fluorinated chitin

N-methylene phosphonic chitosans | V- and O-sulfated chitin

Trimethyl chitosan Ammonium (diethylamino)ethyl chitin

Carbohydrate branched chitosans Phosphoryl chitin

Chitosan-grafted copolymers Mercaptochitin
Alkylated chitosans Chitin carbamates
Cyclodextrin-linked chitosans Oligochitins

(Tavaria et al., 2010) : yuals

19



sy S oS 2042
B-) ool 55N 3 Jeael 0 (A1) i st 0 2lSn 200 0 S 055
o sl IS alis S L ((1—>4)-N-acetyl-D-glucosamine
(NHCOCH3=) szl 2550 C-2 a5l (3 (OH) JuSydl Jlzu
oSl e IN- deacetylation JaY d ades 5k e OGSl s
o8y JSEI (C-2 woge 3 V) jodt 2ol Lz mals W) adaall ods (3 o3
055 Ol ) oSl Jgmsy Y050 ) Lol W) sl j2iss Loiey (3)
glucosamine, /NV-acetylglucosamine wii=y o atsS 01
.(Dutta et al., 2004; Raatat and Sahl, 2009; Rinaudo, 2006)

Chitin
3
| o\w %Wc\%%
CH,
Deacetylation
Chitosan

.(Khattak et al., 2019) 0128315 (S SLaeSI SR :(3) S
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gl OlySdly el 3-4-2
olkdl dw by ol badlS aasll (LY e Ll 3 oSl dxlsn
«Mucor rouxii :olkd oda o (sldll 0aSly uSd) dlas slas
«Gongronella butleri s «<Aspergillus nigers <Absidia glauca s

Lentinus s <Rhizopus oryzaes <Pleurotus sajor-cajus
o &l e (Hugq et al., 2022) Trichoderma reeseis <edodes

il jlaaS Lgaldsuzaly dla oley 3 aasl ) LIS oda gyl Wsgam RNt
Wi (5)lmtl) OgnSl jslaeS” ol badl alasn 558 OS] s Layl (05 S
Aspergilus 5 Agaricus bisporus Supd jasl> 7| ol coisal
(G 0l e o Lgliped & Wy ONS A jslaoS niger

.(Sebastian et al., 2020)

10Ny gS Ay ledlt yslall 4,21 4-4-2

se oSy L Olsasdly (xSl Z Y ) Rl o Bl ol sl ol
259 8 oblie oy ilize plazal B ladll palall e DSy (S £ ls] Lo
o Bkl DSy Sl e palsend) OGS e G (3) @3y Jsad
e et K6 At 2elis mBlgng wulst 53502 Sl Sl Slsl O
pball g SIS arge ol ddla 258 s Y (g 2 rasidll Slilany ol
Yooy (oladl ol )l dlagl Gl 8 U e 5T St s ki)
oY) ales Jag L s <O Bils sl g5s 03l Al Ll aa s dey,
Cldall Bad dwled) Olaws o A gbdl plall 0B G Lo
g i) 05921y Sl olmane L 25 3Ll 33uly (anaphylactic shock)
(s Bte paflias Lab (g ladll 015l S Loy 28eisly 2550800 ailad 3
(Rane and Hoover, 1993; 460 wxol) sl gl o &3
Sebastian et al., 2020; Teng et al., 2001).
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Aggd y3laeg &8 g3las e Obr puandt O1gasdly cusdl o &ylds 1(3) Jgvr
dyjlad ysleas dy,id yoleas Lyl axg

) o) S 3156 335002 ’
Ttge gl Al 9ok 8392 b L2y
Leelsey

Sl allily Cgpdl g5 Ol &g Tl e
Lpdsen Ol gt WU Ol stu dgas p i) 316hI (6 g
Azisie a0 Sl 8y1s) S
Lollos po FENEW Ol &1y 8 glas
Aaniloretng Aduts Bonilnie by Al keSlg ALl olg3-)

.(Abo Elsoud and El Kady, 2019) : jieli

10 gSd) o195 5-4-2

i) s M tlgae oledl a sde e il Al sl i 01352S)
s ol Blis1 oy bt Jsby cimgillly ¢ dao¥) 55 olrmysg a4 O39llg
Uipdas g 3 o Uty Sl ikl S ol 3 S S 75 350
(Mw) a4 03l e kb (Raafat and Sahl, 2009) &
Libgll aailasy arslsd) dblis 3 3534 Lulsall ool u~T Molecular weight
AT ol sae p 0S54 05l sz 5l ((Rabea et al., 2003)
Rhoades and ) oslls 0she 1 Ul Jiar g 0j9 Lowgzs 0935 Ople 0
S O tdl gy W oS ases (S (Roller, 2000
Ss71000-100) :(MMW) v sies (0515 55" 100>):(LMW) jais
«(Gongalves etal., 2021) (05315 5ks1000<) :(HMW) wis o (05315
555 oS a1 e 18T (S eVl O b e 0GrSU g O3l dazey
(Ohetal., 2001) xS oy wmemy alanzdl 31,4 559 (5Ll
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1l 2 220 (DD) Degree of deacetylation faw Y g5 s ey
N-acetyl D-, D-glucosamine K4 ol a8 a5
sl s 2is™.(Raafat and Sahl, 2009) 01,801 ¢~ aglucosamine
JeeeW g5 B cxSW OF e (ONsaSdly xSl G et Betinl) 2
DD . 7955 .(Akakuru et al., 2018) (%50<) 015801 Luzy ((%050>)
Jelidl G by (ol aal ddasy el e Blael (Y0100-55 ¢ b 05eS0
st 3 DD S 0f (Ko (He et al., 2016; Hussain et al., 2013)
Wby et Bladly ¢ Jleosd Jolidly 0bsdll sl e L Ol ol o0
(Hapji et al., 2014) w5058 wblasanl Jo i

dn Laid (OaSdly S (el Bt Gl i) O AL 2
P @ oLl BB OhrS OF YLl I (aas (3 Obedl LB s xS
Abo Elsoud ) elas™ly &losysilly Sl ol e 6.0 > pH e aaasl
Romanazzi et ) ¢lanSuly cIWy by, Yy ((and El Kady, 2019
(Goy DDy ¢ it wjgy coptan e 01528U 0Lsdl 246w .(al., 2009
skl ablas I3 (3 W aygdl aezil Lo 0boll 01521 26 S5y et al., 2009)
(Kumirska et al., 2011) aas1 s> slally 505

Ol e 3 O3S glged! bLESI 6-4-2
bS] Pl BBy Gpm Slpte 545 Gmglsndl 1tV e kel 01552SW
Pyt sl blas 93y colladll slany eyl CiBsag cple 2y ool cisldl) o
S sLaaS (55l dbliy auly Blai Je Cyme 58y ((Dutta et al., 2004)
Sy e BULI 3 aelill 690 Czs) 16 wUis"o(Rabea et al., 2003) azsal
s Sy o2V akas e padly (MEDS, 20162) sl JgpdsSI o

A3 L= slall Sl blas e s Sl & ug anlall sda jawesd
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aadA sl slalt Oy gSdt blis 7-4-2

o danly ez Lo ASW el 13lae blis el 0l Of Cogpall e
£ @ Lty Sbbilly sl alley sl dage LSl e 22341 24 SIS
Benhabiles et al., 2012; Kong et al., ) jesll 35 A o) 3 Lead
s adl oWl ey Je aadl - slall oSl blas e (2010
(ol Amge LS e il a8 b Al LS e dos sk OF G sl
ol uxy $Uis” . (Kong et al., 2010) addi Wajua 3 bV oy EUS
Mufioz-Bonilla et ) LSl e ae wlbill Je il ST 0,5 16 01580
QWS by LSl s3lall $heSl e T a8 e (al., 2014

b Sl sliabt 81yt blis oWT 1-7-4-2

JB sk e W0sSS LSl slal oSl b of ae
Coma et al., ) (bacteriostatic) ey L.t o ¢(bactericidal) v,
DI E S B By b Obg el B3lal) 0hSd) es 2T STy (2002
LSl slall 0heS) Les Y ol il s sas

Sl 2SI el of a8l slall 05280 bl s 5y 131 2
Wl LSl ads clad ae aetdl Ammse 0l wlypr o (electrostatic)
QWb ¢ A1l moladll Ol pliwil ) (538 L8 2 slid 3LE a piy 6 Gt
Jelad) Of urg L™ (Mufioz-Bonilla et al., 2014) 4,1 o bow 1) o
ise LS ¢ (peptidoglycan) oSilgizd) 12 () og (Sl S
S5 sS3lbly liaally Byl (ALY e 1 1 Sl G ] sos A
Rabea et al.; ) st oo ) 28 & LSl ekl S0 Liedl 3y L
(2003

) il gl Olawd! 93 LMW 015U S wf o gl a3 )
Jelam (S add) s Blps oW 3 obed LWy (ultratine particles)
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Gl Jelid) 1a Ly OF Se xS DINAL e sl 05581 c(spr dimds
Liu etal., 2007; ) (MRINA) Jsu o) 595l j2ad) L5 S5 10 015
.(Sudarshan et al., 1992

OOzl (30593 Jo b Seall 8302 05 S AT - 05 ) ) as d)l s
e a5k anen 6l OB (3 gl A planY s aT A8 s L 0slal
S we il el Sl e (Roller and Covill, 1999) osidy s
Loy oz Lo Sale b G5 ey Al s LanaY a0 2ada) adl oSl g Al
slall alea) dlaz 42 LS a5ual) LYY ol ik Oslell OMsual (3 05l bl
Ml e 01 3,08 0fy Uosas .(Rabea et al., 2003) wi, Sl
(Kong et al., 2008a) L iuzsdl couds sl pH gl 3 95 Cals
ey Bymio pd WSl e e 85975kl 2iad) Olegast) a5 6 < pH e
(S al ) O3l LYY o S 8 cOuall Lo pd Bl s ol 09 58S0Y) 95
Guibal, 2004; X. Wang et al., ) wbdall s sl J) o5 L6 L Lis
(2005

Sl edll slalt 01y St blis 437 2-7-4-2

Wlazuly (S OLY Ll g b e Slkdl e adlzz plsl e 2SI 35
blad a>zall oY (Tavaria et al., 2010) slesd sl gt oY)
oo A0 G e L bl LSl sl bl aslie obbaall slall 01l
& Aoed) Al Ol e Jelid) M e oblall i O 1S e M
DSl S el JL BLoYL sl sl s (3 oty B Sl odl) o s La)
Garcia-Rincon et al., ) cggll gl (s & (oL kil DNA e L, O
.(2010; Kong et al., 2010; Mdrquez et al., 2013

25



Oy Sl Ll U1yt blis s 85500 Jolgadl 3-7-4-2

SALasy (g S 658 blgs Bhe e by Seall sLall DSl Joe sy
sl By Janall g5 dampy (i O3l 1o Bl a0
sl @ Qs 55y A amsy pH Joe asd bl d] By
0yl gaas I IS™.(Devlieghere et al., 2004; Fei et al., 2001)
(Mufioz-Bonilla et al., wu, Sl slall bl Jo 18 56 a4
2014)

LSl slal) OheSl bles e age pb 2l clad atlasy LS g
Pl dmse LSl Laadl) DSl 56 G YV e s sy e e (o3 s
Al Al LSl ae el Sl 58 OF 09 W) Laey OF Y] el 4 2Ly
05 pl A b LSl W sl oLz O G .(Chung et al., 2004)
o ST 3g &y ((lipopolysaccharides) aasdl ) K wlnae 0
Ol gl bzl we Jolial) aolie 0588 W) o e L) Sl
03T Osdlss vy 1 Lty ((Chung et al., 2004; Zhong et al., 2008)
B Ladl O (pl A darge LSl o Sl B350 el 0152801 O 1geslg 5,540 o
Eldin et al., 2008; Wang et ) Lasdl G| fal 35 ol 41 Il (6l
.(al., 2004

3 Sbadly LS sed slall bled) e 0sl bt O AW Gl ¢
(Tokura et al., 1994; Zheng and Zhu, 2003) .l .. sas
ST olE LSl B ablis (3 syl (053> $kS78.5-9.5) LMW 05521 b
Kumar et al., ) Jel = 0y 55 0= &4 E. coll 5 B. cereus .,
Blas G bles ot LMW 00280 of sy 627 aulps 3 2lis™ (2007
3 bl 06 Wby Seall sl 1 of Ly, L (Park et al., 2008) wi kil
(Dutta et al., 2009) 051> 457100 = 10 o Lo molie i O3 052l

26



D-glucosamine @ s34 a5 (DD) 0hsaSU Jzn¥1 g5 23 @ 83450
BUSy OLsll LB 5Ll sa GU3 3 Cond) (0lg, Sall sLall bladl LWLy
Je DD 45 050 0f aag s .(Sekiguchi et al., 1994) aa gl amd)
Lo LSl skl Blad b5 (ool Lo 1y ¢ ol drge dims 21S™ el (%97.5)
Judd DD o3 0pesIy w)ie sl axwStaphylococcus  aureus
ol ver 6 pH 3 2y (Kong et al., 2008b) 5.5 pH we (%83.7)
B 8305 e PH 2L e el by SGall slze bl 015U Of sy s
Rhoades and ) a5l st 23175505 JWby cipzad) LI (3 01552 0Ly
.(Roller, 2000

reldadl @ ONgSd) Oy 5-2

Wigally sl oo OV e a3 Slihdl e sy site O1pSU
Ledl 35mg . DBLAN Blimg cold) adblae ) ¢ Joondl Ol i deliog (el dcbioy
(Dutta et al., 2004) ssaall darglsudl 05925 olys ) liad ol (sobe

GlaaS e 56 Asliall Sledsd) B e 0saSd) an 218Y) dels 3
g sy Uis” (MEFDS, 2020) u,e55 (MHLW, 2020) ouih 3 glie
ZUl mles By (3 Bdboy Blias 35l a Ons 015280 26K ¢lally oldall 2Dl
QLY W ol 0 i pie il )y (MFDS, 2016b) 2o 2,063
cdda g AN SUinks e S 3 b 22301 sl slae JalaS dlenzal OB
o 3 ¢ e ((Gutiérrez, 2017) a-diall s Ay slda) 535 e
El-Refai et al., 2017) sl 3 abasl> 55LS" oz silalisanly 05280 5k
Bhale et al., ) 2l aodo 55 s clzas”eUis” (Alam et al., 2018;
(Chien wiyadly 251 o pandl e jale class Ual aids &5 (2003
and Chou, 2006; Durango et al., 2006; Muzzarelli et al.,
(2012

27



U Aspergillus niger i) - jalsed) 05aSIL el 2011 ol 3

3] o B3lall Ml st (558 S BlaaS Y (GRAS) Usas

s edl OsaSd Blo| b aulys ek SIS (FDA, 2011) a3 clals clis)

Alsaggafetal., 2017; ) rlrs 25148 ikl o ke 3 pmpbs 2ol 530S
(Melo et al., 2020a; Melo et al., 2020b

L 3 Uyt Ol 1-5-2
D5Vl SR pr 2= (6,88 O BLo] 4B 3 il paaall I3l
Aoy ¢ ey 1 aeliad UYL 5 e Lo DlaY sy L psl) —aalesl) 2
OSSOl ams ) aoSs 576 i GUASy G a3 s OS5
©ed) DS Jlazal Lee et al. (2002b) o6 Yeud 2zl sLa30 530l
551 :duW agd ohp¥l cols’ o LMW aisidl st 039l 0 2l o1l
LM Baliall wilgb e il dilie 1S 01l Candly Osdls 41571204 30,
oy S L1 e sie e OsnSl Ll 3l anls & Ry G g oardl
L Gas pedl Jo il W 0, (Saccharomyces cerevisiae g
53by Lol W1 slsjly sl ISR dis Ugaas 055 OF 587 L ool 3 9
I oS ISty ek o8 g ) O3S OF O g L) sizel oy (U3 a0 330
bl oda (3 pdsanly OhaSdL p Slee cade S5 dn L Jadll pesdl
1204530 : eV LMWy (lays3 %95 =DD 5 0gdis 515545 1 : 59 LMw
3 B LMW 3 02800 a3 ey (st e %0855 %092 =DD g o425 bs”
%0.01 SlSHl Caoly (asy Lam %0.3 3 LW LMW b Ly sl
35U sl 22Ul S lie iy Lol Y1 0381 0 900,55 %00.3 5 %0.1 4
Lo 5B 0> B 55 1 agiht 05l OGSl S L0027 3 Bmys e ol

28



571205 30 e LS JSI a2l (3 Jodlt 5l Jab Loy (L) 5 e
Ao Ol ey 1 G Ol e DLl S Saly sls) sy Ogdls
O B U T S T
Jlonzo oS5 &l 2l ozl . mI/CFU 107 ~ 10" Bladl 3 LpKH sl
gl LY e OheS Ldld 31 0ly el ababl> 33LS” LY LMW 012801
il ) Ol e e2) ) O3l By (Olall S by sl
(S
Oly9aSdl ol S gzmdaly Sl alsnt Kim (2004) Wl a1 asls 3
%35 J015 J00.15 N0 vy 550 Lagilis] ¢ =l Oy on (COS)
o) Al a5 Je eyl anlny (3301 059 bl Le COS %1 5 coljgs”
il o) Y 6% 30 5> amys e al dns 3l O3y 8800 sl 33 by
Sy bl el w)lie 5L bl ai Jaas jais @ COS; oS w5l
bl (3 51 b )1 i Jiae O Ly uled) psdl i Bpgb b adse OlES gl
Ly ades OGS e 200.1 901 93 ks COS %1 s s 53
dgsb Ju bl Je COS 5 015U 1l 5,03 o 240 3 alall o OF el
ol Bmglsn s Sl WL W) ils 3 Lty ) A sl (o35 8 5,030 o O
il e sme 3 2001 SR elay g ) s Ios LSl ST s
Sl dpadl dasM e Lty OS5 5Ll Lol S 15ty cilsLa))
o asdt g (Usd) e 900,15 900 alalaald ml Jlg I psdt (3 piall jeebs 52
ool sl 3 %01 COS alatag i) jpeb 48T & Lazy Y035 %01 clalandd
il ) ol (3 LS %01 ay COS (015U %3 prbolally anl,lll ol

jﬁ%sdfw}&ﬁcgma—ﬂ»&l\mcﬂ?&@db: \w«g@pjl\ﬁfjd\iu})\

29



Lol e W gl s 3 Sp a8 &Y aasl V) o6 s 3 aJle S
foghes LT o cpdsind) 0SS MW i ais Ll Ol U (@W 5 39
& il me 345 Anhl oda 0T Y (maly Ko 0hesdl it op badll dege
LS e 3Ll ST sLssb sl 8 aisl LW gl sl 0087

sl Glally gt COS 5 0 o 2l pll b jenid dlys o
AVAS am g3l Aol DUl famal 53 B9 5,08 plesg Aot g Juae e
it dadsand) O glel dargd COSS OlSU ap) O3l e B ale e
Jsls Chitosan succinatey MMwW o) 05l Lwszes LMW k) 034
COS  wusadt COS ¢lsf i) L (Jlsd) o loww 3.15 70,5 29
Jsks COS succinate, COS ascorbate, COS lactate, acetate
oo V02 5 ds sl ma el (I Jo Sl 2.2, 1.8, 1.95 1.9
25 56 O MMW 04552801 L) 0F ) il ojlal o cpmald JSI1 05
i 4L il AL 0o 83l aslo] ool LIS Gl egd) ot Jais
SV gl 4 0 MMW 0l wils) 0l $U3 ey csoluze 16 5,25 04l
COS , COS acetate wls| of o= @ Al 05Uy plsdlly v Jo 2l
Ak Sl Lels dy Gall esdl ot e il COS ascorbate  lactate
BLoJ O )l o (3 Lamg) (ol o all anis S 2L 2oy 3,280 04 s
Ml wlol O VI G ald wld Jams o coly COSy LMw 04801
A Ol L OB adey g )i Wil Jame (3 35S 8505 wuf MMw
Sl e Ll Moy B J cdais 223000 slSU slall bledl e gz Y 02U
(Kerch et al., 2010) ;41 555 e alod) 015280

oo ekl 0heSIL a8 Jlasal 56 Lafarga et al. (2013) s
e Nl 555y 124000£10000 g/mol agpr alsy sped) o2 lalz

A on s S9N padl 3 enls coldlly b lly (OIS 5 (3 Bapdl ol

30



Bacillus o) bed) Olawuy anll jegh do 23301 LS slall o536 clis,
sl osdl ot b plagl (] sl 018l Bl Of gl <o gbl L 53k 3 cereus
sl 3 plsEl 3o Bugb s Ol e (ssinn b el { oSy calarlial 2iall B
asdl e Ol S alill Bl (3 (ssime 2SN ol wlis] OF V) ¢ uslikly JoY)
bled JalS e b o Al Zorglon s S Sl V) s @bl Lty sl
ey 0T 5 e Weblawy (plidly o e L)) Olisas V04 555 s 5k
A Ml S G Sl caend ) (3 aas1 oL salall Ol oles
e il 09 Aslasg (sldne Gpog B cOrens Sy odulall iy (Cy B,
L pod Lo U3 e 5 2730 3> 2> Jo g BLLT (3 caad ¢ (I
Spsb L (S s Slee 3ol AW e o by 0SS |y B. cereus
Bop b LIS el o b dsl 24 da i g8 3STL sl ALl S Sl
NSl 5 (3 el ial o6 jeeb (3 b Ol B o halall Gy Bygins
P01 S5 e 523 ozl OaSl Jloansal 25SGT e auhyll ods s
Oy (s of sl alall 335t Jo S 0 09t a3l slDU slias 5 058GS
g e of ddes boad (635 18 %04 ad OLal Ol | 1S5 gl
Sliog ipeS pAE (et 02 0 COS 5 015 oMl dulys cwl
e Ol COS 5 05l alsio) o aidnll el 530kl alad oodsy sl
¢ Kerch etal. (2010) azb ot xsly . Usdh Jo 0515 5135 650
o Y COS 5 015806 331 e 0T Jltanl LB o bt s 5 sl
3 G s el Balall Legadles Las Yy (pomall JST1 034 el Je asls|
S e AT Sle e sl o & B cereus S, ols e i

AR .5\5 day T 5l (O 30 s alae™ uﬂhff 3 Oleall Cig cdile p Py P

31



Com cinl) Uaze B5h o gboly SO pol dny ST amutlyg Lot Sy 015280 dne
iy b Ll izl 38 i (3 ol o ) oy 5 5k sl el
i) 328wy sl e aall ST o8 o gbly caele 24 U5 aw 250
S e ) gdy bodl oSS sl o COS e Guis e 0Ll fl o3
S cikailally 005 SL &)lie 31 4651 amdl) Al sl LS (aLl g 5L axdle e
slakly LSl sslall wlibd) Cowlis alag Ol Mw L) of ols-L)
DS 0bgd plidl e Jegdl o8 MW glis)) o o & cplsB aslially 55U
e LG argl Lo ga (alsnl COS ¢ DD glyly Mw 2l Ofy el 3
oSl @ylae aasll LS oslall 6kt e sy OLsdl s W
.(Rakkhumkaew and Pengsuk, 2018)
s () O3S L) 56 2ty Ghoshal and Mehta (2019) »u
15kaSdly Al oldl Jo OUW b jiaas” 1526.464 g/mol e
J01.54 901 5 900.5 12l ol 0159280 Gl G el il iz oIy g
& 33Uy osd) wmd) (3 (gime (2R gl bl JSUI Gl 03y e Y02
01528 333k Gl gepe il 13l slsg 0155S %01 wLo| due @b I Oluis Jons
O 5555 ol 378 3Ll e 53 A3 3 83 plodll Jlas) e g (Ol
oo o ol 355 J5s Oy5Sdl ligs e 1UE 6T alayLiall el 518y (L)
5 e ot JSy o1 830 Bl (sl (s lly 5 5,055 L plsdy abally 3¢S
Sb oo B ST akelall sda ol e (OrS 02 e gl il Sgnl
gsmall 1 O Oatm Ul (g ONsaSdl e Bglite i o Bgtly (6591 Salal)

U e sl Jas bl Sl bl e sy ¢ azdl s 0es %01 e

32



EJu ol

Cé}w\j :\}L\
Materials and Methods

33



B lallg 216l1 -3
:Materials s\l 1-3
e LS AL Sl o o) Bl 2 al) o) ks 3 putsz
M e ol S (W70 (odsanl) U madl) 385 e [S7el8 @
) dilte Gpae dpde 3 S Bend) e A anad dedsald)
dslall sl — o
=(LMW) _zisws s 0 (Food Grade) bd) 080 e Jpadl &
o 17Tmpa =2r535 Y98.21 =(DD) fxel g5 235 05315 sks” 30-15
.(Qingdao Chibio Biotech Co., Ltd., China) s}z
Sl AL Lailh Ay 393 3575 e Sl SO e Lo sadd ¢
Lelr W (Food Grade) %99 59 a2 SOl lisnsy o Jsaadl &
g grnd) dg el AL = 5 ey A5I0R e loed) eSSy s oo el

:Methods &,k 2-3
6 fall DSl 2 piad 1-2-3

(Lee ) o553 U8y o(4) b IS & amalsll (sl DS e piad ¢
Slally (g ladll 0SB gmans 113) ok Aib . oMaadl j2m ae €t al., 2002a
%0.7) 013) izt o) SV jaa e iz Joke 3 %1.55 (1 0.5 il
Bys e Gl el G el hte el (3 (a8 Oy T e By ST
Lo Apdls OLadll ald e pH 223 claoy 0Ll 6 s> 20 60 )~
i) el 3 Jemedl bill Ll pH arps clbs Laf clis (pH 6.1)
e Wbl ma ] SBlall W) anS aeg Gl Ll e e Slalald
ol b 28 e (e 450) 055 gl Aleand) oW 3aS7 - b S5 g il )
S

34



@) (1)
S 18 (2) il Oty g (1) g o) O30 (18 5 sl o :(4) JS20

M sl 0 Jgk# (B) (%00.5 iy D1 (5 ol 013581 gkt (A) 11893 ol wa

Y01 iy

ksl L) s Ol Slus) 2-2-3

Ls3 &) aiblly ot W, Pan bread i) s ol ool
S U077 (330 Oy o0 %100 i Js (Kerch et al., 2010)
a5l oyl e 2l e3g) sl Y0600 (xbe %01.6 il 5 %03 oy %4.7
il s3be (ol Ciias by (sled) 381 olasel Bed ddond Slall ey &I

(4) 3 Jsbl 3 moge 52 LS el il
o el aall 3 LS (g ledl) Ol \L;&zgj;;s},é-saw@mgw
3y el o (Y0155 1 0.5) ot DS Gommon 0 il s BL2)
o ST Ol mas ¢ ISl S o e Caiz sl (3 1l (g3
%0.3) e dslio absl slos o 5if apg S W) 3 B o a5
Straight 55Ul a5 bl cudly (S sSal) L2 %60.7 5 (psnd S Sl
i ¢ (AACC, 2000) & 55 U Gy aeall aslal dough method
Pl raasll I cwogy e 1700 05 mslaze it
2% 35-33 5~ amps e el s sl pasdl sy (o 14.7x8.9%6.4)
OAN 3 s € o(5) o3 SNl 3 ST S el 3 Y085-80 ds sy

35



358 gl o 7 Slie o p T aids 1284020 240 5> 23 Jo 4,650
i ol ae Gl ST 3 ol & aass 40 sl B 5> s e
(p03422) B3l 5> B e bl a3l

sl 3 Ol pazd & Ll SUSUI 2 (4) Jgir

SMalalt
A5 Slgetg i
el v B v el IR TS
() O34
600 600 900 900 900 900 100 = s
46.2 46.2 69.3 69.3 69.3 69.3 7.7 Sl
28.2 28.2 42.3 42.3 42.3 42.3 4.7 s
18 18 27 27 27 27 3 e
9.6 9.6 14.4 14.4 14.4 14.4 1.6 W
360 360 540 540 540 540 60 sl
- 1.8 13.5 9 4.5 - - aastd) 55
4.2 - 6.3 6.3 6.3 - 0.7 § elysSall jan

Aimall 31y 858 (1) s fadl) Ogesdl o omd o (s581 131 gt J10 Jamy 330 +(5) S
S gl da 13 (4) et 513 el jif (3) (11 G el o) (2)

36



:Q\jﬂ\ g Ol L)l il D 3-2-3
P E e Bl dypdly pdl sy s S Slia) Rmplal)l Slia)) s 6
el Ol acly (1) oaek il IV Y1 aip el Gy (Pane) wxdly (o) O3
3 26 Clamy (AACC, 2000) & 5,5l 2z lall Gy (vr/? ) sl osdl
A oVl alasaal (%0) e LT 04
Coe) 53 o
(#) 53 Oy
it ) 09 = Ziemall O
Lenall O

=L_5r«}:J| (,.a,._;\

100 x = e sl gl (3

t sl j Ol ! @i 4-2-3
i)l Oy n 22 s e Bggest) I st lia) ok i (5 ]
(Ayo and Nkama, s3 &)l ai bl 3 WS adly ol 4 zlaiyl an el
o) 5 sad ded) Sliall 5, 5a5 SR e 17 alauly 234 (2004)
o £y aeadl) Aaalt (g o) Clally 28 3ASS Ol &disy 2V psle 03 (3
olte el Jgndlly 5,280 Ol LI plgs ol ) cualall ¢ )W) elal 1 IS
far Wase il OF U 9 2yl 25 oo (Hedonic 9 scale L 9 U1 1

(D) 5 ol & mose o LS sy e o LT ) ] 2yl sy

(& el Oyl o Al i o Bygl 1) Ola) ol @) Sylazal 1(5) Jgir
dyllg dduall o)

(9) s J5dl | (9) 528158 | (9) Bl pi | () ot | (9) il | (9) ot et | el
482
953
364
725

37



1 sl G Ol Oelll s 5-2-3
oo ke s Je el A Sl sl LW a3 0a Of) e £
5 ISl 3 mol Hunter Lab 0¥ e jler plaseaal sl 0lsS0
g9 iSOV Ll ey ((AACC, 2000) (3 a5l aakl Gl (6)
iy oo L* )l e ¥ 2%, b* 0l cuiis) UX1, X2, Y, Z
50 ¢ (46 sl 098 05K Sy Sl spll olianal) O o w208 455y Olaall
s o(pb Olaky ol 09 Wy Yals ssalt iSal) 100 ) Juay (sl 05l)
Ol (60+) ) =Y 05U (60-) oo 6lay> 05559 auall ) dmy> o 8% 50
L1 G591 00 (60-) o w2 055 5l kol By o s D sl Loy (=

A 03 (60+)

(Sl 0N35aSTN o omnd 8 (S8 G Ll Oalll Al g 1(6) JSK2N

38



s 5 St g ) 5l s 6-2-3

e Bl il Ol e Ryl (Al o Slead b )l gzl 25 &
Bk o5 b Gt 2 E e ol 0 5535 L esdl @ 840 5> 2
o olele 35l 2%105 5> 2y e 0 @3 5 Sl e o 10 055 aid
¢ LS (AACC, 2000) ¢ j55te 58 LS (7) o3) JS2 3 WS Ol ol 3~
) Aolell ol psb ) (3 il Jias ol

W pgdl | el — JoI pedl | gqst)
100 x esdl 3 b sl = Jg¥l el (3 sk ) st L

oY sl & gl syt

(Al Sl gb ) Gt g & Jemsndl 0, (7)) S

A g ol S DL il 7-2-3

By (ol 0nSl e 2 sl s ol (Bw) S bladl s ¢
Al Aqualab jle aaols sl 0 5535 1 psd g B30 3~ 2 s
(AACC, 2000) (3 3,550 izl o 23y () 3, U2

39



il s Sl S DL i G Jessdt Aqualab e (8) S

F gl o i sl 4 8-2-3
el 3B 3l dap Jo Wl G wla) FIrmenss phill die pui ¢

3 IO S 3 eug el alndl Juee e Yl ell3y aadl an 55 35 1
Texture analyzer TA-XT- ¢35 » plsdl) U2 5l plisial $lsg (ol
3 5,5l (74-09.01) a2, LU Gy Plus (Stable Microsystems, UK)
(r) 330 U1 e Firmenss 23la) a3kl oda i e 135 (AACC, 1999)
Soery (3575 el Al clensal Ly e 8542 Bles gl baria) a5l
Lo 31 il s @ 15 Lo syl o Y040 Gty 1aall e lariay sy (P/25
N @lsl3 6 lawsie d5Y (30 S8 8l 340 o LY sl Go o0 25

Ll

40



(gl g Sl mglong S o) 9-2-3
O\l pad 1-9-2-3

sl o o 90 mo avidy s Slie o ol 10 O3 liisd) ad 2
dske oo o 9 Al Oliayy o 1 alad) Caisadl o Comes S5 dnyy cCnisd)
Ko ol s & 10% 55 101 o dlided) wliised) o) S5y (aisnd)
G e 5535 1 psd 3 B o ai b sl S b e e i
.(Harrigan & McCance, 1976) & 3,531 iz, Lall s,

(o dlly Jld ue 2-9-2-3

Gia) EIWly ) Gl e o 1 oy 1 WS 0L bedlly Jladl as ol ) @
a ¢ .Yeast Mold Agar a » o 20-15 Blol ¢ o o gk & 53
AU T7-3 500 50 25 e s BLLT pad @ U3

el ) L6881 A15d1 LS ue 3-9-2-3

Frank and) agbl Wy iU w80 agshl LS slasl paw ¢
b 5y > ax s cmdy o (Yousef, 2004; Watterson et al., 2014
el Ay Sl 3 3565 10 348 2% 80 ) gy S5 il e 2
a oo o 20-15 Bloy gome i gb 3 ) G i e fo 1 o 4
48 54l 2°30 5> amp> e wslie s BLLY ra=dl ¢ (Nutrient Agar
RIVECHSUSINTRNR TS E JUL S e

:QN . ‘;lg\ At 4-9-2-3
bl by il Gl e o 1 o 1 JUSTL S IS ) sl2) ¢
caz>y Nutrient Agar iz o b 20-15 BLol o 0 gb & 53 1)

sl 24 500 20 37 5> B> e plie (s BLL

41



A 5 S el 10-2-3
o S i e A 578 S I s il (s el (55
oS oy (0 322) Bl 31 s e 1Sl ST 3 5 e
podl Gy ) 858 D p 2w mhae e dall jeeby (gl sedl Al e
.@Lwﬂ

Syl Jelodt 11-2-3
StV ol ol Alanlyy ke Juamall gilall Jlam Y1 fodl) ol ¢
) sle calales U ol S 235 W3l ((IBMSPSS Statistics 27)
£y Sa 6 (o O5SA plodll s Lty LSS 1T e ol sllly )
two-way sone-way ANOVA L slasaal de Lol UL U
Tukey post hoc ) s>V L= Sy STy ol ol @ ANOVA

(P <0.05) d50s ss2ms is (teSt

42



cg\)\ HJLJ‘
CJU&\é\.:L\j c?\:d\

Results & Discussions

43



LUy ikl -4

(gl 5 Al Sliall e (g ledlt Og S L) 5T 1-4

58)) eneel) olial) U1 (11-10-9) o3y JSKaNg (6) o3y Jgud il ez
i) Sl o il (s e Bygratl CIIsE 5 Sl (o5l o) — o -
L)l aadl 15)e $U3s (%1.55 1 <0.5)

Gy 29y ks LM (6) o8y Jg3-! & Oj) 1) g1 i) ] il
iyl Gl e L9 (P > 0.05) 2yl oF bl e 0501 03 C dysans
e astl p A Sl 3 ) od Sl Wl (o 156.65) we 0j5l 2ng i
160.74 (159.68) s i (%1.55 1 0.5) b gl 0hsSdl
s e (-160.50

s e g (P S 0.05) o) o8 & sine 39 257y ) e O Loy
Bl b 8 (g adll DS e Al s o Rt R Sl il
S Loty ialll) o Dbl 3l e (Tewr 514.33) wmell 20 el i)
33 o et o Uabls (%01.55 1 ¢0.5) el 015 o a2 1 Slis
o J5 e Mo (3 pime G a9y pis ) bl LS Ll Ol S A
445.335467.00) cloew e %15 0.5 2 0552800 e g2t 54 Sl
1 s O™ o dagd) 51 Slie C (ssinn G55 25y pts Laaly 1) s (T
s e (T 435.005445.33) 3 %1.5,

(6) 3y Jgb ameosll ool ol ) Sl Jowdl) mils ol LS
) Slall sl el ol 3 gpme L) ) ol g ladll 018l wLa] O
& Lol i ol okl 13 iy o(p < 0.05) dalall iy w5l 1S
(o /To 3.28) o) amd) & e el Aol j A R o S (et
o ) j Sl o sl ol 08 8 Syme B 2 et el el Loy
Casly . st e (o /T 2.77 2.92) o e Y015 0.5 a2y 013528l

44



2.77) il %1.55 1 sy 05S” e szl 53 Slie G (Syime 33 3579 pide
s e (/T 2.71

sl 3slze 35LeS" OhysnSl 5l eadll okl aomd) (3 BLaEV s sge 3
w3y i) s S ISk e o g b 3l s 0T V) ekl Blas e 2230
Lee et al., ) bl auls 4 alal 05aSd ans plifly Jad) jasd
bradl Lgy 353 V) e sie e Ll eSOl g6 i) (2002b
S Ol xS Ll W) L e =3 Saccharomyces cerevisiae
& et sod Lol U jeb ey (sl o lele 3 a5l 3 KDa 30
5w o S OF O L) sizel adey Aaisiis 1y Sy KDa 120 015580
Lafarga et ) auls w53 iS5l aiome o cdy s 18 Kty spadd
bles 3 o8 Lot ) 635 %4< oy 0L 3301 Jlzas) OF (al., 2013
Ly dy (28 08 5ttt bles 06 %1 ) SVl ds jais die o VT G
ol o e (3 e (21 UL %] A Szl (sl Uil L fuls” IS
s 5 ool amdl (3 pla Y s OF (2011 055 T5 Oledker) aulys 83 SIS
St S O Sy pate 6 dag Lo s b BL3YY e 2Ll 0192801 5L
oot s 0lsSl gl esdl et 3 Y e s S SIS 2l
ot <53 (Ghoshal and Mehta, 2019) Wi auls & agid SWY)
) Ofy (Y00.5<58Tr 0aSl BLo| die (ssime (Pl o sell o5l o
DSl 5 s (reg ) ] SLall Ol 555 sbayl g Gl ails ol
el ot e g 5B U 0K 8 gy 2810 SUY e s )

L] die sl o Ojglb Aadl) Jiee 3 pli] i (13) oy JSC1 s
dola)l a3 O3l il JeV) ed cdan o G L g ld) 01S)
3155y «(%6.07) @k 158 %0.5 Lol we wid Jams j2ifly (%7.85)
1) J ol 019nSIl e bliall ) 8305 aidkl o1 0300 did)) Jaws (3 2LidY)
aadl any s S (%5.495 5.45) e 5V aad) 8 Wb oS e (%1.5

45



B 5 plsy 05y Jo b 3y aegs 220 (Baking loss) 3 lf o) @
S 5as Ol ) op B 5d) cT o a@s ssly OF Gus eld Jums EUIS,
.(Kotoki and Deka, 2010) sald s 5,5 25 LT LSl

g Al Slhal e s ladll 01y L) 3G :(6) Jour

3| 2!
g f& (V‘.-w) ‘,.9,13-1 (‘.r) Oysl! ) WY
(/Yo
3.28 £0.04 ¢ 514.33 +4.702 156.65 +1.382 dayliall dapall
2.92 £0.06° 467.00 £8.50° 159.68 +0.322 %0.5 OlygS
2.77 £0.05 ¢ 445.33 £5.70b¢ 160.74 +1.162 %1.0 OhysS
2.71 £0.02°¢ 435.00 £2.89°¢ 160.50 +0.292 %1.5 OhygS

3 = o Ssae (bl Ll SE + bl s js UL
(P<0.05) msims SlMast iy dargy ¥ ssanll o 515 Sial) g bl iy ds sl L)

(=) o

170

160

150

130

120

110

100

Unsloal| Tl

%0.5 o358

%1 oS

%1.5 o308

Al WS e s o gt 5l (o) O3 o8 2(9) S




600.00

500.00

400.00

(Faw) aaall

300.00

200.00

100.00

0.00

Unsleall Laall %0.5 ol3as %1 o30S %1.5 o30S

() 0saS) pp e Jo (593 5l (Taw) ot o8 1(10) s

3.50

3.00

~
n
o

2.00

(/Y g 930l paadl

150

1.00

Uaslual! Tisall %0.5 &l35a8 %1 o30S %1.5 ol3aS

(il WS a5l (/o) o) et 8 :(12) S

47




(96) sl 21 (3 9l1 (6 S

3
oLl Gall 0.5 olass 1ohns L5 oS

(A DS i o g5 55l (V0) ) ol O35l 3 sl (3 1(13) S

48




(A 33 o el S (g ladll Oy S L) 50 24
et (3 8 0lag B8 AYs Lo gly by o el ST sl W ) s
s Sl b i ) @ (Blia, 2011) 2538 obnnl) Jo8 (s 839
ol clezsly (%01.55 1 00.5) 2l sy (ol 0nSI1 e 2yl sl
plal) Jsedlly (3,800 Os) (LUl plgh (it ) caalal) calall gl oo 87 Jo sl 2L
(7) @8y gk Qs o i o (59l jel) ol i) 0 g sl
3 s 3 e el 3 (P > 0.05) dusins Gy 29my pis . (14) oy Sy
i ol o 28y O3S e e e Bl A s ik Aalal dxa
il jd olee U3 Ly (V01,0 0S5 aee (3(8.47) Jis ol glanl
o 3ofy (st Je (8.065 8.18) sy o3 o iy OlisS %0.5
OhsnSdl e (Y01.5) as s w2l il (3 cl57(7.66)
)l Bgine Bgb gl § 0Ll i Slie OB il ol gaball 2ol 4l L]
e oJlsd Jo (8.47 5 8.12) U il lly aaball mils ils” glly calasliall diall
8.13) wl (%1.55 1 0.5) adker sy 0ljsxSl o 295 541 Dlie s
S ST aaad (7.78 5 8.30 (8.24) ol okl 2ia) (7.545 7.95
s

(P >) Gisins Sy i Gugiall Gl plandl A4 pldl) ddo (3 ol ) il
= 3 (8.15) we il ie sl e Wy i)l o A wles o 0.05
o gy Aalal aiall 3,500 Ll & Sloas SV il e % 1.0 01sS
Slaall 3 23 (7.56 5 7.68) e plsdl 2dal odll ol ity «(8.14) sy 203
Jsd Lo (%1.550.5) o 01520 U LY

oo 8Ll 23S 83l o) 8,280 O feads (3 2l ) (Sl bl
(%15 0.5) 05sxSl 5 Slis (3 Gpimn S 4 LN 1 0T Y] (g kil 0150
Lo (P <0.05) Gone 2V 01 Ly (sl e (8.07 5 8.36) S 0115
il 1)l ((7.72) 2 307 anad) e o (Y015 ey 55l 012801 2L0)

49



0g aie (13) @By JSC1 sy (8.59) we eVl el o glly Al
Al e oMalead) dom )l 5,040

ially (Sdl) DS Slie G ol Ul (o5 3 isine By g pie Lol
s e Bl Dbl Sl ol e (8.31) Al dad) el o (i)
8.19 (7.93) il clme s (%01.55 1 0.5) gl 5 o aike
s s (7.69,

£ (49.81) blis §gams wailia)l kil Boi5 bl o) I mog Gt
(49.14) L gsens Yol 2l i 0S L)) Blall j41 aue Ly
U 2l e 0l SDalan Gy Byl o) i) Bl ¢ gomt oY1 058
Bed e gl 5 A OF Al mined (S 13 e ) il 5 e 2l
gyl () Ol dates g o Ty Vo AW IS (g b 05 01

izl idl wliell (Ghoshal and Mehta, 2019) 21 aulys 3
oo il s sl 01558 el sl 823 plsy LI plg3y walally 26STIL
& Sy ciigd SV plyly comdt o e LoV a3 (3 IS dalal) ) of
ads Lol o (BL2Y O Sl dd 8305 ) Slgrd) Lead 2dd) Ly L3I
alsdll 3 2o S OIS W8y (Ol e Y02 e syl sl oSzl oz
%1 Blol gsuall JEL il oda coogly Aulll o ) plel aat @)l
by ARl s (S dy dr aaby 1S5 55 O o (bl [l 055 OljsaS”
LY e asd) Sl

%1.5 Ol AS %1 Ol)AS %0.5 ol sis

Al O3Sl e e Ryl LI s 2a8Y 52 0f) g 850 1(13) S

50



(Al j Sl @l o (g ladl) 01y BLo| 5 1(T) Jgur

Wl J gl 8 i) 04 ALl al g8 dou) ) pxkal! Ll ghall i
9) 9) 9) 9) 9) 9)
831+0.20% | 859+0.19% | 8.14+£022% | 847+021?% | 812+027% | 8.18+£0.26% | et il
7.93+0.20% | 836+0.17® | 7.68+0.29* | 824+0.16* | 8.13+£0.17* | 8.06+0.292 | %0.5 oS
8.19+0.17* | 8.07+0.25% | 8.15+0.29* | 830+0.20® | 7.95+0.20® | 847+0.17% | %1 ohgs
7.69+027% | 7.72+£025° | 7.56+£0.14* | 7.78+0.34% | 7.54+030% | 7.66+0.302 | %1.5 oS

17 = o, S sae (b)) i) +SE Lo o slbs oLl

(P=<0.05) apne lMusl Lty dmgy Y ss0nl) o 505 Sprall (2o ) iy de sl UL

51




(Q)gua.ll e ||

9.00

o
=)
=}

N
=
=)

6.00

asliall Tl %0.5 ;348 %1 o358 %1.5 o368

()l DSl e il s U OLall il Sl ) il 2 1(14) S

52

:,wl,‘_mn
[

[ gjj_,u

AN

W szl

WL s




(Al j Ols Og e (g kil O S DLt b 34

i b Ol gl 5 wluad a5 2y ads il RLN 08 s &
16 (15) o8y Ja¥1y (8) o3y Jsud) (%1.55 1 0.5) 0l o adlee
L* a5l 2aah of (15) @8y JSCadb adsldh 2,1 3 05l ol o5t bl (17 9
1 0.5) 3 ols e e cilall 0 s 335 a0 L)l coails
tad el colS Ly (sl Je (70.47 5 71.83 (73.14) i 01525 (%1.5 5
B o e el il bl LT (76.32) il &y dalall 2l 3 U
bl o SMalall e (P 0.05) Zsins s i Biginn B9 3509 Jgld

oS uB Gl ads ) AL 3 2t LaYl wie il (16) W3y JSEN ~oy
Gyan Gp s S Ly ((-1.26) wie Y aedl Alonne a1 BV dlaylia) 2l
Gygine 3305 @% 2ed woljy (-0.81) Lezes u\fgb 200.5 01 ie g g
«(-0.52) 05 %l alelall (3 @™ e il (012801 4 3515 10 (P< 0.05)
(0.23) 0555 %1.5 aslall 3y

Bl e ((17) JSCIU sdd sl 2L (3 DY a0 dhs s eiaw
(PS) ygims Sstoms is Soinn 30 U Buz (18.77) 2 Lol 05 %15
o d b ((17.16) aee BY adll el gy dalall aall Gy 1620.05
Sl s Yol s 0.5 b Sl Slaey dalal) duall (p Ligims Gy s
s e (18.195 17.35) Lo

e A L agslh aad 1ady a3 5080 3 0ol ol it 2l Ll
(42.53) we dalal el @ LoV 2l oS (15) o8y S LS 0Ll
@313l & ((40.78) Leed <ilSy 015525 %00.5 wal) (3 ssimn i plid) i) &
Dlially g Lo Bppine By es Gy (01l A B3l Dl Byl 5,23
(27.89536.81) a5y o3 o gl ((%01.55 1) il 015280 U L
i e

53



135 (16) @8y K21 3 il 5l i 5,28 1 (%) el el

Ball O By B3 g pe Lo 1S7(12.99) el larlial) sial) 5,85 o

(13.195 12.93) wuilh clreee 815 (%15 0.5) il 35S0 iy sl

hy W92l BLo| e (P 0.05) Gme olid) @™ 403 i) & () e
(11.56) we pgla Y 2adl cdoew 3y %1.5

S oyl ai (17) YK jol) s B 528l (b*) asy adly
(14.90) ik gy %1.5 oS ae 3 (P 0.05) @sine plid) &pum
LS,LD-Y\ D) e g Bl e Dl & Oy i (Sime O U Gus
il g (Y015 0.5) 0SSl Ldyg daliall duall (n Bisine G 2929 ps
sl Je (22,105 23.60 22.27) o

L* a5l asal of ) (Lafarga et al., 2013) i) g aulal oolsf
by alalal) b 1) %l aes 0hsS Blo) e p 3 U o1y cuadd
A a5 sl 0 Je 0SBy 6E Al (S

Olisb OhsxSdl Bla) 1t s g (Lee et al., 2002a) a5 s <ols;
LU 8,03 @ 0l o3 e %0.1 ;su (KDal205 30 5 (1) ik agp
s sl LH and colsas 0ljsnS) 8la] Jad Ol 3 58 gl o G
ol Ly Lol aall w)lie KDal s i 05 012l 28Lo] e SIS e
bl L* o3 cdoewy kDa30 dls i Ojp 05 Bl die )85 a5l
il Yoo b7y 8% 5,280 0 (8 el calaslally )i 01nSU gl O3l 35 e
ERSEINITNIPC AN A RIS NERRURARUNEY Dol WCRCREFCIR IR By
xe s b* aes coaidly kDal20 i 0jl «dlo) e a¥ il cai)s
(KDal20; 30 <5) Jls agsdl 0530 s @l

22311 el Balias B3be 655 bl 01sxS1 1 SR BU O ik ek A3
OS5t e (Rakeejeva et al., 2011) awl)s 555 by ¢ asedl ades s
OlgnS) lo) s el (3 sl G e b i) 3 pesdl Aes e

54



g Jans 8345 B3ge Sligaplly 2ana) (ola) we Ly Jolis Lkt Lo 205y
SN el

(Kerch et al., 2010) 2> 653 L 5,230 3 030l o515 iy 8 VIS
O O O L. UL W UWAISE S e ESE R RO P
Sy o g5 A e Lol BUST 8L Gy 055 5 s Oy iy 8Ty ekl 0]
2L (3 pale 8 1 a2l (3 Jof yoby s 1Sl ol S smdsly 5 013aSdl
O 3 aat 8 ML &T gl S5 Ual 5,08 04 135 530 Jelis 2l
&l pand el 55l jatlad) Gy DSy dnall 55l sl jasladt o
wblal Jel gy LSl slas blas by 5SS s3lias) aalisll 5 |elis
(3,2 (35S

55



Al G Sl Of o skl Ol Ble) it (8) Jeus

18,28 0 o A A O o
<olal!
L* a* b* L* a* b*
4253 +£0.342 | 12.99+ 0372 | 2227 +0342 | 76.32+0242 | -126+0.16¢ | 17.16 £0.17b | aastialt &
40.78 £0.832 | 12.93+0.102 | 23.61 £0.152 | 73.14+0.17% | -0.81 £0.10% | 17.35+0.26° | %0.5 styss
36.81 £0.32° | 13.19+0.082 | 22.1+0.892 | 71.83+0.28¢ | -0.52+0.12° | 18.19+0.322 | %1 oiygws
27.894+0.25° | 11.56+0.09% | 1496 +0.15° | 70.47+0.32¢ | 0.23+0.04% | 18.77+0.332 | %1.5 OhiiS

56

3=, S sae (oled) L1 +SE boge o ble UL
(P=<0.05) apne SlMus! Lty dmgy Y ss0nl) s 515 Spiall g b1 iy ds gl UL




80.0

70.0

60.0

50.0

L*

40.0

30.0

20.0

10.0

0.0

BN EAN]
_EFNpe

Uasliall Luall %0.5 )38 %1 olyes %1.5 o308

(Sdll Oljsz,

b o e agtl S ole 3 (Lightness) ot 2 :(15) el

16.00

14.00

12.00

w00

8.00

a*

6.00

4.00

2.00

0.00

N RN
BN

moe

-2.00

Uaslial| Taal! %0.5 o35S Olass %1.5 o348

Sdl) Oljsz,

Do o o gl ) Sle 3 (Redness) Saiasys 1 (16) 1S

57




26.00

24.00

22.00

20.00

b*

18.00

16.00

14.00

12.00

10.00

Aasliall Taall %0.5 )38 %1 ol3as %1.5 o)<

a0y
Wi

OlisSdl o ad Jo g2t A wlie 3 (Yellowness) jlaoW asys ((17) ISal
NEPYA|

58




(gl 1 b M apt Jo (g il Oy Blo) it 44

Blo) 1t anls ¢ 4B G B Wil 3 Rl el e b )l (et e
sl s b sl Je (%1.55 1 «0.5) (sl Ohssdl o ddlse o
(W g 3l e ealdly Gy JeY asl IS eyl 2l &)

asb ) sl @ ol ol Doy (19-18) 3y JKa15 (9) o3y Jg!
asb )l ot LoV dadll 190 019nS alalas cdoew G il i o 3 S Ll
Gyt Y il (%036.23) 2002015 05 delas Leils & (%036.38) wie
(7035.64 5 35.68) bl daliall aally 900.5 0l dhalas 3 oS a5b )
(P > 0.05) wsime S mtnadl sy JsW psd) (3 S, dl) OF V) Ulsh e

01 005528) Laad i sbo (532 il amgd mptvadl oy I el (3 VIS
35.09 35.73 36.01) i (data) H00.50ms H01.5005:s
sl SIS (3 auhall o MLl oy siee B e by (Usd) e (%035.05
B 3579 pde b gl Lafarga etal., (2013) tede fad o) il bl s
eyl aall @lie 0L 331 e 0 1 izl dis asb )l (s (3 gima

ioylal) aall 1sb )l (sl (3 plif) Lamg) A sl e sl agdl 3 U
(P dgsins By ey Bz (s S (%034.72,4 34.57) J) %0.5 0155
(7035.53 5 35.88) vl %01.55 1 0ljsas” Je w52l liall g Lo 0.05)
i e

Ll dedl 8305 e b I (3 il Jies (3 pliE) Sga L) &bl LS
tagd el dalall aall el o L(15) @3y JSK3IL g 8 LS 05l s
el DSl e agdt S e L & ((%3.00) we wpb i as Jual
(%1.55 1) el 0 b CSlall sl <518y ((%2.69) it (%0.5)
Augb )l i Jase 3 Y sl Je (701,935 1.37) by o8 e 3l

59



M Bl e e (Kim, 2004) el o83 Lol ui
o I el b ) as Jase jais ¢ (COS) 0issd) wliy Syl
Jdas O Lo bl ool e asb ST Olis @ gbl gy cilarlal) 2l )l
0.1% 1% 3% adys COS 1% s 1is 01558 e Melas 3 51 25k I s
COS 5 01925 2l 3,030 e 320 5 alal ol O Eo Ul dizny LUy (018l oy
576 oo by 3 L G WS sl op W8 50 ol Oy cisb U Bl e

o

Al j g st o (gl 0SBl 56 1 (9) o

(Vo) gsb ) g
SMalall
ol agdl G agdl Js¥1 agd!
34.5740.15%4 | 35.05+0.332A | 35.64 £0.333A | dalall Ll
34.72+0.11°% | 35.09+0.4734 | 35.68 £0.47A | “00.5 Ly
35.88+0.18% | 36.01+£0.50%* | 36.38 £0.502A | %1 ongws
35.5340.05% | 35.73+0.12%A | 36.23 £0.302A | %15 ones

3 = o Ssae (ol Lt SE + Ll Lyss jas UL
(P<0.05) ame wlidas) Lay dagy ¥ sganll o 515 3paaal) gl iy de sl UL
(P=0.05) dgms Sldias) pgin gy ¥ Gl i 13 85681 g 41 iy Ao gl SUL)

60




SOlalal |
37.0 @ oLl Gaall
!%0.5 olias
%1 5lyas
A-%135 Slias
36.5
ll 36.0 \
Y ”
3,
'3) 35.5
2
g
35.0
345
34.0
1 3 5
(o) oo

(a0l e s e gl 2 Sl (0) Bigb ) 22 il 1(18) ISCe

w

~N

90 G gloll b il Jass

[

0

Unsliall Taall %0.5 o308 %1 ;)30 %1.5 o308

()l DSl a e o Riged S Sl (Y0) Bigb )l (3 a) Jase o8 1(19) K2

61



Al 3 S bl e g il 1S Bl 6 54

e (%1.55 1 0.5) sladd 0huSh (e i s Blol 6wl ¢
Ball > A>3 anld & slly dlalall iall B)ae gl s 3 S blad)
[(20) o3y [y (10) @3y Joud canadl an 55 35 1 o0l I3 (2°21)

Wi Jo sl jL B)lae JeY) abilall aall JU bladl o3 cols
islas] AN 13 ST L asbl oda OF Y] el 2y (3 (%01.55 1 <0.5) iy
376 8Ly Aalal) aall U bladl (3 (ggmn 2L} Loy U5 aas (P> 0.05)
—aboylall alalali— alalald i s W DLadll o3 (spime 3p S Bu (it
(0.953) aalal 2l 5335 T ol (3 JW Dladl o8 il aib o) 378 I
Y 0L oMl @ JW bles sl o L (13 Je (0.949, 0,952
) 78 s bl e s Bpies By T o g ST

eSS bladl o3 of ) ojlal (Lee et al., 2002a) s o6 auls &
Oy Lol Al e Sl e sttt AL wylie aala)) el ps 3 LY
ol 357 5505 aly LsUL LlasNle LUV e 0hsaSl 5,08 ) 39m U3 (3 ol
SW bladl 2Lk O Ly (bsmbe [ty alaplall 2l 5 3 W bLadl sy
B UL Blis V) e 05l 3udll oda OF Ul S35 . 51 O 8Lo) me 5l
o) sl anl agb ) e Bldl gb o Al W s b 3 e 0,5

62



s G S bl de sl 01y BLo) 56 :(10) Jaer

SE bl
- CMalall
ol agdl G agdl JsY! a5l
0.949+0.0002B | 0.952+0.00124 | 0.953 £0.001 24 | daslial) Ll
0.949+0.00124 | 0.951+0.00124 | 0.952 £0.001 24 | %0.5 Ohygs
0.950+0.00224 | 0.952+0.00124 | 0.952 £0.00124A | %1 ohgs
0.950+0.00124 | 0.951+0.00124 | 0.951 £0.001 24 | %01.5 Ohygs

3 = o Ssie (bl el SE + bl Lgss jas UL
(P<0.05) apms lMus! Lty dmgy Y ss0nl) s 515 Sprall 29 ) iy Gl UL
(P=<0.05) mgee Sldas) i dmye ¥ Gl i 513 35S0 B9 b1 ks 250l DL

SOlalat)
0.9525 | @ Ll Ll
- %0.5 ;135S
2= %1 358
0.9520 | B %1.5 ;135S
0.9515 |
33 0.9510 |
3
=
= 0.9505
-br
0.9500 |
0.9495 |
0.9490 |
0.9485
1 3 5
(52) a3l

(Sl DSl e s e ) p Sl U blad gts 1(20) (K

63



(gl G G algdl) o Adki2 Gy (5 kdl) 0139 Sd) BLo) LG 6—4

x5 5 les ¢l S Ao s A g s AR e
& ¢ (Ulzigargal et al., 2013) sol bl Oluidl ams sl 3 I
(oLl Luall anyliey (g il O S Ub Clall CIIsall js ol olsdll 25Le
o 2 D 35 T asd) 3 sl el

Bl 3 a2l o OF (21) @By JSKadlg (11) @8y Jgudrb sl il i

sy LS WS el e JoW psdl (3 (o 572.86) Lawsze BY) oS abaLa)
o 3ol clnl Gl o Sl e (P 0.05) 2see By
ol Glw Cws Lo s ek 8 (g lodll 018l e Lkl 2l 8505 w250l
3303l oda 0T VT (Rogers et al., 1988) LoSe Olwlny adlally 141 3 ok
o 3OS s ) el e b ot (SO L 0heS ps olee B3
ot el 5 (3 LS ga LS cilo Ll dnall (g Wi Bygime B9 65 Ly 4
(7) 03y Jgd

B~ ) suzally ) 558 S0l me Vlall G G e alis SAST >,
3 e s Sl Ly ST iy el dlalall aiadl 3 Al sl A b
aaylal) il Cp Bigime B9 (sl o dy cgildll OlsSdl BLo] we 5T 25La)
L Bugine Gap vy a0 el 25l 3 (Y01-0.5) 05l w5alasy
OhsS %15 o

e (Lee et al., 2002a) e fod &) il mo donzd) oda Gilys
Mo 3135 G 5 ol 3 35 W) ) Ol 93 015l L] OF Al o853
Al (3 el s olSy Ll Rl e DLl DS g Ojel B3
Sgsl Sliall i el sl LS i cpll 4 aws dols 01jxSd) BLo] e Jof
b LS 8T ISy aala)) anal (3 3l wosls)l Ly L3l i Jume 244

Lods ) 5t ald 2B w6 0 Ble) ob Ui amgs ol S5 sl 58

64



¢~ (Ghoshal and Mehta, 2019) o53 L o ol Gl Ly
O s 835 g ol g 83k e i3l ) B3 Of anhll coi]
s e s ST O e U Sl 5 085 %2 s %0.5 e L
bl dall 5 e b 2o ST O gty 0nS %01.55 1 e st £yllall
Slol Ea Ul 06873 @ anl,dll e 0lsnS) Blol atiy b MY s s9m 13
Upr ooy by 3301 Bl 01592801 Ll aas caglie B o 51 anl,ud 0l Sl
DS asds dazel 1z (Lee et al., 2002a) auls (39 WU a3 U
)l ) L] 8 s

(Al 5 Sl (Firmness) ol o (s fadl 09 L) 536 :(11) Jor

Firmness (o) p'sd!
stk
el agdl CI agdl Js¥! asd!
1363.36 £59.04 A 014.89 £35.66°B | 572.86 £30.89C | dalial) dxall
1405.29 +47.02% | 1194.11 +45.34"B | 775.87 £57.96C | %0.5 Oyss
1512.75 £53.9584 | 1236.28 +50.962*B | 966.37 +36.402C | %1 Ohyss
1624.35 £56.08 24 1414.8 +72.682B | 985.53 +42.1328 | %1.5 VS

6 = oS sie ¢ wldll el SE + Ll Lgss jas SbL)

(P<0.05) sgme SBMas) Loty dmgy N ssaall s 1515 3paal) (g A1 iy degll UL
p 5ins 52 Y dgend b J5 93 iy Asl
(P=<0.05) mgee Sldas) i domye ¥ Gl i 513 35S0 B9 b1 ks 250l DL

65




Salaldl
W el Gl
1,750 W %0.5 ;358
W%1 ;a8
W%1.5 o35S

1,500

-
N
w
o

~
wv
o

Firmness (a2) al g3l

w
o
o

250

1 3 5
(32) 3!

()l DS e s o gl 3 Sl FIrmness (o) ol zits (21) K

66




(A 5 Sl Gyl gy S 83531 s g adll Oy L) 136 T4
s (%1.55 1 <0.5) oy (il DS Blol ) 1 ¢
Blol gl iy o %00.3) tes G dleriedly 25l gy BLoY 22
3354 oo raSW pbl dwd sk A Bl das 3 ey S e (%0.7)
25500 a15bl LS Slasly ol ladlly Sl slasl i jlasl g b o derglon s S

Jbay Lol a5l eSSl &Q\ Adlly (ol el

t Sl j Sl G Objkdlly Jld sl e (s ladll 0gSd) BLo) b 1-7-4
d LI s ol 10775 107 sl 3 iy Sl adl el ¢
SUbT e spattly Lol 5 5T eloy L o(p° 3222) 14l 3> 2> (3 pslly 2l
03 okl (3 el GuaS) s sy Mg gl e ety Uy JoY1
ot oAb el 3 V) s e e (ghab 58 sl o) o 4 e sy ((12)

Ll

A 55 s (log efu/g) Sadly St sl o ol S L) 6 :(12) Jyir

(log cfu/g) wukdlly jlLdt slusi
SMalallf
u""u" f}:‘h EJu eﬁj‘ inﬂ\ e},‘\
ND ND ND dlayLiall dipnl)
ND ND ND %0.7 )WV o~
ND ND ND %0.3 eﬁ-«J\g\ Slgmg
ND ND ND %0.5 OlygS
ND ND ND %1 OhygaS
ND ND ND %1.5 OhygS

3= o Slsae (ol ) SE + Ll e e UL

(P<0.05) ams lMus! Lty dmgy Y sgenll s 505 Sprall (29 ) iy ds il UL
(P=<0.05) mgms Sldas) pgin Ay ¥ Gl i 13 85681 29 b1 ks Aol DL
@U\M\@Q\f@fﬂh}AND

67



7 Ol Gl el 10 a1 eI shasl e (g ladll 01ySd1 L) b 274
OR|PYi]

JSdlg (13) oy gt e it oeld 258U a0 LSl sl s o S5
BsSU agphl LS sy (P > 0.05) g 35 3529 pis L (22) oy
Slswgy Waleey daliall alalally Sl e alilas) oSl Gy ol el
D= (1 —2.15 log cfu/g) cu sasV1 cmglis cpsd 356 Jlob (pard S
Ashl LS shash (s o dg 8840 81 s (s ol e Wy SV
05 B AWl e Sl e (3 ) a sl asd) IS (el S
D el psdl s Sl 1S a1l LSl st (3 (oY) s s
U WS Vs gt LI e ) 605 L gt slie n8 connl a8l OF oo
Al LSl it & Sl A3 a0 Calall jd a0 bl OF e ()
i) e ) 35S

Sl 5 SU bt LS s il 5 3 00 am OleSU dedl U
s I st @l oy o d e (Y%01.55 1 <0.5) el o 61355 et
o

I sy iy aasull adl S 56 e sl sl UKl seles
Sldly bbdll e |5y anEy ey atlaey 3 ] e ddeidl 1
a5 (Cauvain, 2015) ;41 3 rslsws, S sbedld 2d Jalgall a1
W Of LS Gl S sledl et ) ol Bacillus s o 351641 L3S
odd ol ot k) Adas IV Wsgen g2 Gy A SLH 0SS e 3,03
il g ol Ol 055 bl asl Jsls el 48-36 09zt (3 sedl 5 LY LS
Aa iVl s g Lol S 0 8ol SLSH 5SS sy POBY) 281 3520l
G a3 abll bydl b s 134 (Pateras, 1999) aadi Jug; Y,
(Melini and ;31 o P 3 dd) o5gnlly ) Slgp) Ual mid LS
.Melini, 2018)

68



s, Je (Rakkhumkaew and Pengsuk, 2018) i)l w7
Adae oW1 Aais e ) oyl Blalall an by Sald 33L2L COS 5 052831 aslas
COS, 05 b anhlll sl SIS b ado 856 Ltk ] 35 U b
s ke M3y B cereus xS Ll 13KDas 650KDa cax ol
iy bl axl sl 2% 30 wee 182y ST iy B cereus LSy 5
c5sS gy dalall aall Blie 3 psd) dn 2SI Bdlyy bl S Ol s
ISy Lyt 0555 COS abeban e Loy casles 24 Jf ey 3511 ity Bt
iaylal) 5 Gylae 3T 2456 ) gl SN all 4 e s azl e die Lyl
bl bkl Caslie alag OGSl MW oLl of oUWl s, .0hsaSl
e LG dmgl Lo ga (alsa l COS ¢ DD glsyly Mw plast ofy oSl
LSl %)l 23 s 3Ll @il e shs OLsdll e &

o 1% s 5t s &y Lafarga et al. (2013) .15 (3 clisg
124000 £ zgp S et jpid clilz o el 0heSIL 3320
Bacillus Lsd ol 1o w3 L= szl o5y (10000 g/mol
e i BLLT 3 caaty B cereus LSy j3H s i) b & cereus
s sl 29y B cereus LS sod Lo A3 e w5 0% 30 3> 3y
Axy A58 48U aml) dlailall Sl Sle psb Lay OS5 le 3oL 3l
) 01 Jlanond 23SGT el odn Sy L piameil) e o ael 24
B3kl Jo ST 50 Ot 1281 LB sliae 5 0SS Y01 SR (opad) 1583 e
ed ol sl aelel

69



(log sl 355881 Aol |y pS) Stast e (s adll OgrSTN B3L) it :(13) Jor

Al j Sle J cfu/g)

(log cfu/g) w2l &S0 a1gdl LSl slusd

SHalalll
o sl EIWI agdl Js1 asd!

ND 1+0.58°% 1.92 £0.04 24 dayLiall deall

ND 1.154+0.09% | 1.34+0.174 %0.7 Syt 2
ND 2.1540.09% | 2.11+£0.29% | %0.3 apd S gy
ND ND ND %0.5 Ol

ND ND ND Yol Ol

ND ND ND %1.5 oS

,(pS0.05) Lgme UM Lty drgy Y

3= o Slsae (ol ) SE + Lu gl g e UL

Ssandl i 315 spnaall g A iy aegdl) UL

(P=<0.05) tgms Sldas) pgin domge ¥ Gl i 13 85681 g b1 ks Aol DL
U sl g olsd L;fﬁB(IND

4.00 |

3.00

(10g cfu/g) asil yall &3 5l Aad ggdl Lo yaisall olas

(32) O3l
w1
u3
s

2.00 |
) h Il
0.00

Ul Tl el oSl o

\.JLIJNJ)-I %0.5 o135

%1 oIS

%1.5 o388

Auhll of sl ol (log cfu/g) ol S ag1sd) LK sl £(22) (el

70



P A G Olee G Sl IS sl e (g il 1S3t W) 6 3-T—4

o A e el psdl o LS sl 5l LSl S el s o
DR e sl b ey sl Bl e SO U3y o0 3E22) 1A 3l 2y
(P=<0.05) asins 3L wilS e (23) o3y SNy (14) o3y Jgedr s
s 5y (1.13 log cfu/g) dailall auald slh) ool 3 5oLl il A
st Ll W i Lods (1013 log cfu/g) clopsSldl o e
AB 53 05 A48 2y SIS lgrg ) 2l Ll L0 S Cupls 3 Jamaend) Sl Sl
3 3ol A lamnd) 58 oy (JsY1 o) & Samtin T Jomny | o il
OF Loy 58 (sf ooy 4 el a0l 3 ¢ <(4.93 log cfu/g) wue S o5
x9S Sbisngy Jads LSl S Lol g ¥ ST ) o3 cliss
o3lr) & Al ada (3 LpeSll IS el O sy ol sl e sl (oLl
psdl LSl ISU el 8 3 el Y1 e ek 8 LSl sl e 2l
(13) ) dsadl 3 Lo ye Bl (ol anl) 5800 251040 L) s il sl

25l 0z %00.5 ) Clall S ae 3 by Sall 10 sl cozed)
sy 2V 05 (0.68 log cfu/g) sl ah o pmdl o el
Shlal OS5 (g ladl) 0hxSl e BLal) STl 33L5 LSl sl 5T slsgl
o 38 Jlsk lamteal] o (s oy dy S L) 58 05x5(%1.5-1)
bl aes ) sl

s e 0l s 3l e 3T (2T Slalys e el oda 340
4 (Kim, 2004) au)s zls5 ol e 0haSdl e 2lall 2.8 85k; o
0.1% 557 sk d5 Y03 UL Yol o0 05281 555 5L3b LSl Lagl) (5l sl
Lee et al., ) il anls @ Waf clisy abylall iall o ssme 3p OljsS
2 Sl S adl e ) oSl Bla] 56 ) cya T gl (2002b
Lz 56 1KDa, SKDa aad o530 oSl S ol anlyll covil ¢
AWds sy J20KDas 30KDa we Ll 4l gb luy (LSl & s

71



Pbl 4 e dn V] LS St e oy dy Sl e DLW SR B30
S0l el alasls 53l 01l bl S ail ) dl ) clogiy ¢ opssd] e
o) S Oyl 83 care SLall ST 83k slap 2a8 sl e 015 Sl Ll
(Sl sl g el (ss

ol ¢ (log cfu/g) Sl IS aall Jo (g adlt 0t L) 156 :(14) Jgar

Al o
(log cfu/g) LSl 31 ua
SMalall
el agdl G pgdl Js¥) agd!

595402328 | 4.93+0.27°" | 4.82+0.13 %A ilaylial) dis!
5.67 £0.0928 | 4.52 £0.26*AB | 4.54+0.04"* | %0.7 huysSa¥t 2

ND 4.93 +0.01 2 ND %00.3p 5 d SV g9
4.39 £0.05% | 5.20+0.25% | 5.07 £0.04A 700.5 Oygs

ND ND ND Yol Ol

ND ND ND %1.5 OlysS

3= o Slsae (ol W) SE + Lu gl e e UL
(P<0.05) ams lMus! Lty drgy Y sg0nll s 515 Sprall (29 ) iy ds il UL
(P=0.05) mgms Sldas) pgin dmge ¥ Gl i 13 85681 29 A1 ks Ao gl DL
bl Gl 3> s s glas | ND

72



(log cfu/g) Laysisall J<I aadl

(e32) 31
B!

3
WS

o
1=}
=)

4.00

~
1=}
=}

0.00
V- N Sligngns  %0.5 olhas %1 olhas %15 olhas
LSl apand K1

Unslual| Tasall

bl o ol (log cfu/g) LS JSIadi 1(23) (2

73




Olygaesdl o A2 Cnd B Bliall L5l 3o Sl Gl el 8-4
(S ol

Bolig bl Slzte (3 8,80 23LasY) Ll wlel o ga (g ldl sl
& Sl ) o8 6 @ dlad) ppendl o Uil o)last Sy il astsil 54
23y ldll sl AU (o) amdll @15 as . (Legan, 1993) ald il
& oLl A 5l (p0 3H22) WAl 5> s & ol S A il s )
(24) 3y S5 (15) o3y Iy

oobedl sl o Bl G il e 0SS ¢ (15) @y dgdr) 3 el LS
oot e Myl SV e dlibany dalall LAl eSS el e
PH=6.1 s anl gud slias 56 i) 015 Cusls 3 Jomindl Gl syl
(%1.5- 2l cd ol mntt 51 e inll sadd sl 186 01snSl O Loy
o bl asdl A gy 8a S se Jigb iell b (o Y 4 e (1-0.5)
yed S Sl Walany (5 il Ol wlalas (3 sl

s=ladl s (Rakkhumkaew and Pengsuk, 2018) w.ls cuis
3 %] it (COS) 035 oty Sy 00U kel il o) 2ol
A ELe pramn M3y (JId e 13KDas 650KDa i ol b
Oyl e bl Lall anyl 300 20 30 wie 282D ST 3 il 56 ala>dL
o & o) e W) psdl dn s 5k ol gl f e inll et 1t COS,
ki) oy 3,280 o aall (ST o6 o gbl alalall aal O

F Y K2 s b 3 Sl moy ¢ (Kim, 2004) 2oy 3 s
25 3y (/.80 asb ) (2°30) wie pll Garw sl 53,81 el el 58 Al Aol
e sl 39 (Jlsdl e 0.1%5 0% alatasdd ity SIWI a5l & iall 56l Lo
ool asdl 3 190 COS alales ol jseb 48T ¢ Lz 3% 1% celalandd
sl ods (3 La>d 1% a COSy (052U 3% calally anl,dll sl

jﬁs%dfw}&ﬁc@}ﬂ»&l\m@C-&cﬁdb: \Oﬁ‘u.@pjl\j':fjj\iu})\

74



Sl e W gl s 3 Sp a8 &l Y aasl V) 66 s 3 aJle S
(pasand) OGS MW ad pae aulll ods (3 Lol Ually (il 51 8590y
345 Ayl ods OF V) el S0y Sl il o fhadl] degs Baghes T oo
A B3Lp slp sl gad Ll S 0TI 2l 8 Lede famadll ) as

L0l9aS) e Ll

e b Bliall gl j Sls G il yogb o8 g padl a3ST1 it 1(15) Jgur

(ps2) a3

S lalaal)

7 6 5 4 3 2 1

+ + - - - - - dajlial) dial)

+ + - - - - - | s Gaas
Sl g g

= = = = = = = o sl

- - - - - - - %0.5 o)) g

- - - - - - - %1 &S

- - - - - - - %1.5 o)) jesS

el ol T () ol o6 sl el £ (0) b 35 e el ol ol Jaan o W1 o)

75




(4) (3

(6) )

cialall aeal) (1) plT da 5l 8001 3)) > B> e ol dm 53H) 18 00 1(24) S
i (5) Y005 Sl i (4) (haySall jai ds (3) pand S sy s (2)
901.5 015801 e (6) 01015550

76



UM\.';-‘ H‘Ltj‘

Sl 19 Sl it

Conclusions and Recommendations

77



Sl b Yo
eyl gl cdog (gl Sl gl

S adl) OljsxSIL alalall j) Sl mpod o) pnly ond) 3 (2LE) g ]
Sl O BLoL Goms 5 Ojy Sl | Loy cilarlal) il 3

g sams b ol Al aall OF 51 olid podl i) 55 Cmengl 2
%ol 2y gldl 0hssd ) GLall A aue s ¢ (49.81) b
2l 4 %15 ) oSl i a5 sl Ly L(49.14) bl ¢ sems
@ el Osl) ek ) (3 (ssims

Gl 0saSdl e il (o B Clall pd Sl B 3 0l @l ey 3
Apeidlg ALY 01 gx Sl A 3L35) an Gsine Uoli] o gbl (L) Olaclll o3 O
2133l gimn 230 %00.5 ddly DS BLLY (S b a1 i (@) ol
Yol- il OS82y S dy OpaS) a3 S 2L 1
& Ol s bl L L 3 (b) oY) dxps s s 18 0.5
Al DS BLEY S g Ll 01528 ds 5345 (L) o8 plif) 5 2l
el DS BLo] gles (5 (D) 5 (2) il By g 56 %60.5
oLl B)lis Lagede 9o 16 %1-0.5

Sodll Ol s 3L3) me iy disb )l (3 il Juae OF gilad) gl 4
S les Gn Gl e el sl 3 Gaine 0T B4 Sl A (il
s (%035.5345 35.88) aes (%0155 1) ol 01l s g
e (7034.72 5 34.57) %0.5 sy 0128 Jo sl 5y dda L)l da)
Al g B ) G5 (5 5 WUy (L

e e S5 5L &l ol ) 5 (3 eV il W bl 185
G SW Pl jais ) 88 Babpy cppdl Bl @ gladll OlsSl ps
BLo| mo sl JUI bLadl o) O Ly (bgombe Sty darlia) dal) 5
3T 01

78



Bapall 3le BL2N (g ladl) 0l s 8345 mn S5 ol (3 3L iyl L6
Sl 0S5 s3by plodll bl il U pie Lo LS (sl
Ly ¢ 876 slizal o 58T Sy 5l 2l 2l 2500 a3l 5
by sl O3Sl o ) S s (3 BT kel 3 el a8
3 (7015 0.5) 055 e Melasg alaylial) anad) (u Bysime Bgp Sl Jaews
N
Slee 3 J2dY 0 Laadl b OF 5 Sl rglen g S o) ils .7
D lmieall 5 (5T el (5 D01.55 1 0l s s st 52
.(rlj 5) il s
Sgugn ISy %01.55 1 0.5 o mestt g ladh) xSl BLY 01578
5T useh oy s Gl de e rdall ial) sad Lot 50 s S
(U1 7) a0 358 b inl

79



o gdl —Lit

Olaw onSgndl o9 3135 o A Uiy ¢ gasd) M) o bl i Sy 5
L s ylien B5LaS) SULAL o (3391 A e mnlal) 16N gl el W) 859
SUSH e ) s B szl Joko o ol 4] el aslis (3 calela) 2
Lgie 85942 dega pldsral Sljpll Al (3 cpbelal) SUs s Koo lslize mball
S Ao s LAE wdlol K8 G (JeS (il OhaS) el Say e
Aelual) BLal sl 2is (3 oSgradly Band) Ollbate 332 e el
PR WUV JUCK IR EICEY

iy lzaly (Gges aeliall 2Ll slshly a5La S alasldl sl &5zl s .1
el o 4 jlag U dipud iy sl aslis (3 bl 01 SIS dands alabl>
gl i (3 Ay g A pe ) - dla)l B8 e (3 A8

aasl> 33LaS (g lodll Ol 0 Y01 A o g9 5 e L5GL Ao gl L2
Oy el gl Jgudlly 2dlaSopndll 83521 (3 5508 OUDs) gl 093 dmds
Gales 065 0F K6 Y01 s sl dagds lasls 35S (g ladl) 01321 3L
el aslio 3 Bl

Amall 150 al jll (g il S BLo) Jgm bl e ] 35201 .3
(el DSl o (sl 51 Wl dnlys (3 pnsilly ciilind) i)l w10

ailo] pn Yoy S Lo ailely wledllS” (g lodll 0snS plasena) 136 5 4
A S e e s akld

G ldl SUlsl) e SslinaYly ghadll Sl S AW seell S
w35 (ol o w3 s e £lsly aie (3ped) God Slless
) Jao ol Wag (3 cptal) Cussnnd) Sli=Uly LI

80



UADL..J\ <L

&
REFERENCES

81



8\)-\ doi\d
::\,gjnl\ 8‘15" :ﬁﬂji
Ayl ASLaally o12adl & jagll g a8l ydine soelad) ad (2019) .o seadl Lalall disns 5l

A graal) A jal) ASLeal) o onl) eladl Foos sall A0 gaaal
https://www.sago.gov.sa/Content/Files/Baseline 180419.pdf

i) i (2011) e p e omigas silaa Lali) cgaliall 5 3510 (anm (ladds
pslell Mo Ao ol 53] 45 53 5 dpad) g s ol g5l Dlasall e ol s3lSl)
732-722 ,(2)3 ,4el il

82



) e b Lt

AACC. (1999). Approved methods of the American Association of Cereal
Chemists International. Method 74-09.01. Published by American
Association of Cereal Chemists. St. Paul, MN, USA.

AACC. (2000). Approved methods of the American Association of Cereal
Chemists. Published by American Association of Cereal Chemists. 10th
ed. St. Paul, MN, U.S.A.

Abo Elsoud, M. M., & El Kady, E. M. (2019). Current trends in fungal
biosynthesis of chitin and chitosan. Bulletin of the National Research
Centre, 43(59), 1-12. https://doi.org/10.1186/s42269-019-0105-y

Akakuru, O. U., Louis, H., Amos, P. 1., Akakuru, O. C., Nosike, E. I., &
Ogulewe, E. F. (2018). The chemistry of chitin and chitosan justifying

their nanomedical utilities. Biochem Pharmacol (Los Angel), 7(241),
501-2167.

Alam, J., Murshed, H., Rahman, S., & Oh, D. (2018). Effect of chitosan on
quality and shelf life of beef at refrigerated storage. Bangladesh Journal
of Animal Science, 46(4), 230-238.
https://doi.org/10.3329/bjas.v4614.36963

Ali, S., Ul-Haq, I., Qadeer, M. A., & Igbal, J. (2002). Production of citric
acid by Aspergillus niger using cane molasses in a stirred fermentor.
Electronic ~ Journal of  Biotechnology, 5(3), 258-271.
https://doi.org/10.2225/vol5-issue3-fulltext-3

Alsaggaf, M. S., Moussa, S. H., & Tayel, A. A. (2017). Application of fungal
chitosan incorporated with pomegranate peel extract as edible coating
for microbiological, chemical and sensorial quality enhancement of Nile

tilapia fillets. International Journal of Biological Macromolecules, 99,
499-505.

Ausar, S. F., Morcillo, M., Leon, A. E., Ribotta, P. D., Masih, R., Vilaro
Mainero, M., Amigone, J. L., Rubin, G., Lescano, C., Castagna, L. F.,
Beltramo, D. M., Diaz, G., & Bianco, I. D. (2003). Improvement of
HDL- and LDL-cholesterol levels in diabetic subjects by feeding bread
containing chitosan. Journal of Medicinal Food, 6(4), 397-399.
https://doi.org/10.1089/109662003772519985

Axel, C., Zannini, E., & Arendt, E. K. (2017). Mold spoilage of bread and

&3



its biopreservation: A review of current strategies for bread shelf life
extension. Critical Reviews in Food Science and Nutrition, 57(16),
3528-3542. https://doi.org/10.1080/10408398.2016.1147417

Ayo, J., & Nkama, 1. (2004). Effect of acha (digitaria exilis) grain flour on
the physico-chemical and sensory properties of bread. International
Journal of Food Properties, 7(3), 561-569. https://doi.org/10.1081/JFP-
200032971

Benhabiles, M. S., Salah, R., Lounici, H., Drouiche, N., Goosen, M. F. A.,
& Mameri, N. (2012). Antibacterial activity of chitin, chitosan and its
oligomers prepared from shrimp shell waste. Food Hydrocolloids, 29(1),
48-56. https://doi.org/https://doi.org/10.1016/j.foodhyd.2012.02.013

Batista, A. C., de Souza Paiva, W., & de Souza Neto, F. E. (2022). Chitosan.
In J. M. Oliveira, H. Radhouani, & R. L. Reis (Eds.), Polysaccharides
of Microbial Origin: Biomedical Applications (pp. 229-246). Springer
International ~ Publishing. https://doi.org/10.1007/978-3-030-42215-
8 14

Bhale, S., No, H. K., Prinyawiwatkul, W., Farr, A. J., Nadarajah, K., &
Meyers, S. P. (2003). Chitosan coating improves shelf life of eggs.
Journal of Food Science, 68(7), 2378-2383.
https://doi.org/10.1111/.1365-2621.2003.tb05776.x

Cauvain, S. (2015). Bread Spoilage and Staling. In Technology of
Breadmaking. Springer. https://doi.org/10.1007/978-3-319-14687-4 10

Cauvain, S. P., & Young, L. S. (2007). Technology of breadmaking (pp 275-
298). Springer.

Chien, P. J., & Chou, C. C. (2006). Antifungal activity of chitosan and its
application to control post-harvest quality and fungal rotting of Tankan

citrus fruit (Citrus tankan Hayata). Journal of the Science of Food and
Agriculture, 86, 1964—1964. https://doi.org/10.1002/jsfa

Chien, R. C., Yen, M. T., & Mau, J. L. (2016). Antimicrobial and antitumor
activities of chitosan from shiitake stipes, compared to commercial
chitosan from crab shells. Carbohydrate Polymers, 138, 259-264.
https://doi.org/10.1016/j.carbpol.2015.11.061

Chung, Y.-C., Su, Y. P., Chen, C.-C., Jia, G., Wang, H. L., Wu, J. C. G., &

Lin, J. G. (2004). Relationship between antibacterial activity of chitosan
and surface characteristics of cell wall. Acta Pharmacologica Sinica,

84



25(7), 932-936.

Coma, V., Martial-Gros, A., Garreau, S., Copinet, A., Salin, F., &
Deschamps, A. (2002). Edible antimicrobial films based on chitosan
matrix. Journal of Food Science, 67(3), 1162—1169.

Dengate, S., & Ruben, A. (2002). Controlled trial of cumulative behavioural
effects of a common bread preservative. Journal of Paediatrics and
Child  Health, 38(4), 373-376. https://doi.org/10.1046/j.1440-
1754.2002.00009.x

Denkova, R., Ilieva, S., Denkova, Z., Georgieva, L., Yordanova, M.,
Nikolova, D., & Evstatieva, Y. (2014). Production of wheat bread
without preservatives using sourdough starters. Biotechnology &
Biotechnological Equipment, 28(5), 889—-898.

Devlieghere, F., Vermeulen, A., & Debevere, J. (2004). Chitosan:
antimicrobial activity, interactions with food components and
applicability as a coating on fruit and vegetables. Food Microbiology,
21(6), 703-714.

Durango, A. M., Soares, N. F. F., & Andrade, N. J. (2006). Microbiological
evaluation of an edible antimicrobial coating on minimally processed
carrots. Food Control, 17(5), 336-341.
https://doi.org/10.1016/j.foodcont.2004.10.024

Dutta, P. K., Dutta, J., & Tripathi, V. S. (2004). Chitin and Chitosan:
Chemistry, properties and applications. Journal of Scientific and
Industrial Research, 63(1), 20-31.

Dutta, P. K., Tripathi, S., Mehrotra, G. K., & Dutta, J. (2009). Perspectives
for chitosan based antimicrobial films in food applications. Food
Chemistry, 114(4), 1173-1182.

El-Refai, A., Hassan, A., Nagy, K., & Rabie, M. (2017). Antimicrobial
Effect for Both of Carboxy Methyl Cellulose and Chitosan Treated with
Ferulic Acid or Nanosilver Particles as Edible Coatings used for Some
Refrigerated Beef Samples. Journal of Food and Dairy Sciences, 8(2),
87-91. https://doi.org/10.21608/jfds.2017.37128

Eldin, M. S. M., Soliman, E. A., Hashem, A. 1., & Tamer, T. M. (2008).
Antibacterial activity of chitosan chemically modified with new
technique. Trends Biomater Artif Organs, 22(3), 125-137.

85



Elia, M. (2011). A procedure for sensory evaluation of bread: Protocol
developed by a trained panel. Journal of Sensory Studies, 26(4), 269—
277. https://doi.org/10.1111/5.1745-459X.2011.00342.x

FAO. (2015). Global initiative on food loss and food waste reduction. United
Nations. https://www.fao.org/3/14068e/14068e.pdf

FAO. (2017). The future of food and agriculture: trends and challenges. In
Rome. https://www.fao.org/3/16881e/16881e.pdf

FAO. (2019). The state of food and agriculture: Moving forward on food
loss and waste reduction. http://www.fao.org/3/ca6030en/ca6030en.pdf

FAO. (2022). Voluntary Code of Conduct for Food Loss and Waste
Reduction. https://doi.org/10.4060/cb9433en

FDA. (2011). Generally Recognized as Safe (GRAS) substance under the
US FDA regulation. US Food and Drug Administration, GRAS NOTICE
No. 397, FDA response letter.

Fei Liu, X., Lin Guan, Y., Zhi Yang, D., Li, Z., & De Yao, K. (2001).
Antibacterial action of chitosan and carboxymethylated chitosan.
Journal of Applied Polymer Science, 79(7), 1324—1335.

Frank, J. F., & Yousef, A. E. (2004). “Tests for groups of microorganisms,”
Standard Methods for the Examination of Dairy Products, 17th Edn,
ed. M. Wehr (Washington, DC: American Public Health Association),
8:227-248.

Garcia-Rincon, J., Vega-Pérez, J., Guerra-Sanchez, M. G., Hernandez-
Lauzardo, A. N., Pefia-Diaz, A., & Velazquez-Del Valle, M. G. (2010).
Effect of chitosan on growth and plasma membrane properties of
Rhizopus stolonifer (Ehrenb.: Fr.) Vuill. Pesticide Biochemistry and
Physiology, 97(3), 275-278.

Garcia, M. V., Bernardi, A. O., & Copetti, M. V. (2019). The fungal problem
in bread production: insights of causes, consequences, and control

methods.  Current  Opinion in  Food Science, 29, 1-6.
https://doi.org/10.1016/j.cofs.2019.06.010

Ghoshal, G., & Mehta, S. (2019). Effect of chitosan on physicochemical and
rheological attributes of bread. Food Science and Technology
International, 25(3), 198-211.
https://doi.org/10.1177/1082013218814285

86



Girotto, F., Alibardi, L., & Cossu, R. (2015). Food waste generation and
industrial uses: A review. Waste Management, 45, 32-41.
https://doi.org/10.1016/j.wasman.2015.06.008

Gongalves, C., Ferreira, N., & Lourengo, L. (2021). Production of low
molecular weight chitosan and chitooligosaccharides (COS): A review.
Polymers, 13(15), 2466.

Goy, R. C., Britto, D. de, & Assis, O. B. G. (2009). A review of the
antimicrobial activity of chitosan. Polimeros, 19, 241-247.

Gray, J. A., & Bemiller, J. N. (2003). Bread staling: Molecular basis and
control. Comprehensive Reviews in Food Science and Food Safety, 2(1),
1-21. https://doi.org/10.1111/.1541-4337.2003.tb00011.x

Guibal, E. (2004). Interactions of metal ions with chitosan-based sorbents: a
review. Separation and Purification Technology, 38(1), 43—74.

Gutiérrez, T. J. (2017). Chitosan Applications for the Food Industry.
Chitosan, 183-232. https://doi.org/10.1002/9781119364849.ch8

Hajji, S., Younes, 1., Ghorbel-Bellaaj, O., Hajji, R., Rinaudo, M., Nasri, M.,
& Jellouli, K. (2014). Structural differences between chitin and chitosan
extracted from three different marine sources. International Journal of
Biological Macromolecules, 65, 298-306.

Harrigan, W. F., & McCance, M. E. (1976). Laboratory methods in food and
dairy microbiology. Academic Press Inc.(London) Ltd.

He, X., Li, K., Xing, R., Liu, S., Hu, L., & Li, P. (2016). The production of
fully deacetylated chitosan by compression method. The Egyptian
Journal of Aquatic Research, 42(1), 75-81.

Hu, Z., & Génzle, M. G. (2018). Challenges and opportunities related to the
use of chitosan as a food preservative. Journal of Applied Microbiology,
126(5), 1318-1331. https://doi.org/10.1111/jam.14131

Hugq, T., Khan, A., Brown, D., Dhayagude, N., He, Z., & Ni, Y. (2022).
Sources, production and commercial applications of fungal chitosan: A
review. Journal of Bioresources and Bioproducts.

Hussain, R., Maji, T. K., & Maji, T. K. (2013). Determination of Degree of
Deacetylation of Chitosan and Their effect on the Release Behavior of
Essential Oil from Chitosan and Chitosan-Gelatin Complex

87



Microcapsules. International Journal of Advanced Engineering
Applications, 2(4), 4—12.

Jago, W., & Jago, W. C. (1991). THE TECHNOLOGY OF BREAD-
MAKING. London: Simpkin, Marshall, Hamilton, Kent, & Co.

Jayashree, T., Vaishali, N., & Moses, K. (2018). Preservatives used for
control of fungal spoilage of bread. International Journal of Life
Sciences, Special is(A9), 6-10.

Jing, L., Lei, Z., Li, L., Xie, R., Xi, W., Guan, Y., Sumner, L. W., & Zhou,
Z. (2014). Antifungal activity of citrus essential oils. Journal of
Agricultural  and  Food  Chemistry,  62(14), 3011-3033.
https://doi.org/10.1021/;£5006148

Kerch, G., Rustichelli, F., Ausili, P., Zicans, J., Meri, R. M., & Glonin, A.
(2008). Effect of chitosan on physical and chemical processes during
bread baking and staling. European Food Research and Technology,
226(6), 1459—-1464. https://doi.org/10.1007/s00217-007-0677-x

Kerch, G., Zicans, J., & Meri, R. M. (2010). The effect of chitosan
oligosaccharides on bread staling. Journal of Cereal Science, 52(3),
491-495. https://doi.org/10.1016/}.5¢s.2010.08.007

Khattak, S., Wahid, F., Liu, L. P., Jia, S. R, Chu, L. Q., Xie, Y. Y., Li, Z.
X., & Zhong, C. (2019). Applications of cellulose and chitin/chitosan
derivatives and composites as antibacterial materials: Current state and
perspectives. Applied Microbiology and Biotechnology, 103(5), 1989—
2006. https://doi.org/10.1007/s00253-018-09602-0

Kim, J. (2004). Effect of Chitosan Addition on the Shelf-Life of Bread. The
Korean Journal of Food and Nutrition, 17(4), 388—-392.

Knorr, D. (1991). Recovery and utilization of chitin and chitosan in food
processing  waste management. Food Technology  (USA).
https://agris.fao.org/agris-
search/search.do?recordID=US9128440#.X3jJxx4 S5Kc.mendeley

Kong, M., Chen, X. G., Liu, C. S., Liu, C. G., & Meng, X. H. (2008a).
Antibacterial mechanism of chitosan microspheres in a solid dispersing
system against E. coli. Colloids and Surfaces B: Biointerfaces, 65(2),
197-202.

Kong, M., Chen, X. G., Xing, K., & Park, H. J. (2010). Antimicrobial

88



properties of chitosan and mode of action: a state of the art review.
International Journal of Food Microbiology, 144(1), 51-63.
https://doi.org/10.1016/j.ijfoodmicro.2010.09.012

Kong, M., Chen, X., Xue, Y., Liu, C,, Yu, L., Ji, Q., Cha, D. S., & Park, H.
J. (2008b). Preparation and antibacterial activity of chitosan
microshperes in a solid dispersing system. Frontiers of Materials
Science in China, 2(2), 214-220.

Kotoki, D., & Deka, S. C. (2010). Baking loss of bread with special emphasis
on increasing water holding capacity. Journal of food science and
technology, 47(1), 128-131.

Kumar, A. B. V., Varadaraj, M. C., Gowda, L. R., & Tharanathan, R. N.
(2007). Low molecular weight chitosans—Preparation with the aid of
pronase, characterization and their bactericidal activity towards Bacillus

cereus and Escherichia coli. Biochimica et Biophysica Acta (BBA)-
General Subjects, 1770(4), 495-505.

Kumar, M. N. V. R., Muzzarelli, R. A. A., Muzzarelli, C., Sashiwa, H., &
Domb, A. J. (2005). Chitosan chemistry and pharmaceutical
perspectives. Chemical Reviews, 104(12), 6017-6084.
https://doi.org/10.1021/cr030441b

Kumirska, J., Weinhold, M. X., Thoming, J., & Stepnowski, P. (2011).
Biomedical activity of chitin/chitosan based materials—influence of
physicochemical properties apart from molecular weight and degree of
N-acetylation. Polymers, 3(4), 1875-1901.

Lafarga, T., Gallagher, E., Walsh, D., Valverde, J., & Hayes, M. (2013).
Chitosan-Containing Bread Made Using Marine Shellfishery
Byproducts: Functional, Bioactive, and Quality Assessment of the End
Product. J Agric Food Chem, 61, 8790-8796.

Lee, H. Y., Kim, S. M., Kim, Y. J., Youn, S. K., Choi, J. S., Park, S. M., &
Ahn, D. H. (2002a). Changes of Quality Characteristics on the Bread
added Chitosan. Korean Journal of Food Science and Technology.,
34(January), 449-453.

Lee, H. Y., Kim, S. M., Kim, Y. J., Youn, S. K., Choi, J. S., Park, S. M., &
Ahn, D. H. (2002b). Effect of Addition of Chitosan on Improvement for
Shelf Life of Bread. Journal of the Korean Society of Food Science and
Nutrition, 31(3), 445-450. https://doi.org/10.3746/jkfn.2002.31.3.445

89



Legan, J. D. (1993). Mould spoilage of bread: the problem and some
solutions. International Biodeterioration and Biodegradation, 32(1-3),
33-53. https://doi.org/10.1016/0964-8305(93)90038-4

Legan, J. D., & Voysey, P. A. (1991). Yeast spoilage of bakery products and
ingredients. Journal of Applied Bacteriology, 70(5), 361-371.
https://doi.org/10.1111/.1365-2672.1991.tb02950.x

L, X., Song, L., Li, L., Li, S., & Yao, K. (2007). Antibacterial effects of
chitosan and its water-soluble derivatives on E. coli, plasmids DNA, and
mRNA. Journal of Applied Polymer Science, 103(6), 3521-3528.

Marquez, 1. G., Akuaku, J., Cruz, 1., Cheetham, J., Golshani, A., & Smith,
M. L. (2013). Disruption of protein synthesis as antifungal mode of
action by chitosan. International Journal of Food Microbiology, 164(1),
108-112.

Melikoglu, M., & Webb, C. (2013). Use of waste bread to produce
fermentation products. In Food Industry Wastes (First Edit). Elsevier
Inc. https://doi.org/10.1016/B978-0-12-391921-2.00004-4

Melini, V., & Melini, F. (2018). Strategies to extend bread and GF bread
shelf-life: From Sourdough to antimicrobial active packaging and
nanotechnology. Fermentation, 4(9), 1-18.
https://doi.org/10.3390/fermentation4010009

Melo, Natalia Ferrao Castelo Branco, de Lima, M. A. B., Stamford, T. L. M.,
Galembeck, A., Flores, M. A. P., de Campos Takaki, G. M., da Costa
Medeiros, J. A., Stamford-Arnaud, T. M., & Montenegro Stamford, T.
C. (2020a). In vivo and in vitro antifungal effect of fungal chitosan
nanocomposite edible coating against strawberry phytopathogenic
fungi. International Journal of Food Science & Technology, 55(11),
3381-3391.

Melo, Natalia Ferrao Castelo Branco, Pintado, M. M. E., da Costa Medeiros,
J. A., Galembeck, A., da Silva Vasconcelos, M. A., Xavier, V. L., de
Lima, M. A. B., Stamford, T. L. M., Stamford—Arnaud, T. M., & Flores,
M. A. P. (2020b). Quality of postharvest strawberries: comparative
effect of fungal chitosan gel, nanoparticles and gel enriched with edible
nanoparticles coatings. International Journal of Food Studies, 9(2).

MFDS. (2016a). Health Functional Food Code. Ministry of Food and Drug
Safety, Korea.

90



MFDS. (2016b). Ministry of Food and Drug Safety White Paper. Ministry of
Food and Drug Safety, Korea.

MFDS. (2020). Food additives code. Ministry of Food and Drug Safety,
Korea, 59(7).

MHLW. (2020). Additive code. Ministry of Health, Labour and Welfare,
Japan. https://www.mhlw.go.jp/topics/yunyu/tetsuzuki-fains/dl/2-
08.pdf

Moore, D., Robson, G.D., & Trinci, A.P.J. (2011). 21st Century Guidebook
to Fungi, 1st ed. Cambridge University Press, Cambridge.

Mufioz-Bonilla, A., Cerrada, M. L., & Fernandez-Garcia, M. (2014).
CHAPTER 2 Antimicrobial Activity of Chitosan in Food, Agriculture
and Biomedicine. In Polymeric Materials with Antimicrobial Activity:
From Synthesis to Applications (pp. 22-53). The Royal Society of
Chemistry. https://doi.org/10.1039/9781782624998-00022

Muzzarelli, R. A. A., Boudrant, J., Meyer, D., Manno, N., Demarchis, M., &
Paoletti, M. G. (2012). Current views on fungal chitin/chitosan, human
chitinases, food preservation, glucans, pectins and inulin: A tribute to
Henri Braconnot, precursor of the carbohydrate polymers science, on the
chitin bicentennial. Carbohydrate Polymers, 87(2), 995-1012.
https://doi.org/10.1016/j.carbpol.2011.09.063

Negi, P. S. (2012). Plant extracts for the control of bacterial growth:
Efficacy, stability and safety issues for food application. International
Journal of Food Microbiology, 156(1), 7-17.
https://doi.org/10.1016/j.ijjfoodmicro.2012.03.006

Oh, H. I, Kim, Y. J., Chang, E. J., & Kim, J. Y. (2001). Antimicrobial
characteristics of chitosans against food spoilage microorganisms in

liquid media and mayonnaise. Bioscience, Biotechnology, and
Biochemistry, 65(11), 2378-2383.

Oliveira, P. M., Zannini, E., & Arendt, E. K. (2014). Cereal fungal infection,
mycotoxins, and lactic acid bacteria mediated bioprotection: From crop
farming to cereal products. Food Microbiology, 37, 78-95.
https://doi.org/10.1016/5.fm.2013.06.003

Ooraikul, B. (1991). Modified atmosphere packagign of bakery product. In
B. Ooraikul & M. E. Stiles (Eds.), Modified Atmosphere Packaging of
Food. Ellis Howood,.

91



Park, Y., Kim, M. H., Park, S. C., Cheong, H., Jang, M. K., Nah, J. W, &
Hahm, K. S. (2008). Investigation of the antifungal activity and

mechanism of action of LMWS-chitosan. In Journal of Microbiology
and Biotechnology (Vol. 18, Issue 10, pp. 1729-1734).

Pateras, I. M. C. (1999). Bread spoilage and staling. In Technology of
Breadmaking. Springer. https://doi.org/10.1007/978-1-4757-6687-5 10

Pochanavanich, P., & Suntornsuk, W. (2002). Fungal chitosan production
and its characterization. Letters in Applied Microbiology, 35(1), 17-21.
https://doi.org/10.1046/j.1472-765X.2002.01118.x

Raafat, D., & Sahl, H. G. (2009). Chitosan and its antimicrobial potential -
A critical literature survey. Microbial Biotechnology, 2(2 SPEC. ISS.),
186-201. https://doi.org/10.1111/5.1751-7915.2008.00080.x

Rabea, E. 1., Badawy, M. E. T., Stevens, C. V., Smagghe, G., & Steurbaut,
W. (2003). Chitosan as antimicrobial agent: Applications and mode of
action. Biomacromolecules, 4(6), 1457-1465.
https://doi.org/10.1021/bm034130m

Rakcejeva, T., Rusa, K., Dukalska, L., & Kerch, G. (2011). Effect of chitosan
and chitooligosaccharide lactate on free lipids and reducing sugars
content and on wheat bread firming. European Food Research and
Technology, 232(1), 123-128. https://doi.org/10.1007/s00217-010-
1368-6

Rakkhumkaew, N., & Pengsuk, C. (2018). Chitosan and
chitooligosaccharides from shrimp shell waste: characterization,
antimicrobial and shelf life extension in bread. Food Science and
Biotechnology, 27(4), 1201-1208. https://doi.org/10.1007/s10068-018-
0332-2

Rane, k. d., & Hoover, D. G. (1993). Production of chitosan by fungi. Food
Biotechnology, 7(1), 11-33.
https://doi.org/10.1080/08905439309549843

Rhoades, J., & Roller, S. (2000). Antimicrobial actions of degraded and
native chitosan against spoilage organisms in laboratory media and
foods. Applied and Environmental Microbiology, 66(1), 80—86.

Rinaudo, M. (2006). Chitin and chitosan: Properties and applications.
Progress in  Polymer Science (Oxford), 31(7), 603—-632.
https://doi.org/10.1016/j.progpolymsci.2006.06.001

92



Rogers, D. E., Zeleznak, K. J., Lai, C. S., & Hoseney, R. C. (1988). Effect
of native lipids, shortening, and bread moisture on bread firming. Cereal
Chemistry, 65(5), 398—401.

Roller, S., & Covill, N. (1999). The antifungal properties of chitosan in
laboratory media and apple juice. International Journal of Food
Microbiology, 47(1-2), 67-77.

Romanazzi, G., Gabler, F. M., Margosan, D., Mackey, B. E., & Smilanick,
J. L. (2009). Effect of chitosan dissolved in different acids on its ability

to control postharvest gray mold of table grape. Phytopathology, 99(9),
1028-1036. https://doi.org/10.1094/PHYTO-99-9-1028

Saranraj, P., & Geetha, M. (2012). Microbial Spoilage of Bakery Products
and Its Control by Preservatives. International Journal of
Pharmaceutical & Biological Archives, 3(1), 204-214. www.ijpba.info

Sebastian, J., Rouissi, T., & Brar, S. K. (2020). Fungal chitosan: prospects
and challenges. Handbook of Chitin and Chitosan, 419-452.

Seiler, D. (1983). Preservation of bakery products. Proceedings of the
Institute of Food Science and Technology, 17, 31-39.

Seiler, D. (1992). Basic guide to product spoilage and hygiene. Part 1: Mould
growth on bread. Chorleywood Digest No, 121, 117-119.

Sekiguchi, S., Miura, Y., Kaneko, H., Nishimura, S. 1., Nishi, N., Iwase, M.,
& Tokura, S. (1994). Molecular weight dependency of antimicrobial
activity by chitosan oligomers. In Food hydrocolloids (pp. 71-76).
Springer.

Sharma, S. (2015). Food preservatives and their harmful effects.
International Journal of Scientific and Research Publications, 5(4), 1—
2.

Silva, M. M., & Lidon, F. C. (2016). An overview on applications and side
effects of antioxidant food additives. Emirates Journal of Food and
Agriculture, 823—832.

Singhal, R. S., & Kulkarni, P. R. (1999). PRESERVATIVES Permitted
Preservatives—Propionic Acid.

Sperber, W. H., & Doyle, M. P. (2009). Compendium of the Microbiological
Spoilage of Foods and Beverages. In Compendium of the

93



Microbiological Spoilage of Foods and Beverages. Springer.
https://doi.org/10.1007/978-1-4419-0826-1

Sudarshan, N. R., Hoover, D. G., & Knorr, D. (1992). Antibacterial action
of chitosan. Food Biotechnology, 6(3), 257-272.

Suhr, K. 1., & Nielsen, P. V. (2004). Effect of weak acid preservatives on
growth of bakery product spoilage fungi at different water activities and
pH values. International Journal of Food Microbiology, 95(1), 67-78.
https://doi.org/10.1016/j.ijjfoodmicro.2004.02.004

Tavaria, F. K., Fernandes, J. C., Santos-Silva, A., Silva, S., Sarmento, B., &
Pintado, M. E. (2010). Biological activities of chitin, chitosan and
respective oligomers.

Teng, W. L., Khor, E., Tan, T. K., Lim, L. Y., & Tan, S. C. (2001).
Concurrent production of chitin from shrimp shells and fungi.
Carbohydrate Research, 332(3), 305-316.
https://doi.org/10.1016/S0008-6215(01)00084-2

Tokura, S., Miura, Y., Johmen, M., Nishi, N., & Nishimura, S.-I. (1994).
Induction of drug specific antibody and the controlled release of drug by

6-O-carboxymethyl-chitin. In Advances in Drug Delivery Systems, 6
(pp. 235-241). Elsevier.

Ulzijjargal, E., Yang, J. H., Lin, L. Y., Chen, C. P., & Mau, J. L. (2013).
Quality of bread supplemented with mushroom mycelia. Food
Chemistry, 138(1), 70-76.
https://doi.org/10.1016/j.foodchem.2012.10.051

UNEP. (2021). United Nations Environment Programme. Food Waste Index
Report 2021. Nairobi.
https://wedocs.unep.org/bitstream/handle/20.500.11822/35280/FoodW
aste.pdf

Wang, X., Du, Y., Fan, L., Liu, H., & Hu, Y. (2005). Chitosan-metal
complexes as antimicrobial agent: Synthesis, characterization and
Structure-activity study. Polymer Bulletin, 55(1), 105—-113.

Wang, X., Du, Y., & Liu, H. (2004). Preparation, characterization and
antimicrobial activity of chitosan—Zn complex. Carbohydrate Polymers,
56(1), 21-26.

Wang, Y., Zhang, W., & Fu, L. (2017). Food Spoilage Microorganisms:

94



ecology and control. CRC Press.

Watterson, M. J., Kent, D. J., Boor, K. J., Wiedmann, M. & Martin, N. H.
(2014). Evaluation of dairy powder products implicates thermophilic
spore formers as the primary organisms of interest. Journal of Dairy
Science, 97:2487-2497.

WRAP. (2011). Waste and Resources Action Programme. Link Consumer
Strategies and Campden BRI “Reducing household bakery waste,.”
WRAP. https://wrap.org.uk/resources/report/reducing-household-
bakery-waste

Zheng, L.-Y., & Zhu, J.-F. (2003). Study on antimicrobial activity of
chitosan with different molecular weights. Carbohydrate Polymers,
54(4), 527-530.

Zhong, Z., Xing, R., Liu, S., Wang, L., Cai, S., & Li, P. (2008). Synthesis of

acyl thiourea derivatives of chitosan and their antimicrobial activities in
vitro. Carbohydrate Research, 343(3), 566—570.

95



English summary

Effect of Fungal Chitosan as a Natural Preservative
on the Quality and Shelflife of Bread

by
Lugain Fahad Saleh AL.Saikhan

Bread is the second most wasted food product in KSA, with economic
losses of approximately 760 million SAR annually. Mold growth is
considered as one of the main reasons for bread waste due to the production
of mycotoxins which cause health problems for humans and animals. The
discovery of fungal chitosan paved the way for numerous studies and
applications. However, apart from its usage as a natural preservative in the
food industry, its impact on bread's shelf life had not been studied before
where this study aimed to cover. Therefore, this study aimed to investigate
the effect of adding different concentrations of fungal chitosan (0.5, 1.0, and
1.5%) as a natural preservative to bread (pan bread) and comparing it to some
common chemical bread preservatives such as calcium propionate and
ascorbic acid. Also, the impact of fungal chitosan on sensory properties, crust
and crumb color, moisture content, water activity, texture, and
microbiological quality for pan bread during storage at room temperature
(2243 °C) for up to 5 days.

The results revealed that although the addition of fungal chitosan had no
significant impact on the bread's weight, it significantly reduced the volume
and specific volume of the bread.

The sensory evaluation results show that adding (0.5, 1.0, and 1.5%)
chitosan has no significant impact on the sensory qualities and general
acceptance of pan bread, except for the crust color, which darken with the
increase of chitosan concentration. The results also demonstrate that the
control sample was the best treatment with a total sensory evaluation score
of (49.81), followed by the 1% chitosan sample (49.14).

The results of the crumb color show that the values of Lightness (L)
were the highest in the control sample (76.32), followed by (0.5%) chitosan
with a value of (73.14), As for the Redness (a), the addition of chitosan with
a percentage of 0.5% had no significant effect, and the redness of the crumb
slightly increased with an increase in the chitosan percentage, and the
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addition of (1-0.5% ) chitosan had no effect on the Yellowness (b) in the
crumb. The crust color results show that the (L) values declined with
increasing the chitosan concentration (1-1.5%) while there is no significant
effect observed with addition of 0.5%. The color values (a) and (b) show no
significant difference with chitosan addition of 0.5-1% compared to the
control sample.

The moisture loss rate of the bread samples decreased with increasing
the chitosan concentrations till the fifth day of storage. The finding showed
a significant difference between the treatments of (1-1.5%) chitosan (35.88-
35.53%) and between the control sample and chitosan 0.5% (34.57-34.72%).

This finding suggests that it may delay the bread staling.

Water activity values in the control sample were higher than those in the
bread with added fungal chitosan in the beginning of the storage, but with
longer storage time the water activity in the control sample significantly
decreased, whereas it had less of an impact on the bread with added fungal
chitosan.

The bread firmness increased as the fungal chitosan concentration
increased on the first day, although this increase did not affect the texture
sensory evaluation. With longer storage period, the control sample hardness
increased more while the less changes were observed when adding fungal
chitosan. However, the results revealed no significant differences between
the control sample and chitosan treatments (0.5-1%) on the fifth day of
storage.

Moreover, the microbiological analysis of the bread samples revealed
that the best preservation effect was in (1-1.5%) fungal chitosan, which
showed no colonies growth during storage for up to the five day.

The addition of fungal chitosan at all concentrations (0.5-1-1.5%) as
well as the addition of calcium propionate both inhibited the growth of
natural molds and no mold growth was seen during the seven-day
observation period.

In conclusion, the study results demonstrate that it is possible to prepare
bread with an addition of up to 1% of fungal chitosan as a natural safe
preservative, and it can be a successful application in bread industry as a
replacement for synthetic preservatives.

97



Kingdom of Saudi Arabia

Ministry of Education

Qassim University

College of Agriculture and Veterinary medicine
Department of Food Science and Human Nutrition

Effect of Fungal Chitosan as a Natural
Preservative on the Quality and Shelflife of Bread

Prepared by:
Lugain Fahad Saleh AL-Saikhan

A Thesis Submitted in Partial Fulfillment of the Requirements for the Master
Degree in the Department of Food Science and Human Nutrition - Faculty

of Agriculture and Veterinary Medicine -Qassim University

Examination and Decision Making Committee:

Committee Academic Specialist .
Name . Signature
members Degree action
Advisor | Dr. Ahmed Ali Alhassan Associate FOOd.
Professor Packaging
Food and
Advisor Dr. Sahar Hassan Salah | Professor Dairy AL X
Microbiology
Internal Dr. Mohamed Gadallah Cereal
Examiner Elsayed Professor Technology M M@%
Internal Dr. Mohamed Farghaly | Associate Dairy
Examiner Yoness Professor Science //%éd/%m@
Internal . «1. | Assistant Food
Examiner Dr. Asmahan Azhari Ali Professor | Biotechnology

The Discussion Held on 12/6/1444 H — Corresponding 5/1/2023 AD



Kingdom of Saudi Arabia
Ministry of Education

Qassim University
College of Agriculture and Veterinary Medicine
Department of Food Science and Human Nutrition

Effect of Fungal Chitosan as a Natural
Preservative on the Quality and Shelflife of Bread

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Master Degree in Food Science and Human Nutrition - Faculty of
Agriculture and Veterinary Medicine -Qassim University

Prepared by:
Lugain Fahad Saleh AL-Saikhan

ID No. 391200366

Supervisors:
Dr. Ahmad Ali Al-Hassan
Associate Prof. in Food Science and Human Nutrition Department
College of Agriculture and Veterinary Medicine - Qassim University

Prof. Dr. Sahar Hassan Salah

Prof. in Food Science and Human Nutrition Department
College of Agriculture and Veterinary Medicine - Qassim University

(1444 H/ 2023)



