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Biosynthesis of Zinc Oxide Nanoparticles Using Pomegranate
Peel Extract and Comparison with the Chemical Method

Abstract

Zinc oxide nanoparticles (ZnO NPs) are nanomaterials of great importance in
biological and industrial applications due to their distinctive physical and
chemical properties. This study aimed to prepare zinc oxide nanoparticles
using two different methods: biosynthesis, using an aqueous extract of
pomegranate peels, and the chemical method, using sodium hydroxide, while
comparing the two methods in terms of yield and nanoparticle dimensions. In
the biosynthesis method, the aqueous extract of pomegranate peels was used
as a reducing and stabilizing agent, and the effects of zinc nitrate
concentration and reaction temperature on the shape and size of the resulting
particles were studied. As for the chemical preparation method, sodium
hydroxide was used as a reducing agent with aqueous zinc nitrate. The
prepared nanoparticles were characterized using Ultraviolet-Visible
spectroscopy (UV-Vis), Scanning Electron Microscopy (SEM), and Fourier-
Transform Infrared spectroscopy (FT-IR).The results of Scanning Electron
Microscopy (SEM) showed that the biosynthesized nanoparticles were
spherical in shape and smaller in size compared to those from the chemical
method, with dimensions ranging from (17-30) nanometers, while the
chemically prepared nanoparticles ranged from (24-48) nanometers. The
results also indicated that moderate zinc nitrate concentration and elevated
temperature within a specific range contribute to reducing nanoparticle
dimensions, in addition to achieving a higher yield with the biological
method.

Keywords

Zinc oxide nanoparticles, Biosynthesis, Chemical preparation, Pomegranate
peels, SEM, Nanotechnology.
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Studying the effectiveness of activated carbon made from
corncobs in reducing the concentration of lead and manganese
from industrial water (paint factory wastewater).

Dr. Fatima Alturki

Abstract

This research involved the manufacturing of a high-performance
activated carbon from corn cob waste, intended for use in treating
industrial wastewater from a paint factory and reducing the
concentrations of lead and manganese. The carbon was produced, and
some of its properties were characterized and compared with those of a
commercial activated carbon procured from the market for
benchmarking. The measurements revealed that the density of the corn
cob carbon was 3.65% lower than that of the commercial carbon, while
its iodine number was 2.23% higher. The ash content in the corn cob
carbon was 11.53% lower than in the commercial type. However, the
compressive strength of the former was 16.66% lower than that of the
latter.

Subsequently, the capacity of both activated carbon types to remove lead
and manganese from the paint factory effluent was evaluated. The corn
cob carbon reduced the concentrations of lead and manganese by
96.58% and 84.24%, respectively. In comparison, the commercial
activated carbon reduced these elements by 98.29% and 85.87%, in the
same order. The results indicated that the optimal dose of activated
carbon for the cost-effective reduction of lead and manganese
concentration was 2 g per 500 ml of the studied wastewater intended for
treatment.

In conclusion, it was found that the activated carbon produced from corn
cob closely approximates the properties of commercial activated carbon,
positioning it as a sustainable and cost-effective alternative to
conventional water treatment systems.
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sadll cjan Uy ol d3la) o 2l (g i 5 anSOU Baliaall 5y08ll5 dua sanll (PHI) e Al Lyl
LS 37.11% 32083 aliaal) 3y38ll5 0.35%%uzm saall 4y giall dpaill sl ¢« PHII o cuzadls (55580)
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Study of the kinetics of lactic acid bacteria during lactic

fermentation of spirulina—fortified yogurt.

Katia Elias)  Abdul Wahab Marei(® Sharif Sadik(?

Abstract

:In this study, the effect of spirulina supplementation on the growth kinetics of lactic acid bacteria during
lactic fermentation was investigated by determining the counts of rod—shaped and coccoid lactic acid
bacteria, pH values, titratable acidity, and antioxidant capacity.Lactic fermentation experiments were
carried out using cow’s milk as a control sample and milk samples supplemented with spirulina at
concentrations of (0.3, 0.5, and (0.7%. Fermentation was conducted at 45 °C with the addition of a lactic
starter culture at a level of 3%. The growth of both bacterial groups was monitored at fermentation
times of 0, 60, 90, 120, and 180 min from the onset of fermentation.After completion of lactic
fermentation at pH 4.6, the samples were incubated at 37 °C for 24 h to allow slow continuation of
fermentation. Subsequently, lactic acid bacteria counts, pH values, titratable acidity, and antioxidant
capacity were determined.The results indicated that spirulina addition stimulated bacterial growth,
decreased pH values, increased titratable acidity to 0.35%, and enhanced antioxidant capacity by
37.11%. Moreover, yogurt samples fortified with (0.3% spirulina exhibited the highest growth rate of
rod-shaped lactic acid bacteria (Lactobacillus bulgaricus), whereas samples supplemented with 0.7%
spirulina showed the highest growth of coccoid lactic acid bacteria (Streptococcus thermophilus), with

counts reaching 4 x 10+ and 4.5 x 10+ , respectively, after 180 min from the start of fermentation.

Keywords: Lactic Fermentation, Spirulina ,Lactic acid bacteria
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Sl dgay o ) luhall any 50 (IS L el (e 5Saal) Jalyall 8 dals
(Colla audll LysSll dla) s Hhae jher 28 Llg ) A caillagl s

. etal.,2017)
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el A8 Lghadl Bl o yedall GLIY) Cilatie A Las Vs 01030 cile luall
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1 ABlially i) :lay),
tedolomg Sl Jiladl) mili-1-4
el jaddl) s UE-1-1-4
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D(0.7%) | C(0.5%) | B(0-3%) | A(0%)

1*10* 1*10* 1*10* 1*10* 0
1.52#10% | 1.48*10* | 1.6*10* | 1.2*10* 60
2.2¢10* | 1.6*10* | 2*10* | 1.2*10* 90
2.4*10% | 2.0*10* | 2.6*10* | 1.28*10* 120
3.5%10* | 2.8*10* 4*10* 1.4*10* 180
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Al Cagylall

sa3 A o aly Ba Al jesil) Pla Calall ) Ll pnd) 28lia] el
5 bl dy (Bhad o b a3 o1 V) g Sy Aypeanl) Al LysSl
S5 e sa Jane el Aypanl) LSl cali a8 LAl il g Ly yad)
Gims -Clygantl jaiail JiaY) (goiall Jiay <0 13 o ) ey e 0.35%
Ciligalilly Galaal Aise¥) G ganll (g Andine o o Lidg ) olgial ) elld
Agllead Y cplal Gl sae dee S Lo sag cclgeand] Biiae cilinaS Jexd A
daugie S5 e . Lactobacillus spp A sai jp3as A dalskall Glalitil)

.(Beheshtipour et al., 2012; Al-Dhabi et al., 2017)
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O ) Al ladys co)lsl 8y L Aadipe lygine ie Ll yudl 539 sall 3 guianll
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BpagY) L) Blai el pennlly 435lie el Lt il Al b ]

.(Gonzalez et al., 2010) Lo Slagnl) Jidas e
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edill (e Aol 24 22y (Cocci) aglll el s€all dac o 58800 saill il oy dal
Ciliagy Ll oo ()52 Ll Ae 8 1.37*107CFU/ML o a5 37°C e
Cilpaal) Cpelal ¢ Jlaall 8 Uy 0.7% dae 4 35.2%107 CFU/mL )
5wl 1.5%10° CFU/mLyn cangli Gus cale JS50 Jil 1lae] 4l
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Al LaSll daglell pailadll P e degd Say @G 228
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) 8 aase e 3 Lea ¢l mes il A pu 55U Dl e gl
S ol b e Toas Lactobacillus Jis cilpasll jelss Lay b yuaill 4yl

i Jalse dsas die Lasad ccaliall augll 83508 alacl ) GaY Joai

wer

.DSM
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.(Niccolai et al., 2020)

24 32 107-10% cfu/ml ¢ iy Kall dael jiiad clalell gabal) e 43yl
el Cua 37°C ie yedall cadall 3 Lgie alills Algieall 2l (aa dela
Caglll cmd 107-108 CFU/MILY Jsi o (Ser VDL el o eyl

.(Champagpne et al., 1994) _ Ll
& Slaand) e Jeb dael Juais gl sat @€l of Y Lad gl o)l
S8 o ah &) of cny ) ARl Gluhall ce G boss el alies
ST S8 Cuatiudy ooy IS sailly it ilianl) Loty il 4y 8 Wl

il gyl AiLa) Jie 280330 Clipuantl
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:Ailaasdlly Al chLIAY) ili-2-4

Sin (e dela 24 s il 8 Ly o) i) 550 s (6) Jsand) el

Aageally PHY o 3auSU 5aliadll 5,381

saliaall 8)08l) Cua (ge debu 24 2xy ligall 8 Ll paud) dili) 50 il (6) Jsaal

Auasaalls PHY o 3ausBU

Gsiall dpdl) [ pH a8 | soladdl syl | L ) das

% duzasaall (%) 32830 Yoasliadll

0.90+0.01 | 4.51+0.01 | 31.09+2.77 ali A

1.17£0.03 | 4.21£0.04 | 37.10+1.92 | 0.3%spirulina
B

1.24+0.03 | 4.15+0.01 | 42.23+1.79 | 0.5%spirulina
C

1.25+0.01 | 4.01£0.02 | 42.63+1.25 | 0.7%spirulina
D

Lmsanll o Bagale JS8 g sedall gl ) Uiyl ALl o bl el
Oo Ll gl A 5015 vie 5uSU aliaall 5y38l5 ¢ pmeall 4ygiall Al ((pH)
oalasil 1 401 A 4.51 e pH dad 4 apx (aliss) 1agd 0.7% ) 0
33y gl ¢1.25% (1) 0.90% e anall dysiall Ll 3015 g ¢ 0.50 iy
L€l el Jaliall (u€ay Gumgenl) 5alys PH 8 (aleaiY) 138 .0.35% a8
Cluahall il ae 315 La sas (Lidg pand) 8 ddlia) 45128 pualic ji45 daiin 4l
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(2021

Cony) Ll g paanall 50l pe L3 gale JSi al) Cendy) 5 anSOU Baliaall 5,08l Al
@i 37.11% \ajaia 5355 (ol <42.63 L 31.09 (e 5208V 530l 5,080
¢ Cobans o) (i A58 50U Bolimae il ye o gyl ¢ il ) g iy 13
st ¢ pedall Gall 32088 saliaall 50l (st 3 aalus ccNsualls B-carotene

.(Becker, 2007; Alvarado et al., 2019) &l ae G315 L

rSeall Laliall 5pe% 1 sa3e JalaS Jand Ll punad) o) i) o el cale (<
salaall 3y08ll o) P& e call Al gl) ailiadll sty Jlll (aeal) Z8Y
0.5-0.7% e gl aa ) Joy dumgandl o laydls of daadle g 2SS

.(Batista et al.,2017;Barkallah et al.,2017)4dLay)
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Effect of Quinoa Flour Addition on the Physicochemical and Sensory Properties of Arabic Bread During Storage
Heba Shatour !, Mohamed Masry?, Sharif Sadeq >

Abstract

Quinoa is considered a highly nutritious grain due to its balanced proteins, dietary fiber,
and essential minerals. Its incorporation into bread is of great importance for improving
the nutritional and sensory properties of baked products. This study aimed to evaluate the
effect of adding quinoa flour at different levels (5, 10, 15, 20, 25, and 30) % to wheat flour
used in Arabic bread production on the physical, chemical, and sensory characteristics of
the final product. Parameters such as moisture content, water activity, ash, crude fiber,
hardness, weight, and bread yield were monitored over a 14-day storage period.

The results showed that incorporating quinoa flour significantly increased moisture, ash,
crude fiber, and weight compared to the control sample, reflecting an enhancement in the
nutritional value of the baked goods. It was also observed that the water activity of bread
enriched with medium levels of quinoa (15-20) % remained stable during refrigerated
storage, indicating a higher water retention capacity and a delayed staling process.
Regarding hardness, it increased with higher quinoa levels but exhibited relative stability
throughout storage, demonstrating a dual effect of the addition in increasing initial
firmness while reducing storage-induced hardening. Sensory evaluation indicated that
samples with (20)% quinoa were well accepted in terms of color, taste, and texture,
whereas higher addition levels (25-30) % were less acceptable due to weakened gluten
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structure and dough elasticity. The findings also suggested that quinoa addition could
improve bread yield and its stability during storage.

Keywords: Wheat flour, Quinoa flour, Arabic bread, Hardness
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Caraall laie; Mg s Mn 5 Fe 5K ssine aii) «lly ) dalayls . (Stikic ef ak, 2012) <l
dabias dgde clatie g 1l 38y Jay of Uil 4l dllia . calila) opn sl Allay 4l
Dyl Aael 1) 1Sl adladl o130 ey Calaal salsSY) d clyg pdially iy cadall Jie
G Jhai ) il (2016 <5 als aadlue) b (Ritva ef al., 2010) Gl Jlky
Gine o US a Op anh ADle 35a5 %(30,20,10,5) 1,58 Jlai ) ooy 1S (80 el
sinall g i) Lia) Jangl LS elasll 383 JIainl) o 33l g LY Is cygaally g palls ala)
clial) IS dygine (3558 6T peday ol oA Sl lae Jala) o g il el JSC5 cpalaall (g
pdls Aimall Agpes 58 pmin M ol 15 8 e Jalal) A 0l o) Lol ibl) el sl
Gl pala 3V oS elasall b Lol damall ol ey adls Ciladly cada il cpiglal)
O Dedaally Cualally AgSall —wall auil) edaly dad 1S (he Tpa gl il 2V (e silay
-(Maetal., 2022) 3,8 S5y (iajia plgd o35 cla aa ) A gia ilatial)

D8 L 0K o Gl pial el il 3l 1Sl 38 (e %10 das dilz) o) KT LS
o L o slly ol aan Cpaal) iy (Sl (5lll5 pakall) Al pailiadll e s
sl Aanllee (i i Jsiie pe (31 cld il 1kl iy (0%30 e el al )
~20) I J—mi Ay yiglal) e LA 5l Clatial) 8 1S 380 gad AnlSa)
syadall 15l Auae Glasiul of (Rizzello ef al, 2016)xlas; -(Turkut ef al, 2016) %(30
Jlaill Janas 4i3gng Cigoal) aian AE) madll Al dpnal) cilially LabasSl Ssall puand )
Ol Jae A sy 5eedils L )aSH B8 G5 5l ae Axtiaall Bynedll i 4lae (s Liall Sl
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L Ay Libparsl) dpuuigl) astall Abudus oaas daaly Alaa

ila Ciyyd o Graa dana 3 BUAR WY 2026 sle 3 2:) 48 alaal)

GlSyall sgine (o 2y adld celly e 3l Laladl @il 450y ual) pailiadlly Hall JSas
& Sl A Alai) Ay 000l Baliaal) Jalsad) (s5iae e Jlig calaall Galiaialy duaslsud)
a3 AR LYY dpay o Sl il 13S0 380 )35 . (Gobbetti et a/.,2014)
B SO Bal il Al 5508l el e sle Ayshall syaay oLl aalii aia A 15
Jaa Laa 1Sl o b LI Jnddsd) 2idas ) (o33 o (S (lls caaingl) AL Coimiails
dae e ST aally Sl Al dmiaially 3008 sabiaal) Allall Gaibiadll 53 Ladas T 1S 3
Graf ef apsdall jisa) (midie ol Ll o 1Sl yas 25 G ddanall 2al (e Gl
.(al, 2014)

tdaandl a2

(30525 <20 <15 <10 ¢5) dibise oy TSl s Aila) il aps ) Ayl cidoa
iall A8lanSI- A3l Aghall (ailiaddl o gl adl Aol 8 aadiosall madl) 383 ) %
LI alayl) ¢kl (gsina ¢ Alad) Tl bl ¢ ol 3 clrall Al JA e @l g ¢ Sleal
383 Al LDl Tl dual) st Cangy cbadaa (A0 ) aayg Jadl) aay 358l @iy calall
el Basa o adadladly AR Al e o Wl

s¢iaal) gilhg dlga .3

ralatinly Gaall el riad) ajga —1-3

& oalhall Lol 45,0 72 16) % 72 zhate) dus sd el s aladiul 25 Gad L]
(2002 /192 (s 3vp) 2002 alad 192 8 435l Al ddalsall (335 e a5 Ay sm

e Asilas 5 Rualal) Gipadl Talal) D (30 S Sl sy e Jpemnl) 25 115l 2
Jali cllsdy cintas Lgdsiaty cpigubad) Y Lol 5 loaudatis L casiy ¢ (Al davalae caa)
e ZaPUl Cliagmill shal o ) Lediing ey Ko 250 Loy cilais
Canall (8 aadsal) Tl 50 Bag malll 382l e sill Sl (1) Jsasd) G
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AT A ) AU Lpciad) g LilasS g5l bl o | s (8 A yils

sl (3849 zall) (381 (%) (Al S (1) Jgaad

L) Ol Lol Aysh i EER
0.05:0.63  0.12+11.7  0.02¢0.65  0.06+13.8 il 3
0.12¢5.39  0.07+13.88  0.05£2.57  0.09+10.2 15l 3

teiad) Al jaal) Lp2-3

Syl 3l 2l dacadially il deledl AA] T Al i) 3 sl Gy Cial
AACC International, ) 4s¥) cilshall lelily cadiad) Leliall Lyl 38, clly; cdihl
:(Al-Dmoor, 2013) (2010

Gl &l aladiuly ¢(Direct method) syalull 45phall B3y cpaall juaad & fopaall juiass -]
b %2 Alad) Ayl syedll A cily Lo lalls ((NACH) aladall e c8ysadll craill s zagllal
Ialaie) cpmall et AU oLl 408 a0l L B8N (5 e %123 Aty aladal) ele axafid (s
ol & L OUall) faa 8 axdiall 382l %14 sk Geld die (VsuSod) Glea leli e
Oanall U Gulaill ) Jsagl s A58y 11 3als 2883500 70 de s Ay Ailae aladiuly
-(Chopin Technologies, 2019; Koksel et al., 2009 )

28 G gl s da de 408 50 sadd U et 558 el hel tomal) jueas -2
.(Al=Dmoor, 2013) call dasliall il 5655 5y0eall Jaliis Glawal ¢2°30)

Sl pdadll K G5 ekl JS 200 (s pdad o Jsmandl Ly ) adad 1 opmal) apkai =3
L@ sl Aggus alsil) Guilad plaal @S

Gl Cia eliall ZY) ha o il sy 5,30 el a1l JSi-4
Aalall 2850l 71 Jaghad & Addadl) Agladil) Jagpll) (3ds adlly juedilly Sl JSl) cillee
one gabil o Jsanll adlaie cpalaily cililghand aladiuly Cpaall adad (3) &5 . aea  plaall
.(Alomari et al., 2018) aw 35 & ki,

Ohill (e Ao sian AS i Ll e @il 10 sad dalidl el adad G Ganal) daljiu-5
mdl) o DU ael) LG panl Gl g calin)  dally U
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L Ay Libparsl) dpuuigl) astall Abudus oaas daaly Alaa

ila Ciyyd o Graa dana 3 BUAR WY 2026 sle 3 2:) 48 alaal)

33y 2°550-500 G il B dad die dle elaa) @3 Gl 3 5l gal 1 sl =6
Al-<AACC International, 2010) 4skall S ppall 50al) 218y dadgas agyla ag Aul 18
.(Bmoor, 2013

14 5a 3Ll (e 2850 38 i o (il e oDl 3 8)8ke 3 Clie Caayd apall=7
3l Sy A ) el i il saseie e e ilal 30,8 WG (e

s Capals o(GHAERY) i) o) (e AaSaa (bS] Aoty 330 cilie Caulis 5 il
Alad) pailiadl) Gl plaal Suall 495a0 e 1) as ol (3 480U ALenlly ALl ) )LasY)
bl (8 aadiuall Gl Jod) pailad (2) Jeaall s 3 .(Hadnadev et al., 2019)

AN Gl B axdinal) bl (el Gailad (2) Jsead

HDPE FEWHER
glem® (0.94-0.96) PEIA|
(0?)2\7\31_.{3\ (120—1 35) Ay al) daglaall a0

€m*/100pm/m?/day. atm) (500-510) = s s¥) St 4,301

g /m?/day /100 pm (0.3-0.6) elall LA 43140
%(20>) diaisic g guall duuadl) 34N

syl ihh-3-3
Dha dad e Cadatl (8 alasiuly ) Gilie b Akl A < 1(%) Akl o
a3, AACC International (ye saciaall daulall dagyhall (385 Gldg 350 Ol s 27105
.(AACC International, 2010) 44-15.02
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AT A ) AU Lpciad) g LilasS g5l bl o | s (8 A yils

i 27550 Bha dap die sl b el Glie Gya alol) A sk (%) ALl o
08-01.01 .8, AACC International  danh s ool &l
.(AACC International, 2010)
Novasina = jlea alaaiuly joall cluml Al L) pud i(Aw) Al Ll o
AN s o(Alomari  ef  al,2012) 345 2°25 3))a da)y 2ic (Axair  Ltd)
Slead) il Jsoill clegdaty

TA-XT.plus Texture Analyser jlga sladinly jall Ada & 18 :(Texture) Aol <

L)

(Maximum 5)ia) 348 el el @l «(Stable Micro Systems, Surrey, U.K)
0.2mm/seclayliia yuue dejpun P/2 a8) (ullall ¢ (fisn sans leie [ Force)
Sl 8 saciaall 450 (385 ¢ 3al ADla e Tpige 2ad il (10MM o))3ia  alief 3aal

.(Stable Micro Systems, 2018; Bentley, 2013) 5 3l

salys Adpyha aladiuly el Gl Glie  Hlad GLIYI giiae i 5 :(%) GildY)
NaOH (gldls %5H,;SO,  paslall Jduliiall gl Je aaias Al (Weende)
AOAC ) oo sacinall Gpuldl) diplall by cllyy il e il Al 5%

.978.10 &, « (International. 2016
(AACC, 2010) 4spla cavn cpaall (435 Ao Dganall ()35 ardiy 1 Jdd) 39350
: 0l clial pwall aniili-4-3

fets Ol el dadiall bl Clady (g sanall Al ual) andill o lia)

Jadall LAY cankal) ¢iudaall Al ol Ay ccphadl) Jladll 3yl ¢l

A 55 3piie afatll dal eliacl dac s RS Auaigd) 8 wall Al dal sl b o)l

Chlainl o 5yblie apfill il Jad &g ¢ il cuiadl A e g 4)sdic 48k agd Sl

Ailany) Aubill-4-3
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L Ay Libparsl) dpuuigl) astall Abudus oaas daaly Alaa

ila Ciyyd o Graa dana 3 BUAR WY 2026 sle 3 2:) 48 alaal)

Lsgiall ulad e aitll e peilly ¢ 5laa) JS al) S 206 3l GhEAY) es s ha) &
han ) zali ) a5 el Jaasill 23 ) ilinl)  Slan Yl il 235 . gybmall Cihai¥ s bl
0=0.05 ad xc &y, ANOVA (plill Jilas olassuly Minitab 17

:AdBlially gilidll . 4
Aalide iy 15l (380 A8aly 5aal) il Ayshayl) o8 (3) Jsaad) G 2 AN Lyghll (s siaa 1-4
) dilatl) il el s ¢ s (1-5-10-14) il o) Pla %(30-25-20-15-10-5)
By Al ) Ay il Bae (e JS e Aa3l (P < 0.05) Aasiae (3358 9as (%) Aashll (55l
bl asl) s ISV sl (e a3l Bae 4 pa L) Clisal) mpen A5k bl )5
(OiSaskaYly sbaa¥) sl salels oLl aali e Al Sl by salls ) dlld (ghads ¢y de
Gray & Bemiller, ) _ishll olsina mliaily Juall cilid 4y e elall 2yl ) a5 @3 Y
Il Gy decadl cliall cds & (&l 4 .(2003; Chinachoti & Vodovotz, 2000
gima il @y 5y opianll i aan b L8 ey Alie Lgina AeT dugh) (g5ina
Al ) ey Laa celall Bl Y] e dallad) 508l culd calisi gl 4s)aad) L) e 1530)
ciyell LS L (Graf ef al., 2014; Mironeasa et al., 2022 ) ol o Uil dyshayll 388 e anyg
Lo sy copaall A Lyshayll 28 Jaes i ciiia %(20 5 15) ddaussial) 28l o of bl
Gl dpe bl Al ALYl o o (Rizzello et al., 2016)4d sl L pe Giny
A8l e oaSl bl 3B G50 shall yaa ey il A (paant A e (gl
sl Ausha) ol el Ll w5 a2y (%30 5 %25) dadisall ALYl s of cpa 8 - Asisslal)
L)) Al Can g (piglall Jajial) Caill ) QU3 g3ady ¢cpiaill o U Luus e 138 <yl
.(Enriquez ef al.,, 2003; Turkut ef al., 2016) o)l ae s lall 28 Aoy (0 2h Laa ¢ Joall
Orenl Gl ] (e 225 %20-15 Aty 15D (38 Alia) o il 28 2S5 el e 5l
GRS sl aladt ) AlSa) aedy Lo sag cayall oAl o U cull) spalls Juling 4 skl <l
(Al 3l Baga (aand A kg
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AT A ) AU Lpciad) g LilasS g5l bl o | s (8 A yils

el & all slall Jigi sl (ulie 58 (By) el Ll @ Al el BL_&il o sine 2-4
8asay Osale o i LS cOlagyY) clleling Clyg ySaall gai Llay 5 Slie dafipe g5 ¢ S22
O Sl lie of Laagl (4) Jsaadl (e . (Gray & BeMiller, 2003) gpaall oLl 5l
czmiddl & IV asd) 8 (0.07 + 0.873) Alad) bl Al degy iy (aalill) clil )
O ey alaa ) 138 .14 asd) 30,14 £ 0.866 L ciliay s 3yl (il ae Lagys
Al s sl Gl Y sale 535 Lo sas eoislally LGl A< 5 JAls dagysis al) oLl

.(Wettasinghe & Fan, 2021)

OAL () A Adl quudy |0sl) (38 AL SA) il (%)dgshyl) ad (3) Jsaadl

-

(pss) (AL Baa A
14 10 5 1 (%)ddLzy)
0.24+23.56 = ©0.19+24.52 = ™0.23+25.02 °A0.26+25.42 L Le
€00.25+24.52 = ©C0.24+24.91 = °©B0.29+25.22 °A0.43+25.60 5
d00.39+24.70 = 9°0.28+25.17 @ 980.28+25.44 | 940.27+25.84 10
°©0.32+25.17 = °€0.26+25.46 @ °B0.24+25.71 | °A0.37+26.04 15
D0.21+25.53 = P€0.32+25.85 @ "B0.29+26.10 °40.29+26.48 20
ab0.37+25.71 | 2©0.38+26.24  280.26+26.63  240.33+26.92 25
a00.494+26.15 = 2©0.47+26.62 @ 280.16+27.11  340.19+27.42 30

0.05 > p e lgiy gsine (38 3sm5 2o o aalgll jlaudl 8 dgbinal 55Kl Capal) Ju *
.0.05 > p e lgiy gsine (38 3sm5 20 e J8 aalll el 3 dglind) spsall Caal) U
1055 ALY & Al Lalaall Jef dad el 3 % (10-5) Loy 153 Ll Ziliaall cilial) W
5l A b ylls LYY 58 ) el e (14 agll 8 Cadla (mliss) & (0.864-0.862)
e 5l aalill Ll e ST ele i Ly cAimal) Jals aipig e lad) Gabaial e
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L Ay Libparsl) dpuuigl) astall Abudus oaas daaly Alaa

ila Ciyyd o Graa dana 3 BUAR WY 2026 sle 3 2:) 48 alaal)

Dtiey gaidie e bla e ocbdls s e %(20-15) @b bl duall
ol oaih iy Ayiaall AN Jahy s Wl 03l e oy Lea ecppail) 558 Jlsha (0.861-0.859)
—5) Luall Miles Unas cajelal %(30-25) il Wl . paloaiadld ALEH GLIY) (g5t 525 Jaiy
Oall el ayys e spuall il il GuSey Le el g s Galias) dla IS Eua %(10
%(20-15) il 4jlie Guos ef lad) Llaill oS 150 5aly) ae oS0

L 3l Jahy jall oWl ays o Basale O G i 1ol Al ) of ) bl oda ye
e Ll LloaY) e 5)al) Cpuny 1530 Gs o pedal Sl ALl cluhall ae sy Lae cayuall g5aal
ol WS .(Rizzello et al., 2016; Mironeasa ef al., 2022) ol ol dysh )l 888 e Jliyy
& 0 Andla sy DR cualall Gt Raga 3 5% ) (S 15T A B oSl
.8 sadall Cilaniial)

GUAL () JVA AANR queady 15 (380 ALl A clial Al LG b (4) Jsaad)

(ps) A B s
14 10 5 1 (%)ailsy)
aA0.14+0.866 "B0.09+0.867 PB0.17+0.869 °C0.07+0.873 . Lu L
aA0.09+0.863 2B0.06+0.863 2B0.11+0.864 ©C0.15+0.866 5
aA0.07+0.861 280.04+0.862 280.08+0.862 P©0.16+0.863 10
bA0.13+0.859 PA0.13+0.859 PA0.07+0.859 240.09+0.860 15
bAD.05+0.859 PA0.17+0.859 PA0.09+0.860 2*0.08+0.861 20
aA0.11+0.864 280.09+0.865 280.12+0.866 P€0.14+0.868 25
240.16+0.864 80.11£0.865 80.17+0.867 PC0.12+0.869 3

0.05 > p xic lgin 5ine 3 d5as pie o aalll Jhaudl b Al sl o) Ju *
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AT A ) AU Lpciad) g LilasS g5l bl o | s (8 A yils

0.05 > p aic lgiy soine (38 3gas ade e J5 aalgl) dgenll 3 dgliial symaall o aY) L
2O AeS (g ¢ Jaal) 8 sl ginall (ulie sa (%) alopll : Al alayl) (g gina 34
slapll ad (5) Jsaadl (o Aadlipe B)la Gilays die dyganl) 3alell JlS) (G)al) 2ny dugiiall (alaall
oAl ey DA %(30-25-20-15-10-5) Ailise oty [5€H 382 dalaly 3all Cilisal
Sliad ¢l (38 Ailal Ao 331 po LB wiyl dlayll (gima of Jansl ¢ a5y (14-10-5-1)
—1.25) il 1538 %30 e ey caall (aal e Lasy 14 DA %0.90~0.86 Jaws 2Ll
AS il ey e S el pe alo)l (gsina b Aigdla L) i) <jelil LS L %(1.30
O A ecmaill saa il e G ST K6 danall 88 WL oaall oW aled) 3556 A skl
Ol 3ol odn it Ky Lypad iasay g gsine e cliila 4llad) o Casi @b ligal)
Leiblial Jany Laa cpsanlioly camall o spninall cosandll) Fio daulal) galaally die 153
Daal) (il ae daglall 5230 o LS (Turkut ef al, 2016). 3l dpaeal) dadll §3xy (paall
Glatiall & Gobealls 23 585 e dyshyll aib 50 Jea Al cluhall 4 <lil L aexs
153 Ails) of S5 giluill 28 (Rizzello et al, 2016; Enriquez ef al., 2003). 3)s:aal
DIs el 5al) Gailiad bl 8 Loal agas Jr cconnd 20030 el 03 Y 38 b
caall opyant)

O () A Al quady |9 (s Bl ) clisd (%) dlasd) i (5) Jsaad)

(pse) CaAL B A
14 10 5 1 (%)ddLzy)
520.07+0.90 = ®20.12+0.88 = *%0.09+0.87 = "°0.04+0.86 Lz die
Bb0.09+0.94 = BP0.11+0.92 = “°0.06+0.91 = “0.09+0.90 5
Bc0.11£0.98 = Bc0.09+0.97 = “°0.04+0.95 | “°0.06+0.95 10
BdD.13+1.11 Bd0.08+1.10 Ad0.11+1.09 | Ad0.12+1.09 15
Be0.17+1.19 = #€0.16x1.18 = “°0.16+1.18 = 7°0.09+1.17 20
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L Ay Libparsl) dpuuigl) astall Abudus oaas daaly Alaa

ila Ciyyd o Graa dana 3 5ad A 2026 sle 3 2:) 48 alaal)
B'0.16+1.25 B'0.14+1.23 A0.14+1.22 A10.08+1.21 25

890.12+1.30 B90.09+1.28 A90.09+1.26 | A90.11+1.25 30

0.05 > p i lgiy ssine (38 d5ms a2e el laudl 8 dglinal 5Kl CaaY) Ju *
.0.05 > p aic lgin gsine (38 a5as aie e U5 aalgl) dseall 3 dglinal syl Canll L
Sl s Adlaly i) i) GV 4 (6) Jsand) sy @ 5adl A& GLIY) ogiaa 4-4
al Celal g (1-5-10-14) gl ) Pa %(30-25-20-15-10-5) dabise sy
o gl ae LY s5ine B (P < 0.05) dsaly dysina 3al) 39as (%) pladl LYY Jgon
& %(1.09-1.14) ) saladl e 3 %0.55 e LY ssina adiy) 3 ¢ 1Sl (38 Adl)
il 5L uSay Las canlgl) dsanll o Aalidal) 5yl Caal) oxS5 e sas ol5iK %30 Gl
Gl dala alaadl GLIYL e Baae s 1Sl s of e LY 1 g3 AdLaY) Al
sy gl 3l 8 LU KU ginall oy (53 Len (sl adl) By A)lie AL e
P e bl ekl WS L (Kaur ef al., 2022) 5 (Tang et al., 2015) 083 L ae Giy
Ol Bae adi ae GLIY) (sina B Ay sine L3S Aadh 5005 dsas canlsll Caall Jala 35Sl Cajal)
(i)l axd 14510 Gpesdl AC 1B A ) asll A Copall (e JEY) Laa gl Cum c3jal)
Lo cidoall alpall 358 5als Doall el Zugha)ll Qi 8 apual) (oAl Bl Gy e oSy
Aglle )3 el 1Kl 8 3003 Gl 8 celly ) ddlia) LY i dgall ol (uSay
Adalall Al il (8 aaluy Les ¢ plly o Ll Jie (anall lisSa ae Jeliilly ¢ Wb Lalsy¥) e
Gl aylil 5 (Rosell ef al., 2014). sasall 8 dlull sl e asgy cpiail) o 5all
400380 Al Cppusnt e 0pil ity ¥ )l Jie el A Sy A0 me s of ) A
sl Gl gyl 8 Aald (Al A Agada gl Gaibadl cpuead 8 Lal agen iy ccnd
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Alad dagl i a8 Tl Gy dil) of bl o3 K5 el e zluy(Sahu et al, 2021)

AT DA S oyl e Blially el b alall Gl e a3

O () JOA Allida quady 193) (380 Adlaly 5ad) clial (%)alad) GLY) ad (6) Jgaadl

-

(pse) CiAdl) Ba Ao
14 10 5 1 (%)AdLzy)
90.11+0.59 = B90.10+0.58 790.11£0.56 | "90.08+0.55 = wia) iie
B0.07+0.60 B0.07+0.59 A'0.08+0.58 | A0.06+0.57 5
Be0.03+0.62 = ©B°0.11+0.61 A¢0.08+0.60 = “°0.11+0.59 10
Bd0.05+0.64 = ~90.06+0.63 Ad0.09+0.62 = “90.09+0.62 15
Bc0.08+0.69 = B°0.04+0.68 A°0.08+0.67 | “°0.08+0.66 20
€0.11+0.88 = ©0.08+0.86 = “0.08+0.85 = “°0.09+0.84 25
€a0.07+1.14  Ba0.13%1.12 Ba0.12+1.11 | 420.06+1.09 30

0.05 > p aic lgiy gsine 3 dsas pie o aalgll Jlandl b Al sl o) Ju *
0.05 > p aic lgiy soine (3 dgas ade e J8 aalgl) dgenll 3 dgliial sysaall o aY) L

@oime glip) Lag ALDY) das Gus e (7) sl gl el :AN Ada 3-4

Cun il oLl aaen 8 %30 s %5 (e AlaYl L 324 ae ALl 28 4 (P <0.05)

~13.91) adll Jef %30 due i oun 3N (11.73-9.38) idla o8 Jif aalall die il

Lalad)l sl e @l s GLIYI Gaiae 8 5250 ) skl 13 (g3x35 N (14.26
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L Ay Libparsl) dpuuigl) astall Abudus oaas daaly Alaa

ila Ciyyd o Graa dana 3 BUAR WY 2026 sle 3 2:) 48 alaal)

daglin g i) o ey Laa cclll Ay 280K 3alyy i shall A0 g e Jil& 1) g8 Al cddliad
Abugoch James ) s (Mironeasa et al., 2022) Slal d LAl 3al)s Jabeaty)

iy 1l 3T iy 055 ) (o3 ol i sy ally GLIVL e 3o JAa) of (2009
oy zalll (383 (o gsiaall 5ally 45)lae 435 50

o3 CulSy ¢RIl (he) aai ae ADall 8 Fuagy baly) bl el (ol B dum e Wl
Gl Gy Lty ((A=C) 5yl oY) CA) e ity LS canlil) due 8 lagny ST a5
Ll aalipallay lld 5 dls (A Coall ) oAl Wbl e Ly s <l dee )
ool b ) o Allg il Sl 5yall dyshayll s (Starch retrogradation)
Laliay) b GLIYL daall clilay) cuale (Jilid) 8. omnl) 3l daili salls ag o)
Gray ) ciluhs xSl ady L cpianl) DA bl Jare e Ual L ¢ aall a0l 2l Jabs e Ll
o Aag gl Gl &ally L) asa of (Mironeasa & Coding, 2013) 5 (& Bemiller, 2003
oAl e L ALl ) (e s o Li aanlii Ao (e Jly Ayl

jlie oAl o W Al il il LS ¢ Gaall 281 A0l Cied)y ALYl o Baules it
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ODAT Baa VA Ailide quuddy |o2sl) (383 Ablaaly Sl cliad uall auill (10) Jgaad
il S5l ..
laayl | Laiall A ol A Jagp adl) pakal 3l ¢ gl Qi diLay)
i Crshdd) (ps2)
33.6" | 4.7+0.28*  4.8+0.11"* | 4.9+0.11* | 4.8+0.32*  4.9+0.15** 4.7+0.17** | 4.8+0.30* 1
338 4.6+0.15% | 4.7+0.32%  4.8+0.25**  4.7+0.22" 4.8+0.23** 4.6+0.32" 4.7+0.25* 5
3
E
32.2% | 4.5+0.28% | 4.6+0.14" | 4.8+0.19** | 4.5+0.35% | 4.7+0.17** | 4.5+0.34" 4.6+0.15" 10
30.3° | 4.120.22™  4.4+0.15%  4.6+0.14* 4.2+0.25%° | 4.4+0.15® 4.1+0.19%°  4.5+0.14" 14
32.9%° | 4.60.25" | 4.7:0.13"° | 4.8:0.11°° | 4.7+0.18*" | 4.8:0.23"*" | 4.620.16** | 4.7+0.08**" 1
32.28 4.5+0.29°° 4.6+0.28" | 4.7+0.24*" = 4.6:0.22"° | 4.7+0.22""  4.5:0.07"* 4.6+0.14™ 5
5%
31.5%" | 4.420.21° | 4.5:0.17*" | 4.6+0.32*" | 4.5:0.14*" | 4.6:0.18*" | 4.4:0.19"° | 4.5:0.16"*" 10
30.9% 4.3+0.19°° 4.4+0.19° 4.6+0.18"° 4.4+0.16"° 4.5+0.17% 4.3+0.17"° 4.4+0.22° 14
32.3%° | 4.6£0.17* 4.6:0.11*° 4.7+0.26™ | 4.6:0.32"° | 4.7+0.30"° | 4.5:0.25*° | 4.6:0.16"° 1
31.7%° | 4.5:0.32%" | 4.6:0.17° | 4.6:0.22"° = 4.5:0.13" = 4.6:0.16" = 4.4:0.12"°  4.5+0.12*° 5
10%
31.4%° 4.5+0.19%° | 4.5£0.24* | 4.6:0.17"" | 4.4x0.11"° | 4.620.32*" | 4.4+0.13"*" 4.4+0.19%° 10
30.7% 4.3+0.15" 4.4+0.19°° 4.5+0.19°° | 4.3+0.10°* 4.5+0.24" 4.3+0.17* 4.3+0.20° 14
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32‘1Abc

31.4%

31.3%°

30.7¢

30.7%

SOBc

29.8%°

29.2°¢

27.8%

27.1%

26.4%

25.4™

27.1%

26.4%

4.6+0.32*

4.5+0.18%

4.5+0.25°

4.4+0.11%

4.4+0.19"

4.3+0.18%°

4.3+0.21°

4.2+0.10°°

3.9+0.12%

3.8+0.13%

3.7+0.17°

3.5+0.16"

3.8+0.18"°

3.7+0.19%°

4.5+0.27%°

4.5£0.22%°

4.5+0.32°

4.4+0.22%

4.3+0.17*°

4.2+0.16"°

4.1+0.17°%°

4.1+0.13%°

4.0+0.25"

3.9+0.32%¢

3.8+0.22°5¢

3.7+0.28°

3.9+0.26"

3.8+0.31*

4.6+0.32"°

4.5+0.19*°

4.5+0.14"°

4.5+0.26"°

4.4+0.19%°

4.3+0.13%°

4.3+0.22%°

4.2+0.14%°

4.1:0.22"

4.0+0.17"

3.9+0.25%

3.8+0.33%

4.0+0.26"

3.9+0.24"

4.6+0.22"°

4.5:0.24"°

4.5+0.29*°

4.4+0.15

4.3+0.14"°

4.2+0.19%°

4.2+0.14"

4.1£0.17%°

3.9+0.26"

3.8+0.32"

3.7+0.13%°

3.6+0.19%

3.8+0.13

3.7+0.15"

4.6:0.11*°

4.5:0.12%*°

4.6+0.16""

4.5:0.22"

4.6+0.08"°

4.5+0.17*"

4.5+0.18*°

4.4+0.15%°

4.0+0.19*

3.9+0.22%°

3.8+0.32°°

3.5+0.16"

3.9+0.13"

3.8+0.19%°
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4.4+0.10"°c

4.4+0.21**

4.3+0.15*

4.4+0.16"°

4.3+0.17"°

4.3+0.19*°

4.2+0.22%°

3.9+0.18"

3.8+0.16*

3.740.15°°

3.6+0.22°°

3.8+0.16"

3.7+0.11*¢

4.5:0.08"°

4.4+0.11%*

4.3+0.13°°

4.2:0.09"

4.3£0.19*

4.2+0.25%

4.1£0.26

4.0£0.33%

4.0+0.18

3.9+0.17%

3.8+0.23%

3.7+0.29"

3.9+0.25%

3.8+0.22°

15%

10

14

20%
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25.7% 3.6+0.24%° 3.740.22°% 3.8+0.31%¢ 3.6+0.18°° 3.7+0.26°° 3.6+0.23%° 3.7+0.27% 10
24.7° | 3.4:0.29%°  3.6x0.27%° | 3.7£0.22°° | 3.4:0.19%° = 3.4+0.31°° | 3.5:0.32° = 3.6+0.29™ 14
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