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Abstract:

The integration of the Internet of Things (IoT) and Atrtificial
Intelligence (Al) in agricultural activities is transforming the sector
globally, offering significant economic and social improvements. loT
systems utilize smart sensors to monitor soil moisture, weather
conditions, and crop health, while Al-powered analytics process this
data to enable precision agriculture. These technologies enhance
productivity by optimizing irrigation, reducing waste, and minimizing
the use of fertilizers and pesticides. Studies indicate that implementing
IoT and Al can increase agricultural yields by 20-30% while reducing
water consumption by up to 50%, lowering production costs, and
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improving efficiency .Economically, this results in higher profit
margins for farmers, especially smallholders, by reducing input costs
and minimizing losses due to pests or adverse weather conditions.
Farmers also benefit from Al-driven market analysis, enabling them to
make informed decisions regarding crop prices and demand. In
countries like Rwanda and India, the adoption of smart farming has
led to a 40% increase in farmers’ income . Socially, these technologies
contribute to rural development by improving the quality of life for
farmers and reducing poverty. They enhance digital literacy among
rural populations, bridging the gap between rural and urban
communities. Additionally, women in agriculture can gain better
access to data and resources, promoting gender equality . However,
the successful adoption of 10T and Al requires addressing challenges
like high initial costs, poor rural infrastructure, and the digital divide.
With proper support, these innovations hold the potential to
revolutionize agriculture, fostering sustainable development and
enhancing food security worldwide.
Keywords: Artificial Intelligence, Internet of Things, Rural
Development, Food Security, Agricultural Sustainability
Aadiall
skl dagm Goda Yead eyl pladll agd oY) 2l
SSAIM5 (10T)" +bed¥) iyl Je aalie cinpual Cum e jluial g 5l i)
Jias ey sl o3 Aaall 4ol )3l cllead) (e Gkl 12 58 (AD)" oeliaY)
Giind b U Jy AaaliiYl 505 Gum g L Gl el 3l dlle 8 Aad ) 5,50
glhaill 1 Galelall ddgee (5 sian pands el sall 8 gl Qi cdalainy)
(World Bank, 2020).
4als) ¢ (FAO, 2022)s2aiall acdl el 3y 4,36 Y] dalaia il G
gl s Al 5 ) sall iy Fliall st Jie ) yie Glaad Galle el ) g Uadll
Laanl o0 (@bl 138 4 S gail) s o133 e callall 50 5 ez L) Callss
L) o m jh e Cua cbaadll ol o ] 8 Allad 51alS A 1 L ol gial)
et Lay il i gl) 8 3 il 5 Aal) oy lall Aaglia (e (S Aaiie 481 5 Aol
dazail s e ) el )8 4 il i) oda Jidad oelilaal) cISA il ) )l sa
(Elijah et al., 2018) .4 3 s el
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Jie dlaidl 33eaY) (e A3 e soke (I0T) oLdY) cujm) o
Cilayas sl Ayl Jea iy gead ) 68 ytdll ol il g <l el
Al sl i) 38 axdiud (Al) eliba¥) oSA Wi saan) Gl gise s 63 jall
(Wolfert et al., 2017). 48 JiSi 4o ;5 <l 8 Mas) 8 selus <Bllaty (535
lehadili ) 4 gall ) pall Jadad eliaa¥l (KA Aadal Sa QU Juw e
cam Lo «EY Caa yad gl ()1 Gl e (il ) 3aliall apanl 5 iasall ol yildal
(Zhang et al., 2019). yiwall Julss y HSaall Jailly
O sl Ay dae) )3 Clleall QIS (il (SAL 5 10T Gk pals (Goliard)
(McKinsey, 2021). 12l sa 5 saaiall ¥ gl Jia cJsall Gamy (8 % (M %Y
Loty olpall Dlgind Q&5 ) 10T @l jrdiie aladind sol cxigh) i kil & ) 3e 0
Sl )l s Cualis L% (Patil & Kale, 2016). ¥+ iy 2anlisyl 5355 %10
aaladll s sl B e (Gasaills gl lilee Guueat 3 clilall Jilas
=03 Jaal by ) ol e cagilatio aad g sl ) cue ) el 4us i
(Baumdller, 2018).

& 0 el Adna (5 shue (pead ) bl sda alasdul ol e ldial
"Smart Agriculture™ g s ke sl dailgy (& JUa Juw e Al Jgal)
(oo lilaaY) IS il aladiul e cpe ) Jall cuya 8 Jsall Sl e o se dll
@y ae 5% (World Bank, 2019). Yo dawsy ol & ) e daliif 3345 ) sl e
G A e o il slaae¥) el Cua dgle JB1 e Ja3 Al @Y all o )
Cilaainall & Gl ll ey ol 3 Lea gl Alleall ) Zalall Galis
(Basso & Antle, 2020).4: )
aalg del )5 (AAL 5 10T Sl Gahi Gl e ldia¥)y alady) ulldl a2
sary A Al Aall Al Caeca s Qi) QRS £l ) L (e ciland 3
(Liu et al., sl o3g) Guliil) (e ) 3all Gans A slia o Sliad iy ) (3lalial)
o=y Lo et dpady Ol jlge Ll o aladiud (allaly celld ) 2aLal2021).
(GODAN, 2019).cxe )l 3l daald G 35 el 2 o

Of ¢MAEEA Ao ) 3" Jlae 3230y 2ad ) clailsa Jie Jso el ekl
Sl aladivl Q5 (%60 ¢ Ay olaal) gl min W GAAL 5 10T s
Slo i Al )y iy aladiu) aal LSO (Klerkx et al., 2019). &+ i
% (FAO, 2021). ™+ Aty shanll (il (aids (3 (Ll (b el clS3)
Lee U Capaatl Ll 03] ¢ ran La gad e pall sl i Aaaal 58 el o3
, ‘ e
gl JOA 1) e Gy Y gad Jans g1 5l Ao 3 gl agdy of o i) (g
& oS gl e %Ye 8 ¢ Deloitte (2022)4S 5 &l Gy Aesldl
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Lo Sall Jond SIS Yo ¥ dle JsluAL 5 10T ol 3 Hlaiind Jalads 4,0 sand)
il Ly ool 5l gl ghail "ASAN Ao 3" Jia <l palie 25 e 4y padl)
(YY) g peadide ) )35 )3 s) (Pl Gal) GEST Y Y eandys " ae

elaia¥l 5 laB®Y 3V Al )3 g 5 el (e graal (Y sail a2gd 15k
ApalaBY) il gall 3 a3 A agd dal e dpel )3l 2SN SAL 5 0T alaainy
Ll il 138 Aludl Lelaia¥) HEY) O ae cdalxiosal) 3l damill iia
‘gﬁ)‘j\ Cﬁ‘}M Ul il g ‘@jjg)ﬂgﬁwﬁﬁ@‘g}\ﬂ\c&& s saall
Lol ao ) Allad A ) 35 Jola a8 (A Al plila st a5y g )Al) Caagy
(Giller et al., 2021).4s=), 3

G Ao b Al i) LY il elibual) elSA Gn peall o maaly
Bla Gt Wl Jy o\l J 5 AalisY) o) Cam (g Ja (el )30 Jlaae
Jaii dae )y Ly Al by i) 238 Lo o V) SR Y1 3 5ad 5 cce ) 3al)
Badawy, W. (2025) daualy ilay piis cdampai gl jus daady dgiad Ay

Jsn Al dy5) ol (8 Sl 1 dpaal 5 i 0 Badawy, W. (2023)

e i Al ivse il godn s (4 agud Loy (Ll o3¢ Ao Laia V) 5 Apabiai®y] <l il
Al dsall G o))l g Uadll a8 ) sl
Gaagd) Al JAta

aal sy de) )3l g Ul maal 3 Al 3 giall s o) S ) ) odaill ¢ s pa
O Gaiad s LY Aelia) lanal 5 ySise sk dlaic) 3 )5 puin (sia i Byl Fie Cilpan
S sl i ¢ S gail) dai 13 e dladl callal) a3 Jl 6 lasd)
Clalial L0 Y200 dle Jslay 95V + Apasty el 5 31 UV 35 ) zlinges llall o
55 bl 3 ) 5all 8,35 JSUia 8liS e (el 35 Aalall 028 (FAQ, 2022). ASad
O] 483 L e Caaall gad Joall ady Lee el )50 (pal ) 035 Ll
(Godfray et al., 2010). s2el) i 5 aalisy)

Oo chaall Jaall Ly cinalil) Jsall (e il 8 el 5l ZlY) il
ealad) e il alia) ) 5 el Callss ¢ lis ) 5 dgaliyl Cixua
%) £ sni el gUaill JSE Slie  uas GY(EI Bilali & Allahyari, 2018).
el el YY) dlalall (5 8 (10 %Y 0 (e ST e s s g aa) Aaall il (g0
el Cimay ias g dadail 158 aae e )l DSl (5 s (AB Ga sl
(CAPMAS, 2020). 44 1 L 51 i<l sty

Ay Adlal) ghliadl 8 de) )3l aal g ) cbaatll Gl e slaall 325 e
Ol &Y (World Bank, 2019) (sall el & yadi Jass 5¥) i)l dalaiaS cddlal)
ol il edad (Bl 138 8 olaall i (pe il Aidaiall S (3 %10 e S
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(Hossain et al., 2018).422 szl 5 52,81 Jia (sl amy A

iy syl yall cila gLy ccalaall @l ol ) AL s sl

sl e Sl Agell o 8l Gy Aol 3l daalaall o Ul i Lea ccibiliagdll

Qs da 0 Y e )l all cila jo glii )l (lé ¢ (IPCC, 2021)FLall iy dinall

U ad %Y0-) v (sl 5 Aty ulal) Jralaal) dpals) (alaas) ) g5
o 5V (3535 LSy ) A

Leluall cleladll (e Gulal 12 a ol 40 )l Ladasill of a2,
s i 815k JI Y el Joall b dals o) )3l plaall 8 dgandll
o Il (OECD, 2020) 4wiills sdbai®y) pslaill dalaia o judd il
Ciraia ) Ala] ¢ )l i) ) (58 L We 48, )0 Ghlial (8 cue )l all
cigii)y eelihaa¥l oS Jsla ) agdseas G Lae cc¥laid dgiadl) 4
iy

O lee el 5 3aandU (A alaain¥) e Al del ) 3 adad
3yl & 0pA s Ay Galle 3aaul) land gl ) ol e ) el e 4L el
3y ) ¢« (World Bank, 2022) sl clidl )l Wy Y2 YY 5 YoYY (p
3liS auat e ataclid Jgla () dala (8 (e )l el desy Lo 525 (g WY1 (IS
) sall aladi

s dpad il @ ) e Ay jell Jsall 8 Al 3l Adaiil) aliee ddied
Alatin) A slaall saan¥) s ol eS¢ s I lal) e LI 3 o L
Shdall ¢l 8 Aady bl s of oS i) i yul ddag jall il 3 jeal
Ggone @l A e e el acly Lee cJpaladlly &5 s Jsa
(Wolfert et al., 2017).

alaiiul Jawgie of (FAO, 2020) del, 5 4,2 Y dakiia cililias) ekl
Dyl 138 Aaaial) Jpalls e % e Ay JB A el Jsalls el 3 S Sl
e ) 3al) 58 (e ang Lo e sall Jaall e slaie W) 3 55 aliY) ix 6 aalid
Al sl e saliiay) e
o A pe e o Glad A pal) Jsal) & Akl shlall of G clul ) s
(IFAD, 2019). &l ba < Canll gl e % T e ST Gy Sum o il
Ot & agad O (e e Li) i yuily elilaall oA e diaall La gl il
(Balafoutis et al., Jaall 32l 55 4aliY) a5 I e (el el Ldira (5 5lue
2017).
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eelaa¥ls salaByl BV Jea dlals Al yn I dalall 5,0 cciboadll sda ol
et A agd Caagy ey 0 Adaiill 3 elilaa¥) oIS 5 LY e 5 Cas il
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Q\:K:\J‘)]\ JJ\}A\ ’SJ\J;\} sd:\mhaj\
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da )l leial 53l aladiul &3 (Zhang et al. (2019)4 s 4l 481 o
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< ekl (Smith et al., 2020) W siul & cusal 4ul )y Jualaal) 3aga Gpual o
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) 0. ¥+ Apnsiy yiludll JI8
23 O (Sardel 3l G 10T ahasivl o I MeKinsey (2021) <l i i
¢baatall ALY ol A el & ) 3a A% Y0 (A %) 0 Ay abaBBY) dilall 2ol 5 )
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0.9+ Ay J geanall 505 48 sl e liaa¥) oS e sadinall gl
ol <iw (Ferreira et al., 2020) JsJlodl (& 4ul s gl el Sl gadds o

%.9Y 48y Clpcaesll (yal yal I elilaal) 1S3

% (Takeda et al., 2019).Y© 4w

diliaall dagill 30l 8 ablay O elihal) oSA (Say PWC (2020)
_1-3)3“)&}3)%*~ . é\}&@bﬁ\f\)}\&w

pend il B jeal adild Cum (Al 10T op 2SW el )3l 4 sede aany
M3 sad el Jell dus gl UL o3 e liba¥) oIS Aokl Jlad Laiy ccilibyl)
(Wolfert et al., 2017).48> yisi <l )
daali 4359 e
&) ol Laa (AL 10T alasiuls "Precision Agriculture™ z3se cug: 1ailga o

% (Klerkx ¥+ Ay Gulaladl dualii) 324 55 <%0 + Aty oball gl (ais

etal., 2019).
3liS Gt () ool Lae Al Aol £ pde daSall il Guall o

% (Li et al., 2020).Y + sy ol Y1 alasia

Ay e ) el JA0 3345 B "Smart Agriculture™ g s ke aalu il 8
elasiul GEN Bilali (2020) - 42 <oeksl 5 % (World Bank, 2019).¢ -
Aae )30 AkislI 8 GLall Cue ) el AS i ) je 483 ciliglal)
= liha¥) oSN [T dadail (a5 ol o I (YY) Jdsall Sl )\ s
el el s alaf Gy Bile IS8

Y et 8 Ady )1 Bhliall (e 908 ¢ JI 53 Y Ay 4N Jsall (S
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% £0 Ay olaall i e 2ol A8 (5 Aadail Gala e yall B g 5 ke
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1 5l (e el s Al e i SIS sae 58 «Y(FAO, 2022).
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el aguys s elilal) SA il ASA 5 eal) il pdiuall ol ph Jads
AaLatY) o3 Ailaa

alasil 5 e yuY) A Camia (g Ayl Jsal) adina 3 Ay )l shaliall e
& Gl 8 e %t O ) Glelas) juii GhUdl (aey b 4 )l bl
LA Aoyl i alasiud e Lee ccni YU Gls Yl ¢ sSlay Y s jall Jsal
S Qi s daed N L) e (5ol el e «dlld e 553 (GSMA, 2020).
) o3 AR o )y il

Al ) e ¢ sading 4alill Jsall (& Gue ol ) e S J1e Y
4,01 dalaie Lyl Al 0 pellAL 5 10T <l dpaaly 2 juad) ) o5 sy
Ge smamy ol Ui 8 Jlad 50 (2 Gue i) (s %Y o (FAO, 2019) 4e 0 5
& N Jadll Slhlee G Aol deall 1 d8 (e "ASA Ae) )M 4 sgda
o= g Uil

Ol 3 e Caglaa Lt de) ol 4 elilaal) (KA Ay Jiy) )
sadlis ) Aol 53l gy Jaa) ol cxigh i agiilla gl ey 31 Jlandl (ol
22 (Glover et al., 2019). 4 ) Ghlidl (e 3 9%)0 Ay Jaall (a
Aokl ye Aleal) G Ua pad (Allagl) OIS 8l ) (g2 8 Sl |l

Y\ “Ll\‘)\.n\;“} 3\_)3},_..»3\ Jia ‘agg)aj\ d}ﬂ\ Ul eA:’\:\AjS;J\ Q\)JL}&J\ ?‘;’J
S Aol 3 Lilibn Al 5 10T Sl aay i ol da el Joall e o
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Jal 4a sall o Sall aeall of LS (Alreshidi, 2020). 483 de) 3 s b
Al S JISEY) ysal e Gl s el s 32auY) b5 e Wle S cpe ) al

saaiall LY N i cdadiiall Joall ojlad e Adlall Cilag) alaaa adia
SAIl 5 10T plhasind Sl o g5 dilae il 5o A A al) Jsall i Laiy clailsa
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M Aadaif Jlaxs ) (ool Las i)y Clanngd Ll 8 ASH Aol ) 3l sl (e 90 0
sda alxiiul (e (pdsdie Gue el dead Glaagdll s Jaaladll Cad)y SA)
ol

O Y el 3N 2l sal 3eUS (puad B aaLSAL 5 10T il of a2
3eal QU Juw Ao Zaplall ol Jo Unrca S04 88 (EA) Lgaladial
O ot ) ahliall b Ui JS8) Laa (b paine 4y 5S4l ) zliad jleiud)
(Elijah et al., 2018).4:5L <l 4l Cania

Badiud 28 ) echlydil) cb@ggju:hY\ A.\laj‘e&.\&jé“i.};muﬁ)\ﬁj‘ﬁ\ﬁ
%Yo ol Gkl McKinsey (2021) Lial dul )y ) sedall <l i Ay il
ol 31 sl (e | iy al Basiall Y N L [OT kil | sacic )l Cue ) all (1
s ¥ J OB laa)

U ool Laa cde )3 L o S0 S 5 il sSa) G el il Jaad
(Olaguall (B ASA e )3l & g pde (A e Ul Jaa o Ay jail) g Ll (any il
Ge Opale aay g g pdial) Jhaad ) Gy paliiasal) 5 dpa sSall cilgall G il 6 g (50
(World Bank, 2019).43)
Giagl) Aia Auada

Jiay ool gl 8 eliha¥) olSAly oLusl) o i) by aladiul of
@) sda (gudat o W) o AR V) Gaiat g dae ) 51 Aaali) 3 el sac) g da
Gl e i cilgaall s3a Ay jed) Jsall 8 Ay sy e Laia digabia®l st 4a) 5
LalsiuY) s Lo ol oda aldieY Louliall Al dgi LS agdl Al
e ) el Adigna (5 sisn @b g cAae ] ) 3l
Gl @l glud

ok ) kil ale o) 3l g Uil laagdy ) 5 sl Y sl Jl
WY ead & (Al) elihaY) SHls (10T) slad) ) il aladiul
@laBY) Y1 e gl lalud 3 Adall Vgl e aaall < e )0
Gat o 0l oY) o34 Adlad (sae Jalad Caaging <Y slull oda culuiEill o3gd elaia¥)
ccne )l Apmdl gyl Gt e gy saas dalaid) dael )3l At
S CLISEYT agdl 1 ja ga 1l ¥ 5Ll oda apaas 3a) Aalid) Joall 8 Ua sad
Lol ) Sl au & 2eld Blee 5 Agale Jola Y Jsaslls cpldaill 138 aal 5
(Sl Y e Al
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SSA iy SA gl ekl el (i (FAO, 2022) delojils &Y
oans B %E s ) deal Loy 5aan g olual) Mgl (il b agud elilaaY)
Ol al ¢yl Jsl (B Agibiia @l (3iat (K Jeb el Gidls (10 @) Laa 3R
.00 gill @l gia alal Wiile (S 4 griall cilyaal)
LYy Aelaia¥) dpaill) ghad B agud o clulll) odgd (e i -¥
i, ) Cilaaisall

1l Y dw el Jeall 8 s ) claciadl ad VW e i€ 3
b G Lm i ASH) L) 30 La sl S ens e g5 Aladls ) ISy
(Basso & Antle, 2020). dadiill aglas jalaal Muagd (pu&all o ol s Jae
el (ga5in Ja s Sope ) 3all Jla Lduna (5 shue (e @ O il s3gd (Sa) oS
Gl siae o Bla ey Lae gl Allead) o callal) Q&5 ) dpe) )51 cllead)

L)
Cpand BAL 9 10T aladiad dpaaly Aol Jol) A oo liall o9 g2 L =Y
¢ Jaalaal) Lnalis)

Aal i ) claatl) S asl Jiay cpe )l el o5 o ARl Gl )y & el
<y Jéé (Elijah et al, 2018). 4wl Jsall & del 30 Lasdgsill s
O Jie aglaad 4 jaa 5 gad llia Ja 5 Sl o3¢] Alaiaall ) ) Cayall 5o ) 3l
Sone ) 3all e doe sl A0ed FSYI il gl & Log SASAN Jgladl a8
Jodll B ollaY) slsilly sladd) el i) dalall gaadsi gl A Jalgad) La ¢
S ) Ay )
acdll Gl 5 Sl pld iy cdaad ) Aiadll A Cana o ) o El s
(World dx_all Jsalbde) )3l gUss AL 5 10T Giadad (3523 Jal 5o LelS ¢ oo S
IS Ll (2 Las 0 all Jsall G B gaall 028 CaliaS (530 1 JBank, 2020).
FASA L 5l Sl Sy (alachy L (e ) ) ) 8 e Lgia
dan) o B o Bliall g e )3 clland) A5 ¢ ¢ 58 (Bal (e LS -0
o sl QS (8 agas Aol 3l Gligs )y elilhal) oSA clas ol a2
(Glover aeiilds 8 Jleall (o 43S o ) 555 38 23y 638 of V) ey i) Allaal)
(s Al OYlaa G sans Jae Wah 3las of el s2¢d (Sar Jedet al., 2019).
& O OOl Gl Sy Jay el )l il dalas sl el Hl1 3 ea ) lpa Jia
om0 Jlendl 3 sia e Lliall g £ LY 30
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&) & pn O Aoall dpal) (8 el il s sl Sy 530 5l N192020).
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Syl (e ) el ClalfiaY duanaie ddas Jola skl die ) )l L) i3l
e )l Aaday) B L) Aalaiad) Je AL 5 10T bl 5l L -A

O JE o oSy clib) Jalas iy SA ol Aadail o ) el
(Brewster et al., 4iaS 52015 el Aladinl e a3y colyad) gl
A all Jsall 8 Aalxivad) Aol )l (Bat b aged O L 03] (Say J432017).
fdakaial) b Cilall FLiall Ca gyl e Lol 5 500 Loy
SALS 10T dakiil aladic JB 8 430,30 i) dles lasa ¢Sy S -4

Lo cJpalaall 5 ozl ¥ Jsn bl (e 35S ClieS pan [0T dadail Callas
Olaa (Say CaSé (Kaspersky, 2021). <blull el 5 da sadd) (L Caglae i
O aalatil Al s il b Jl 8 dals dg el Jsall 8 bl sds djles

‘ S el g el L Syl
CaY) Blaig MY Y paat Ay aea B Ae) )3l L gl il aB gl jgal) La -
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e ) ) Gt g saadl s e Jie el Jsall e el e
ety 550 5s) delool clalsl e slde ) Julisy o ad) £UBY) 35 JMA
b aalad o Ld¥) )5 e lilaal) olSA) ) (Say Jeb (Y0 YY) ¢y adll
ik gl (55,0 028 (Bial
Afiand) ey gludl) adA
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2021).
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Lo st 5 cagilaiia (5 guiil JiaY) i gl JU) e tue ) all 2ol Laa dlgy 30l 5
(Chlingaryan et al., 2018).L& ) & six el A 4alas

Ao laia¥) Luaal)
Jsll 8 Uelaial 5 Gaboail 45038 VI 480 45 501 3haliall (3 050 ) 3all Jiay
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(World Bank, 2019).

soadl) (el L deluy Aol 3l 8 Aaall Ll JAa): dpad ) 5 gadl) (adlii o
(S o sl e A e Ay pemnl Blalial) s Ay Sl Clasinall (3
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Effect of climatic factors, gibberellic acid, mineral nutrients
concentration on fruit splitting of Washington Navel orange
and pomegranate (Punica granatum L.) in Egypt
Abstract

A field experiment was conducted during the 2019-2020
and 2020-2021 seasons in private orchards of Washington Navel
orange (C. sinensis) budded on sour orange (C. aurantium)
rootstocks (20 years old) in Al-Dakahlia Governorate and
Wonderful pomegranate (10 years old) in Al-Behera
Governorate, Egypt. At the start of the study, the percentage of
fruit splitting was assessed in four directions (north, east, west,
and south) and at three canopy positions (upper, middle, and
lower). Samples of Washington Navel orange and Wonderful
pomegranate fruits, with and without splitting symptoms, were
collected to determine calcium (Ca) and boron (B) content in the
fruit peels. The experiment aimed to evaluate the effects of
calcium chloride, boric acid and gibberellic acid on fruit splitting
and fruit quality. Twenty-five trees of each fruit species were
divided into five groups, and each group was sprayed three times
at full bloom, 30 days and 60 days after full bloom with one of
the following treatments: 150 ppm GAj3, 2.0% calcium chloride
(CaCl,-2H,0), 0.3% boric acid (H3BO3) and 150 ppm GA; +
2.0% CaCl,-2H,0 + 0.3% boric acid. The results revealed that
the highest rates of fruit splitting occurred in July, coinciding
with high temperatures, intense solar radiation, and low relative
humidity. Fruit splitting was more prevalent on the southern side
and the lower canopy portion. Higher concentrations of calcium
and boron were detected in the peels of non-split fruits compared
to split ones. The combined treatment of 150 ppm GA3, 2.0%
CaCl,-2H,0, and 0.3% boric acid was the most effective in
reducing fruit splitting and enhancing yield and fruit quality of
Washington Navel oranges and Wonderful pomegranates.
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Therefore, this treatment is recommended to reduce fruit
splitting and improve vyield and quality parameters of
Washington Navel orange and Wonderful pomegranate under
experiment conditions.
Key words: climatic factors, gibberellic acid, calcium, boron,
splitting, Washington’ Navel orange, pomegranate
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Introduction

Fruit splitting or cracking is a major pre-harvest
physiological disorder affecting the Washington Navel orange
(Citrus sinensis L. (Osbeck) and pomegranate (Punica granatum
L.) industries, resulting in significant economic losses and
reducing commercial value. This issue can lead to annual yield
reductions of up to 30% (El-Sayed, 2016 and El-Akkad et al.,
2016). Factors contributing to fruit splitting include
environmental factors, nutritional deficiencies, and imbalances in
plant growth regulators (Abdelrahman, 2010; Singh et al., 2020;
Krajewski et al., 2022). Environmental factors such as high
temperatures, intense soil radiation, elevated transpiration rates,
low relative humidity, and significant day-night temperature
fluctuations during fruit development are closely linked to
splitting (Abdelrahman, 2010, Khub, 2014 and Li and Chen,
2017).

Nutritional deficiencies, particularly in calcium (Ca) and
boron (B), are directly associated with fruit splitting in oranges
and pomegranates (Singh et al., 2020 and Krajewski et al.,
2022). Calcium and boron play essential roles in maintaining cell
wall integrity and plasma membrane function by interacting with
pectic polymers in the cell wall matrix (Singh et al., 2012). Fruits
with higher calcium and boron levels in their peel exhibit greater
firmness, stronger cell walls, and reduced susceptibility to
splitting (Masoud et al., 2019 and Morwal and Das, 2021).

Additionally, endogenous plant growth regulators
influence fruit splitting. Studies by Peng et al. (2001) and Sekse
et al. (2005) indicate that gibberellic acid (GA3) can mitigate
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fruit splitting by delaying fruit maturity, enhancing peel
elasticity, increasing the deposition of stratum corneum
components, reducing the activity of pectin methylesterase
(PME) and polygalacturonase (PG), and improving cell wall
plasticity and fruit hardness. The combined application of GA;,
calcium, and boron has been found effective in reducing fruit
splitting severity in several crops, including litchi (Litchi
chinensis Sonn.) (Singh et al., 2022), lemon (Citrus limon L. cv.
Eureka) (Devi et al.,, 2018), sweet cherry (Prunus avium L.)
(Dong et al.,, 2019), grapes (Vitis vinifera L. cv. Muscat
Hamburg) (Parthiban et al., 2021), mandarin (Citrus reticulata)
(Kaur et al., 2024), ‘Okitsu no. 58’ citrus fruit (Wang et al.,
2024), and Lane Late Navel orange (Shi et al., 2024).

Given the severity of the problem, this study aimed to
evaluate the individual and combined effects of calcium, boron
fertilization, and gibberellic acid treatment on fruit splitting,
yield, and quality in Washington Navel orange and Wonderful
pomegranate, two of Egypt’s most commercially significant fruit
crops.

Material and methods

A field experiment was conducted during the 2019-2020
and 2020-2021 seasons in private orchards of Washington Navel
orange (Citrus sinensis) trees budded onto sour orange (Citrus
aurantium L.) rootstocks (20 years old) located in Al-Dakahlia
Governorate, Egypt (31.15° N latitude, 31.49° E longitude, 2.89
m altitude) and Wonderful pomegranate (Punica granatum L.)
trees (10 years old) were studied in Al-Behera Governorate,
Egypt (30.47° N latitude, 30.09° E longitude, 94.5 m altitude).
The planting distances were 5 m x 5 m for the orange trees and 4
m x 4 m for the pomegranate trees. In both orchards, the
experimental trees were managed under uniform fertilization,
irrigation, and pest control practices as recommended by the
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Egyptian Ministry of Agriculture and Land Reclamation. Details
of the soil's physicochemical properties at the experimental sites
are provided in Table 1.

Table (1): Physical and chemical characteristics of orange and
pomegranate orchards soil.

Soil attributes Orange Pomegranate
Sand (%) 25.00 90.50
Silt (%) 25.50 2.700
Clay (%) 49.500 6.8
Soil texture clay/ loamy Sandy
Field capacity (%) 36.00 16.00
Saturation (%) 72.00 32.00
Organic matter (g/kg) 13.50 2.90
pH 7.90 8.00
EC, dS/m 2.99 1.34
Available N (mg/kg) 53.60 23.20
Available P (mg/kg) 11.40 3.50
Available K (mg/kg) 224.90 112.50

Agro-meteorological data, such as maximum and
minimum temperatures (°C), relative humidity (%), and solar
radiation (MJ/m?/day), were collected from January to December
during the 2020 and 2021 seasons from weather stations situated
in the Al-Dakahlia and Al-Behera governorates.

At the beginning of the experiment, 10 trees were
randomly selected from each orchard. Five branches on each tree
were marked in four directions, and the number of split fruits on
these branches was recorded and expressed as a percentage. The
tree canopy was divided into three sections (upper, middle, and
lower), and the percentage of fruit splitting was calculated for
each section. To analyze calcium and boron content in the fruit
peels, 50 commercially mature Washington Navel orange and
Wonderful pomegranate fruits, both with and without splitting
symptoms, were collected. Calcium (Ca) content was analyzed
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using an atomic absorption spectrophotometer (Perkin Elmer -
3300) following the method of Chapman and Pratt (1961). Boron
(B) content was measured photometrically using the azomethine
color reaction, based on the method of Banuelos et al. (1992)
with modifications by Liakopoulos et al. (2005).

For the experiment, 25 trees of Washington Navel orange
and Wonderful pomegranate with similar yields, canopy sizes,
and vigor were selected. These trees were divided into five
groups, each receiving one of the following treatments applied as
sprays at full bloom (FB), and 30 and 60 days after full bloom:
gibberellic acid (GAz) (ACG-EGYPT ®), calcium chloride
(CaCl,-2H,0), and boric acid (HsBOs), either individually or in
combination. The treatments were: control (distilled water), 150
ppm GA;3, 2.0 % CaCl,-2H,0, 0.3 % H3;BOsand 150 ppm GA; +
2.0 % CaCl,-2H,0 + 0.3 % H;BO;. Each treatment had five
replicates (trees).

The following parameters were measured:
Leaf calcium and boron content

Leaf samples were collected in July during both seasons
from Washington Navel orange and Wonderful pomegranate
trees to determine calcium and boron contents, following the
methods described earlier.

Percentage of fruit splitting

The incidence of fruit splitting was evaluated monthly
until the ripening stage. Split-affected fruits on each tree were
counted, and the data were expressed as a percentage of split-
affected fruits. The total percentage of fruit splitting was
calculated using the formula:

Fruit splitting (%) =Total number of split fruits \ Total number of
fruits x100
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Yield and Fruit Quality Parameters

At the ripening stage, all fruits from each treatment were
harvested separately. Measurements included fruit weight (g),
yield (kg/tree), fruit diameter (cm), fruit firmness (kg/m2), total
soluble solids (TSS) (%), titratable acidity (TA) (%), ascorbic
acid (vitamin C) content, and reducing sugars (%).
Fruit diameter (cm) and skin thickness (mm) were measured
using a vernier caliper.
Fruit firmness (kg/m?2) was determined using a handheld fruit
firmness tester (Penetrometer, Model FT 327, QA Supplies,
Norfolk, VA, USA).
TSS (%) was measured using a hand refractometer (0—32 °Brix)
with temperature correction at 20°C (Chawla et al., 2018).
TA (%) was determined by titration with 0.01 N NaOH using
phenolphthalein as an indicator, and results were expressed as
citric acid percentage (El-Sisy, 2013).
Ascorbic acid content (vitamin C) was determined in fruit juice
via oxidation with 2,6-dichlorophenol-indophenol dye, with
results expressed in mg ascorbic acid per 100 mL of juice (El-
Sisy, 2013).
Reducing sugars (%) were analyzed using the phenol-sulfuric
acid method and the 3,5-dinitrosalicylic acid (DNS) method
(Lam et al., 2021).
Statistical Analysis

The experiment was conducted using a completely
randomized block design with three replications. Data from each
season were analyzed using analysis of variance (ANOVA) with
SPSS 17.0 software (Statistical Packages for the Social Sciences,
Inc., Chicago, USA). Treatment differences were assessed using
the least significant difference (LSD) test at a 5% significance
level (Steel et al., 1997).
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Results and discussion
Splitting as affected by fruit position on the tree

As shown in Tables 2 and 3, fruit splitting in Washington
Navel orange and Wonderful pomegranate was significantly
affected by the fruit's position on the tree (p < 0.05). Table 2
indicates that fruits located on the southern side of the tree
canopy exhibited a higher percentage of splitting compared to
other sides in both seasons. Similarly, Table 3 emphasizes the
impact of fruit position within the tree canopy. The highest
splitting rates were observed in the lower canopy (1 m height),
followed by the middle canopy (2 m height) and the upper
canopy (3 m height) across both seasons. Fruits in the lower
canopy exhibited significantly more splitting than those in higher
sections. These results are consistent with the findings of El-
Sammak (2010), El-Sayed (2016), Saffari and Akhavan (2018),
and Mandal and Mitra (2018), who linked increased splitting in
the southern and lower canopy areas to higher temperatures,
greater light intensity, and lower relative humidity in these
regions.
Table 2. Effect of fruit position and distribution on fruit splitting
percentage of Washington navel orange and Wonderful
pomegranate grown under Al-Dakahlia and Al-Behera
governorates climatic conditions in 2020 and 2021 seasons.

Season

2020
2021

Washington navel orange Wonderful pomegranate

Fruit position Fruit position
North South East West  Total North  South East  West
3.50d 13.70a 4.30c 9.50b 31 1.5d 9.3a 23c 59b
45d 152 a 57c¢ 108b 362 25d 115a 57c¢ 38b

Total
19
235

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.
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Table 3. % fruit splitting at different position of Washington
navel orange and Wonderful pomegranate grown under Al-
Dakahlia and Al-Behera governorates climatic conditions in
2020 and 2021 seasons.

Season Washington navel orange Wonderful pomegranate
Tree high Tree high
Lower Medium Higher Total Lower M::jtu(g\ Higher Total
part(lm) part(2m)  part(3m) part(1m) P m) part(3m)
2020 195a 95b 2¢ 31 115a 56b 19¢ 19
2021 23.3a 10.2b 27¢c 36.2 135a 76b 24¢ 235

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.
Relationship between fruit splitting and calcium and boron
content in Peel

Significant differences (p < 0.05) were found in the
calcium (Ca) and boron (B) content of the peel between split and
non-split fruits of Washington Navel orange and Wonderful
pomegranate. A negative correlation was observed between the
levels of Ca and B in the fruit peel and the occurrence of
splitting. Fruits without splitting symptoms showed higher
concentrations of Ca and B in their peels, as illustrated in Figure
1. Similarly, earlier research on litchi (L. chinensis) has
demonstrated that split fruits had notably lower levels of calcium
and boron in the peel compared to non-split fruits of the same
variety (Lin, 2001; Huang et al., 2004).
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Figure 1. Relationship between peel Calcium (Ca) and boron (B)
content and fruit splitting presence. Values in the bar followed
by the same letter(s) are not significantly different at a 5 % level
of probability.
Effect of Climatic conditions on fruit splitting in Washington
Navel orange

The data presented in Figure 2 (a, b, c, d) illustrate that
climatic factors, particularly air temperature, relative humidity,
and solar radiation, significantly affect fruit splitting in
Washington Navel orange and Wonderful pomegranate. The
occurrence of fruit splitting began to appear slightly in June and
July, peaking in July for both fruit types.

Air temperature was positively correlated with fruit
splitting. Higher maximum temperatures (r2 = 0.615 for orange
and 0.519 for pomegranate) and minimum temperatures (r2 =
0.752 for orange and 0.685 for pomegranate) were linked to
increased fruit splitting (Figure 2 a, b). These findings are
consistent with those of Bolafios et al. (2017), who reported a
similar trend in litchi (L. chinensis). Extreme temperature
fluctuations can cause carbohydrate accumulation, lowering the
osmotic potential of the fruit and increasing water absorption,
which accelerates growth and heightens the risk of splitting
(Wang and Camp, 2000).

Relative humidity showed a negative correlation with
fruit splitting in both crops (r2 = -0.692 for orange and -0.656 for
pomegranate). The highest percentage of split fruits occurred
during periods of low relative humidity (Figure 2 a, b). This
aligns with research by Li et al. (2006) and Kaur et al. (2022), as
well as Bolafios et al. (2017), who found that low relative
humidity coupled with high temperatures promotes splitting in
litchi.
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Moreover, solar radiation was positively correlated with
the percentage of split fruits. High solar radiation periods had a
significant impact on fruit splitting, with correlation values of r2
= 0.645 for orange and 0.545 for pomegranate (Figure 2 a, b).
These results support the findings of Bolafios et al. (2017), who
noted that increased solar radiation contributes to fruit splitting.
The effect of solar radiation may be due to elevated external fruit
temperatures, which create stress conditions, making fruits more
vulnerable to splitting (Mitra et al., 2010).
Figure 2. Splitting fruit incidence (%) in (a, b) Washington
Navel orange and (b, ¢) Wonderful pomegranate fruits and its
relation with air maximum and minimum temperatures (T °C),
relative humidity (%) and solar radiation. Study period from
January to December 2020-2021.
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Effect of foliar application of gibberellic acid, calcium, and
boron on fruit splitting and quality
Nutritional status (leaf mineral composition)

The nutritional status of Washington Navel orange and
Wonderful pomegranate trees, as indicated by the leaf contents
of N, P, K, Ca, Mg, and B, was evaluated in response to various
treatments during the 2019-2020 and 2020-2021 seasons. The
compiled data are presented in Tables 2 and 3.

As shown in Tables 4 and 5, all treatments significantly (p <
0.05) increased leaf nutrient contents (N, P, K, Ca, Mg, and B)
compared to the control. Among the treatments, the combination
of GA; (150 mg/L) + CaCl,.2H,0 (2.0%) + boric acid (0.3%)
proved to be the most effective, resulting in the highest nutrient
concentrations in the leaves. The GA; (150 mg/L) foliar spray
alone ranked as the second most effective treatment.

Table 4. Effect of gibberellic acid, calcium and boron treatments
on N, P, K, Ca, Mg and B content in leaves dry weight of
Washington navel orange, plodded data of two seasons 2019 -
2020 and 2020 - 2021.

Treatments Washington navel orange
N(@®) P(@®) K(%) Ca(%) Mg (%) B
(Ppm)
Control (distilled water) 190e 0.07e 0.35e 1.50e 0.14e 8.91e
GA; (150 mg/l) 2.77b 0.19b 0.95b 3.05b 0.34b 50.70b
CaCl, (2.0 %) 256¢ 0.17c¢c 055c 293¢ 0.20c 41.05d
Boric acid (0.3%) 2.00d 0.11d 0.47d 2.02d 0.16d 43.05c
GA; (150 mg/l) + CaCl,.2H,0 2.85a 0.2l1a 1.13a 340a 0.38a 76.33a
(2.0 %) + Boric acid (0.3 %)
Values in the column followed by the same letter(s) are not

significantly different at a 5 % level of probability.

ISSN: 2537-0804

elSSN: 2537- 0855



AT O Yl sl 11 ) 4 (A )00 ¢ Geke 3 M gt ot st bl

Table 5. Effect of gibberellic acid, calcium and boron treatments
on % N, P, K, Ca, Mg and B elements uptake in leaves dry
weight of Wonderful pomegranate, plodded data of two seasons

2019 - 2020 and 2020 - 2021.

Treatments

Wonderful pomegranate

N (%)

Control (distilled water) l.44 e

GA; (150 mg/l) 1.90b
CaCl, (2.0 %) 1.70c
Boric acid (0.3%) 1.11d
GA; (150 mg/l) +
CaCl,.2H,0 (2.0 %) + 2.33a

Boric acid (0.3 %)

P (%)
0.11e
0.19b
0.16c
0.13d

0.24 a

K (%)
0.74 e
091b
0.85¢c
0.79d

0.98 a

Ca (%)
2.33e
2.77hb
2.57c
2.07d

290 a

Mg (%)

0.20 e
0.25Db
0.23¢c
0.18d

0.27 a

B (ppm)
10.01e
42.44 b
3357d
37.55¢

68.23 a

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.

All treatments, whether applied individually or in
combination, significantly (p < 0.05) reduced fruit splitting in
Washington Navel orange and Wonderful pomegranate. Among
the treatments, the combination of GA;, calcium, and boron was
the most effective, resulting in the lowest fruit splitting rates,
while the untreated control trees displayed the highest rates of
splitting (Table 6).

The effectiveness of these treatments can be attributed to
their synergistic effects. Gibberellic acid (GA3) promotes cell
elongation and enhances cell flexibility (Peng et al., 2001; Sekse
et al., 2005). Calcium improves cell wall cohesion by interacting
with cell wall components (Bakeer, 2016), and boron enhances
the water content of the fruit peel by promoting nutrient uptake,
maintaining ionic balance in cell membranes, and regulating
enzymatic activity (Shireen et al., 2018). Together, these

ISSN: 2537-0804 elSSN: 2537- 0855



Improving quality and prolonging ...., Mona Helal, Ibrahim Arafat//

treatments create an optimal physiological state, improving both
the qualitative and quantitative attributes of Washington Navel
orange and Wonderful pomegranate fruits.

Table 6. Effect of gibberellic acid, calcium and boron treatments
on fruit splitting of Washington Navel orange and Wonderful
pomegranate, plodded data of two seasons 2019 - 2020 and 2020
- 2021.

Treatments Fruit splitting %
Washington Wonderful
Navel orange pomegranate
Control (distilled water) 36.51 a 23.66 a
GA; (150 mg/l) 431d 3.12d
CaCl,(2.0%) 2.56 ¢ 222¢
Boric acid (0.3%) 6.11b 550D

GA; (150 mg/l) + CaCl,.2H,0 (2.0 %) +

Boric acid (0.3 %) 0.32e 017e

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.
Effect of treatments on fruit yield and quality parameters

Fruit yield, measured as weight (kg/tree), along with fruit
weight, diameter, firmness, and peel thickness, were evaluated in
response to different treatments during the 2019-2020 and 2020
2021 experimental seasons. The data, presented in Tables 7 and
8, clearly demonstrate that all treatments, including gibberellic
acid (GA3), calcium chloride (CaCl,.2H,0), and boric acid
(H3BO3), significantly (p < 0.05) enhanced fruit diameter,
firmness, peel thickness, fruit weight, and overall yield per tree
for Washington Navel orange and Wonderful pomegranate
compared to the control (water-sprayed trees).

The effectiveness of the treatments in improving these
parameters varied among the substances. However, all showed a
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consistent trend across both experimental seasons. The
combination of GA3z (150 mg/L), CaCl,.2H,0 (2.0%), and boric
acid (0.3%) proved to be the most effective treatment, resulting
in the highest increases in all measured fruiting parameters
compared to the control and other treatments. The remaining
treatments ranked as follows, in descending order of efficacy for
enhancing these parameters: GA; (150 mg/L) ranked second,
followed by CaCl,.2H,0 (2.0%) and boric acid (0.3%), which
ranked third and fourth, respectively. These findings align with
those of Parthiban et al. (2021) and Singh et al. (2022), who
reported that the combined application of GAs, calcium, and
boron significantly improved yield components in grapes (Vitis
vinifera) and litchi (L. chinensis), respectively.

Table 7. Effect of gibberellic acid, calcium and boron treatments
on yield parameters of Washington Navel orange and Wonderful
pomegranate, plodded data of two seasons 2019 - 2020 and 2020
- 2021.

Washington Navel Wonderful
Treatments
orange pomegranate

Fruit Yield Fruit Yield
weight (g)  (kg/tree)  weight (g)  (kg/tree)
Control (distilled water) 230.70 e 49.32 ¢ 38l.21e 35.51e
GA; (150 mg/l) 277.41b 88.33b 490.57 b 58.71b
CaCl,(2.0%) 260.21 ¢ 73.11c 478.02 ¢ 50.24 ¢
Boric acid (0.3%) 255.33d 68.82 d 465.66 d 47.11d
GAs (150 mg/l) + CaCl2H0 (20 509 115 9g70a  507.91a  62.70a

%) + Boric acid (0.3 %)

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.

Table 8 . Effect of gibberellic acid, calcium and boron treatments
on fruit diameter (cm), firmness (kg/cm?®) and peel thickness
(mm) of Washington Navel orange and Wonderful pomegranate
fruits, plodded data of two seasons 2019 - 2020 and 2020 - 2021.
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Washington Navel Wonderful
Treatments
orange pomegranate
Fruit Firmness Peel Fruit Firmness Peel
diameter (k /sz) thickness diameter ( /sz) thickness

(cm) g (mm) (cm) g (mm)
CO”“\?VLE;')S“”ed 5.02 e 10.71e 3.01e 1151e  42057e 5470
GA; (150 mg/l) 6.50 b 18.78 b 3.90b 13.71b 523.17b 64.50 b
CaCl, (2.0%) 5.87¢ 16.45¢c 3.77¢c 13.57 ¢ 509.11 ¢ 62.56 ¢
Boric acid (0.3%) 5.33d 13.67 d 3.45d 13.12d 487.38d 57.33d

GA; (150 mg/l) +

CaCl,.2H,0 (2.0 %) 7.76 a 21.33a 421a 14.50 a 541.40 a 68.67 a

+ Boric acid (0.3 %)

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.
Effect of treatments on fruit chemical properties

The chemical properties of fruit, including total soluble
solids (TSS %), titratable acidity (%), ascorbic acid (vitamin C),
and reducing sugar content (%), were evaluated in response to
different treatments during the 2019-2020 and 2020-2021
experimental seasons. The results, shown in Tables 9 and 10,
demonstrate that all treatments significantly (p < 0.05) enhanced
the four chemical parameters when compared to the control.
Among the treatments, the combination of GA; (150 mg/L),
CaCl,.2H,0 (2.0%), and boric acid (0.3%) resulted in the highest
values for TSS, ascorbic acid, and reducing sugars while
achieving the lowest titratable acidity. This treatment was the
most effective, followed by GA; (150 mg/L) alone, which
ranked second during both seasons. These findings align with
prior studies by Verreynne and Der Merwe (2011) and Hegazi et
al. (2014). Similarly, El-Akkad et al. (2016) reported that
calcium chloride and GA; applications significantly improved
the fruit quality of Manfalouty pomegranate by increasing TSS,
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vitamin C, and reducing sugars while lowering titratable acidity
compared to untreated controls.
The observed improvements are likely due to the

combined effects of calcium and GA; on promoting growth,
enhancing nutrient uptake, and improving food synthesis. These
processes contribute to better fruit maturation and enriched
chemical constituents, as suggested by Ismail et al. (2018).

Table 9. Effect of gibberellic acid, calcium and boron treatments
on fruit quality parameters (TSS, acidity, ascorbic acid content,
reducing sugar %) of Washington Navel orange, plodded data of
2019-2020 and 2020-2021 seasons.

Toa pocobic
Treatment soluble T!tr_atable acid content  Reducing
solid (%) acidity (%) (mg /_100 ml  sugars (%)
juice)
Control (distilled water)
18.11c 0.87c 64.50 ¢ 6.07c
GA; (150 mg/l) 16.50 e 0.97a 55.44 e 460e
CaCl,(2.0%) 19.03b 0.71d 68.52 b 7.10b
Boric acid (0.3%) 17.60d 091b 60.01d 5.30d
GAs (150 mg/l) + CaCl2H:0 o0 01 0 676 7311a 8.61a

(2.0 %) + Boric acid (0.3 %)

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.
Table 10. Effect of gibberellic acid, calcium and boron
treatments on fruit quality parameters (TSS, acidity, ascorbic
acid content, reducing sugar %) of Wonderful pomegranate,
plodded data of 2019-2020 and 2020-2021 seasons.
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Total As;:;:jblc
soluble  Titratable Reducing
Treatment . . content
solid acidity (%) sugars (%)
(mg /100
(%) -
ml juice)
Control (distilled water only)  15.34 e 1.72a 11.26 ¢ 10.18 ¢
GA; (150 mg/l) 19.73 ¢ 0.90¢c 20.50 ¢ 11.70c
CaCl,(2.0%) 2155b 0.88d 24.77 b 12.00 b
Boric acid (0.3%) 17.60d 0.98b 18.79b d 11.05d
GA:; (150 mg/l) +
CaCl,.2H,0 (2.0 %) + Boric  24.59a 0.85e 26.32 a 12.70 a

acid (0.3 %)

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.
Conclusions

The results indicated that high percentages of fruit
splitting were observed in July, a period characterized by high
air temperatures, high solar radiation, and low relative humidity.
Additionally, the highest rates of fruit splitting occurred on the
south side and in the lower part of the canopy. Fruits without
splitting symptoms had higher concentrations of calcium (Ca)
and boron (B) in their peel compared to split fruits. The
combination of (150 mg/L), CaCl,-2H,0 (2.0%), and boric acid
(0.3%) was found to be the most effective treatment for reducing
fruit splitting, as well as improving tree yield and fruit quality
parameters for both Washington Navel orange and Wonderful
pomegranate. Based on these findings, foliar application of GA;
(150 mg/L), CaCl,-2H,0 (2.0%), and boric acid (0.3%) is
recommended to reduce fruit splitting and enhance yield and
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Improving quality and prolonging shelf life of
“Washington Navel” orange and guava (Psidium guajava L.)
fruits by organic and inorganic compounds and plant
extracts

Abstract

The study was carried out during 2019-2020 and 2020-
2021 seasons at Badaway, Al-Dakahlia Governorate, Egypt,
using 20-year-old trees in commercial orange and guava
orchards in which standard horticultural practices of commercial
production were being carried out. The orange cultivar grown
was “Washington navel orange” (C. sinensis) budded on sour
orange (C. aurantium) rootstocks, with tree planting spaced at 5
x 5 m. For the guava (P. guajava) experiment, the cultivar “cv.
Maamoura” This study was conducted during two seasons in
2019 and 2021 in Badaway, Al-Dakahlia Governorate, Egypt, to
investigate the influence of some pre and post-harvest treatments
on yield parameters, quality and self life of Washington Navel
Orange and guava “cv. Maamoura.” The experiment was laid out
in Factorial Randomized Block Design with three replications.
Among four different pre-harvest treatments, the treatment
which comprised of 1.5% calcium chloride has recorded the
highest fruit weight (332.93 and 168.19 g), yield (100.77 and
81.65 kgltree), fruit firmness (25.10 and 11.77 kg/cm?®),TSS
percentages (16.10 and 14.13 %), titratable acidity% (1.19 and
0.1Y %), ascorbic acid content (Vitamin C) (61.99 and 197.51
mg/100 ml juice) and total sugars percentage (11.55 and 10.55
%) of Washington navel orange and guava when compared to the
control, respectively. The best performed trees which have
received the treatment of calcium chloride at 1.5% were taken
for postharvest treatment study with six treatments [Distilled
water (control), Citric acid at 1%, Rosemary oil 4 %, Coconut oil
4 %, Moringa oil at 4 % and Peppermint oil 4 %]. It was found
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that the combined effect of the pre-harvest treatment with 1.5%
calcium chloride with post harvest treatment of Moringa oil at
4% has increased the firmness (20.11 and 9.66 kg/cm?), ascorbic
acid content (68.31 and 200.55 mg /100 ml juice) and shelf life
(35.33 and 10.20 days) and decreased physiological loss in
weight (3.23 and 8.22 %), TSS (16.70 and 10.22 %), acidity
(0.98 and 0.58 %), reducing sugar (4.07 and 5.17 %) and
peroxidase activity (38 and 115 mg protein/min) of Washington
navel orange and guava fruits stored under room temperature,
respectively.
Keywords: Calcium chloride, Pre-harvest, Post-harvest Moringa
oil, Washington navel orange and guava, self life, quality.
oaldlial)
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nlaa Ao dlaall oy 5 Ji Lo S lae ann Lails Al Al ¢ pean dalgdall
(C. sinensis) "s s Ghidl " JW 5l Ll Ladlall 334 9 83 gall g J geasall
P.) 4lalls (C. aurantium) gaeall Jidl Jeal e e )5l
Ll dleladl) avaaty 4 jadll Qgﬁi By M3 sexall Caua" (guajava
il cdbanll Ji Lo O lae V) (i e . S A3 Aglalal) 40 sliall
LSl 5y el 700 38 sl 3 )d ) el & i ALl
c(’é‘);ﬂa / (.\;S Yoo VY /\\_TO) d}».a;.d\j ‘(?; YYY.ay \'\/\.\ﬁ)
A0S0 A0 Adiall of pall Apasig o aas fpnS YO V4 5 VY VYY) L Ay
Uaes Ssinas o(Z V) 5 0 ) Aagaall A 5 (2 VTN 5 VENY)
Ay ¢ (pae da Ve [ aae TVA9513V.00) (7 onelid) ey Sl
de A8l gally Glhailly 3w JW n A (V)00 5 Ve 00) LK cly Sl
258 ) Elalaall Juadl el a1 8 Dl e oJs il Ll
sasla) COllae Ly Sl ey Lo COlae Al ol (7).0 dawiy a gl
A8 S gl sa s E 385 dinll Qi) Cuy ) S ol i
(Jsislly 78 S i glaill Cuys € 38 50 (M. oleifera) iy sll <u)
& %).0 aganallSl 3 )6 slaall g8 L dlabaal & il ol o) aag S
Adlall 330 ) ool %E S ek sall Cu ) Jolaas Sbaal) aay Lo dlalas
TATY 5 Yo 00) el SV s sinay (Ta/paS YoN) 5410

ISSN: 2537-0804 elSSN: 2537- 0855



YOO Yt sl 11 )4 (A )00 ¢ Geke 3 WM agltld Gows st bl

sl Galadily (LG FOFY 50 Yo) Ladlall saag o(pas do Voo fane
) YY) A AN ALl ol sall g (7 TLYY 5 AYY) 0l G oa ) sl
(7 €.0Y 500V) Jraal Sullg (7 v 3A 5+ 0A) Lasaally (7 V1.V
8 sl JUEE ) Ll (3883 / (5 30 e YA 5)10) 0S5yl g 33 Jalls

(A5 (e i jall 3 ) da a4 Jad) A8) sl 5 (haidl
3 Lo EBllas cbaall J8 Lo B llae o suallSH 25518 sdgalidal) cilalsl)
.BJ).;J\ 4:\%)@\ E_)ﬁ J\jb;j\ ¢Q.L:.'\..i\_9 B_)uj..\\ d\ﬁ_).a c\;&'ﬁ_)}d\ ) cdaall

Introduction

Egypt produces over 14 million tonnes of fruits
accounting for about 1.53% of the world’s production
(FAOSTAT, 2022). Guava (Psidium guajava L.) is the eighth
most important fruit crop which occupying 2.56 % of the total
area under fruit cultivation and 3.08% of total fruit production
(Ministry of Agriculture and Land Reclamation, Economic
Affairs Sector, 2022). Washington navel orange (Citrus sinensis
L. Osbeck) is the main cultivated variety of orange. The
cultivated areas of Washington navel orange reached about
161.631 Fedden, representing about 46.8% of orange cultivated
areas, producing about 1.6 million tons in 2022 (Ministry of
Agriculture and Land Reclamation, Economic Affairs Sector,
2022). Fruit quality attributes and post-harvest shelf life are
extremely important in Washington navel orange and guava
industry, particularly when fruits are shipped for domestic and
export markets (Silva et al., 2021).

Fruit quality attributes and post-harvest shelf life are
extremely important in Washington navel orange and guava
industry, particularly when fruits are shipped for domestic and
export markets. There are several possible treatments (both pre
and post-harvest factors) used to improve postharvest quality and
prolong shelf life of picked fruits including calcium chloride
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(Gao et al., 2019; Abbasi et al., 2020) and moringa-oil-based
coating (Silva et al., 2021).

Pre-harvest calcium sprays are becoming part to new
strategies within integrated fruit production systems, as it
improves yield, quality attributes and extends the shelf life of
many fruits (Karemera and Habimana, 2014; Gao, et al., 2019
and Abbasi et al., 2020). Pre-harvest calcium applications are
generally reported to delay ripening as indicated by respiration
rates or ethylene production, decrease the incidence of
postharvest decay and alterations (Manganaris et al., 2005 and
Ghorbani et al., 2021). Previous studies by Singh et al., 2017,
Irfan et al., 2020; Lobos et al., 2021 and Ghorbani et al., 2021
have demonstrated the positive effect of pre-harvest calcium
treatments on yield, fruit quality and postharvest shelf life. Irfan
et al. (2020) reported that treatment of CaCl, at 1 % improved
the yield and physico-chemical parameters of apple (Malus
domestica Borkh.) fruits. Barwal et al. (2015) found that pre-
harvest spray with CaCl, at 1% was the most effective in
enhancing the fruit characteristics (soluble solids (TSS) and
firmness) and the shelf life of apple. Moreover, Taduri et al.
(2017) found that treatment of CaCl, at 1.5 % improved the
physico-chemical parameters, organoleptic properties and
extended the shelf life by 20.8 days on mango (Mangifera indica
L.) cv. Amrapali fruits. The role of many essential oils in
maintaining quality and extending the shelf-life of several fruit
crops has been approved (Sivakumar and Bautista-Barios, 2014).

Moringa oil (Moringa oleifera L.) coatings have recently
emerged as an innovative, effective, and sustainable technique
for enhancing quality and shelf life of fruits during storage
(Kubheka et al., 2020). It helps to prolong the shelf life of fruits
by providing a semi-permeable barrier to gases and water vapor
and therefore, and it can reduce respiration, enzymatic browning
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and water loss (Lima et al., 2018). The application of moringa-
oil-based coating prolonged the postharvest shelf life of mango
cv Tommy atkins by maintaining the physicochemical and
physical properties during 12 days of storage at room
temperature (Silva et al., 2021). Abd El-Razek et al. (2019)
revealed that coating mango cv. Zebda fruits with moringa
leaves extract 10% led to reduce fruit weight loss%, fruit decay
%, total acidity %, lipid peroxidation and increased TSS,
TSS/acid ratio, vitamin C, antioxidant activity %, PAL enzyme
and total phenols. Tesfay and Magwaza (2017), who
demonstrated that the application of moringa leaf extracts
coating significantly reduced respiration, retained firmness and
delayed ripening in ‘Fuerte’ and ‘Hass’ avocados. Therefore, the
objective of this study was to assess the effect of some pre and
postharvest treatments on quality and shelf life of Washington
Navel orange and P. guajava.

Material and methods

The study was carried out during 2019-2020 and 2020-2021
seasons at Badaway, Al-Dakahlia Governorate, Egypt (Latitude:
31.05° N, Longitude: 31.38° E and 2.89 m altitude above sea
level), using 20-year-old trees in commercial orange and guava
orchards in which standard horticultural practices of commercial
production were being carried out. The orange cultivar grown
was “Washington navel orange” (C. sinensis) budded on sour
orange (Citrus aurantium L.) rootstocks, with tree planting
spaced at 5 x 5 m. For the guava (P. guajava) experiment, the
cultivar “cv. Maamoura” was used, the trees being spaced at 4 x
4 m. In both cases, trees grown in clay-loam soil under a surface
irrigation system received common horticultural practices
recommended by the Egyptian Ministry of Agriculture and land
reclamation. The physicochemical properties of the soil at the
experimental site are described in Table 1.
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Table 1. Physiochemical characteristics of the soil at the
experimental site (Page et al., 1984; Arnold and Page,1986).

Properties ng\\llth(i)?g;%T q Guava orchard
Sand % 27.64 25.33
Silt % 31.72 33.23
Clay % 40.74 41.44
Texture class Clay- loam Clay- loam
pH ** 7.8 7.64
E.C. (dS/m) 1.52 1.32
Organic matter % 1.091 1.08
CaCO3 % 17.52 16.22
Total N mg/kg soil 99.81 99.73
K* mg/kg soil 421.21 422.11
P mg/kg soil 3.36 3.51
Ca*"mglkg soil 324.13 331.21
Mg** mg/kg soil 1103.38 1116.43
Zn mg/kg soil 0.99 0.95

Twenty four trees with similar yields, crown sizes, and
tree vigor were selected, divided in to four groups and each
group was sprayed twice at full bloom and three weeks before
harvesting with one of the following concentrations: 0, 1, 1.5 and
2% of calcium chloride (CacCl,).

The studied treatments were as the following:
T1= control (Tap water only)

T2 =CaCl,at 1 %

T3 =CaCl,at 1.5 %
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T4 =CaCl,at 2 %

Fruits were harvested at a commercial maturity stage, and
measured, fruit calcium content (Waling et al., 1989), fruit
weight (g), number of fruits per tree, yield (kg/tree) and fruit
quality attributes (firmness, total soluble solids (TSS), titratable
acidity% (Ac), ascorbic acid content (Vitamin C) and total sugar
%).

In post-harvest study, fruits of the best performed pre-
harvest treatment viz., TV= CaCl, at 1.5 % was used for
postharvest treatment. Ninety healthy fruits were divided into six
groups (15 fruits each), and separately soaked in solutions of
distilled water (Control), citric acid at 1%, rosemary oil 4 %,
coconut oil 4 %, moringa oil (M. oleifera) at 4 % and
peppermint oil 4 % for 5 minutes. Afterward, the treated fruits of
orange and guava were stored at ambient conditions (27 = 2°C
and 55-65% relative humidity RH) and (23 + 2°C and 70-80%
relative humidity RH), respectively. When the spoilage of fruits
under different treatments exceeded 50%, it was considered as
the end of storage period. Fruit samples were taken at the
beginning and end of the storage period to the following
determinations:

Physiological weight loss (%0)
The physiological weight loss (%) was calculated
according to the following equation (A.O.A.C., 2001):
PWL=Wi-Ws/Wix100
Where, Wi = fruit weight at initial period, Ws = fruit weight at
day of observation.
Firmness

Firmness of fruits was determined by using a handheld
fruit firmness tester (“Penetrometer” (Model FT 327, QA
Supplies, Norfolk, VA, USA), and data were expressed as kg/m?’.
Total soluble solid (TSS)
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TSS (%) was determined by using a Hand Refractometer
(0-32°Brix) at a temperature correction 20 °C (Chawla et al.,
2018).

Titratable acidity (TA)

The titratable acidity% in fruit juice was determined by
titrating with 0.01N NaOH in the presence of phenolphthalein as
an indicator (EI-Sisy, 2013). The obtained data were expressed
as citric acid %.

Ascorbic acid content (vitamin C)

Ascorbic acid content was determined in fruit juice
according to EI-Sisy (2013) by the oxidation of ascorbic with 2,
6 dichlorophenol endophenol dye and the results were expressed
as mg ascorbic acid per 100 mL juice.

Reducing sugars %

Reducing sugars percentage was determined using
phenol-sulfuric acid method and the 3, 5-dinitrosalicylic acid
(DNS) method, respectively (Lam et al., 2021).The results were
expressed as a percentage (%).

Peroxidase (POX) U/mg protein/min

Peroxidase activity of guava fruits was determined as
described by Abbasi et al. (1998) with slight modification. The
reaction mixture was consisted of 1.7 ml, 15 mM NaKPQO, buffer
(pH 6.0), two substrates include 500 pl of 0.1 mM guaiacol and
500 pl of 1.0 mM H,0O,, and 300 pl enzyme extract in a 3 ml
cuvette. Peroxidase activities were noted for optical density
change during 3 minutes at 470 nm and the results were
expressed as milligram of protein per minute.

Shelf life

Shelf life was determined by conducting a visual
observation to recorder the number of days the fruits remained in
good condition (taste, texture and appearance) without spoilage
in each replication during storage (Embuscado and Huber, 2009).
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Statistical Analysis

The experimental design was block completely
randomized with three replications. Data was analyzed using the
SPSS 17.0 (Statistical Packages for the Social Sciences, released
23 August 2008). Analysis of variance was used and means were
separated by Least Significant Difference (LSD) Test (p<0.05).
Results and Discussion

Effect of calcium chloride pre-harvest treatments on fruit
calcium content, yield components and fruit quality parameters
of Washington navel orange and guava.

Regarding the fruit calcium content of Washington navel
orange and guava, results showed that, responded significantly
affect (p < 0.05) to all calcium chloride treatments as compared
to control (Figure 1 A). Calcium content of Washington navel
orange and guava was increased in a quadratic manner, until
1.5% CacCl, (0.44 and 0.87 g/kg DW); therefore, an increase of
37.50 and 33.84 % when compared to the control treatment (0.32
and 0.65 g/kg DW), respectively. Moreover, there was
significant difference (p < 0.05) between the calcium levels
obtained with concentrations between 1 and 2 % CaCl, in the
fruits of Washington navel orange and guava (Figure. 1 A). The
similar results were conformity with Shiri et al. (2016) in
kiwifruit Actinidia chinensis (Planch.). Foliar application of
calcium chloride at 15 g/l considerably increased the calcium
content in kiwifruit fruits. Modesto et al. (2020) concluded that
spraying blackberry (Rubus fruticosus ‘Tupy’) trees with CaCl,
have a positive effect on fruit calcium content. Moreover, similar
results were obtained by Chen et al. (2024) where pre-harvest
application of calcium increased the calcium content in Nanfeng
tangerine (Citrus reticulata Blanco cv. ‘Kinokuni’) fruit.

The data regard to the yield components [yield (kg/tree),
fruit weight (g)] of Washington navel orange and guava fruits are
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given in the (Figure 1B, C). The analysis of the variance showed
that fruit weight (g), yield (kg/tree) were significantly (p < 0.05)
affected by CaCl, levels. The analysis of variance showed
significant differences (p < 0.05) for fruit weight and yield of
Washington navel orange and guava. Among different pre-
harvest treatments, 1.5 % calcium chloride (T3) has showed the
highest fruit weight (332.93 and 168.19 @), vyield (100.77 and
81.65 kg/tree) of Washington navel orange and guava fruit,
respectively (Figure 1). These results are in line with
the findings of Ramezanian et al. (2010) in pomegranate (Punica
granatum L.), Irfan et al. (2020) in apple, Zhang et al. (2021) in
Pomelo (Citrus maxima Merr.), EI-Alakmy (2012) in peaches
(Prunus persica L.) and Kirmani et al. (2013) in plum(Prunus
salicina L. cv. ‘French’). The increment in the yield of
Washington navel orange and guava may be due to increase in
fruit calcium content. Calcium (Ca®") is conceder one of the most
important macronutrient for fruit crops, since it is needed for cell
division, cell elongation, nutrient uptake, enzymes activity
(phospholipase, arginine kinase, amylase and adenosine
triphosphatase ATPase) and photosynthate accumulation
(Marschner, 2011 and Tejashvini et al., 2018). Calcium also
enhance the nutrient status of plants by increasing the
ammonium absorption, which improve photosynthesis and CO,
intake which ultimately resulted in elevating fruit weight,
number of fruits/tree and yield. Ca improves the nutrient status
of plants by increasing the K content of plants (Abbasi et al.,
2013).

Data pertaining fruit quality attributes [firmness, total
soluble solids (TSS), titratable acidity% (Ac), ascorbic acid
content (Vitamin C) and total sugar (%)] of Washington navel
orange and guava are showed in figure 1 D, E, F, G, H. The
analysis of variance showed significant differences (p < 0.05) for
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fruit quality attributes of Washington navel orange and guava.
Among different pre-harvest treatments, 1.5 % calcium chloride
(T3) has showed the highest fruit firmness (25.10 and 11.77
kg/cm?) of Washington navel orange and guava fruit,
respectively (Figure 1 D), increased fruit firmness in T3 this
could be attributed to the binding role of calcium with the
complex polysaccharides and proteins, stabilizing and
strengthening the cell wall (Ramezanian et al., 2010 and Kaur,
2017). Calcium plays a role in maintaining or reinforcing cell
membrane and cell wall integrity, inhibiting cell wall component
degradation, reducing fruit respiration and ethylene synthesis,
and regulating senescence-related enzyme activities and
metabolism (Jain et al., 2019). Moreover, it has been reported
that calcium can reduce the activity of hydrolytic enzymes
(pectin methylesterase (PME) and polygalacturonase (PG)) of
the cell wall (Ranjbar et al., 2018 and Jain et al., 2019). Similar
results have been reported by Wahdan et al. (2011) in "Succary
Abiad" mango and Farag et al. (2012) in apricot (Prunus
armeniaca L.); Zhang et al. (2021) in pomelo (Citrus grandis L.
Osbeck) and Peng et al. (2022) in ‘Feizixiao’ Litchi (Litchi
chinensis Sonn.).

Treatment T3 (calcium chloride at 1.5%) recorded the
highest TSS percentages (Washington navel orange and guava)
over control (16.10 and 14.13 %) at harvest time, respectively.
The maximum total sugars percentage (11.55 and 10.55 %) of
Washington navel orange and guava fruits was also found in
1.5% CacCl, treatment and lowest value (3.52 and 4.08 %) was
recorded in control, respectively. Similar results have been
reported by Wahdan et al. (2011) in "Succary Abiad" mango and
Farag et al. (2012) in apricot; Zhang et al. (2021) in pomelo and
Peng et al. (2022) in ‘Feizixiao’ Litchi (Litchi chinensis Sonn.).
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Total soluble solids (TSS %) contain 75% sugars and are
considered important as they are determinant of the quality of
fruits (EL-Akram et al., 2013). The increase in fruit Ca content
facilitates the transport of carbohydrates to storage organs
through the phloem, which can effectively increase the sugar
content of fruit(Liaquat et al.,, 2019). Moreover, the
photosynthetic efficiency is also related to the sugar content of
fruits (Liaquat et al., 2019). Foliar application of Ca enhanced
photosynthesis (Peng et al., 2022).

The highest acidity of Washington navel orange and
guava fruits (1.19 and 0.1Y %) was recorded in T3 which
received calcium chloride at 1.5% followed by T4 = calcium
chloride at 1.5% (1.09 and 0.53%) and the lowest acidity
recorded in control (0.97 and 0.48%), respectively. These results
were in line with the studies of El-Hilali et al. (2004) where
calcium application increased titrable acidity in ‘Fortune’
mandarin (Citrus reticulata Blanco) fruit. Calcium chloride
increased the titratable acidity of Washington navel orange and
guava fruits as calcium delayed the ripening by decreased
hydrolysis of organic acids and respiration rate (Gupta et al.,
2011).

Among the calcium chloride treatments, ascorbic acid
content (vitamin C content) in the fruit of Washington navel
orange and guava significantly differed (p < 0.05) from 71.61
and 209.13 mg /100 ml juice T2 (CaCl, at 1.5%) to 61.99 and
197.51 mg /100 ml juice T1 (CaCl, at 1%), respectively. The
maximum ascorbic acid was recorded in T2 (CaCl, at 1.5%)
followed by T4 (CaCl, at 2%) and the minimum (50.19 and
185.05 mg /100 ml juice) was recorded in control. Pre-harvest
spray of calcium increased ascorbic acid of Washington navel
orange and guava fruits. This result occurred due to the increase
in the calcium content in fruits; this macronutrient improves the
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ascorbate-glutathione cycle, consequently leading to the great
synthesis of ascorbic acid (Huang et al., 2007 and Bhat et al.,
2012). Ali et al. (2014) reported that the pre-harvest application
of CaCl, at 1% significantly increases the ascorbic acid content

in peach fruits.
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Figure 1. Effect of calcium chloride pre-harvest treatments on
(A) calcium concentration, (B) vyield, (C) fruit weight, (D)
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firmness, (E) total soluble solid (TSS), (F) titratable acidity
percentage, (G) ascorbic acid content, (H) total sugars
percentage of Washington navel orange and guava fruits,
plodded data of two seasons 2019-2020 and 2020-2021. Values
in the bar followed by the same letter(s) are not significantly
different at a 5% level of probability.

Effect of pre-harvest treatment with 1.5 % calcium chloride
combined with post-harvest treatments of essential oils on
fruit quality parameters (firmness, TSS, acidity, ascorbic
acid content (Vitamin C), reducing sugar %, physiological
loss in weight and shelf life) of Washington navel orange and
guava fruits stored under room temperature.

The data of the combined effect of 1.5 % calcium chloride
pre-harvest and essential oils postharvest treatments on quality
parameters of Washington navel orange and guava fruits are
given in tables 2 and 3, respectively. The analysis of variance
showed significant differences (p < 0.05) for quality parameters
of Washington navel orange and guava fruits viz., firmness, TSS,
acidity, ascorbic acid content (Vitamin C), reducing sugar %,
physiological loss in weight, fruit peroxidase activity and shelf
life.

The pre-harvest treatment with 1.5% CaCl, combined
with post-harvest treatment of Moringa oil at 4 % has increased
the firmness (20.11 and 9.66 kg/cm?), ascorbic acid content
(68.31 and 200.55 mg /100 ml juice) and shelf life (35.33 and
10.20 days) and decreased physiological loss in weight (3.23 and
8.22 %), TSS (16.70 and 10.22 %), acidity (0.98 and 0.58 %),
reducing sugar (4.07 and 5.17 %) and fruit peroxidase activity (
38 and 115 mg protein/min) of Washington navel orange and
guava fruits stored under room temperature, respectively. These
results are in line with those of Silva et al. (2021) on mango
fruits and EI-Dengawy et al. (2018) on guava fruits.
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The loss of fruit weight is related to the loss of water,
inducing changes in appearance such as withering and wrinkling.
This may be due to retention of the treated fruits, with moringa
oil at 4 %, with their water content and non evaporation due to
the waxing the skin of the fruit. Moreover, our results provided
supporting evidence that coating guava fruits with moringa oil at
4 % helped to delay ripening and preserve fruit quality. The
application of moringa oil coating prolonged the postharvest
quality and shelf-life of the Tommy Atkins mango by controlling
the physical and chemical properties during 12 days of storage at
room temperature when compared to the control treatment (Silva
etal., 2021).

Regarding the influence of postharvest treatments on
peroxidase activity, the results determined that all essential oils
treatments were able to considerably reduce the increase in
peroxidase compared to the control and citric acid treatment in
Washington navel orange and guava fruits. Noting that moringa
oil was the most efficient in lowering peroxidase activity,
followed by coconut oil, while peppermint was the least
effective. These findings are consistent with those of Elkeleny et
al.  (2023) on husk tomato (Physalis pruinosa

L). The study indicated that foliar application of moringa leaf
aqueous extract reduced peroxidase activity. The decrease in
peroxidase activity might be attributed to moringa oil high
antioxidant content of tocopherols, carotenoids, ascorbic acid,
flavonoids, and several other phenolic compounds that inhibit
peroxidase activity (Thanaa et al., 2017).

Table 2. Effect of pre-harvest treatment with 1.5 % calcium
chloride combined with post-harvest treatments of essential oils
on fruit quality parameters (firmness, physiological loss in
weight, TSS, acidity, ascorbic acid content, reducing sugar %
and fruit peroxidase activity) and shelf life of Washington navel
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orange fruits stored under room temperature, plodded data of

2019-2020 and 2020-2021 seasons.

. Ascorbic .
] Total Titrata . . Fruit
Firmnes  Fresh acid Reducing . .
. soluble ble peroxidase Shelf life
Treatment s weight ] o content (mg sugars o
, solid acidity activity (mg (days)
(kg/cm?)  loss (%) /100 ml (%) o
(%) (%) o protein/min)
juice)
Control 1145f 1950a 20.31a 0.68 f 57.14f 8.72a 75f 10.50 f
Citric acid
13.67e  16.62b  19.00b 0.72e 59.44 e 7.12Db 6% 15.60 e
at 1%
Rosemary
] 17.40c 8.77¢c 18.00 ¢ 0.85¢ 63.51¢c 5.11d 50c 2750 ¢
oil 4%
Coconut oil
%% 18.60 b 7.33d 17.60 d 0.88Db 65.62 b 550e 41b 29.50 b
0
Moringa
20.11a 3.23e 16.70 e 098 a 68.31a 4.07 f 38a 35.33a
oil at 4 %
Peppermin
] 16.00 d 8.93¢c 18.00 ¢ 0.82d 61.22d 6.00 c 58d 25.50d
t oil 4%

Values in the column followed by the same letter(s) are not

significantly different at a 5% level of probability.

Table 3. Effect of pre-harvest treatment with 1.5 % calcium
chloride combined with post-harvest treatments of essential oils
on fruit quality parameters (firmness, physiological loss in
weight, TSS, acidity, ascorbic acid content, reducing sugar %
and fruit peroxidase activity) and shelf life of guava fruits stored
under room temperature, plodded data of 2019-2020 and 2020-

2021 seasons.

ISSN: 2537-0804

elSSN: 2537- 0855



YOO Yt sl 11 )4 (A )00 ¢ Geke 3 WM agltld Gows st bl

. Ascorbic .
Firmnes Fresh Total Titrata acid . F“!'t Shelf
. soluble ble Reducing peroxidase -
Treatment S weight - S content (mg L life
(kglem?)  loss (%) solid acidity /100 ml sugars (%)  activity (mg (days)
(%) (%) L protein/mi)
juice)

Control 355f  2680a 1556a  0.40f 168.61d 1031a 197f 2.54 f
C't”‘i;f'd a 533 2032b 1466b 045 17351 ¢ 9.00b 188e 470e
Rosgt”:gz’ ol 700c 1351d 1200d 049c  189.81b 7.11d 135¢ 8.44c
Coconutoil g1 1150¢  1147¢  051b  190.33b 6.70 ¢ 122b 8.50 b

at 4%

Moringaoill  geso goof  1022f 058a 200.55 a 5.17 f 115a 1020 a
at4 %
Peppermint 504  4578¢  1260c  047d 189.45 b 7.60 ¢ 148d 7.99d

oil at 4%

Values in the column followed by the same letter(s) are not
significantly different at a 5% level of probability.
Conclusions

It can be concluded that the pre-harvest treatment of 1.5%
calcium chloride has a higher overall yield and a better positive
effect than other treatments on quality parameters (firmness,
TSS, acidity, ascorbic acid content and reducing sugar) of
Washington navel orange and guava fruits. Moreover, the
combination of 1.5% calcium chloride and 4% moringa oil
coating effectively maintained Washington navel orange and
guava fruits with acceptable sensory quality (weight loss,
firmness, TSS, acidity, ascorbic acid content and reducing sugar)
for 35.33 and 10.20 days at room temperature, respectively.
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The Role of Biomarkers in Monitoring Liver Disease
Progression: Insights into AFP, and P53

Abstract
Non-alcoholic fatty liver disease (NAFLD) is a growing
global health concern, often progressing to hepatocellular
carcinoma (HCC), a leading cause of liver cancer. This research
investigates the relationship between NAFLD and HCC in
HepG2 cells and the roles of p53 and alpha-fetoprotein (AFP) in
these processes. The study investigated that the inactivation of
p53 (NAFLD = 225 £2.02U/ml, HCC = 55 £2.21U/ml)
contributes to the progression of NAFLD to HCC, and that
elevated AFP levels (NAFLD = 13 #1.17ng/ml, HCC =
+1.2ng/ml) serve as both a biomarker and a contributor to liver
carcinogenesis (p-value < 0.5). The findings highlight that the
elevated values of AFP, but not of P53, may help in
understanding the transformation in the context of NAFLD and
liver cancer.
Keyword: Non-Alcoholic Fatty Liver Disease, Hepatocellular
Carcinoma, AFP, P53
aldiunld)
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& HCCs NAFLD o 483l (4 daall 138 Cinyy 2l (gl jud (s )
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a
multifactorial disorder that has emerged as a global health
concern. It is characterized by the accumulation of fat in liver
cells in individuals who consume little to no alcohol (Younossi
et al., 2016). NAFLD ranges from simple steatosis to non-
alcoholic steatohepatitis (NASH), which involves liver
inflammation and injury and can progress to advanced stages
such as fibrosis, cirrhosis, and ultimately hepatocellular
carcinoma (HCC) (Loomba & Sanyal, 2013). The transition from
NAFLD to HCC is a gradual process that involves various
molecular mechanisms, including oxidative stress, inflammation,
and genetic mutations.

Hepatocellular carcinoma (HCC) is the most common
form of primary liver cancer and is often associated with chronic
liver diseases, including NAFLD, hepatitis B and C infections,
and alcohol-induced liver disease. HCC is characterized by
uncontrolled cell proliferation, evasion of apoptosis, and
alterations in cellular metabolism (Llovet et al., 2003). HepG2
cells, a human hepatoma cell line, are frequently used to study
liver diseases and carcinogenesis in vitro. These cells retain
many features of normal hepatocytes and can be manipulated to
mimic various stages of liver disease, making them an ideal
model for studying NAFLD and HCC progression.

p53 is a tumor suppressor protein that plays a key role in
maintaining cellular integrity by regulating the cell cycle,
promoting DNA repair, and inducing apoptosis in response to
cellular stress (Levine, 1997). Mutations or inactivation of p53
are common in many cancers, including liver cancer, and are
often associated with poor prognosis and resistance to therapy. In
the context of liver disease, p53 dysfunction allows the survival
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of damaged hepatocytes, contributing to the development of
HCC.

Alpha-fetoprotein (AFP) is a glycoprotein synthesized
primarily by the fetal liver, yolk sac, and gastrointestinal tract
during fetal development. In adults, AFP levels are typically low,
but elevated AFP is often observed in patients with liver cancer,
especially HCC (Llovet et al., 2003). AFP is used as a biomarker
for diagnosing HCC and monitoring treatment response.
Elevated AFP levels are correlated with tumor size, stage, and
prognosis, making it a valuable marker for assessing the
progression of HCC. This study aims to explore the relationship
between NAFLD and HCC in HepG2 cells, focusing on the roles
of p53 and AFP
Methodology
1. Cell Culture MTT-assay

HepG2 cells were obtained from the American Type
Culture Collection (ATCC) and cultured in Dulbecco's Modified
Eagle Medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin. Cells were
maintained in a humidified incubator at 37°C with 5% COs.. The
cells were seeded in 6-well plates at a density of 1 x 107
cells/well, and repeated into 3 groups [NC: normal control,
NAFLD, HCC]. For treatments, cells were incubated for 48-72
hours to allow for the induction of NAFLD or HCC (Jiang et al.,
2015).

2. Induction of NAFLD in HepG2 Cells

To induce -like conditions in HepG2 cells, a mixture of
fatty acids was added to the culture medium. These fatty acids
were prepared by dissolving palmitate and oleate in ethanol and
then adding the mixture to the medium to a final concentration of
0.4 mM. After 48-72 hours of treatment, lipid accumulation in
the hepatocytes was assessed using Oil Red O staining, which
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detects intracellular lipid droplets (Feng et al., 2018).
Additionally, triglyceride levels were measured to quantify fat
accumulation in the cells.

3. HCC Induction in HepG2 Cells

To induce HCC in HepG2 cells, we exposed the cells to
oxidative stress agents such as hydrogen peroxide (H20:) or
aflatoxin B1, both of which have been shown to promote DNA
damage, inflammation, and carcinogenesis (Chang et al., 2019).
The cells were treated with 200 uM H>0: or 1 uM aflatoxin B1
for 48 hours, followed by assessments of cell morphology,
proliferation, and the induction of cancer-related markers.

4. P53 and AFP Analysis

Both P53 and AFP levels were measured using enzyme-
linked immunosorbent assay (ELISA) Kits [(Bender Med
Systems, 2021) for P53 protein, (COAT-A-COUNT, 2021)
for AFP].

5. Statistical Analysis

Statistical analysis was performed using (ANOVA) test
two factors with replicates. A p-value of < 0.05 was considered
statistically significant( Zar, 2010).

Results & Discussion

The data from the results of P53 and AFP levels across
the three groups: NC (Normal Control), NAFLD (Non-
Alcoholic Fatty Liver Disease), and HCC (Hepatocellular
Carcinoma), provide important insights into the role of these
markers in liver disease progression and carcinogenesis.

The P53 protein plays a critical role in maintaining
cellular integrity by regulating the cell cycle and inducing
apoptosis in response to DNA damage or cellular stress (Basu et
al., 2020). As observed in the current study, P53 levels show a
progressive increase from the NC group (13.3 U/ml) to NAFLD
(22.5 U/ml), and a significant rise in the HCC group (55 U/ml).
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The moderate increase in P53 levels in the NAFLD group may
be attributed to the stress caused by lipid accumulation in liver
cells. NAFLD is associated with oxidative stress, inflammation,
and hepatocyte injury (Sanyal et al., 2015). The increase in P53
suggests a cellular response to this damage. This finding is
consistent with studies indicating that P53 may act as a cellular
defense mechanism in response to metabolic stress and liver
injury (Ding et al., 2017).

The marked increase in P53 levels in the HCC group is
consistent with the tumor-suppressive role of P53 in cancer. In
many cancers, including liver cancer, P53 mutations or
alterations in its expression are common (Hussain et al., 2021).
These alterations can lead to disrupted cell cycle regulation,
increased genomic instability, and resistance to apoptosis, all of
which contribute to cancer progression. The high levels of P53
in HCC may thus reflect the presence of genomic instability and
the transformation of normal cells to cancerous ones. Several
studies have reported that P53 mutations are among the most
frequent genetic alterations in HCC (Li et al., 2020). The
progressive increase in P53 levels from NC to NAFLD to HCC
supports the concept that P53 could serve as a biomarker for the
early detection and monitoring of liver disease progression. As
P53 levels increase in response to both cellular stress in early-
stage liver disease and genetic alterations in cancer, it may have
diagnostic and prognostic value in the context of NAFLD and
HCC.

AFP is a well-established biomarker for liver
malignancies, particularly hepatocellular carcinoma (HCC). In
healthy individuals, AFP levels are typically low (Liu et al.,
2018). In this study, AFP levels were low in the NC group (3
ng/ml), which is consistent with normal liver function. However,
an increase in AFP levels was observed in both the NAFLD and
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HCC groups. The mild rise in AFP levels in the NAFLD group
(13 ng/ml) is indicative of liver dysfunction or injury. Although
AFP is not typically elevated in the early stages of NAFLD,
some studies suggest that AFP can be a marker for liver
inflammation and early liver damage (Cai et al., 2019). It has
been proposed that AFP could be elevated even in the absence of
a malignancy in chronic liver diseases, including NAFLD, due to
hepatocyte turnover and inflammation (Kishimoto et al., 2020).
In the HCC group, AFP levels further increased to 15 ng/ml.
AFP is widely recognized as a tumor marker for HCC, and its
elevated levels are often associated with poor prognosis and
advanced disease stages (Shin et al., 2017). Elevated AFP levels
in HCC are primarily due to the secretion of AFP by cancerous
liver cells, which have aberrant functions. The role of AFP as a
diagnostic tool in HCC has been well-documented, though it is
not actually specific, as levels can also be elevated in other liver
diseases (Bruix et al., 2014). The gradual increase in AFP levels
from NC to NAFLD to HCC suggests that AFP can be a
potential biomarker for tracking liver disease progression. While
AFP is more commonly used as a biomarker for HCC, its levels
can also provide useful information about liver dysfunction and
potential malignancy in patients with NAFLD (Padrao et al.,
2018). Thus, monitoring AFP levels in patients with NAFLD
may help identify those at risk of developing HCC.

Both P53 and AFP have shown to be potential
biomarkers for monitoring liver disease progression, from non-
alcoholic fatty liver disease (NAFLD) to hepatocellular
carcinoma (HCC). The progressive increase in both markers
suggests that they could play complementary roles in detecting
early liver damage and identifying patients at risk for developing
HCC. P53 may serve as an early indicator of cellular stress or
genomic instability, which could be relevant for the monitoring
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of NAFLD and its progression to HCC. Given its involvement in
regulating the cell cycle and response to DNA damage, P53
could also aid in assessing the risk of malignancy in liver
diseases. AFP continues to be a reliable marker for HCC
diagnosis and monitoring. Its gradual rise in both NAFLD and
HCC suggests that it could be used for early detection of liver
malignancy in high-risk populations, especially when combined
with other diagnostic tools such as imaging.

Table 1: Alpha-fetoprotein (AFP) and p53 concentration
among the NAFLD and HCC on Hepg2 cells.

ase * *
\M‘;r%'\ NC NAFLD HCC

P53 U/mi
(normal 5 13.3+1.92 22.5+2.02 55 +2.21
to 25)

AFP ng/ml
(Normal 1- 3+£0.91 13 +1.17 15 1.2
10)

NC: normal control, NAFLD: Non-alcoholic fatty liver disease,
HCC: Hepatocellular carcinoma, AFP: alpha fetoprotein.
ANOVA Two factors with replicates. *The p-value for P53 is
less than 0.05, it has a significant effect on both NAFLD and
HCC . Similarly, the p-value for AFP is less than 0.05, it has a
significant effect on both cases. Interaction Effect: the p-value
for the interaction term (P53*AFP) in both cases (NAFLD and
HCC) revealed that the p-value is less than 0.05, it indicates a
significant interaction between P53 and AFP. This means the
effect of one factor depends on the level of the other factor.
Importance of Nutrition in Preventing the Progression of Non-
Alcoholic Fatty Liver Disease (NAFLD) to Hepatocellular
Carcinoma (HCC)

ISSN: 2537-0804 = elSSN: 2537- 0855




The Role of Biomarkers in Monitoring....,. Naglaa Hamdy et al.l/

Nutrition plays a pivotal role in the management of Non-
Alcoholic Fatty Liver Disease (NAFLD) and its potential
progression to more severe conditions, including Hepatocellular
Carcinoma (HCC). NAFLD is a spectrum of liver conditions
ranging from simple steatosis (fatty liver) to non-alcoholic
steatohepatitis (NASH), which can further progress to fibrosis,
cirrhosis, and ultimately liver cancer (HCC) (Younossi et al.,
2016). Proper nutrition can help mitigate the factors that
contribute to the progression of NAFLD and HCC by addressing
underlying metabolic disturbances such as obesity, insulin
resistance, and inflammation.

A healthy, balanced diet is essential for managing and
preventing the progression of NAFLD. The primary aim is to
reduce liver fat accumulation, control body weight, and improve
insulin sensitivity. A diet rich in antioxidants, healthy fats, and
fiber, such as the Mediterranean diet, has been shown to reduce
liver fat and inflammation, key factors in preventing the
progression from simple steatosis to NASH (Musso et al., 2010).
Reducing the intake of saturated fats, refined sugars, and
processed foods is crucial as these can exacerbate liver
inflammation, insulin resistance, and oxidative stress, all of
which contribute to the development of NAFLD and its
subsequent progression to HCC (Bellentani & Marino, 2009).
Additionally, the intake of certain nutrients such as vitamin E
and omega-3 fatty acids has been associated with improvements
in liver function and a reduction in liver fat (Chalasani et al.,
2012).

Obesity is one of the major risk factors for the
development and progression of NAFLD, with insulin resistance
being a key contributor to hepatic fat accumulation (Cusi, 2016).
Excess visceral fat, which is more metabolically active, can lead
to increased fatty acid release into the liver, promoting
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lipotoxicity and triggering inflammatory responses (Friedman,
2008). Therefore, adopting a weight loss strategy through dietary
modifications, coupled with physical activity, is crucial in
managing NAFLD. Weight reduction of as little as 5-10% has
been shown to significantly improve liver histology and reduce
the risk of progression to cirrhosis and HCC (Van der Poorten et
al., 2008).

Chronic oxidative stress and inflammation are central to
the progression of NAFLD to NASH and ultimately to HCC. A
diet rich in antioxidants, such as those found in fruits,
vegetables, and whole grains, can help reduce oxidative stress in
the liver and limit the inflammatory pathways that contribute to
liver damage (De Bie et al., 2016). Polyphenols, found in foods
such as green tea and berries, have demonstrated anti-
inflammatory and antioxidant properties that may help protect
the liver from carcinogenic damage (Basu et al., 2017).
Furthermore, reducing the intake of pro-inflammatory foods,
such as trans fats and processed meats, may help in reducing
liver inflammation, thereby lowering the risk of liver fibrosis and
cancer development (Gaggini et al., 2018).

Certain nutrients have shown promise in the prevention of
liver cancer in the context of NAFLD. Vitamin D, for instance,
has been shown to exhibit anti-cancer effects, with low levels of
vitamin D being associated with an increased risk of HCC
(Wang et al., 2016). Omega-3 fatty acids, found in fatty fish and
flaxseeds, also exhibit anti-inflammatory properties and have
been associated with improved liver function in individuals with
NAFLD (Mori et al., 2017).

Conclusion:

The findings in this study highlight the potential utility of
P53 and AFP as biomarkers for liver disease progression,
particularly in the context of NAFLD and HCC. The increasing
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levels of both markers from NC to NAFLD to HCC underscore
their role in reflecting the stages of liver disease and the
transition from benign liver conditions to cancer. Future studies
are needed to further validate the diagnostic and prognostic value
of P53 and AFP, particularly in the early detection of HCC in
patients with chronic liver diseases. Nutrition plays a vital role in
managing and preventing the progression of NAFLD to more
severe conditions like HCC. By focusing on a healthy, balanced
diet, addressing obesity and insulin resistance, and reducing
oxidative stress and inflammation, it is possible to slow the
progression of liver disease and reduce the risk of liver cancer.
Continued research into the role of specific nutrients and dietary
patterns in liver health is necessary to better understand the
mechanisms by which nutrition can prevent NAFLD progression
and protect against liver cancer.
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Hydrological Studies on the ground water in Aljeffara
western plain

Abstract

Groundwater constitutes one of the paramount natural
resources, playing a critical role in human health and overall
well-being, as well as in sustainable development. An essential
aspect to consider is that Libya exhibits a considerable reliance
on groundwater, which constitutes over 97% of the total water
utilized. Furthermore, this resource is employed across a diverse
array of domestic, industrial, and agricultural activities. The
current study seeks to assess the chemical constituents of
groundwater and their interrelationships with five examined
parameters, namely water level, elevation above sea level,
productivity in cubic meters per hour, age, and depth.
Additionally, the pollution index (Pi) was computed as part of
the analysis. Groundwater samples were collected in one-liter
plastic containers, which had been meticulously rinsed with tap
water followed by a rinse with distilled water. The laboratory
specimens were subsequently transported to the laboratory in
insulated iceboxes and maintained at 4°C until analysis could be
conducted. An evaluation of the chemical constituents in
groundwater designated for drinking and irrigation purposes in
the Aljeffara western plain, located 80 kilometers west of
Tripoli, was conducted. Samples were procured from 62 wells
that provide drinking and irrigation water to the local population.
The physical and chemical properties were analyzed across 19
parameters: Na*, K*, CI-, HCOs~, NO2~, NOs~, NH4*, SO+*, Ca*,
Mg?, temperature (°C), pH, total dissolved solids (TDS),
electrical conductivity (EC), total hardness (TH), alkalinity, CO-,
PO+~, and turbidity. The findings indicated that six of the
examined parameters exhibited negative correlation coefficients
with depth (HCOs, NOs~, temperature (°C), alkalinity, and
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PO+**). Conversely, five parameters demonstrated positive
correlation coefficients with well age (HCOs, NOs~, temperature
(°C), pH, and alkalinity). Moreover, nine parameters showed a
positive correlation coefficient with well productivity in cubic
meters per hour (HCOs, NOs~, NH4*, SO4--, temperature (°C),
pH, EC, alkalinity, and PO+*"). Five parameters were positively
correlated with the elevation of the well above sea level (NH4",
Ca*, Mg*, pH, CO. and turbidity). Additionally, three
parameters displayed positive correlation coefficients with the
water level (NOs), temperature (°C), and pH. The parameters
pH, HCOs, NOs~, and NH4* exhibited an acceptable pollution
index (Pi), with respective Pi values of 0.987, 0.612, 0.209,
0.0502, and 0.755. In contrast, the Pi value for total hardness
(CaCOs) was deemed extremely unacceptable, recording a value
of 37.83, while total dissolved solids (TDS) were associated with
a significantly high Pi value of 7.448.

An evaluation of the chemical constituents in groundwater
designated for drinking and irrigation purposes in the Aljeffara
western plain, located 80 kilometers west of Tripoli, was
conducted. Samples were procured from 62 wells that provide
drinking and irrigation water to the local population. The
physical and chemical properties were analyzed across 19
parameters: Na*, K*, Cl-, HCOs~, NOz", NOs~, NH4", SO4*, Ca*",
Mg>*, temperature (°C), pH, total dissolved solids (TDS),
electrical conductivity (EC), total hardness (TH), alkalinity, COx,
PO+, and turbidity. The findings indicated that six of the
examined parameters exhibited negative correlation coefficients
with depth (HCOs, NOs~, temperature (°C), alkalinity, and
PO+*"). Conversely, five parameters demonstrated positive
correlation coefficients with well age (HCOs, NOs~, temperature
(°C), pH, and alkalinity). Moreover, nine parameters showed a
positive correlation coefficient with well productivity in cubic
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meters per hour (HCOs, NOs~, NH4*, SO4--, temperature (°C),
pH, EC, alkalinity, and PO+**). Five parameters were positively
correlated with the elevation of the well above sea level (NH.",
Ca*, Mg*, pH, CO., and turbidity). Additionally, three
parameters displayed positive correlation coefficients with the
water level (NOs"), temperature (°C), and pH. The parameters
pH, HCOs~, NOs~, and NH." exhibited an acceptable pollution
index (Pi), with respective Pi values of 0.987, 0.612, 0.209,
0.0502, and 0.755. In contrast, the Pi value for total hardness
(CaCOs) was deemed extremely unacceptable, recording a value
of 37.83, while total dissolved solids (TDS) were associated with
a significantly high Pi value of 7.448.
Key words: well age — well depth - productivity— Aljeffara
western plain
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Introduction

Groundwater constitutes a crucial natural resource that
significantly contributes to human health and well-being,
socioeconomic  advancement, and ecological integrity.
Additionally, it is extensively employed for a diverse array of
residential, industrial, and agricultural applications (Ruiz et al.,
2019). In recent decades, groundwater contamination has
emerged as one of the most pressing global challenges, as water
may be compromised by both natural phenomena and a
multitude of anthropogenic activities, leading to diminished
drinking water quality, losses in water supply, elevated
remediation costs, and potential health hazards (Busico et al.,
2018). The hydrochemical characteristics of groundwater are
predominantly influenced by factors such as precipitation,
geological composition, lithological characteristics, residence
time, and geochemical interactions along the pathways of
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groundwater flow (Moral et al., 2008). The aggregate volume of
water present on Earth is estimated to be approximately 14
trillion cubic meters. Trace elements constitute a critical
component of the material foundation underlying medical effects
(Mohammad et al., 2005). Heavy metals rank among the most
enduring pollutants within aquatic ecosystems due to their
inherent resistance to degradation under natural conditions
(Khan, 2011).

The state of groundwater within an aquifer is contingent
upon variables such as the volume, duration, and intensity of
precipitation, the depth of weathering, specific yield, and the
overall gradient of the geological formation in relation to the
drainage conduit. Groundwater manifests within weathered
substrates under unconfined conditions and within fractured
lithology’s under semi-confined states. The thickness of the
weathered strata ranges from 2.2 meters to 50 meters,
irrespective of the rock type (Gopinath, 2011). Concerning the
quality of potable water in developing nations, there is an
increasing apprehension regarding health-related issues. Over
780 million individuals in the developing world lack access to
safe drinking water, primarily due to microbiological and
chemical contamination (WHO/UNICEF, 2012).

Elkhouly and Almrid (2021) ascertained that the
groundwater in the examined region exhibited a marginal
inclination towards alkalinity. Furthermore, the majority of the
substances dissolved in groundwater existed in an ionic state.
Certain ions are consistently present, and their cumulative
presence accounts for nearly all dissolved ions. The principal
ions identified include T.H (CaCO3), Mg, CaCO3, Ca as
CaCO3, Na+, Cl-, SO4--, Ca++, Mg++, HCO3, T (sodium ion),
K+, and NO3-.
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The quality of groundwater is contingent upon the behavior of
physical and chemical parameters that are influenced by
geological formations, atmospheric precipitation, inland surface
waters, and geochemical processes as they interact with
lithological materials and various anthropogenic activities
(Saravanan et al., 2015).

Water chemistry serves as a pivotal tool for elucidating the
origins, transit durations, flow patterns, and hydrological
regimes, as well as the geological frameworks and mineralogical
characteristics of aquifers, in addition to the hydrogeochemical
processes involved. Specific water quality parameters are
essential to fulfill both domestic and agricultural requirements
(Salcedo et al., 2017).

While numerous investigations have evaluated groundwater
quality in relation to heavy metal contamination for various
objectives, there exists a limited number of studies specifically
addressing the concentration of principal chemical constituents
in groundwater and their correlation with well characteristics,
including depth, age, water level, elevation above sea level, and
productivity measured in cubic meters per hour. In the current
research, we examined the interrelationship between chemical
constituents and the aforementioned parameters in the Aljimil
region of western Libya.

Materials and Methods

Study Area: Groundwater specimens were procured from
a total of 62 wells situated in the Aljeffra western plain region,
approximately 80 kilometers to the west of Tripoli. These
specimens were subsequently dispatched for analysis within a
laboratory setting. The geographical coordinates of the wells
were meticulously documented utilizing a Geological
Positioning System (GPS). The sampled wells were privately
owned properties. A significant number of the sampled wells
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served as the primary source of potable water for the local
populace.

Collection of Samples: Groundwater specimens were
collected in one-liter polyethylene containers, which had
undergone rigorous washing with tap water and thorough rinsing
with distilled water prior to use. These specimens were promptly
acidified to a pH of 2 using HNO3 to ensure that metal ions
remained in solution and to avert their adherence to the container
walls. All specimens were transported to the laboratory in
insulated iceboxes and maintained at a refrigeration temperature
of 4°C until analysis was conducted. The sampling protocol was
meticulously structured to ensure that specimens collected within
a single sampling event were analyzed within the minimal
possible timeframe.

Major cations (K+, Na+, Ca2+, Mg2+) were quantified using
Inductively Coupled Plasma Optical Emission Spectroscopy
(ICP-OES), while anions (Cl-, SO42-) were analyzed through
spectrophotometric methods (DX-120IC), with HCO3- and Total
Dissolved Solids (TDS) determined via acid-base titration and
gravimetric techniques, respectively. The charge balance
verification of all hydrochemical data revealed that the ionic
balance error remained within the acceptable limit of £5%,
thereby affirming the integrity and reliability of our data.

Pollution Index (Pi): The Pollution Index (Pi) is
articulated as the ratio of the concentration of a specific
parameter relative to the baseline standard. This metric
elucidates the extent of pollution attributable to individual
samples. A critical threshold is established at 1.0, wherein values
exceeding 1.0 signify a substantial degree of pollution,
conversely, values falling below 1.0 indicate an absence of
pollution (Akpoveta et al., 2011) and (Unanma et al., 2013).
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estimated concentration

Standard

|

Data analysis: average values, correlation coefficients,
standard division, Pi index values, were analyzed using
Microsoft excel program.
Results and Discussion

The minimum, maximum and standard division of (trace,
macro elements, salts, salinity, alkalinity, turbidity and PH)
values has been estimated.

Table (1) Minimum, maximum, mean values and, standard

division for chemical components of samples

Parameters Minimum Maximum Mean SD
Na* 70.31 16544 1440 2933
K* 0.00 875.4 87.69 177
Cr 146.2 46621 3529 7375

HCO, 15.62 713.1 183.7 132.7
NO, 0.003 22.18 1.327 3.889
NO7; 0.00 45.27 9.427 11.33
NH," 0.00 17.42 1.133 2.39
SO, ~ 46 9616 1173 1592
Ca™ 50.121 2088.37 531.73 456.30
Mg™™ 30.022 6411.312 460.97 979.45
T(C) 14.8 28.0 23.26 2.958
(PH) 6.71 8.07 7.305 0.253
TDS 581 74368 7448 12656
EC 811 80500 10496 15700
T.H 211.9 36325 3783 6052

Alkalinity 86.94 713 203.7 143.9

Co, 1.23 184.7 35.17 41.22
PO,™ 0.00 9.63 0.392 1.485
Turbidity 0.00 57 3.977 10.86
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Table (2) Values of WHO for ground water quality and Pi
index estimation

Water quality (WHO) Pl Index Classification
parameter

(PH) 6.5-8 0.987 Acceptable

TDS 1000 7.448 Unacceptable

SO, ~ 250 4.692 Unacceptable

CI 250 14.12 Unacceptable

T.H (CaCOy) 100 37.83 Unacceptable
HCO, 300 0.612 Acceptable
NO; 45 0.209 Acceptable
NH," 1.5 0.755 Acceptable

Ca™ 200 2.659 unacceptable
Mg™ 150 3.073 unacceptable

P,O, " 0.13 3.015 Unacceptable

Na’ 200 7.2 Unacceptable

K* 30 2.923 Unacceptable

As evidenced in table (2), the parameters PH, HCO3-, NO3-,
and NH4+ exhibited acceptable Pi indices with respective Pi
values of 0.987, 0.612, 0.209, 0.0502, and 0.755. Conversely, the
Pi value for T.H (CaCO3) was markedly unacceptable,
registering at 37.83, while the TDS demonstrated a substantially
elevated Pi value of 7.448. These findings align with the research
conducted by Elkhouly et al., 2021.

As illustrated in table (3) and figures (1-5),

Na+ ions

The Na+ ions manifested a positive correlation solely with the
well depth (0.28), while exhibiting negative correlation values
with age, productivity, height above sea level, and water level,
which were recorded at -0.3, -0.11, -0.02, and -0.5, respectively.

K+ ions
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The K+ ions demonstrated a positive correlation exclusively
with the well depth (0.198) and revealed negative correlation
values with age, productivity, height above sea level, and water
level, which were documented as -0.28, -0.13, -0.03, and -0.47,
respectively.
Cl- ions

The CI- ions indicated a positive correlation solely with
the well depth (0.273), while negative correlation values with
age, productivity, height above sea level, and water level were
recorded at -0.27, -0.21, 0.0, and -0.48, respectively.
HCO3+ ions

The HCO3+ ions exhibited positive correlation values
with well age and productivity (0.168 and 0.129) and negative
correlation values with depth, height above sea level, and water
level, which were noted as -0.36, -0.20, and -0.05, respectively.
NO2- ions

The NO2 ions displayed a positive correlation solely with
the well depth (0.147), along with negative correlation values
with age, productivity, height above sea level, and water level,
which were recorded at -0.1, -0.04, -0.02, and -0.19,
respectively.
NO3- ions

The NO3- ions exhibited positive correlation values with
well age, productivity, and water level (0.269, 0.179, and 0.194),
while negative correlation values with depth and height above
sea level were noted at -0.14 and -0.1, respectively.
NH4+ ions

The NH4+ ions recorded positive correlation values with
well depth, productivity, and height above sea level (0.261,
0.008, and 0.288), whereas negative correlation values with well
age and water level were noted as -0.18 and -0.06, respectively.
SO4-- ions
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The SO4-- ions exhibited a positive correlation with well
depth and productivity, with correlation coefficients of 0.382 and
0.202, respectively, while demonstrating negative correlations
with age, height above sea level, and water level measurements,
with values of -0.37, -0.08, and -0.42, respectively.

Ca++ ions

The Ca++ ions displayed positive correlations with well
depth and height above sea level, with correlation values of
0.426 and 0.166, respectively, and negative correlations with
age, productivity, and water level measurements, which were
recorded as -0.35, -0.283, and -0.513, respectively.

Mg++ ions

The Mg++ ions illustrated positive correlations with well
depth, age, and height above sea level, with correlation
coefficients of 0.273, 0.270, and 0.415, while also showing
negative correlations with productivity and water level
measurements, which were recorded as -0.182 and -0.448,
respectively.

T(C)

The temperature (T in °C) exhibited positive correlations
with well measurements, age, productivity, and water level, with
correlation values of 0.261, 0.139, and 0.415, while concurrently
displaying negative correlations with well depth and height
above sea level, which were recorded as -0.46 and -0.01,
respectively.

PH

The pH levels indicated positive correlations with well
measurements, age, productivity, height above sea level, and
water level, which were quantified as 0.174, 0.217, 0.089, and
0.225, respectively, while a negative correlation with well depth
was recorded at -0.46.

TDS
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The total dissolved solids (TDS) demonstrated a positive
correlation solely with well depth, quantified as 0.31, while
revealing negative correlations with age, productivity, height
above sea level, and water level measurements, which were
recorded as -0.31, -0.14, -0.02, and -0.51, respectively.

EC

The electrical conductivity (EC) exhibited positive
correlations with well depth and productivity, with correlation
values of 0.349 and 0.053, respectively, while showing negative
correlations with age, height above sea level, and water level
measurements, which were recorded as -0.31, -0.07, and -0.54,
respectively.

TH

The total hardness (TH) displayed a positive correlation
exclusively with well depth, quantified as 0.354, while
demonstrating negative correlations with age, productivity,
height above sea level, and water level measurements, which
were recorded as -0.32, -0.24, -0.06, and -0.51, respectively.
Alkalinity

The alkalinity levels exhibited positive correlations with
well age and productivity, with correlation values of 0.155 and
0.11, respectively, while also revealing negative correlations
with depth, height above sea level, and water level
measurements, which were recorded as -0.19, -0.24, and -0.15,
respectively.

CO2

The carbon dioxide (CO2) levels demonstrated positive
correlations with well depth and height above sea level, with
values of 0.254 and 0.074, respectively, while showcasing
negative correlations with well age, productivity, and water level
measurements, which were recorded as -0.31, -0.01, and -0.22,
respectively.
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PO4++ ions

The PO4++ ions exhibited a positive correlation solely
with productivity, quantified as 0.21, while also demonstrating
negative correlations with well depth, well age, height above sea
level, and water level measurements, which were recorded as -
0.05, -0.07, -0.014, and -0.06, respectively.
Turbidity

The turbidity levels illustrated positive correlations with
well depth and height above sea level, with correlation values of
0.298 and 0.184, respectively, while presenting negative
correlations with well age, productivity, and water level
measurements, which were recorded as -0.24, -0.05, and -0.30,
respectively.

Table (3) Correlation coefficient values of chemical

components in respect to the well depth, age, productivity,
High over the sea and water level

Parameters depth Age Pro:\j/lljef;};wty Hetlr?gtsgg/er Water level
Na* 0.283 -0.30 -0.11 -0.02 -0.50
K* 0.198 -0.28 -0.13 -0.03 -0.47
Ccr 0.273 -0.27 -0.21 0.00 -0.48
HCO, -0.36 0.168 0.129 -0.20 -0.05
NO, 0.147 -0.10 -0.04 -0.02 -0.19
NO, -0.14 0.269 0.179 -0.10 0.194
NH," 0.261 -0.18 0.008 0.288 -0.06
SO, ~ 0.382 -0.37 0.202 -0.08 -0.42
Ca™ 0.426 -0.35 -0.283 0.1662 -0.513
Mg~ 0.273 0.270 -0.182 0.415 -0.448
T(C) -0.46 0.261 0.139 -0.01 0.415
(PH) -0.30 0.174 0.217 0.089 0.225
TDS 0.31 -0.31 -0.14 -0.02 -0.51
EC 0.349 -0.31 0.053 -0.07 -0.54
T.H 0.354 -0.32 -0.24 -0.06 -0.51
Alkalinity -0.19 0.155 0.11 -0.24 -0.15
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CO, 0.254 -0.31 -0.01 0.074 -0.22

PO, -0.05 -0.07 0.21 -0.14 -0.06

Turbidity 0.298 -0.24 -0.05 0.184 -0.30
depth
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figure (1) Correlation coefficient values of chemical

components in respect to the well depth
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figure (2) Correlation coefficient values of chemical

components in respect to the well age
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figure (5) Correlation coefficient values of chemical
components in respect to water level

The preceding data clearance revealed that six examined
parameters exhibited negative correlation coefficient values in
relation to depth (HCO3, NO3-, T (C), Alkalinity, and PO4++).
Comparable findings were reported by Elkhouly et al., (2021) in
Libya, who elucidated that substantial quantities of salts are
prevalent at greater depths within the subsurface and are
solubilized in the groundwater. In contrast to the aforementioned
six parameters, one additional examined parameter demonstrated
a positive correlation coefficient value with well depth,
indicating that increased well depth corresponds to a higher
concentration of dissolved salts alongside turbidity. The total
hardness (T.H) measured as CaCO3 was exceptionally elevated,
recording a value of 3783, while total dissolved solids (TDS)
reached 7448, in comparison to the standards established by the
World Health Organization (WHO, 2004). Conversely, five
analyzed parameters exhibited positive correlation coefficient
values with well age (HCO3-, NO3-, T (C), pH, and Alkalinity).
It is noteworthy that only (HCO3 and NO3-) were positively
correlated with well age, suggesting that as the well ages, there is
a reduction in the concentration of dissolved salts. The pH values
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ranged from 6.71 to 8.07, with a mean value of 7.03, indicating
an alkaline nature attributed to the mineralization of water, likely
stemming from the salt content present in the geological
formations surrounding the aquifer. Our results are consistent
with those of Ruiz et al., (2019), who posited that in waters with
pH levels approaching 8.3, typical of most groundwater, the
predominant carbonate species is HCO3-, while CO32- starts to
emerge at elevated pH values.

Nine examined parameters displayed positive correlation
coefficient values with well productivity measured in M3/H
(HCO3, NO3-, NH4, SO4--, T (C), pH, EC, Alkalinity, and
PO4++). It is evident that (HCO3, NO3-, NH4, SO4--, and
PO4++) are more prevalent in association with well productivity,
indicating that increased water production from the well
correlates with heightened levels of dissolved carbon, nitrate,
ammonia, sulfate, and phosphate ions, in addition to electrical
conductivity (EC). Electrical conductivity serves as a parameter
intrinsically linked to the presence of dissolved ions, thereby
reflecting the concentration of dissolved salts. The electrical
conductivity encapsulates the existence of dissolved salts within
the water, which are predominantly introduced through
geochemical processes such as ion exchange, evaporation,
silicate weathering, and the solubilization processes occurring
within aquifers (Gubran et al., 2019). In this investigation,
values ranging between 811 and 80500 puS/cm were documented.

Five examined parameters exhibited positive correlation
coefficient values with the elevation of the well above sea level
(NH4+, Ca++, Mg++, pH, CO2, and turbidity). Reyes-Toscano
et al., (2020) noted that turbidity values were predominantly
elevated at the conclusion of the rainy season, likely due to the
resuspension of particulate matter during the recharge of the
aquifer. This observation may align with our findings during the
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rainy seasons, with an alternative explanation positing that
rainwater may have introduced particulate deposits from the
vicinities of the well into the water. Additionally, three analyzed
parameters demonstrated positive correlation coefficient values
with the water level (NO3-, T (C), and pH).
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Evaluation of the health and nutritional status of patients
with renal failure undergoing hemodialysis
Abstract:

Hemodialysis, is a medical procedure that effectively
removes waste products and excess fluid from the blood when
the kidneys are unable to perform this function adequately. In
addition to its life-sustaining benefits, hemodialysis also presents
various challenges and potential complications that patients must
navigate. While the procedure is essential for removing toxins
from the bloodstream, it can lead to issues such as hypotension,
muscle cramps, and even allergic reactions, which occur in a
small percentage of patients . Moreover, advancements in
dialysis technology have aimed to reduce these adverse The
study aimed to evaluate the nutritional status of hemodialysis
patients attending Kafr EI-Zayat General Hospital and
undergoing dialysis. Their ages range between (30-55) males and
females, with a meal rich in bananas or oranges provided by the
Ministry of Health, and the levels of creatineine, phosphorus,
calcium, sodium, liver enzymes, bilirubin, and physical
parameters were estist results were obtained by patients when
eating a meal rich in bananas or oranges. .after laboratory results.
The following was concluded: It is necessary to limit potassium
intake so that it does not lead to weak heart and blood vessel
functions and cause kidney damage. Hyperkalemia. It is one of
the common life-threatening complications in hemodialysis
patients and increases the risk of malignant arrhythmia and
sudden death. Fruits and vegetables rich in potassium must be
limited. Experimental studies have shown that restricting dietary
phosphate prevents the development of kidney weakness, and
patients on dialysis must continue to take various types of
phosphorus binders to maintain normal phosphorus levels in the
blood.
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Introduction

The kidney (plural kidneys) (Latin: Ren) is an organ
found in vertebrates that is similar in shape to a bean seed,
reddish-brown in color, and is about 12 cm long. The kidney is
the organ responsible for purifying and filtering the blood from
toxins and metabolic products. The kidney receives blood
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through the renal arteries and exits through the renal veins. A
kidney patient needs to undergo dialysis when the kidneys are
unable to perform the purification process, and toxins begin to
accumulate in the body. The most important of these toxins are
urea and creatine in the blood, which are measured in the
laboratory. Doctors also measure the extent of blood purification
from creatine by examining the urine. One of the reasons that
cause a problem in the functioning of the kidneys is kidney
failure, which may be either acute or chronic. When toxins
exceed a certain limit or when the purification rate falls below a
certain limit, the body needs dialysis. This happens when the
kidneys function less than 10-15% of the normal level. It is
worth noting that dialysis does not perform all the functions of
the kidneys, but only removes toxins.

The issue of quality of life has become the focus of many
researches and studies in recent years, especially in the field of
health care, when the results of traditional medical treatment
related to mortality and morbidity were criticized in terms of
their focus on a narrow and limited field. These indicators failed
to identify a wide range of possible medical outcomes. For
example, in the treatment of kidney patients, it appeared that the
effects of the treatment itself can cause serious harm to the
patient. Therefore, attention must be paid to nutrition and the
meals provided most importantly within 24 hours. The individual
can choose to live for a short period of time with a good quality
of life instead of living for a longer period of time with a low
quality of life.

Therefore, studies began to focus on identifying and
predicting the quality of life and identifying the importance of
meals provided during hemodialysis and the factors affecting it,
especially in the field of diseases, including kidney diseases.
This research dealt with multiple variables such as anxiety and
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depression, as a study by (1), and socio- economic status, ethnic
group, and gender, as a study by (2) the educational level, as a
study by (3)and age and history of infection, as a study by (4)
and a study by (5). The results of these studies varied regarding
the impact of gender, social status, education, history of
infection, number of dialysis sessions, and age. While some
studies indicated that there is a statistically significant effect of
these variables on quality of life, other studies indicated that
there are no differences between patients according to these
variables. Based on the above, the idea of the current research
and its problem was It is formulated as follows: What is the
nature of the quality of life of kidney failure patients

age, education, and date of onset of dialysis) .

2. SUBJECTS AND METHODS

2.1. SUBJECTS

2.1.1. Sample size

The study was conducted on one hundred patients age from 30
years and 55 years.

2.1.2 Setting of study

This study was conducted on patients who undergo hemodialysis
and attend Kafr EI-Zayat General Hospital three times a week.
2.1.3 Duration of study

The present of study started in January 2024 and ended in April
2024.

2.1.4 Inclusion criteria

The following inclusion criteria were used:

Kidney disease is mainly for patients who suffer from
kidney failure and are on hemodialysis and have many chronic
diseases that are closely related to kidney failure, such as
diabetes, high blood pressure, heart disease, and anemia. Most of
them live in the countryside of Gharbia Governorate and in
urban areas.
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2.1.5 Exclusion criteria

Patients who undergo hemodialysis for emergency purposes
only, patients in the final stage and whose condition is unstable
and dialysis patients infected with Hepatitis C.

2.2 METHODS

2.2.1 Experimental design

Interviews were conducted several times a week with the patient
during hemodialysis sessions in the dialysis department. Data
were collected from patients using a questionnaire about the
following:

2.2.1.1 Socio-demorgraphic:

Marital status, job, level of education and residence.
Anthropometric assessment:

Including body weight before and after the session, dry weight,
height in centimeters, thickness of the skin layer using the
Caliber device, arm muscle circumference, and body mass index
(BMI) according to the formula weight in (kg)/height in metre2
(kg/m2).

2.2.1.3 Dietary assessment:

The 24-hour recall method was used to recall the amounts of
foods and beverages in household measures consumed in the
past 24 hour's household measures.

2.2.1.4 Biochemical analysis:

Serum samples were analyzed to determine the following:
creatinine and urea before and after the washing session, and
analysis of, calcium, phosphorus, and potassium. , liver enzymes
2.2.2 Statistical analysis

The statistical package eor social sciences (SPSS version 17.0)
28 was used to analyze collected data Results were expressed as
the arithmetic mean and standard deviation (SD). Also, the
frequency distribution and percentage were used for string
variables.
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3. Results and Discussion

Provided table (1) shows the distribution of gender
among 100 individuals. The results indicate that 56% of the
participants are male, while 44% are female..Here are some
potential discussion points based on these findings:Gender
balance: The sample appears to be slightly skewed towards
males, with a 56% to 44% ratio. This could be due to various
factors such as the specific population studied or sampling
methods used.
Table (1): Estimation of study samples of patients with renal

failure according to sex

Gender N Percent
Male 56 56.0
Female 44 44.0
Gender

mmal

En:100)

» female

Figure (1): Number and percent of demographic
characteristics based on Gender
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The provided table (2) shows the number and percentage of

participants

in a study based on their body mass index (BMI) categories.

here are some key observations from the table:

Normal weight: 24 participants (24%) fall into the normal weight
range

(18.5-24.9 BMI). This is the largest group, suggesting that a
significant

portion of the study population has a healthy weight.

Overweight: 36 participants (36%) are classified as overweight
(25-29.9

BMI). This is the second largest group, indicating that a
considerable

number of participants are above a healthy weight range.Obese:
32

participants (32%) are classified as obese (30-39.9 BMI). This
group is

also substantial, highlighting the prevalence of obesity among
the study

population.

Severely obese: 8 participants (8%) fall into the severely obese
category

(BMI > 40). While this is the smallest group, it still represents a

concerning proportion of the participants.

The table reveals that a significant number of participants in the

study are overweight or obese; indicating a need for

interventions to address weight . Research confirms that obesity

is responsible for about 20% - 25% of kidney diseases

worldwide.states like type 2 diabetes (the most common global

cause of CKD) and hypertension (the second most common

cause in the United States). diabetes and hypertension alone

explain most obesity-associated kidney risk. . (6). the presence of
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obesity increases the lifetime risk of CKD by 25% compared
with individuals with normal weight (7).

Chronic kidney disease patients suffer from body composition
disorders resulting from excess body fat

(leading to obesity) accompanied by muscle wasting. Both these
factors not only influence the patients’ problems in everyday
existence, but also significantly lower their prognosis. This is
largely due to metabolic changes occurring during the course of
the disease, to the imbalance in the metabolic balance of
insulin-dependent tissues. This means that in the muscles of
CKD patients there is an increase in catabolic processes
(regulated by glucagon, catecholamines or pro-inflammatory
cytokines), accompanied by an increase in adipose tissue (8)
and (9) and (10).

Table (2) Body mass index estimation for patients with renal

failure
Number Percent Body max index
24 24 18.5:23.9
36 36 24 :29.9
32 32 30:34.9
8 8 > 40

size (n=100).

Table (") presents a summary of the mean and standard
deviation for various demographic characteristics, providing
insights into the variabilitand central tendencies of the data.Key
Findings Weight:

Mean: The average weight before the session was 88.7kg, while
after the session it decreased to 85 kg.

Standard Deviation: The weight before the session exhibited a
higher standard deviation (26.5) compared to after the session
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(27) indicating a slightly wider range of weight values before the
session.
Height: Mean: The average height was 163cm.

Standard Deviation: The height had a relatively lower standard
deviation (9.5) suggesting a more consistent distribution of
heights among the participants.

Skin Thickness: Mean: The average skin thickness was 9.6 cm.
Standard Deviation: The skin thickness had a moderate
standard deviation (3) indicating some variability in skin
thickness measurements.

Arm Circumference: Mean: The average arm circumference
was 33 cm. Standard Deviation: The arm circumference had a
standard deviation of 3.3 suggesting a moderate level of
variation in arm circumferences.Arm Muscle Circumference:
Mean: The average arm muscle circumference was 299cm.
Standard Deviation: The arm muscle circumference had the
highest standard deviation (30.2), indicating a wide range of
values and potentially a larger degree of variation in muscle
development among participants.Body Mass: Mean: The average
body mass was 33.7 kg.

Standard Deviation: The body mass had a standard deviation of
9.2, suggesting a moderate level of variation in body mass
among participants.

The results provide a baseline understanding of the
demographic characteristics of the study population. The
variations observed in the standard deviations highlight the
differences in the distribution .
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Table (3): Estimation of means and standard deviation of
anthropometric measurements after sessions for
hemodialysis patients

Variable N Mean+SD
Weight After Session | 100 85x27
Height 100 163+9.5
Skin Thickness 100 9.6+£3

Arm Circumference 100 33+3.3

Arm Muscle 100 | 299.1+30.2
Circumference
Body Mass 100 | 33.8+9.2

It is noted from the table (4) and the graph that the
objectives of the research are to try to identify the nature of
diseases among patients with kidney failure who are undergoing
dialysis in light of some demographic variables (such as gender,
age, educational level, marital status, and date of start of
dialysis). The sample consisted of 100 patients. According to the
table, 53% of patients suffered from high blood pressure, 10%
from diabetes, and 20% from heart disease. The results were not
recorded for their liver disease and gout, while the rate of anemia
was 17%. All of this leads to a decrease in kidney function by
15%. (11) agreed with us.

Cardiovascular disorders are a group of heart disease disorders
and blood vessels, including hypertension, coronary heart
disease, cerebrovascular disease, peripheral vascular disease,
heart failure, rheumatic heart disease, congenital heart disease,
and cardiomyopathy (World Health Organisation). including
congestive heart failure, coronary heart disease, fatal stroke,
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cardiac arrhythmia, sudden cardiac arrest, cerebrovascular
disease, and peripheral vascular disease (12).

Anemia is a common complication in chronic kidney
disease (CKD), and is associated with a reduced quality of life,
and an increased morbidity and mortality. The mechanisms
involved in anemia associated to CKD are diverse and complex.
They include a decrease in endogenous erythropoietin (EPO)
production, absolute and/or functional iron deficiency, and
inflammation with increased hepcidin levels, among others.
Patients are most commonly managed with oral or intravenous
iron supplements and with erythropoiesis stimulating agents
(ESA). However, these treatments have associated risks, and
sometimes are insufficiently effective. Nonetheless, in the last
years, there have been some remarkable advances in the
treatment of CKD-related anemia, (13).Prevalence of Dental
Issues:

High Rate of Incomplete Dental Conditions: The
overwhelming majority (96%) of individuals in the sample have
incomplete dental conditions. This suggests a significant dental
health problem within the studied population.

Low Rate of Complete Dental Conditions: Only 4% of
participants reported complete dental health. This indicates a
need for improved oral health practices and access to dental care
Table (4) Assessment of the health status of patients with
renal failure for the study sample

Diseases N Percent
Hypertension 53 53
Diabetes 10 10
Heart 20 20
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Liver 0 0

Gout 0 0

Anemia 17 17

Dental condition Complete 4 4
Incomplete 96 96

Based on table (5), the following are some of the prominent
findings: Swelling in Feet and Hands: A relatively low
percentage of participants (8%) reported swelling in their feet
and hands

Weak Immunity: A significant portion (28%) of the sample
reported weak immunity. Do not suffer from Weak Immunity
:(77%)

Obesity: Obesity was prevalent, with 16% of participants
identifying as obese. Do not suffer obesity 84%

Diet and Appetite: A majority (80%) of participants had not
followed a diet. Appetite loss was a common symptom, affecting
52% of the sample.

Other Symptoms: Excessive sweating, dizziness, tremors, and
dialysis-related complaints were also reported by a significant
number of participants. The data suggests that a range of
health issues are prevalent among the study population. The
high incidence of weak immunity and obesity, in particular,
aligns with known risk factors for various diseases. The
symptoms of appetite loss, excessive sweating, and dizziness
may indicate underlying health conditions, such as metabolic
disorders or hormonal imbalances.

Other Symptoms: Excessive sweating, dizziness, tremors, and
dialysis-related complaints were common Urinary Issues: Blood
in the urine and foam in the urine were reported by 12% each.
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Respiratory and Skin Issues: Shortness of breath and severe
itching were experienced by 52% and 64%, respectively.
Anemia: Anemia affected 36% of the sample. Respiratory and
Skin Issues: Shortness of breath and severe itching were
experienced by 52% and 64% of participants, respectively.
Anemia: Anemia was prevalent, affecting 36% of the sample.
Diarrhea: 16% of respondents reported suffering from diarrhea.
Bladder Infections: 40% of respondents reported experiencing
bladder infections. Prevalence of Diarrhea: The prevalence of
diarrhea is relatively low at 16%. This could indicate that factors
like sanitation, access to clean water, and proper hygiene
practices are relatively good in the surveyed area. However, it's
essential to consider other factors that might influence diarrhea
rates, such as dietary habits, medication use, and underlying
health conditions Prevalence of Bladder Infections: Bladder
infections are more prevalent, with 64% of respondents reporting
them.

Patients with chronic kidney disease (CKD) frequently
experience unpleasant symptoms. These can be gastrointestinal
(constipation, nausea, vomiting and diarrhoea), psychological
(anxiety and sadness), neurological (lightheadedness, headache
and numbness), cardiopulmonary (shortness of breath and
oedema), dermatological (pruritus and dry skin), painful (muscle
cramps, chest pain and abdominal pain) or involve sexual
dysfunction, sleep disorders and fatigue. These symptoms often
occur in clusters, with one of them as the lead symptom and
others as secondary symptoms. Uraemic toxins (also called
uremic toxins) are often considered to be the main cause of CKD
(14).

Worldwide. CKD may lead to structural and functional
gastrointestinal alterations, including impairment in the intestinal
barrier, digestion and absorption Chronic kidney disease (CKD)
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affects 9.1% of the population of nutrients, motility, and changes
to the gut microbiome. These changes can lead to increased
gastrointestinal symptoms in people with CKD (15).

CLINICAL CONSEQUENCES

Anemia is linked to several symptoms, including
headache, insomnia, fatigue, and dyspnea, that lower quality of
life. It has to do with diminished cognitive ability as well. These
symptoms are generic, though, and maybe a result of uremia in
CKD patients. Many patients may not disclose problems
independently because symptoms take time to manifest (16).

In addition, anemia is associated with left ventricular
hypertrophy (LVH), an increased number of hospitalizations, a
possible progression of CKD, and death (17) and (18).

The increase in mortality occurs mainly when Hb< 8 g/dL-
associated symptom burden, but treatment of uraemia by dialysis
often fails to resolve them and can engender additional
symptoms. Indeed, symptoms can be exacerbated by comorbid
conditions, pharmacotherapies, lifestyle and dietary regimens,
kidney replacement therapy and ageing. Patients with kidney
disease, (20).

The symptoms of stage 4/5 chronic kidney disease (CKD)
include discomfort, anorexia, nausea, pruritus, exhaustion,
excessive daytime sleepiness, and difficulties concentrating.
(21).

This uremic symptom burden is known to increase with
age (22). In the EQUAL study, including elderly patients with
advanced (stage 4/5) CKD, more than half of the patients
reported fatigue, dry skin, bone or joint pain, loss of strength,
muscle cramps, dry mouth, itching and decreased interest in sex

Table (°): Relative Distribution of Research Sample
Responses Regarding Their symptoms

Symptoms answer N Percent
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Is There Swelling in the Feet and yes 8 8.0
RN no 92 | 920
Total 100 100

yes 23 28.0

Weak Immunity

no 7 77.0
Total 100 100
yes 16 16.0
Is There Obesity
no 84 84.0
Total 100 100

yes 20 20.0

Have You Followed a Diet
no 80 80.0

Total 100 100

yes 52 52.0

Do You Suffer from Appetite Loss

no 48 48.0

Total 100 100

Do You Suffer From Excessive yes 48 48.0

Sweating

no 52 52.0
Total 100 100
Do You Suffer From Dizziness yes 56 56.0
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no 44 40.0

Total 100 100

yes 52 52.0

Do You Suffer From Tremors

no 48 44.0

Total 100 100

Do You Have Complaints After yes 44 44.0
Dialysis no o6 ——

Total 100 100

Do You Have Difficulty Emptying yes 40 40.0
the Bladder o 50 00

Total 100 100

yes 12 12.0

Is There Blood in the Urine
no 88 88.0

Total 100 100

yes 12 12.0

Is There Foam in the Urine

no 88 88.0

Total 100 100

Do You Suffer From Shortness of yes 50 52.0
Breath no | 50 | 520

Total 100 100
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yes 60 60.0

Do You Suffer From Severe Itching
no 40 40.0

Total 100 100

yes 64 64.0

Do You Suffer From Anemia
no 36 36.0

Total 100 100

yes 16 16.0

Do You Suffer From Diarrhea

no 84 84.0
Total 100 100
yes 64 8.0
Bladder Infections
no 36 40.0
Total 100 100

In table (6): The provided table outlines the results of an
independent samples-test comparing the levels of potassium and
creatinine between individuals who do and do not eat
bananas.Key findings: Potassium: There was a statistically
significant difference in potassium levels between the two
groups (p-value = 0.000). Individuals who did eat bananas had
significantly higher potassium levels compared to those who did
not.

Creatinine: There was a statistically significant difference in
creatinine levels between the two groups (p-value = 0.000).
Individuals who did eat bananas had significantly lower
creatinine levels compared to those who did not.The results
suggest that consuming bananas may have a positive effect on
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both potassium and creatinine levels. Individuals who regularly
eat bananas appear to have higher potassium levels and lower
creatinine levels compared to those who do not.

Creatinine: A significant difference was found in creatinine
levels between banana consumers and non-consumers. Banana
consumers had higher creatinine levels (10) compared to non-
consumers (9.4).

Calcium: No significant difference was observed in calcium
levels between the two groups. Phosphorus: A slight difference
was found in phosphorus levels, but it was not statistically
significant.

Bilirubin: No significant difference was found in bilirubin
levels. GOT (Glutamic Oxaloacetic  Transaminase): No
significant difference was found in GOT levels. GPT (Glutamic
Pyruvic Transaminase): No significant difference was found in
GPT levels. banana consumption is associated with significantly
higher creatinine levels.Banana consumers: 4.8 Non-consumers:
4.8 Standard Deviation: Banana consumers: 6667
Non-consumers: 8161 Based on the provided data, there was a
slight difference in potassium levels between banana consumers
and non-consumers difference in potassium levels between
subjects who consume bananas and those who do not.

Dietary Potassium Intake: The overall potassium intake from
other sources in the participants' diets could have influenced the
results.

Individual Variations: Individual variations in potassium
absorption and excretion can also contribute to differences in
potassium levels.

The prevalence of chronic kidney disease (CKD) is increasing
and dietary interventions may be a strategy to reduce this burden.
In the general population, higher potassium intake is considered
protective for cardiovascular health. Due to the risk
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of hyperkalemia in CKD, limiting potassium intake is often
recommended. However, given that poor cardiovascular
function can cause kidney damage, following a low-potassium
diet may be deleterious for patients with CKD (23).

For healthy patients, it is preferable to increase potassium
intake, as this leads to a reduction in the incidence of heart and
blood vessel diseases. and cerebrovascular diseases. However,
since hyperkalemia is a common and life-threatening
complication in maintenance hemodialysis patients, which can
increase the risk of malignant arrhythmia and sudden death, the
current mainstream of management for hemodialysis patients is
dietary potassium restriction in order to prevent hyperkalemia.
Hemodialysis patients are usually advised to reduce dietary
potassium intake and limit potassium-rich fruits and vegetables,
(24).

Hyperkalaemia occurs frequently in people with type 2
diabetes mellitus (T2DM) and chronic kidney disease (CKD),
increasing in incidence as kidney function declines, and is
associated with discontinuation of renin—-angiotensin—aldosterone
(RAAS) inhibitors due to its potential to cause life-threatening
arrhythmias that are clinically relevant to both physicians and
patients (25,26,27).

In individuals with CKD, the association between serum
potassium and adverse outcomes is U-shaped such that both high
and low levels are associated with increased risk of
hospitalization and death Clase (28, 29)

Table(6) Estimation of Laboratory tests for patients with
renal failure when eating a meal containing bananas after
dialysis
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Renal ° C 2 o
i c 0 ) % =
Do You Eat Bananas | [2Ure | g% |§5 o & <
patient | ST [SE — :
'~ (a
S © o
EatBan 52 10.3+
ana 8
Creatinine 0
mg/dl Do not | 4 H.S
eat 48 9.5%+.5
Banana
Calcium(mg yes 52 8.6+.6
= 2 1.7 N'ls
no 48 8.4+.5 :
Phosphorus Jes 52 4.7x.1 q P 8
(mg/dL) no 48 | 478 | ' N.S
Bilirubin yes 52 8.1 0 ) 8
Mgy no 48 8+.1 N.S
yes 59 129.2+
25.2 0
Na(mmol/L) -9 -2.5 :
H.S
no 48 138.1+
5.5
yes 52 3.9+.3 000
K(mmol/L) -3122 | 4.4 H S
no 48 3.6x4 :
23.917 9
GOT(u/l) yes 52 ) 3 1 NS
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23.7+1
no 48 34
s NEE
GPT(u/l) 24 | -9 r\igs
- 5 | 19941 -
6.6

Na: Sodium; k: Potassium; GOT: Glutamic pyruvic
Transminase; GPT: Glutamic Oxaloacetic Transaminas.

T: independent sample Ttest.

Significant. NS: P-value > 0.05 is considered non-

Significant. HS: P-value < 0.05 is considered highly

The provided table outlines the results of an independent
samples -test comparing the levels of phosphorus and creatinine
between individuals who do and do not eat oranges. Phosphorus:
There was a statistically significant difference in phosphorus
levels between the two groups (p-value = 0.0). Individuals who
did not eat oranges had significantly higher phosphorus levels
compared to those who did. Creatinine:

There was no statistically significant difference in
creatinine levels between the two groups (p-value = 0.5).

The results suggest that consuming oranges may have a
positive effect on phosphorus levels. Individuals who regularly
eat oranges appear to have lower phosphorus levels compared to
those who do not. However, the consumption of oranges does
not seem to significantly influence creatinine levels. In the
current review, we address the role of serum phosphorus on the
progression of renal dysfunction and cardiovascular outcomes in
patients with chronic kidney disease, as well as its involvement
in significant health risks in the general population.
Experimental studies have demonstrated that restricting dietary
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phosphate prevents the progression of kidney dysfunction, while
high dietary phosphate aggravates renal function.(30).

Chronic kidney disease (CKD) causes dysregulation of
bone and mineral metabolism, and rising parathyroid hormone
levels are an adaptive response to keep calcium and phosphorus
levels within normal ranges. This reaction turns maladaptive in
end-stage renal failure, and elevated phosphorus levels may
result. Based on a comprehensive assessment of clinical trial
literature and empirical observational data on phosphorus control
in hemodialysis patients with CKD-mineral bone disease (CKD-
MBD), we provide an overview of methods for managing
hyperphosphatemia. These studies demonstrate that existing
therapy strategies (diet and lifestyle changes; frequent dialysis
treatment; and usage of phosphate binders, vitamin D,
calcimimetics) have their own benefits and limitations with
diverse clinical outcomes. In order to improve patient
management, a more comprehensive approach to phosphorus
control in dialysis patients may be required. This approach could
involve measuring several biomarkers of CKD-MBD
pathophysiology, such as calcium, phosphorus, and parathyroid
hormone, as well as establishing a link between CKD-MBD
medication and dietary changes. (31).

The quantity of phosphate eliminated from patients on a
standard three-times-a-week, four-hour hemodialysis schedule is
around 2.3-2.6 g, which is only half of the estimated food intake,
if restricted to 800 mg/day [32]. Therefore, phosphate-lowering
medications must be administered to dialysis patients in order to
manage their serum phosphate content and reach the objective of
neutral phosphate balance.

Table (7):Estimation of laboratory tests for patients with renal
failure when eating a meal containing oranges after dialysis
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. Renal Mean
Variables failure MeaDniS Differe T.test P-value
patients nce
Eat
Creatinin Orange 76 9.8+.8 522
e .0904 .643 N s
mg/dl Do not eat 24 9.7+5
Orange
Calcium Yes 76 8.5+.5
{mgiot -1105 | -811 SZS
No 24 8.6%.6 '
Phosphor Yes 76 4.6+.6 .003
us(mg/dL) -.6167 -3.236 H. S
No 24 5.2+.9 :
Bilirubin Yes 76 8+.1 929
Moa/dl .0035 .090 NS
9 No 24 8+.1 :
Yes 76 132+21
NG 5895 | 2003 | 990
) No 24 138+6.9 :
K(mmol/L ves 76 3.8+4 335
.0825 .975 N. S
) No 24 3.7+.4 :
Yes 76 23.6+6.7 313
GOT(ull) 921 | -.239 NS
No 24 24+185 :
Yes 76 17.4+5 261
GPT(u/l) 5465 | -1152 | ¢
No 24 22.8+23 :
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Na: Sodium; k: Potassium; GOT: Glutamic pyruvic
Transminase; GPT: Glutamic Oxaloacetic Transaminas.

T: independent sample Ttest.

Significant. NS: P-value > 0.05 is considered non-

Significant. HS: P-value < 0.05 is considered highly

Before vs. After: There was a significant decrease in creatinine
levels both in January and April following the intervention.
January vs. April: The magnitude of decrease in creatinine levels
was comparable between January and April.Session Efficiency
Rate Before vs. After: There was a significant increase in session
efficiency rate both in January and April. January vs. April: The
session efficiency rate was slightly higher in April compared to
January.Overall FindingsThe results suggest that the intervention
was effective in reducing creatinine levels and improving session
efficiency rate. The improvements observed were consistent
across both January and April.

Additional factors: Considering other factors that might
influence creatinine levels and session efficiency rate, such as
patient characteristics or treatment regimenCreatinine Levels:
Before vs. After: There appears to be a general trend of
decreasing creatinine levels after the intervention (likely the
"session"). This decrease is statistically significant (p-value <
0.000) for both January and April. January vs. April: The
magnitude of the decrease in creatinine levels seems to be
comparable between January and April.

Net urea clearance is the standard measure of dialysis
adequacy. The most extensively researched indicator of dialysis
adequacy worldwide is still a single pool (sp) Kt/Vurea.
Different metrics are tracked, including mineral metabolism,
anemia correction, and hydration status management. Studies
demonstrating improved patient survival with intermediate
molecule clearance have led to an increase in the use of
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hemodiafiltration throughout Europe, as well as in several
regions of Japan and Australia. The quality of dialysis services is
determined by a nation's public health policy and income level in
addition to local clinicalpractice standards (33). An essential
component of dialysis administration is fluid status. Maintaining
adequate fluid status is aided by both urine production and the
fluid eliminated during dialysis. Routine treatment should
include routine evaluation of fluid status, including clinical
examination and blood pressure.

Regular review of the patient's appetite, clinical
examination, body weight, and blood tests (albumin, potassium,
bicarbonate, and phosphate) should all be used to determine their
nutritional condition. It could also be necessary to evaluate and
modify dietary intake of potassium, phosphate, salt, protein,
carbohydrate, and fat. elimination of poisons. A formula known
as Kt/VVurea and/or creatinine clearance can be used to assess
this. Both indicate how much dialysis was administered.
Regarding the need or advantage of reaching a particular goal
value for these metrics, there is no high-quality data (34).

Table (8):Statistical analysis of laboratory test results and
session efficiency for hemodialysis patients

Mean P-
i Mean +Std Difference T-test value
Creatinine 100 9.8+.8
Before
Session -58.4 2237 | 0000
Efficiency 100 68.2 H.S
Rate %0+2.3%
January
Creatinine | 100 9.8+.8 -59.6 -214.8 | 0.000
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Before H.S
Session
Efficiency | 100 | , 7

April -
Creatinine

After 100 9.4+.8

Session 588 | -247.4 OHOOS?
Efficiency | ;5 [ 65 206+2.39%

Rate

January
Creatinine

After 100 9.4+.8

0.000

Session 69.4 -60 -192 H.S
Efficiency | 100 % +2'7%

April -

Significant. NS:p-value> 0.05 is considered non -Significant.
HS:p-value<0.05 is considered highly
4. CONCLUSION

From our study we concluded that the participating
patients suffer from risk factors that cause chronic kidney
disease, such as high blood pressure, obesity, diabetes, heart
disease, and with low kidney efficiency and the occurrence of
dialysis three times a week, and they were given a meal
containing potassium alternating with a meal containing
phosphorus, after laboratory results. The following was
concluded: It is necessary to limit potassium intake so that it
does not lead to weak heart and blood vessel functions and cause
kidney damage. Hyperkalemia
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It is one of the common life-threatening complications in
hemodialysis patients and increases and sudden death. Fruits and
vegetables rich in potassium must be limited.

Experimental studies have shown that restricting dietary
phosphate prevents the development of kidney weakness, and
patients on dialysis must continue to take various types of
phosphorus binders to maintain normal phosphorus levels in the
blood, as phosphorus is found with foods that contain proteins,
such as meat and dairy products. Therefore, medications that
reduce phosphorus levels must be used, such as Calcium
carbonate
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Evaluation of the effect of Garlic Powder and Thyme leaves on
Productive Performance, Blood parameters, and Antioxidant
Status in Japanese Quails

Abstract:

This investigation sought to assess the impact of
incorporating garlic powder and thyme leaves on the growth
performance, carcass attributes, specific hematological
parameters, and antioxidant capacity in Japanese quails
throughout the growth phase (7—42 days). A total of 225 seven-
day-old Japanese quail chicks were allocated into three distinct
dietary treatments (75 birds/treatment) with three replicates for
each treatment (25 birds/replicate). The chicks were
systematically assigned to the following treatments: T1:
Administered a basal diet devoid of any additives (control). T2:
Administered a basal diet augmented with 10 g of garlic powder
per kg of feed. T3: Administered a basal diet augmented with 10
g of thyme leaves per kg of feed. The findings from the
statistical analysis revealed that body weight, weight gain, and
feed conversion efficiency exhibited significant enhancement (P
< 0.05) commencing at 21 days of age and persisted until 42
days of age (the conclusion of the experiment). Nevertheless, no
significant discrepancies were observed among treatments
regarding feed intake. The findings further indicated that levels
of total protein, albumin, globulin, and glucose experienced
significant elevation in diets supplemented with garlic powder
and thyme leaves. Conversely, the inclusion of these additives
significantly (P < 0.05) diminished cholesterol levels in the
blood of quails within the experimental groups in comparison to
the control group. Additionally, a marked reduction in total lipid
levels was noted in the additive groups relative to the control
group. The study also demonstrated a notable decrease in

ISSN: 2537-0804 elSSN: 2537- 0855




Evaluation of the effect of Garlic Powder and .., Jamal Al- Mubarak//
|

malondialdehyde (MDA) concentration alongside a significant
increase in glutathione (GSH) levels within the additive groups.
In summary, the incorporation of garlic powder and thyme
leaves into the diet positively influenced growth performance,
select blood parameters, and the antioxidant status of Japanese
quails.
Keywords: Garlic powder, Thyme leaves, Quail, Growth
performance, Blood parameters, Antioxidants.
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Introduction

The transformation of lifestyle patterns in numerous
nations, propelled by escalating living standards and economic
advancement, has resulted in a progressively heightened daily
requirement for protein-dense foods that are crucial for
development, such as poultry and eggs. These food items are
characterized by their elevated levels of unsaturated fatty acids
(Adeola et al., 2006), which are indispensable for human health
and development. Among the various poultry species, the
Japanese quail is notable for its high production of table eggs
and meat while maintaining a relatively low economic burden.
The cholesterol concentration in quail meat is quantified at 14.22
mg/kg (Aloui et al., 2013). Consequently, considerable scholarly
focus has been directed towards identifying factors that mitigate
cholesterol levels in meat and eggs, as well as enhancing the
quality of fatty acids in these products through the application of
antioxidant agents. These antioxidants are derived from a
multitude of plant sources and serve a critical function in the
prevention of diseases in humans, animals, and avians owing to
their bioactive properties (Chowdhury et al., 2002). Poultry
meat is characterized by substantial concentrations of
unsaturated fatty acids, rendering it susceptible to biochemical
alterations, predominantly oxidation (Mortran et al., 1987).
Oxidative processes culminate in rancidity, as well as the
generation of undesirable odors, flavors, and tastes, which
consequently diminish the quality of the meat (Olorunsanya et
al., 2009). This advancement has also introduced obstacles,
including the emergence of poultry diseases attributable to
accelerated growth rates and diminished immunity resulting
from the excessive application of synthetic antibiotics
(Grashorn et al., 2010). In response to the widespread incidence
of diseases in poultry, researchers have investigated natural
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alternatives to chemical additives aimed at bolstering immunity
by stimulating the immune system and integrating these agents
into poultry feed (Alagawany et al., 2020).

Currently, a primary focus within the domain of poultry
agriculture and the production of white meat is the exploration of
novel alternatives to feed additives that enhance animal well-
being and augment both quantitative and qualitative production
metrics (Gerzilov et al., 2015). Numerous medicinal flora
exhibit a variety of biological properties attributable to the rich
presence of active compounds that bolster animal growth and
immunity (Morsy et al., 2018). The utilization of medicinal
herbs or their extracts represents one of the most expedient and
effective methodologies for the incorporation of natural
antioxidants into the physiology of animals (Soltan et al., 2018).
Moreover, antioxidants are instrumental in preserving animal
health, fortifying the immune system, and optimizing production
efficiency (Qi et al., 1998).

Among the botanicals recognized for their medicinal
attributes are garlic (Allium sativum) and thyme (Thymus
vulgaris). Garlic is characterized by the presence of allicin, a
compound that exhibits antibiotic-like effects. It acts to inhibit
the proliferation of pathogenic bacteria and fungi responsible for
the production of aflatoxins (Meraj et al., 1998). Investigators
Samanta and Dey (1991) reported that the incorporation of
garlic powder into quail diets was associated with an increase in
live body weight. In a similar vein, Aporn et al. (2008)
discovered that the inclusion of 0.7-1.3% garlic in dietary
formulations markedly enhanced weight gain and feed
conversion ratio, without adversely impacting abdominal fat
deposition or the cholesterol content of the meat. Additional
research has indicated that the supplementation of garlic in
broiler diets has been shown to stimulate immune responses,
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diminish glutathione peroxidase activity in hepatic tissue, and
reduce oxidative stress markers in the bloodstream (Zsolt et al.,
2009).Thyme, an essential aromatic herb, derives its efficacy
from the presence of thymol and carvacrol. Dorman et al.
(2000) and Giannenas et al. (2013) elucidated the antibacterial,
antiparasitic, and antifungal characteristics of thyme extracts.
Williams et al. (2001) noted that thyme exerted a beneficial
effect on the digestive system and enhanced production
efficiency in poultry. Various investigations have demonstrated
that the addition of thyme to broiler diets at varying ages and
proportions significantly augmented live body weight, weight
gain, and feed conversion efficiency (Jamil, 2008). Furthermore,
thyme has been shown to exert a favorable influence on certain
carcass characteristics and hematological parameters in broilers
(Al-Qubaisi and Jamil, 2009; Saleh et al., 2014).

The significance of this study resides in the examination of
the impact of garlic and thyme supplementation on productive
performance, blood parameters, antioxidant status, and Japanese
quails.

Materials and Methods

This study was conducted in a private poultry house on a farm
in Surman City from February 8, 2024, to March 14, 2024, over
five weeks. The aim was to evaluate the effect of adding garlic
powder and thyme powder to the diet on productive
performance, carcass characteristics, and blood biochemical
parameters in Japanese quails.

225 unsexed Japanese quails (white, gray, and black
plumage) aged one week were randomly divided into three
experimental groups, each with three replicates of 25 birds per
replicate. The birds were reared in cages inside a closed hall
equipped with the necessary environmental conditions for quail
farming. Electric heaters were used to maintain appropriate
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warmth, and the lighting system provided 24 hours of light daily.
Feed and water were offered ad libitum throughout the trial. The
thyme and garlic powders were procured from local markets.
The experiment included three dietary treatments as follows:
Control group: No additives.
Treatment 2: Diet supplemented with 1% thyme powder.
Treatment 3: Diet supplemented with 1% garlic powder.
The birds were fed a diet formulated according to NRC (1944)
recommendations.
Measured Traits
Live Body Weight: Birds were weighed at the end of each
week, from the start of the experiment until the fifth week, using
a precision scale.
Weight Gain: Weight gain was calculated as follows:
Weight gain (g) = Final body weight — Initial body weight.
Total Feed Intake: Total feed intake was determined using the
formula:
Total feed intake = Feed offered at the beginning of the week —
Feed leftover at the end of the week.
Feed Conversion Ratio (FCR): FCR was calculated, as the
amount of feed (g) required achieving 1 g of weight gain.
Blood Biochemical Parameters

At the end of the experiment, four birds from each
replicate were slaughtered, and blood samples were collected.
The serum was separated and used to measure total protein,
albumin, globulin, fibrinogen, glucose, cholesterol, HDL, LDL,
and triglycerides. These parameters were determined using
ready-to-use test kits supplied by Biolabo, France, following the
manufacturer's instructions. Measurements were conducted with
a spectrophotometer, and concentrations were calculated based
on the equations provided by the manufacturer.
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Antioxidant Status
Glutathione (GSH): GSH levels in red blood cells were
measured as an indicator of antioxidant status, using the
modified method of Burtis and Ashwood (1999).
Malondialdehyde (MDA): Beuge and Aust (1978) assessed
MDA levels in serum, as an indicator of lipid peroxidation, using
the modified Thiobarbituric Acid Reaction Substance (TBARS)
method.
2.4 Statistical Analysis

Data were analyzed using SPSS software version 25.
Analysis of variance (ANOVA) was employed to evaluate the
data and mean differences among treatments were compared
using Duncan, 1955 test.
The statistical model used was:
Yi = M + Ti + Eijk
Where: Yi = Response variable, M = Overall mean, Ti = Effect
of treatment, Eijk = Experimental error.
Results and Discussion
Productive Performance
1. Body Weight and Weight Gain: The results presented in
Table (1) show the effect of adding garlic powder and thyme
leaves on the live body weight of Japanese quails during the
experiment.  Statistical analysis revealed no significant
differences in initial body weight among the experimental
groups. Similarly, no significant differences were observed in
body weight at 14 and 21 days of age. However, starting from 21
days of age, significant differences in body weight were
observed between the supplementation treatments (T2 and T3)
and the control group (T1). The average body weights at 21 days
were 86.14 g (T1), 89.55 g (T2), and 90.53 g (T3). Although the
differences between T2 and T3 were numerical, and not
statistical, both treatments significantly outperformed the control
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group (P < 0.05) in live body weight at 28, 35, and 42 days of
age. The final body weights at 42 days were 195.22 g (T1),
188.17 g (T2), and 201.35 g (T3). Dorman and Deans (2000)
who reported similar findings, where thyme supplementation led
to significant increases in broiler body weight due to the
presence of active biological compounds such as thymol and
carvacrol, which act as digestive stimulants. These results are
consistent with previous studies by Khalaji (2011), which
demonstrated significant improvements (P < 0.05) in live body
weight when thyme powder was added to poultry diets.
Conversely, this study's results contradict those of Sadeghi et al.
(2012), who reported no significant effect of thyme powder
supplementation (5 g/L in drinking water) on live body weight.
Likewise, Narimani et al. (2003), concluded that adding 200—
300 mg/kg of carvacrol (a thyme essential oil) to broiler diets
improved weight gain and overall performance. Similarly,
Toghyani et al. (2010) found that thyme powder at 5 g/kg
increased daily weight gain and live body weight.

The observed improvements in productive traits are likely due
to the antioxidant properties of garlic and thyme. These plants
contain compounds with antibacterial and antibiotic-like
properties that combat harmful gut bacteria, enhancing the
efficiency of nutrient utilization (Kabouche et al., 2005).
Additionally, thyme contains menthol, which acts as an aromatic
agent, purifying the digestive system, reducing harmful
microbes, and increasing pancreatic secretions. These effects
enhance digestion and absorption, ultimately improving growth
performance (Kabouche et al., 2005; Lin et al., 2006). Garlic's
effects on weight gain may stem from its ability to enhance feed
flavor and stimulate appetite. This could also be attributed to the
allicin compound, which reduces cortisol (stress hormone)
levels, as Kothari et al. (2019) suggested. Furthermore, the
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results align with findings from Cross et al. (2007), who
demonstrated thyme oil and flower supplements’ positive effects
on growth and feed conversion. Thyme's essential oils balance
gut microbiota and stimulate digestive enzyme secretion,
enhancing nutrient absorption (Singh et al., 2019). , garlic and
thyme enhance growth by improving digestive enzyme activity,
nutrient absorption, and feed conversion efficiency, resulting in
better immunity and higher body weight.
Table (1): Effect of Adding Garlic Powder and Thyme
Leaves on Live Body Weight of Japanese Quails

Treatments T1 (Control) T2 (Garlic) T3 (Thyme) '
Initial d\g/?)ght (7 ] 25124011 (a) | 26.34+0.16 (a) | 26.68+0.17 (a) | 0.084
Weight at 14 days | 55.22+ 1.20 (a) | 56.87 + 1.34 (a) | 57.43+ 1.38 (a) | 0.070
Weight at 21 days | 86.14 % 1.70 (b) | 89.55 + 1.60 (a) | 90.53 + 1.78 (a) | 0.034
. 12355+221 | 12948+216 | 13245+211
Weight at 28 days 0.019
’ Y (b) (b) (a)
: 160.17+2.12 | 168.22+237 | 17517250
Weight at 35 days 0.0001
J Y () (b) (a)
Final Weight at42 | 19817+242 | 20522216 | 21135%261 | o oo
days (© (b) (@) '

(Means followed different letters in the same row indicate
significant differences differences P<0.05).

The results presented in Table (2) show the effect of adding

garlic powder and thyme leaves on the weight gain of quail. The
results indicated no significant differences between the
supplementation treatments and the control group at 7 days and
14 days. However, statistical analysis revealed significant
differences (P < 0.05) between the supplementation treatments
(T3, T2) and the control group (T1) starting from the third week
of the experiment, with weight gains of 41.92, 39.93, and 37.41
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g, respectively. There were no significant differences between
the supplementation treatments. In the fourth week, significant
differences were (P < 0.05) observed in the T3 supplementation
group compared to the T2 supplementation group and compared
to the control group. Statistical analysis showed no significant
differences between the supplementation treatments and the
control group in the fifth week of the experiment. The total
weight gain of the quail significantly improved in the (P <0.05)
supplementations treatments (T3, T2) compared to the control
group (T1), with total gains of 163.05, 168.88, and 174.67 g,
respectively. The results of this study are consistent with the
findings of Singh (2019), as well as the addition of garlic
powder (1%, 1.5%) in line with the results of Singh et al.
(2019). The interpretation of these results is attributed to the
effect of garlic essential oil as a natural growth promoter. This
effect may also be due to the fermentation of inulin in the colon
by beneficial bacteria, which is associated with enhancing the
digestive system and immune function. Additionally, garlic has
been shown to increase the absorption of calcium and
magnesium. Allicin, a compound in garlic, inhibits the growth of
intestinal bacteria such as Staphylococcus aureus and
Escherichia coli and prevents fungal aflatoxins, thereby
improving feed consumption, feed conversion efficiency, and
body weight gain.

Singh et al. (2019) found that garlic significantly enhances
the number of villous and crypt cells in the duodenum and
jejunum of birds. These intestinal morphological changes
improve nutrient absorption. Furthermore, allicin's ability to
suppress the growth of intestinal bacteria (Staphylococcus
aureus and Escherichia coli) and prevent aflatoxin production in
fungi leads to better nutrient absorption in the intestines. This, in
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turn, improves feed conversion, increases glycogen levels in the
liver and muscles, and enhances metabolism.
Table (2): Effect of Adding Garlic Powder and Thyme
Leaves on Weight Gain of Japanese Quails

Experimental Weight gain (g) P Value
Treatments T1 (Control) T2 (Garlic) T3 (Thyme) '
7-14 days 3014016 (a) | 30.53+022(a) | 30.75+042(a) | 0.097
1421 days 30.92+0.17 (a) | 3268021 (a) | 33.1%023(a) | 0.073
21-28 days 37.41+0.30 (b) | 39.93%0.67(a) | 41.92+042(a) | 0.0001
28-35 days 36.62+ 0.34 (C) | 38.74+056(b) | 42.72+065(a) | 0.0001
35 42 days | 38.00+0.15 (b) | 37.00£0.12(a) | 36.18+0.18(a) | 0.021
Tm?;l’;’g'ggga'” 173.05+2.11 (c) | 178.88 + 251 (b) | 184.67+2.16 (a) | 0.0001

(Means followed different letters in the same row indicate
significant differences differences P<0.05).
2. Feed Consumption and Feed Conversion Efficiency:

The results presented in Table (3) illustrate the impact of
adding garlic powder and thyme leaves on feed consumption
rates. The data show significant differences in total feed
consumption between the supplementation treatments and the
control group. By the end of the experiment, the total feed
consumption rates for the experimental groups were reported as
follows: [values from the table should be included here for
precision].

The total feed consumption rates at the end of the experiment
were recorded as 537.30 g, 536.64 g, and 573.74 g for the
control group, garlic powder group, and thyme leaves group,
respectively. These findings align with those of the study (62),
which reported no significant differences in feed consumption
rates between laying hens fed a diet supplemented with thyme
leaves powder (at 0.5% and 1%) and those fed a control diet.

However, these results differ from those of Al-Naeef et al.
(2010), who observed a significant reduction in feed
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consumption among laying hens in treatments supplemented
with crushed thyme leaves compared to the control. Similarly,
Kazim et al. (2009) reported a significant increase in feed
consumption when crushed thyme leaves were added to the diet,
favoring thyme-supplemented treatments compared to the
additive-free control diet.

Table (3): Effect of Adding Garlic Powder and Thyme

Leaves on Feed Intake of Japanese Quails (g/bird/week

E‘i'(rps;tlr?smsl Feed intake (g) P.Value
T1 (Control) T2 (Garlic) T3 (Thyme)
7-14 days 84.70+1.25() | 83.92+1.31(a) 84.13+ 1.21 (a) 0.087
14-21 days 9442+ 145 () | 94.22+0.67 (a) 95.11 + 1.23 (a) 0.067
104.11+1.70
21-28 days (@) 105.16 + 1.37 (a) | 106.12 +£1.85 (a) 0.076
2835 days 117'2(25 182 1 11612+135(s) | 117.22+142(a) | 0.098
35-42 days 136'3?; 1.62 137.22+ 152 (a) | 135.16 £ 1.63 (a) 0.064
Total Feed Intake | 537.30+ 2.16
(7-42 days) @ 536.64 £ 2.41 (a) | 537.74 +2.16 (a) 0.098

(Means followed different letters in the same row indicate
significant differences differences P<0.05).

Table (4) illustrates the impact of adding garlic powder and
thyme leaves on Japanese quail's feed conversion efficiency
(FCE). A significant improvement (P>0.05) in FCE was
observed with adding garlic powder and thyme leaves. For the
first week, the FCE values were 2.73, 2.74, and 2.81 g for the
control group, T2 (garlic powder), and T3 (thyme leaves),
respectively, with no significant differences between the
supplementation  treatments.Additionally, the total feed
conversion efficiency (g/1 g weight gain) improved significantly
(P>0.05) across all experimental periods, with final FCE values
of 2.91, 3.00, and 3.10 g for the control group, T2, and T3,
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respectively. These results are consistent with the findings of
Kazim (2009) and Al-Naeef (2010), who reported significant
improvements in FCE when thyme leaf powder was added to the
diet.
Table (4): Effect of Adding Garlic Powder and Thyme
Leaves on Feed Conversion Ratio (FCR) of Japanese Quails

(g feed/g weight gain)
Experimental Feed conversion ratio (FCR) P Value

Treatments T1 (Control) T2 (Garlic) T3 (Thyme) '
7-14 days 2.81+0.12() | 2.74+0.16 (b) | 2.73+0.16 (b) 0.035
14-21 days 3.06+0.35(a) | 2.88+0.28(b) | 2.87 +0.17 (b) 0.024
21-28 days 2.78+0.42(a) | 2.63+0.11(b) | 2.53+0.18 (c) 0.038
28-35 days 3.20+051(a) | 2.99+0.16(b) | 2.74+0.12 (c) 0.021
35-42 days 358+0.11(b) | 3.70+0.12 (a) | 3.73+0.21 (a) 0.021
Total g;z)(mz 310+021(a) | 3.00+0.11(b) | 2.91+0.14(c) | 0.033

(Means followed different letters in the same row indicate
significant differences differences P<0.05).

However, these findings contrast with the study by Zweil et
al. (2006), which found no significant differences in FCE
between quail fed a diet with thyme powder (1-2 g/kg feed) and
those fed a control diet.

The observed improvement in FCE reflects the weight gain
stability achieved alongside a consistent feed consumption rate.
This improvement may be attributed to thyme's inhibitory effect
on Gram-positive and Gram-negative bacteria in the bird's
digestive tract due to its active compounds, such as thymol and
carvacrol. These compounds disrupt bacterial cell membranes,
leading to bacterial death, as reported by Al-Jugifi (2015), and
Isa (2013).

Moreover, thyme contains key digestive enzymes, such as
lipase, amylase, and protease, which enhance the breakdown and
absorption of fats, carbohydrates, and proteins. This enzymatic
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activity, as noted by Al-Hadeethy et al. (2006), further enhances
the nutritional benefits of the feed, increasing its utilization and
contributing to better overall health and vitality of the birds.

The findings of this study align with the results of Bollinger et
al. (1998), who reported that Vitamin E improves feed
conversion efficiency due to its antioxidant properties and its
role in enhancing fat metabolism in the body.

2. Blood Measurements:

The results presented in Table (5) show the effect of
adding garlic powder and thyme leaves on some biochemical
blood indices in Japanese quail. The findings indicated a
significant increase in total protein, aloumin, and globulin levels
(P>0.05) in diets containing garlic powder and thyme leaves
compared to the control group. This can be attributed to garlic’s
ability to improve digestion in birds (Gardzielewska et al.,
2003), contributing to an increase in nutrients, including protein
bound to glutathione in the liver, and subsequently enhancing
protein released into the blood (Wang et al., 1997).
Additionally, an increase in Y-globulin protein levels was
observed in the blood (Ali, 2001).

Table (5): Effect of Adding Garlic Powder and Thyme
Leaves on Blood Biochemical Parameters of Japanese Quails

Blood Parameters T1 (Control) T2 (Garlic) T3 (Thyme) P.Value
Total Protein (g/dl) 4.29 £ 0.2 (b) 4.66 £0.3 (a) 4.64+0.2 (a) 0.034
Albumin (g/dl) 1.44£0.06 (b) | 1.51+0.05(a) 1.66 + 0.06 (a) 0.025
Globulin (g/dl) 2.85+£0.05(b) | 2.97+0.03(a) 3.10 £ 0.03 (a) 0.031
Cholesterol (mg/dl) 222 £ 6.8 (a) 182 + 5.7 (b) 185 + 6.3 (b) 0.025
Glucose (mg/dl) 217 £5.32 (b) 250 £6.12 (a) 242 +4.41 (a) 0.045
Triglycerides (mg/dl) | 150+6.21(a) | 84.86+2.32(b) | 97.47+4.35 (b) 0.023
*HDL 140 + 6.52 (b) 183'2?{5 4.12 172.22£6.19 (a) | 0.001
**LDL 35.46+£3.11 (a) | 24.27+£3.32(b) | 26.06 +3.17 (b) 0.001

(Means followed different letters in the same row indicate
significant differences differences P<0.05).
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*HDL high-density lipoprotein.

**|_DL Low-density lipoprotein.

The results also showed a reduction in blood cholesterol

levels in the supplementation groups compared to the control.
This aligns with the findings of Nasir et al. (2005), who reported
a decrease in total cholesterol in the serum of laying hens fed a
diet containing 1.5% thyme leaves. Similarly, Aporn et al.
(2008) observed a cholesterol reduction when garlic was added
to broiler diets at 0.7-1.3%.
Furthermore, blood glucose levels increased significantly in the
garlic and thyme groups compared to the control group. This
agrees with Meraj et al. (1998), who suggested that the increase
in protein bound to glutathione contributes to the elevated levels
of various nutrients, including glucose. These findings are
consistent with previous research (Amad et al., 2011), which
highlighted the effectiveness of certain medicinal and aromatic
plants in reducing blood cholesterol due to their active essential
oils (Lee, 2009).

The reduction in blood cholesterol levels in the

supplementation groups can be attributed to carvacrol and
thymol in herbs like garlic and thyme (Zargari, 2001). These
compounds affect cholesterol and triglycerides by reducing
harmful LDL cholesterol levels (Zargari, 2001). Additionally,
garlic components can inhibit cholesterol synthesis in the liver
by suppressing HMG-CoA reductase, a rate-determining enzyme
in cholesterol biosynthesis (Chen et al., 2002).
Table (5) also indicates that thyme leaves may help prevent an
increase in blood triglycerides without affecting cholesterol
metabolism (Lee et al., 2009). Garlic powder preparation
reduces the oxidation of lipoproteins both in vitro and in in vivo
(Kourounakis and Rekka, 1991).
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The noticeable increase in HDL is a critical indicator of anti-
hypercholesterolemic activity. High HDL levels have been
associated with a reduced risk of cardiovascular diseases (CVD)
(Yousef, 2004). This implies that HDL may play a protective
role by reversing cholesterol transport, inhibiting LDL oxidation,
and preventing atherosclerosis caused by oxidized LDL.

3. Antioxidants:

The results in Table (6) demonstrate the effect of garlic

powder and thyme leaves supplementation on malondialdehyde
(MDA) and glutathione (GSH) levels in Japanese quail blood
serum. The study found that adding garlic powder and thyme
leaves significantly increased (P>0.05) glutathione levels while
reducing malondialdehyde levels compared to the control group.
This indicates enhanced antioxidant capacity in quail, which
aligns with findings by AL- Hameed et al. (2021), confirming
garlic powder’s ability to reduce malondialdehyde levels and
lipid peroxidation in blood serum.
Similarly, the results agree with Abo Ghanima et al. (2023) and
Zweil et al. (2016), who reported that feeding Japanese quail
varying levels of garlic powder reduced malondialdehyde levels
and increased glutathione levels. This highlights garlic powder’s
potent antioxidant activity.

This is consistent with Shaaboun (2011), who observed
improved antioxidant status in broiler hens given an aqueous
extract of thyme leaves (5-10%) in drinking water. It also agrees
with Al-Qattan et al. (2006), who found that administering
thyme capsules (1000 mg/kg body weight) to local male rabbits
significantly increased glutathione levels and reduced
malondialdehyde levels in liver tissue compared to the control.
The improvement in antioxidant status is attributed to
compounds like carvacrol and thymol in thyme, which enhance
the activity of antioxidant systems by increasing the
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effectiveness of enzymes responsible for lipid peroxidation
regulation (Hashemipour et al., 2013).
Table (6): Effect of Adding Garlic Powder and Thyme
Leaves on Antioxidant Status in Blood Serum

T1 .

Parameter (Control) T2 (Garlic) | T3 (Thyme) | P.Value
24.34 £ 2254 £

MDA (nmol/L) 0.453 0.250 20.14 £ 0.15c | 0.0001
10.34 = 1112 +

GSH (umol/L) 0.32¢ 0.15b 1414+ 0.21a | 0.0001

(Means followed different letters in the same row indicate
significant differences differences P<0.05).
Conclusion:

This study concludes that incorporating 1% garlic powder
and 1% thyme leaves into the diet enhances the production
performance of Japanese quail by improving digestion and
metabolism. The antimicrobial properties of these supplements
contribute to better health outcomes, including improved
biochemical blood components and enhanced antioxidant status.
These findings support the use of garlic powder and thyme
leaves as a safer, more economical alternative to antibiotics,
addressing concerns over the potential adverse effects of
synthetic additives in poultry diets.
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