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Evaluating the Importance of an Electronic Health Record

Yas A. Alsultanny™, Hassan M. Zandan?
(Received 6/04/2015; accepted 11/11/2015)

Abstract: The electronic health record (EHR) is an important application in information technology that has become a pillar
in the health sector throughout the world. This study aims to evaluate the scale in which EHR use is accepted in Saudi Arabia
and measure its potential benefits using analytical and descriptive methods. The data was compiled with a questionnaire of 43
interrogatories organized into eight tracks. The results indicate that the Saudi health sector needs training on the use of
computers; its personnel lack adequate skills to utilize EHR effectively, and several unfulfilled expectations contribute to the
deficiencies: support from the Administration, participation of users, independence of training physicians, ease of EHR use,
the usual constraints on physician-patient relationships, and the benefits of EHR. However, the study found no statistically
significant differences based on gender, nationality, and experience related to those factors. The study recommends the
implementation of awareness programs to educate employees and patients about the importance of EHR that are
supplemented by computer training courses in EHR-related applications for employees.

Keywords: Information systems, Health information systems, Electronic health record, Electronic services, User’s satisfaction.
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Closteall g layinls Jadad 4558 50 ddals Jiay ggd ¢4 5ulal)
Gwb e Al (payall Laall el aady ddad )l
8388 pip it ) aadadiul ol 3ls cdysulall il )
fgey At o ST o Slaslaall Jualgis ASaU
O Jealsil) cas i) ASel by celly ) ALYl ol
.(Berg, 2001) dabisall Allall Uil o L5 el
Bea¥ls cilmasdl (o 5slaiall Aalai¥) - Las aainy Vs
Lol A sae o S J<E adiag Jo dugalal)
(Y5 ¢ pilly ¢ Opampaally oY) (e Lgpaniivudl

Ead) clalbhas .7

Al Ml L canrs 1A A anal) Jaud) @
Glaa sadll w3l ey (9 5SY) Jas sy A STy
o LS ¢Sy ¢y pall A pal) Ailallg ooy dulal)
sl i Aalail A (e Ay 4l (i seally
A aal) Jaadl 2l VLA cilaglal
.(World Health Organization, 2005)

lasbeal) dalil a5 Al clagleal) Aaliif o
ialall lagledll dalledd aoall 355 il (A )
ol 4y sl Ao 3l ae il il
(World  Health 5 pSIY) L ljal) aiagg
.Organization, 2005)

Gaad A el haYls Jilugll et 1 gAY el
sdag (Lot seyall e AdEiaadl Elaall e laal)
as) olai ) 5055 a3 ls cchlangdll 1 oa GilaaY)
-(Alsharif, 2003) aUaall cilisa

Gal) @i .8

Bydlly c@palls ¢ gl ¢ uindly sAlEiwal) Gl riall Jha
fos ALl Camll jslacay Juamd daglill clyriall W
)Y aed JsY) sgaall @
AS i) £ SE jsaal) @
ceayal) s EIEN gaall @
candal) LD tagll) jgaall o
coanall cadall A ualdd) jgaall @
1R A s s udleal) jgaall @
spladiny) sl s aalaad) jgaal) @
cAagill 1epldl) ) gacal)

il (g8 .9

Gl b ) g i

o onlelall il b Adlan] AVS I3 Gl aag @
i) i G el Jlonal
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Gaad) gl 11

«((Morten, 2008) z3sai alaic] a3 caad) Calaal 34aail
i Al ads s pladiuly Suadl psbas B o,
Js# z3saig ¢(Diffusion of Innovation — DOI) i)
«(Model Technology Acceptance - TAM) Ll s<ill
@M elaaVl ol jlade 8 V) zisall digy Cum
S sl figyy Ciladinall b saaal) SN 4
Oreadinad) J (e Aalal) ady S Jod ol ruds
oo ) b andig Cagun JSY) zasall ol la (e L]
Erall AU 3y ailly ¢ raddtosall A iaddl) i all
lee Jaguiig 525l 30y 8 aelud Al pailiadlly

BNEERAOY
Gaall dlgla) . 12

el Jaad) alatid (sgiue arii 3 Caadl Calaal 3l
bl Jlaal) 8 Cpllall Agaga Aikiadd £ Liy a5 35 5N
sl dayy & Ja iy dAsagSall dmaall Aol 5 Shyag
il Garad o5t () ALEY) andilly ¢ yaally
(330 Gyl yanll caiall) spadsl i) Y )
Al Zag)f e 3l Ralad) Cilagled) Gy ) 33l
e 3l pualiall Jadis iyl 43 (e 58 AU all
e B! o il Ay Y A al) Dl ) Al
o2y ¢Lansl Sl 58 o dsmaiy QLS s Aplas adga
ALy )Y e g Bl dlad e sle jualial
Usgss «papally crphall ABe 5 cCaplall 4D (a2l
Aagilly Gl calaaiuy)

OaSaa JB e ALELY) s o5 ALELY) 3o (e (380l
o35 Lmyans Lol 50 (e Lty a5y ¢ vanadia
leran a3 Al Glladl Julasl (SPSS 22) el alaai
a3 ALl il Gl e 3aaills L cuntine 408 (50
A8 o Al lany G g b)) CBllae Claa
(JSS Bla) o agilanys Alaw) jslase (1 s
s Claleae w3 1 Jsaall maasys

Glaa) 303 (s Bli V) Jales i aen o 1 Jsaall ooy

i) aie Ll oda e 4 JSdala Calian G
s .(Wager, Lee, & Glaser, 2005)iy sulal) dabaiy)
aalis Cagus g 5K sl oy Afieally dalaly) o2
Yl (hapagill deg ol 8y Saall i) Jagads 4
dpanal GabeY) i elld 8 Ly chalell dasally oig))shll
ayall (ahe¥) Aallass pabad) o JSuall CaISH s
Loaie Alle dad b 5% Aalail) o2ay . (Scott, 2009)
Jeaalds Jya duliall bl 3as U dalal) exius
paluns (Price, 2010) cayall 43ty panyall dpad s
Oyl 3as) b acall and 8 3 iKY sl Jad)
Flaeg oans 3is cpapall (clarall olgal) de il 4 DLl
iayall Gaha¥) 3laly cilalally olsad) sielse (o Ap)\S
all Jaudl of LS (Algasimi & Tobiah, 2012)
Aahall CHLA 8 AV (e aall ) 5350 (s STy
e lya) Jagntty ¢Aglelay Aol alasi ) 8 5ac Ll
.(Bilello, 2013) z3l=

WYL (Hillestad et al, 2005)hal i)y cuals
Copa 58 aa ol 3 o ) ASaY) Basall
(Garets & sy .Usin ¥sa Lle 81 o)laie Le iy
s anall dadl Gk of Davis, 2006)
e iy s gty Casw K50 ol LSl
(Zhou et al., b coylal cus & Al UadY)
ey g 35 5 aiall Jad) o ) 2007)
Cuyi¥) e pasadlly ccpdlls payall Gn Jual sl
i el @hL Jaas (alads) 6 sy g3,
(Krishnan et al., i) calils daaall 3<0all;
8 Biay Cigas A9 Sy anall Jad) (1 .2010)
Gl a3y Glagleal)l Jlaty gen P (e Lpadls
(Marianne et i)y cvald cpa A il s
O oSy (s SSY anall dadl of ) @k, 2011)
O oLlY) YT e o laaslly elldy Al 291 e Jlay
Capall U8 e lgiaall cpiadly cdasY) Sy 350
= olelall Can&s pdiays -l G 4lin DA e
el Jaall dadail ae = Lpanall eyl Jlae
Jaadl Gl aalss ) 330sal) aal (s 1Y)
LAY sl



S5 ST aal) Jaadl 2o Apan w2y s 5 idaladl iy 8

Flig S Wl Jalae 06 Cum g dadipe Al Gl il
.(Morse et al., 2002) 0.7 & Jla b Yssie

) die .14

L) 5l iayaally sl e bl due 5SS
3Shally il b anall g kil culelad) e Lilse
Clus o5 cdpgendl el ASLeally aleall dipaal daal
se il Cun %5 las Gy %95 A8 s i Aiwl)
Lo gl Dlaw) 530 glajisl & (768 dcjsl clilany)
122 ladind 2y chejsall LAY (30 %69 o s
2y Al 408 dilas 5y ccnblay) Jlas) aaed il

ey bl Glily ads JLs)

o) Lbling Jolas .15

dmaall Dol Altiu adgiall 3] acy (gsiue dijed
Aplall lahatVly dpluall Clangiall Gl & . 35 5SY)
3 Jsall 8 mmage s LS gl jgladl

) ksl 5yIaY) aed ssiwe o 3 Jsaall e iy
Glaily 3.87 glea hugia o8 dug KNI daall
s s o J5Y) saall il el <0.668 (5)lxa
A Sy Al D) Gadail adasil) &Ll 3y
Ay SN ) eBladl Akl oy ¢Gilse Ay il
HIDU Adle il aag LS cLlall )00 daaal) 8 4
23 oyl o WS g K Aaall Ol lasiy
(Jeli <& cpalgall dg iSIY) dpnall e ) Aol
Jniiy Slad) Alaye (3 Meld Dyga 5355 )31 of ) sl
(Algasimi & (5 3 eds S Lmall ) dala]
g ) dmall el dalal of Tobiah, 2012)
O Baae Glsl Lo (Gully gl sl 453850 Adadi Jud
di e papall dasall dle)ll aady ddadjall Cilagladl)
Bl A ge Gl 13 o LS L daal) lunsall s
el Al 5 o ) s ) Anged) dsall
Wiadly sl il Jaad cCaaiey Jeli sl
.(Ministry of Health "MoH', 2015)

Jmiia Gloma) s a3 Bt (32 m DLlas Al
.(Morse et al., 2002) dunll Cilaal 3asl

IS Bl s Bl Sy Oges e Doyl SBslas 1 Jgur

g Bl ) Eblalaa o5l a
0.613** Byl asa | 1
0.617** AS Lial g | 2
0.626** il | 3
0.636** alal) AN | 4
0.642** G pally qukall AN | 5
0.709** Alaaiuy) Usgw | 6
0.708** saildl) | 7
0.659** a8

(0=0.01) YAl (5 sice die Lilean] Jla Bl ¥ Jalas *
Gaagd) 31 ald .13
I L) Gl s 23 Bl il e Cayail
(Alpha  Cronbach's) #Lss,S Ll Jales (3daiy ALl

sy oabady LLE Y] layie e L) cillaind e

LS W A BLast) Sl Slalae 2 Jauor

Elaigs Wl dad gl ?
0.859 N aea | 1
0.892 ag i) 2
0.661 ) | 3
0.829 okl L | 4
0.908 oyl okl e | 5
0.830 iyl Ao | 6
0.930 sl 7
0.875 ol | 8
0.890 Jss laay)

o e Ly S L Jales e 2 Jsnall e i
Dsaalls <0.859 SV jsadl sl Jdalal) Gyl il
A Lig S Wl Jales e il (a4 <0.875 (el
COalray ALY dad i e aaill 24 Jai5 0.890 Js<




9 (1437/22016) ddiaill 2 gaall daala (1) 22ell (1) alaall cdipdail) g Lsalia) o glall Jladd) dlaa

st are 3 Leaa] Jiam danall cilaglaall alai aladiu
i) e 55 N Al Coiasly (S capyasil
Al ol LS L aall g Ll cplalall asend LS
olall e 5850 5y, ) (Alhamzah,  2011)
G5 ) G paall Glagleall abas Gaadai o8 g0l
pal aal 5o Dloglal) LS Judats Lingds dppdal) 3l
Al o3 Jid el jualic

Al Dl Aot (e dnd il Cdall 4D (5 gise L
e Ciails 3,16 s ausgia o ciliasd Dy )
Lnal) el e el adie Gua L alae dayy «0.804
OSars ecnbal) D e i o S Ledulss o g S
A g Y Amall D) Aot (f (g Al o3a yuuadd
bl o L) iy iloslae Jasag Ailya o 531 88 0he
L )Y (e Ayl Coni aglanys o L) ADIEL (e JIy 13as
Ay ) dmaall cDlad) oot of ) (Price, 2010)
el e anag adeans Aigall caplall Ay dpiadd aagy 28
Lyl

i Pl e = Gapalls caplall (A8 (s5iase Joas
@hme Cihatls 2,50 s Jansgie e — Al cDla)
D) cerdiivne die &G Allling ((3ilse ye 4a)n 0.882
ABle Aleld ae aglal 28 leaisind (J (pe Aig Y dnial
Capal ple 13 8 8 Cadally anall 48 o LS cdmpas il
8aeLuse 3101S Clall e sadinal) Linsl g€l iy bl
Al eDladl (L (Price,  2010) oaSi L 1aas . aniinl
ciaal) Claghal) (e 8 slaal (a5 (e (S5 A FY)
Lovie 4l gy o Llially dalall xe lgelajiuls deilds

4...! Aash ‘J:\_.Am d}A 3_.»\“;.“ ol '\1.3.\“ L')_\') AN A .\\\“ < D)

sl 4alis
o Jaand A 5N dmall ) Aot Ageus (g5ise L
2G50 A2 «0.666 (g)lme ilyails 3.93  aloa bauigia
A3ty abe lnpay (Y clagdl die dlle il g ol
Amall D) A el s Y Al cDUal)

Al yloeal) dyylmal) 1 U1y dlasd! Sl gzl 13 Jgur

Gld) AN | e giall

L.-J:::” a,.\gbj: sl ¢
0.668 3.87 B aca |1
0.621 4.17 ag i) | 2
0.552 3.92 )
0.804 3.16 uudall AINEL | 4
0.882 2.50 o sl ) A8 | 5
0.666 3.93 i) Uogu | 6
0.700 3.99 suldl | 7
0.639 4.34 dagl | 8

o ST IS8 aainy dg SN Aanal) Bl #las
nall Lol orie pardioadl Calind Lgiasdle 2w
pelalialy 258 JS clislily dy) GRS Cua alaY) pgie
el ol a (e pgie JS ol ) A€y Gl aglaall
.(Wager, Lee & Glaser, 2005)

a5 Sy Al ) aladiud b AS)Li) (s5ise L]
A% 0.621 (gHlame Gbaily 417 laa Lavigiay (<8
o Cpeadiunall dadgid) AS)LaA jaliaa ST (s L Bdlse
Ledeaiis 40 ST dpmoall Bl (Baukal (8 gLl (B
il Cyglal a8 ol Lain ST Lglantiang ¢aladtudll Jeud
Jaadl ) Jsaill of (Nowinski ef al., 2007) s
s2g) Cpaxiiivaall o1l Basa 3l (N (533 s sY) aall
Gilsy s Y aall Jacdl aladin) of LS L edlal)
) g (Al A ) daall 55 Allys A e
Qaseall dppall Aslaall Sl daall AL Jgasll
o Blsbasally Aanl i oo (e sae Junily oY
.(Ministry of Health "MoH', 2015) 4le )

dmall Ol aladi) e adgid) il (s Juas
@lme Gbails 3,92 pla laugie o Ay ySlY)
e oyl vile ST ol ¢ Bilse A 0.552
ey ) o o A S Al Dl
(Aldweik, duly il cyedly il gall Jgod Lgalatind
Adels (e aad Al gl (e ae dllia o 2010)



o5 A aall Jaadl wlaindd Apand a1 olai) s 5 (lhaladl iy 10

i) oot Tgdlay o s o L) (o (e i) aag
Graskiiy gl (f (e (9 LS e LS A SN Fmial
dgh Aoy an® 8 LY e ti A Y daal) cDla)
s SN Al Bl Agaal (e Gl dpaal gty L Juadl
Al sty Sy (e 1 papall Cilaghes 488 Lis 3 b5y
VM5 o Sle s (ladlly (lagmd (e ogha) & Lo JS ALl
(Andersen, Rice & Kominskl, dala duh cf))dy cdatia
& (Hillestad ef al., 2005) iy gl <yl i .2011)
8 LS (a8 ageasy A Y Amall D) Ao
Al pe Ban A sl o3 ag Al cilar AU Lealls
S gl aal of A clag A (Alhamzah, 2011)
Akl pll e hal)  dald s Clasbee ol b a5

o] il shel) AR Al g ¢ mndl J8 e ) Jhans 3

L) cluzad Es) .16

sbaas (3 Lga A6l £l b a3yl (o
Al dpaddll ULL Bl daulil) dpacajdlly (Ailauy)
Lsid) s5iue 2ic (One sample T-test) laal aladsial
die Ggdgal) Jangiall Jiaig 3 gl Allg A8 gall Al Slusl)
gl 1 4 Jpaal gy o(GR0.05) AN (s5ine
ALY slaey Gl A L)

b i dsms () A8Ln) ngd Rl s (s A S
O3 e LS Slgas (oS g SN Al Dl s
Jiae (& Gagulal) (psariivn awall g Uadl) & cpilasally o LY
ggas ST Ll 0l Jlae 8 4dila i Jany Lo caglec
el daually

e Ag SN Al Dl oot (e 50d (55ise Jon
Gilse iy 0.700 (slme cilhady 3.99 laa Laugic
fonall Ol o e Gilasdll g ALY 2 Le s
i 8 aglac dgaing cagiige dolaal Baa ()sSiu A S
Cra Al 0385 . agllael Adel (o pmrnss cJumdl dpla Al
Dl 45 g SEIY) Ll D) Ly i ) Ll
S sl Usasll o (Bilello, 2013) (s G gl sl
LAl A o aplall 8508 (et ) (5350 Aaled) Slagledl
B e Slasbeall Jgaagl) a5 LS ccanliadl cudgl) 4kl
@A LS () Aoy At (et () Aol oie ilide
5352 A SN Al el plasiad of (WHO, 2014)
e Jpanlly (bl e 808 Ao sanal i) ilee i )
Gy + e By 8 A (sl Ao gTiay A4S Cllaghes
0S5 A smal) Fmiall llagheal) alis Laal (o (Scott, 2009)
Lelshall Al dagpudly 3 Sl AaSu) gt B

o giay (18 g FEN) Aol D) oot (e sl U
G By (3d15e 420 0.639 (g)lme Ciails 434 s

ALl ASLEaN) glaay (@l AN Aual) ciluad LEA) 14 g

v . . . 4 g9 Al AL o giall .. .
G vt P | gl | DA e | s
0.001 407 18.619 0.870 0.668 3.87 408 H1
0.001 407 27.086 1.178 0.621 4.18 408 H2
0.001 407 23.964 0.927 0.552 3.93 408 H3
0.001 407 2.990 0.168 0.804 3.17 408 H4
0.000 407 8.098 -0.500 0.882 2.50 408 H5
0.001 407 20.033 0.934 0.666 3.93 408 H6
0.001 407 20.218 0.991 0.700 3.99 408 H7
0.000 407 25.096 1.123 0.639 4.12 408 HS8
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) Aot A ggad Aflian) AV €3 (358 25ms
Lo giay A giall A ggondl el cdind sial) A3 SN Lmial
S D) i o ) s Lae 3,93 s
Lanall ) alaind J58 s e g IS
Js ssime o gy cDlall 2N 5588 HT Ly il @
ol s Jay A sKIY) dsall cDla ) alasi )

Aaai ) Js 8 gsiane e fisas)Y) aca Hl 4oadll @
S ) Gyl Laa) Jayg L dg 5K daall cla
Y e pBsial) aea W Alas] AN D) (3558 250
cdlal L SN dmiall Dlaid) Gadail _adal & Ll
o o () oy Las 3,87 b Las iy pdgiall acal)
A U8 ssime o o)isy el #Lially 5)5)
e JSs Ag SY) dmal) Dl
Aaai ) Jsd (g o 50 AL H2 4 a i) @

Cro A giall B3l Aglan) A I3 (3958 35ms ) aibd)
2 giall 52504l el i S A al) D) Hasi
e A il 3250 o ) ey Lee (3199 s Taisgiag
Al J58 s e Lalad 55 cdlaud) s
g SN Aol D)

G e sy Ol ati ) 4agll HE Gyl o
DLal Jay g SN da sl el pasid J5 8
afgall Ailian) AT 3 358 39 () Gl ()dl
ual dnall CBladl Jsdy alasin aagill (e adsiall
3sas oy Lae (412 s Jasssiay adsiall Cadsdll
D) Jsdiy i Y Aagl) (e g o il
Aaaal

cpiall) Aatill Ul i e (i HY dpaajill @
Lnall cDlad) st e it (5080 (@yall el

T by Ayl caldhaily dulall il il Clas o3

A i S Jeaalls cunll 5 dl) ANV Gluaal

die Aflian) AN ) 35,8 39 a0 5 Jeaall e i

AN aal Jad) a8 (0=0.05) AV (g5

L) dad en e @iy uial) okial (gl adsial

Sy s e IS Ay o e ax daill o3y Alal)

Ciladal) et 8 A ST Al D) Bk AsaaY

el Al

Clasgiall o Wilan) &l (3558 il CuilS 13 Lad 4 jeals

(One way sala¥l cplall Jilad axdind &5 jeal) piie caus

.6 Jsaall Ly LS ANOVA)

die Adlas) AN GId 3958 3535 20 6 Jsaall (e i I

AN ol ol alaaidd 6 (0=0.05) A5 (g5t

A S Gyl sl Jagg s SN danal) Bl
Cpeadioeall 4l i) 48 Laall Alian) AN D (358 25ms
o iy A S Al D) (Bl Ay
A adgiall AL i) o Y ey Lae 4018 s
Candl Jof (g5iame (o olad JS5 5335 perdiuall
g Y )

At ) Jo 8 gsime e sy cun W H3 G gl e
o) bl aydl lsal Jag LA SSNT dsall e
i A a8 gl )yl Aflan) ANV Y (5358 99
Lo fiay adiall Cappal bl g SIS Amall Bl
oo Lelad it o Y e Lee 3.93 b
A SN Lmall Dl Aot Jod (g5

plasinl J58 e o Jig caplall 4D HY duajill o
el Gyl Sl Jagg LA S dmoall L)
e Aad i) Cupdall ADUELY Aflan) AN D (5458 Jeag
DU L) llal &g SN Laaall ) Hlasn
A o ) e Las 3017 s Loy A gidl)
dnall Ol alasiud Jo 8 (st Ao fins coplall

U8 i o i35 Glapaly caplal) A8le HS 4l @
il HLEa) Jay Ay S A all e ) Gl )
O ARl A8lan) AV b (3958 dgag A sl
dnall Bl aladi ) PR e cpayally caplall
D i L 250 Sl Lasisiay il Lassgl) mllial
G o i Ganpally Caplal) (s Aadigial) A ¢
(oo IS8 Ay S Al el oot 58
3 e i sl sl ()

At Jod ssiue o S5 i) Algen HO dua il o
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850 i o Wi Joaal g iy <Ay S dmal
Ol alafind (e Aad gial) 52300 A 30 e JT yanl
Sy lie (JIs S el il g Sy daal
A 40 (e ST janl) (5535 A 39-30 e el g3
Ay S Al Ml il of e Jay Vi

) pend) o Bl ST (S ad i)
Crua A glaall clalaiylg Aploall il il Gl o3
313 g8 llia cul€ 13 Lo 48 jaaly 350a) Sl yuiia
@AY cplall Jlas sl 28 clasgial) Gp Liloas

Y] e A sl e Gl o penll i (g3 adsidll
gy (papally aplall & Bley capnTlly AS)L Gl
o Adlan) AN 3 558 dga aa dngils calaai )
) ) alasid (e 3a8lal) Gl cCalall 4D
c el il (g0 A STy

4l s L) aladi il a5 gyl plaas o oyl
T Jsal B oae s S (Scheffe)

330 G S el (g5d il (f 7 Jgaall e oy
Lnal) Dl ) i) e dadgiall Coplal) DE LY

9 Jsall & cpe 4 LS ((One way ANOVA)

vie Aflaa) AVS @l 5558 25y a0 9 Jsaall e (i
s A aall Jad) Guks & (0=0.05) Vo 5
Alad aen (o @llyg 3yual) Gl suial (53a3 adsiall
Jamaadl Gl o e Jas il sday A gl lauy)
Cibsall pen (Ao B3l 5y aBgiall (g S aall
el sl i e i) (aky daall b

50 Sy A5)lia (JIy J g ¢ e i€ d )
LY o (Ao Jan dagil) sday w40 e ST sl
doaal) Ol pladni) 8 ADE T s jaaY)
sl bl e Jalasl) 8 4ED o gly iy, Iy
JEY) eal) (553 o (e Anill 038 st Sy - impally
seall (553 oa Apaal) Ll gi€ill aladial e 508 ]
) 5] pgihn® o Llay) (et Laat SV

o) e on Blawd! ygloned Tyl @it 15 Jour

X o da q <) ey Sla gial) )
# - 40 n N (dad Laal
Ay | day | T 4 jlaall Labual) > sataadl ¢
0.290 406 -1.059 0.736 3.812 )Sh
ot SN asa 1
0.643 3.891 sl
1.270 406 -2.175 0.628 4.067 s i
" as Liall| 2
0.616 4.217 il
0.290 406 -1.059 0.557 3.819 B
" | 3
0.547 3.965 s
0.909 406 0.115 0.786 3.176 B .
iy Gkl 4DEL)| 4
0.813 3.166 i
1.000 406 0.000 0.910 2.500 )Sh ..
iy sl quplal) ANe | 5
0.875 2.500 el
0.886 406 -0.144 0.633 3.926 )Sh .
P e\éﬁu\ﬂ Adsgu 6
0.679 3.937 &l
0.261 406 -1.127 0.799 3.926 JSS e
ot bl 7
0.662 4,014 &l
0.816 406 -0.232 0.648 4.111 B
ol dagll 8
0.639 4128 i
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ol s o Bl plonad (31 ol ol jle) il 16 g

A (s gin | F Aad j:i:\ 3:::‘ Ei::: Cpbl) Jlaa Jstaal) 5
0.851 0.161 0.073 2 0.15 e sanall o
0.450 405 90.37 e sanall Jaly B asa | 1
407 90.52 S
0.963 0.038 0.015 2 0.03 e sanall o
0.389 405 78.23 e gendl Jaba Al | 2
407 78.26 S
0.706 0.348 0.107 2 0.21 e ganall G
0.307 405 | 6168 e ganall Jaka el | 3
407 61.90 S
0.015 4.287 2.683 2 5.37 Gl ganall
0.626 405 | 125.80 e gaxall Jaka ualal) A& | 4
407 | 13117 S
0.947 0.055 0.043 2 0.09 e ganall (g
0.785 405 | 157.79 e sanall Jab | Gy jally cuhal) Bde | 5
407 | 157.88 S
0.156 1.874 0.824 2 1.65 Cle sanall G
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An Analytical Study of the Impacts of Accounting Conservatism on the Quality of
Disclosed Financial Statements (as Applicable to the Joint Stock Companies
Registered in the Saudi Stock Exchange)

Abdullah AlOtaibi™
(Received 5/11/2015; accepted 8/12/2015)

Abstract: In recent years, the focus of accounting studies has been on accounting conservatism, considered the most
important principle to greatly influence the appropriateness and reality of accounting information included in financial
statements. Ball, Kothari & Nikolaev (2009) considers accounting conservatism and timely reporting to be the sources of
transparency in financial statements. Recently, global research has also focused on the effects of the principle on the relation
between shares, profits and returns, and the extent to which it is applied in various countries (Gigler & Hemmer, 2001). Many
global financial accounting researchers (e.g. Ball, Beaver, Watt, etc.) have examined the applications of the principle in other
countries. Abulkheir (2008) suggested that there are numerous reasons for the growth of such research interest, the most
important ones being the increasing demand in preparing more conservative financial statements, the consequence of
spreading profitability management practices in most financial reporting environments, and the great progress achieved in
research on the measurement tools of many financial and accounting institutions. In addition, the cycle of controversy has
expanded, particularly in the USA, where the controversy concerns the use of fair value on assets valuations. In this study,
two issues will be examined: What causes the financial statements of one environment to be more conservative than in other
environments? What is/are the reason(s) for differences in degree of accounting conservatism in the financial statements of
companies from the same country?

Keywords: Conservatism, Aggressive accounting, Profitability management.
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Mediating Environmental Behavior in the Relationship between Applying 1SO 14000
and Supporting Exports as Applied to the Industrial Public Sector
in Middle and East Delta, Egypt
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Abstract: This study sampled 274 managers working in public industrial sector companies in central and eastern Delta to
investigate the relationship between the direct and indirect links of the variables of the study and determine whether there is a
role for mediating environmental behavior in the relationship between applying 1SO 14000 and export support. The results
showed that there is a significant relationship between the application of ISO 14000 and the export and environmental
behavior, but that there is none between the application of 1ISO 14000 and the export support; moreover, that the mediating
environmental behavior does not have a significant effect on the relationship between the application of 1ISO 14000 and the
export support. A set of recommendations is provided to raise the level of interest in the application of ISO 14000 in order
to support exports and promote the environmental behavior and practices that promote and support the export companies
under study as a topic of future research on the issue.

Keywords: Environmental Behavior, 1ISO 14000, Export support.
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A substantial amount of research has also been
conducted to shed light on the genetic and
molecular biology of C. militaris. Scientists have
identified several genes involved in the formation
of fruiting bodies, which is significant in
improving the production of bioactive compound
(Tuli et al., 2014). In order to enhance the
production of this valuable compound, scientists
have successfully obtained a C. militaris mutant
using different techniques, such as ion beam
irradiation (Das et al., 2010).

To our knowledge, there has been no report of any
toxicity in humans, and a recent study also
indicated that C. militaris can be used as a fresh
health food (Zhu, Pan, Yang, & Zhou, 2015).

S. CONCLUSION

As mentioned previously, the research paper study
has shown that the biological activities of the
Cordyceps militaris fungus are valuable sources of
medicinal compounds; however, further molecular
research is necessary to refine the taxonomical
position of Cordyceps spp. and in order to improve
the production of the medicinal compounds and
facilitate a Dbetter understanding of their
biochemical synthetic pathway.
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3.8. Effect of Cordyceps militaris on fertility

C. militaris is prevalently used in traditional
medicine to improve sperm production and
enhance sexual activity; but no evidence to
corroborate the effects on humans. However, a
study on boars by Lin, Tsai, Chen, Hou, Hung, Li,
& Jeng (2007) conducted in Taiwan had surprising
results. Two groups of boars, one fed on a normal
diet (control group) and another on a C. militaris
mycelium supplemented diet (treated group).The
results revealed that sperm production was
considerably enhanced in the treated group;
moreover that sperm motility and morphology
were also significantly enhanced in the group.

3.9. Uses and health benefits of Cordyceps
militaris

C. militaris is widely used as food in Southeast
Asia, especially in China, Taiwan and Hong Kong
(Li, Guan, & Li, 2015). The fruiting bodies of C.
militaris are used to make traditional foods and
drinks, such as stewed chicken, duck, tea, and a lot
of other traditional staples (ibid). The fruiting
bodies are considered safe when consumed at less
than 2.5 g/kg of body weight. Li et al., 2015
examined the effects of cooking on the C. militaris
compounds, adenosine and cordycepin, and found
that the former compound decreased dramatically
when the fungus is steamed while the later
remained relatively stable.

Nowadays, the health benefits of the fruiting
bodies and mycelia of C. militaris are found in
pharmaceutical products and drugs. Cultures of C.
militaris have showed interesting properties, such
as utility in producing drugs for various diseases,
example, chronic bronchitis, kidney ailments and
pulmonary diseases, etc. (Dai, Fan, Wu, Xiao, &
Tian, 2007; Wang & Yang, 2006). Over 30
varieties of pharmaceutical products are now
available commercially (Huang, Lin, & Chen,
2010).

4. DISCUSSION

Some researchers have discovered that the
chemical components of the wild C. militaris and

the cultured C. militaris are similar (Tong, Kuang,
Wu, Zhang, & Ren, 1997; Jiang & Sun, 1999;
Wang, Lee, Chen, Yu, & Duh, 2012). For many
years, solid cultures were used to produce
industrial enzymes (Marques de Souza, Zilly, &
Peralta, 2002; Fenice, Giovannozzi, Federici, &
D’Annibale, 2003) and nutrient enriched feeds
(Aguilar, Aguilera-Carbo, Robledo, Ventura,
Belmares, Martinez, Rodriguez-Herrara, &
Contreras, 2008; Vintila, Dragomirescu, Jurcoane,
Vintila, Caprita, & Maniu, 2009; Soltani, Al-Alj,
Othman, Malik, Elmarzugi, Aziz, & Al Enshasy,
2015). However, the process was found to be more
cost-effective than liquid and two-stage cultures.

At present, due to various reasons, such as host
specificity and scarcity, the fruiting bodies and
mycelia of wild C. militaris are expensive to
obtain. Consequently, current attempts to find and
develop alternative methods to extract its bioactive
components involve artificial cultivation, that
involves solid, liquid (including submerged and
surface liquid), and two-stage cultures (Junjun,
2007). Many researchers produce the fruit-body of
the fungus in vitro; some successfully grow C.
militaris and obtain fruiting bodies on brown rice
medium (Sung, Choi, Lee, Kim, Kim, & Sung,
1999; Sung, Choi, Shrestha, & Park, 2002). Other
scientists have also developed methods to
successfully grow fruiting bodies on insect pupae
(Harada, Akiyama, Yamamoto, & Shirota, 1995;
Sato & Shimazu, 2002). However, although solid
culture is cost-effective and appears to be a
promising culture technology, it takes considerable
time to yield fruiting bodies; the quality of the final
product is also not easy to manage, and solid
culture is not appropriate for large-scale industrial
production (Dong, 2013).

In recent years also, the liquid culture of
C. militaris has been widely studied to enhance the
production of valuable metabolites. This method
has many advantages, the main ones being those of
producing a high quantity of mycelia in a short
time and the reduction in the risk of contamination
(Hsieh, Tsai, & Shih, 2007; Kim, Hwang, Park,
Cho, Song, & Yun, 2002; Park, Kim, Hwang, &
Yun, 2004).
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militaris fruit-bodies (Dong, Wang, Ai, Yao, Sun,
Lei, & Wang, 2013).

Substantial research has also been conducted to
study the Cordyceps carotenoids that are isolated
from C. militaris fruit-bodies. For example, Dong
et al. (2013) identified and classified four new
xanthophylls:  cordyxanthin-I, cordyxanthin-II,
cordyxanthin-III and cordyxanthin-IV, although
the chemical compositions and pharmaceutical
properties of these carotenoids are still to be
determined

3.6. Polysaccharides

Studies have reported that polysaccharide extracted
from the fruiting bodies of C. militaris has an
important medicinal value. Ohta et al. (2007)
isolated an acidic polysaccharide (APS) that
consisted of D-galactose (CAS number: 59-23-4),
L-arabinose (CAS number: 5328-37-0), L-
rhamnose (CAS number: 3615-41-6), D-xylose
(CAS number: 58-86-6) and D-galacturonic acid
(CAS number: 6556-12-3). In their study, Ohta et
al. (2007) examined the effect of acidic
polysaccharide (APS) on mice infected with the
influenza A virus. Interestingly, the results
demonstrated that when the polysaccharide was
administered, the virus titers decreased in the mice
and their survival rate increased. Moreover, the
study indicated that acidic polysaccharide (APS)
increased TNF-alpha and IFN-gamma levels in the
treated mice while also enhancing nitric oxide
(NO) production. Furthermore, the study also
noted that there was an induction of iNOS mRNA
and protein expressions in RAW 264.7 murine
macrophage cells. The study concluded that its
results proved that APS had anti-viral effects on
the influenza A virus through the modulation of the
immune function of macrophages (Ohta et al.,

2007).
In a subsequent, it was discovered that
polysaccharide (cordlan) extracted from C.

militaris has an antitumor activity (Kim, Kim,
Kang, Kim, Kim, Hong, Lee, Hong, Kim, & Han,
2010). The study examined the effects of
polysaccharide (cordlan) on the defect of dendritic
cells (DC), and established that polysaccharide
(cordlan) increased allogenic T cell stimulation but
that it decreased endocytosis. The study further

indicated that cordlan increased the
phosphorylation of the main signaling molecules
down-stream from TLR4. The study concluded that
its results demonstrated that cordlan induces DC
maturation via TLR4 signaling pathways (Kim e?
al., 2010). In a corresponding study (Li, Li, Li,
Douz, & Gao, 2010), to examine the effects of
polysaccharides isolated from cultivated fruiting
bodies of C. militaris (CMP), it was observed that
CMP can inhibit mitochondrial injury and
mitochondrial  swelling through scavenging
reactive oxygen species (ROS) and increasing anti-
oxidase activities, which the study concluded
indicated that CMP has both anti-aging activity and
pharmaceutical properties.

The investigation of Lin, Liu, Wu, Pang, Jia, Fan,
Jia, & Jia (2012) on the antioxidant effect of the
exopolysaccharide (EPS) isolated C. militaris SU5-
08, (which had been extracted from a strain of C.
militaris SUS), revealed that the EPS of C.
militaris SU5-08 had an antioxidant activity that
reinforced adaptive immune responses.

3.7. Antibacterial effect of Cordyceps militaris

Research recently undertaken to evaluate the
antibacterial activity of C. militaris against human
bacteria includes one in Korea to investigate the
antibacterial effect of the fungus on nine human
intestinal bacteria (Che, 2003). The results
indicated  that the  liquid culture of
C. militaris has growth-inhibiting activity against
several bacteria, such as Clostridium perfringens
and Clostridium paraputrificum, which the
research attributed to an active compound present
in the liquid culture of C. militaris, that the
research  identified as  cordycepin  (3°-
deoxyadenosine). It is noteworthy from the study
that cordycepin did not reveal any adverse effects
against Bifidobacterium bifidum, Bifidobacterium
longum, Bifidobacterium breve, Bifidobacterium
adolescentis, Lactobacillus casei, or Lactobacillus
acidophilus. This outcome suggests that C.
militaris has at least one pharmacological action;
moreover, that cordycepin could be a valuable
antibacterial agent against various diseases caused
by Clostridium spp. (Ahn, Park, Lee, Shin, & Choi,
2000).
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3. BIOACTIVE COMPOUND AND
MEDICINAL VALUE OF Cordyceps
militaris

3.1. Cordycepin

In recent years, several bioactive compounds have
been extracted and examined. The first, and
primary, bio-active compound extracted was
cordycepin  (3-deoxyadenosine), which is a
nucleoside analogue synthesized by C. militaris,
that possesses several pharmaceutical proprieties,
and is widely used in modern medicine (Zongqi,
2002; Tuli, Sandhu, & Sharma, 2014). It has also
been shown that cordycepin (3-deoxyadenosine)
displays antimicrobial, immunomodulatory and
anticancer effects (Ohta, Lee, Hayashi, Fujita,
Park, & Hayashi, 2007; Vitali, Petrelli,
Lambertucci, Prenna, Volpini, & Cristalli, 2012),
and that it is intracellularly transformed into its 5’
mono-, di- and triphosphates, which inhibits the
activities of several enzymes in the purine
biosynthetic pathway (Masuda, Urabe, Sakurai, &
Sakakibara, 2006).

3.2. Ergosterol peroxide

Several previous studies conducted to determine
the effect of ergosterol peroxide (CAS Number:
2061-64-5)  extracted from C.  militaris
demonstrated that ergosterol peroxide has a
significant activity against gastric cancer cell line
(Kim, Kim, Cai, Nam, Lee, An, Jeong, Yun, Sung,
Lee, & Hyun, 2001). Another also catalogued the
anti-inflammatory, anticancer effects of ergosterol
peroxide, that found that it suppresses
inflammatory responses through the inhibition of
the transcriptional activity of NF-kB and C/EBPb
and the phosphorylation of MAPKs. This study
also confirmed that ergosterol peroxide is one of
the most important antitumor sterols to be
produced by medicinal mushrooms -- although its
molecular mechanism still remains a mystery
(Kobori,  Yoshida, Ohnishi-Kameyama, &
Shinmoto, 2007).

3.3. Adenosine

It is well documented in the literature that
adenosine is considered as the main nucleoside in
Cordyceps spp. (Yang, Li, Li, & Wang, 2007b).
Yang, Guan, & Li, (2007a) discovered a large
number of C. militaris adenosines although the
figure is low when compared to that discovered for
C. sinensis (Yang et al., 2007b). Other studies have
also documented that adenosine has an essential
role in the biochemical process and that it
possesses several pharmaceutical properties, such
as anti-inflammatory and anticonvulsant activities,
and that it can also be used to treat chronic heart
failure and, perhaps, even prevent tissue damage
(Ontyd and Schrader, 1984; Katakaze & Hori,
2000).

3.4. Fibrinolytic enzyme

A new bioactive compound similar to subtilisin-
like serine protease was extracted from Korean C.
militaris by Choi, Cha, Park, Kim, Lee, Park, &
Park, (2011), which was a fibrinolytic enzyme that
had a molecular mass of 34 kDa, with a sequence
alignment that indicated that the enzyme shared the
highest (68%) sequence identity with subtilisin
PR1J (Gene bank, CAC95048), that was isolated
from Metarhizium acridum. It is worthy of note
that the N-terminal sequence of the enzyme
contains 15 amino acids, different from those of
fibrinolytic enzymes found in other mushrooms.
Results obtained from research conducted to
investigate the effect of fibrinolytic enzyme
purified from C. militaris, also indicated that the
fibrinolytic enzyme has fibrin binding activity and
that it contributes to fibrin pathway degradation
(Kim, Sapkota, Park, Choi, Kim, Hiep, & Park,
2006; Choi, Par, Choi, Jun, & Park, 2011).

3.5. Xanthophylls

Recently, studies have reported that C. militaris
fruit-bodies contain essential bioactive
components. Research has also documented that
Cordyceps carotenoids are considered as some of
the most important active components present in C.
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1. INTRODUCTION

For centuries, traditional Chinese medicine has
turned to medicinal fungi as a panacea for
strengthening the immune system and revitalizing
the human body, qualities that have usually been
attributed to their diverse biological activities, the
two most commonly used fungal species being
Cordyceps sinensis and Cordyceps militaris (Liu,
1994, Liang, 2007), of which
C. sinensis is more famous. Many active
compounds found in the two varieties have positive
effects not only on the human immune and
respiratory systems but in the treatment of several
diseases, such as renal, hyperglycemic and hepatic
dysfunctions (Song, Jeon, Yang, Ra, & Sung,
1998; Mizuno, 1999; Yun, Han, Lee, Ko, Lee, Ha,
& Kim, 2003; Choi, Par, Choi, Jun, & Park, 2004;
Yu, Wang, Zhang, Zhou, & Zhou, 2004). Although
C. sinensis and C. militaris have identical
medicinal properties, C. militaris is more easily
cultured (Zheng, Huang, Cao, Xie, & Han, 2011,
Dong, Lei, Ai, & Wang, 2012). It is a great source
of biomedical products (Ng & Wang, 2005) and a
more dependable fungus for extracting bioactive
components, such as cordycepin, ergosterol and
polysaccharides, that are used in pharmacology and
modern medicine (Das, Masuda, Hatashita,
Sakurai, & Sakakibara, 2010; Reis, Barros,
Calhelha, Ciri¢, Van Griensven, Sokovi¢, &
Ferreira, 2013). Moreover, research has shown that
C. militaris also possesses the ability to infect and
parasitize lepidopteran insects, such as butterflies,
at different stages, infecting their pupae (or larvae),
living and developing there until finally killing and
mummifying them. Thereafter, C. militaris
produces fruiting bodies of 2 to 8 cm in length of
and a width of 0.5 cm (Han, Liu, Cao, & Chen,
2006; Hong, Kang, Kim, Nam, Lee, Choi, Kim,
Kim, Lee, & Humber, 2010).

C. militaris has been the topic of numerous
reviews, many of which have not focused on both
the bioactive compound and medicinal value
aspects of the fungus. Consequently, this mini
review will expand the bibliographic research into
those aspects to focus on the biological activities of

Coryceps militaris, and to reveal the importance of
this entomopathogenic fungus as valuable source
of medicinal compounds. In addition, to highlight
the need for further, molecular research to refine
the taxonomical position of Cordyceps spp. and the
necessity to better understand biochemical
synthetic pathway of its bioactive compounds.

2. TAXONOMY OF Cordyceps militaris
RELATED TO MOLECULAR
RESEARCH

C. militaris (L.: Fr.)Link classified in the
subphylum Ascomycotina, Clavicipitales and
Clavicipitaceae. In  previous studies, the
classification of this fungus based on
morphological characters, such as asci, ascospore
fragmentation, thickened ascus apices, part-spores,
and the arrangement of perithecia (Kobayasi, 1941,
1982; Mains, 1957, 1958). However, since that
system proved difficult to apply and inefficient in
differentiating between any two close species of
fungi, which the research attributed to various
factors, such as the environment and the effects of
diverse  ecological habitat conditions on
morphological characters, there have been attempts
to offer alternate classifications using molecular
methods. For instance, Sung, Hywel-Jones, Sung,
Luangsa-ard, Shrestha, & Spatafora, (2007) used
molecular markers to refine the classification of
Clavicipitaceae that utilized seven loci: nuclear
ribosomal small subunits (#rSSU), nuclear
ribosomal large subunits (#rLSU), elongation
factor lo (fefl), the largest subunits of RNA
polymerase II (rpbl), the second largest subunits
of RNA polymerase II (rpb2), B-tubulin (fub), and
mitochondrial ATP6 (afp6) (ibid). The results
indicated that most of the morphological characters
used in earlier classifications of Cordyceps spp.,
such as the arrangement of perithecia, ascospore
fragmentation, ornamentation, etc., were not
adequate to study phylogenetic relationships; they
did not provide phylogenetic information, whereas,
the pigmentation, texture and shape of the stromata
were principally phylogenetically informative
(ibid).



Northern Border University
Journal of the North for Basic and Applied Sciences (JNBAS)

www.nbu.edu.sa
http://ejournal.nbu.edu.sa

A
=
3
N
B
A
5

ot =604

K,

Tlla sl ge ol L al o
SORTIEAS WORDER UNIVISTTY

A Review of the Bioactive Compound and Medicinal Value of Cordyceps militaris

Abdulhakim Bawadekji', Khalil Al Ali >, Mouhanad Al Ali *
(Received 12/02/2016, accepted 26/03/2016)

Abstract: For centuries, traditional Chinese medicine has relied on medicinal fungi as a panacea for strengthening the
immune system and revitalizing the human body based on the belief that fungi have diverse biological functions. Modernly,
Cordyceps militaris has also been a source of several bioactive components in pharmacology and medicine, such as
cordycepin, ergosterol and polysaccharide. Cordyceps militaris has been the topic of numerous reviews; however, many of
them have not focused on the bioactive compound and medicinal value of this fungus. In this mini-review, we compile recent
data on, the latest molecular research, its bioactive compounds and medicinal value.
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agriculture for pesticides obtained from natural
sources, the antimicrobial properties of OPE could
be exploited for the control of plant diseases, and
olive residue can be successfully used as an
inexpensive  source of natural antifungal
compounds. Further studies should focus on
optimizing the inhibitory concentration of the
extract and the conditions of application.
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— N
Figure 2: Effectiveness of olive pomace extract treatment 24 hours before artificial inoculation by A4. alternata.

&

(A) 2.5 % concentration, (B) 5 % concentration, (C) Control.

Although the antimicrobial activity of OPE has
been studied widely in vitro, little research has
been done on the in vivo evaluation of these extract
efficiency against important plant diseases. It is
evident from our results that OPE has a high effect
in controlling A. alternata that causes leaf spot on
tomatoes, and it also appeared evident through the
very localized area of the spots on plants treated
with OPE compared with control plants. These
results are similar to previous works on the role of
plant extracts in the plant disease control: Mavrakis
(2009) showed that 0.1 % pure aleuropein (98%)
and 0.1% olive extract had a protective effect
against bacterial spot of paper plants caused by
Xanthomonas campestris pv. vesicatoria and
bacterial speck of tomato plants caused by
Pseudomonas syringae pv. Tomato;Nashwa and
Abo-Elyousr (2012) indicated that the foliar sprays
of tomato plants in the greenhouse and field, with
many plant extracts, resulted in a significant
reduction in early blight infection. It seems that
these natural extracts inhibit and/or restrain spore
germination of fungi. This protective effect may be
explained by the fact that solutions of OPE contain
high amount of phenolic and oleosidic compounds
(Medina, Garcia, Romero, de Castro, & Brenes,

2009; Dayan, Cantrell, & Duke, 2009). In fact, the
phenolic compounds are implicated in the defense
system of plants against pathogens. In the brown
rot of stone fruits, caused by the fungus Monilinia
fructicola, fungal cutinase activity seems to be
inhibited greatly by phenolic compounds, which
are abundant in epidermal cells of young fruit, and
the fruit is resistant to infection. As the fruit
matures, the concentration of these compounds
declines sharply, cutinase activity increases, and
the fruit is penetrated by the fungus (Agrios, 2005).
Our results are also similar to those of Mavrakis
(2009) in that the protective effect of olive extract
was more obvious when its application started
before infection.

4. CONCLUSION

In conclusion, our /n vitro results indicate that the
presence of OPE in a medium inhibits the growth
of all four fungi, with a higher extract
concentrations (10% and 15%) being more
effective, while our /n vivos studies suggest that
using OPE on tomato plants in green houses
protects them against leaf spot disease caused by A.
alternata. As there is now an increasing demand in
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Table 2: Infected leaf area and disease severity caused by A. alternata after treatment with olive pomace extract.

Treatment with olive pomace
extract 24 hr. after inoculation

Treatment with olive pomace

extract 24 hr. before inoculation

Extract concentration Control 2.5% 5% 10% Control 2.5% 5% 10%
% of leaf spot area 25-70 25-50 10-17 0-1 30 -100 10-15 0 0
0 —9 scale 5-7 5 2-3 0-1 5-9 2-3 0 0

Figure 1: Effectiveness of olive pomace extract treatment after 24 hours of artificial inoculation by A. alternata. (A)
2.5 % concentration, (B) 5 % concentration, (C) 10 % concentration.

The results were better when the artificial
inoculation was performed 24 hours after spraying
with OPE. Symptoms were observed on inoculated
leaves when treated with 2.5% concentration, but
the spot size was much smaller at the preventive
treatment compared with the treatment at the same
concentration after inoculation with the spore
suspension; the spot size was limited and did not
exceed 10-15% of infected leaf surface area, while
spots were relatively larger in the control, where
inoculated leaves were sometimes completely

blighted. The results also show that treatment with
OPE at 5% and 10% concentrations before
artificial inoculation led to full protection of plants
from infection, where no spots were observed on
the leaves of treated plants. No symptoms were
also observed on plants artificially inoculated
either before or after treatment with the methyl
thiophanate fungicide (Figure 2).
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concentration, and 100% at 10% concentration
(Table 1).

The antimicrobial activity of oleuropein and other
phenolic compounds found in olives have been
studied mostly against various bacteria involved in
lactic acid fermentation, Lactobacillus plantarum,
L. brevis, Leuconostoc mesenteroide (Fleming,
Walter Jr, & Etchells, 1973),and against bacteria
connected with infections of the human intestinal
or respiratory tract (Bisignano et a/.1999). In our
study, we have tested the antifungal activity of
OPE against four fungi known to cause reduction
in the yield and quality of crops. As all other fungi,
those four fungi are extremely responsive to
environmental pressures and exhibit a capacity to
adapt to, and colonise, a variety of ecological
niches. Alternaria alternata is an attendant to
tomatoes, potatoes and paprika, while F. culmorum
and F. proliferatum cause a degradation of cereal
grain, and are also known for their production of
mycotoxins (Hope & Magan, 2003). Our results
are compatible with those obtained by
Winkelhausen et al. (2005), who have
demonstrated a high effectiveness of the extract of
olive pomace on the growth inhibition of
Alternaria solani, Botrytis cinerea and Fusarium
culmorum. Soler-Rivas et al. (Soler-Rivas, Espin,
& Wichers, 2000) obtained similar results for
Geotrichum candidum, and Rhizopus sp. The
antimicrobial activity of olive pomace is due to its
high content of phenolic compounds (Marsilio et
al., 2001). In contrast, Aziz et al. (Aziz, Farag,

Mousa, & Abo-Zaid, 2001), working with pure
phenolic compounds isolated from olive cake,
reported very low concentrations of phenols in
medium (0.02 to 0.04% w/v) to completely
inhibiting the growth of bacteria (Bacillus cereus,
Escherichia coli, Klebsiella pneumoniae) and fungi
(Aspergillus flavus, A. parasiticus).

3.2 The effectiveness of olive pomace extract in
controlling tomato leaf spot in greenhouse:

Tomato plants were artificially inoculated by a
spore suspension of A. alternata, and 24 hours later
the plants were sprayed with three different
concentrations of OPE.

The results showed that 2.5% concentration of
OPE did not affect the fungus, and did not prevent
infection. Large spots were observed on leaves; the
lesion area ranged between 25 and 50% of the
surface of the leaf. These symptoms were almost
similar to control, where the spots included 25 to
70% of the total area of infected leaf. The leaf spot
disease was significantly reduced when the plants
were sprayed with the extract at 5% concentration,
where small brown spots were observed on leaves
just at inoculation places (Figure 1). No symptoms
were observed on artificially inoculated leaves
when tomato plants were sprayed with the extract
at 10% concentration, indicating the effectiveness
of OPE to control the leaf spot disease on tomato
(Table 2).

Table 1: Effect of olive pomace extract on mycelial growth of four species of plant pathogenic fungi.

Treatments
Control Fungicide Extract concentration
Pathogenic fungi 2.5% 25% | 5% | 10% 15 %
Radial growth of pathogenic fungi (cm)
Cladosporium sp. 3.14a® 0c 23b 0c 0c 0c
A. alternata 52a 0.6b 44a 035 0b 0b
F. proliferatum 6.4 a l.1c 4.4 b 123 ¢ 0d 0d
F. culmorum 6.5a 09c 45D 13¢ 0d 0d

W Similar letters indicate to the lack of significant differences between the treatments for each fungus.
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transferred to 16 cm black plastic pots containing a
mixture of clay, sand and peat (1: 1: 1 v), and
watered regularly.

Preparation of spore suspension: 15 ml of sterile
distilled water was added to each plate containing
10 days old culture of A. alternata; colonies were
carefully scraped with sterile soft brush. The
conidial suspension was filtered through sterile
muslin cloth, and a concentration of 5 X 10
spores/ml was obtained by dilution with sterilized

distilled water (Presello, Betta, Iglesias, &
Eyherabide, 2008).
Plant treatment and artificial inoculation:

Tomato seedlings of five weeks old were used for
this essay. Treatments with OPE were performed
as foliar spray at 2.5%, 5% and 10%
concentrations. Ten plots were used as replications
for each treatment as well as for the untreated
control treatment.

a- Treatment with the extract before
inoculation: The plants were sprayed with OPE
at the concentrations previously mentioned; ten
plants were sprayed with the methyl thiophante
fungicide at the concentration recommended by
the producer. 24 hours after the spraying, the
tomato plants were inoculated with 20 ml of 4.
alternata suspension containing 5 x 10’
spore/ml. After inoculation, the plants were
covered with polyethylene bags for 48 hours to
maintain high humidity conditions. After 48
hours, the bags were removed and plants were
kept under greenhouse conditions.

b- Treatment with the extract after inoculation:
The tomato plants were first inoculated with a
spore suspension of A. alternata as previously
described. After 24 hours plants were sprayed
by the extract at three used concentrations. Ten
plants were sprayed with methyl thiophanate.
The plants of the control treatment were
inoculated without spraying with the extract.

Infection severity estimation: Two weeks after
inoculation, disease severity was recorded. The
intensity of disease was recorded in each treatment
following the 0-9 scale (0 = healthy; 1 = 1-5%; 2
= 6-10%; 3 = 11-25%; 5 =26-50%, 7 = 51-75%,
and 9 = > 76% of the leaf area infected) proposed
by Latha et al (Latha, Anand, Ragupathi,
Prakasam, & Samiyappan, 2009).

Statistical analysis: Analyses of variance were
carried out using SPSS15 statistical program. The
least significant difference (LSD) was employed to
test significant differences between treatments at P
<0.05 (Gomez & Gomez, 1984).

3. RESULTS AND DISCUSSION

3.1 Effect of olive pomace extract on mycelial
growth of four fungal species in vitro:

The antifungal activity of POE was estimated by
cultivating four selected fungi on PDA medium
supplemented with appropriate quantities of the
extract to reach extract concentration of 2.5%, 5%,
10% and 15%. Additionally, the fungi were
cultivated on a medium without extract, and on a
medium with a conventional fungicide, methyl
thiophanate (2.5%), both serving as controls.

The results showed that the growth of
Cladosporium sp. decreased significantly at the
concentration 2.5% of OPE, where the diameter of
the colony reached 2.3 cm compared to the control
(3.14 cm), and the growth was completely
inhibited at 5% concentration, which was similar to
the effect of methyl thiophanate used at 2.5%
concentration.

The growth of A. alternata was not significantly
inhibited at 2.5% concentration compared with the
control, while growth was significantly decreased
at 5% concentration, and completely inhibited at
10% and 15% concentrations. The diameter of the
colony also significantly decreased to reach 0.6 cm
when the fungicide was used, with significant
differences when compared to the control and
2.5% extract, while the differences were not
significant compared with 5% concentration of
OPE.

Mycelial growth diameter of F. proliferatum
decreased significantly at 2.5% concentration to
reach 4.4 cm compared with 6.4 cm in the control,
and up to 1.23 cm at 5% concentration, and
completely inhibited at 10% concentration. The
effect of the fungicide was not significantly
different when compared with the effect of 5%
extract. The results were similar for F. culmorum
where growth inhibition reached 80% at 5%
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2. MATERIALS AND METHODS

2.1 Testing the antifungal activity of olive
pomace extract (OPE) in vitro

Fungal isolates: F. culmorum and F. proliferatum
belonging to the collection conserved in the
laboratory of plant pathology, Damascus
University, were used in this study. They were
maintained on agar plates at 4°C on medium
containing per litre: 30 g malt extract, 3 g meat
peptone extract and 15 g agar. Plates (Petri dishes
of 9 cm diameter) containing PDA medium were
inoculated at the centre with a mycelial disc which
was taken at the periphery of Fusarium fungal
colony. The plates were incubated for 5 days at
22+1°C and served for inoculum preparation.
Cladosporium sp. was isolated from ripe tomato
fruits showing black spots. The surface layer had
been removed from spots by a sterile scalpel, then
a small piece of infected internal tissues was
transferred to Petri dishes containing PDA medium
with antibiotic (Amoxicillin 100 ppm). Petri dishes
were incubated at 22+1°C. Alternaria alternata
had been isolated from tomato leaves showing
typical symptoms of leaf spot. Infected leaves were
superficially sterilized for 2 minutes in 3% sodium
hypochlorite, washed 3 times with sterile water, cut
into small pieces, then put on potato dextrose agar
(PDA) medium supplemented with antibiotic
Amoxicillin (100 ppm). Dishes were incubated at
2242°C.

Pure cultures were made by additional transfers
(several sub-culture). Fungal isolates were
classified based on their spore morphology,
according to the International Mycological Institute
(LM.L) Descriptions of Pathogenic Fungi and
Bacteria (Minter & Cannon, 2015).

2.2 Olive pomace extract (OPE) preparation

Approximately 1 kg of olive pomace was collected
during harvest season (2013) from an olive press in
Sweida in southern Syria. The olive residue was
dried at 60 °C and packed in vacuumed plastic
bags, which were stored at 4°C until used.

The extraction process was conducted in two steps:
In the first step, hexane was added to the dry olive

pomace in the ratio 4: 1 (v/w) to remove the
residual oil and pigments; this process was
repeated three times successively. In the second
step, 70 % ethanol was added to olive pomace in
the ratio 6: 1 (v/w) with mashing and stirring in
ceramic mortar intermittently for two hours. After
two successive extractions, the total ethanol extract
was filtered by filter paper. This extract was stored
in the dark at 4°C until used.

2.3 Testing the antifungal activity

Potato dextrose agar (PDA) medium was prepared
(39 g per 1 liter of water) and distributed in 250 ml
Erlenmeyer flasks, and autoclaved at 121°C for 15
minutes; then cooled to room temperature. Media
for testing antifungal activity of OPE were
prepared by supplementing the growth medium
with appropriate quantities of the extract to reach
concentrations of 2.5, 5, 10 and 15% (w/v). The
total volume was 200 ml in each flask. The fungi
were also inoculated on a medium containing
methyl  thiophanate  fungicide at 2.5%
concentration (w/v). PDA medium supplemented
with different concentrations of OPE and the
fungicide was distributed in 9 cm Petri dishes.

Medium plates were inoculated at the centre with a
5 mm mycelial disc that was taken at the periphery
of 7 days old fungal colonies, with three
replications for each concentration, and incubated
for 7 days at 22+1°C. Colony diameters were
measured in different treatments and compared
with the control to calculate the percentage of
growth inhibition according to the Abbott
equation:

% Inhibition= [(colony diameter in the control—
colony diameter in the treatment)/ colony diameter

in the control] x 100

2.4 Efficacy of olive pomace extract (OPE) on
controlling tomato leaf spot disease under
greenhouse conditions

Plant material: Seeds of tomato var. Marmande
were sown in 30 X 60 cm plastic trays (50 seeds in
each of them) containing sterilized compost. Three
weeks after germination, seedlings were
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1. INTRODUCTION

The olive tree (Olea europaeca L.) has been
cultivated from ancient times in the Mediterranean
region to produce table olives, olive oil and olive
leaf extracts. For centuries, olive products have
been employed as food, natural preservatives and
in folk medicine. Moreover, during the 19"
century, extracts of boiled olive leaves were used
as a remedy in malaria patients. Nowadays, olive
leaf extracts are commercialized to treat several
diseases, many of them caused by microorganisms
(Medina, Brenes, Romero, Garcia, & de Castro,
2007).

Olive oil has a high content of oleic acid and is rich
in phenolic compounds, which act as natural
antioxidants contributing to the prevention of

human diseases (Barbaro, Toietta, Maggio,
Arciello, Tarocchi, Galli, & Balsano, 2014).
Epidemiological studies have shown that

consumption of foods and beverages rich in
phenolics is correlated with reduced incidence of
heart disease (McDonald, Prenzler, Antolovich, &
Robards, 2001; Topalovi¢, Zivkovié, Cabarkapa,
Djeli¢, Baji¢, Dekanski, & Potparevi¢, 2015). The
secoiridoid oleuropeins is one of the main phenolic
compounds found in unripe olive fruits,
responsible for the bitterness of the olives that
must be eliminated before they can be made
palatable. Other phenolic compounds isolated from
the olive fruits are demethyloleuropein, rutin,
luteolin 7-glucoside, verbascoside, ligstroside and
elenolic acid glucoside (Brenes, Rejano, Garcia,
Sanchez, & Garrido, 1995; Tasioula-Margari &
Tsabolatidou, 2015). Apart from their antioxidant
properties, these compounds possess
antimutagenic, anticarcinogenic and antiglycemic
properties (Visioli, Romani, Mulinacci, Zarini,
Conte, Franco, & Galli, 1999), and are involved in
the defence of plants against invading pathogens,
including bacteria, fungi and viruses (Marsilio,
Campestre, & Lanza, 2001).

Olive oil is extracted mechanically by pressure and
by a three-phase centrifugation procedure. The
disposal of black olive mill wastewater and olive
pomace resulting from this process creates a major
environmental hazard in the main olive-producing
countries (Clemente, Sanchez-Viquore, Viquore,

Bautista, & Millan, 1997; Lesage-Meessen,
Navarro, Maunier, Sigoillot, Lorquin, Delattre,
Simon, Asther, & Labat, 2001). Therefore, a
suitable use of these olive residues will not only
improve the economic status of olive oil
production but also minimize the environmental
hazard.

Chemical pesticides actually play an essential role
in the control of plant diseases. Although they are
effective and economically advantageous, their
intensive use in agriculture has caused many
problems, such as toxicity to mammals and
environmental pollution (Copping & Hewitt, 1998;
Stangarlin, Schwan-Estrada, Cruz, & Nozaki,
1999; Pattnaik, Kar, & Sahu, 2012). Complying
with the growing public awareness of these
hazards, there is a need for the development of
alternative control materials of plant diseases,
which includes the biological control, the induction
of resistance and the use of natural products with
antimicrobial activity as olive leaf and pomace
extracts.

Many studies have shown the antimicrobial
activity of olive oil mill wastewaters and olive leaf
extracts against pathogenic bacteria (Capasso,
Evidente, Schivo, Orru, Marciales, & Cristinzo,
1995; Markin, Duek, & Berdicevsky, 2003;
Ahmed, Rabil, Garbaj, & Abolghait, 2014), viruses
(Bisignano, Tomaino, Lo Cascio, Crisafi, Uccella,
& Saija, 1999), foodborne pathogens, such as
Salmonella enteritidis and Staphylococcus aureus
(Tassou & Nychas, 1995; Korukluoglu, Sahan,
Yigit, Tiimay Ozer, & Giiger, 2004). However, the
antifungal activity of olive pomace extract was
demonstrated in just a few studies (Winkelhausen,
Pospiech, & Laufenberg, 2005; Bokhari, 2009).
The objective of this study is to investigate the
antifungal activity of the olive pomace extract
against Cladosporium sp., A. alternata, F.
proliferatum and F. culmorum on PDA medium, as
well as the efficiency of this extract to protect
tomato plants from A. alternata infection that
causes leaf spots and fruit rot. To our knowledge,
this is the first time that the extract from olive
pomace has been used against these four fungi
known to be capable of causing plant diseases and
control tomato Alternaria leaf spots in the
greenhouse.
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Against Tomato Leaf Spot Disease
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Abstract: The antifungal activity of olive pomace extract (OPE) at concentrations of 2.5%, 5%, 10% and 15% (w/v) was
investigated against four pathogenic fungi, and compared with methyl thiophanate at the concentration of 2.5 % (w/v). Mycelial
growth of Gladosporium sp. and Alternaria alternata was inhibited completely at 5% extract as well as at 2.5% fungicide. While
growth of Fusarium culmorum and F. proliferatum was stopped completely at 10% concentration, no significant differences
were noted between the fungicide and the extract at 5% concentration. The antifungal activity of OPE was also tested for
controlling leaf spot disease on tomato plants in the greenhouse. No leaf spots were observed when tomato plants were treated
with 10% extract 24 hours after inoculation with spore suspension of A. alternata. Plant treatments with the extract at 2.5% and
5% concentrations did not protect the plants from infection, but the disease severity decreased with increasing of the extract
concentration. The results were better when the artificial inoculation had been done 24 hours after spraying the plants with OPE.
Treatments with the extract at concentrations of 5% and 10% led to full protection of plants from infection. The present study
demonstrated that OPE holds good promise to be a natural fungicide against some common crop pathogens.

Keywords: Olive pomace extract; Antifungal activity; Tomato leaf spot; Pathogenic fungi.
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RECTOR.S FOREWORD

I am pleased to introduce the first publication of Journal of the North for Basic
and Applied Sciences (JNBAS), the scholarly contribution of the Northern
Border University (NBU) to the field of refereed academic research in the basic
and applied sciences. I hope that INBAS will satisfy the needs of researchers
and scholars from all varieties of scientific discipline.

It is worth mentioning that NBU aspires to adhere to the standards of scholarly
publications in accordance with internationally declared publishing terms
and guidelines. Consequently, the editorial board has adopted submission
guidelines that ensure that all articles comply with internationally recognized
publishing standards.

I would like to take this opportunity to extend my sincere gratitude to all those
who have worked hard to make the journal a reality, in particular, the editorial
board members and editor-in-chief. I hope that the journal will preserve its
quality-based approach and pursue the same course of abiding by high quality
standards, scholarly research and scientific diversity.

Prof. Dr. Sa’eed bin Omar Al Omar

Rector, Northern Border University
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