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The current and optimal geographical distribution achieved to reduce the costs of
importing barley to the Kingdom of Saudi Arabia
Yosef A. Alamri
Unit of food security, Agricultural economics department, College of food and Agricultural
Sciences, King Saud University
Abstract:

This research aimed to study the current and optimal geographical distribution pattern
achieved to reduce the costs of importing barley to the Kingdom of Saudi Arabia, based on the
published secondary data and the quantitative economic analysis represented by the geographical
concentration coefficient and the linear programming model used to reduce the costs of importing
barley during the period 2017-2021. This study showed an increase in the quantity and value of
Saudi imports of barley at an annual growth rate of 1.37% and 2.15% each, respectively. The
average price of barley imports increased from $125.3/ton in 2000 to $271.1/ton in 2021, with an
annual growth rate of 1.52% during the period 2000-2021.

This study also showed that the total percentage of imported quantities from the Russian
Federation, Ukraine, Australia, Germany, Argentina, France, and Romania amounted to 90.56%,
while the total percentage of imported quantities from the rest of the countries did not exceed 10%
during the period 2017-2021. By calculating the geographical concentration coefficient of the
quantity and value of barley imports, it was found that it reached 38.15% and 38.03% for each of
them, respectively, during the study period. The average price of Saudi Arabia's import of barley
ranged between a minimum of $172.8/ton from Slovakia, and a maximum of $270.2/ton from the
United States of America, with an average of $204.44/ton during the period 2017-2021.

Through the proposed geographical distribution of barley imports, it was found that the value
of imports amounted to 1055.8 million dollars for the same amount of barley imported during the
period 2017-2021, with less than its counterpart in the current situation by 6.56%. In light of the
results of this study, it recommends the necessity of restructuring the geographical distribution of
the Kingdom of Saudi Arabia's imports of barley, in order to achieve a decrease in the value of
imports, a reduction in the amount of deficit in the agricultural trade balance, and the preservation
of all markets and the quality of imported barley.

Key words: geographical distribution, barley imports, linear programming, Saudi Arabia.
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Economic analysis of fish food security indicators in the Kingdom of Saudi Arabia during
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Abdul Aziz Muhammad Al-Duwais’, Khalid Nahar Alrwis®, Mahmoud Mohammed Aldrinyj,
Sharafeldin Bakri Alaagib’, and Nageeb Mohammed Aldawdahi*

! Department of Agricultural Economics, College of Food and Agricultural Sciences, King Saud University.
20ffice of Food Security Studies and Research, University Vice Presidency for Postgraduate Studies and
Scientific Research, King Saud University.

3Department of Statistics and Operations Research, College of Science, King Saud University.

4 Department of Agricultural Extension and Rural Society, College of Food and Agricultural Sciences, King
Saud University.

Abstract:

The research targeted economic indicators of fish food security in the Kingdom of Saudi Arabia
during the period 1995-2030. The secondary data published by the General Authority for Statistics,
the Ministry of Environment, Water and Agriculture, the Central Bank of Saudi Arabia, and the
World Food and Agriculture Organization. The study applied descriptive analysis methodology
and economic equations to estimate food security indicators and the VARX methodology for
forecasting. By studying the current situation of fish production sources in the Kingdom of Saudi
Arabia; Measuring fish food security indicators and predicting the amount of production and
consumption and the rate of self-sufficiency in fish. The study reached a set of results, the most
important of which are: The average fish production in the Kingdom of Saudi Arabia from the Red
Sea was about 23.8 thousand tons, from the Arabian Gulf about 35.5 thousand tons, and from fish
farming 27.7 thousand tons during the period 1995-2021.

The production adequacy period decreased at an annual growth rate of about 0.9%, and the import
coverage period increased at an annual growth rate of 1.6%. As for the self-sufficiency rate, it
decreased at an annual growth rate of 0.9%. Finally, the amount of the food gap increased at an
annual growth rate of 5.9%. The amount of strategic stock reached about 110.3 thousand tons, and
the food security coefficient reached 0.27. The forecast results showed that the annual average
expected value of production during the period 2022-2030 is 239,061 tons, and it is expected to
cover 45% of the average domestic consumption during that period. Thus, the remaining 55% of
imports can be covered.

Keywords: fish, food security, forecasting, Saudi Arabia.
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SooS bl 0 s (Nasser ef al., 2016) oSy Vly conmafadly cinmayebly <0080 Joa ciitall
o3l cpseopmally (pprasdly clivsdlly (il s OF Jid) Cia Gl B5all ol
2y .(Al-Adili et al., 2015) Jlsd) Je %025 <0.25 1.3 2.7 «67 0.4 28 <SS by (psanniillly
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LIV 2o ygaill Judes i Bl aibias Folys

G pldstal & S (il OV Belin 3 ol Ganw pliseand) 33800 U] @Y1 ae o)lal
Gl ferg BN 245 3 ) Cano (pro vt cdesty (able) piducnl A 3l Sblydl Bdis 3 L
oo ey bl i sl Busine Bg 35y pde el gy onlly Lile Camed) plasenal o
S5t Ol gy ol Caner OF Legrals (3 Gy L gnlly cadd) on b3Sy Cald 2] 3 Lagil e
Sl J\ij pldss) (3 b ng_é-f dwlys Q:L’Jj Sy %A IV 7S 9% Y 9 e %o e
3 Lol 4 a5 5 WSy aleYl 1583 36 o )l g o Yy adll (655 SUASH ) e Vo
sal Gl pdey (SN Calally (Jsdll s 3y Aly ad) sy ¢ Jeid) Bligl) oo AelSan BT Logaals
o) B, i) bl (L s &y glonte Bl By pLEY) O1)af Jas sz OIS cdaald) pLieY) 5683 a v
dlanl ol g B 2 Joud Sad) (595 dlal (S SISy sl o5 i CalaSTa g g aiE21 Jsidl) Syl

CelEY Oll 3 Bysine By b g YV AT 0 B (el
359 «(Sangnark et al., 2003) Sd! aad B gmans t e olias 8ls e 290N <L) zl )
Lyt il o ly (JUSAIST STl 53y (Wahini, 2016) smtl) ot 5f il 3340 Sy o
Jeddou) bl 1523y o(Eshak, 2016) js\ ;535 «(Larrauri, 1999) 3las g 13 355 L5y SUYY

.(etal., 2017
solineV) ) ax ol Ll L) G o sl 380080 LYY 2f el 5 0mg pidd Py
Aelod g A aadl) Sleglall p3g5 1) dnlyll ol S cidlias dad (65 gt p Y ad) LF Came o

& (aalasdl (Sed (63 e dI clalsd) oda ‘}jﬁ- u§'€ L}L"JLU ¢J¢>‘J\ oz J:f}?\ Bh N &
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LAY Ao yganll S s Bubus (aibias dualys
odd LU Jaza¥l e 22U Aadl OOSEL e sde e (3 debey ST el pledl) s sl
il am e WA OUNL W) gLl ailas a3y jead Jalis anl, il oda OB ades . colilsll

(@Mb LoD ‘éjgwj\) Jed) e Lol w5 (L.JQ‘,’ Joadl (3y5l) el Jé e
1Coudl 3,bg 515!

Py Sl gy dusged) gl B (3 850k Slol Bl JF G plasand ¢

gt f5 2L s s 3 opme S dld Bl As) ) )ldly SV abe e adally
(Sl e sl Jadl) e S fhady il x Bat Bl Lk 2l sl Gire G
bt ab oo Lo W LSt n el i ety o Bgb i) el l camy ¢ ng
b ¢ s el e alsall el 48 5l ol Besl F Ls iy 3585 15 3L el e 313 plaszaly
il b @bl (3 U] g JUeS sl plasiial oo 10 sl 3pa0 wdad 1) 2,81y Lad)
(Modern Control Industrial Services )Uas <13 dimbas plasiznl Al Slmb o)l 2ilosl) Jodl Ciaw
T ke ) b e serg e ol Sle e sl S5y — Model MCC420C — China)

bl s (e 1 s SN o O Sl d
St Ldes

I 4 gk (VE 100, FRITCH, Germany, 2003) |=J jle> & Jsdl Giaw Ggoenns &2 £
~#b (180 - 355 pim) Jawwsze ¢(355- 1000pm ) s tololie 4 ] Gomndl 539 (3565 5 50k JU S
((ASTM, 1985) 125 pm ¢ssbes 5 8 12 2Ly ¢(125 — 180 pm)

38
J. Saudi Soc. for Agric. Sci., Vol. 22, No. 2a;2023 AYYY (Y) YY el pslall Bsgnd) dmed) 2



LY Ay gl Jeds it Beor b (ailias dulys

S itV B e il gt ol o b e Vield ] o ¢

s o S (My) Juﬁﬂwxww@w Syl Ui € Byl 5ty & a9 (M) Ciand)

-(Fikry, 2016) (1) (3, dslall 3

(1) Yield (%) = =X x 100
M,

:‘gw‘ Jekoed)

£ i (o S0 Ogmball sl Cames Bymnns o0 Wlptie lie &M SLaSdl o) o) &

LS”.(Thiex et al., 2012) AOAC Official Method 942.05 Ash of Animal Feed 4 b pldsa b sl &
Thiex ) AOAC Official Method 984.13 Protein (Crude) in Animal Feed 4L pldsinl (i YIS VRN V-3 £
dpws &yd35 .FOSS — AN 301 & Ankom Technolo et aldsuinl Osadll dwi Clu &9 (er al., 2012

(Saleh et al., 2020) (¥) o3y Aslall wm Gl Lkt Ol gy Sl
() (@sb ) syl + Opadd) dd + (ig )l B + 3Le ) 2d) =V oe = Shdong, SI 4

.(AOAC 991.43 Ankom Technolo) & all alusezal 25101 nég 250 4500 CUY 4 a5 &,
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LI Ble ygatll Jades cins Bumlus pasbas dulys
(Dhi) ;50 ¢ piwgld Luwd (B el dry BBUST &y pallall DBUSTY) dagdly G801 j2iliad-!

(Bulk density, p) i,2Ua)) 22U Oled (The Atlas AT-2000 tapped density tester) ;lg> sl &

gl B Ol Sl fonasy o 100 Leinw Blglawl 3 L) i Bymnns 10 B9,00 4eS w2y
S I oBb 10 Bl @by Lewld # (Tapped density, pr) &la)) Ax LS Wl c(r},o- BESSN
plstudy ol 2l odsly b 1200 s b £ oy colel Al sy 18,k 500 g3,k & orrg e el il fmens

Swssla iy (Compressibility Index, CI) bl sgs Ol (3 Gl day LSl 8l 21

Al e ((9) 9 () o) ndolall plaseials (Hausner Ratio, HR)

v _ Pr-ps
(™) Cl=to0
¢ _er

() HR =2

3 gremeld ALl g dandall jailiad-!
1ggb ) sy

(Halogen k}).b)\ L;jﬁH ‘J»'L:.E.S w:-jﬂ.&\ )L@_’— r\.x;a:#\ (‘: G c;f\.la) u‘\*”\ J& L}_}l’JS\ ng:és:\ u”L:'; f:
(': 9 sl e el 10 &2y <> amoisture analyzer, HR73, METELLER TOLEDO, Switzerland)

20105 &)l s e Sled) (ST 3 8l wladad) i 3505 6 3 AR o
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:é&‘ bLad

44 (Aqua Lab, Model series 3, readability Decagon Devices Inc., Washington) jlg> pliszsl &

0pl) 2l e el A dsf ™29 PES < KT ool e ) £ S RETEWNY g\l\ LlLadl
106l

<lelp Je Jsadl & Eo ¢ (Color Flex Hunter Lab, USA) Gyl Og) old) s jle plisennl &
sl O o (a%) 543 (G2l 100 ) 3500 0) v alie sy (L) okl 558 il 051 25
225 (100+) Zaedll OF o o(b%) &Sy 2V O U] 525 (100-) Rasilly L2 S5l ) 525 (100+)

() o5 Bslabl o (B) JSU 04l Sl & LS 8580 05l ) 25 (100-) Galy s 05001 )

(Al-Awaadh et al., 2015)

©) E-VL?+a2b”

% IS (WA (e gyl S dys

pH Lf)L@-" (\.bdﬁu\ (‘:j cr°25 <3)\J.>- 74.2-)3 L dj?bwl‘ e rb:— 10 L;l J.ja_zl\ ;U.‘ P J“ 50 Zu\..pi (6:

-(Acquarone et al., 2007) Jlsd! s (sl oSl ado gl (aorgyd) Y _sLd) EC meter s meter
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LIV Adle joaidl Judes camus Gulu aslas Al
13 goemel] Ld b gl ailiad!
el § dgbgddl a5

A 10 ) il oWl e e 100 3Ly (Water Solubility ndex, WST) sl (2 &ibsdl) j25e o3 &

sl dlee 5 ¢ ay A 30 Al (365 5 IS0 30 sl shend 5y (M) Jeedl Cinwr Ggmene 0
24 5l 22105 3> dxys (3 A i) S5 Caad £ (iads 30 sl aass/ad 6339 s dis Ldsl) S
etal.,) (1) Aslall o o) (3 3500l J550 vty (M) B ) 33l DU O30l ol & a9 cisls

: Yousf (2017

Mo Mo 100
MO

™ WSI (%) =

Josd) Camws Gy s 2l 1 8L5L (Water Holding Capacity, WHC) sUb LlieN1 3,08 .3 &
20 Bl By e SIS Sy o 50 a3 Sl daal @ BAN LW e e 10 ) (M)
(Ma) &b i) sl G5 @ (aads 20 sul 4535/24) 11180 Lo Lasl) (oS0 5 b)) ades s £ o9

:(Borchani et al., 2011) (V) &slall v Bgmennall UL Lla=V1 3,03 Olg

Mz - Mo

™) WHC =
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ALY Adle ygoidl Judes by Burlus (aibias dwlys
I):\.«:J\ kSL; 3)-\&\

Carw Bgzen o al > 0.2 Ll 5 b e (Swelling Water capacity, SWC) sdal e 5l e
ULW:- (: Sad) 46025 BJ‘JP- 3\’.‘)3 L;&j icls 18 sl g_,\cjof\jb S CLA.MJ\) ‘M‘ 2\ ;U.\ o JA 10 c‘ w' 3]
.(Borchani ez al., 2011) w2l (3 il ) Ais

Cag.)b i kfl'; BJ.J.&S\

Jdl Gam Bsmens 0 2l 1 @LoL (Oil Holding Capacity, OHC) wuflb bla-Y1 5,05 .3 &
P65 JS236 30 sak sl B2 & ay o 50 SH 3l e Bl 3 81 ey e Je 15 L (M)
(Aads 25 3y a3 e ) 3780 Olygs s Lie (S Sl Sl 3 L) nog £ ey L2330 Bl

(Borchani (A) aslall o B gomunall oyl Llin=Y1 5,05 Ol & (M) &b JI ds 71 51541 059 0 Lackasg

et al., 2011)
_ MZ'MU
o) OHC = 1t
W (e

inid oy adlaSly dumndally Aibidl 25ladl Bl SlaxV Bl 3 (SAS) sl plasanl &

0) ae 1Yo Gyl Slife sde OIS e ¢ mially oy Sl jpedl Lol sl Canes g

LM 549 LY (One way nova) L) pial & w(ubbﬁ ¥ x ;\B-T ¥ x Olosl ¥ x bl
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LI Ao jgaill Juds chn Busluns aibias Aulys
By giall UMY i Unly (3 gmenl) 22y dinpdally 2,801 afladl (3 Gl sl (g gt

.(One way nova) L) sl Ellby aakisll LoV
:2..*..3\.;&\5 c?L‘;J\

Rt

Adksdl GLo el e Slmb myf char] da Gl B 5P 20l (1) (3 Jodl 2o

o o) i) il i), el 0 ool 5y (Sl B oo i) JUon () )y IS e
s & ArlY) OF LSy ) laal) darts) BY) GOty el & o) WL el Y1 aad
G Ll ksl Sl Gy ol Ly sl i) Lol fp fgiae bNas) b dag Y G
o Wls A il 3 gy« BloW) 10 Ul Jae sl sl (3 B gt LS e Y5 Luad
B sl i) V) BLo! g g oY) g Y6 S0 Uy sl Gl Lelill o Uy
Sl e O & ) 35m5 (ool o el ol Wil OF gl L am sl Catall OLolal) (g o Jaid
F Bgcald 2 Y1 ol O oS Vi o Uly sl il ety oW1 e ST ol Wl 3

Y6V 1Y G ol &SR slseld 2L
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Adkesll Bl 1Y Lol Cinw Gnms Bzl (gyleall B1EY1g Sllawgdl (V) o3y Jgir

(Ave£STD) dakiseo Ol wldo Jis (%) durtY!
(Very F ine)‘l? P.GU (F ine)p&u (Moderately fine)daww 940 (Coarse) (yus . ;'}"d‘
(125um>) (180> - 125um) (355 - 180pm) (1000> - >355um)
40.904+2.06 21.75%4¢+£0.23 36.7340+1.62 0.4424£0.06 ¢S
40.76A%+1.04 21.84A°4+0.36 36.504+0.98 0.3744£0.20 Bl Sl
42.34%240.32 21.604°+£0.43 34.92A4510.34 0.6344+0.34 e
45.17442.65 21.734¢40.58 32.0140+1.98 0.3984+0.15 S
47.264+3.15 20.44BA10.68 31.24A0+2 32 0.56%9+0.38 Rl Jadl
47.9342+£3 25 19.53Bc£1.25 30.9840+2 43 1.2944+0.48 e
49.4482+1 46 22.604£0.79 27.354v+2.10 0.5244+0.21 &S
51.2742%£0.30 21.70A4°+£1.11 26.594+0.91 0.4244+0.17 AN LS
52.2644+0.43 22.8940+2 .00 24324042 32 0.484°+0.15 (M

Uafy (ANOVA) jlasl gb e %080 38 Syt 1S Boesl oS3 @ B3 i e s92d o sgmall (o5 (3 55msll ool Gl Y (gLl SLEV £ gl e jond o8
o4 15 (s5mns S Boes) phaall @M B i e 55 5N Gl o (3 83l ol il Y

11

1.0 -
0.9 -
0.8 ~
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0.4 ~
0.3 ~
0.2 A

Cumulative Mass (%)
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4

0.0 T
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ALY Ao joaidl Jdes chas Buolus pasbias dulys
0 UL P WO

G Bl eVl Bl asleS atlasd) SlasY odl s (V) o3y Jodl o
YA NN —69.45 s 5155 3] oty S sp Gmmndd 038 0 03 s 0 L3y Jsd
o OF oy 900, AT — 0, ) Ly pnili s gl %0 650) — 1oAY o gl e el
AT GEL 3 slelly Opally gl s OF el ey Sy 90 1O,V — 0,0 v oy olsTaL )
WS olsll Y00 Hsins Sgtans s gime By 2gmy JlaxY) lod) a Gy sl Y L o
B sty ¥l Cgnll (3 Loy o) il slial G (Saly cOsally gy clyonsy S
2% L Bgine B Alis day ¥ ol ) ol gl el WO e Bl Sigins
.aw‘w@‘.;, 2,1y il
(F) o3 dotb) 3 LS Sl sl 20 2L Slablll w515 ae Rualsirnd) il 25)lie s
345 ) (g el 05 (o) b g B ) Caa 3590 (2016 i) anlys wls OF o) s
DN, TVNTAE Sling S aed ol S il odn (3 e Jamal) ilad) e e 2 )
ool ) 3355 Ly %)+, 0 €-Y,10 5L Jis (%00, €Y,V E Gaadlly (YA, 4 02T, 0T sy i
o ol 05l 3 Osally LU 28T 3 gl lasle cesTodl 2ed (De et al., 2016) s »6 2y
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Adeslt o123y BLod Jsud) Ciaw Ggrend Lwla¥1 SsSll (gyleall 1,415 Lawslll (Y) o3y Jour

L,SJI Juaidl &ygll isall 095!
75.815°+0.196 81.18%2£0.072 69.455<£0.142 &S
Sy S
81.954+0.309 85.18%9+£0.065 69.69% <£0.154 o )
0
80.76%+0.422 84.43%2£0.098 71.59%¢+0.065 e
1.97%%+0.028 1.813-°+£0.085 4.214%2£0.007 &S
o
2.354%+0.014 1.925-%+0.099 4.51%2£0.495 o )
0
2.20%£0.057 2.6545+0.021 4.40%2£0.049 e
1.344-v+0.382 0.994-°+0.322 4.26%°+0.153 &S
Ogad
1.344°+0.405 0.924-°+0,021 5.86%2£0.157 o )
0
1.394°+0.293 0.91%£0.061 4.09%2+0.125 e
13.3745+0.467 9.474£0.339 15.26%2+0.035 ™
é\.ﬁ)
7.86%°+0.014 5.10%£0.134 13.285:2+0.651 e
(o)
9.655 +0.028 6.035-¢£0.099 13.375:2+0.000 e

Y030 4 syt NS Bolast oSN W B s o 5558 ) speal) ni @ 83smsbl ) Gl Y L glall SV £ Lol e e A

D080 48 syt TS BMas) phedll EWN D1 8 o spxd G Gl i 3 sagmell ol Gild Y Uay (ANOVA) st g b o

Sl Jam gomlad Gl DS s L(F) o3 Jgur

s Ol | g Sl g1, ‘

et e IS
(Vo) (Vo) (Vo) (Vo)
9.53 5.43 8.12 76.94 b Lsed) Cirw
7.65 2.22 4.86 85.27 S s Canw

2016 ¢\l 7.83 3.50 3.56 85.11 RY
8.80 0.74 5.86 84.60 ol o
10.54 1.33 8.90 79.23 i)
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St jan gomlad Bl S S s (Y) o8y Joer

s ol | g | Sl S .
e RS INAY
(%) (%) (%o) (%)
4.58 1.02 6.72 87.68 bl
9.09 2.48 17.72 70.71 bbb
De et al., 2016
4.14 413 7.55 84.18 RCT:
3.87 23.08 5.27 67.78 Osx)
2.90 12.70 16.70 - Sledl yody B goemms
Kaur et al.,, 2015
1.90 11.90 17.00 - pblalall §goens
Sudha et al., 2015 0.86 - 3.54 - SN A oulz
11.70 - 1.90 - bedl £ e
Tamunaidu and Saka, 2011
5.10 - 3.00 - LAl S Gy

Lo a1y 25U e a0 U e i) G 2dlisll el W) (22 (£) 35 g o
) casy A a1 SV e % AYLAT0A0A e sl Giaw s G il o
& (2a 25) % ETY o Y il CUY i Ofy sl e el 2310 e as1dad SUY o
g &l Slam V) o) o 0y %0 YA,V Y1-00,8) e 3 colaslll e UV s O o
el Giand GLoVly sl V) et G Bygins By dlin
Jpid) 3 LS5l omls e 2B Lol Jae w15 s ke ol iled) 3)lie s
LIV OF LaS™ 5V 315l o lne (3 A5 o e osed) Cand 2JST1 250080 LI O S, (@) o3,
(L) ST Fomud Lle famdll il g3 cilST sl Canes (0 Lede ool 2101 251041
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LI Al gl Judes Canie Bumluw pasbas dulys
6 adda LY OF Uayl Losgly o2 ) Bgmmany SOUY1 25T Gamannn o Il ((O520lg cosdly

AV Bl gl e Lol L) Caned 251101

B gremald LIST1g A1 pdg LIIUI AR BUN (gylall SB1EY15 Jasdll () o3y Joer

L, s B4 i) oS
2.358:2+0.163 2.014°£0.100 3.1742+0.057 ‘,ngo-d
LI el BUd
1.46%°+0.373 0.84B:°£0.064 1.94%2+0.158 o %)
0
4.3242+0.323 1.028:¢£0.110 2.67%°+0.253 e
72.698 2+0.594 74.30%2+0.671 56.95%°+0.0058 ‘,ngo-d
W pe 4518 S
77.004 °+0.202 79.21%2+£0.609 58.48%°+0.376 oo (0/ )
(1)
77.6342+£0.396 77.5583+0.445 55.915+0.716 e
75.04S5+£0.700 76.3262£0.717 60.13%¢£0.051 &S
LIS Lt AU
78.465 v+0.494 80.06%2+0.636 60.414°+0.530 oo %)
(1)
81.96%2+0.438 78.585:°+0.543 58.58B.¢+0.477 (e

Y Uaily (ANOVA) st gib e %080 a8 (S5t S Bl n S £ G b s o 5558 0 3g0all s (3 835l ol il Y L (glald ULV £ lowgil) e s o™
Y030 18 (gt S Bas) piall g B i o (528 Gl e 3 539l o) il

i) ailad

Jd) G Byl Gl sy 2311y 2 allll BUSY OF (1) o3, Jgad) (3 Bogll gsledl o ol
SN Y e 8 e Ll med el BISY Sl ol e e m Slap iy alol aest
Slalioll 2,8l BUSI) (3 Y00 Lgins (Syime Lis By b 392y Lo o) o 155 o [or 45 )

i) gk Bygine S| 3gmg pts (i B 10 sy W) il s b (Lol mad il
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Gk (Fikry, 2016) ale auls 3y .Sl 255 oM Laiy (6, Sl aas las L Cluolly
- u,VO)j (.(rrw /V} 0N - ';vq) N C)\}“\J Z\gJJbUa.S\ 1) QT B ritcl Jwi}g o\)Jj Ja.ﬂ\ u
ALl ods s e el ng (s e (T for 4500

Sb yary Gelud LIST1g A51U) ey 451 451001 BUH L Jawgne . (0) Jsur

L B 2 A BYY | i Sul

e (Y0) 4 (Y0) & (Y0) & St
41.68 - - o
2016 (Il 31.66 - - ol
37.13 - - i s
45.23 37.58 7.65 bl
3223 30.34 1.87 bbb
De et al., 2016
4751 45.95 1.55 Gp g
53.68 49.34 4.34 O
Sudha et al., 2015 58.1 38.9 19.2 H AU cus
58.58-60.41 55.91-58.48 1.94-3.17 Sy
ENPR SN 76.32-80.06 74.30-79.21 0.84-2.01 Jead
75.04-81.96 72.69-77.63 1.46-4.32 LS

¢ )vv) c(vr.w /V} ©,00 )Yv)u_.u LJQB CM‘j ‘d)}“ L} djja!\ e L) LY dfﬁw

(Fikry, s o6 s so ol ods 0y . L1l o (T fo 05T E = Y 0) (T [ 050 -
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for AT = 0500)  (Tew [ozr VY = 058 0lg o) &I Gymnne s 0 3T T (15 2016)
A s (T
055 a4 @ @) Bemndls LaYI e Gl 5,5 o LoVl S5ey gls B S5
ST o 58 M) 2 e Y @ Gamnd) (3w Lo (onilize Bl A adliS) & allall asles”

.(Pharmacopeia, 2012) &)l ax a5 4,2l

=LY (YT NYE) (LYY e a8l el el 3 msls s wmglig

Slo) g hgiee UMW) darg Y aT gls aed Sl V1 ) e L) L) e (VYT
4 gins M| S99 (e G V&U\ Ju-o-U ?\.’JQ\ s 3 Jdela c;\):,—‘&“ < < .b-\)J\ JLE.U 8] dalzs)
bl Se (V5Y0) o o) gls s OF gLl e aa Ll Sl (3 os o) LS. Ol o

(Geldart et al., 1984) clusVi sl JSTawe Sla 0555 (V5 €0) o ol oS3 Ly (@gguns

SVANY) (%TY0Y S VYY) Ly a Sy Ladly gl 3 Baal g ols il

Ugary (gl Olosil 78 2bleaiV 350 315 LedSy . 1) e (YT LTY - 10,19) (%Y 4,7Y
Ly (Carr, 1965) (%9 - Y+) s dsma sl 2,4 ol Gpmed) o Lads &) 2l OB
Wy ol il BLoW sk 150 g Gy (3 3001 2 Risno gy Ob &I a5 o
il aiall fas 3y o osllly (oWl pnlied) (oY) B9 i) liel) (S Gy 3 Uil ol

> v.;LJ\j oyt
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LY Ay gl Jeds it Beor b (ailias dulys

) prliall 2SI e Sy Ol gy BB 13 Bale L) Cins Bsmenn 05 U

ol ¥1 el ST iy (b 5 153 Ol 3] s (sl

Bpead) LBl jailad gylakl B1EY1 Lawgdl (1) o3y Jgir

(AveSTD) diki2 Sl pwlds dis 2L
S (s s . bga
A Ggend e ot U e ol | el | ol
v . (Moderately il
(Bulk) (Very Fine) (Fine) fine) (Coarse)
(1000> - (125‘/um>) (180> - (355 - (1000> -
< >
125um) 125um) 1800m) 355um)
0.34%°+0.01 0.3842+£0.02 0.3784+0.01 0.314°+£0.02 0.20%4+0.00 Lf)g"“
0.34%°+0.01 0.3942+£0.02 0.38B4+0.01 0.3240+0.02 0.284¢£0.00 | oM | &gt
0.3842+0.01 0.4142+£0.01 0.4042+0.01 0.3240+0.00 0.264°+£0.04 e
0.34402£0,01 0.36%4+£0.02 | 0.32BA"+£0.02 | 0.305<+0.01 0.2554+0.01 ‘:;jg"‘
0.32402£0,02 0.334%+0.03 0.308+0.01 | 0.30%%+0.00 | 0.284°+0.01 oM | Jed) (g/‘c)fn3)
0.334+0.01 0.35%2+0.04 0.344+0.01 0.32402£0.01 0.2940+0.01 e
0.198+£0.01 0.2844+0.01 0.2440£0.01 0.174°+0.02 0.1444+£0.01 ‘:;jg"‘
0.2549+0.02 0.25%2+£0.01 0.254%+0.01 0.184°+£0.00 0.14A°+0.01 AN | LS
0.19%2£0.00 0.20%2+0.01 0.18%2+£0.01 0.1454+0.00 0.12B¢+0.01 e
0.4754+0.02 0.50%2+£0.02 0.465°+0.01 0.394°+0.01 0.2754+0.01 ‘:;jg"‘
0.478+0.02 | 0.53842+0.02 0.498°+0.01 0.414°+0.01 0.3749£0.01 | o= | Gyl
0.534+0.01 0.554%+0.01 0.5549+0.00 0.3940£0.01 | 0.35840+£0.07 (e
pT
(g/cm?)
0.469+0.00 0.4354+0.00 0.408+0.00 0.3854+0.01 0.33¢2+0.01 Lf)g"“
0.43B4+0.01 0.41%2+0.01 0.395°+0.00 0.37%5+0.01 0.358¢£0.02 | oM | et
0.4542+0.01 0.4542+£0.00 0.4442+£0.00 0.414°+0.01 0.394°+£0.00 (e
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LY Ay gl Jeds it Beor b (ailias dulys

B pemad) LU ailad gylall O£y wgdl (1) W3y Jodr a

0.298%40.01 | 0.34%£0.01 | 0.295°£0.02 | 0.26*<:0.01 | 0.25%£0.01 | &S
0.36°4£0.01 | 0.31B%£0.01 | 0.314°£0.01 | 0.23B<£0.03 | 0.254£0.02 | oM | 4,0
0.29%4£0.00 | 0.24°%+0.00 | 0.23Bb+0.01 | 0.23B°£0.01 | 0.20B<£0.00 | v
1.38%4£0.09 | 1.30A%%+0.05 | 1.26*°£0.04 | 1.26°£0.05 | 1.374£0.04 | &S5
13644009 | 1.374%40.05 | 1.294%:0.04 | 1.2942:0.05 | 1.3342£0.04 | oM | Gys
1.4282£0.01 | 1344002 | 1354002 | 1.23A0£0.03 | 1.23Ab+0.12 | e
1.3644£0.04 | 1.18%0£0.09 | 1.26A%%+0.07 | 1.274%+0.01 | 1.3244£0.06 | &S5
1.3449£0.05 | 125%40.11 | 1.30%:0.04 | 1264004 | 1.24%9£0.06 | % | Jad! | HR
1.3742£0.05 | 1294016 | 1284001 | 1.274%0.04 | 1.36M%0.07 | e
1.554040.04 | 1.724940.06 | 1.56A%40.04 | 1.224¢40.02 | 1.204£0.03 | 5w
1.444540.10 | 1.76A%40.08 | 1.42Bb+0.03 | 1.20A40.04 | 12244005 | oM | &S
1470020 08 | 1.7240£0.37 | 1.44B%£0.03 | 1.26°040.03 | 1.25%0:£0.02 | ade
29.6044£1.48 | 23.098%43.05 | 21.32C¢£1.94 | 20.724<42.87 | 26.8740%42.11 | &5
31.804442.89 | 32.5244£1.39 | 29.9244£1.23 | 19.29A0£1.22 | 19.47840.92 | oM | Byl
29.6844£0.60 | 25.41B0£123 | 25.6550£129 | 20.0144£1.09 | 22.83BAc12 68 |  adw
26.604£2.08 | 20.005<£2.02 | 18.71P<£2.81 | 21.4840+0.39 | 24.714%44235 | 5w
2442446127 | 22.8054£3.76 | 23.21492.13 | 21.184%£1.57 | 20.75%%£2.29 | Lo | Juadl (f,j:)
27.05%+2.68 | 29.624%:1.13 | 21.70PAb+0.58 | 21.5140£2.26 | 26.14443.72 | hw
36.084%240.89 | 34.2240+1.14 | 36.62441.20 | 18.77440.34 | 15.69%41.61 | &5
31.02B%41.88 | 33.28%4£1.22 | 30.105°+1.23 | 19.454£0.51 | 20.524¢£2.47 | jods | 4,50
30.00B0£1.00 | 34.554:1.40 | 31.00B4+1.00 | 20.33A<£2.08 | 20.00A£1.73 | i

—

o5 Y030 a8 (s5mns 1S B3l SN W D1 i e (55 gl pmall [l 3 5395l ) GLE Y (gLl BV # Lol e e oA
030 18 (st TS B3l phaalt @I B i e g5 G ) b 3 83l o) il Y Uaily (ANOVA) Ltz b
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LY Ay gl Jeds it Beor b (ailias dulys

oSNy darall j2iliad)

SloYl maed Gl 05 (V) o3) ol Gy 5 sa CUIN plasily by (3 L) ol o

Gymeened ¥ 203 (se 0 o . 21 05l By 0 3 T (5 i) Giner o 5,280 LIS 61331
(T Ao ELYA) (Y, YASTY 1) (OA,TY20) Y A) 3, Sy ¢ uadly (gl 654 ol
G OB el (5955 & e Bl SUNY e L 2 aslon 2ils dls Sy L s e
L* .5 cs5'(Elleuch et al., 2008) s,+1 215 @5 .(Fikry, 2016) (1),9) - ££,8))
(T10,Y0 - NV,AY) el e gl SN L (8 oyl G @I ) il 2y 3
(O OA = T (V1Y )0 Y) 1Sy Joadly el (Y — s ) % s bl
> 39 AN sl G e LA S a0 s OF Ly L1 e ((VENT ) YY)
A Ll @5 e 5@ e of s (Fikry, 2016) 5 (Borchani et al., 2011) w« p
S (DI - 0,08) 5 (Vo)) - 0,710) cy adll & o sl LB @% 28 ol o
B ComglS Eom el e dm s BUY (Elleuch et al., 2008) achlh sus 3 ity (s
ol 8l e el SUAU A% 53 el 5 (Fikry, 2016) 2etys 3y (Y ETA - VY, EA) (0 a*
Ohae¥l = 2,) b* 55 el 2 auhall 3 2201 il a Jol ag (V300 210,00 o
e (YT YYLTA) (Y0,01 1YY, ¥) (Y400 - YTAE) 2K fadly 5,0l
E e oty S e aially S o 3 ol ol o e slap DY dad OF Gy 15
OHYA-NVEAS) e r i) U D (5 cogls o U 2yl 0 bF s o ol
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LY Bl sganll s ine Beolius paslias Al
(Elleuch et al., (YY,V& - Vo 8Y) cogs o ot o i sl SN 3 BT Ly
sds Lo clas g it e T BT sl @ e sl OUSU (o5 2 39 .2008)
By oo dom i) SUVL 20l i) oS by (VY5401 1,09) b s comgly e i)l
(Fikry, 2016) (YY)« - YV, 00) 0 b* 2 cogly o iyl s il asline o)
(VYY1 -7,80) (ALY - °q>a\‘)¢m@\ﬂ"2\eﬁb ¢ Jnadly cdijEg@\ 05l g 518,
o (Fikry, 2016) s 16 g 2ol gty sl o sty i Jo (12, - 02,VY)
- 0Y,89) S 0sll ol e iy BB W L) 1y el C e ) BUY)
sl IS 05l s g O (V) ) Sl n sl 1) s (A TA - 0,10, (10,78
s el ey (Bl ey ST e gn el ) ST O G5y L ) ol Jao me sl T )

Sl bl O e S Caed 8 e 3 G By 8L OF 22l

80

70
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40 Wl
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laa 2ol U daugi
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LY Ay gl Jeds it Beor b (ailias dulys

Ggd) 0ol (oyleall 1219 Lol (V) o8y Jgobr

(Ave£STD) i Sl ol dis Oglll

AN JS G o6 U L by e diall | e | G
S N [
<125um) 125um) (355-180um) |  >355um)
56.3540£0.48 | 583744013 | 57.90A%0.05 | 56.65°b:046 | 55.89A¢£030 | &S
55.9140+0.48 57.02B2+0.13 57.18B2+0.05 56.3040+0.46 54.765°+0.30 U’W é)}“
52.808<+0.25 55.76%2+0.23 53.93Cb10.17 51.588410.16 51.28%410.18 @EM
66.4840+0.24 67.2842+0.34 66.144+0.07 65.194°+0.13 63.8044+0.35 Lﬁjg—‘
60.798<+1.23 63.3882+0.12 62.40B+0.19 | 61.61B+0.06 61.42Bbc+( 27 Rl Jad-'u“ L*
62.16B°+0.44 63.3582+0.06 62.10%°+0.10 61.196+0.20 61.448°+0.28 ‘5"«5’&
59.8940+0.07 59.694<+0.03 59.4444+0.16 60.0942+0.00 59.8840+0.01 «é;gnﬂ
51.80B2+0.30 51.115b+0.06 50.61B<+0.35 51.33Bb21(0 33 49.58841(0.34 uﬂ')&?' & S
50.97¢b21+0.53 51.6482+0.39 50.44B°+0.10 50.3260+0.39 49.288<+0.41 ‘5"-5'&
11.9982+0.18 11.76B+0.02 11.408<+0.02 11.43B<+0.02 11.528<4+0.08 «§J§~‘
11.365%2+0.18 11.5262+0.02 11.27504+0.02 11.38B2+0.02 11.026+£0.08 oo @)j-“
12.7842+0.11 12.6742+0.13 12.2342+0.06 11.894°+0.12 12.3342+0.04 ‘5"-5%
9.9782+0.05 9.93%2+(0.09 9.908:b2+(.07 9.778:b¢+0.07 9.68%c+0.10 «é;gnﬂ
11.1542+£0.54 10.22B4+0.05 9.98B:b+() 03 10.1444+0.04 10.3582+0.08 U’W J«G-J‘ a*
10.578A240.25 10.5842+0.05 10.294b+0.05 10.26%0+0.15 10.6142+0.08 @EM
10.98%<+0.03 11.30%2+0.02 11.2065+0.04 10.50%9+0.01 10.23%+£0.01 Lﬁjg—‘
14.12424+0.02 14.06%2+0.04 14.134%4+0.04 13.524040.01 13.184+0.09 U’W KN
12.3082+0.19 12.22B2+0.07 12.10B2+0.12 11.798b+0.11 11.348<4+0.11 @EM
202149:0.55 | 28.775:0.07 | 28.29B010.04 | 28.20A+0.04 | 28.09%0+0.12 | &Sw | Gyt | b*
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LY Ay gl Jeds it Beor b (ailias dulys

Ggrend) Ol (gyluall 1SNy Lawsll (V) 03y Jgibr a

27.448°£0.55 | 27.626%10.07 | 27.65%%£0.04 | 27.4985+0.04 | 26.84%910.12 | oW+
29.52%44+0.25 29.162°+0.20 | 28.874¢+0.12 | 28.18%4+0.10 | 28.4349+0.03 | e
24.9382£0.06 | 24.41810.18 | 24.28%¢4+0.05 | 24.56%°+0.11 24.098440.14 | &S
26.874%£0.56 | 25.094+0.11 | 25.1440+0.12 | 25.214040.17 | 25.564°+£0.28 | oM | Jwdl
24.22%3:0.11 23.779°+£0.08 | 23.39%¢+0.06 | 23.826°+0.17 24.0754+0.11 (e
24.965°+0.03 25.1182£0.04 | 25.05%2+0.06 | 24.418°+0.00 24.418¢£0.01 | &S
29.55%2+0.21 28.664°£0.09 | 29.04**+0.08 | 28.52°°+0.03 28.1749:0.04 | oM | 4
24.8182+0.09 24.52€540.07 | 24.34940.13 24.04%4+0.07 23.38%4£0.04 | e
64.60440.16 | 66.1289£0.10 | 65.454°+0.06 | 64304042 | 63.6144+0.33 | &S
63.318°+0.16 64.40%3+0.10 | 64.505°£0.06 | 63.68%5+£0.42 61.98%£0.33 | oM | Gy
61.83°£0.27 64.19824£0.15 | 62.38%*+0.11 59.97¢4+0.20 59.92¢440.15 | (e
71.694°+0.23 722644039 | 71.144£0.04 | 70.344£0.16 | 68.884+0.36 | &S
67.40B0+0.81 | 68.93%4x0.14 | 68.01%°+0.22 | 67.34B°x0.09 | 67.16%£0.02 | oM | Jwod!
67.5485+0.34 68.4852+£0.05 | 67.15%°+0.06 | 66.56%°+0.09 66.455£0.63 | e
65.804%+0.04 | 65.74%£0.02 | 65.274%4£0.21 | 64.814°+0.85 65.4744£0.01 | &S
61.29%4+0.36 60.265°+0.01 | 59.70%<+0.34 59.598<4+0.31 5853841028 | o | &S00
58.01¢2+0.45 58.45%4£0.30 | 57.30%°+0.09 | 57.00¢*+0.31 55726036 | (e

aily (ANOVA) sl b e %080 18 5t S B0t oS W Bt 5 e 528 gl sgmall i (3835l o)l Gl Y L (glald BLEY1 2 Lvgdll e o (¥
030 88 s 1S B preall @I B s o 55 F a3 Bl ) il Y

G5 mgl3 o ikl Blisly Sl o) Graw Bl g5b )l (6938 ks (A) 3 o i
(oA TA =0 NY) (%YX= 00 8) (%18 = T 0 V) o 1Sl hadly (Bl 3 a5
B p by WS B ol o me slap b gt OF 1,801y Ladl e (3 Ly L L) e
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LY Ay gl Jeds it Beor b (ailias dulys

(Fikry, s s0 &) i)l sl o mladl eds oylimy M3 DBl bl iner Gmmnns O 35b 1 (5280

(%50 Y = 68Y) 5 (%VOAY - £,87) by b)) )l o wolyis a3l &I e 2016)

dl e
Bgemall b It sgonall ylealt B1EN1 Slawgldl (M) o) -
(AveSTD) it Sl s s (Y0) ysb )l 52
A S o osb b Lo e Giall | e
(Bulk) (Very Fine) (Fine) (Moderately fine) (Coarse)
(1000> - <125um) (125pm>) (180> - 125um) (355 - 180pum) (1000= - >355pum)
6.8249+0.03 6.8542+£0.07 6.90%2+£0.03 6.9142+0.07 6.9142+£0.13 &S
6.66542£0.,03 6.28+0.07 6.37%%3+0.03 6.075+0.07 6.1384+0.13 A | Gy
6.5654+0.12 6.65%4+0.06 6.64%2+£0.03 6.5942+0.06 6.165+0.29 e
6.558<+0.07 6.94B4+0.06 6.784°+0.09 6.554°+£0.55 6.3444+£0.03 &S
6.8940+0.07 7.2944+£0.07 6.8840+0.07 6.654°+0.08 6.4044+0.06 o | et
5.9962+0.03 6.29%4+0.16 5.965+0.06 5.58Bc£0.12 5.1984+0.05 S
7.514540.15 8.38%2+0.60 8.004%2£0.17 6.624°+£0.46 6.394¢+0.13 &S
6.508<+0.11 7.3084+0.13 6.885°+£0.13 6.5244+0.08 6.1944+0.12 o | 4
6.00¢°+0.19 6.8082+0.11 6.34+0.09 6.084°+0.09 5.77%9+0.09 S

Uafy (ANOVA) jlasl gb e %090 38 syt 1S Boes) oS3 @ B3 i o s92d o sgmadl (o5 (3 855msll ool Gl Y (gLl LAV £ gl e joad o8
Y090 a8 gt 1S Bolasl pradll s B i e g5id Gl b5 3 83l o) il Y

Byl @ S BLedl OF 5 G () G Bsmnd oW BLedl () 3, g 0 2l

oy s o (T = OIT) (T = V) (70 T G el 2,8 el
(Beuchat, s adl oW 3 g Y @sndl sag o(5TV) o 260 S bLadl 3
.(Sablani et al., 2007) ada)l wbazdl il i (SU bLadl pygie piszny 3] (1981)
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LY Ay gl Jeds it Beor b (ailias dulys
(Borchani et al., 2010; 3 oo 24U olad) o aelyll odn (3 24U W bled) wils )lis

.Hasnaoui et al., 2012; Fikry, 2016)

Bgeaad) JUI Ll gylall B1,£919 Sllawgdl (9) @By Joubr

(Ave£STD) ddki Sl plds Lis ‘;‘LU blad
A U B r g5t o o gie o= cinall | s
(Bulk) (Very Fine) (Fine) (M"gﬁg‘tely Efgggsf?
(1000=> - <125um) (125pum>) (180> - 125um) (355 - 180um) >355H;n)
0.324440.01 0.3544£0.01 | 0.3244£0.01 0.334440.01 0.35%4£0.05 | &S
0.3144£0.01 0.30B%£0.01 | 0.30B4:£0.01 0.2950.01 0.2730£0.05 | oY | dyg
0.28B4¢+0.01 031340.02 | 0298002 | 0.283%+0.01 0265000 | v
0.284240.02 0.3144£0.05 | 0.23B%+0.03 0.213£0.01 0218001 | 5
0.25B+0.00 0.28%4£0.00 | 0.28%4£0.00 0.274%+0.00 0.2600£0.01 | oY | Juad
0.18%4+0.00 0.18%£0.00 | 0.17¢%£0.00 | 0.1764+0.00 0.16%4£0.01 e
0.224+0.02 0.208%+£0.01 | 0.20M2£0.02 | 0.20%2£0.02 0.188+£0.01 | &S5
0.204°+0.01 0.23%440.01 | 0.214%+0.01 0.214%2+0.02 0.18%¢£0.00 | o | 4,5
01330000 0.15¢40.01 | 0.14B4+0.00 0.14B4£0.01 0.13B<£0.00 | bw

Uafy (ANOVA) jlast b e %080 a8 Syt S Bl oSN oW B30 ks o 592 g speall o5 3 835l ol Gl ¥ gLkl 1AV & Lol s s o)
D080 4 syt TS BMas) gl W D31 i e s9d @)l i 3 83gmgl) ol Gl Y

2,505 ¢ adly (sl (3 gl o (el Ciner Gl gy ) 5 () 0) (5, Jaal Gy
caemayidl S OF Lo gly gl e ((O5VY 20,0 Y) ((O,VA - 0,09) (0,09 - 0,43)

STzt 51 o8 o OF Lol LS. (o B0y Sl By o 3 (o) o) po o o
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oln ciylksy (Bacon, 2019) aosd) jaisis Lol Cime Gsman Cinad (S& U (6,7
V) e el SUY Je (Borchani et al., 2010) b o6 & auhall bl b5 s gl

.(011\/ -90,) q) ™ &2—3).&}\ :J:Y\ cﬂ.:.» C,o—j\j S ‘J":'S‘L'f" L:.Mp

Bgrrall zomgpedl b (oylal) D11y Sl (1) 0By g

(AveSTD) ddki2 Sl plis dis rgybedl W)
AN e Gy ey b Lgs e il | g
(Bulk) (Very Fine) (Fine) (Moderately fine) (Coarse)
(1000= - <125pm) | (125pm>) | (180>-125pum) | (355 - 180um) | (1000> - >355um)

5.3942+0.04 5.1984+0.01 5.22B5+0.05 5.2260+0.02 5.36%2+£0.05 &S
5.2580+£0.04 5.09%4£0.01 5.17%£0.05 5.28B3010.02 5.3342£0.05 M= | By
5.32BA441+0.05 5.414¢40.03 | 5.514°+0.03 5.5944+0.02 5.354440.05 e
5.3652+£0.05 5.30%4+0.02 5.226+0.03 5.19¢+0.03 5.2265+0.02 &S
5.4185+0.04 5.358£0.05 5.48B4+0.04 5.42B040.02 5.43B8040.02 N | el
5.7240240.11 5.724%40,14 | 5.532¢+0.01 5.5745£0.08 5.78%2+£0.10 (e
5.388:2+£0.05 5.11B<+0.04 5.23¢+0.05 5.20¢+0.03 5.4582£0.06 &S
5.674°+0.03 5.584°£0.04 5.7342+0.06 5.7142+£0.06 5.50844+0.05 o | LS
5.5844+0.08 5.4240+0.08 5.5382+£0.03 5.58%2£0.02 5.5849+0.01 e

Lady (ANOVA) sl gib o 030 28 (st 15 B0kt oS00 @I B (ki s sod ) s5eal) (o G 835l o 2 Y ool SLAY1 & Lol o s ol
Y00 a8 gt NS Bolasl pradll G B i e g5id Gl b 3 83l o) il Y

1,801y ¢ badly Byl 3 gl Ggmmnall 2506801 aho bl OF (1)) (3, Joadl (3 itadl oo bl
Sai o (st e o] e (8503 = VLAY (£,60 2 YY) ((6,F) - ¥, 88 o

Sl sde 51 a5l ¢S ako gl sl LS 4T (6T (@l (3 GlasVI L8 gl 5529 8L S 2ol
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)iy . ebgSl Camds Lose sl Cimes Bsmenns OF L= oJs .(Sun Da-Wen., 2005) s~ 3
U 234,68 alosll ils73) ¢ BT BT s (Fikry, 2016) s ol o 51 an)ys w55 o gl ods

A e Gref e (V58T = 1500) 5 e Joa (45390 = 4508 ) iy el S et pndl

Bremell &3 ) Lo sall yleall B1EY15 Sl (1Y) By Jgix

(AVexSTD) il Sl s dis (o] o8) Bl 601 ko gb
1 B Bk rEpe o Laugis e il | s
(Bulk) (Very Fine) (Fine) (Moderately fine) (Coarse)
(1000=> - <125um) (125pum>) (180> - 125um) (355 - 180um) (1000= - >355pum)

3.8444+0.08 3.77%4+0.10 3.44%+0.10 3.7754+0.11 3.67%+0.08 &S
3.89401+0.08 4.1042£0.10 3.9184+0.10 3.974240.08 3.978b2+0.08 N | By
4.01be+0.17 3.9840¢10.12 | 4.17A4%2£0.07 3.92B4¢1(0,07 4.31%40.11 (e
3.8244+0.17 3.63%2+£0.08 3.8584+0.06 3.7982+0.12 3.8442+£0.26 &S
3.994b210,09 3.9340+0.13 3.865+0.06 3.965%2+0.06 4.1143:0.11 N | Jed
3.964+0.08 3.66%9+0.05 4.4544+0.23 4.214+0.11 3.984¢£0.07 (e
3.8982+£0.12 3.9244+£0.07 3.82B4+0.07 3.8944+0.11 3.9849+0.11 &S
3.908°+0.06 4.004%£0.10 | 3.92B4°+0.10 4.09%2+0.11 3.86"+0.04 oo | S
4.134240.07 3.8540+0.14 4.0944+0.11 4.0842+0.12 3.9440240,09 e
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95 e~ (Borchani et al., 2010) s (Borchani et al., 2011) b o6 ,asll o 2o 5z
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(Bulk) (Very Fine) (Fine) (Moderately fine) (Coarse)
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3.5644+0.33 3.9442+£0.22 4.0942+0.77 3.4344£0.23 3.5242+£0.71 &S
3.8244+(.63 4.3144+0.24 3.3842+£0.29 3.66%*+0.66 3.55%2+0.70 PN | Gy
3.8442+£0.80 3.55800a40.67 | 3.264"+£0.21 3.1940310.21 2.7240+0.51 e
3.574+0.41 5.3344+0.30 4.404°+0.46 3.9140+£0.39 4.1740£0.45 &S
3.4840+0.74 4.86%+0.30 | 4.284%+(.65 4.05403+0.71 3.4240+0.52 A | el
3.6240+0.50 5.0442+0.55 4.064°+0.24 3.8340+0.43 3.8540+(.54 e
4.4940+0.31 5.25%240.32 4.674+0.32 4.57A°+0.29 3.547°+£0.29 &S
3.238540.39 5.2844+0.61 5.0244+0.39 3.6084+0.59 3.604+0.30 o | LS
3.6480+£0.51 4.484+£0.41 3.7385+£0.06 3.43B4+0.26 3.234+0.34 (e

aily (ANOVA) jLasl g e %080 18 5t S B0t oS W Bt 5 o 528 gl sgmall i (3835l o)l Gl Y L glald SLEY1 2 vgdll e o (¥
030 8 s 1S B preall @I B (i o 55 F a3 Bl ) il Y

ol 38l ¢ badly (Bl (i (V) 03y Jgddly Booge Gomal) sIadl e 5,081 il

O ) @ iy U3 e o e (OF,FY 2 EAIY) (O, L EALAY) (oY £9)
SUT 3 ey gy ol &3 U 3 sded) e ST L) G Bgmmnne BUT 3 ) e 5,01
(Borchani et al., 2010; Raghavendra et al., 2006; bl 5oy (0sadlly (Ll Js,

.Figuerola et al., 2005; Fikry, 2016)
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Bgeamel] sued) 8l (5)lakt D1 2NNy Sillawgdl  (17) W3y Jour

(AveSTD) ik Ol  wlds Lis (m/g) 3! 8503
5 Gy Vi 456 s Losge e il | gz
(Bulk) (Very Fine) (Fine) (Moderately fine) (Coarse)
(1000> - <125um) | (125pm>) | (180> - 125pum) | (355 -180um) | (1000> - >355um)
52.174%£2 47 52.3349+0.29 51.338%+1.26 52.33%9+2.52 51.1749+0.76 )
49.174+0.76 49.00%"+3.50 49.33B4+0.76 50.00%+1.00 49.50%+£0.50 B Sy
51.83%+1.76 52.674+1.04 51.67%£1.26 51.174%£0.76 51.674+1.04 e
51.50%+1.50 50.00%9+2.00 51.508%+0.75 52.00%+1.22 49.834+£0.76 $S
50.174%+.2.02 52.674+£2.25 51.67%+1.04 51.334%+1.61 50.504°+0.50 Rad e
51.67%%+1.06 49.674%+0.47 48.835°+0.16 51.33%4+0.76 50.334%41.26 e
49.50%42+£1.80 52.33442 31 50.674+2.57 50.50%+2.00 49.674+1.53 )
48.8385+0.58 51.00%9+0.50 49.00%+1.32 48.174+1.15 48.50"%+1.32 B L5
51.33%9+0.76 52.1749+0.76 51.174%£0.29 50.834%+0.76 50.834+0.71 e
Bgrmald sl § dibgd S35k (ylall G1EYIg Slawgdl L (V8) 0By o
(AVe£STD) a2 Sl olde s (%0) sV & &g ld) 550
A0 b Bl Nr gt b Yougia o cauall | g
(Bulk) (Very Fine) (Fine) (Moderately fine) (Coarse)
(1000=> - <125um) (125pm>) (180> - 125um) | (355-180um) | (1000> - >355um)
33.674+3.06 52.0042+4.58 36.6740+£3.21 26.6744+4.04 22334416 81 &S
30.004+2.00 51.674%+7.02 37.6740+4.16 27.004+4.00 16.0044+3.61 | Gy
34.6740+£2.08 45.0042+4.36 36.674v+6.37 30.004*+3.00 20.674+2.52 e
38.334cb+4 04 60.00A,a+5.57 46.33BAb+4 51 36.33BA¢+5 .03 17.3344+5 51 &S
40.674°+£3.06 57.0042£4.00 50.004+2.00 40.674°+4.04 18.0049+4.58 N | Sl
30.33B:)+1.53 45338442 52 42.0082£2.00 28.33B0+3.79 19.004°£1.00 N
30.674°+£2.08 52.0042+5.00 38.00B+3.61 31.334¢£1.53 18.00844+3 61 ¢S
36.334+£4.73 54.674%+4.73 44.674v+2.52 35.004°+£5.29 20.3344+3 51 oM | s
31.674°£3.06 53.004%+2.65 40.33BA0+3 06 22.0084£3 .61 10.678<+4.04 N

Uafy (ANOVA) jlasl gb e %080 38 syt 1S Boest oS3 @ B3 i o s92d o sgmall o5 3 55msll ool Gl Y (gLl GLEV £ gl e ot o3
00 a8 gt 1S Bolasl pradll s B i e g5id Gl b 3 53l o) il Y
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3.985:2£0.04 4.4244+0.11 4.38402+£0.04 4.3442+0.21 4.3344+0.27 &S
4.51%4+0.29 4.404+0.22 4.394240.24 423444013 4.204%+0.21 PN | Gy
3.2960+0.24 3.67%2£0.03 3.67%4+0.02 3.418%40.29 3.3584+0.04 e
4.8142+0.12 4.56%%10.07 | 4.484°+0.25 4.158°+£0.12 4.034°+0.14 e
3.83%+0.10 4.68%44+0.14 |  4.51%+0.32 3.908°+0.41 3.7740+0.32 o | il
4.108°+0.04 4.96%+0.20 4.83421+0.49 4.91%2+0.29 3.8140+0.29 e
5.1642+£0.47 5.20%+0.21 4.6440+0.11 4.2185+0.16 3.558¢40.19 &S
3.588<+0.29 4.7384+0.45 4.4845%2+0.47 3.958040.15 4.0184¢+0.36 o | LS
5.104+£0.16 5.074%+0.21 4.964310.12 4.684¢10.26 4.594°+0.04 (e

Ualy (ANOVA) Lzl 5o o5 %030 18 (gt 18 55t S0 gt Db o5 o 52 5 spand) s (3 335 ol Gl Y L lall OLEY1 ol ot (2
030 8 s 1S B predll oW B (s o 55 J a3 Bl ) il Y

- &M

3 ahasd) Sl a e (3 Jodl) Cine Gy plsenl 0] ) ol s 5 ol

Slay Slie r‘*‘*{‘** NCEPIHINE PESMURIS N EI I SUNSE X RE RS NN O SEV - SO 2 (N,
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Characteristics of palm date fronds powders rich in fiber
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Abstract:

Residues are produced from the agricultural operations of palms, the most important of
which is fronds, which contain a high amount of fiber, it is important to take advantage of these
residues and turn them into a value-added product to support the economy of the agricultural sector
in the Kingdom of Saudi Arabia. It will also contribute to solving some of the environmental
problems resulting from the disposal of these residues. This research aims to study the
characteristics of high fiber powders from some parts of date palm fronds (leaflet, blade, and
petiole) of the most important palm varieties (Sukkari, Khalas, and Segai) cultivated in the
Kingdom. The results of the study showed that the highest chemical components of the powder
were carbohydrates, ash, and fat, respectively, and the lowest was protein. The insoluble dietary
fibers were higher than the soluble, and the bulk density and density increased after tapping with
the smaller grain size.

The results of the physical characteristics showed that the powder is a weak conductor of
electricity, low in acidity, very dry, and all water activity values were less than (0.61). It was also
observed that the pH of the leaflet fraction decreases with the small granular size in the Sukkari
and Khalas varieties. It also was clear that the highest water activity is the leaflet part, followed by
the blade, and then the petiole. It was found that the color of the powder for all varieties and parts
was close to the brown color and that the brightness of the powder of the leaflet part decreases
with the small grain size, and the value of the total color increases with the smaller size of the
granules. The functional characteristics of the powder showed that the granular size did not affect
the water holding capacity of the powder of both Sukkari and Khalas leaflets, while it had a
noticeable effect on the powder of the Segai leaflet, and also had an effect on the blade powders,
and the petiole of all varieties. It was also noted that the oil retention capacity and the water
solubility index increase with the smaller grain size, and that the expansion capacity was not
affected by the size of the grains except in the powder of the Segai blade and the Khalas petiole.
Coarse and medium powder can be used in animal feed, while fine and very fine powder can be
used as a nutritional supplement added to bread or cake. The powder can also be used in packaging
applications.

Keywords: Powders, fronds, palms, fibers.
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Measuring the credit risk of food production companies listed in
Saudi Stock Market

Adel Mohamed Ghanem, Abdulaziz Mohamed Alduwais, and
Habibburohman Sukirno Ikromo
Office of Food Security Studies and Research, vice rectorate for Graduate Students and
Scientific Research, King Saud University

Abstract: Given the possibility of food production companies being exposed to several credit
risks, this study aimed to measure the rate of economic performance and credit risks to predict the
financial failure of food production companies listed in the Saudi market during the period 2015-
2020, using (Altman, Sherrod, Kida) models.

This study resulted in a set of results, the most important of which are: (1) the average net profit
margin for some companies (Wafra for Industry and Development, Saudi Fish, Al-Sharqiya for
Development, and Tabuk for Agricultural Development) reached a negative value, and therefore
the sales proceeds cannot be reduced due to the losses incurred by those companies. (2) The
average net profit margin increased until it reached 14.08% for the Saudi Dairy and Food Products
Company. This means that sales revenue can be reduced by 14.08% without the company being
exposed to losses, (3) the credit risk score according to the Altman model ranged between a
minimum of 0.058 for the Saudi Fish Company and a maximum of 4.968 for Jazan Energy and
Development Company. (4) The credit risk score according to the Sherrod model ranged between
a minimum of 2.421 for the National Agricultural Development Company and a maximum of
20.009. Saudi Dairy and Food Products Company, (5) The credit risk score according to the Kida
model ranged between a minimum of -0.20 for Savola Group Company and a maximum of 3.204
for Jazan Energy and Development Company. (6) Finally, this study recommends the following:
(a) the need for companies that incur losses to identify problems, and the obstacles facing these
companies and how to address or reduce them, (b) the companies’ management developing an
annual operational plan aimed at maximizing profits or minimizing operating costs in light of the
available resource capabilities, (¢) Restructuring companies that are incurring losses, the most
important of which are Wafra Company for Industry and Development, Saudi Fish Company, Al-
Sharqiyah Development Company, and Tabuk Agricultural Development Company, and
scheduling their accumulated debts and protecting them from financial bankruptcy.

Keywords: economic performance, credit risks, food production companies, Saudi stock market.

Acknowledgement
The authors extend their sincere appreciation to the Deanship of Scientific Research at King Saud
University for supporting the work.

93
J. Saudi Soc. for Agric. Sci., Vol. 22, No. 2a;2023 AYYY (Y) YY el pslall Bsgnd) dmed) 2



392! sl Ggao 3 Aoyl LY 7 15) 6,20 AuLans¥ | olill Lalid

:cr,\}\

asluall plas w17l QW Ladll sl L (pY V) det ol et oy JOs ezt s ad) -
digdly Agyloed) Ll dadall Ald) (USy Oladll 30 alasral 255, dgaadly da) sxuY)

AN =T e ) sl (Y A (esend) 3LS Amalr cibelevYU 5Ll 3UST

AY Y =Y e sl sl AW A (o3l g o (8 Byl 2V L8] SUSTE Y
Al L) s (3pall Sl e alaall ZslasVl B L (pY 4 0 7) Sl e Ssdo call oge Y

Mg Iuﬁcrmcsjhw\

At ¢ ol sLadd el 2l dsgandl dy el UL @ Al Blnzieg OLSU el L) ase]

ATA=Y 08 1o opbe (JaY) saall (Ol

plad e ailes anlps —alama ) Ll e il oLyl bl (pY 1 8) plas il (sl —o

AT =N e (B Aral ol Ztlfcob S BJLVU Lo < Lol J)L.AL\

(@) ) B (3 drydll ST s L (pY Y ) pad) LT aBse =1

iy A Y1 et gl S olan LUE e sl W 8Y1 L (pY 4 v ) bl e csiin -V

11-
12-

13-

SN0 VY =AY e dn) ) da bl

Arkan, Thomas (2015). Detecting Financial Distress with the B-Sherrod Model: A Case
Study. Finanse, Rynki Finansowe, Ubezpieczenia nr 74, t. 2, 233-244. DOI:
10.18276/frfu.2015.74/2-21.

Brown, Ken. and Moles, Peter (2016). Credit Risk Management. Edinburg Business
School. Heriot-Watt University. United Kingdom.

Han, Ping (2015). Credit Risk Management of Commercial Banks. Journal of Business
Administration Research. Vol. 4 No. 1, 8-11.
http://dx.doi.org/10.5392/JKCA.2016.16.03.081.

Lim, Hyoung-Joo and Mali, Dafydd (2016). Does Market Performance Influence Credit
Risk? 81-90.

Sairani, P. and Pramod A. (2014). Study on Risk management Altman Z Score: A Tool to
Measure Credit Risk, International Journal of Innovative Research, and Development, Vol.
3 Issue 12, P: 186-190.

94

J. Saudi Soc. for Agric. Sci., Vol. 22, No. 2a;2023 AYYY (Y) YY el pslall Bsgnd) dmed) 2



Asgandl Gyl ALl 3 JALY IVl clladl e olald Bustsed] 43 patll 3 dalys

JAL) Iy cllall e oleadd Buguzdl 48 pall (51 duly

s gad] 2 yall 2SLL1 3

Sgnee S Aol 22l RAEY) pole 3US— ol )l Lo (3

: gl
At 3 Lkt ) e ol 3,05 (3 ) ST oLl gaaly palial QU w2l 2ol 38,01 02
QS pg kasSe j3liae Bhe e Gaa F 3 W SUL e duhl) dazel sgacd) dy )
) By all iz Slaglis sae Jas o Slgradd il olall Bpand) Bl Ola ¢ ol skad)
A Igaal Jawgze wii)) (Y00 Ay 2016 & ol 0,05 & 830301 e w2 U &1 ol @8 oyl
2t (3 S S L ) Bl R YVA ol e 3l DYl lagie Al o 0T UL nsd
Aol VI 286 ) o Ul (S5mnt e B3 ganad| NIRRT 5 B NPT P2 (PP W UPINARC YPE
2 ool M) ws g 3 Oabl 338 g spad Bl Bax g Al g A ol SYeral 3
el Al AL 3 2 ol e il (bl 2 T e plaes
(L sl e el cslald g pmadl g1 Mgl 2l i LY LSS
s il

FashS Y Y £ Lo clwg¥I Gall 3 L) G e Wes ST a sgand) gl AL
A e AUl ag aad esle Lt ST cailane VY ) Bede 2y gV AU (3 el a e
B3 gannd) A al) ALY (3 2050 oL 3)lgm 305 BRI UL OF L g el gt Goadl ey 3 gacd) B all 2SI

95
J. Saudi Soc. for Agric. Sci., Vol. 22, No. 2a;2023 AYYY (Y) YY el pslall Bsgnd) dmed) 2



A gad) o yall ASLall 3 JAL I3ty callall e oleall Suyoized) 6 a3 Al

I bl e UL (aae (3 ol olslial S sl el (3 Uy Golasl deldzee nf
Sila Buka dny (5l SN o s oll) s U misie U1 oLl plas 2aslal) )il 55aal) I35
AL T o (3 a0 oLl DYgra Y aads oLl wad n § ek ol e Sliab calpal) sl

259 Aol oLl CaSle o JUle YA () dgied) B3md) B35 LU e a3 oLl olian
oo e dle Ual o b ol 21 e 780 b Baie oS o Lk YYTL gy s3uill
Ministry of Environment, Water ) Gy cieluall @lrlaV1 o 775 il olrlasY)
3ylye Ay () Adgkl oLl b e e Yl SVas 0B (5 ey (2018 cand Agriculture
odn oLl Slsle] Abizew (o pill by L padl (3 805T ag dadl Vudwe e gl (B30t Tdg oles
(2012 Drewes et al) Jb) Juad Wbhun! ezl 13 Gle o0 (0 T 3

o) el S 8Ly Bl Byl B (3 Byl ol aSs el (3 V) Y1
Ule cpptall e o el Call ol Bhlasy mad Bl 2l o ¥as JLe YY BLs| P e
ST Bsgadl agyall 2 s OF Wkl o (2l sy (Saudi Gazette, 2010) weslal
= @ s (Saudi Gazette, 2010) cpally samald SLY dn (Jl) 3 oLl 55 33leY 2y
DL s B3lely i o U cenSe o Jlle Y)Y ez Bl Bl Al 1w oYY SO (U4
(Ministry of e spadl o oldl o oS o JLbe V1 dlem plbsnal 0z (el
Environment, Water and Agriculture, 2019)

L cls a vy AW ol ddond Bl e gl) Lapts Jal (3 el Slla2 ST ALY st

sl oLl Wd 1SS Of G bl C2aas SW oY r2s ol e L;LQ\ Al oy Y 2 A0 I

96
J. Saudi Soc. for Agric. Sci., Vol. 22, No. 2a;2023 AYYY (Y) YY el pslall Bsgnd) dmed) 2



W3 gadl T pall 2Lkl § AL I audly callall (e slboald Bsizell A panl 5 Al
Fold Mo 105 V55 87 L gl B AT e sl 3 S Rl Vs Y Ves Ve oy
(2010, ol fraad GG Jlan) o VY g Fio e o Lo 2SN i (Y 0y v ple e Blzel (S
i B gnnd) el S 3 31 oL 2l O sl (Ng, et al., 2018) .El-Ashry, et al)
AT b ol adod laie vo s a3y Al (Llei)l Jo Y\ ple 3z el e TVA
AW oLl ddod aala) dwsl) (Y oy a4 (Ghanim) oWl ald e 55U 3 oLl Solslis) e 7Y+ oy
Ahoel) 330 o S e SlE o ch3gandl Bl UL (3 33 ool ) it 2 (SWCC)
el ik Lol oLl e Gagy CaSs o Ogeke Ajo o uill Clball add i) Bl I RCAR 3
ol sl Gag S o Ogle A o e b ) 2 Y1 8,6 3 gl L oY LYo ple Jole
.(Ministry of Environment, Water and Agriculture,2018) v.y.
i) UL
G i) M lead) 3 Uaad) e B e 3y Cinnall biad 3 Olorg Sl dole 2SI (3 il
Slblasl ooy ad dale oLl Jagt Aol ol dguy dencdal) Bdal) ol jolas 2l ol (1) lasYl
ol AlE (aodl oLl i, C‘ﬁj Gk e 055 oL jslias LG Sadmie pb ol W dzday L) 3oy oLl
S olaldly U oLl jslas imband) ol jamg 2kl sl O3l ol ¢ lasYl ol fd
i 1 Lalaild) ol LY G& L Wlad cod oeall 3rall ol Bhlang oLl plasual las
Olpaall (Wl 5l oLl SI5gzanl 8505 e Vb cslom d  Jo SUladly 2l o O 56 3 a0
Bl e sl Ule ppiall Oga (3L Aolh) LYl oISa)l audail Lo J3UL ) oLl Lo sd Ol
plla 8oyl ax U Lo Juy 1 S ISy Bl Ayl AL (3 3 sbll, L}&MJ\ sedl 33y O

97
J. Saudi Soc. for Agric. Sci., Vol. 22, No. 2a;2023 AYYY (Y) YY el pslall Bsgnd) dmed) 2



Bsgaadl Busyall ASLLT 3 ST IS ly lladl e sloold 5asotaed! 2 yaall 3 lys

N P VY FVITCOUPP WU S VOO - FPVPNE W4 YW IS TSV W URESTN VAN WP SO
OF gl o U3 mng cadodl oLl Slslia] pa oLl SDgzal pn VAL o ST Gl s sandl o)) S
531 3 ol i 05™.(2011,Global Water Intelligence) Gle Yo 0sné (3 asodl oLl ad
(S e slo Sl pat S IS el 2l (2d5 (3w Bisgand) Apall S 5V
Global ) a5 secdt ag,alt sl 3 oLl e 8o Yo a8 5gmy e (201 e oLl o 5E Gus
Ay ol Iilgaly jslal QU ao gl auhld aamd) 3,00 oda Sué . (2011 Water Intelligence
sl A el AL (3 Ll GBI e ol a5 (3
AL Sty

5 835 Mis ClSTB) JUM e Jo xS 0 1) 000 s 550 &l Uses 0 ol e L))
O o2 abluwy EU3 3 el s Faro 058 B8 5,0 Y1 Qb (3 2ST) oladl 0B eI (3
oo ool o Jaisuie (St Hlebl ) ol Sles b alld ) BLoYL plasanN) e by & o)
(Y. r Arbuésetal) ws oW1 5l e gro s S 3le pau ) oda 1Y G oloadd 38,03
(O 28) =¥ Ll Grshoyy Vitsed Y1 GbULL 25, 2l B 39,8 Byl nal) GBI a5 (25 ag
e o Qb 431 ezt L(Va1Y (Howe and Linaweaver) Jisd) s «(0p0) =11 Jolas
AE U g oY Dt Seld slemal o) & S (BN OIS0y S Slladll 13 e a5l oL
Ldd 3 sdis oluldl sds il (Y e Ascl & Borisova) oLl e Gl Gy e 1S
ol @ Slalll daae (3 domy cale (SCay Lol Blgml (3 GUASH ol Slslalg plaszal (3 SalEY)

98
J. Saudi Soc. for Agric. Sci., Vol. 22, No. 2a;2023 AYYY (Y) YY el pslall Bsgnd) dmed) 2



Bysgaidl Ayall ASLeLl 3 S Ity culladl e sloold Bty 48,2l 3 2l

H il Byl bvgze el O & L sl Sl Slan Sl sl ST oLl e ) O
(Arbués et al.2003) )¢ = )\ o ple Sy Jr i By i F —0j0

OB Gz Y ol 3 ol e Cllall ads¥ Ol Jgm bl o suazed) legleall b,
ool Zandl Byl a5 ol o 3B U O Lxulys B olpally oo, ol 3 o)
Nauges and ) Gaf Gas s Dol 3 Sole ade ol & L b sme =01 J —o)F (o
e OF o 08 Jo Gl Bgpe Jasie o BT lead) 203 B0 Lawgze (Whittington, 2010
.Howe & Linaweaver, 1967) stilly Cavall 3 ) 29,0 @l di dad oo 2y ned)

adpll olall bl (3 51 53y ol IMgral o @M Sls Of T anle wlals cadl
2 B ) Sl et e pinaS 81 s et Ual g an Ms (Young, 1973)
el s Bloy ol jany Bl SO O ey Gl Jslany 1 2y ol e L)
3 el 2l (e 3 Olpad) O 306 bieS” Slgzad) jasl susany (1992 Renzetti)
.(Boadway, 1974) Jus L 046

s Dl &y (Zbiasnal i 3 dlobe dslas) 1 U ol Of el ¢ e waldl 080 204 3
Jol 3 ezl 2t s o (Dublin Water Principles, 1992) a.e) 2,3L28) aakes T s
S Bt Sl sl ot Al ) Z LY e g SN O el el )
Sy Lot 3y ebarn V) 286 )1 il (ooloisl] 2apld sl (3 (23 oy ol dd i plas 3 2
- 3 (Renzetti and Kushner, 2004) 25La3 5.l 5ig 1ag dad) 2SI e o)

i) 8alSHly el O35 saied A (3 Wl 358 s OF (o clelonn Yl 28 ) e (Sg2me e

99
J. Saudi Soc. for Agric. Sci., Vol. 22, No. 2a;2023 AYYY (Y) YY el pslall Bsgnd) dmed) 2



gl Ao yall AL § JAL) I3ty calladl e sleadl Byl 28 panll (3 Al

Laffont and ) Ramsey Boiteux opW sy olll jlaol Ggs0 asll) 558 Jo dazas 3y
sonid) Je Blidly (IS adordd oLl SNgral o Wl o 05l a2 g Tirole, 2001)
e 1t 4 el adi 0B ¢ Howe and Linaweaver(y a1v) J Gy . onsflezadl oo Slasyl
il Bl ) amg Yl siaze gl OF o o201 e B 8T sis anin b Slipadl ez Lo o))
TS RERUUR TS WOV g BTCOUE R AU WO
sigond) Aol

Juy) Slgradl 256 (3 sl Ly aladl dgmcdl g4 5l4Y Ay dogie pdsiing Eod s
Ol pad) dazas . oleald AW 3l 86 20l L) olel) duzisel) A B ad) o ) 5 s (e [ (S22
o B bl Y WY bl Bpandt Byl e ol (SKas el s (3 ezl sl (3 508l
G el Bl ) ddl s dandi Bl L L BNl ol e Gl 3 gad ol paidl e 83530
(b ol e L3l U e ol e 156 0] L andl (3 il Al sl 2l e g 28
caisy ) S e 1S e A O cold) e i) 13) 4T gm Vng

Mo A sr AT ane sl e Bty QB e o LYl AL g sllerld) a6
G add 1S ) Lyl iy oloadly bl flis 0ot anbty ) Jadl) anll JLaY)
Sl w55 boie addey Gy (Oladd) of sl jland piss L ple S Slgnd) [atl o,
) gl asly dud) el (2l oy (ACS) ) (2 pis Cilit  olaadd of )
Gl e ml W bt o (V) Dol B ddse wlaglin ¢ Jas F ol lanl plisy) ] dnll
Sols dpmedl Bae) oo pb oluol) Bd) Badl (3 i o Adeall WU oL Sl Lawgze OF jndl)

100
J. Saudi Soc. for Agric. Sci., Vol. 22, No. 2a;2023 AYYY (Y) YY el pslall Bsgnd) dmed) 2



gl Ao yall AL § JAL) I3ty calladl e sleadl Byl 28 panll (3 Al

Axdgie 4SBT 1) IWgraV1 (3 ool on I gLl pudkl B adl sy ud) ) (ST ¢ anl)
OO PR T L X I WN LR BPS - SPYL UV ey I P PR RV ENUR[-KVEE R P AR H JEP:
Jobill Vs (3 ae g0l LotV Lty 85 ool e Y gnal Jan gl el 255 1 e 13Leze!
oo 355 ] Jsosll 23180 L) w1 Uy cold) jolian i (3 oSt 3 gand) 20y OF o2 oLl 260
cnl ) Olagy bl a JS o Ailesll ol el Bgpe o8 38155 S 3 eleall o o Yy iS2)
s [ S e €1,V daall oS oLl 3lgral dagma iy 58U Ll ol S5 Lol gt
(v vY) General Authority for Statistic J sy £,A obe L3sadl 3,031 prem Lo gzo Y [

s | TR YVA 3,80 oLl S5z
Dol s al) Gl Blo) ek Bkl 2 sgnnd) )l B (3 oLl B mog (V) Jgd
YY) 1aST e dazng ol e S e ST el e Ol L) 3 ald oLl Szl 3ad 0 00
skl 3 adl (3 (JU e e cagl) ag a1 s ae Jamy (L) ag el Igaa ) 2eS el OF dny
F a1 0) doVlag adl ga Ges 5wV gl e S o A0 ol ae Ole 055 ol
1,0 T caSae fe Vo) Al ag el & (JL)y 1,0 T caSh e Vo) il ag il d) BloYy (Jy) e

(JL.:’) q "y ¢ V~)WL'>L\ a-éfij‘(:(uj‘g) 1y ¢ \0) iyl I a—“:ﬂ‘g‘:(«)‘f) g0 F ¥ ();‘:(JL,U

101
J. Saudi Soc. for Agric. Sci., Vol. 22, No. 2a;2023 AYYY (Y) YY el pslall Bsgnd) dmed) 2



A gad) o yall ASLall 3 JAL I3ty callall e oleall Suyoized) 6 a3 Al

433 gl Ay jal) dlaall A olaal) 4d 2% (1) Jgaa

Old Water Tariff New Water Tariff
Blogk | Household | Water | Household | “PERS | pER | CORaeS
(Segment) (m3/ m(%nth) (SR/m?) | (m?/ m(%nth) (SR/m’) | (SR/m®) | (SR/m?)
1 1—50 0.1 0-15 0.05 0.10 0.15
2 51-100 0.15 16-30 0.5 1.0 L5
3 101-200 2 31-45 1.5 3 4.5
4 201-300 4 46-60 2 4 6
5 301+ 6 61+ 3 6 9

Date Source: National Water Company, (NWC 2017). 1IM3=1000 Liter. * Saudi Riyal (SR) is SR 3.75 (US$1).

Imt&\j cf\;‘.J\

Pl B)lie Yo VA ple (3 VA Gy U Bgned) dal) B 3 oyl oloe plaszal OF (V) S g

A Y gral 53L5s Sl gadl o pladl oLEYVT B35 s cY VY

i) olaa Dgial (V) JS)

3,500

3,000

2,500

2,000

Drinking Water Consumption

(m3/ year)

1,500
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Years (2007-2018)
Data source: Argaam, (2019)
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Date source: Ministry of Environment, Water & Electricity (2019).
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Data source: Ministry of Environment, Water & Electricity (2019).
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Scenario | Price Elasticity Old Water New Water Old Water New Water

(ey) Household Household price price

Consumption Consumption (SR/month) (SR/month)

(m?/ month) * (m?/ month)

41.7 77.4

4 0 41.7 (No Change) 4.17 (increase)
39.7 68.4

3 -0.02 41.7 (Decreasing) 4.17 (increase)
35.4 49.5

2 -0.09 41.7 (Decreasing) 4.17 (increase)
25.6 18.15

! -0.38 41.7 (Decreasing) 4.17 (increase)

* (Average family size is 4.8 = 5 * 278 1/day * 30 days).
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o o6 el OV gan ¥ lgnadd 2l Ly FAVe T o tp sl e 3l 0B ho olall dpandl Gg M 0SS
o Rsgand) 5 O e Joy e as [ TR YYA U3l oLl SNl Jagza ks i oleald U ) Bl ms
05 Laie . el b))l 393l outs g olll plad) o g oal) ey 203y jall oLl olads (3 duslair) 083
JWls /A Ry BN ol B3gnal Javvgia iy 7Y 01 4 Gty g ol e (3 i) 0550 o Y Baed) g )
g 055 iy o [ G YTEY ke ] ol e ) Sgnal adsas (Ged Jb) 4 s cllnd) 2l jais
o2 QWb Ve By Jaisy Al ol sl bwgres TV AY @ dp ol e 3 adl OB s Bal
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Akl Ay and) O e Slhgand) 238 il (V) Jgud!

q ' Price Perceptage Percentage Water Consumer
cenario | o o ty ghange 1nt Water \gh?nge in Consumption gllllrplus
onsumption (m3 ater price . ange
(€) /monpth) (SR /m(glth) per Capita (Liday) (ACS) (SR / month)
4 0 0% 1756% 0 0
(No change) (increase) (No change) (No change)
3 0.02 4.8% 1519% 13.3 9
) (decline) (increase) (decline) (decline)
i 15% 1087% 42 87.9
2 0.09 . . ) .
(decline) (increase) (decline) (decline)
1 -0.38 39% 350% 107.3 477
] (decline) (increase) (decline) (decline)
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