[image: image1.png]1120
100°0%.:820°0
Z10°0F:9€0°0
920°0F.1S1°0
6V 1 0F6€1°0

€L0°0
910°0F,1L00

600" 0%4:Z11°0
0S00F6T1°0
€00°0F,161°0

6L1°0
610" 0F:760°0
0v0"0F.9T1°0
180°0FL61°0
8L0°0F.S0T0

Jiudjoulg

7200
100°0F:120°0
010°0F,960°0
900°0F0€0°0
110°0F:520°0

850°0
§€0"0F4001°0
120°0F£H1°0
800°0F,SI10
800°0F950°0

160°0
200°0F+S0°0
LSO 0F-061°0
00" 0F 26710
110°0¥4:680°0
Q_O—Oﬁmw—

081°0
9Z1'0F:6C1°0
0€0"0F:160°0
LO0 0F¥€0°0
200" 0F.ST0°0
660°0
750" 0Fq€21°0
GE0'0F 48910
020'0F,9020
LZ0°0F.SLO0
9570
000°0F,#€0°0
0LT 0% STO
€90'0F.L6T 0
620'0FEL1°0
IO

¥€0°0
900" 0F:$20°0
120°0F,080°0
Y00 0F.$20°0
110°0%£20°0

7L00
€10°0F:080°0
€10°0F1Z1°0
600" 0FST1°0
L0 0F.690°0

2020
020°0F,0£0°0
YOT 0F:0E 0
920" 04120
960 0F¢€91°0
NMUIYIY

0600
210" 07000
290°0F,921°0
00" 0F£€0°0
T10°0%£20°0
Y270
20T 0F:6E1°0
121 0FL0T 0
$T0°0FHST0
020" 0F+EL0°0
600
020" 0F:920°0
010°0F,817°0
€900, 1120
LO0 0F:280°0
ApIPEIY

€70
910" 0FoSTE0
POT'0F,61S0
€£20"0F660"0
210°0FeLH0°0

o
161 0F4LL6 0
97T 0F9CE T
00 0F»61L0
L1T0FLSE0

181°T
0S8 0F-61€T
€€0°0F>78TC
€£20°0F,£09°0
010°0F16€0
JLIBI)S

6650
POT 0F9S 0
86¢ 0F.68€ 0
00" 0F.92Z 0
P10°0F:150°0

91°0
680°0F-F08°0
810°0F,87S 0
T10°0F,£910
ZLO0FH0T0

€610
STIOFLTIL O
980'0F(S19°0
12€0F4195°0
S10°0F:950°0
T |

8200
910'0F¢b20°0
100°0F, 1500
600" 0F.800°0
800" 0F£10°0
0v0'0
800" 0FLZ00
110°0F,101°0
¥Z20°0F,LOT0
LOO 0F 1400
€210
£90°0FSH1°0
LSO 0FE80°0
LOO 0FebH1°0
920 0F.S670°0
J0SUAIN

LEO0
120 0F00T0
800" 0F.0£0°0
110°0%:210°0
800 0F:+20°0
011°0
9€0'0F:870°0
290°0F,841°0
SE0"0F 9700
10004200
o
L00'0F,820°0
140°0F,[+0°0
SLO'0F981°0
$S0 0Fqb11°0
Jne]

wSpoT/ws

‘[9A3] G(O°( J& JUAIJIP APUBOIIUSIS JOU IB A1032)BD SWES JY) JO UWN|OI YO8 UI 13119 WS ) AQ PIMO[[O] SaN[BA UBIJA

%S¢ 18 ST
1001 unni

1001 ULIAMO[ ]
1001 INIBIN
1001 9[IUdANS
%S 1B dS'T
w)s uninij
wa)S SULIdMO[]
wid)s dINIBIN
WS S[IUANS
%S 18 ST
Jea] Suninij
Jea| Suamor
Jea| aIneN
Jeo| iuaAng

age)g
uuwnine suranp JudwWdopIAIP JO SIFE)S JUIIIJIP JB SUBS.IO JUIIJJIP Ul SHLIDIISIA XouinYy JO JUIUO0I PR AN °[ dqeL



[image: image2.png]TOAS] SO°() 18 JUIIP Apuediyiu3is jou are A1032)e0 Jwes ) JO UWNjod Yoed ul 19119 dwes Ay} Aq pIMO[[0] SIN[eA UBIN

910 0200 6100 6£0°0 €200 6¢1°0 180°0 c1o00 €100 %S 18 dS'1
¥00°0F.£00°0 100°0F.C00°0 €00 0F:£00°0 100°0F C00°0 600°0+.800°0 LSO 0FS50°0 0S0°0FL81°0 700°0F,100°0 100°0%,100°0 3001 3uninig
S00°0F¥10°0 v10°0F¥S0°0 C10°0F€L0°0 910°0FS¥P0°0 110°0F,590°0 690°0F,I1¢°0 C10°0FIt00 €00°0F,0¥0°0 900°0F,970°0 1001 SULIIMO]]
910°0F6L00 ¢00°0FI100 S00°0FLI00 £20°0F¢610°0 100°0FC10°0 ¢¢0°0%:C80°0 [TO0FI€0°0 00 0F¢110°0 900°0F¢¥70°0 Joo1 aImeN
¥01°0F.L60°0 €000F:6000 $00°0FS10°0 L00'0F¢I100 800°0F£10°0 610°0FI1+0°0 920 0F6<0°0 800°0FF10°0 $00°0FC10°0 1001 31tuLAN(

$60°0 $10°0 I11°0 £e00 Sv1°0 001°0 0C1°0 £€00 LSTO %S 18 dS'1

C10°0F,$910°0 S00°0F810°0 02¢0°0F910°0 200'0F:910°0 00 0F£10°0 €90 0F10T°0 vv0 0F,L6S0 600°0F610°0 600°0F¥C0°0 wo)s uninig
800°0F,5¢0°0 100°0%181°0 290°0F,681°0 610°0%1L1°0 vS00FLYTO v£0°0%:,966°0 820°0F,0C¢°0 [20°0F,£60°0 810°0F.CLO0 3]s BULISMO]]
[20°0F,L80°0 900°0F,¥L00 $¥0°0Fq0C1°0 [10°0F,$80°0 880 0Fq611°0 LOO'0F9CY 0 690°0F0¢1°0 S00'0F49L0°0 900°0FCIT0 Wwals e\
¥90°0F.60C°0 800°0F£¢0°0 €10°0F1¥0°0 010°0F120°0 800°0FLC00 010°0%:£L0°0 0100FLS00 800°0FLI10°0 S81°0FS91°0 W9)s ofruaAn(

1o [15°0 8¢0°0 $90°0 190 €LEO S10°0 ¢10°0 €e00 %S¢ 18 dS'1
£€20°0F580°0 L9E 0F10¢£°0 S10°0F,150°0 LOO 0FCY0 0 Iy 0F61¢°0 LOT 0F¢98t°0 €80 0F4C0v 0 100°0F,0€0°0 600°0FqCC0°0 Jea| unini]
€10 0F611°0 ¥C0°0F.CC1°0 €0 0FbC1°0 LEO0FC0T0 2008600 91°0F€L9°0 890°0F.61T0 2000749600 900°0FS01°0 Jea| 3uLIamo[ ]
S10°0F6¥1°0 100°0F£60°0 100°0F¢160°0 60009900 LOO'0OFSITO ELT 0FqebV Y 0 €C0°0FL6170 800°0F0500 [T0°0F880°0 Jeo[ aInjeN
9L0°0FL61 0 L10°0FC90°0 £00°0F¥80°0 LZ0'0F890°0 100°0F£50°0 690 0F.06C 0 800°0FLCI0 800 0F5€0°0 810 0F580°0 Jeaj aiuaAng

diudjoury dnRjoury IR0 AJUETTET S| AIPIYIRBIY BTRTEITS pIueg ISLIAIN dJune|

w01/ w

urInp 3udwdodAdp Jo $I38)S JUALIJJIP 18 SUBSIO JUIIJIP Ul SHILDIISIA XouinY JO JUB)UOD P18

JUIM

8 Y14 TN
jeq "T9lqeL



[image: image3.png]8400
€00°0F>L00°0
S10°0F1€0°0
1€0°0F42CI0
000" 0F-L0T 0

LIT'T
220" 0F6£0°0
091°0F.261°0
S€0°0F.40T0
88L 0F:¥20'1

€81°0
610°0F,290°0
LT0'0F,9C10
LT0'0F,061°0
LT1"0F001°0
dJludjouly

Sv0°0
020°0F,S10°0
900°0F,£TL'0
¥C0°0Fe£80°0
900°0F»110°0

€eso
800°0F.CC0°0
€8¢ 07050
€00'0F981°0
LIOOFI1T0

SC10
910°0F46+0°0
690°0F.10C°0
CSO0FL8L0
§C0°0FC8C 0
JRjour]

1S0°0
100°0F.200°0
0£0°0F-087°0
120°0F,801°0
100°0FL10°0

S¥6°0
0€0°0F:5€0°0
089°0F:869°0
LZ0°0Fb91°0
610°0F 1120

€10
850°0F,IT1'0
850" 0F.60€°0
900 0FLLT0
0S0°0F0LE 0
IO

500
000°0F>#00°0
0€0°0F,CTE0
800 0F:590°0
20" 0F»V€0°0
LTI
€ST'0F.£81°0
L6L 0FHIE T
810" 0FqeL61°0
900" 0F:£60°0
1220
$00"0F.8€0°0
680°0F,SLS"0
9L0°0F,CLY 0
80T'0F.991°0
MUY IYg

13A9[ $(°( Je JUIHIP

L60°0
100 0F:700°0
600°0F,291°0
690" 0F 58210
900°0F.820°0

0£8°0
¥20'0FI1+1°0
€65 0F.009°0
TLO0F:62T0
LOO0FFET0

€L1°0
810°0F.2120
ZIT 0F99°0
1S0°0FH9€0
110°0F+81°0
dIPIIBIY

Apueo1ugis J0u o1e A1039]1B0 SWIBS 9y} JO UWN[0 YB3 Ul I3[ SWES 9y} AQ PIMO[[0] SIN[BA UBIA

007’1
290" 0FSHE0
9S8'0F,StH'T
680°0F.829°0
9€0"0F601°0

G81'S
€€ TFLEEE
L8Y EF8TT Y
L60"0F0S8°0
650 0FeLLS 0

6LY'T
651 0F,598'C
09t 0F,S60°€
891°0F.95T 1
$9S 02050
JLIBIIS

L¥T0
0LT0F,8SL'0
€50°0F:TLT 0
900'0F,S80°0

020" 0F8¥580°0

LTTT
LS 1R I¥IT
12€ 0FuL V60
820°0F:S0%°0
850°0F61€0
L1t0
920" 0F,6€F'1
LST0FLI60
6L0 045890
YT 0F9hY 0
dniueg

LTS0
$00"0F:+00°0
2€0°0F4LS00
610°07,950°0
100°0F-L00°0

IY€0
200°0F:810°0
brT 0F.81€0
€00°0F:L80°0
€€0°0F.280°0

9600
$10°0F+€0°0
850" 0F9t 10
1€0°0%4:080°0
910"0F:+€0°0
SUSUAIN

¥20°0
100°0F.£00°0
000"0F:600°0
L10°0FFS0°0
$00"0F:800°0
LOT'0
100°0FS00°0
ST0'0F,Z11°0
120°0F,HET0
1L0°0F680°0
L80°0
Z10°0FL100
610 0FSI1°0
S¥0"0F4:080°0
LEOD 0FqEE0°0
une|

wgpQy/ w

urids urinp JuawdoaAdp JO SATe)S JUIAIJJIP J8 SUBSIO JUIIIJJIP Ul SHLIDIISIA XIUINY JO JU)UOI PIde A8 ‘€ QB

%S 18 dS1
1001 unini,j
1001 ULIdMOI]
1001 2INJBIA
1001 S[IUdAN{
%S 18 dS'1
wa)s Junini,|
wals SULIdMO[ ]
wd)s AINIBN
Wd)Ss Q[IUdANS
%¢S 18 dS71
Jes| suninig
Jea] Suamor
Jea] amneN
Jeo[ ajuaAng




[image: image4.png]ueoy1u3is AJYSIH «x
JUROLIUBIS 4
JURDIJIUSIS UOU SN

SN SN SN ok SN SN SN SN ok SOXSXO
SN * K SN o SN SN SN SN o SDX O
SN SN SN SN SN SN SN SN s ok SXO
* % * % * % * % * * % * % ** * % (0) ued1Q
* ok SN SN * ok * * % * * ok SN S XxsDH
* K %k s * % * K * K * K * * % (sD) ade1s ymoin
SN SN SN SN SN * % SN SN SN (S) uosess
SN SN SN SN SN SN SN SN SN (S) sareorjdoy

dudjour] dJRoury O ANUIYIY

dIpIYoRIY ALIBI)S

wplued JNSLIAIN JLINE] AO'S
B)Bp SPIOE A)JBJ PIAIPNIS ) JO DUEBLIBA JO SISA[RUY ‘P I[qeL



J. King Saud Univ., Vol. 16, Agric. Sci. (1), pp. 33-43, Riyadh (1424-2004)

44
May M. Al-Rumaih

PAGE  

Changes in Fatty Acid Content of Different Organs During Development of Rumex vesicarius L.
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Abstract. The present study was conducted to investigate fatty acid content of different organs during development of Rumex vesicarius grown in three seasons autumn, winter and spring in Riyadh, Saudi Arabia. Gas chromatography analysis revealed a change in fatty acid content during development. With maturity fatty acid content in different organs showed a trend towards a higher level of palmitic acid and a lower level of linolenic acid. Palmitic acid showed generally a significant increase with age from juvenile throughout to fruiting stage, whereas linolenic acid showed an opposite trend. Lauric, myristic, stearic, arachidic, behenic, oleic, and linoleic acids showed generally a significant increase with age from juvenile throughout to flowering stage and then decreased with further development in the fruiting stage.  Stearic acid was the major fatty acid followed by palmitic acid. Seasonal variations were observed in fatty acid content. Spring showed highest fatty acid levels followed by autumn and then winter. 

Keywords:  Development, Fatty acids, Rumex vesicarius L., Saudi Arabia.

Introduction

Rumex vesicarius is a winter annual, which belongs to the family Polygonaceae. It is widely spread throughout desert and semidesert areas in many regions [1]. It grows in several parts of Saudi Arabia and occupies a special nutritional and medicinal significance. The use of the plant raw leaves as a salad vegetable by Bedowins is well known. The plant is sometimes added during the preparation of iqt (dried milk shards) to increase its acidity [2]. The plant is used medicinally as a laxative or tonic [3]. Middleditch and Amer [4] reported that the juice is used to diminish toothache, check nausea, promote the appetite and improve digestion. 


It has been reported that stages of growth and environmental conditions are important factors affecting fatty acid composition of plants.  Hawke [5] revealed changes in fatty acid composition of rye grass, Lolium perenne leading to a progressive fall in linoleic acid as maturation proceeded.  Similar effects were observed in timothy grass [6] and in bush beans [7].  Hudson and Karis [8] indicated that leaf tissue of fodder radish, Raphanus sativus had higher proportions of palmitic acid with maturity.  A similar finding was reported by Mishra et al. [9] in leaves of Duboisia myoporoids.  Helmy et al. [10] indicated that palmitic and stearic acids were the major fatty acids in N. retusa shoots.  On the contrary, De Melo et al. [11] showed linoleic acid as the principal fatty acid in melon, Cucumis melo hybrid.

Fatty acids play an important role in human nutrition by preventing hypercholesterolemia. In addition, they are also important constituents of membranes. The objective of the present study was to investigate the physiological effect of development on fatty acid content of different organs of Rumex vesicarius under the influence of seasonal variations during autumn, winter and spring. However, few investigations have dealt with the changes in fatty acid content during development of plants and none were reported so far for Rumex vesicarius.      

Materials and Methods

        Rumex vesicarius seeds were collected from Riyadh area, Saudi Arabia. Uniform seeds were sterilized using 10% sodium hypochlorite.  Seeds were sown in pots containing a mixture of peatmoss and sand (1:1). Three seeds were sown in each pot of 120 pots during autumn, winter, spring and placed in open air. The sowing dates and temperature ranges were 16 October (9-270C), 7 December (7-160C) and 8 March (13-310C) 2001 during autumn, winter and spring respectively. The relative humidity ranges were 3-39%, 4-51% and 1-36% during autumn, winter and spring respectively. Pots were watered on alternate days throughout the growth period. At emergence, thinning was done leaving one seedling per pot.  Observations were recorded during different stages of development (juvenile, mature, flowering and fruiting).  

      Two samples from 10 replicates of different plant organs (leaves, stems, roots) in the successive stages of development were used to determine fatty acid content of lipids of R. vesicarius.  Fatty acids were prepared from lipids according to the method of Morrison and Smith [12] and analyzed by gas chromatography (vista 600, varian ) using 3% OV-17 column and a temperature range of 50-300o. The identification of fatty acids was achieved based on retention time and by comparison with authentic standards analyzed under the same conditions. 


The data (two replicates) were subjected to analysis of variance for a Split-Split plot design [13] using the statistical program SAS with seasons (autumn, winter, spring), organs (leaf, stem, root) and stages of development (juvenile, mature, flowering, fruiting) as factors. Means were obtained and LSD at 5% was calculated to compare the significance of the difference in the results between any two groups [14].

Results


Fatty acid content of different organs (leaves, stems, roots) at different stages of development (juvenile, mature, flowering, fruiting) of R. vesicarius during autumn, winter and spring are presented in Tables 1, 2 and 3 respectively. Gas chromatography analysis of fatty acids revealed the presence of lauric, myristic, palmitic, stearic, arachidic and behenic acids as saturated fatty acids and oleic, linoleic and linolenic acid as unsaturated fatty acids.


Lauric, myristic, stearic, arachidic and behenic acids content in different organs at different stage of development in the studied seasons increased with age from juvenile throughout to flowering stage and then decreased with further development in the fruiting stage. Palmitic acid level increased with age in the successive stages of development. Generally highest significant levels were recorded during the fruiting stages.


Linolenic acid content in different organs decreased progressively with age of the plant. Generally lowest significant levels were recognized during the fruiting stages and highest during juvenile stages.

        The major fatty acid in different organs at different stages of development was stearic acid followed by palmitic acid. The levels of fatty acids in different organs varied in the studied seasons. Generally spring season showed highest fatty acid levels followed by autumn and then winter.

         The interactional effect of growth stage x season was highly significant (p<0.01) for myristic, stearic, behenic and linolenic acids. Significant (p<0.05) for palmitic and arachidic acids and insignificant for lauric, oleic, linoleic acids (Table 4). Whereas the interactional effect of organ x season was highly significant (p<0.01) for lauric acid and insignificant for myristic, palmitic, stearic, arachidic, behenic, oleic and linolenic acids. However the interactional effect of organ x growth stage was highly significant (p<0.01) for lauric, behenic, linoleic acids and insignificant for myristic, palmitic, stearic, arachidic, oleic and linolenic acids. Regarding the interactional effect of organ x season x growth stage it was highly significant (p<0.01) for lauric and behenic acids and insignificant for the other studied fatty acids.     

Discussion


Fatty acids in different organs of Rumex vesicarius displayed a considerable change in pattern during development. Lauric, myristic, stearic, arachidic, behenic, oleic and linoleic acid content increased with age of the plant from juvenile throughout to 





flowering stage and then decreased with further development in the fruiting stage. The observed changes are consistent with the earlier findings of Koiwai et al [15] in tobaco, Nicotiana tabaccum.


The unsaturated fatty acid linolenic acid decreased with age of the plants.  The observed changes are in general agreement with the findings of Newman [7] who indicated that more mature tissues of bush beans contained less unsaturated fatty acids.  Similar effects were observed in Rye grass, Lolium perenne [5]; in timothy grass [6]; in alfalfa, Medicago sativa [16] and in kale, Brassica oleracea [8].


The present decrease in unsaturated fatty acid levels during development of    R. vesicarius is probably due to hydrogenation of long chain unsaturated fatty acids [16] or to fatty acid degradation by oxidative enzymes (oxidase-induced catablism) [6].  De Vos et al. [18] indicated that lipoxygenase as an oxidative enzyme was responsible for the degradation of unsaturated fatty acids.  Mishra et al [9] reported that the synthesis of this enzyme is controlled by genes depending on plant nutritional requirement and stage of growth.  Accordingly, one may suggest that the present variation in unsaturated fatty acid levels of different organs during development of R. vesicarius is the result of variation in the level of expression of the degradative enzyme lipoxygenase.  Higher levels of expression of this enzyme probably occurred during the fruiting stage which possibly resulted in the present decrease in unsaturated fatty acid levels.


The present results contradict the findings of Hudson and Karis [8] who reported a relative increase in the percentage of the unsaturated fatty acids oleic and linoleic acid with maturity of rye grass, Lolium perenne. The saturated fatty acid, palmitic acid of R. vesicarius increased with age to a maximum during the fruiting stage.  Hudson and Karis [8] indicated that such an increase was due to falls in unsaturated fatty acid levels.  The results are in conformity with the findings of Newman [7] in bush beans, Phaseolus vulgaris L., Klopfenstein and Shigley [16] in alfalfa, Medicago sativa and Mishra et al. [9] in Duboisia myoporoides.


Moreover, stearic acid was recognized as the major fatty acid followed by palmitic acid.  This observation is consistent with the findings of Helmy et al. [10] in N. retusa and El-Kashoury [19] in cucumber, Cucumus sativus.  The results contradict the findings of Escudero et al. [20] and de Melo et al. [11] who indicated that linoleic acid was the dominant fatty acid in Amaranthus muricatus and melon, Cucumis melo hybrid, respectively.


On the other hand, Tremolieres et al. [21], Pleines et al. [22] and  Triboi-Blondel and Renard [23] reported that  low temperature increased oleic and linoleic acid desaturation and as a result increased linolenic acid content in sunflower, Helianthus annus and rape seed, Brassica napus. Such observation  is not in line with the present study.

          In conclusion, the presented paper shows clearly the progressive changes in fatty acid content of different organs during development of Rumex vesicarius during autumn, winter and spring. Fatty acid levels differed depending on plant organs, stages of development and seasons. Fatty acid analysis revealed that Rumex vesicarius is a good nutritional source. It contained appreciable amounts of fatty acids, thus it can be used as food for humans and as a diet for livestock. 
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تأثير التغيرات الموسمية في محتوى الأحماض الدهنية في أعضاء نبات الحميض
(Rumex vesicarius L.) أثناء مراحل النمو

مي محمد الرميح
قسم النبات والأحياء الدقيقة، كلية العلوم، جامعة الملك سعود،
ص.ب. 22452،  الرياض 11495

(قدم للنشر في19/9/ 1423؛ وقبل للنشر في 20/3/ 1423هـ)

ملخص البحث. تم في هذا البحث دراسة محتوى  الأحماض الدهنية في الأعضاء النباتية المختلفة لنبات الحميض(Rumex vesicarius L) .  خلال مراحل نموه وتميزه في مواسم ثلاثة هي الخريف والشتاء والربيع.

أظهـرت نتائـج البحث اختلاف نسب الأحماض الدهنية باختلاف عمر النبات. فبزيادة عمر النبات ارتفعت نسبة الحمض الدهني المشبع (حمض البالمتيك) وانخـفـضـت نسـبـة الحـمـض الـدهـنـي غـيـر المشـبع (حمض اللينونيك). ازدادت قيمة حمض البالمتيك عبر مراحل النمو والتميز من مرحلة الصبا إلى مرحلة الإثمار. أما حمض اللينونيك فقد أظهر نمطاً معاكسا. أما بالنسبة لحمض اللوريك والمرستيك والأراشيديك والبهينيك والاوليك واللينوليك فقد تزايدت اقيامها بزيادة عمر النبات  من مرحلة الصبا إلى مرحلة الإزهار ثم تناقصت اقيامها في مرحلة الإثمار. ولقد وجد أن حمض الأستياريك هو الحمض الرئيس مقارنة بالأحماض الدهنية الأخرى تبعه حمض البالمتيك. كما دلت النتائج على أن للتغيرات الموسمية تأثير على محتوى الأحماض الدهنية حيث سجلت أعلى القيم في موسم الربيع تلاه الخريف فالشتاء.  
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