
THE INSTITUTES FOR APPLIED RESEARCH 
BEN-GURION UNIVERSITY OF THE NEGEV 

BGUN-ARI-11-99 

ConfldentIal 

CHEMICAL STUDIES ON VERNONIA OIL AND 

GENETIC IMPROVEMENT OF 

VERNONIA GALAMENSIS 

Annual Report 
November 1996-0ctober 1997 

DA VID MILLS,l SARINA GRINBERG2 
JAMES CHWEYA3 and PETER GITU4 

IThe Institute for AgrIculture & ApplIed BIology 
2The Institute for ChemIstry & CheIDlcal Technology 
3Department of Crop SClence, Uruversity of Narrobi 
4Department of CheIDlstry, Uruversity of Narrobi 

ProJect Number C12-163 
SubmItted to the Offlce of the SCIence AdVIsor 
US Agency for InternatIonal Development 

(FIle no 86723101) 

Beer-Sheva, Israel Apnl1999 



.. 

ANNUAL REPORT 
November 96 - October 97 

SubIDltted to the OffIce of the SCIence AdvIsor 
U S Agency for Intemabonal development 

CHEMICAL STUDIES ON VERNONIA OIL 

AND GENETIC IMPROVEMENT OFVERNONIA GALAMENSIS 

PrmClpal Investigators DavId MIlls, Sarma Grmberg 

Grantee Institution Insitutes for Apphed Research, 

Ben-GurIon UnIVersIty of the Negev 

Collaborators 

Project number 

Grant Number 

A I D Grant 
Project OffIcer 

Project DuratIOn 

James Chweya Department of Crop SCIences, 

Umversity of NaIrobI, Kenya 

Peter GItu, Department of ChemIstry, 

UmversIty of NaIrobI, Kenya 

C12-163 

TA-MOU-C12-163 

Mr Moshe AmIr 

August 93 - December 98 



EXECUTIVE SUMMARY 

The report IS dlVided to two parts, t1]e first deals wIth the bIOlogIcal! agronomIcal 
work and the second wIth the chemIstry work 

In the bIOlogIcal sectIon of the program, we contInued WIth selectIon of lmes of the 
hybrIds prepared at the begInrung of thIS project ThIs year, we tested the F3 hnes of 
between var galamensls and var ethlOplca and the F2 backcross of the hybrId between 
ssp galamensls var petltlana (accessIOn V029) and var ethlOplca Tests were conducted 
m the greenhouse m wmter and m the field durmg summer As m prevIous years, 
hybrIds exlubited characterIstIcs mtermedlate between the parent varIetIes, and m some 
cases even sImIlar characterIstIcs as those of the parent, such as seed fillmg and seed 
weIght as m var ethlOplca Some lInes may be consIdered good as they combme posItIve 
characterIstIcs of both parents, referrIng mamly to neutral flowermg (traIt of var 
galamensls) WIth bIg seeds and capItulum and hIgh seed fIllIng (traIts of var ethlOplca) 
The F2 backcross lmes of the hybnd between var petltlana and var ethzoplca also 
exhIbIted mtermedlate charactenstIcs, as reflected by mainly the SIze of the capItula 
and the number of capItula These hybnd lines exlubited sIImlar performance and 
charactenstIcs to the hybnd lines of var galamensls and var petltlana but had the 
Infenonty of haVing small capItula and seeds It was decIded to contInue selectIon 
WIthin these lines Of the SIX lInes tested, we selected F4 seeds presentIng excellent 
features hIgh seed filling, bIg seeds, numerous and bIg capItula, and early flowering 
These traIts are, however, not WIthin one hne, meanmg that further selectIon has to be 
made We enVIsage that by perforImng further selectIon we can come up WIth a line 
characterIzed by early flowenng m summer (neutral to day length) and reasonable 
YIelds 

In Kenya, further field testIng-aImed at commerCIahzatIon-was conducted The 
trIals were conducted under dry-land farmmg condItIons Low YIelds were obtamed In 
the two SItes, Kabete and KtbwezI, due to a dry spell dunng the perIod of growth and 
to mterference by wIld ammals Var ethzoplca was more susceptIble to the drought 
than the other subspeCIes tested In both locatIons, subspecIes mutomoenS1S YIelded 
more than the other germplasm 

In the chemIstry part of the proJect, chemIcal transformatIons of vernoma oil, vernohc 
aCIds and methyl vernolate, WIth the aIm of preparing surfactants, were performed under 
baSIC condItIons TransmethylatIon and aImdatIon dId not result m epoxy rIng opemng 
PartIal openmg of the epoxy nng was assoCIated WIth the preparatIon of sodIUm and 
potaSSIUm vernohc salts from vernohc methyl esters or aCIds by the actIon of sodIUm 
hydrOXide, potaSSIUm hy<;iroxide or SOdIum carbonate 

The propertIes (solubilIty m water, cntIcal mIcelle concentratIon and foammg propertIes) 
of the new compounds mdicate that vernohc salts and dlethanolamtdes are good 
candIdates for detergents and truckenmg agents Ie, In the common fields of applIcatIon of 
analogous surfactants 

The formatIon of estohdes as by-product IS of pnme Interest smce tills can offer SImple 
method of producmg new types of estohdes These estohdes can form the baSIS of 
lubrIcants WIth uruque propertIes 
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... GENETIC IMPROVEMENT OF VERNONIA 
AND COMMERCIAL TRIALS 

INTRODUCTION 

Vernoma gaiamenSIS IS a new 011 seed plant It IS dIstrIbuted wIdely 

throughout Afnca-from areas WIth an annual ramfall as low as 200 

mm (Perdue 1989) to nch forested areas WIth an annual ram£all of 1,850 

mm The specIes galamenSIS IS made up of SIX subspeCIes The most 

Important germplasm of V galamenSls IS accesSIOn V-001 (subsp 

galamensls var ethwplca), whIch was collected by Dr Perdue near Harer, 

EthIOpIa m 1964 (Perdue et al 1989) Plants of thIS acceSSIOn are hIgh 

YIeldmg and produce bIg seeds that are fIrmly attached m the flower head 

when rIpe The varIety IS, however, sensItIve to cold, and flowermg 

occurs m response to short day length, a characterIstic that IS hIghly 

undeSIrable m a crop grown m cold-prone areas outsIde tropIcal zones 

Other acceSSIOns such as V-004 and V-029 have been reported to flower 

m condItIons of long day length (Phatak 1989) ThIS has been confIrmed 

by observatIons made m Israel (MIlls 1991) and m the US (Thompson et 

al 1994) 

The seeds of the plant contam hIgh levels of an 011 nch m epoxy aCIds 

(Perdue et al 1989) Smce epoxy OIls (mawy epoxldIzed soybean 011) are 

used m varIOUS chemIcal mdustnes for the productIOn of plashcs, 

protectIve coatmgs, and other orgaruc formulatIOns, efforts are bemg 

made to develop thIS plant as a new mdustnal crop The seed of V 

galamensls contams about 40% oil, of whIch the vernohc aCId (cIs-12,13 

epoxy, cls-9-octadecenOlc aCId) content IS 72-80% Vernohc aCId IS 

prunanly present m the oil as a trIglycende, whIch IS known as 

tnvernohn 

In Israel, m the bIOlogy part of the program, we demonstrated-m terms 

of phenologIcal characterIstics-that hybrIdIzatIOn between varIeties of 
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Genettc lmprovement of vernoma and commerclal tnals 

ssp galamensls IS possIble (MIlls et al 1995) Most promIsmg crosses are 

those of var ethlOplca (accessIOn V-OOl) eIther WIth var petltzana 

(acceSSIOn V-029) or var galamensls (acceSSIOn V-004) FI hybnds (fIrst 

generation progemes) or backcrdsses wIth Vaal flowered durmg the 

summer TheIr YIeld potential has yet to be evaluated The most 

Important fmdmg was the fact that hybrId plants flowered m the 

summer under condItions of long days, Ie, condItions under WhICh the 

V-OOI parent does not flower Hybnd plants flowered after a slIghtly 

longer penod than that of the other parent, V004 (45-53 days) The 

backcross of the hybnd between V029 and Vaal wIth ethlOpzca (Vaal), 

whIch IS SImIlar to ethlOplca In phenologIcal characterIstics, flowered 

after three months Here we report on the performance of the F3 hybnd 

plants and the backcross plants The evaluation was carned out m the 

greenhouse and m the fIeld, and a companson between the two SItes IS 

presented 

In the bIOlogy part of the program m Kenya, the fIrst evaluatIon of the 

germplasm collected was performed EvaluatIOn took place at the 

KIbwezi Dry Land FIeld Station (representmg margmallands) and the 

Kabete FIeld StatIOn of the Umverslty of NaIrobI (representmg hIgh­

potentIal areas) SIgmfIcant dIfferences m phenolOgIcal charactenstIcs 

and YIeld were found among 43 acceSSIOns of fIve subspeCIes Toppmg 

(removmg the apIcal part of the mam stem) was found to have a 

sIgmficant effect on some phenolOgIcal charactenstIcs but dId not cause 

any change m seed YIeld No effect of plant denSIty on YIeld was found 

The two expenments on toppmg and plant denSIty wIll be repeated ill 

the next season The YIelds (2-4 tons seeds per hectare) reported by the 

Kenyans, by extrapolabng from the small plots, are very encouragmg and 

are hIgher than the few fIgures reported m the lIterature so far These 

YIeld data must, however, be verIfIed m a large-scale fIeld trIal Recently, 

the growmg of vernoma as a commercIal crop has been attempted Three 

acceSSIOns representmg three subspeCIes were planted at the Kabete FIeld 

Station, whIle another fIve representmg fIve subspeCIes and varIetIes 

were planted at KIbwezi 
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GenetIc lmprovement of vernoma and commerclal trzals 

RESULTS AND DISCUSSION 

1 CHARACTERIZATION OF HYBRID PLANTS BETWEEN VAR 
ETHIOPICA AND VAR PETIT/ANA OR GALAMENSIS (ISRAEL) 

1 1 F3 hybrids & backcrosses (greenhouse 1996/7) 

Seeds of the selected F3 hybnds and the backcross V029 x Vaal BC F2 were 

sown m the greenhouse at the end of September 1996 Dates of flowermg 

were recorded, and other charactenstIcs were measured durmg growth and 

after harvest (m July 1997) when most plants had matured and dned-up 

In general, F3 hybnds between var galamensls and var ethwplca showed 

phenologIcal charactenstIcs that are mtermedIate between those of the 

parents, (Table 1) Var galamensls was not grown m thIS season, but ItS 

charactenstIcs are known from earher observatIons (Mills et al 1995, MIlls 

et al 1997) When var ethwplca served as the female parent, the F3 hybnds 

(Vaal x V004) were closer to It than when It served as the male parent 

(V004 x Vaal) (Table 1) ThIS IS reflected m the followmg charactenstIcs 

heIght of the plant, leaf length/wIdth ratIo and receptacle dIameter The 

SItuatIon was dIfferent for the F2 hybnds When var ethwplca served as 

the male parent, the F2 hybnds were closer to It than when It served as the 

female parent (MIlls et al 1997) In addItIon, m contrast to F2 hybnds, whIch 

flowered SIgnIfIcantly earlIer than var ethlOplca, F3 hybnd plants flowered 

only slIghtly earher (WIth referrence to the Vaal data of last year) 

Three F3 lmes of each type of hybndIzatIOn, eIther VOOl x V004 or 

V004 x Vaal, were tested Great vanabIlIty was found WIthIn each group 

(Table 3) In the group of V004 x Vaal, lme D3h excelled m the number of 

flowers per plant and m the seed weIght, lme B7a/ gh excelled m the WIdth of 

the capItulum and early flowermg, and lme F6h 2/3f m seed fIllmg The 

latter lme was generally mferIOr to the other two In the group of 

Vaal x V004, lme f3/3 excelled m flower productIon, lme f3/2 m seed 

bIOmass and WIdth of capItulum, and lme A6C/ gh m seed fIllmg In general, 

lmes of group Vaal x V004 performed worse than lmes of the group 

V004 x Vaal 

It should be emphaSIzed that m relatIon to var ethwplca (Vaal), the hybnd 

plants exhIbIt supenonty If we take lme D3h, for example, It IS 
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GenetIc lmprovement of vernonza and commercIal trzals 

charactenzed by sImIlar seed fIllmg and seed weIght to VOOl, but It has 

many more capItula and flowers earher than Vaal 

The F2 backcross of the hybnd between ssp galamensls var petltzana 
(acceSSIOn V029) and var ethwplca as the male parent (VOOl) exhIbIted 

mtermedlate charactenstIcs, as reflected mamly m the SIze of the flower 

head and the number of flowers (Table 1) These hybnds exhIbIted sImIlar 

performance and characterIstIcs to the hybrIds of var galamensls, but were 

InferIor m terms of capItulum SIZe and seeds There were some large 

dIfferences between the two Imes C2b and CIa wIth reference to flower and 

seed productIOn (Table 3) Lme CIa had numerous capItula, many more 

than lme C2b, but It produced no seeds 

SelectIon of new hIgh potentIal offsprmg from F3 hybnds, V004 x VOOI (D, 

F6h 2/3f, B7a/ gh,D), VOOI x V004 (f2/3, f3/3, A6C/ gh) and V029 x VOOlBC 

(C2b) was performed on the basIs of the performance of mdividual plants of 

the three hybnds (Tables 4-10, respectIvely) Important charactenstIcs for 

selectIOn of supenor plants were 1) early flowermg, 2) numerous flower 

heads, and 3) hIgh percentage of full seeds Large receptacles and heavIer 

seeds were conSIdered less Important Accordmgly, SIX F4lmes were chosen 

for conhnumg the selectIon m the wmter of 1997/8 

1 - plant no 4 of hybnd D3h (V004 x VOOl) (Table 5) that excelled m hIgh 

seed hllmg, early flowermg and large capItula 

2 - plant 12 of F6h(f2/3) (VOOl x V004) (Table 6) that excelled m hIgh seed 

fdlmg, numerous and large capItula 

3 - plant 13 of hybnd B7a/ gh (V004 x VOol) (Table 7) that excelled m hIgh 

seed fIlhng, early flowermg and numerous capItula 

4 - plant 1 of hyb f3/2 (VOOl x V004) (Table 8) that excelled m hIgh seed 

fIllmg and weIght and early flowermg 

5 - plant 5 of hyb f3/2 (VOOl x V004) (Table 8) that excelled m hIgh seed 

fIl1mg, early flowermg and large capItula 

6 - plant 12 of hyb f3/2 (VOOl x V004) (Table 8) that excelled m numerous 

large capItula 
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GenetIc Improvement of vernoma and commerczal tnals 

Table 1 PhenologIcal charactenshcs of ssp galamensls, var ethlOplca (accessIOn Y001) 
and hybnds WIth ssp galamenslS, var galamenS1S (Y004) grown m the greenhouse m 
1996/7 
Each value IS a mean of 11-36 plants of the group 

)Flve branches, flowers and leaves were measured m each plant 

PhenologIcal parameter V001 V004x VOOl V001xV004 V029xVOO1 , F3 F3 BCF2 
Plant heIght (cm) 83b 784b 808b 564 a 
HeIght of fIrst flower (em) 350c 295bc 261 ab 218 a 
Number of pnmary branches 58a 72b 76b 72 ah 
Leaf WIdth (em) 128ab 157 c 135b 112 a 
Leaf length (em) 119c 119c 110b 88a 
Leaf length/wIdth 962e 774 a 839b 760 a 
Receptacle dIameter (mm) 187d 109b 133 c 088 a 
Involucre length (mm) 184b 150 a 150 a 149 a 
Rabo of full seeds (% of total) 445b 434ab 326 a 361 ab 
One thousand seed wt (g) 6766c 5800b 5312b 4381 a 
Number of capItula 47 a 240b 198b 221 b 
Flowenng (days from sowmg) l04b 95 a 95 a 96ab 

Table 2 PhenolOgIcal charactenshcs of ssp galamensls var galamensls (accessIOn 
• V004) and var ethlOplca (accessIOn V001) and theIr F3 hybnds, and of the backcross 

of the hybnd between ssp galamensls var petltlana (accessIOn V029) and var ethlOplca 
as the male parent (V001) grown m the greenhouse m 1996/7 
Each value IS a mean of 5-105 plants of the group 
FIVe branches, flowers and leaves were measured m each plant 

V004xVOOl V001 x V004 
F3 F3 

PhenologIcal parameter VOOI D3h B7a/gh F6h 2/3f f3/3 f3/2 A6C/gh 

Plant heIght 83cde 70bc 90 de 73bc 74bcd 92e 66ab 
No of branches below 1st flower 58a 63 ab 76bc 77bc 101 d 72abc 72abc 
Leaf WIdth (cm) 13a 14a 16b 17c 15b 13a 13a 
Leaf length (cm) 119b 91a 127c 130c 123bc U8b 91a 
Leaf length/WIdth 962c 681 a 827b 781 ab 839b 91lc 722a 
Receptacle dIameter (mm) 187e 094 a 123c 106b 119c 146d 117c 
Involucre length (mm) 185 e 151 bcd 153cd 147ab 156 d 153cd 143 a 
Number of capItula 48 a 31ld 259 cd 165bc 255bcd 194bc 180bc 
Rabo of full seeds (% of total) 445b 359 ab 272 a 444b 373 ab 281 a 408 ab 
One thousand seed wt (g) 6766d 6287 cd 5230 abc 6 063 cd 5077 ab 5534 bc 4898 a 
Flowenng (days from sowmg) 104 cd 92b 83 a l09d 97bc 96b 92b 
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Table 3 PhenolOgIcal charactenshcs of the backcross of the hybnd between ssp 
galamenszs var petztzana (acceSSIOn V029) and var ethzopzca as the male parent (VOOl) 
grown m the greenhouse m 1996/7 
Each value IS a mean of 5-70 plants of the group 
FIve branches, flowers and leaves were measured m each plant 

V001 V029 X V001 BCF2 
PhenolOgIcal parameter C2b CIa 

Plant heIght 83b 53 a 85b 
HeIght of frrst flower (em) 35b 20a nd 
No of branches below 1st flower 58a 69 ab 95b 
Leaf WIdth (em) 13b lla 16c 
Leaf length (cm) 119b 87a 10 a 
Leaf length/wldth 962b 769 a 633 a 
Receptacle dIameter (mm) 187b 089 a 078 a 
Involucre length (mm) 185b 149 a 152 a 
Number of capItula 48 a 157b 1123c 
Raho of full seeds (% of total) 44a 43 a no seeds 
One thousand seed wt (g) 6766 4381 no seeds 
Flowenng (days from sowmg) 104 b 95 a 97ab 

Table 4 PhenolOgIcal charactenshcs of mruvIdual plants of the F1 backcross of the 
hybnd between ssp galamenszs var petztzana (acceSSIOn V029) and var ethzopzca WIth 
the male parent (V001), deSIgnated V029 x Vaal BC 2(C2b), grown m the greenhouse 

- m 1996/7 
Supenor measurements mrucated m bold 

Plant Receptacle Number of Flowermg Full seeds One thousand 
no dlameter (mm) capItula (days from sowmg) (% of total) seed wt (g) 

1 76 73 91 250 4334 
2 92 240 97 515 5067 
3 11 183 770 446 
4 108 51 84 714 3622 
5 76 55 97 355 5071 
6 96 408 91 - -
7 72 52 - - -
8 * - 104 - -
9 - - 84 -

10 9 415 96 - -
11 88 135 97 - -
12 84 82 91 315 5153 
13 82 216 103 444 3239 
14 106 72 100 263 4579 
15 88 152 104 301 4464 
16 74 60 100 418 3822 

*- = not determmed 
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Table 5 PhenologIcal charactenshcs of mruvidual plants of the F3 hybnds between 
ssp galamenszs var galamenszs (accessIOn V004) and var ethwplca (accessIOn V001), 
deslgnated V004 X VOOl F3 (D3h), grown m the greenhouse m 1996/7 
Supenor measurements are mrucated m bold type 

Plant Receptacle Number of Flowermg Full seeds One thousand 
no dIameter (mm) capItula (days from sowmg) (% of total) seed wt (g) 

1 * - 83 - -
2 66 103 - - -
3 78 621 103 - -
4 132 224 83 714 5947 
5 - - 97 - -
6 68 157 - -
7 76 302 111 104 707 
8 66 160 341 6064 
9 88 63 83 275 6067 

10 122 681 106 - -
11 - - 83 - -
12 118 101 83 - -
13 - - 83 - -
14 124 695 100 - -

*- = not determmed 

Table 6 PhenologIcal charactenshcs of mruvidual plants of the F3 hybnds between 
- ssp galamenszs var galamenszs (acceSSIOn V004) and var ethwpzca (acceSSIOn V001), 

deSIgnated V004 xVOOl F3 (F6h f2/3), grown m the greenhouse m 1996/7 
Supenor measurements are mrucated m bold type 

Plant Receptacle Number of Flowermg Full seeds One thousand 
no dIameter (mm) capItula (days from sowmg) (% of total) seed wt (g) 

1 102 187 95 183 573 
2 112 199 119 466 4981 
3 72 65 121 365 7233 
4 12 145 99 363 5768 
5 98 89 104 565 543 
6 92 290 100 689 4934 
7 104 128 107 319 8043 
8 112 331 115 512 6667 
9 84 35 11 328 5566 

10 14 140 120 * - -
11 116 174 100 405 6791 
12 132 250 107 741 6325 
13 98 118 121 389 5285 

*- = not determmed 
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Table 7 PhenologIcal charactenshcs of mdividual plants of the F3 hybnds between 
ssp galamensls var galamensls (accessIon V004) and var ethwplca (accessIOn Vaal), 
desIgnated V004 X Vaal (B7a/ gh), grown m the greenhouse m 1996/7 
Supenor measurements are mrucated m bold type 

Plant Receptacle Number of Flowermg Full seeds One thousand 
no dIameter (rom) capItula (days from sowmg) (% of total) seed wt (g) 

1 13 203 83 16 -
2 152 76 78 324 6087 
3 *. - 85 -
4 134 404 83 14 -
5 126 98 96 - -
6 134 125 101 320 4027 
7 11 159 79 231 5527 
8 132 404 . 231 6084 
9 12 170 79 - -

10 116 355 - 286 6164 
11 116 262 80 563 4447 
12 122 371 78 - -
13 114 359 74 465 4418 
14 98 283 - 323 5277 
15 116 358 85 222 504 

*- = not determmed 

Table 8 PhenologIcal charactenshcs of mdividual plants of the F3 hybrIds between 
ssp galamensls var ethwplca (acceSSIOn Vaal) and ssp galamensls var galamensls 
(acceSSIOn V004), deSIgnated VOOl X V004 F3 (f3/2), grown m the greenhouse m 
1996/7 
SuperIor measurements are mdicated m bold type 

Plant Receptacle Number of Flowermg Full seeds One thousand 
no dIameter (rom) capItula (days from sowmg) (% of total) seed wt (g) 

1 152 178 86 505 6081 
2 188 217 100 301 5548 
3 13 108 86 166 4400 
4 14 164 105 309 5078 
5 198 399 97 465 5591 
6 136 155 91 241 4976 
7 178 195 * - 382 71 
8 142 255 100 454 555 
9 134 116 96 181 6955 
10 146 188 91 441 5852 
11 148 137 99 188 4607 
12 17 402 - 435 5315 
13 152 195 - 327 5833 
14 14 261 106 198 4615 
15 12 183 97 211 4329 
16 116 263 100 28 5295 
17 126 122 - 182 6144 
18 134 118 97 160 4309 
19 124 183 98 303 5547 
20 16 139 97 160 7392 
21 132 94 91 18 5700 . 

*- = not determmed 
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Genetic zmprovement of vernonza and commerczal tnals 

Table 9 PhenologIcal charactensbcs of mmvidual plants of the F3 hybnds between 
ssp galamensls var ethwplca (accessIOn V001) and ssp galamensls var galamensls 
(accessIOn V004), desIgnated V001 xV004 F3 (f3/3), grown m the greenhouse m 
1996/7 
Supenor measurements are mdicated m bold type 

Plant Receptacle Number of Flowenng Full seeds One thousand 

no dIameter (mm) capItula (days from sowmg) (% of total) seed wt (g) 

1 11 161 105 389 4229 

2 124 181 * - 500 342 

3 156 220 91 455 6786 

4 132 - 87 - -

5 113 94 91 147 5875 

6 74 619 109 - -

*- = not detenruned 

Table 10 PhenologIcal charactensbcs of mdividual plants of the F3 hybnds between 
ssp galamensls var ethzoplca (accessIOn V001) and ssp galamensls var galamensls 
(accessIOn V004), deSIgnated V001 X V004 F3 (A6c/gh), grown m the greenhouse m 
1996/7 
Supenor measurements are mmcated m bold type 

Plant Receptacle Number of Flowenng Full seeds One thousand 
no dIameter (mm) capItula (days from sowmg) (% of total) seed wt (g) 

1 116 137 80 417 4988 
2 * - 96 - -
3 - - 79 - -
4 138 224 - 503 4216 
5 116 246 - 146 6009 
6 102 148 102 417 5108 
7 128 147 - 394 5422 
8 15 166 - 612 434 
9 116 202 - 495 6022 

10 10 96 100 385 3722 
11 102 123 303 4255 
12 107 - 83 - -
13 - - 100 -
14 134 253 97 -
15 86 235 - -

*- = not determmed 
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1 2 F3 hybrid (field 1997) 

\, Seeds collected from bagged flowers of F2 hybnds grown m the field m 1996 . 
or m the greenhouse m 1995/6 were sown m the greenhouse and 

~ transplanted mto the field m Apnl1997 The F3 V004 xVOOl and VOOl x 
" 

V004 hybnds flowered (50% flowermg) 81 and 96 days after sowmg, 

respechvely (Table 11), var galamensls (V004) flowered 85 days after sowmg, 

and var ethlOplca had not flowered by the time fInal records were made 

Nevertheless, plants of var ethlOplca (V001) were left m the fIeld (wIth 

Irngahon), and flowermg was observed at the end of October It should be 

menhoned that these plants (V001), along wIth other lmes that had been left 

m the fIeld, suffered slgnlflcantly durmg the cold days of wmter, agam 

supportmg the premlse that vernoma cannot be culhvated under the 

condihons of the northern Negev The raho of leaf length to leaf wIdth for 

VOOl x V004 F3 hybnds was slID.Ilar to that for var ethlOplca, whIle F3 

plants of the recIprocal cross (V004xV001) had leaves of mtermedlate slze 

- compared to the parents (Table 11), as was observed wIth F1 and F2 hybnds 

(MIlls et al 1995 and 1997, respechvely) IntermedIate charactenshcs to the 

A parents were also found for the helght, the number of capltula and the 

dlID.enSlOnS of the flower head (mvolucre length and receptacle diameter), 

Ie, F3 plants are mtermedlate to the parents The shape of the capItulum of 

V004 x VOOlF3 hybnds was short and WIde, whIle that of V001 x V004 was 

longer and narrower 

In general, growth patterns and parameters of F2 hybnds and mother plants 

grown m the field m 1996 were slmllar to those of the FI hybnds and 

mother plants m 1995 For example, the tlID.e to flowermg of the hybnds was 

close to the that of var galamensls In both years-1995 and 1996-the 

hybnd between var galamensls and var ethlOplca (V004 x VOOI FI and F2) 

flowered earher than the recIprocal cross (VOOl x V004 Fl and F2) 

However, some dIfferences were noted In the F2 hybnds, the flower head 

dlID.enSlOnS were slID.Ilar to those of Fl hybnds grown m 1995, except for 

receptacle dIameter of V001 x V004, whIch was SIgnIfIcantly smaller (by 2 5 

mm) ThIS dIfference IS Inhented, smce It also appears m F3 plants of the 

recIprocal cross, wffich had a smaller receptacle dIameter (Table 11) 

11 
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Table 11 PhenologIcal charactenshcs of ssp galamensls vanehes ethlOplca (V-OOl), 
galamensls (V-004) and petttzana (V-029) and F3 hybnds of ssp galamensls var galamensls 
(accesslOn V004) WIth ssp galamensls var ethlOplca (V001) four months after transplantmg 

." m the fIeld m Apnl1997 The two hybnd populahons conslsted of 3 hybnd !mes each (see 
"Table 12) Flve branches, flower heads and leaves were measured m each plant 
Stahshcally slgruflcant dlfferences (P<O 05) between means are deslgnated by dlfferent 

.. letters .. 
PhenologIcal parameter V-OOI V 004 J V 029 V004 x vom vom x V004 

Plant heIght (cm) 96b 83b 73ab 82b 58 a 
HeIght of fIrst flower (em) 96b 30a 32 a 34a 28 a 
Leaf WIdth (em) 124c 110b 102b 118 c 089 a 
Leaf length (cm) 146d 97b 84 a 1125c 984b 
Leaf length/wldth 120c 89a 84a 98b 114c 
Receptacle dlameter (rom) 172d 077 a 073 a 123 c 108 b 
Involucre length (rom) 155 e 111b 096 a 136d 129c 
Flowenng level* 23a 49b 47b 30a 31a 
Number of capItula 42a 282c 179b 63 a 47 a 
Flowenng (days from sowmg)*" *** 86 79 81 96 
* Number of levels (pnmary flower = levell, secondary flowers = level 2, etc ), 
** When 50% of plants flowered, ***flowered at end of October 

Table 12 PhenologIcal charactenshcs of F3 hybnds of ssp galamensls var gaiamensis 
(acceSSIOn V004) WIth ssp galamensls var ethlOplca (VOOl) four months after transplantmg m 
the fIeld m Apnl1997 Each plant populatIon (e g, B7a/gh) ongmated from a smgle F2 
hybnd plant 

_ Each value IS a mean of 10-30 plants of the group (m 3 blocks) FIve branches, flower heads 
and leaves were measured m each plant Stahshcally sigrufIcant dIfferences (P<O 05) 
between means are deSIgnated by dIfferent letters 

V004 xVOOl VOOl xV004 
F3 F3 

PhenologIcal parameter D £5/7 B7a/gh F6h 2/3f £3/3 £3/2 A6C/gh 

Plant helght (cm) 100d 66ab 72bc 54 a 80bc 54 a 
HeIght of fIrst flower (em) SIb 22a 16 a 32ab 40ab 8a 
Leaf WIdth (cm) 130 f 112e 098bc 084a 087 ab 11 cde 
Leaf length (em) 108d 117 e 112de 102cd 87a 93abc 
Leaf length/WIdth 8Sa 106c 114cd 123d 114cd 87ab 
Receptacle dIameter (rom) 126bc 115b 125bc lOa 13c 121 bc 
Involucre length (rom) 133 ab 143b 128 ab 119 a 157c 146bc 
Flowermg level* 27a 30a 40 b 30a 33a 33a 
Number of capItula 89 a 42a 42a 45 a 57 a 43 a 
Flowenng (days from sowmg)*" 92 76 77 104 107 60 
* Number of levels (pnmary flower = levell, secondary flowers = level 2, etc) 

- ** When 50% of plants flowered 

Analyzmg the dIfferences between the three lmes of each type of cross, we 
fmd that D f5/7 IS dIfferent from the other two lmes of the cross of V004 x 
VOOl It IS a taller plant (has longer branches) WIth more capItula, but It 
flowers late In the reCIprocal cross (V001 x V004), hn~ A6C/ gh flowered 
sigrufIcantly earher than the other lmes and had WIder leaves (Table 12) 
The lme f 3/3 had smaller capItula than the other two lmes 
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1 3 Comparison of characteristics of plants grown m 
the field and the greenhouse 

Smce the same hybrIds were grown m the fIeld and the greenhouse, It IS 

possIble to compare performance and phenologIcal characterIstics of the two 

groups of plants CondItions of growth m the greenhouse are much closer to 

optImal condItIons than growth m the fIeld Temperature IS controlled and 

nngatIon and fertilIzation are better regulated Pests and weeds are much less 

frequent m the greenhouse and are also better controlled The pattern of 

growth m the greenhouse was dIfferent to that m the fIeld, e g , m the 

greenhouse, leaves were sigruficantly broader and shorter, and dIfferences m 

capItulum dImensIOns of some lInes were observed Plants were much more 

productive m the greenhouse We reported such dIfferences m our last 

annual report (MIlls et al 1997) and pomted out that It IS dIffIcult to analyze 

phenologIcal characterIstics by combmmg the results for the greenhouse and 

the fIeld, because dIfferences m performance m the two types of sIte We 

should mentIon, though, that thIS year's data showed less vanatIon m 

performance between the two sItes 

1 4 Selection of F3 hybrid Imes for contmumg 

selection 

F3 plants exhIbIted sigrufIcant VarIabIhty m the fIeld m all phenologIcal 

characterIstIcs dImensIOns of the canopy, numbers of branches and extent of 

branchmg, capItula productIon, and dImenSIOnS of leaves and of capItula 

We felt that It was dIffIcult to base selection on field performance and rather 

based It on performance m the greenhouse, wruch IS more relIable, smce 

growth takes place under more uruform condItIons of fertIgatIon and pest 

and dIsease control We stIll wanted to contmue WIth most of our lmes, so 

mdividual plants were selected from SIX lmes (see above) We omItted the 

back cross between var petztzana and var ethzoplca (V029 x VOOl BC F2) 

mamly due to the small SIZe of the capItulum and seed and due to low seed 

flilmg (all contnbutmg to lower YIelds) 

The selected F4 seeds have excellent features rugh seed fIllmg, bIg seeds, 

numerous and large capItula, and early flowermg These traIts, however, are 

not wIthm one lme, meanmg that further selectIOn has to be made We 

enVIsage that by carrymg out further selection we can come up WIth a lme 

characterIZed by early flowermg m summer (neutral to day length) and 

reasonable YIelds 
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2 FIELD WORK IN KENYA 

2 1 Commercial trials for growing vernonia 

CommercIal tnals for growmg vernoma were carned out both at the Kabete 

FIeld Station and the KIbwezi Dry Land FIeld Station of the Umversity of 

NaIrobI under condihons of dry land farmmg 

The expenment at Kabete was charactenzed by a dry spell durmg most of the 

growmg penod Therefore, the dIfference m the abIlIty of plants to tolerate 

or wIthstand tills dry spell was eVIdent Var ethlOplca was parhcularly 

affected by the drought, more so than the other two subspeCIes 

(mutomoensls and glbbosa), whIch showed average performance The 

results on days to 50% flowermg, harvestmg penod and seed and 011 YIelds 

are presented m Table 13 SubspeCIes mutomoensls gave the best YIeld (475 

kg/ha), followed by subspeCIes gzbbosa (378 kg/ha) and lastly var ethlOplca 
(351 kg/ha) However, var ethlOplca had the shortest harvestmg penod (104 

days) as compared to the other two subspeCIes, whIch had a harvestmg 

penod of 118 days 

The results for the expenment m KIbwezi are presented m the Table 14 

Seed YIeld from thIS expenment was, however, lower than that obtamed 

from the expenment at Kabete (Table 13) due to some external mterference 

from wIld arumals, resultmg m destruchon of some of the plants 

However, hke the experIment m Kabete, there was a SImIlar pattern m the 

amounts of seed produced, Ie, subspeCIes mutomoenSIS produced the most 

seed (284 7 kg/ha), followed by ethlOplca (244 0 kg/ha), gzbbosa (2133 kg/ha) 

and nazrobensls (1934 kg/ha) 

Table 13 Days to flowenng, harvesbng perIod, and seed and 011 YIelds of Vernoma 
galamensls growmg at Kabete 

SubspeCIes/ Days to 50% Harvestmg Yleld (kg/ha) Average oll 
vanetles flowermg ~erlOd (days) Ylelds (k~ha) 
Mutomoensls 103 118 475 1471 
GIbbosa 116 118 378 1274 
EthlOplca 129 104 351 1086 
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Table 14 Average seed and 011 YIelds of Vernonza galamensls grown at KIbwezl 

Subspecies/ YIeld (kg/ha) Mean all YIelds (kg/ha) 
vanety 
EthlOplca 244 0 754 
Nalrobensls 1934 623 
Glbbosa 2133 719 
MutomoenSlS 284 7 882 

Results on the amounts of 011 m both hpase-deactIvated and hpase­

nondeachvated vernoma seeds are presented m the Table 15 Generally, 

subspecIes gzbbosa had the hIghest amounts of 011 whIle subspecIes 

mutomoenSlS had the least 

Table 15 011 YIelds of deachvated and non-deachvated seeds of Vernonza galamensls 

Deactivated Percentage all Non- Percentage 011 
SubspeCIes / seeds (g) YIeld deactivated YIelds 
vanety seeds (g) 
Nalrobensls 565 149 200 121 
Gzbbosa 1100 173 300 173 
Mutomoensls 900 111 330 112 
EthlOpzca 600 116 452 118 

The YIeld data obtamed m Kenya tlus year and last year (see, MIlls et al 1997) 

are relatively low ThIS emphaSIzes the necessIty for further genetic 

Improvement and use of advanced agrotechnologIes, such as sprmkle or 

dnp IrngatIon 

15 
Gnnbergl AID ann 97 part 1 



, .. 

CHEMICAL STUDIES 

INTRODUCTION 
The constant mcrease m global demand for renewable resources for the 

chemIcal mdustry has spurred the search for new raw materIals for the 

productIon for a varIety of end uses New seed 011 crops, such as Vernoma 

galamensIs, can serve as one such renewable resource of chemIcal startmg 

products for the production of a range of products, particularly surfactants 

The seeds of thIS specIes contam more than 40% OIl, of whIch the vernohc 

(cIs-12,13-epoxy-cIS-9-octadecan01c) aCId content IS 72-81% (Carlson et aI, 

Ayormde et al 1988, 1990, Grmberg et al 1994) The unIque structure of 

tnvernolm and of ItS methyl ester enables us to perform a WIde vanety of 

reactions charactenstIc to the ester group, to the double bond, and to the 

epoxy group 

In the past few years, our group has dealt WIth the preparation of new 

denvatIves of vernoma 011 as mtermedlates for the chemIcal mdustry by 

explO1tmg the unIque structure of vernoma molecule 

1 Bromo denvatIves were prepared by addItion and allylIc brommatIon of 

the methyl ester of vernoma 011 and of the 011 Itself 

2 Vernoma 011 was reacted wIth ahphatIc dIammes The study mcluded 

the Isolation and charactenzatIon of the mtermedlate-the 

monoammoamide of vernohc aCId-and the fmal product-N,N'­

aikylbis (vemolamIde) Recently, we developed Improved procedures to 

obtam hIgh YIelds of both the mono- and the correspondmg 

divemoiamides Fatty bisamides, whIch have a hIgher lubncatmg 

effICIency than pnmary amides, are used as shp agents, they also fInd 

apphcatIon as corrOSIon InhIbItors Dlepoxy dIamides contam two epoxy 

groups m the molecule, they thus can be used as a new class of reactIve 

difunctIonal monomers WIth readIly aVailable amIde blocks 

3 The mteractIon of aromatic diammes WIth vernoma 011 resulted In the 

productIOn of a senes of new rubber-lIke polymers 
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4 Acrylahon and methacrylahon of vernoma 011 gave reactive a-olefInic 

monomers We are currently charactenzmg the monomers chemically 

and studymg theIr thermal and photochemical polymenzatIon 

Our most up-to-date results on all these tOpICS will be presented m our fInal 

report 

As a part of our ongomg study on the apphcahons of products based on 

vernorua od, we dIrected the research descnbed m thiS report to the 

productIOn of vernohc salts and dlethanolamldes under conditIons that 

faClhtated the mtegrlty of the epoxy rmg The aim of the study was to 

produce novel surfactants from vernorua od, smce It IS known that fatty 

aCid salts (Sonntag 1979, Pryde 1979) and alkanolamldes (Scruch 1967) 

constItute a substantial portion of commerCIal anIOruc and noruomc 

surfactants 

RESULTS AND DISCUSSION 

1 VERNOLIC ACIDS AND THEIR SALTS 
The conventional syntheSIS of fatty aCIds denved from natural OIls IS 

performed via the hydrolYSIS of glycendes (Sonntag 1979, Pryde 1979) We 

obtamed a mixture of fatty aCids of vernorua 011 by the method descnbed by 

Smith et al (1950), as follows Vernoma 011 was treated With an aqueous 

ethanohc solutIOn of potassIUm hydrOXide at the reflux temperature for 

about 30 mm After removal of the unsaporufled matter and aCidifIcation, 

the solution was extracted With ether to give a mIxture of fatty aCIds With 

the distribution 

Vernohc aCId 72-78% 

Lmolelc aCid 9% 

OleiC aCId 3% 

Steanc aCid 2% 

PahmtIc aCId 3% 

FIgure 1 shows the IR spectrum of the mIxed fatty aCids obtamed from 

vernorua 011 The followmg mam absorptIOn bands are found C-O-C 

stretchIng of the epoxy group at 824 and 845 cm I, carbonyl stretchmg at 

17 
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1709 cm I, and a broad OB band stretclung m the range 3100-3600 tIn 1 The 

data were IdentIcal wIth those reported prevIously (Krewson et al 1962) 

The broad band m the range 3100-3600 em-I presumably mcorporated both 

the aCIdIc OH stretchIng and the.dlOhc OH stretchmg formed to some extent 

by cleavage of epoxy group m the process of aCId productIon 
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2 SALTS OF VERNOLIC ACIDS 

Carboxylate together WIth sulfonate, sulfate and phosphate are the polar 

solubIhzmg groups found m anloruc surfactants Soaps represent most of 

the commerCIal carboxylates The general structure of soap IS RCOO-M+, 

where R IS a straIght cham hydrocarbon m the C9-CZl range and M+ IS a 

metal or ammomum lOn The neutrahzatlon of fatty aCIds wIth a base or an 

amme IS a common procedure for the productlOn of soluble fatty aCIds 

(Pryde 1979) 

Salts of vernohc aCId and "diliydroxy vernohc" aCId have not been reported 

m the hterature The salts of vernohc aCId were prepared by reactmg the 

correspondmg methyl esters wIth sodIUm or potaSSIUm hydrOXIde m 

absolute methanol or a methanol/hexane mIxture as well as from the 

correspondmg aCIds and potaSSIUm hydrOXIde m absolute methanol or 

sodIUm carbonate m a hexane/water mIxture On the assumptIon that salts 

would be obtamed m high YIelds by reactmg eqUlmolar quantItIes of the 

reagents to form water-soluble products, the salts were produced m thIS 

study by usmg a 5% defICIt of alkah or SOdIum carbonate to assure complete 

converSlOn of these latter compounds and to faCIlItate further cleanmg 

from unreacted startmg matenal SodIUm 12,13-diliydroxy-cIs-9-

octadecanoate was prepared by the reactIon of the aCId WIth sodIUm 

ethoxIde m absolute ethanol 

/~ + 
CH3 - (CH2)4 - CH-CH - CH2 - CH=CH - (CH2h -coo M 

M=Na, K,NH4 

Vemohc aCId salts 

2 1 AnalYSIS of the salts of vernollc aCids 

The analYSIS of epoxy fatty salts by the method of Jay (1964) showed that the 

tItratmg solutIon, a solutIon of hydrobromIC aCId m acetlc aCId, reacted not 

only WIth the oxrrane functlon, but also WIth the carboxyhc aCId salt 

TitratIon data are gIven m Table 1 Punty of the salt relatIve to the metal 

(determmed by AAS- atomIC absorbtlOn spertometry) which dIffers from 

the punty of the salts relatIve to vernohc aCId (oxIrane value), vanes 

dramatIcally (Table 1, Run 5, 10 and 12) The greater the purIty of the salt 

relatIve to the metal, the lower the punty of the salt relahve to the OXIrane 

oxygen The salts obtamed were white to yellow-brown, dId not melt on 

heatmg to 200°C, and produced a brown color when heated to lOO-120°C It 
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has long been known (Pryde 1979) that lugh-punty fatty salts can be 

obtamed by extractIon or recrystalhzatIon We used IR data for exammatIon 

of the changes takIng place m the salts durmg the varIOUS purIhcatIon 
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Table 1 PropertIes of mIxed vernohc salts and of sodIUm 12,13-
dIhydroxy-cls-9-octadecenoate 

Startmg Salts 
materIal Metal, % OXlIane 

Rtm Nab KC oxygen, % 

5 Vemollc esters 64 005 31 

8 IV emollc aCIds 73 01 19 

9 12,13-dIhydroxy 67 002 -

10 IV emollc esters 009 104 29 

015 104 34 

12 !Methyl vemolate 009 103 37 

13 IV emohc aCIds 007 112 26 

Theoreucal content of OXIrane oxygen In sodIUm vemolate 5 02% 
TheoretIcal content of OXIrane oxygen In potassIUm vemolate 4 8% 

Punty (%) relatIve to 

metal Vemohc 

8864 615 

100 a 388 

981 -

889 607 

889 720 

881 788 

958 544 

TheoretIcal content of Na In vemohc salt IS 7 22% and In 12,13-dIhydroxy-cIS-9-octadecenoate IS 
683% 
TheoretIcal content of K In vemohc salt IS 11 69% 

The followmg absorptIOn bands were eVIdent m the IR spectra of all the 

salts exammed (FIgures 3-5) the band at 1560-1570 cm 1 (asymmetrIC COO­

vibrahons), the broad band m the range 3100-3600 cm-1 WIth a maxImum at 

3430 cm 1 for sodIUm or potaSSIUm vernohc salts or at 3395 cm 1 for the 

non-epoxy salt:xxn (the OH stretchmg), and the bands at 824 and 845 cm 1 

(the C-O-C stretchmg of epoxy group) ExtractIon at room temperature or 

Soxhlet extractIon of the raw salt WIth ether, petroleum ether, hexane or 

mIxtures thereof removed unreacted startmg methyl esters or aCIds 

However, the salts stIll contamed ImpUrItIes, as can be seen by the 

absorptIon m the 1610-1760 cm-1 regIOn (FIgures 3 and 4) The 

recrystalhzatIon of salts from water, methanol, or ethanol was not 

successful 
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2 2 Salt pUrification 

1500 1000 

RecrystallIzatIon of the salts was performed from a -5% aqueous solutIon 

WIth an acetone/hexane/ether mIxture or from a methanol solutIon WIth 

an ether/hexane mIXture The former salt was obtamed ill very poor YIeld 

(less than 1%) because of poor preCIpItatIOn of a dIlute transparent gel By 

preclpitatlOn from methanol, a volummous whIte suspensIon was 

obtamed, thrs gave a reasonable YIeld of a wrote powder of salts when 

filtered and dned A decrease m the epoxy content and the appearance of 

new bonds at 1083 and 1736 cm-1 were eVIdent m the spectrum of the salts 
(FIgure 6) 
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The bands at 1083 and 1736 cm 1 (as shoulders) In the IR spectrum were also 

vIsIble m the spectrum of the rruxture of fatty aCIds obtamed both from 

vemoma 011 and from the salts (FIgure 7) It IS hkely that these bands are 

related to estohde formation Estphdes are formed when the carboxyhc aCId 

group of one fatty aCId forms an ester bond WIth eIther a hydroxyl group or 

a double bond on the carbon cham of a second fatty aCId (Erhan et al 1996) 

The band at 1083 cm 1 pertams to the C-O stretchmg of secondary alcohols, 

and the band at 1736 em-I to the carbonyl stretchIng of estohdes (the 

absorbance of estohde carbonyl IS 1737 em 1 (Erhan et al 1996) 

The data reported m the hterature (Markley 1961) testify that ''hIghly pure 

neutral metallic salts, espeCially of the long-cham fatty aCIds, are exceedmgly 

dlffIcult to prepare because of the tendency of the preCipItated salt to mclude 
reaction reagents, to form hydrates or retam water and form solvates With 

orgamc solvents The salts of the unsaturated aCids are subject to auto­

oXIdation" PreparatIOn, Isolation and cleanmg of vernohc salts are 

addlhonally dIffIcult because of the presence of the oxrrane rmg 
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FIgure 7 IR spectrum of mIxed vernohc aCIds 
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3 Fatty aJkanolamldes 

Secondary and tertIary alkanolamldes are more commonly known as 

monoalkanolamldes RCONH(CH2)y(CHCH3hOH 

or 

dlalkanolamldes RCON[(CH2)y(CHCH3hOHh 

Monoalkanolamldes are obtamable at 90% punty There are two classes of 

dlalkanolamldes the water soluble Kntcevsky-type affildes (mIxtures of 40-

60% dlethanolamlde wIth dlesters and unreacted dlethanolamme) and the 

water-msoluble superamldes (90-100% pure dlethanolamlde) The 

superamldes compnse over 90% of the market for fatty alkanolamldes, 

whIch are wIdely used versahle surfactants Foam stabIlIzahon and 

detergency are theIr most Important functIOnal propertIes In addItIOn they 

are very effectIve m mcreasmg the VISCOSIty of detergent solutIons and they 

prOVIde emollIency, corrOSIOn InhIbItIon, emulSIfIcatIOn wettmg and hme­

soap dIsperSIOn Diethanolamides fmd applIcatIOn m bqUId dishwashmg 

detergents, shampoos, lubncatmg OIls and dry cleanmg detergents as well 

as m textIle processmg 

4 Vernollc dlethanolamldes 

The syntheSIS of N,N-bIs(2-hydroxyethyl)vernolamide has not been 

deSCrIbed m the lIterature Bryant et al (1993) reported the syntheSIS and 

IsolatIon of epoxy secondary amI des The reachon of vemorua od WIth n­

butyl-, n-pentyl- and n-hexylamme as the reagent and reflux solvent (1 e , at 

70-133°C) was completed m 1-5 h YIelds of epoxy-contammg amldes were 

about 80%, WIth purIty exceedmg 96% m all cases However, N,N-bIs-(2-

hydroxyethyl) tallowamide was not formed from tallow and 

dlethanolamIde on heatIng at 50-60°C for 3-12 h (FeaIrheller et al 1994) It IS 

also known (FeaIrheller et al 1994, Gast et al 1966, Jordan and Port 1961, 

Momck 1962) that the alkoXlde-catalyzed ammolysIs of normal vegetable 

OIls or theIr methyl esters produces the correspondmg amIdes m hIgh YIeld 

We preVIously reported the preparahon of fatty aCId blsamIdes contammg 

the epoxy group m the molecule and of the correspondmg monoamido . 
amme by reactmg vernorua 011 WIth the relevant alIphatIc dlammes 

(Grmberg et al 1994) As IS eVIdent from the foregomg dISCUSSIOn, vemohc 

derIvatIves are most SUItable for reactIons under baSIC condItIons, 1 e , WIth 
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retention of the epoxy rmg We thus prepared vernohc diethanoiamides 

from vernorua 011 or the correspondmg methyl esters and dlethanolamme 

m the presence of SOdIum methylate as a catalyst The reaction was 

conducted at 110°C WIth molar proportions of OIl/amme/catalyst 1 6007 

(35 mm heatIng) or ester/amme/catalyst 120024 (1 h heatIng) The reaction 

proceded WIth retentIOn of the epoxy rmg (oxirane oxygen titration, IR and 

NMR spectra), the YIeld usually bemg over 90% The high-punty N,N-bIs(2-

hydroxyethyl)vemoiamide was Isolated by column chromatography WIth a 

YIeld 758% 

/~ 
CH3 - (CH2)4 - CH-CH CH2 - CH=CH - (CH2)7 - co -N(CH2 - CH2 OHh 

N,N-blS{2-hydroxyethyl) vernolamlde 

The IR spectra of vemohc diethanoiamides are charactenzed by bands at 823 

and 857 cm 1 (epoxy absorption), a spht band at 1050 and 1070 cm 1 (C-O 

stretchIng of ethanohc groups), 1620 cm 1 (the amIde carbonyl stretchmg) 

and a broad band WIth the maXImum at 3388 cm 1 (OB stretchIng) The 

spectra of mIxed vernohc diethanoiamides obtamed from od or esters were 

Identical These spectra dIffer from those of N,N-bIs(2-hydroxyethyl) 

vemoiamide punned by column chromatography m terms of ImpuntIes at 

the ester carbonyl stretchmg at 1741 cm-1 and the mtensity of the epoxy 

absorption band (FIgure 8) 
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FIgure 8 IR spectrum of N,N-bIS(2-hydroxyethyl) vemolamlde 
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The IH-NMR spectrum of vernohc dlethanolal111de gave sIgnals at 0 (ppm) 

09 (t, 3H, CH.3-18), 1 0-25 (complex sIgnals, 24H, 12CHz), 2 92 (m, 
o 
/\ 

-HC-CH- ),34-36 (m,4H,2CHZOH),4 0-4 8 (s, broad,2H,20H) and 5 3-5 6 

(complex sIgnal, 2H, -HC=CH-) (FIgure 9) 13C-NMR peaks confIrmed the 

presence of epoxy (5648 and 5715 ppm), olefImc (123,65 and 13243 ppm) 

and amIde carbonyl (175 29 ppm) carbons (FIgure 10) The vemohc amIde 

also contamed peaks at 13 81 ppm (CH3), a senes of peaks m the range from 

2238 to 3152 ppm (CHz vernohc backbone), as well as peaks at 50 29 and 

51 99 ppm (N-CHZ) and at 6042 and 60 93 ppm (CHzOH) 

5 Solubility In water 

The solubIlIty data obtamed m thIS study are gIven m Table 2 In solutIon, 

vernohc amides form mdk-lIke hqUlds (suspenSIOn) that are dIffIcult to 

separate ThIs contnbutes to measurement errors The aCId Al m Table 2 

was obtamed from vernoma 011 by sapomfIcahon wIth aqueous ethanohc 

sodIUm hydroxIde (90°C, 1 h) and aCIdifIcahon to pH 4-5 The IR spectrum 

of thIS aCId IS gIVen m FIgure 1 

The solubIlIty of vernolIc denvatIves mcreases m the order 

methyl esters (E)<aClds (Ac)<amides (Am) <salts (S) 

IntroductIon of polar groups m the surfactant alkyl cham results m 

consIderable mcreases m the solubIlIty of surfactants (MalIk and Chand 

1966, Ross and MIles 1941), e g, m water the solubIhty of potassIUm 9,10-

dIhydroxystrearate IS supenor to that of potassIUm stearate (Markley 1961) 

On the other hand, the lower the punty of fatty alkanolamldes, the hIgher 

theIr solubIlIty (SchIck 1959) The lower solubIlIty of amIde AmI (obtamed 

from methyl vernolate) as compared wIth mIxed amides Am2 (obtamed 

from vernoma od) supports the hIgher punty of amIde AmI 
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Table 2 50lubIhty data (g solute per 100 mL aqueous solutIon at 

room temperature) 

ACIds Esters Salts Amldes 

Sample AC1 E1 S1 S2 S3 AmI Am2 

SolubIhty 008 0 905 998 055 020 173 

6 Critical micelle concentration 

In surfactant solutions, aggregatIons of molecules (mIcelles) form m a 

rather narrow concentration range known as the cntIcal mIcelle 

concentratIOn (CMC) The CMC of surfactant mdicates that monolayer 

absorption IS complete and the surface actIve propertIes are optImal (Porter 

1964) The CMC of diethanoiamides AmI and Am2 were calculated by the 

IOdme solubIhzatIOn method of Ross and Ohvler (1959) The correlatIon of 

the CMC of our amides wIth the data from the hterature IS presented m 

Table 3 We should pomt out that diethanoiamides AmI and those 

descnbed m the hterature (Mahk and Chand 1966) were obtamed by usmg 

SimIlar reactIOn condItions 

Table 3 CntIcal mIcelle concentratIons (CMC) of fatty diethanoiamides 

Surfactant Mol t, CMC 

wt °C Procedure Iwt% mol/L Reference 

AmI 38358 22 Spectrophotometry 00016 405 x 10 5 Our work 

Am2 28 Spectrophotometry 00023 Our work 

Lauroyl 28745 25 Polanmetry, o 001ta 40x10 5 Mahk and 

dlethanolaIDlde spectrophotometry Chand 1966 

7 Foammg 

The foammg properties of two vernohc derIvatives (anIOmc and nomomc), 

determmed by the standard method (Ross and MIles 1941) m both pure 

(deIOruzed) water and hard water (total hardness 1,000 ppm as CaC03), are 

given m Table 4 The results correlate WIth those descnbed m the hterature 

In pure water, amomc vemohc salts S3 produced more foam and the foam 

was more stable than nomomc vernohc dlethanolamides Am2 The lower 

foammg of 53 m companson WIth typIcal high-foammg amomc surfactants 
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SDBS and SLS (Table 4) IS related to theIr larger alkyl cham length, smce 

maXImum foam produchon occurs WIth soaps made from C-12 to C-14 fatty 

aCIds (Porter 1964) Vemohc dlethanol amldes Am2 have foammg abilIty m 

hard water, and the same IS true for other fatty dlethanolamides (SchIck 

1967, Porter 1964) 

Table 4 Foammg properbes of vemohc surfactants 

Foam heIght, nun 

hubal After 5 nun 

Compound Property Pure Hard Pure water Hard Reference 

water water water 

S3 Aruoruc 90 a 15 a Our work 

SDBSb Aruoruc 160 140 Scluck MJ 

(ed) 1967 

SLSc Aruoruc 160 140 Scluck MJ I 

_CedJ 1967 

Am2 Noruoruc 13 8 9 2 Our work 

POENpd Noruoruc 15-130 10-110 Scluck MJ 

(ed) 1967 

aA preCIpItate IS obtamed solubon m hard water, bSDBS sodIUm dodecylbenzene sulfonate, 

cSLS - SodIUm lauryl sulfate, dpOENP Polyoxyethylene nonylphenols 

33 



Chemzcal Studzes 

References 
Ayormde, Fa, B D Butler, and M T Clayton, Vernoma galamensls A rIch 

source of epoxy aCId, J Am all Chern Soc 67 844-845 (1990) 
Ayorrnde, Fa, J ClIfton Jr, a A AfolabI, and R L Shepard 1988 RapId 

transestenficatlOn and mass spectrometrIc approach to seed 011 
analysIs, J Am ali Chern Soc 65 942-947 

Bryant, K A A , C P Nwaorucha, M Hassan, M Anderson and F a 
Ayormde, SynthesIs and Isolation of epoxy secondary amides VIa dIrect 
amidabon of Vernonza galamensls seed od, J Am ad Chern Soc 70 
457-460 (1993) 

Carlson, K D, W J SchneIder,S P Chang, and L H Prmcen 1981 Vernonza 
galamensls seed oli A new source for epoxy coatmgs, m "New Sources 
of Fats and Olis", edIted by F H Pryde, L H Prmcen, and K D 
MukheIJee, Amencan all ChemIsts' SOCIety, ChampaIgn, Ill, pp 297-
318 

Erhan, S M ,R KleIman, and T P Abbott, QuantltatIon of estohdes by 
Founer transform mfrared spectroscopy, J Am ali Chern Soc, & 563-
567 (1996) 

Pryde, E H & (ed) 1979 Fatty ACIds, The Amencan 011 ChemIsts' SOCIety, 
ChampaIgn, IllmOIs, 1979 

Fealrheller, S H , R G Blstlme, Jr ,A BIlyk, R L Dudley, M F Kozempel and 
M J Haas 1994 A novel technIque for the preparatlOn of secondary 
fatty amides III Alkanolamldes, diamides and aralkylamldes, J Am 
all Chern Soc 71 863-866 

Grmberg, S, V Kolot, and D Mdls, New chemIcal derIvatives based on 
Vernonza galamensls OIl, Industrial Crops and Products,.3. 113-119 
(1994) 

Gunstone, F D, Fatty ACIds Part II 1954 The Nature of The Oxygenated 
ACId present m Vernonza anthelmmtlca (Wllld) Seed ad, J Chern 
Soc 1611-1616 

Jay, R R 1964 DIrect titratIon of epoxy compounds and aZlndmes, 
Anal Chern 36 667-668 

Jordan, E F Jr and W SPort 1961 Low tempeature ammolysis of methyl 
stearate catalyzed by sodIUm methoXlde, 38 600-605 (1961) 

Krewson, C F, J S Ard, and R W RIemenschneIder, Vernoma 
anthelmmtzca (L) Wlild 1962 Tnvernohn, l,3-dlVernolm and 
vernohc (epoxyoleIc) aCid from the seed OIl, J Am 011 Chern Soc 32, 
334-340 

MalIk, W U and P Chand 1966 CntIcal mIcelle concentration of launc 
aCId-dlethanolamme condensate by polarographic and 
spectrophotometnc methods A compaatIve study, J Am Oli Chern 
Soc 43 446-448 0 

Markley, K S 1961 Salts of fatty aCIds, m " Fatty ACIds", second edItion, Part 
2, edIted by K S Markley" p 744-745 

Mdls, D 1991 Progress Report no BGUN-ARI-38-91 Ben-Gunon 
Uruverslty of the Negev, Beer-Sheva, Israel 

Mills, D S Grmberg, J Chweya and P Gitu 1995 ChemIcal studIes on 
vernorua 011 and genetlc Improvement of Vernonza galamensls, 

34 



Chemlcal Studzes 

Annual report Report no BGUN-ARI-23-96 Ben Gunon Umverslty 
of the Negev Beer-Sheva Israel 

MIlls, D S Grmberg, J Chweya and P Gltu 1997 ChemIcal studIes on 
vernoma 011 and genetIc Improvement of Vernonza galamensls, 
Annual report Report no BGUN-ARI-50-97 Ben-Gunon Umverslty 
of the Negev Beer-Sheva Israel 

Momck J A 1962 ContInuous hIgh Temperature preparation of 
alkylolamldes, J Am 011 Chern 39 213-215 

SchIck, M J ,(ed) 1967 Nomomc Surfactants, Marcel Dekker, Inc, New 
York, Vol 1 

Perdue R E 1989 FIrst Annual Conference of AAIC, Peona IL p 7 (Abs) 

Perdue R E, E Jones and C T Nyah 1989 Proc Int Sym New crops for 

Food and Industry, Southampton Umv, Chapman and Hall, 

London, pp 197-207 
Phatak 1989 FIrst Annual Conference of AAIC, Peona, IL p 7 (Abst) 
Porter, M R 1994 Handbook of Surfactants Second EdItIon, Blackle 

AcademIc and ProfeSSIOnal, London 
Ross, J and G D MIles 1941 Apparatus for companson of foammg 

propertIes of soaps and detergents, OIl & Soap, 18 99-102 
Ross, Sand J P Ohvler 1959 A new method for the determmatIon of 

cntIcal mIcelle concentrations of umomzed aSSOCIatIon COllOIds m 
aqueous and In non-aqueous solutIons, J Phys Chern 63 1671-1675 

SmIth, C R, Jr, K F Koch, and J A Wolff 1959 IsolatIon of vemolIc aCId 
from Vernonza anthelmmtzca OIl, J Am all Chern Soc 36 219-220 

Sonntag, N a V 1979 ReactIons of fats and fatty aCIds, m " BaIley's 
IndustrIal all and Fat Products," edIted by D Swem, A WIley­
IntersCIence PublIcation, John WIley & Sons, New York, Vol 1" P 99-
175 

35 


