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for  15 hr. at  100 ~ in 1 ml. of 0.5N sulfuric  acid in a 
sealed tube. (Sugar  s tandards  were t reated in the 
same way.) The solution was neutral ized with Dowex-2 
(HCOa-)  and evaporated to dryness. The residue was 
dissolved in a small volume of water  and volumes 
equivalent to 100, 200, 300, and 400 ug. of solid were 
spotted on W h a t m a n  No. 1 paper.  On the same pape r  
sugar  s tandards  were applied in amounts vary ing  
f rom 10 to 100 ~g. The chromatogram was developed 
with butanol-pyr idine-water  (6:4:3 v / v )  descending 
for  24 hr. ( for  galaetose and fueose) and with ethyl 
acetate, acetic acid, water  (3:1:3 v / v  uppe r  phase) 
for  mannose, and  arabinose determinations.  The chro- 
matograms  were air-dried for  4 hr. and then dipped 
into a solution of aniline phthala te  in aqueous butanol- 
ether. The papers  were air-dried and then heated in 
an oven at 105 ~ for 10 min. Equal  areas of appropr i -  
ate spots were cut out and eluted with ethanolic-HC1 
for  1 hr. at  room temperature .  The optical density 
of the solution was read in a spectrophotometer  at 
390 m~ (in the case of arabinose, 360 m/~) and com- 
pared  with the appropr ia te  s tandard.  The following 
percentages were obtained: 

G a l a c t o s e  ......................... 5 8 - 6 0  
A r a b i n o s e  ........................ 17 -17 .5  
F u c o s e  .............................. 11 .5 -12 .0  
Mannose ........................... 3.0 

The inositol content of 0 S C  was estimated to be about  
6% by pape r  chromatography  of a s trong acid hy- 
drolysate. These data indicate a rat io inositol:galac- 
tose:arabinose:fueose of 1:10:3:2. Fai lure  of OSC to 
move on paper  chromatograms is consistent with a 
polysaccharide of this size and pre l iminary  sedimenta- 
t ion molecular weight determinat ions of 2600 are in 
good agreement  with such a structure.  

F u r t h e r  informat ion as to the s t ructure  of OSC 
was obtained by mild acid hydrolysis.  For ty-e ight  
mg. of OSC were hydrolyzed for  1 hr. with 0.1 N 
oxalic acid. Serial  control experiments  indicated tha t  
under  these conditions arabinose and fucose were 
liberated, but  that  only traces of free galactose were 
formed. The reaction mix ture  was separated by pre- 
para t ive  chromatography  on W h a t m a n  No. 1 paper  
with ethyl acetate, acetic acid, and  water.  The major  
spot at  the origin was cut out and eluted with water.  
The solution was lyophilized giving 29 rag. (60.5% 

yield) of a white solid which contained only galactose 
and inositol. The galactose content determined by the 
anthrone procedure was 88-93%. These data  indi- 
cate that  OSC contains a polygalactoside uni t  of 
9-10 molecules a t tached to inositol with the arabi- 
nose and fucose molecules at tached to the inositol 
polygalactoside. 
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Amino Acid Composition of Lesquerella Seed Meals 
ROGER WAYNE MILLER, C. H. Van ETTEN, and I. A. WOLFF, Northern Regional 
Research Laboratory, 1 Peoria, Illinois 

Seed meals from 14 species of Lesquerella, family Cruci- 
ferae, were analyzed for 18 amino acids. Lysine and 
methionine contents ranged, respectively, from 331 to 440, 
and 72 to 94 rag. per g. of nitrogen. When compared with 
9 species of Brassica (rape, mustard), Lesquerella seeds 
were higher in lysine and lower in methionine. Thirteen uni- 
dentified substances were detected by the ion-exchange chro- 
matographic method used to determine amino acids. 

T HF. GENUS Lesquerella, fami ly  Cruciferae, con- 
tains about  55 species (2) nat ive chiefly to the 
ar id par t s  of western Nor th  America  f rom east 

central  Mexico to Alber ta  and Saskatchewan. About  

1 This is a labora'~ory of the Northern Utilization Research and Devel- 
opment Division, Agricultural Research Service, U. S. Department  of 
Agriculture. 

one-third of the species are annuals. Representat ives 
of Lesquerella also grow in limited areas of South 
America,  Alabama, Kentucky,  and Tennessee. To our 
lnlowledge, no species f rom this genus has ever been 
cultivated. 

Lesquerella seed oils differ f rom those of other 
genera of Cruciferae because of their  high hydroxy-  
acid content (3).  I f  the nutr i t ional  qual i ty of the co- 
occurring meals is high, the potential  of Lesquerella 
as an industr ial  oilseed will be enhanced. Reported 
here are the analyses of 14 species for  18 amino acids 
by ion-exchange chromatography.  The seeds were col- 
lected f rom the wild by botanists of U S D A ' s  Crops 
Research Division. 
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Materials  and Methods 

Mature seeds (kernel with seed coat) were removed 
from the pods (hull) and then gTound, solvent-ex- 
tracted, dried, and acid-hydrolyzed as previously 
described (8). 

Seventeen amino acids were determined on a Spineo 
Model MS amino acid analyzer (7).  Cystine was 
oxidized to cysteic acid and analyzed by the method 
of Schram, Moore, and Bigwood (6). Constants for  
each amino acid were determined with s tandard solu- 
tions. Several runs were made to determine precision, 
which was about 5% (4).  

Amino acid results are reported as recommended by 
FAO (1), in nlg. per g. of nitrogen. The essential 
amino acid index (EAAi)  was calculated according 
to Oser's method (5), with one exception. When the 
eystine : methionine or tyrosine : phenylalanine ratios 
exceeded those found in egg protein, only a par t  of 
either the cystine or tyrosine values was used. For  
example, in L. engelmannii only 59 rag. of cystine, 
which is equal to 75% of the methioniue (79 rag.), 
instead of 134 rag. were credited because a 3 : 4  ratio 
is the proport ion of the two in egg protein. Since 
t ryp tophan  was not determined, no ratio can be as- 
signed for it. 

Results and Discussion 

Data on seed analyses, distribution of nitrogenous 
constituents in hydrolyzates, and amount of amino 
acids are summarized in Tables I and II. Recoveries 
of nitrogen as amino acids, ammonia, humin, and un- 
known materials compare to those previously reported 
(4,8). Amino acid compositions of the various Les- 
querella species have more similarities than differ- 
ences. On the average, individual amino acids varied 
by only 9.2% (mean of relative s tandard deviations) 
for the different species. 

Comparison of the amino acid compositions of Les- 
querella seed meals with those of 41 other species of 
Crucifcrae (4) show that  at the 99% probabili ty 
level the former are significantly higher in lysine, 
threonine, hydroxyproline,  and proline and are lower 
in methionine, phenylalanine, leucine, and aspartic 
and glutamic acids. Isoleucine and histidine in Les- 
querell~ meals are significantly lower at the 95% 
probabil i ty level. 

When compared to 9 Brassiea seed meals (4) the 
Lesquerella meals are significantly higher in lysine 

TABLE I 

Oil and  P r o t e i n  Contents  of Lesquere l la  Seeds  a n d  Xi t rogen  D i s t r i bu t i on  
in  Acid Hydro lyza t e s  of the  Meals  

Spec i e s  

L,  angust i fo l ia  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L .  argyrc~ea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L ,  densipi la . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L ,  enge lmann i l  . . . . . . . . . . . . . . . . . . . . . . . . . .  
L .  ]endleri  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L .  globosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L .  gordonii  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L .  graeih:s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L .  grandi f lora . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

�9 b L.  la swcarpa  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L .  leseuri i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L .  l indhe imer i  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L .  ovalifolia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L .  p ine to rum .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H i g h  va lue  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L o w  va lue  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
b l e a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t a n d a r d  dev ia t ion  .. . . . . . . . . . . . . . . . . . . .  
R e l a t i v e  s t a n d a r d  dev ia t ion ,  %. .  

D r y  bas is  N i t rogen  d i s t r i bu t i on  as 
% of total  n i t r ogen  

P r o t e i n  
(%NX 

Oil 6 . 2 5 )  

% % 
26.2  25 ,0  
2 6 . 4  23 .8  
2 4 . 4  2 0 . 6  
21 .2  21 .2  
28.1  22 .5  
39 .4  24 .4  
28 .8  23 .1  
32 .7  2 4 . 4  
37 .2  19 .4  
29 .5  21 .0  
28 .1  21 .2  
25 .5  21 .2  
24 .0  2 4 . 4  
2 6 . 6  2 2 . 5  

39 .4  25 .0  
21,2  19 ,4  
28 .4  22 .5  

5.0 1 ,7  
17 .6  7.8 

Amino  Am- Insol-  Un- 
ac ids  moni~ uble k n o w n  ~ 

73.2  12.3  5.9 8.6 
76.3  11 .5  3.3 8.9 
74 .0  10 .4  3.6 12 .0  
74,9  13,9 2.8 8.4 
82 .0  12 .6  5.0 0.4 
76.1 12.9  2.3 8.7 
72 .4  11.2  6.9 9.5 
74 .0  12 .4  2.9 10.7  
75 .6  12.1  2.8 9.5 
71,8  10.8  6.1 11 .3  
74.8  11.1 3.2 10.9  
70 .4  11.0  8.1 10.5  
73.2  12.8  2.2 11 .8  
76 .2  12 .7  3.5 7.6 

82 ,0  13.9 8.1 12.0 
70.4  10 .4  2.2 0 .4  
74 .6  12 .0  4,2 9.2 

2.8 1.0 1,9 2,9 
3.7 8.3 44 ,6  31 ,2  

a B y  di f f erence .  
b A v e r a g e  of t w o  access ions .  

and lower in methionine, leucine, and histidine at the 
99% probabili ty level. At the 95% level Lesquerella 
meals are significantly higher in arginine and glycine 
and lower in cystine, phenylalanine, and isoleueine. 

Unknowns in the Samples Analyzed. Thirteen uni- 
dentified peaks, usually small, appeared on the chro- 
lnatograms (Table I I I ) .  The largest peak, which 
ehlted in the position of canavanine, (RB-s~ne = 1.75), 
was obtained from meal of L. lindheimeri. Insufficient 
sample prevented positive identification. The second 
largest peak, eluting shortly af ter  the buffer break- 
t h r o u g h  (Rmethtonh~e --~ 0.971), was obtained from meal 
of L. de~lsipila. The th i rd  largest peak, eluting at 
R,n.,do,d,,e = 0.966, was obtained from meal of L. lescurii. 
Also obtained fronl this same meal was a small peak 
eluting at R,,,e.,~,,,,.,e = 0.971, apparent ly  the sanle com- 
ponent mentioned above from nleal of L. densipila. 
In addition to these peaks read at observed maximum 
of 570 rag, there were three peaks read at observed 
lnaxinlmu of 440 nip., one of which occurred in all 
samples eluting at Rl,-~i,,e = 0.811. Also occurring in 
all salnples was a peak absorbing at 570 111/z and elut- 
ing at  RB-si,,e = 0.657. These unidentified peaks prob- 
ably contribute to the unkuown nitrogen values given 
in Table I, although some nonnitrogen-contaiuing 
eonlpounds give color with n inhydr in  (9). For  ex- 
ample, levuliuic acid has an observed maximum at 
440 lnt~, elut ing about 2 hr. before aspartie acid 
(Rasp~le acid = 0 .60) .  

Nutritional Evaluation. A slight modification of 
the latest method of Oser (5),  described under  I~{a- 
terials and Methods, provided a chemical evaluation 
for nutri t ional  quali ty of the 14 species of Lesqlterella. 
Recognition is given to the pitfalls of such an evalua- 
tion, which neglects such facts as biological availabil- 
i ty of various amino acids, presence of ant inutr i t ional  
or antipalatabil i ty factors, and effects of type of proc- 
essing on meals. Yet the close correlations that  have 
been reported (5) between EAAi and biological value 
of numerous presently used plant-derived products  
suggest that  EAAi has considerable ut i l i ty for pre- 
l iminary evaluation of new species. 

Since the genus includes (Table l I )  several samples 
with EAAi above 70, fu r the r  evaluation of Lesquerella 
nleals by feeding trials appears warranted.  The high 
lysine content suggests that  these seed meals might 
be a good supl)lelnent for feed grains�9 

T A B L E  l l I  
Uniden t i f i ed  P e a k s  on C h r o m a t o g r a m s  of Lesq~erel la  

51eal Hydro lyza te s  

Pos i t ion  

Rlys lne  
0 .657  

= 0 . 8 l l  

1 .10  

= 1.75 

Rhydr oxypro I ine 
: 0 ,853  

= 0 , 8 8 4  

= 0 . 9 2 2  

Rmethl  onlne 
= 0 . 9 6 6  

= 0 .971  

: 0 , 9 8 0  

= 0 .989  

= 1 .04  I 
! 

= 1 .10  i 

W a v e  length  i 
measured ,  

my, 

570  

440  

570 

570 

4 4 0  

570 

440  

570  

570 

570 

570  

570  
i 

57O 

Hx ~V 
lng. X on col 'n  a 

1.1 to 2 .9  

T r a c e  to 0 . 4 1 4  

6 . 2 4 0  to 0 . 6 0 8  

T r a c e  to 9 .20  

1.01  

0 .865  

T r a c e  

6,25 

7 .08 and  1.75 

T r a c e  

0.642 

T r a c e  

T r a c e  

Spe c i e s  of Lesquere l la  

All  

All  

Argyraea ,  densipila,  
gordonli,  lasloc~rpa, 
and  lescurii  

Grandif lora,  lasiocarpa, 
a n d  l indheimer i  

Lasiocarpa 

D enslpi la 

Fend l e r l  and gordonii  

L e s c u r i l  

Dens ip i la  and  leseurii  

Angus t l f o l i a  and 
grandi f lora 

L i n d h e i m e r i  

A rgyraea,  ]endleri ,  
gordonii  a n d  gracilis 

G rand.iflora 

a Area  per  u n i t  of n i t rogen  in  sample .  
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Species 

L .  a n g u s t i f o l i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

b .  a r g y r a e a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  d e n s i p i l a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  e n g e l m a n n i i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  ] e n d l e r i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  g l o b o s a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  g o r d o n i i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  g r a c i l i s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  g r a n d i f l o r a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  l a s i o e a r p a  e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IJ .  l e s c u r i i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  l i n d h e i m e r i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  o v a l i f o l i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  p i n e t o r u m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H i g h  va lue  ............................................. 

Low value  ............................................... 

Mean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S t a n d a r d  dev ia t ion  ................................. 

Re la t ive  s t anda rd  deviat ion,  % .............. 

Species 

Mg. amino acid per  g r am of n i t rogen  ~ 

Phenyl- Tyrosine Threonine  Val ine % N Cystine I l soleucine  i Leuc ine  a lan ine  Lys ine  [ MethiO-mne 

376 i 78 

384 I 86 

409 76 

331 79 

415 84 

44o s4 

357 83 

440 82 

378 94 

412 77 

415 72 

3 9 0  76 

33~ 9~ 
361 89 

440 94 

331 72 

389 82 

35 6 

9.0 ] 7.7 

5.16 

4.56 

4.22 

4.17 

4.53 

6.04 

4.72 

5.42 

4.74 

4.32 

4.58 

4.12 

4.72 

4.58 

6.04 

4.12 

4.71 

0 . 5 3  

11.0 

Arg in ine  i Glycine 
- - i  

139 212 338 

133 218 336 

134 216 336 

134 203 322 

1 1 1  222 363 

128 230 376 

124 205 324 

134 217 356 

133 221 364 

148 194 302 

134 220 343 

135 20__3 325 

133 212 352 

123 217 363 

1 4 8  230 376 

111 194 302 

132 214 343 

8 9 21 

6.4 4.4 6.0 

234 r 

266 

247 

258 

278 

240 

252 

238 

252 

239 

242 

231 

249 

252 

278 

231 

248 

13 

5.2 

H i s t i d i n e  

- - I  
481 

444 

422 

468 

491 

5O3 

434 

471 

141 39-1 

12~ 365 

129 441 

128 38-1 

147 442 

144 460 

158 503 

124 365 

139 442 

10 41 

7.0 9.3 

309 

335 

266 

317 

37~ 

279 

324 

286 

34_~3 

295 

274 

278 

312 

342 

371 

266 

309 

31 

16 

212 

233 

1 8 2  

231 

239 

224 

211 

206 

204 

190 

199 

211 

228 

219 

239 

182 

214 

17 

7.8 

173 

189 

1 5 6  

159 

186 

183 

164 

169 

170 

152 

i 1 5 8  

i 1 6 6  I 

i 179 i 

181 

189 

i 1 5 2  
I 
: 170 

12 

7.0 

Alan ine  .u Glut~amic Hydroxy- Pro l ine  
acid acid prol ine 

120 

149 

139 

222 d 

154 

99 

156 

108 

124 

186 

142 

152 

108 

108 

222 

99 

140 

34 

24 

383 

374 

479 

341 

417 

441 

337 

438 

423 

420 

488 

393 

344 

348 

488 

337 

402 

50 

12 

Serine 

L .  a n g u s t i ] o l i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  134 

L .  a r g y r a e a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  148 

L .  d e n s i p i l a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  134 

L .  e n g e l m a n n i i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 1  

L .  ] e n d l e r i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 5 8  

I~. g l o b o s a  ................................................ ] 132 

L .  g o r d o n i i  . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . .  139 

L .  g r a e i l @  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 

L .  g r a n d i f l o r a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  l a s i o c a r p q  e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  l e s c u r i i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  l i n d h e i m e r i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  o v a l i / o l l a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L .  p i n e t o r u m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

t t i g h  va lue  .............................................. 

Low value  ............................................... 

Mean ....................................................... 

S t a n d a r d  dev ia t ion  ................................. 

Re la t ive  s t anda rd  deviat ion,  % .............. 

214 

269 

229 

275 

281 

2__15 

254 

2 2 3  

2 7 2  

')47 

2 2 3  

209 

260 

264 

281 

209 

245 

26 

lO 

383 

449 

381 

391 

452 

3 7 3  

423 

369 

4 4 3  

392 

389 

364 

4 2 6  

463 

463 

364 

407 

34 

8.4 

791 

771 

859 

749 

856 

842 

740 

7 6 8  

88O 

794 

856 

696 

802 

844 

88O 

696 

803 

55 

6.8 

213 

284 

228 

266 

290 

177 

269 

182 

274 

299 

224 

193 

231 

246 

299 

177 

241 

41 

17 

284 

277 

291 

296 

299 

306 

260 

288 

299 

281 

309 

274 

289 

318 

318 

260 

291 

]5  

5.3 

EAAi  b 

67 

71 

67 

68 

73 

71 

67 

69 

70 

64 

68 

65 

70 

71 

a To conver t  to g . / 16  g. N mul t ip ly  by 0.016. 
b Essen t i a l  amino acid index, see text. 
e Values unde r l i ned  once va ry  • 1 s t anda rd  dev ia t ion  from the mean. 
d Values unde r l i ned  twice  v a r y  • 2 s t anda rd  devia t ions  f rom the mean. 

e Average  of two accessions. 
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