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Thir ty - s ix  lots  of  e ight  Cuphea species  g r o w n  at 
n ine  g e o g r a p h i c a l  l oca t ions  from 1983 to 1985 
w e r e  ana ly zed  for seed we igh t ,  oi l  percentage ,  
fat ty  acid and crude prote in  content .  T w e n t y - t w o  
samples  w e r e  separated  in to  t w o  dis t inct  seed 
maturi ty  groups  and also  analyzed .  Seed maturi ty  
var ied  w i d e l y  but had  l i tt le  effect  on  oi l  percen-  
tage,  even  t h o u g h  mature  seeds  were  s ign i f i cant ly  
hea v i er  tha n  less  mature  seeds.  Lauric acid con-  
tent  genera l l y  increased  and capric acid decreased  
w i t h  i n c r e a s i n g  seed  maturi ty .  Crude prote in  o f  
w h o l e  seeds  and defatted seed meal  increased  
w i t h  increas ing  seed maturity .  The net  effect of  
h a r v e s t i n g  Cuphea wrightii seeds  at full  maturi ty  
in c o m p a r i s o n  w i t h  that  for less  mature  seeds  w a s  
to increase  seed w e i g h t  by 12%, decrease  capric 
acid by 3%, increase  lauric  acid by 2% and increase  
crude pro te in  o f  w h o l e  seeds  and defat ted  meal  by 
5% and 4%, respect ive ly .  Seed oil  con ten t  w a s  
decreased by a s tat i s t ica l ly  n o n s i g n i f i c a n t  1%. The 
effect  o f  seed matur i ty  w a s  comparable  for the  
o th er  four lauric acid- and three  capric acid-rich 
species ,  even  t h o u g h  dis t inct  spec ies  d i f ferences  
in all  factors  were  measured.  Locat ion  and envi -  
r o n m e n t  c o n t r i b u t e d  to s o m e  q u a n t i t a t i v e  and 
qual i ta t ive  cha nges ,  but the se  factors  are no t  con-  
s idered to be major sources  o f  var iat ion .  It is con-  
c luded that  va r ia t i on  in seed matur i ty  does  no t  
present  a major  c o n s t r a i n t  to  commerc ia l i za t ion  
o f  Cuphea as a n e w ,  a l t ernat ive  source  o f  lauric 
and o ther  med ium-cha in  fatty  acids.  The ul t imate  
s ign i f i cance  of  these  minor  c h a n g e s  wi l l  depend 
upon  re lat ive  y ie lds ,  demands  and va lues  o f  the  
var ious  seed components .  

The United States currently imports about 450,000 
metric tons (MT) of coconut and palm kernel oils as 
the pr imary source of lauric acid and minor amounts  
of other medium-chain acids for the production of 
soaps, detergents, lubricants and related products. 
Essentially equal quantities of petrochemicals are 
converted and utilized annually to meet the total 
domestic demand for medium-chain fat ty acids. In 
addition to the conventional uses of medium-chain 
fat ty  acids, research has demonstrated recently that  
caprylic and capric acids have potentially important  
applications in medical, nutritional and dietetic fields 
(1,2), which may  increase future demands for them. 

Research conducted by the ARS/USDA Northern 
Regional Research Center in Peoria, Illinois, in the 
early 1960s determined that  seeds of Cuphea species 
contained from 16 to 42% oil, and that  these oils had 
high levels of lauric and capric  acid and other  
medium-chain fat ty acids (3). The seed oils of 73 of the 
estimated 260 species sampled from 11 of the 12 sec- 
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tions of the genus have been analyzed recently for 
fat ty acid composition (4-6). These studies revealed 
unparalleled diversity of fat ty acid patterns within 
Cuphea, with lauric, capric and caprylic acids the 
predominant components. 

Little effort was made to develop Cuphea as a new 
crop until a research program was started in the mid- 
1970s at the University of GSttingen in West Ger- 
many  (7-9). In 1983, A R S / U S D A  initiated a major 
research effort to evaluate and develop improved 
Cuphea germplasm (10,11). In 1982, Frank Hirsinger 
moved his research from West Germany and started 
a domestication program at the Universi ty of Cali- 
fornia at Davis, California. This program was moved 
to Corvallis, Oregon, in 1983 when a unique, equally- 
funded, three-way R & D effort, involving ARS/  
USDA, Oregon State Agricultural Experiment Sta- 
tion, and member companies of the Soap and Deter- 
gent Association, was initiated to domesticate and 
commercialize production of Cuphea. Data on agro- 
nomic potential, seed composition and morphological 
descriptions of various species evaluated during the 
early phase of this program have been published 
(12,13). 

Major constraints to successful commercialization 
of Cuphea are the indeterminate pattern of plant  
growth and flowering and the excessive shattering of 
seeds from the matur ing seed pods. To date, no germ- 
plasm has  been found or developed to correct these 
deficiencies, but major breeding and genetic efforts 
are in progress. As a consequence of these deficien- 
cies, seeds collected at harvest  vary  widely in matur- 
ity. The objective of this research was to determine 
the effect of seed maturi ty on oil content and distribu- 
tion of fat ty acids within the seed oil, and on crude 
protein content of the seed meal. Such information 
should be of considerable value to current research as 
well as future producers and processors of Cuphea 
seed oils. 

EXPERIMENTAL PROCEDURES 

Thirty-six seed lots of eight Cuphea species grown at 
nine geographic locations from 1983 to 1985 were 
available in the A R S / U S D A  Cuphea working germ- 
plasm collection. Included were five species rich in 
lauric acid; C. wrightii, C. tolucana, C. wrightii X C. 
tolucana, C. laminuligera, and C. lutea. Capric acid- 
rich species were represented by C. leptopoda, C. pau- 
cipetala and C. procumbens. Maturity of individual 
seeds, as indicated by a range of seed coat colors from 
green to nearly black, varied considerably within 
each seed lot. 

A seed matur i ty  score based upon seed coat color 
was constructed ranging from 1 (green) to 9 (dark 
brownish-black), with 5 an intermediate yellowish- 
brown color. Each seed lot was physically divided 
into two distinctly different maturi ty classes, desig- 
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nated as "green" or "mature." The two lots were 
weighed to determine the percentages of each class 
within the bulk seed samples. A 1000-seed weight 
determination was made on each sample. The rela- 
tive matur i ty  of each of the two maturi ty classes var- 
ied among the various seed lots, and each sublot was 
scored for maturi ty on the 1 to 9 scale. 

A minimum of eight g of seeds was considered 
necessary to conduct accurate analysis  for determi- 
nation of moisture, oil, fa t ty acid and crude protein 
contents. Twenty two of the 36 seed lots had adequate 
amounts of seeds to obtain eight-g aliquots of"green"  
and "mature"  plus eight g of the original bulk seed 
lot. The quanti ty of seeds of 11 lots was insufficient to 
obtain the eight-g samples for the two matur i ty  
groups. These lots were chemically analyzed only as 
bulk samples. However, a sample from each lot was 
divided into two maturi ty groups to determine the 
percentages in each class and to score for maturi ty on 
the 1 to 9 scale. Determinations also were made of 
1000-seed weights for each seed lot. Three lots of C. 
wrightii were a uniform grayish color resulting from 
moisture exposure during harvest, which results in 
the extrusion and mat t ing of coiled hairs from the 
seed coats (14). These wetted or weathered seed lots 
were given a special maturi ty score or designation of 
10 because little or no normal seed coat color could be 
discerned. These three lots were chemically analyzed 
as bulk samples. 

A total of 80 eight-g seed lots were analyzed. The 
seeds were ground in a Varco electric dry-food grinder. 
The ground seeds (3 g) were subjected to 130 C in a 
forced draft oven for three hr to determine moisture. 
An additional three-g sample was extracted in a Butt  
apparatus for six hr  for gravimetric oil determina- 
tion. A portion of the extracted oil was converted to 
methyl ester by reacting the oil with a 1% solution of 
sodium methoxide in methanol, at room temperature, 
for 30 min. The fat ty acid methyl esters were extracted 
into heptane and injected directly into a Varian 
model 3700 gas chromatograph for fat ty acid analy- 
sis. The ester mixture was injected onto a 1.8-m by 
2-mm i.d. glass column packed with 3% LAC 2 R-446. 
The column oven was temperature programmed from 
100 to 180 C at a rate of 4 C/min.  Peak identification 
was made by comparison with known standards;  
quanti tat ion was accomplished with programs on a 
Modular Computer Systems, Inc. model 32/85 com- 
puter. Nitrogen was determined by AOAC method 
2.055 (15). Digestion and distillation were accom- 
plished with the Tecator Nitrogen Analysis System. 

RESULTS AND DISCUSSION 

Nineteen of the 36 bulk seed lots analyzed for seed 
quality and fa t ty  acid content were of one species, C. 
wrightii (Table 1). An additional three lots of C. 
wrightii tha t  had been subjected to moisture exposure 
during harvest  are also included. All of these seed lots 
are considered to be from a common source, hav ing  
descended from an original seed collection designated 
as Graham 651. Seed matur i ty  varied widely between 
lots. Two lots from Phoenix, Arizona, one produced in 
the field and the other in a greenhouse, had over 75% 

of their seeds with a matur i ty  score of 1.7 and 2.7 and 
were light green and yellowish green in color, respec- 
tively. Seed lots produced in Puerto Rico and Califor- 
nia  had  relatively low quantit ies of green seed with a 
general matur i ty  score of 6.9 to 7.3 and a medium 
brown color. One thousand-seed weights for field- 
grown seeds varied from 1.39 to 1.81 g. Seeds of three 
lots produced in a greenhouse at Phoenix were gener- 
ally heavier, ranging from 1.77 to 2.44 g. 

Regardless of the wide range of seed weight and 
maturi ty,  oil percentages among the lots were rela- 
tively uniform, ranging from 30 to 35% with a mean 
of 33.6 ± .32% and a coefficient of variat ion (C.V.) of 
only 4.1%. In general, the range of variability of the 
predominant  fat ty acids (lauric 54.0 ± .54%, C.V. -- 
4.4%, and capric 34.7 ± .46%, C.V. = 5.7%) was low 
and comparable to tha t  of oil percentage for these 
seed lots. Relative variation in crude protein expressed 
as either whole seed percentage (20.3 ± .3%, C.V. 7.7%) 
or percentage of defatted seed meal (30.5 _ .6%, C.V. = 
7.9%) was only slightly larger than  for oil and fa t ty  
acid percentages. 

Exposure of the three seed lots of C. wrightii to 
moisture at harvest  did not appear to significantly 
alter oil percentage, fat ty acid content or crude pro- 
tein percentage. For the two seed lots from Corvallis, 
Oregon, no real difference in seed contents was de- 
tected even though they had been differentially sub- 
jected to exposure of sunlight and heat (Table 1). 

Obvious differences in seed oil percentage, relative 
amounts  of lauric and capric acid, seed weight, and 
crude protein content exist among the eight species 
tested (Table 1). In general, the fa t ty  acid contents 
and differences between the species closely approxi- 
mate that  previously reported (4). Differences in 1000- 
seed weight also correspond closely to the differences 
among species previously documented (12,13). 

Twenty-two of the 36 seed lots were subdivided into 
two seed maturi ty groups, scored for seed maturi ty 
and analyzed for 1000-seed weight, seed oil percen- 
tage, capric and lauric acid content, and crude pro- 
tein percentage of whole seed and defatted seed meal 
(Table 2). Eleven pairs of samples of C. wrightii from 
seven geographic locations are included. Means, 
s t andard  errors and coefficients of var iat ion are 
recorded for each of the 11 entries within each matur- 
ity group. A mean difference and s tandard error of 
the mean difference were calculated, and differences 
among the means compared statistically with a t test. 
As expected, the paired seed lots were highly signifi- 
cantly different with regard to seed maturity. This 
difference in seed matur i ty  was clearly reflected in a 
difference of about 0.2 g in seed weight. Seed maturi ty 
had little effect on seed oil percentage. The more 
mature seeds had  about 0.3% less oil content than  the 
less mature samples. 

Capric acid content of the 11 pairs of sampled C. 
wrightii was about 0.9% lower in mature seeds; con- 
versely, lauric acid content was about 1.2% higher in 
mature seeds (Table 2). These mean differences were 
signficant only at the 5% level. The actual number 
of days for seed to mature from a rat ing of 3 to 6 
probably varies somewhat under different environ- 
ments but represents a relatively short time in terms 
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TABLE 1. 

Qual i ty  Const i tuents  and Fatty  Acid Dis tr ibut ions  o f  36 Bulk  Seed Lots o f  E ight  Species  Grown at N ine  Locat ions  
from 1982-1985  

Crude protein 
Percentage  1000- Percent  

Seed of seeds seed seed Percent  fat ty acid Whole Defat ted 
Species, location matur i ty  classified weight  oil seeds meal  
and  year  score a "green"  (g) (%) 10:0 12:0 14:0 16:0 18:1 18:2 Others  (%) (%) 

Lauric acid-rich species 
C. wrightii 

Davis, CA 1982 6.9 35.8 1.71 34 33.4 56.9 3.0 1.0 2.0 3.8 - -  20.1 30.4 
Davis, CA 1983 7.3 24.4 1.63 34 34.7 54.8 3.2 1.3 1.9 3.8 0.3 19.6 29.7 
Corvallis, OR 1983 6.2 25.3 1.64 34 36.1 52.2 3.0 1.5 1.9 4.4 0.9 19.1 29.0 
Corvallis, OR 1983 5.5 15.8 1.81 34 34.2 56.8 3.3 1.1 1.0 3.6 - -  21.4 32.6 
Ontario, OR 1985 3.2 26.5 1.62 35 37.1 52.6 3.0 1.2 1.8 3.9 0.4 17.5 27.0 
Ontario, OR 1985 b 6.8 29.1 1.72 35 34.5 54.4 3.2 1.5 1.9 4.0 0.5 20.2 31.2 
Medford, OR 1985 5.3 17.4 1.67 35 35.5 54.0 3.3 1.3 1.8 3.8 0.3 19.9 30.6 
Medford, OR 1985 b 5.9 37.8 1.70 34 39.0 50.0 3.3 1.5 2.1 4.2 - -  18.6 28.1 
Phoenix,  AZ 1984 4.1 48.6 1.56 30 33.8 54.6 3.1 1.3 1.6 3.6 2.0 18.4 26.4 
Phoenix,  AZ 1984 c 1.7 75.5 1.68 31 37.8 48.7 3.0 1.4 2.7 4.9 1.5 20.1 29.2 
Phoenix,  AZ 1984 d 5.0 47.4 1.86 34 32.8 53.9 3.4 1.6 2.3 4.8 1.2 21.4 32.5 
Phoenix,  AZ 1984 d 4.4 20.1 1.77 33 31.4 55.8 3.5 1.5 2.0 4.6 1.2 22.1 33.0 
Phoenix,  AZ 1985 d 2.7 77.7 2.44 34 34.2 53.6 3.3 1.5 2.1 4.8 0.5 23.0 34.9 
Experiment ,  GA1985 b 3.7 41.7 1.58 34 32.3 56.8 3.4 1.4 1.8 3.8 0.5 18.6 28.3 
Jacksonvil le ,  IL1985 b 4.1 30.0 1.56 32 32.6 56.8 3.2 0.8 1.4 3.6 1.6 20.5 29.8 
Beltsville, MD 1985 b 3.4 54.0 1.39 35 33.6 54.4 3.4 1.5 2.1 4.4 0.6 22.0 33.9 
Beltsville, MD 1985 b 3.7 57.5 1.62 34 34.6 52.8 3.3 1.6 2.2 4.9 0.6 21.7 32.9 
Beltsville, MD 1985 b 6.0 39.0 1.47 32 37.0 51.3 3.1 1.5 2.4 4.8 - -  22.1 32.6 
Isabela,  PR 19855 6.9 13.7 1.55 34 33.8 56.3 3.5 0.9 1.5 3.7 0.3 18.6 28.2 

Mean 2= S.E. 4.9 37.7 1.68 33.6 34.7 54.0 3.2 1.3 1.9 4.2 0.7 20.3 30.5 
2= + _ 2= __ 2= 2= ± 2= 2= 2= 2= 2= 

.37 4.29 .05 .32 .46 .54 .04 .05 .09 .11 .59 .3 .6 

Coefficient of 
var ia t ion (%) 32.9 49.5 12.9 4.1 5.7 4.4 5.2 17.7 19.8 11.8 90.7 7.7 7.9 

C. wrightii (seeds exposed to moisture) 
Corvallis, OR 1983 e 
Corvallis, OR 1983 e 
Ontario,  OR 1985 b 

C. tolucana 
Corvallis, OR 1984 
Phoenix,  AZ 1984 d 

C. wrightii X C. tolucana 
Corvallis, OR 1984 
Phoenix,  AZ 1984 

C. laminuligera 
Corvallis, OR 1984 
Corvallis, OR 1985 
Medford, OR 1985 

C. lutea 
Corvallis, OR 1985 
Medford, OR 1985 
Phoenix,  AZ 1985d,f 

10.0 - -  1.72 34 36.1 53.6 3.2 1.3 1.6 4.0 0.2 18.3 27.8 
10.0 - -  1.62 35 36.2 53.8 3.3 1.2 1.5 3.9 0.1 19.1 29.5 
10.0 - -  1.57 36 36.7 52.3 3.4 1.3 1.6 3.9 0.8 19.3 30.2 

8.3 23.5 1.26 40 23.1 65.8 4.2 1.3 1.0 3.5 1.1 16.1 26.9 
7.0 49.1 1.21 37 21.2 68.0 4.8 1.5 1.0 3.5 - -  18.4 29.2 

6.3 33.2 2.08 35 31.4 57.5 4.4 1.5 1.5 3.3 0.4 18.8 29.0 
6.6 46.0 1.78 35 20.5 66.6 7.0 1.4 1.4 3.0 0.1 17.2 26.5 

5.5 31.8 2.21 34 29.2 58.6 4.8 1.5 1.3 3.6 1.0 22.2 33.8 
6.8 29.5 2.10 29 31.8 55.8 4.5 1.8 1.3 4.4 0.4 23.4 33.0 
7.6 14.3 1.99 31 31.5 56.9 4.8 1.3 1.3 3.9 0.3 21.0 30.5 

6.3 28.7 2.48 29 27.8 38.9 12.9 3.6 8.2 6.3 2.3 20.3 28.7 
4.1 58.0 2.36 30 28.1 37.9 12.9 3.5 8.6 7.3 1.7 18.8 26.9 
7.2 15.2 2.07 29 27.1 39.0 13.8 3.8 8.9 5.4 2.0 25.2 35.6 

Capric acid-rich species 
C. leptopoda 

Corvallis, OR 1984 8.7 15.4 4.04 36 90.9 2.2 0.4 1.2 1.5 2.2 1.6 19.4 30.4 

C. paucipetala 
Corvallis, OR 1984 8.2 16.4 1.80 40 89.0 2.1 0.9 1.8 1.5 3.7 1.0 20.1 33.4 

C. procumbens 
Phoenix,  AZ 1984 d,f 5.8 29.9 4.47 32 84.6 2.3 1.7 2.6 4.0 3.1 1.7 15.8 23.2 
Phoenix,  AZ 1985 d,f 5.4 14.2 3.90 30 84.2 2.2 1.0 2.2 4.2 3.4 2.8 17.2 24.6 

aSeed matur i ty  score based on seed coat color r ang ing  from green (1) to yellowish-brown (5) to brownish-black (9). Three seed lots 
with uniformly gray color resul t ing from moisture exposure during ha rves t  are des ignated  with a score of 10. 
bSeed for p lan t ing  was  produced from one seed lot (Davis, CA, 1983) and  grown at  various locations as par t  of the 1985 Cuphea 
Regional  Adapta t ion  Trial. 
CSeed produced on plants  seeded in the fall in cont ras t  to all others produced as spr ing planted.  
dSeed produced in a greenhouse on p lants  grown in pots. 
eFrom same seed harves t .  Second seed lot subjected to one mon th  exposure to sunl igh t  and  increased temperature  in a greenhouse  
in an a t t empt  to minimize seed dormancy.  
fSeed from dist inctly different accessions and  source. 
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TABLE 2. 

Quality Constituents of  Seed of  Eight Cuphea Species Grown at Seven Locations and Separated 
into Two Maturity Groups 

Species, location 
and year 

Fatty acid (%) Crude protein (%) 
Seeds Seed maturity 1000-seed 

classed as score a weight (g) Seed oil (%) C10:0 C12:0 Whole seeds Defatted meal 
"green" 

(%) Green Mature Green Mature Green Mature Green Mature Green Mature Green Mature Green Mature 

C. wrightii 
Davis, CA 1982 36 
Davis, CA 1983 24 
Corvallis, OR 1983 25 
Corvallis, OR 1983 16 
Phoenix, AZ 1984 49 
Phoenix, AZ 1984 b 47 
Medford, OR 1985 17 
Medford, OR 1985 c 38 
Ontario, OR 1985 c 26 
Jacksonville, IL 1985 c 30 
Isabela, PR 1985 c 14 

Lauric acid-rich species 

5 8 1.60 1.73 34 34 34.6 3 3 . 1  55.9 57.9 20.0 2 0 . 1  30.4 30.6 
5 8 1.54 1.73 34 33 33.0 33.4 54.3 55.9 1 8 . 8  20.5 28.5 30.6 
4 7 1.48 1.69 36 35 38.0 36.7 51.3 52.4 1 8 . 2  1 8 . 4  28.4 28.4 
3 6 1.57 1.84 33 34 34.0 33.6 55.0 56.2 20.4 20.6 30.4 31.3 
2 6 1.40 1.66 28 29 34.7 34.0 5 4 . 1  53.8 1 8 . 9  1 9 . 1  26.4 26.9 
5 6 1.80 1.99 35 33 35.7 32.5 50.9 53.6 21.6 22.8 33.2 34.1 
2 5 1.52 1.69 35 35 34.8 35.4 54.9 5 4 . 1  1 8 . 7  20.2 28.8 31.2 
4 7 1.58 1.76 35 34 39.0 38.0 49.0 50.0 1 7 . 9  1 8 . 8  27.6 28.4 
1 4 1.57 1.66 36 36 38.3 3 7 . 1  49.5 53.2 1 8 . 0  1 9 . 4  28.2 30.4 
2 5 1.35 1.63 34 34 33.6 32.9 55.2 56.4 1 9 . 4  20.4 29.5 30.9 
6 8 1.51 1.58 34 34 34.5 33.4 56.7 56.3 1 8 . 4  1 9 . 2  27.9 29.2 

Mean 2= S.E. 

Coefficient of 
variation (%) 

Mean difference 
among paired 
samples 2= S.E. 

t (10 df) 

29.3 3.5 6.4 1.54 1 . 7 2  34.0 33.7 35.5 34.6 53.3 54.5 1 9 . 1  20.0 29.0 30.2 
± 2= ± ± ± ± 2= ± ± ± ± ± ± 2= ± 

3.6 .5 .4 .04 .03 .7 .5 .6 .6 .8 .7 .3 .4 .5 .6 

41.0 46.1 21.4 7.4 6.6 6.4 5.3 5.7 5.5 5.0 4.1 5.9 6.0 6.2 6.3 

2.82=.22 .184±.0209 -.27+.273 -.922=.305 1.18±.406 .85=L180 1.17±.246 

12.45"** 8.77*** 1.00 3.01" 2.91" 4.73*** 6.65*** 

C. tolucana 
Corvallis, OR 1983 24 6 9 1.20 
Phoenix, AZ 1984 b 49 5 9 1.19 

C. wrightii X C. tolucana 
Corvallis, OR 1984 33 5 7 1.94 
Phoenix, AZ 1984 46 5 8 1.65 

C. laminuligera 
Corvallis, OR 1984 32 5 8 2.18 
Corvallis, OR 1984 30 4 8 2.09 

C. lutea 
Corvallis, OR 1985 d 29 2 8 2.26 
Phoenix, AZ 1985 b,d 15 3 8 1.84 

1.31 36 37 24.3 22.9 64.8 65.6 1 7 . 4  1 7 . 1  27.2 27.1 
1.17 35 38 22.0 21.6 67.5 67.4 1 9 . 6  1 8 . 4  3 0 . 1  29.7 

2.19 33 34 31.4 30.9 58.4 57.4 1 8 . 3  1 8 . 6  27.4 28.2 
1.77 34 33 21.2 20.5 65.9 65.1 1 7 . 9  19 ,1  2 7 . 1  28.5 

2.21 34 35 28.0 29.3 59.5 58.6 21.3 2 1 . 1  32.4 32.5 
2.09 30 29 29.9 31.2 56.7 56.6 24.5 24.0 35.0 33.9 

2.56 29 30 28.9 28.5 3 8 . 1  37.4 1 9 . 8  20.8 27.9 29.8 
2.11 29 28 27.3 26.8 40.7 38.6 2 2 . 1  2 4 . 1  3 1 . 1  33.4 

Capric acid-rich species 
C. leptopoda 

Corvallis, OR 1984 15 7 9 3.86 4.13 36 37 88.4 90.7 3.4 2.2 18.4 18.2 28.9 28.9 

C. paucipetala 
Corvallis, OR 1984 16 4 9 1.59 1.82 36 34 89.1 88.6 2.3 2.0 20.8 21.6 32.5 32.8 

C. procumbens 
Phoenix, AZ 1984 b 30 3 7 4.54 4.68 32 32 87.3 85.1 2.4 2.0 14.4 1 5 . 6  21.3 23.0 

aSeed maturity score based on seed coat color ranging from green (1) to yellowish-brown (5) to brownish-black (9). 
bSeed produced in a greenhouse on plants grown in pots. 
cSeed for planting was produced from one seed lot (Davis, Ca, 1983) and grown at various locations as part of the 1985 Cuphea 
Regional Adaptation Trial. 
dSeed from distinctly different accessions and source. 
*,**,***Mean differences among paired samples significantly different from zero at the 0.05. 0.01 and 0.001 probability levels. 

o f  e l a p s e d  d a y s .  U n d e r  f ie ld  c o n d i t i o n s ,  s eeds  o f  C. 
w r i g h t i i  a re  e x p o s e d  to  t h e  e x t e r n a l  e n v i r o n m e n t  a n d  
sub j ec t  to s h e d d i n g  a b o u t  14 to 18 d a y s  a f t e r  a n t h e s i s .  
T h e  p e r i o d  o f  t i m e  fo r  s eeds  t h a t  a r e  i n i t i a l l y  g r e e n  i n  
color ,  to p r o c e e d  f r o m  a y e l l o w i s h  co lo r  ( m a t u r i t y  ra t -  
i n g  3) to m e d i u m  b r o w n  ( m a t u r i t y  r a t i n g  6) repre-  
s e n t s  o n l y  a b o u t  3 to  5 d a y s  u n d e r  m o s t  f i e ld  condi -  

t i ons .  I t  a p p e a r s  t h a t  s o m e  c h a n g e s  in  t h e  l e n g t h e n -  
i n g  o f  t h e  c a r b o n  c h a i n  f r o m  10:0 to 12:0 occur  as  
s e e d s  m a t u r e  f r o m  s t a g e  3 to 6 e v e n  t h o u g h  r e l a t i v e l y  
s m a l l  c h a n g e s  a r e  de t ec t ed  in  oil  p e r c e n t a g e .  

T h e  d i f f e r e n c e s  i n  seed  q u a l i t y  c o n s t i t u e n t s  for  t h e  
t w o  m a t u r i t y  g r o u p s  o f  t h e  e i g h t  s eed  lo t s  o f  t h e  o t h e r  
four  l au r i c  a c i d - p r o d u c i n g  spec ies  w e r e  o f  a m a g n i t u d e  
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c o m p a r a b l e  to those  of  C. wrightii, wi th  the  fol lowing 
except ions  (Table  2). The  m e a n  10:0 conten t  of  the  
two m a t u r e  seed s a m p l e s  of  C. laminuligera w a s  
a b o u t  1.2% h ighe r  t h a n  t h a t  for the  less m a t u r e  seed 
samples .  Th i s  is in c o n t r a s t  to the  obse rved  gene ra l  
t r end  for  reduct ion  in 10:0 con ten t  a s soc ia t ed  wi th  
inc reased  seed m a t u r i t y .  The  on ly  o ther  species t h a t  
a p p e a r s  to be r e s p o n d i n g  s imi l a r ly  to C. laminuligera 
is the  capr ic  ac id -produc ing  species  C. procumbens, 
which  a lso  h a d  over  2% h ighe r  10:0 in the  m a t u r e  seed 
sample .  

T h e  t r end  for  a s l igh t  i nc rea se  in 12:0 con t en t  in 
m a t u r e  seed s a m p l e s  of  C. wrightii a p p e a r s  to be rev- 
ersed in the  four  o ther  laur ic  ac id-producing  species.  
However ,  C. lutea, which  h a s  a 12:0 to 10:0 percen- 
t a g e  ra t io  of  abou t  39/28 r a t h e r  t h a n  the  m e a n  ra t io  
of  60/28 for  the  o ther  laur ic  ac id-producing  species,  
w a s  r e spons ib le  for a m a j o r  por t ion  of th is  difference.  
In  th is  respect ,  C. lutea a p p e a r s  to r e s pond  s i m i l a r l y  
to the  three  capr ic  ac id-producing  species wi th  a 
12:0/10:0 ra t io  of  a b o u t  2/88, which  also produce  
s l ight ly  less 12:0 in the i r  m a t u r e  seed samples .  

H i g h l y  s ign i f i can t  inc reases  in crude prote in  con- 
t en t  o f  a b o u t  1% in bo th  whole  seeds  a n d  de fa t t ed  
mea l  of  the  C. wrightii s a m p l e s  a re  a s soc ia t ed  wi th  
i n c r e a s i n g  m a t u r i t y  a n d  1000-seed we igh t  (Table  2). 
S imi l a r  bu t  s l igh t ly  s m a l l e r  d i f ferences  in crude  pro- 
te in  con ten t  a re  a lso  no ted  for  the  o the r  species.  Some  
species  d i f ferences  a re  a p p a r e n t ,  wi th  C. laminuli- 
gera h a v i n g  the  h i g h e s t  m e a n  content .  However ,  
add i t iona l  e v a l u a t i o n  under  c o m p a r a b l e  condi t ions  is 
needed to more  accura te ly  assess  the  re la t ive  yields  of 
these  species  for  seed p ro te ins  as  well  as for  oil a n d  
f a t t y  acid content ,  

L i n e a r  c o r r e l a t i o n  coe f f i c i en t s  were  c a l c u l a t e d  
a m o n g  the  m e a n s  of all  s even  of the  seed qua l i ty  con- 
s t i tuen ts  of  11 pa i r s  of  C. wrightii s a m p l e s  g rown  at  
s even  loca t ions ,  a n d  s e p a r a t e d  in to  two m a t u r i t y  
g roups  (Table  3). Regres s ions  were ca lcu la ted  for 
those  i n s t a n c e s  where  s ign i f i can t  a s soc ia t ion  a m o n g  
fac tors  was  measured .  

F igu re  1 p r e sen t s  the  regress ion  of  seed m a t u r i t y  
score on 1000-seed weight .  T h e  d i s t r ibu t ion  c lear ly  
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FIG. I. R e g r e s s i o n  o f  seed matur i ty  score  on  1000-seed 
w e i g h t  o f  Cuphea wrightii seed  s a m p l e s  separated  on 
the  bas i s  o f  seed maturi ty .  

shows  the  d i f fe rences  in seed we igh t  t h a t  a re  asso- 
c ia ted  wi th  seed m a t u r i t y .  However ,  the  re la t ive ly  
sma l l  r 2 va lue  (0.292) ind ica tes  t h a t  less t h a n  30% of 
the  v a r i a b i l i t y  in seed we igh t  is accoun ted  for  by  th is  
assoc ia t ion .  Such a di f ference does h a v e  some eco- 
nomic  s igni f icance .  I f  one a s s u m e s  a 1000 k g / h a .  
yield of  m a t u r e  seed wi th  a m e a n  m a t u r i t y  score of  6.4 
a n d  a 1000-seed we igh t  of  1.69 g, h a r v e s t i n g  seed a t  a 
m a t u r i t y  score  of  3.5 (1000-seed we igh t  = 1.58 g) 
would reduce the  yield by  6.5% to a round  935 kg. 

The  regress ion  of  capr i c  acid content on con ten t  of  
laur ic  acid  for  the  11 pa i r ed  s a m p l e s  of  C. wrightii is 

TABLE 3. 

Linear  Corre la t ion  Coef f i c ients  A m o n g  Seed Qual i ty  Const i tuents  of  11 Pairs  (n -- 22) o f  
Cuphea wrightii Sa mpl e s  Grown at  S e v e n  Locat ions  and Separated into  T wo  Maturity 
Groups 

Percent 
Percent crude 

1000- Percent crude protein- 
seed seed Percent Percent protein- defatted 

weight oil C10:0 C12:0 whole seed meal 

Seed maturity score .540** -.039 -.325 .322 .653*** .605** 
1000-seed weight --  .102 -.131 -.031 .684*** .691"** 
Percent seed oil --  --  .414 -.278 -.119 .304 
Percent C 1 0 : 0  . . . .  .848*** -.587** -.380 
Percent C12:0 . . . .  .331 .213 
Percent crude protein- 

whole seed . . . . . .  908*** 
* *  * * *  , Significantly different from zero at the 0.01 and 0.001 probability levels. 
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FIG. 2. R e g r e s s i o n  o f  capric  acid co nte n t  on  content  o f  
lauric  acid in Cuphea wrightii seed samples  separated 
on the bas is  o f  seed maturity .  

depicted in Figure 2. The effect of seed maturi ty per se 
is not clearly evident, and is overshadowed by differ- 
ences among the various locations. However, in most 
instances with specific paired samples, the decrease 
in capric acid associated with increased seed matur- 
ity is accompanied by a shift toward higher lauric 
acid content. The shift  from the less mature seed with 
a mean capric acid content of 35.5% to the more 
mature seeds with 34.6% capric results in a concomi- 
t an t  increase in lauric acid from 53.5 to 54.4%. If  one 
is willing to assume that  the slight, but statistically 
nonsignificant,  reduction in seed oil percentage from 
34.0 to 33.7% associated with increased seed matur i ty  
is real, the quanti ty of lauric acid produced by each 
seed matur i ty  group is essentially the same. How- 
ever, because 1000-seed weight is significantly lighter 
in the less mature seed, approximately 1070 kg/ha ,  of 
seed would be needed to produce the same yield as 
1000 kg of more mature seed. 

A highly significant positive correlation was mea- 
sured between seed matur i ty  score and crude protein 
content of both whole seed and defatted seed meal 
(r = .653 and .605, respectively, Table 3). The regres- 
sion of seed matur i ty  score on crude protein content 
of whole seeds depicts this relationship in Figure 3. 
The distribution shows tha t  differences in crude pro- 
tein content are associated with seed maturity. The 
regression of 1000-seed weight on crude protein con- 
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FIG. 3. R e g r e s s i o n  o f  seed matur i ty  score  on crude pro- 
te in  content  o f  w h o l e  seeds  o f  Cuphea wrightii seed 
samples  separated on the  bas i s  o f  seed maturi ty .  

tent of whole seeds in Figure 4 shows a similar rela- 
tionship. The correlations and regressions of seed 
matur i ty  score and 1000-seed weight with crude pro- 
tein content of the defatted seed meal are very similar 
to those involving crude protein content of the whole 
seed. In all instances, the r 2 values of these four rela- 
tionships, which range from .37 to .48, indicate that  
over half  of the observed variabili ty in crude protein 
content is not accounted for by these correlations. 
Increased seed maturity, as characterized by seed 
matur i ty  score and 1000-seed weight, has a positive 
and potentially economically significant influence on 
yield of crude protein in the whole seed or defatted 
seed meal of C. wrightii. In both instances, an in- 
crease in seed matur i ty  score from 3.5 to 6.4 and an 
increase in 1000-seed weight from 1.54 to 1.72 results 
in an increase of about 1.0% and 1.6%, respectively, in 
crude protein content of whole seeds and defatted 
seed meal. 

Crude protein content of whole seeds was found to 
be negatively correlated (r = -.587) with capric acid 
content (Table 3). However, no statistically signifi- 
cant  correlation was obtained for crude protein of 
whole seed with lauric acid content or with crude pro- 
tein content of defatted meal with either capric or 
lauric acid content. The nature of the regression of 
capric acid content on crude protein content of whole 
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s a m p l e s  separated  on  the  bas i s  o f  seed  maturi ty .  

seeds is displayed in Figure 5 where the effect of seed 
matur i ty  is not readily apparent. However, in most 
instances with specific paired samples, the decrease 
in capric acid associated with increased seed matur- 
ity is accompanied by a shift  toward higher crude 
protein content. The shift from less mature seeds with 
a mean capric acid content of 35.5% to the more 
mature seeds with 34.6% capric acid results in a con- 
current increase in crude protein from 19.1 to 20.0%. 

It is clearly apparent  tha t  species differences exist 
for seed weight, seed oil percentage, fat ty acid and 
crude protein content. There is an indication that  
some genotype by environmental  interactions exists 
for these characters. However, the extent of interac- 
tion is difficult to assess accurately from these data. 
The coefficients of variation of all the quality con- 
stitutents of the C. wrightii data  are quite small when 
one considers the wide range of environments includ- 
ed in this experiment. All of the seeds utilized in the 
plantings at different locations and years originated 
from a common source. Nine of the seed lots, which 
were produced at  six locations throughout the coun- 
try as part  of the 1985 Cuphea Regional Adaptation 
Trial, came from a single seed lot produced at  Davis, 
California in 1983. Because C. wrightii is highly self 
pollinated, one must conclude tha t  very little genetic 
variability exists within this population. 

0 

CUPHEA WRIGHTII 

r =-5871"* 
x 

n=27_ 

o 

x -t..~ 

o o x o 

x x o 

x x 

I I I I i - I 

33 3 4  35 36  37  38 
CAPRIC ACID (CIO:O) % 

x=GREEN SEED 

o :MATURE SEED 

Y = 4 5 3 8 - . T 3 8 X  

x 

3'9 

FIG. 5. R e g r e s s i o n  o f  capric  ac id  conten t  on  crude pro- 
te in  conten t  o f  w h o l e  seeds  o f  Cuphea wrightii seed  
s a m p l e s  separated  on the  bas i s  o f  seed  matur i ty .  

In all instances except two, the seed samples of the 
other seven species are from single accessions. The 
two accessions of C. procumbens and the accession of 
C. lutea grown in Arizona are distinctly different, 
and from different original seed collections. The two 
C. lutea seed samples grown in Oregon are from the 
same original source. Very small differences between 
these distinct accessions are noted, with the possible 
exception of crude protein content in C. lutea grown 
in Arizona. However, the increased protein content 
may  be an artifact and reflect only an environmental  
difference since the Arizona sample was produced in 
a greenhouse. In general, seeds produced in the green- 
house tend to be heavier in seed weight and higher in 
crude protein content. The two paired seed maturi ty 
samples of C. wrightii having highest protein con- 
tent, which were produced in a greenhouse in Ari- 
zona, are easy to identify in Figures 3, 4 and 5. The 
mean 1000-seed weight of three bulk seed samples of 
C. wrightii grown in a greenhouse in Arizona was 
2.02 g (Table 1). In contrast,  the two field-grown 
Arizona samples averaged only 1.62 g, exactly the 
same mean weight of the other 14 samples grown at 
eight other locations throughout the country. Mean 
crude protein contents of the three greenhouse-grown 
samples with heavier seed weight were 22.2% and 
33.5% for whole seed and defatted meal, respectively 
(Table 1). The mean crude protein contents of the two 
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Arizona field-grown samples were only 19.2% and 
28.7%, which were lower than  the means  for the other  
14 samples (20.3% and 30.5% for whole seed and 
defatted meal, respectively). The only other valid 
comparison in this regard is between the two bulk 
seed samples of C. t o l u c a n a  (Table 1). In this instance, 
the seeds from Arizona were produced in a green- 
house and had higher crude protein contents, but the 
seed weights were essentially the same. The three 
bulk seed samples of C. w r i g h t i i  produced at Belts- 
ville, Maryland,  gave another  indication of the effect 
of environment  on protein content  (Table 1). These 
samples, which came from different plant ing dates 
and harvests ,  tended to have higher  mean crude pro- 
tein contents than  those observed for the whole popu- 
lation (21.9% and 33.1% for whole seed and defatted 
meal, respectively). In addition, the higher protein 
content  came from seeds with a lower than  average 
1000-seed weight (1.5 g in comparison with 1.7 g for 
the total population). 

In summary,  harvest ing C. w r i g h t i i  seeds at full 
matur i ty  (seed matur i ty  score -- 6.4) ra ther  than  at a 
less mature  stage (seed matur i ty  score = 3.5) can be 
expected to produce the following changes in seed 
quali ty constituents: 1000-seed weight, 12% increase; 
seed oil content, a nonsignif icant  decrease of 1%; 
capric acid content,  3% decrease; lauric acid content, 
2% increase; and crude protein content of whole seeds 
and defatted seed meal, 5% and 4% increases, respec- 
tively. Comparable results were obtained for the other 
seven species evaluated. Although the oil percentages 
and fat ty  acid contents were not greatly affected by 
seed maturity, agronomic practices need to be attuned 
to harvest ing and handl ing seeds with the highest  
poss ib le  degree  of m a t u r i t y .  In i t i a l ly ,  mul t ip le  
vacuum harvest ing was considered to be the most 
feasible method. Recently, once-over harves t ing by 
cutting and swathing the plants, and subsequent 
field drying to allow seeds to mature with minimal  
shat ter ing before combining has received attention. 
Such harves t ing  could result in a high percentage of 
green colored, less mature  seeds. Excessively high 
amounts  of less mature, green colored seed could 
cause some problems in oil extraction, and necessi- 
tate decolorization for certain end product usages. 

In general, one may conclude tha t  variat ion in seed 
matur i ty  results in relatively small changes in seed 
oil quali ty and quant i ty  and does not  present  a major  

constra int  to commercialization of C u p h e a  as a new, 
al ternat ive source of lauric and other medium-chain 
fa t ty  acids. The ult imate economic significance of 
these minor quanti tat ive and qualitative changes 
will depend upon the relative yields, demands and 
values at tached to the various end product compo- 
nents of yield. The ultimate success in commerciali- 
zation of C u p h e a  as a new industrial  oilseed crop 
depends heavily upon genetic and plant  breeding 
research to obtain determinate flowering, nonshat-  
tering cultivars. Continued agronomic research to 
develop improved cultural and harvest ing systems 
designed to minimize loss of seed and variat ions in 
seed matur i ty  also must  continue to receive high 
priority. 
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