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seEffect of Seed Maturity on Seed Oil, Fatty Acid
and Crude Protein Content of Eight Cuphea Species
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Thirty-six lots of eight Cuphea species grown at
nine geographical locations from 1983 to 1985
were analyzed for seed weight, oil percentage,
fatty acid and crude protein content. Twenty-two
samples were separated into two distinct seed
maturity groups and also analyzed. Seed maturity
varied widely but had little effect on oil percen-
tage, even though mature seeds were significantly
heavier than less mature seeds. Lauric acid con-
tent generally increased and capric acid decreased
with inecreasing seed maturity. Crude protein of
whole seeds and defatted seed meal increased
with increasing seed maturity. The net effect of
harvesting Cuphea wrightii seeds at full maturity
in comparison with that for less mature seeds was
to increase seed weight by 12%, decrease capric
acid by 3%, increase lauric acid by 2% and increase
crude protein of whole seeds and defatted meal by
5% and 4%, respectively. Seed oil content was
decreased by a statistically nonsignificant 1%. The
effect of seed maturity was comparable for the
other four lauric acid- and three capric acid-rich
species, even though distinct species differences
in all factors were measured. Location and envi-
ronment contributed to some quantitative and
qualitative changes, but these factors are not con-
sidered to be major sources of variation. It is con-
cluded that variation in seed maturity does not
present a major constraint to commercialization
of Cuphea as a new, alternative source of lauric
and other medium-chain fatty acids. The ultimate
significance of these minor changes will depend
upon relative yields, demands and values of the
various seed components.

The United States currently imports about 450,000
metric tons (MT) of coconut and palm kernel oils as
the primary 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 fatty acids. In
addition to the conventional uses of medium-chain
fatty 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 fatty 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
fatty acid composition (4-6). These studies revealed
unparalleled diversity of fatty acid patterns within
Cuphea, with laurie, 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 Gottingen in West Ger-
many (7-9). In 1983, ARS/USDA 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 University 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 maturing 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 maturity on oil content and distribu-
tion of fatty 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 ARS/USDA 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 maturity 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 maturity 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 maturity of each of the two maturity classes var-
ied among the various seed lots, and each sublot was
scored for maturity 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, fatty 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 quantity of seeds of 11 lots was insufficient to
obtain the eight-g samples for the two maturity
groups. These lots were chemically analyzed only as
bulk samples. However, a sample from each lot was
divided into two maturity groups to determine the
percentages in each class and to score for maturity 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 matting of coiled hairs from the
seed coats (14), These wetted or weathered seed lots
were given a special maturity 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 t0 130 Cin 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 fatty acid methyl esters were extracted
into heptane and injected directly into a Varian
model 3700 gas chromatograph for fatty 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-4486.
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;
quantitation 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 fatty acid content were of one species, C.
wrightii (Table 1). An additional three lots of C.
wrightii that had been subjected to moisture exposure
during harvest are also included. All of these seed lots
are considered to be from a common source, having
descended from an original seed collection designated
as Graham 651. Seed maturity varied widely between
lots. Two lots from Phoenix, Arizona, one produced in
the field and the other in a greenhouse, had over 75%
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of their seeds with a maturity 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 quantities of green seed with a
general maturity 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
maturity, 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 variation (C.V.) of
only 4.1%. In general, the range of variability of the
predominant fatty acids (lauric 54.0 £ .54%, C.V. =
4.4%, and capric 34.7 = .46%, C.V. = 5.7%) was low
and comparable to that 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 fatty
acid percentages.

Exposure of the three seed lots of C. wrightii to
moisture at harvest did not appear to significantly
alter oil percentage, fatty 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 fatty 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 maturity groups, scored for seed maturity
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,
standard errors and coefficients of variation are
recorded for each of the 11 entries within each matur-
ity group. A mean difference and standard 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 maturity was clearly reflected in a
difference of about 0.2 g in seed weight. Seed maturity
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 rating 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.

Quality Constituents and Fatty Acid Distributions of 36 Bulk Seed Lots of Eight Species Grown at Nine Locations
from 1982-1985

Crude protein
Percentage 1000- Percent —_—_—
Seed of seeds seed seed Percent fatty acid Whole Defatted
Species, location maturity classified weight oil seeds meal
and year score® “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 33.4 569 30 1.0 20 38 - 20.1 30.4
Davis, CA 1983 7.3 244 1.63 34 347 548 32 13 19 38 0.3 19.6 29.7
Corvallis, OR 1983 6.2 25.3 1.64 34 36.1 522 3.0 15 19 44 0.9 19.1 29.0
Corvallis, OR 1983 5.5 15.8 1.81 34 342 568 33 11 10 36 — 214 32.6
Ontario, OR 1985 3.2 26.5 1.62 35 371 526 30 12 18 39 04 175 27.0
Ontario, OR 19856 6.8 29.1 1.72 35 345 544 32 15 19 40 0.5 20.2 31.2
Medford, OR 1985 5.3 174 1.67 35 355 540 33 13 18 38 0.3 19.9 30.6
Medford, OR 19854 5.9 37.8 1.70 34 390.0 500 33 15 21 4.2 — 18.6 28.1
Phoenix, AZ 1984 4.1 48.6 1.56 30 338 546 31 13 16 36 2.0 184 264
Phoenix, AZ 1984¢ 1.7 75.5 1.68 31 378 487 3.0 14 2.7 49 1.5 20.1 29.2
Phoenix, AZ 1984¢ 5.0 47.4 1.86 34 328 539 34 16 23 438 1.2 21.4 32.5
Phoenix, AZ 19844 4.4 20.1 1.77 33 314 558 35 15 20 46 1.2 22.1 33.0
Phoenix, AZ 1985¢ 2.7 77.7 2.44 34 342 536 33 15 21 438 0.5 23.0 34.9
Experiment, GA1985% 3.7 41.7 1.58 34 323 568 34 14 18 38 05 18.6 28.3
Jacksonville, IL1985% 4.1 30.0 1.56 32 326 568 32 08 14 36 1.6 20.5 29.8
Beltsville, MD 19852 34 54.0 1.39 35 336 544 34 15 21 44 0.6 22.0 33.9
Beltsville, MD 1985% 3.7 575 1.62 34 346 528 33 16 22 49 06 21.7 32.9
Beltsville, MD 1985 6.0 39.0 1.47 32 370 513 31 15 24 438 — 22.1 32.6
Isabela, PR 1985% 6.9 13.7 1.55 34 338 563 35 09 15 3.7 0.3 18.6 28.2
Mean £ S.E. 4.9 37.7 1.68 336 347 540 32 13 19 4.2 0.7 20.3 30.5
+ + * * + * + + + * + + +
37 4.29 .05 32 46 54 04 05 09 11 59 3 6
Coefficient of
variation (%) 32.9 49.5 12.9 4.1 57 44 52 17.7 19.8 11.8 90.7 7.7 7.9
C. wrightii (seeds exposed to moisture)
Corvallis, OR  1983¢ 10.0 - 1.72 34 36.1 536 32 13 16 4.0 0.2 18.3 27.8
Corvallis, OR  1983¢ 10.0 — 1.62 35 362 538 33 12 15 39 0.1 19.1 29.5
Ontario, OR 19855 10.0 — 1.57 36 36.7 523 34 13 16 39 0.8 19.3 30.2
C. tolucana
Corvallis, OR 1984 8.3 23.5 1.26 40 23.1 658 42 13 10 35 1.1 16.1 26.9
Phoenix, AZ 19844 7.0 49.1 1.21 37 21.2 680 48 15 10 35 — 18.4 29.2
C. wrightii X C. tolucana
Corvallis, OR 1984 6.3 33.2 2.08 35 314 575 44 15 15 33 04 18.8 29.0
Phoenix, AZ 1984 6.6 46.0 1.78 35 205 666 7.0 14 14 3.0 0.1 17.2 26.5
C. laminuligera
Corvallis, OR 1984 5.5 31.8 2.21 34 292 586 48 15 13 36 1.0 22.2 33.8
Corvallis, OR 1985 6.8 29.5 2.10 29 318 558 45 18 13 44 04 23.4 33.0
Medford, OR 1985 7.6 14.3 1.99 31 315 569 48 1.3 13 39 0.3 21.0 30.5
C. lutea
Corvallis, OR 1985 6.3 28.7 2.48 29 278 389 129 36 82 6.3 2.3 20.3 28.7
Medford, OR 1985 4.1 58.0 2.36 30 281 379 129 35 86 7.3 1.7 18.8 26.9
Phoenix, AZ 19854/ 7.2 15.2 2.07 29 27.1 39.0 138 38 89 54 2.0 25.2 35.6
Capric acid-rich species
C. leptopoda
Corvallis, OR 1984 8.7 15.4 4.04 36 909 22 04 12 15 22 1.6 194 30.4
C. paucipetala
Corvallis, OR 1984 8.2 16.4 1.80 40 890 21 09 18 15 3.7 1.0 20.1 33.4
C. procumbens
Phoenix, AZ 19844/ 5.8 29.9 4.47 32 846 23 1.7 26 40 31 1.7 15.8 23.2
Phoenix, AZ 19854/ 5.4 14.2 3.90 30 842 22 10 22 42 34 2.8 17.2 24.6

2Seed maturity score based on seed coat color ranging from green (1) to yellowish-brown (5) to brownish-black (9). Three seed lots
with uniformly gray color resulting from moisture exposure during harvest are designated with a score of 10.

bSeed 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.

cSeed produced on plants seeded in the fall in contrast to all others produced as spring planted.

9Seed produced in a greenhouse on plants grown in pots.

¢From same seed harvest. Second seed lot subjected to one month exposure to sunlight and increased temperature in a greenhouse
in an attempt to minimize seed dormancy.

fSeed from distinctly different accessions and source.

JAQCS, Vol. 65, no. 1 (January 1988)



142

A E. THOMPSON AND R. KLEIMAN

TABLE 2.

Quality Constituents of Seed of Eight Cuphea Species Grown at Seven Locations and Separated

into Two Maturity Groups

Fatty acid (%) Crude protein (%)

Seeds  Seed maturity 1000-seed
classed as score? weight (g) Seed oil (%) C10:0 C12:0 Whole seeds Defatted meal
Species, location “green”
and year (%) Green Mature Green Mature Green Mature Green Mature Green Mature Green Mature Green Mature
Lauric acid-rich species

C. wrightii

Davis, CA 1982 36 5 8 1.60 1.73 34 34 346 331 559 579 200 201 304 306

Davis, CA 1983 24 5 8 1.54 1.73 34 33 33.0 334 543 559 188 205 285 306

Corvallis, OR 1983 25 4 7 1.48 1.69 36 35 380 367 513 524 182 184 284 284

Corvallis, OR 1983 16 3 6 157 1.84 33 34 340 336 550 56.2 204 206 304 313

Phoenix, AZ 1984 49 2 6 140 1.66 28 29 347 340 541 538 189 191 264 269

Phoenix, AZ 1984% 47 5 6 1.80 1.99 35 33 357 325 509 536 216 228 332 341

Medford, OR 1985 17 2 5 152 1.69 35 35 348 354 549 541 18.7 202 288 312

Medford, OR 1985¢ 38 4 7 1.58 1.76 35 34 39.0 38.0 49.0 500 179 188 276 284

Ontario, OR 1985¢ 26 1 4 157 1.66 36 36 383 371 495 532 180 194 282 304

Jacksonville, I11,1985¢ 30 2 5 1.35 1.63 34 34 336 329 552 564 194 204 295 309

Isabela, PR 1985¢ 14 6 8 1.51 1.58 34 34 345 334 567 563 184 192 279 292
Mean + S.E. 29.3 3.5 64 154 172 340 337 355 346 533 545 191 200 29.0 302

+ + + + + + * + + + + T + + *
3.6 5 .04 .03 A 5 6 .6 .8 A 3 4 5 6

Coefficient of

variation (%) 41.0 46.1 214 74 6.6 6.4 5.3 5.7 5.5 5.0 4.1 59 6.0 6.2 6.3
Mean difference

among paired

samples = S.E. — 2.8+.22 .184+.0209 -.27+.273 -.924.305 1.18+.406 .85+.180 1.171+.246
t (10 df) - 12.45%** 8.77*** 1.00 3.01* 2.91* 4,73%** 6.65***
C. tolucana

Corvallis, OR 1983 24 6 9 1.20 1.31 36 37 243 229 648 656 174 171 272 271

Phoenix, AZ 1984% 49 5 9 1.19 117 35 38 220 216 675 674 196 184 30.1 29.7
C. wrightii X C. tolucana

Corvallis, OR 1984 33 5 7 1.94 219 33 34 314 309 584 574 183 186 274 282

Phoenix, AZ 1984 46 5 8 1.66 1.77 34 33 212 205 659 651 179 191 271 285
C. laminuligera

Corvallis, OR 1984 32 5 8 2.18 221 34 35 28.0 293 595 586 213 21.1 324 325

Corvallis, OR 1984 30 4 8 2.09 2.09 30 29 299 31.2 567 566 245 240 350 339
C. lutea

Corvallis, OR 1985¢ 29 2 8 2.26 2.56 29 30 289 285 381 374 198 208 279 298

Phoenix, AZ 198564 15 3 8 1.84 211 29 28 273 26.8 40.7 386 221 241 31.1 334

Capric acid-rich species

C. leptopoda

Corvallis, OR 1984 15 7 9 3.86 4.13 36 37 884 907 34 22 184 182 289 289
C. paucipetala

Corvallis, OR 1984 16 4 9 1.59 1.82 36 34 89.1 886 23 2.0 208 216 325 328
C. procumbens

Phoenix, AZ 19845 30 3 7 454 4.68 32 32 873 851 24 20 144 156 21.3 230

2Seed 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.

* ¥k ¥**Mean differences among paired samples significantly different from zero at the 0.05. 0.01 and 0.001 probability levels.

of elapsed days. Under field conditions, seeds of C.
wrightii are exposed to the external environment and
subject to shedding about 14 to 18 days after anthesis.
The period of time for seeds that are initially green in
color, to proceed from a yellowish color (maturity rat-
ing 3) to medium brown (maturity rating 6) repre-
sents only about 3 to 5 days under most field condi-

JAOCS, Vol. 65, no. 1 (January 1988)

tions. It appears that some changes in the lengthen-
ing of the carbon chain from 10:0 to 12:0 occur as
seeds mature from stage 3 to 6 even though relatively
small changes are detected in oil percentage.

The differences in seed quality constituents for the
two maturity groups of the eight seed lots of the other
four lauric acid-producing species were of a magnitude
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comparable to those of C. wrightii, with the following
exceptions (Table 2). The mean 10:0 content of the
two mature seed samples of C. laminuligera was
about 1.2% higher than that for the less mature seed
samples. This is in contrast to the observed general
trend for reduction in 10:0 content associated with
increased seed maturity. The only other species that
appears to be responding similarly to C. laminuligera
is the capric acid-producing species C. procumbens,
which also had over 2% higher 10:0 in the mature seed
sample.

The trend for a slight increase in 12:0 content in
mature seed samples of C. wrightii appears to be rev-
ersed in the four other lauric acid-producing species.
However, C. lutea, which has a 12:0 to 10:0 percen-
tage ratio of about 39/28 rather than the mean ratio
of 60/28 for the other lauric acid-producing species,
was responsible for a major portion of this difference.
In this respect, C. lutea appears to respond similarly
to the three capric acid-producing species with a
12:0/10:0 ratio of about 2/88, which also produce
slightly less 12:0 in their mature seed samples.

Highly significant increases in crude protein con-
tent of about 1% in both whole seeds and defatted
meal of the C. wrightii samples are associated with
increasing maturity and 1000-seed weight (Table 2).
Similar but slightly smaller differences in crude pro-
tein content are also noted for the other species. Some
species differences are apparent, with C. laminuli-
gera having the highest mean content. However,
additional evaluation under comparable conditions is
needed to more accurately assess the relative yields of
these species for seed proteins as well as for oil and
fatty acid content.

Linear correlation coefficients were calculated
among the means of all seven of the seed quality con-
stituents of 11 pairs of C. wrightii samples grown at
seven locations, and separated into two maturity
groups (Table 3). Regressions were calculated for
those instances where significant association among
factors was measured.

Figure 1 presents the regression of seed maturity
score on 1000-seed weight. The distribution clearly

TABLE 3.

25T CUPHEA WRIGHTII

24} “x= GREEN SEED

o3| ©*MATURE SEED
Y=1.443+ 0383X

22F (- 5404%*

2.1F n=22

2O0F o

I000-SEED WEIGHT (g)

A A J A A A A

I é % 4 5 6 7 8 9
SEED MATURITY SCORE

FIG. 1. Regression of seed maturity score on 1000-seed
weight of Cuphea wrightii seed samples separated on
the basis of seed maturity.

shows the differences in seed weight that are asso-
ciated with seed maturity. However, the relatively
small ¥* value (0.292) indicates that less than 30% of
the variability in seed weight is accounted for by this
association. Such a difference does have some eco-
nomic significance. If one assumes a 1000 kg/ha.
yield of mature seed with a mean maturity score of 6.4
and a 1000-seed weight of 1.69 g, harvesting seed at a
maturity score of 3.5 (1000-seed weight = 1.58 g)
would reduce the yield by 6.5% to around 935 kg.

The regression of capric acid content on content of
lauric acid for the 11 paired samples of C. wrightii is

Linear Correlation Coefficients Among Seed Quality Constituents of 11 Pairs (n = 22)'of
Cuphea wrightii Samples Grown at Seven Locations and Separated into Two 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%* -.038 -.325 322 G5 BO5**
1000-seed weight - 102 -131 -.031 B84x 891 x**
Percent seed oil — —_— 414 -.278 -.119 304
Percent C10:0 — — - -.B48*** - 587* -.380
Percent C12:0 — —_— —_— — 331 213
Percent crude protein-
whole seed — — — — — .90g¥**

*# kx4 Qignificantly different from zero at the 0.01 and 0.001 probability levels.
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FIG. 2. Regression of capric acid content on content of
lauric acid in Cuphea wrightii seed samples separated
on the basis of seed maturity.

depicted in Figure 2. The effect of seed maturity 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-
tant 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 maturity
is real, the quantity of lauric acid produced by each
seed maturity 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 maturity 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 maturity score on crude protein content
of whole seeds depicts this relationship in Figure 3.
The distribution shows that 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. Regression of seed maturity score on.crut.i.e pro-
tein content of whole seeds of Cuphea wrgghtu seed
samples separated on the basis of seed maturity.

tent of whole seeds in Figure 4 shows a similar rela-
tionship. The correlations and regressions of seed
maturity 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 ¥’ values of these four rela-
tionships, which range from .37 to .48, indicate that
over half of the observed variability in crude protein
content is not accounted for by these correlations.
Increased seed maturity, as characterized by seed
maturity 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 maturity 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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FI'G. 4. Regression of 1000-seed weight on crude pro-
tein content of whole seeds of Cuphea wrightii seed
samples separated on the basis of seed maturity.

seeds is displayed in Figure 5 where the effect of seed
maturity 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 that species differences exist
for seed weight, seed oil percentage, fatty 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 that very little genetic
variability exists within this population.
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FIG. 5. Regression of capric acid content on crude pro-
tein content of whole seeds of Cuphea wrightii seed
samples separated on the basis of seed maturity.

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 distinetly 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 maturity
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. tolucana (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. wrightii produced at Belts-
ville, Maryland, gave another indication of the effect
of environment on protein content (Table 1). These
samples, which came from different planting 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, harvesting C. wrightii seeds at full
maturity (seed maturity score = 6.4) rather than at a
less mature stage (seed maturity score = 3.5) can be
expected to produce the following changes in seed
quality constituents: 1000-seed weight, 12% increase;
seed oil content, a nonsignificant 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 fatty acid contents were not greatly affected by
seed maturity, agronomic practices need to be attuned
to harvesting and handling seeds with the highest
possible degree of maturity. Initially, multiple
vacuum harvesting was considered to be the most
feasible method. Recently, once-over harvesting by
cutting and swathing the plants, and subsequent
field drying to allow seeds to mature with minimal
shattering before combining has received attention.
Such harvesting 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 that variation in seed
maturity results in relatively small changes in seed
oil quality and quantity and does not present a major
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constraint to commercialization of Cuphea as a new,
alternative source of lauric and other medium-chain
fatty acids. The ultimate economic significance of
these minor quantitative and qualitative changes
will depend upon the relative yields, demands and
values attached to the various end product compo-
nents of yield. The ultimate success in commerciali-
zation of Cuphea 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 harvesting systems
designed to minimize loss of seed and variations in
seed maturity also must continue to receive high
priority.
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