covered silo, the temperature reached a
peak of 133°F at the end of ten days, lev-
eled off at that point for 33 days, and then
dropped following cold, rainy weather.
After 33 days at 130-133°F, there prob-
ably was not much organic matter left to
oxidize in the top ft of silage.

The temperature in the covered silo at
the one-{t level peaked at 106°F within
24 hours after filling and gradually de-
creased to normal silage temperatures of
around 75-80°F after ten days, The tem-
pervature remained at this level until the
windy and rainy weather at day 33, at
which time it rose to 95°F. This probably
resulted from air getting into the silage
pack during the windy weather hecause
of inadequate sealing with the polyethy-
lene.

The menitoring site at the two-ft level
helow the surface of the uncovered silo
showed a gradual increase in temperature
up to 110°F after 33 days of storage, in-
dicating the oxidative effects of air entry
into the pack at two ft below the surface
level. Temperature at the two-ft level in
the covered silo peaked at 89°F at day 5.
It gradually decreased to 85°F at day 13
and stayed helow 85°F for the duration of
the trial.

As might be expected, neither the cov-
ered nor the uncovered monitoring sites
showed any effects of air entry at three
feet below the silage surface. Only an in-
itial 5°F rise was exhibited at the 24-hour
monitoring due to trapped air in the silage
pack. By the third day, the temperature
at the three-lt depth in both silos had
dropped to 78°F and remained near there
throughout the trial,

These trials showed that a ¢ mil black
polyethylene cover cffectively excludes air
from the silage pack when well weighted
down. Lower temperatures in the covered
silo showed that oxidation was greatly
retarded and resulted in a reduced spoil-
age rate of the silage material in both the
oat and corn silages, The temperature
probes in the corn silage demonstrated
that silage at least two feet down in the
pack was being affected by air entry and
oxidation in the uncovered silo.

. B. Hight is Farm Advisor, Madera
County; D. L. Bath is FExtension Dairy
Nutritionist, University of California at
Davis; and Darrel Miller is Extension
Fleld Assistant, Madera County. Steven
Berry, Staff Research Associate, U.C.
Davis, compiled and plotted the silage
temperature data, Robert A. Parsons, Ex-
tension  Agricultural Fngineer, U.C.
Davis, installed the thermocouples used in
monitoring sidage temperatures.
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Wax and meal changes in

JOJOBA SEED

Wax content of jojoba seed increased rapidly
from the first to the fourth week, Protein
comtent of jojoba meal increased at a slow,
steady rate during the entire period. Seed
harvested 20 days prior to full maturity had
essentially the same wax and protein content
as mature seed, but it had lower dry seed
weightand excessivelyhigh moisture content.

ABORATORY EVALUATIONS of jojoba
wax indicate that it is a unique
product with a wide spectrum of potential
industrial applications. The major draw-
back which prevents extensive commer-
cial utilization of jojoba wax at present
is the limited supply of seed. Seed can
only be obtained {rem native plant popu-
lations in California, Arizona, and Mex-
ico. These sources arc inadequate not only
hecause they cannot produce suflicient
quanities of sced to meet the anticipated
demand, but also because: (1) total po-
tential production from these populations
can only be guessed at becauvse they have
never been harvested systematically and
thoroughly; (2} fluctuations in climatic
conditions cause major changes in seed
yicld, compounding the uncertainty ahout
seed availahility; and (3) experience
gained to date in California indicates that
native jojoba populations can only be har-
vested efficiently by hand. Thus these
plants constitute a seed source which is
highly unpredictable, cxpensive, and of
unknown productivity. Despite these
shortcomings, however, harvest must con-
tinue, at least until seed can be supplied
by cultivated jojoba plantations. Any in-
formation that contributes to maximizing
harvest efficiency is of great importance
as long as seed production is dependent
on native stands,
When jojoba seed is mature it gradually
separates itsclf from the maternal plant

and drops to the ground. Although seed
collected from the ground has maximum
wax content and dry seed weight and
minimum meisture content, the plant’s
bushy, low-branching growth habit and
the length of the dehiscence period, which
extends over several weeks, makes seed
collection from the ground difficult, In
harvesting trials in California over the
last three years, seed has been collected
as close to maturity as possible before
dehiscence, But this practice gathers sceds
at different stages of development, so that
it becomes important 1o investigate dif-
ferences in quantity of wax and meal
when seed is harvested before complete
maluration. In this report, data are pre-
sented on the moisture, wax, protein,
amino acid and fatty acid content, and
composition of jojoha seed harvested dur-
ing eight weeks preceding maturity.

Seed samples were obtained from the
large native stand of jojoba in the vicinity
of Aguanga, California. Sampling started
June 20, 1973, and continued at weekly
intervals untif August 15. 1973, On each
sampling day the most developed (i.e.,
largest) seeds were hand-collected from
each of 15 plants. Moisture was deter-
mined by comparing the seed’s initial
weight, not including the capsule walls,
with its weight after drying in a vented
oven at 807 C until sample weight at sne-
cessive weighings remained constant. The
sced was then pressed in a Carver labora-
tory press to 703 kg/em®, and the wax
collected from each sample was used for
gas-liquid chromatography analysis. Pro-
tein content of the meal (N x 6.25%)
was determined on duplicate meal sam-
ples from each sced sample by Kjeldaht
analysis. Amino acid content of these
samples was determined with a JLC-5AH
aming acid analyzer,

Major changes {following definite
trends were observed in the qualitative
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DEVELOPMENT
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components of the seed samples studied
during development. As shown in the
graph, immature seeds harvested on June
20 had high meisture content (71.8%},
but had low sced weight, protein, and
wax content ((LO6 g, 22.3% and 13.5%
respectively) .

On that date, seed weight, protein, and
wax content represented 17.6%, 68.4%%
and 27.3%%, respectively, of the maximum
values reached for cach one of these
traits at maturity. With advancing de-
velopment, seed moisture content dropped
rapidly and reached 9-11%% in mature
seed on August 15. Conversely, single seed
weight increased very rapidly at first, be-
tween June 20 and July 11, from 0.06 g
te 0.25 g, and then increased somewhat
more slowly from July 11 unti] it reached
0.31 g at maturity, Changes in seed wax
content paralleled the pattern of increase
in seed weight, but at a slower rate, ie.,
13.5% to 40.5% from June 20 to July 11,
to 49.4% at maturity. The increase in
protein content occurred at a slow. steady
rate, from 22,3% on June 20 to 32.6% at
maturity,

Thus, seed harvested as carly as 20
days before full maturity would have
practically the same wax and protein con-

creased by 10095, The most likely ex-
planation for the higher rate of increase
in amino acid content is that immature
seed contained a higher proportion of
non-protein nitrogen than mature seed
and that the ratio of non-protein to pro-
tein nitrogen decreased as the sced ap-
proached maturity. The relalive quantity
of protein, as percent of meal of mature
seed, was not much greater than that of
meal of immature seed harvested on July
25; the quantity of amino acids in the
former case, however, was 25% greater
than in the latter.

The following ohservations were made
in relation to wax composition shown in
table 2: (1) major changes ocecurred in
the fatty acid component of the wax at
progressive stages of seed development;
{2} no change occurred in the alcohol
component, which appeared to be unaf-
fected by stage of seed development. The
pattern of alcohols ohserved in wax of
mature seed was already determined on
June 20 when seed weighed as little as
17.6% of the maximum dry weight
reached at maturity; (3} during the
eight-week sampling period, palmitic and
olelc acid decreased from 2.6%% to 0.8%
and from 16.1% to 7.09%, respeetively.

TABLE 1, AMINO ACIDS IN THE WAX-FREE
MEAL OF JOIDBA SEED

Percent of total
Amino Ackds® Percent by welght  amino acids recovered

June 20 Aug. 15 June 20 Aug.15

Aspartic acid 1,13 2,58 8.43 9.86
Threonine 56 1.37 4.18 523
Serine 61 1.23 4,55 4.70
Glutamic acid 2.37 3.09 17.70 11.80
Proline 1.38 1.40 10.30 535
Glycine 74 247 5.5¢ 9.43
Alanine 1.00 1.27 7.46 4.85
12 Cystine .10 Al 75 157
Valine 76 1.72 5.67 6.57
Methionine .22 .27 1.64 1.03
Isoleuvcine .58 1.14 4.33 4,35
Leucine 1.05 2.06 7.84 787
Tyrosine Aad 1.27 2.58 4.85
Phenylalanine .56 1.29 4,13 4.03
Lysine i) 168 5.22 6.42
Histidine 28 .85 .09 2.44
Arginina .86 2.28 7.16 871

TOTALS 13.40 26.18 100.00 100.00

® Data represent means of two bulk meal samples,
each taken from 15 plants. Changes in percent amino
acids on successive dates of sampiing foliowed a linear
pattern. Data for intermediate dates may be obtained
by writing to the author.

TABLE 2. FATTY ACIDS AND ALCOHOLS IN JOIOBA
WAX FROM MATURE AND [MMATURE SEED

Number of

Carbon Atoms  Percent Aclds* Percent Alcohols
and

Double Bonds 6/20 7,25 8/15 6720 7/25 8/15

16:0 2.6 0.9 0.8
18:1 161 7.7 7.0
20:1 262 353 354 284 277 288
23:0 5.2 54 5.4
22:1 5.0 6.0 5.8

165 169 158

® Data represent means from 23 bulk wax samples,
each from 13 single-plant seed samples per date of
sampling. Data for intermediate dates may be obtained
by wrlting to the author.

tent as mature seed, The yield of wax and
protein per plant, however, would be
lower by ahout 256, because of the fower

CHANGES IN QUALITY COMPONENTS QF JOIOBA SEED AND
MEAL: PERCENT MOISTURE AND WAX CONTENT OF THE SEED,
SEED WEIGHT AND PERCENT PROTEIN CONTENT OF THE WAX

By contrast, eicosencic and erucic acid in-
creased from 20.395 to 36.4% and from

: . . FREE M
dry weight of immature seed. Since about _5'0% lo 5‘5%%’ respec‘n.vely, (4) changes 20 FAL
half of the weight of seed harvested on 10 fatty acid composition occurr:ac_l yery r o oy -
July 25 represented water, effective meas- Tapidly so that the wax composition of :30| ACUANGA chen WeioHr oo 1 3
ures would have to be taken to dry sced  seed collected on July 25 was essentially L F Fu R A R
. . ' Al e poar e
as it was harvested, to avoid molding. identical to that in seed collected on Au- 2w #8295 o jes =
Changes in total amino acid content of  gust 15. Thus, jojoba seed harvested as = 2 6. oL 20 E
the wax-free meal of jojoba seed are carly as 20 days belore maturity produces ZI; :.5“ A5 HD !" . e o
shown in table 1. Amino acids accounted wax of practically identical composition  ~ i ") / L i 5 A
for 13.4% of the wax-free meal on June as mature seed, Zz P o R DL ot o
. . o< " AT PRETEN —I_IC w
20 and for 26.29% at maturity. Thus while - g o
the quantity of nitrogen in meal increased D. M. Yermanos is Professor, Depart- U'--;;— T S
- - . 2 ' £F z 15
by about 50%; between June 20 and Aug-  ment of Plant Sciences, University of L June JuLy L AUBUST |

California, Riverside. DATES OF JOJOBA SEED HARVEST

ust 15, the quantity of amino aeids in-
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