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ABSTRACT

The objective of this study was to investigate the maturation process of
Bixa orellana (Bixaceae) seeds. Each inflorescence was identified con-
sidering the day of its respective anthesis. Diameter, weight, color, mois-
ture content, and dry weight were determined for each fruit. Seeds were
extracted and color, moisture content, dry weight, weight of one thousand
seeds, speed germination, percentage of germination and bixin extraction
were determined. The conclusions was: the physiological maturity point
of the seeds occurred 77 days after anthesis; moisture content and dry
weight were the best parameters for describing seed physiological matu-
rity; better germination percentage and better bixin content were certified
for seeds extracted 77 days after anthesis; seed vigor increased up to 77
days after anthesis; size and color of the fruits and seeds were also found
to be efficient maturation parameters; the macrosclereids present high
impermeability with initial fruit dehiscence occurring after 77 days after
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INTRODUCTION

The pigment extracted from the peri carp of annatto
seeds, ashrub native Brazil and other tropical regions
of theplanet, getscalledinginternationd annettoiswiddy
used invariouspartsof theworld onanindustria scae,
for checking attractive coloration to awide range of
products. Theannatto isamixtureof coloring pigments
yellow-orange by the presence of various carotenoids
absol ute predominance of an atypical, knownashixin.
Theproducersof annatto are Peru, Brazil and Quénial®.

Theannatto seed pericarp hasarichbixinwhichis
solublein organic sol vents and being the predominant

pigment in the seeds. The norbixinisfound in small
amountsin seeds and can be obtained by saponifica-
tionof bixininakainemedium®”.

Propagation of this speciesis generally accom-
plished through seeds. It can be donethrough direct
sowing in seed bedsor plastic bags, with thefruitsbe-
ing harvested at their most adequate maturation stage
and the seeds dried under the shadeto allow them a
highgermination.

During maturation phase, after eggfertilization, some
changes become more prominent, especially changes
insize, water content, fresh and dry mass, germinative
capacity and vigor, besidesother visibleaterationsin
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theexterna aspect of thefruitsand seeds, such as: shape,
color, senescenceand stoppage of trand ocation of re-
serve substancesfrom the plant to the seed. However,
bes desdterationsin physiologica quality, changesmay
also occur in the colorant contents of annatto seeds,
and according to Mendeset d.1*3, harvesting must be
conducted at 76 daysafter the opening of thefirst inflo-
rescenceflower.

When aviable seed ismaintained under favorable
conditionsfor itsgermination and it isunableto germi-
nate, itisknownto bein adormant state*™. Dormancy
can bedivided into two categories: extraembryonic, in
whichthestructuresinvolving theembryo such asthe
coat, pericarp, endosperm and flora organ remainders
exert somephysica resistancetheembryoisunableto
overcome; and, theembryonic, dueto the presence of
germinationinhibitorg®. Thefactorsdetermining this
phenomenon are: immatureor rudimentary embryo, im-
permesability to oxygen, impermesability to water, me-
chanicd regtrictions, dormant embryo and the presence
of inhibiting substances.

Thiswork aimed to determine the physiological
maturation point of the annatto seeds, cultivar Casca
Verde, by characterizingin situthehistology of the coat
of theseedsand quantifying their bixin content.

EXPERIMENTAL

To study the physiological maturation of the seeds,
theflowerswerelabded and thefruit harvested weekly.

Thefruitsformed from the labeled flowerswere
collected and immediate eval uation. The seedswere
extracted manually and the following determinations
were conducted: diameter, length, weight and fruit color
— by using a paquimeter and electronic scale; water
content (%) and dry mass of thefruit (g) — determined
by the oven method at 105 + 3°C, during 24 h, ac-
cording to Seed AnalysisRules (Brasil, 2009); seed
color —visually determined, at the moment the seeds
wereextracted from thefruits; water content (%) and
seed dry mass (g) — obtained by the oven method at
105+3°C, during 24 h, according to Brasil (2009), with
two subsamplesof 50 seeds, weighed in an electronic
scale; germination- carried out using four sub-samples
of 50 seeds sown in germination paper, moistenedin
distilled water equivaent to 2.5 timesitsdry substrate
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weight. After placing the seeds, the paper wasrolled
andtherollsplaced in germinator at 30°C. Evaluations
were conducted daily after setting thetest and the per-
centagesof norma seedlings, abnorma seedlings, dor-
mant seeds and dead seedswere computerized; ger-
mination velocity index — determined by means of daily
count of the number of germinated seeds, i.e., those
presenting protrusion of major root longer or equal to
two millimetersand ca cul ation performed according to
Maguire*?; colorant content quantification—the colorant
was extracted from the annatto seeds under different
maturation stages, according to Stringhetaet d /2. This
work applied the KOH methods, through which
norbixinisextracted fromtheannatto seed pulpandis
convertedinto bixinthrough ebullition. Following pig-
ment extraction, the sampleswere analyzed in aspec-
trophotometer and theresults converted into bixin per-
centages by applying thefollowing correction factor:
DO X 6.97 =% Bixin. Optica Density (DO) isdeter-
mined with sampleregistration in 480 nm; histol ogical
laminaware acquisition— seeds were used from the
third maturation stage on, removed fromfivefruitsat
thesame maturation stage and stored in a uminum cap-
suleskept inthefreezer, amingtointerrupt cellular ac-
tivities. For theanatomic studies, the seedswerefixed
inFAA,, (50ml of formal dehyde, 50 ml of glacial ace-
ticacid, 900 ml of ethanol 50%) for 24 h, maintainedin
adesiccator under vacuum*® and stored in 70% etha-
nol. To obtain the cuts, the seeds were included in
metacrylate (Historesin Leica). The sampleswerede-
hydrated in ethylic seriesand until included in meth-
acrylate, the flasks were kept in a desiccator under
vacuum. Theblockswere submitted to automatic ad-
vancerotatory microtome, to obtain longitudinal cuts,
6 micrometer wide, being distended in recipients con-
tainingdistilled weter, placed on histologica laminasand
browned withtoluidineblueat acid pH for 13 minutes
at ambient temperature to detect anionic radicalsand
metachromasy™. Thelaminaswere mounted with syn-
thetic resin. Photographi c analysisand documentation
were conducted in amicroscope equipped with apho-
tographic system.

Theexperiment wasarranged in acompletely ran-
domized design, with four repetitionsof 20 fruitsand
50 seeds. Thephysiological maturation datawereana
lyzed, with the polynomial regresson mode being es-
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tablished asthelevel of significance of thetests (p<
0.05). Germination percentage, bixin content and ger-
mination vel ocity index were obtained through histo-
grams.

RESULTSAND DISCUSSION

Inthiswork, flowering, corresponding to the pe-
riod frominitial to completeformation of theflord buds,
started mid March until early June. Fruit formation oc-
curred only at 14 days after anthesis.

TABLE 1ligtsthephysca and morphologica char-
acteristicsof Bixa orellanafor fruitsand seedsin dif-
ferent harvest times. Congdering thefruitsharvested a
14, 21, 28, 35, 42, 49, 56, 63, 70, 77 and 84 days
after anthesis, theeffect of fruit ageonlength and diam-
eter wasveified, reechingalarger dimenson at 49 days
after anthesis, with these characteristicsremaining prac-
tically unchanged after thisperiod.

TABLE 1: Physical and mor phological parametersof the

fruitsand seedsof annatto (BixaorellanaL.) Casca Verde
cultivar, collected at 84 daysafter anthesis

Days after Fruit Fruit Fruit Seed
anthesis length (cm) diameter (cm) coloration coloration
14 10 0.6 Green Peach
21 3.0 20 Green Rose
28 38 2.7 Green Red
35 38 25 Green Red
42 37 25 Green Red
49 39 29 Green Red
56 37 25 Green Red
63 38 28 Green Red
70 41 28 Green Red
77 33 2. Brownish-green Dark-red
84 34 2.7 Dark-brown Dark-red

Thefruitsharvested upto 70 daysafter anthesispre-
sented agreen coloration. From thisstageonup to 84
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days, the shades started to change, acquiring dlightly
darker shades, changinginto brownish-green, becoming
darker (dark-brown), and acquiring adrier aspect upto
77 days, in agreement with Franco et al.[®. At 84 days,
dehiscencewas observed to initiate due to an opening
through which the seedsareliberated, although some
fruitsremained closed (Figure 1). Smilarly, the seeds
presented acontinuouscol oration changing process, turn-
ingfrom peachy, a 14 daysafter anthesistorosy colora-
tion after 21 days, remaining so up to 77 daysafter an-
thes's, acquiringablack coloration at 84 days.

Using characteristicssuch asfruit and seed colora-
tion to determinethe physiological maturation of an-
natto seeds has been found to be quite efficient, since
thesecharacteristicsarerdatively easy to be correlated
with physiologica maturity, in agreement with observa-
tionsmadeon calendulaby Silveiraet a.,

Thevariables: water content and seed dry mass;
and water content and fruit dry mass, fresh mass, and
diameter fitted the polynomia regresson mode (Fig-
ure?2).

Seed dry mass had abehavior inversely propor-
tional to seed water content (Figures2A and 2B). The
seeds extracted from fruits harvested 14 days after
anthess, i.e., during growth phase, showed mean water
content of 83.39%. Such content ranged from 85.1
to 81.2% of water in the assessments carried out 21
and 42 days after anthesis, as characterized by the
curve obtained from the regression equation (R? =
0,86).

Dry mass of the seeds reached amaximum vaue
(1.26 mg seed?) at 77 days after anthesis (R?=0.85),
whilemoisture reached values of 34.35% (R?=0.86),
during the same period. Fruit water content (Figure
2C) remained more or less constant until the 9th col -
lection, 70 days after anthesis (74, 69%), reducing
progressively from that point on. At 77 days after an-
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Figurel: Annattotreefruitsat different stagesof maturation
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thesi s, thefruits had amarked drop in humidity con-
tent (33. 8%), and continued dropping until 84 days
after anthesis (11" collection with thefruitsthen pre-
senting awater content of 13.73%, as shown by the
regression curve (R? = 0.84) and opaque, dark brown
coloration, withinitial dehiscenceand seedswithvery
intensered coloration, initiating aprocess of oxida-
tion, turningto black coloration, easily coming off from
theinterior of thefruits.

Fruit dry mass (Figure 2D) presented avalue of
0.04 g fruit?* 14 days after anthesis, reaching 0.89 g
fruit! after 84 days(R?=0.90). During thisperiod, the
fruits presented adark-brown col oration. Fruit dry mass
(Figure 2E) increased up to 35 days after anthesis, re-
maining moreor lessconstant up to 70 days, and mark-
edly dropping fromthispoint on (R?=0.81). Fruit di-
ameter (Figure 2F) showed progressive growth until
28 daysafter anthesis, remaining unchanged after this
period, whilefruit massincreased up to 56 days, re-
ducing after 70 days, reaching valuesof 1.03 g after 84
days.

Thenumber of seeds per fruit (Figure 2G) did not
show sgnificant ateration during maturation phase, sug-
gesting that thenumber of seedsformedinthefruit may
be morerelated with pollination and fertilization rate
thanwithageof fruit. M ean seed number per fruitis42,
with thefruit with least weight (0.17 g) displaying 42
seedsand thefruit withmost weight (4.87 g) displaying
44 seeds.

Absenceof germination by the seedsextracted from
thefruitscollected from 14 to 49 daysindicatestheir
physiologicd maturity. Germination (protrusonof main
root of first seed) started only 56 days after anthesis
(Figure 3A), without, however, originating anormal
seedling, accordingto Brasil®. Higher germination per-
centage wasobtained 77 days after anthesis (22.5%),
with higher vigor beingasoverified duringthistime(Fg-
ure3B).

Figure4 showsvariationsin bixin content (%) and
production (kg ha?). During thefirst maturation stages
(35, 42, 49 and 56 days after anthesi s), pigment con-
tent remained more or less constant (0.64%, 0.65%,
0.68%, 0.68%, respectively), likely duetothefact the
seeds did not accumul ate asubstantial amount of pig-
ment, asit can beseenin Figure5. Theseresultsdis-
agreewith thoseobtained by Kato et al [*¥, who, study-
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ing annatto seed harvest time, verified that only 30to
51 days after the opening of the first inflorescence
flower, the seeds showed acceptabl e bixin contents. If
it takes too long for the seeds to be harvested, they
undergo an oxidation process, acquiring ablack col-
oretion.

At 84 daysafter anthesis, adecreasein bixin con-
tent wasverified (0.67%), asvisuaized in Figure 4F,
Thetegumentswere hi ghly permeabl eand Iigni fied at
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thelast developmental stage of the annatto seeds, de-
creasingtheimbibition’s rate, which is one of the causes
of dormancy in seeds of such species?”. Lignification
generdly occursincdlsof thevascular tissue, foundin
almost all organs, and being most abundant in stems
and rootd?. Ligninisone of the greatest plant poly-
mers, playing animportant rolein plant adaptation to
theenvironment, and thus, suggesting, that, besidesits
contribution to plant adaptation in the evol ution pro-

Figure5: Histological tegument cutsshowing bixin secretory channelsm seedéof annattoat 21 daysafter anthe;s(A) 35
daysafter anthesis(B), 56 daysafter anthesis(C); 70 daysafter anthesis(D), 77 daysafter anthesis(E) and 84 daysafter
anthesis(F). Scales: A (50 um), B (50 um), C (50 um), D (50 um), E (20 pm), and F (100 pm).
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cess, it asomakescelular wall impermesble, ensuring
water transportation and vascular system solutions.

Besidesfruit dehiscence, bixin oxidation wasaso
found to occur 84 days after anthesis, leadingto ade-
creaseinitscontent, what can be confirmed by thechan-
nel contents coloration (Figures 4A and 5F). At this
stage of maturation, the oxidation processwasfound
to promote adarkening of the seeds, givingthem adark
red col oration, with blackened spots.

Asthe seed startsto form (Figure 5A), after 21
days, theexterna coat and interna coat cellsremain
distinct, though not completely differentiated. Inthe
external coat, secretory channels (Figure 5A) can be
found where, at more advanced stages, the pigment
bixinwill beformed (Figures5D, SE).

Thedifferentiation of theidioblastsand thecd lular
layer occurring bel ow these can be observed 35 days
after anthesis (Figure5B). Themacrosclereidsshow a
highlevd of lignification ontheir walls, meadeevident by
thebluish coloration of toluidineblue. At moreadvanced
maturation stages, such as56 days after anthesis, an
increasein lignification can be observed (Figure 5C),
with more accentuated metachromasy.

At 70 daysafter anthesis, formation of the pigment
bixinisobservedinthe secretory channds(Figure 5A).
At this stage, the coat content showed an increase
(0.88%), reaching 1.61% at 77 days after anthesis, a
maturation phasewith ahigher colorant concentration
(Figures5D and 5E).

Rolston*® a so showed that theinternal tegument
becomes quitethick during the development of Bixa
orellana seeds, showing, when mature, apattern simi-
lar to that of the arboreous|eguminous plants, which
arewater-impermeable, atype of dormancy very fre-
quent inthisfamily aswell asin Bauhiniaungulatal¥;
Mimosa caesalpiniaefolia®™; Bowdichia
virgilioides*®2U; | otus subbflorus?.

Theresultsobtained inthiswork alowed conclud-
ingthat: physiologicd maturation of theseedsisreached
at 77 daysafter anthesis; fruit dehiscenceoccursat 84
daysafter anthes's; the seeds show dark red coloration
at 84 daysafter anthes's; theindiceswater content and
dry matter weight best characterize seed maturation and
harvest time; ahigher germination percentageand higher
bixin contentsare obtained 77 daysafter anthesis, when
harvest must be carried out; macrosclereidsat 84 days

—=> [y|| Paper

after anthesisarerather lignified, with high metachro-
masy evidenced in Situ, by toluidine blue.
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