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ABSTRACT 

The purpose of this research was to asses the possibility of utilizing Apis mellifera as a natural harvester of carotenoids, 
contained in pollen loads from various plant species. A discussion of the utility of carotenoids in terms of their nutritional 
value to various life processes is followed by an analysis of carotene productivity of pollen loads from various beehives 
from El Litral, Paine locality, in the mediterranean zone of Central Chile. These data are then used to identify species that 
have been selected by honeybees as a pollen source and to determine the significance of various species of the native and 
introduced flora in terms of the carotene presence of their pollen loads. We conclude that the utilization of honeybees as 
vehicles for harvest period of carotenoids is feasible, since pollen loads from at least one species per month were shown to 
posses them in significant quantities. 
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RESUMEN 

El objetivo de esta investigaci6n fue estudiar la posibilidad de utilizar a Apis mellifera L. como un recolector natural de 
carotenoides, Ios que están contenidos en !as cargas polfnicas de varias especies vegetales. Se discute la utilidad de Ios 
carotenoides en terminos de su valor para varios procesos vitales y se hace un analisis de la productividad de cargas 
polfnicas provenientes de varias colmenas de la localidad de El Litral, Paine. situada en la zona mediterranea de Chile 
central. Se identificaron !as especies que son seleccionadas por !as abejas como fuente de polen y se determin6 la importan-
cia de varias especies nativas e introducidas en t®rminos de la presencia de carotenoides de sus cargas polfnicas. Conclui-
mos que es posible la utilizaci6n de !as abejas melfferas como recolectores de carotenoides durante el perfodo de cosecha 
dado que. a! menos una especie en cada mes, muestra tener tales pigmentos. 

Palabras clave: Abeja melffera, contenido de carotenoide, carga polfnica, productividad de colmena, especie vegetal nativa. 

INTRODUCTION 

The microscopic analysis of pollen loads 
allows demonstration of which plant spe-
cies are utilized as a source of pollen in a 
determined territory of the country (Synge 
1947, Percival 1947, 1950, 1955, Loveaux 
1958a, 1958b, Montenegro et al. 1989, Va-
rela et al. 1991, Iturriaga et al. 1992). For 
this purpose the specific morphological 
characteristics of the pollen grain and po-
llen loads are a useful tool (Montenegro et 

al. 1991 1, Montenegro et al. 19922). In Chi-
le, this analysis has permitted the compila-
tion of lists of plant species used by hone-
ybees as a source of nectar and pollen 
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(Montenegro et al. 19893), an important ac-
complishment since honeybees have been 
shown to be selective in their visits to flo-
wers (Synge 1947, Free 1963, 1967, Ras-
had et al. 1979). 

There has been a growing interest in 
the diversification of the use of products 
derived from beehive activity. It is known, 
for example, that pollen is the primary 
source of protein for bees ( Haydak 1970, 
Van der Moezel et al. 1987). Several stu-
dies have confirmed the presence, in va-
riable quantities, of proteins and/or free 
aminoacids in the pollen harvested by Apis 
mellifera (Todd & Bretherick 1942, Niel-
sen et al. 1955, Gilliam et al. 1980, Sol-
berg & Remedios 1980, Loper & Cohen 
1987, Rougier et al. 1994 ). The fact that 
A. mellifera appear to prefer protein-rich 
poll ens (Rougier et al. 1994 ), raises the 
possibility of utilizing these pollens as nu-
tritional compliments with the bee acting 
as a natural harvester of pollen, and there-
fore plant protein. 

Another aspect of the pollen grain, the 
possession of pigments, has received little 
interest until recently. The col or of pollen 
loads, and therefore of pollen grain, is de-
termined by the presence of pigments such 
as flavonoids and/or carotenoids. Such fla-
vonoids correspond to chemical com-
pounds, some of which determine colors 
such as red, pink, purple and blue (Francis 
1989). These compounds are water-soluble 
and therefore cannot be retained by animals 
that consume them. The carotenoids com-
prise a large family consisting of approxi-
mately 600 compounds of lipid nature deri-
ved from isoprenoids, which determine 
colors from pale yellow to dark red and 
pass through red-orange and yellow-orange 
(Tee 1992). It is known that the food color 
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is an important factor in their selection by 
the consumer (Tee 1992), and consequently 
there exists international interest in the de-
velopment of natural food co1ors. Many 
have been synthesized but in the face of 
strong opposition and generally at great 
cost (Francis 1989). The carotenoids are 
able to fuse with the plasmatic membrane 
through their lipid tails, thereby giving co-
lor to the animal tissue. In Chile, flowers 
rich in carotenoids, such as species of the 
genus Tagetes, have been utilized as a 
poultry nutriment, giving an attractive co-
lor to meat. 

The importance of the carotenoids, 
however, is not limited to their ability to 
give color. The ~ carotene, for example, 
constitutes the principal source of vitamin 
A for animals, which is obtained through 
its cleavage (Bendich 1989, Tee 1992). Vi-
tamin A is of vital importance for vision, 
bone growth and reproduction, and animals 
depend on food consumption to synthesize 
it (Tee 1992). Its deficiency constitutes a 
serious problem, particularly in children 
of underdeveloped countries (Tee 1992, 
Olson 1993). Furthermore, effects such as 
enhancing the immune response; inhibi-
ting mutagenesis; diminishing nuclear da-
mage; protecting tissue from light-induced 
damage; blocking reactions mediated by 
free radicals; and others, have been attri-
buted to the carotenoids (Bendich 1989, 
Bendich & Olson 1989, Dip lock 1991, 
Van Poppel 1993). Similarly, it has been 
observed in epidemiological studies that a 
diet rich in carotenoids diminishes the risk 
of some types of cancer (Ziegler 1989, 
Van Poppel 1993). 

The hypothesis will be that by knowing 
the plant species selected by Apis mellifera 
as pollen source, it is possible to detect a 
corbicular pollen rich in carotenoids. 

The objective of this investigation is to 
determine the productivity of species-speci-
fic pollen loads originating from beehives 
located in the Central Zone of Chile, and to 
determine the presence or absence of caro-
tene pigments in these loads. This informa-
tion can be used to ascertain the potential 
of the native flora for providing pollen rich 
in carotenes, with the honeybee serving 
simply as a vehicle for their harvest. 
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MATERIALS AND METHODS 

The sampling site, "El Litral", is situated in 
the Paine locality in central Chile (33° 49' 
S, 70° W) which corresponds to a semiarid 
Mediterranean zone. The existing vegeta-
tion consists of matorral formed by ever-
green shrubs, summer deciduous shrubs, 
and a seasonal herbaceous stratum (Monte-
negro et al., 1978, Montenegro et al., 
1979). Sampling to determine the presence 
of carotenoids was performed between 
January of 1987 and January of 1989 and 
involved the utilization of pollen collecting 
traps. These traps were placed at the en-
trance of the beehives and permitted the 
bees to enter but at the same time retained 
the pollen loads carried by them (Moham-
med & Khattab, 1979). 

Productivity of pollen loads 

The traps were placed in three beehives for 
a period of eight hours. Pollen loads obtai-
ned were transferred to the laboratory whe-
re they were dried in an oven at 30° C. La-
ter, they were separated by color and was 
determined, through microscopic analysis, 
the plant species corresponding to each po-
llen load (which were previously shown to 
be monospecific). Later, the dry weight of 
each group of pollen loads was determined 
and the relative percentages in which spe-
cies had been harvested by the bees in each 
month of the year were obtained. With this 
data it was possible to calculate average 
monthly amounts of pollen load productivi-
ty for each of the beehives analyzed. 

Determination of carotenoid presence 
in pollen loads 

The presence of carotenoid pigments was 
evaluated using high-pressure chromatogra-
phy liquid (HPLC) in pollen loads arriving 
at the hives in different amount. The pro-
cess involved the extraction of carotenoids 
which was achieved by macerating the po-
llen samples with acetone for twenty minu-
tes. This process was repeated four times at 
room temperature to eliminate wax and 
other compounds that make the extraction 
of carotenoids difficult. After vacuum filte-

ring, the acetonic extract was eliminated 
and the pollen was extracted again with 
hexane-acetone ( 4:6) for twenty minutes at 
room temperature. The hexane-acetone ex-
tract was evaporated under reduced pressu-
re. This extract was preserved at 5° C in 
nitrogen and in the dark to avoid carotenoid 
decomposition. 

The hexane-acetone extracts of each spe-
cies were analyzed separately with high 
pressure liquid chromatography (HPLC) 
using an Altech 5u-Spherisorb OD-2 
(4.6*250mm) column. The extracts were 
dissolved in dicloromethane. The injection 
volume was 10 Jll. A solvent system in gra-
dient was used beginning with H20-metha-
nol-acetonotrile (8:1:1). The percentage of 
acetonotrile was incremented until reaching 
100 % in 20 minutes. After five additional 
minutes of isocratic elution with acetonotrile 
to 100 %, a gradient system of acetonotrile-
dicloromethane was used in which the diclo-
romethane was increased from 0 % to 1 00 % 
during the next 35 minutes. The eluiting com-
pounds were detected using an ultraviolet/vi-
sible diode array detector scanning between 
19-600 nm. All data was acquired using a 
486-33 computer and was transferred to a 4 
mm tape for storage. For primary identifica-
tion, based on ultraviolet spectra and reten-
tion time, standard a carotene, ~ carotene, 
licopene and xanthophyll were used. 

RESULTS 

Data obtained previously in the same loca-
tion permit a comparison of the productivi-
ty of pollen loads in two periods (Septem-
ber 1987 -January 1988 and October 1988-
January 1989), as shown in Figs. 1 and 2. 
The tendency of the three beehives shown 
is the same, although the productivity of 

·hive A is significantly greater (p<0.05) 
than that of hives B and C (T student test), 
with a greater differentiation in periods of 
full bloom of the species. This data indica-
tes a strong relationship between producti-
vity and vital state of the beehive. Further-
more, bee activity is shown to be strongly 
dependent on environmental temperature 
and precipitation. It can be observed in Fig. 
2 that on December 6, 1988, a day with a 



94 MONTENEGRO ET AL. 

.... .... !!:! .... .... 
~ ~ ~ ~ 25 ~ Q 

Date 

.... 

~ 

.Hive A 

CHive B 

BHive C 

.... 
~ 
i;j 

.... 
~ ~ 

~ Q 
0 

Fig. 1: Pollen load collection, expressed as rate as production rate (g/h), for the three hives located 
in El Litral, Paine, from September 1987 to January 1988. 
Acopio de polen corbicular, expresado como tasa de producci6n (g/h), para tres colmenas ubicadas en el fundo El Litral, 
Paine, en el periodo Septiembre 1987 -Enero 1988. 
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Fig. 2: Pollen load collection, expressed as production rate (g/h) for the three hives located in El 
Litral, Paine, from October 1987 to January 1988. The variations in minimum temperature and 
precipitation are shown. 
Acopio de polen corbicular, expresado como tasa de producci6n (g/h), para tres colmenas ubicadas en el fundo El Litral, 
Paine, en el periodo octubre 1988-enero 1989. Se muestra la variaci6n de la temperatura minima y del nivel de precipitacio-
nes en el mismo periodo. 

summer shower, the harvesting of pollen 
fell drastically. It is also evident that there 
is an increase in harvesting with temperatu-
re increments, but maximum harvesting oc-
curs at the end of spring at 1 oo C. 

Monthly average rates of productivity 
for each beehive in two successive years 
show significant differences within the 
same beehive occurring in this period (data 
not showed) as it reflect in the total produc-
tivity of pollen loads for two seasons (Figs. 
3, 4 y 5). Tendency within each beehive, in 
different periods, is the same, with maxi-
mum values corresponding to the period of 

greatest bloom (Montenegro et al. 1989, 
Montenegro et al. 19893) 

Table 1 shows the plant species utilized 
by the bees and the relative percentages in 
which they are used during the 92-93 season 
(Montenegro et al. 19944). It can be obser-
ved that the relative percentage contributed 
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so, 28 y 29 de julio, Olmue. 
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Fig. 3: Pollen load productivity (g) of hive A of El Litral, Paine, from September 1987 to January 
1988, and from September 1988 to January 1989. 
Productividad total de polen corbicular en gramos. de la colmena A del fundo El Litral, Paine, en el periodo entre 
septiembre de 1987 a enero 1988, y entre septiembre de 1988 y enero de 1989. 

by a specific plant species varies considera-
bly. For example, 2.3% was contributed by 
Trevoa trinervis in September while slight-
ly over 95% was contributed by Lithrea 
caustica in November. 

Pollen load productivity appears to be 
similar in native and introduced in terms 
of quantity. The harvesting productivity of 
native species reaches a maximum in Nov-
ember and December. Table I shows that 
L. caustica again reached over 95% of the 
contribution in November and over 58% in 
December. The introduced species de-
monstrate greater productivity at the be-
ginning of the season; in September 
( Hypochaeris radicata, 44.1 %) and Octo-
ber (H. radicata, 53.2 %). They did not, 
however, reach the levels of relative pro-
ductivity observed for native species. In 
four of the five months tested it was found 
that one native species, L. caustica, contri-
buted more than 40 % of the total harvest, 
which would confirm the previously des-

cribed selectivity of the bees and their pre-
ference for this particular species. 

The analysis of the carotenoids shows 
that highly productive species in the pollen 
loads present carotenoids (Table 2). Is im-
portant to note that, during certain months 
of the year, species such as L. caustica, H. 
radicata and P. chilensis contribute signifi-
cant percentages of pollen loads to the hive 
(Table I). The possibility of the commer-
cial exploitation of this product is viable 
because the contribution period of species-
specific pollen loads to the hive is known. 

DISCUSSION 

The quantification of pollen loads that reach 
the beehives of a specific region permit the 
determination of the relative importance of 
plant species in proximity to the beehive. 
This is fundamental if a prediction of the 
potential use of each species as a carotenoid 
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Fig. 4: Pollen load productivity (g) of hive B of El Litral, Paine, from September 1987 to January 
1988, and from September 1988 to January 1989. 
Productividad total de polen corbicular en gramos, de la colmena B del fundo El Litral, Paine, en el periodo entre 
septiembre de 1987 a enero 1988, y entre septiembre de 1988 y enero de 1989. 

Month 

September 

October 

November 

December 

January 

TABLE I 

Principal plant sources in pollen loads collected from September 1992-January 1993 
at "El Litral", Paine (%of total) 

Fuentes vegetales principales de polen corbicular colectado desde septiembre de 1992 
a enero de 1993 en "'El Litral", Paine (%del total) 

Species Family Growth Form 

Hypochaeris radicata L. Asteraceae introduced perennial herb 
Colliguaja odorifera Mol. Euphorbiaceae native semideciduous shrub 
Peumus bo!dus Mol. Monimiaceae native evergreen shrub 
Trevoa trinervis Miers Rhamnaceae native deciduous shrub 

Hypochaeris radicata L. Asteraceae introduced perennial herb 
Lithrea caustica (Mol.) H. etA. Anacardiaceae native evergreen shrub 
Podanthus mitique Lindl. Asteraceae native evergreen shrub 
Trevoa trinervis Miers Rhamnaceae native deciduous shrub 

Lithrea caustica L. Anacardiaceae native evergreen shrub 
Rubus ulmifiJ/ius Schott Rosaceae introduced evergreen shrub 

Lithrea caustica (Mol.) H. etA. Anacardiaceae native evergreen shrub 
Rubus ulmifolius Schott Rosaceae introduced evergreen shrub 
Echinopsis chilensis (Colla) Fried.et Row!. Cactaceae succulent shrub 

Rubus ulmifolius Schott Rosaceae introduced evergreen shrub 
Echinopsis cliilensis (Colla) Fried.et Row!. Cactaceae succulent shrub 
Puya chilensis Mol. Bromeliaceae native rossette-like evergreen shrub 

%of total 

44.1 
17.8 
8.4 
2.3 

53.2 
11.8 
5.8 
5.2 

95.2 
2.5 

58.4 
21.6 

8.6 

23.7 
14.2 
10.2 
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January 

Fig. 5: Pollen load productivity (g) of hive C of El Litral, Paine, from September 1987 to January 
1988, and from September 1988 to January 1989. 
Productividad total de polen corbicular en gramos. de la colmena C del fundo El Litral. Paine. en el perfodo entre 
septiembre de 1987 a enero 1988, y entre septiembre de 1988 y enero de 1989. 

TABLE2 

Species with carotenoid pigments in the pollen loads 
Especies con pigmcntos carotenoides en las cargas polfnicas 

Species 

Acacia coven (Mol.) Mol. 
Acacia melanoxylon R. Br. 
Adesmia arhorea Bert. ex Savi 
Bacclwris elaeoides Remy 
Baccharis linearis (R.et P.) Pers. 
Baccharis pinf?raea DC. 
Brassica rapa L. 
Cic/wrium intybus L. 
Eschsc/wlzia californica Charn. 
Flourensia thurifera (Mol.) DC. 
Gochnatiafoliolosa (D.Don) D. Don ex H. et A. 
Haplopappus folios us DC. 
Haplopappus f?lutinosus Cass. 
Hypochaeris radicata L. 
Hypochaeris scorzonerae (DC.) F. Muell. 
Lithrea caustica (Mol.) H. et A. 
Mavtenus hoaria Mol. 
Ociwf?m·ia carnea (Beer) L. B. Sm. et Looser 
Puva berteroniana Mez. 
Pu)·a chilensis Mol. 
Schinus /at(folius (Gillex Lindl) Engler 
Senecio cerberoanus Remy 
Silyhum marianum L. Gaertn. 
Sonchus oleraceus L. 
Tagetes sp. 
Verbascum vilxatum Stockes 

Family 

Mimosaceae 
Mimosaceae 
Papilionaceae 
Asteraceae 
Asteraceae 
Asteraceae 
Brassicaceae 
Asteraceae 
Papaveraceae 
Asteraceae 
Asteraceae 
Asteraceae 
Asteraceae 
Asteraceae 
Asteraceae 
Anacardiaceae 
Celastraceae 
Bromeliaceae 
Brorneliaceae 
Brorneliaceae 
Anacardiaceae 
Asteraceae 
Asteraceae 
Asteraceae 
Asteraceae 
Scrophulariaceae 

Growth Form 

native evergreen shrub 
introduced evergreen shrub 
native evergreen shrub 
native evergreen shrub 
native evergreen shrub 
native evergreen shrub 
introduced perennial herb 
introduced perennial herb 
introduced perennial herb 
native deciduous shrub 
native evergreen shrub 
native evergreen half-shrub 
native evergreen half-shrub 
introduced perennial herb 
native perennial herb 
native evergreen shrub 
native evergreen shrub 
native succulent 
native rossette-like evergreen shrub 
native rossette-like evergreen shrub 
native evergreen shrub 
native evergreen half-shrub 
introduced annual herb 
introduced annual herb 
introduced annual herb 
introduced biannual herb 
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source is5 desired. Furthermore, knowing the 
productivity values of a determined region 
permits an estimation of the potential of that 
area in terms of carotenoid production (Po-
blete et al. 19896). Moreover, the protein 
content could be used as a possible indicator 
of nutrient value (Rougier et al. 1994). 

L. caustica stands out as an important 
species in terms of carotenoid productivity 
given that it was collected in 3 of the 5 mon-
ths tested and attained 95.2 % of the sample 
in one month. P. chilensis appears signifi-
cant, but to a lesser extent (I 0.2 % of the 
sample). Also of significance, parallel to the 
utilization of the native species previously 
mentioned, are the introduced species. For 
example, H. radicata was the species most 
harvested in two of the five months tested 
(44.1% and 53.2 %, respectively). 

During the entire period tested, at least 
one species per month was seen to possess 
carotenoid pigments in the pollen loads 
which would permit the year-round harvest 
of pollen rich in this type of pigment. 
However, other species such as Colliguaja 
odorifera, with a relative importance of 
17.8 %, do not present carotenoids. 

The cross pollinization by honeybees on 
species of native could have also an impact 
on the breeding system of plant communi-
ties in Chilean Mediterranean Ecosystems, 
but little informations currently avaible on 
this matter (Fuentes et al. 1994). However, 
the possibility using the communities in a 
sustainable manner to harvest carotenoid 
pigments is certain. 
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