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Abs tract

In this work, b-c ar ot ene from two man go va rie ties: Criol lo (Pico de Loro) and Ha den,
were stan dar di zed. The b-c ar ot ene was ex trac ted, se pa ra ted, and iden ti fied by HPLC with a
pho to dio de array de tec tor (PDA) using a µ-Bo nd apak C18 3.9 mm i. d. x 300 mm co lumn in re -
ver se pha se and a non- a queous iso cra tic sys tem, cons ti tu ted by 70:20:10 (AcCN / CH2Cl2 /
MeOH) ace to ni tri le / di chlo ro metha ne / metha nol. The chro ma to gram was re sol ved in 12 min,
at a l op ti ma of 456 nm. The iden ti fi ca tion of b-c ar ot ene was also co rro bo ra ted by FTIR. The
quan ti ta ti ve com po si tion of be ta- ca ro te ne mea su red as mg b-c ar ot ene/kg pulp was de ter mi ned 
by means of a ca li bra tion cur ve using b-c ar ot ene and b-apo -8-c ar ot enal as stan dards. Ave ra ge
be ta- ca ro te ne con cen tra tions were 9.6±0.06 and 25.09±0.05 mg b-c ar ot ene/kg pulp for the
Ha den and Criol lo va rie ties, res pec ti vely. On the ba sis of be ta- ca ro te ne con tent and the avai la -
bi lity of fruit, man go can be con si de red as a po ten tial raw ma te rial for b-c ar ot ene ex trac tion; it
can be used as an ex tract to make an addi ti ve or as an an tio xi dant.
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b-Carotene in mango (Mangifera indica l.)

Resumen

En esta investigación, el β-c ar oteno en dos variedades de mango, el Criollo (Pico de
Loro) y el Haden, fue estandardizado. El b-caroteno fue extraído, separado e identificado por
HPLC con un detector de matriz de fotodiodos utilizando un µ-Bondapak C18 3.9 mm i. d. x
300 mm columna en fase reversa y un sistema isocrático no-acuoso, constituido por 70:20:10
(AcCN / CH2Cl2 / MeOH) acetonitrilo / diclorometano/ metanol. Se resolvió el cromatograma 
en 12 min, a una óptima lll de 456 nm. También, se corroboró la identificación del β-c ar oteno
por FTIR. Se determinó la composición cuantitativa de beta-caroteno medida como β-c ar -
oteno/kg de pulpa por medio de una curva de calibrado usando β-caroteno y β-apo-8-carotenal
como normas. La concentraciones promediadas de beta-caroteno eran 9,6±0,06 y 25,09±0,05
mg β-c ar oteno/kg pulpa para las variedades Haden y Criollo, respectivamente. Basado en el
contenido de beta-caroteno y la disponibilidad de la fruta, se puede considerar al mango como
una materia prima potencial para la extracción de β-caroteno; puede usarse como un extracto
para hacer un aditivo o como un antioxidante.

Pa la bras clave mango (fruta), β-c ar ot eno, antioxidante, HPLC, FTIR.

In tro duc tion

Man go (Man gí fe ra in di ca L.) is a fruit na ti ve from the

south and southeast of Asia and the se cond most im por tant

tro pi cal fruits in terms of pro duc tion, mar ke ting and con su -

mer ac cep tan ce (Pott et al., 2003; Ri bei ro et al., 2008). It is a

rich sour ce of an tio xi dants in clu ding as cor bic acid, ca ro te -

noids and phe no lic com pounds. The main pro du cing coun -

try of this fruit is In dia and Bra zil is one of the ma jor man go

ex por ting coun tries and has a great po ten tial for ex pan ding

its mar ket, sin ce the cli ma tic con di tions allow cul ti va tion

throughout the year by the use of flower in duc tion te chni -

ques (Ri bei ro et al., 2008).

Man go has a cha rac te ris tic ye llow- o ran ge co lor due to

the pre sen ce of ca ro te noids, pre do mi nantly b-c ar ot ene

(pro- vi ta min A), which ma kes the ex trac tion of ca ro te -

noids from this fruit com mer cia lly im por tant. b-c ar ot ene

yields two mo le cu les of vi ta min A. b-c ar ot ene from fruit

may enhan ce LDL de gra da tion and pre vent car dio vas cu -

lar di sea se and lower the risk of va rious can cer di sea se be -

cau se ca ro te noids are among the most effec ti ve sin glet

oxygen quen chers in na tu re (Shi vasha ka ra et al., 2004;

Agos ti na et al., 2004; Che na et al., 2004; Ma ri no va y Ri ba -

ro va, 2007)

Man go fruit is very abun dant in the Zu lia Sta te (Wes -

tern Ve ne zue la) and an ex ce llent sour ce of pro- vi ta min A.

Vi ta min A con su med in Ve ne zue la is im por ted, and is

usua lly subs ti tu ted by synthe tic co lo rings which are

harmful to the hu man health (Ri vas, 1982).

Al though the Open Co lumn Chro ma to graphy (OCC)

over mag ne sia, zinc car bo na te, alu mi na, or si li ca is a

common se pa ra tion method for vi ta min A, the de ve -

lopment of HPLC has greatly in crea sed the re search on

ca ro te noids sin ce it has nu me rous ad van ta ges, such as ver -

sa ti lity and sen si ti vity (Husse in et al., 1992). Be si des, a bet -

ter re so lu tion of the se struc tu res and knowledge of the ste -

reo che mis try of the se com pounds have been pos si ble

thanks to de ve lopment of power ful spec tros co pic te chni -

ques cou pled to the HPLC (Ma crae, 1998; Ace ve do, et al.,

2004). The pho to dio de array de tec tor (PDA) has made

pos si ble the use of re la ti vely small spec tral diffe ren ces for

the spe ci fic iden ti fi ca tion of ca ro te noids, adding the se

spec tral data to tho se of their re ten tion time (Scott, 1997).
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In fact, Ve ne zue la ne eds to pro du ce this vi ta min to re -

du ce the amount of mo ney ex chan ge in vol ved in im por ta -

tion and to use it as a food co lo ring in re pla ce ment of

synthe tic pig ments, in crea sing the nu tri tio nal va lue of the

foods.

The ob jec ti ve of this work was to ex tract the b-c ar ot ene

pre sent in two va rie ties of man go and to cha rac te ri ze it by

HPLC and FTIR.

Ma te ri als and Meth ods

Samp le Se lec tion: two man go va rie ties were se lec ted:

the va riety Ha den, which were supplied by Pla ni ma ra,

from “La Vic to ria” or chard, lo ca ted in La Ca ña da, Ur da -

ne ta County of the Zu lia Sta te, and the va riety Criol lo

(Pico de Loro), supplied by the “Rol da nol” or chard, lo ca -

ted in El Mo ján, Mara County of the Zu lia Sta te. Two

diffe rent samp le 50Kg lots of each va riety were brought at

the fu lly ripe sta ge in the la bo ra tory.

Samp le treat ment: the man goes were pe eled and de -

see ded. The pulp was ho mo ge ni zed and 40 g were ta ken

for im me dia te analysis. All the analyses were per for med in 

the ab sen ce of light and un der a ni tro gen at mosphe re in

or der to avoid the de gra da tion of ca ro te noids.

Ex tract pre pa ra tion and HPLC analysis: the ca ro te noids

were ca re fu lly ex trac ted with cold ace to ne, then trans fe rred

to a mix tu re of diethyl ether/ pe tro leum ether and sa po ni -

fied over night at -10°C, using a 10% so lu tion of metha no lic

po tas sium hydro xi de, un der a N2 at mosphe re; the sa po ni -

fied ex tracts were rin sed un til they were alka li free, con cen -

tra ted in a eva po ra tor (T< 35°C) un til dryness. 1mL of he -

xa ne and an appro pria te ali quot of b-apo -8 ca ro te nal as ex -

ter nal stan dard was added, eva po ra ted un der N2 and re -

dissol ved in 1 mL of he xa ne.

Iden ti fi ca tion and quan ti fi ca tion: the b-c ar ot ene in the

ex tract was iden ti fied and quan ti fied by HPLC, using an

equipment (Wa ters, Mil ford, USA) with the fo llowing mo -

du les: an au to ma tic sam pler (mo del 717E), a qua ter nary

pump (mo del 600E) and pho to dio de array de tec tor

(PDA, mo del 996). The se pa ra tion was ca rried out in a

µ-Bo nd apak C18 co lumn, 300 mm x 3.9 mm i. d., with an

ace to ni tri le /di chlo ro metha ne/ metha nol (70:20:10) mo bi -

le pha se. The acqui si tion of the chro ma to grams and the

analysis of the re sults were done with the Mi lle nium32 soft -

ware. The equi li brium time at the ini tial con di tions was 30

min. b-c ar ot ene and b-apo -8 ca ro te nal (Sig ma Che mi cal

Co., St. Louis, USA) were used as stan dards and their ca li -

bra tion cur ves were used for the quan ti ta ti ve analysis by

HPLC, ca li bra tion cur ves were made with four con cen tra -

tion in tri pli ca tes (Mer ca dan te et al. 1997, Shi vasshan ka ra

et al., 2004, San chez- Mo re no et al., 2003).

The iden ti fi ca tion was con fir med by FTIR spec tro me -

try, using a Perkin- El mer FTIR 1600 spec tro me ter (Al bu -

quer que et al., 2003).

Re sults and Dis cus sion

The l op ti mum (456nm) was de ter mi ned by using

b-apo -8c ar ot enal as the stan dard. Stan dar di zed con di -

tions for HPLC analysis were an in jec tion vo lu me of 20 µL

and a flow rate of 0.8 ml/min. The ca li bra tion cur ves for

the che mi cal stan dards b-c ar ot ene and b-apo -8 -c ar ot enal

pre sen ted li neal co rre la tion coe ffi cients of 0.9998 and

0.9896, res pec ti vely. It was ob tai ned with the aid of the

soft ware Mi lle nium32 (Wa ter Co.) b-c ar ot ene was the ma -

jor com po nent pre sent in the ex tract, and it in di ca tes that

the ex tract was pro per ly re sol ved in 12 mi nu tes. b-c ar ot -

ene peak was iden ti fied by com pa ring the pho to dio de

array spec trum at lmax with tho se in the li te ra tu re

(Bramley, 2007). The sol vent sys tem was cho sen ba sed on

the work by Adewu si and Bradbury (1993), who sugges ted

the use of an iso cra tic sys tem of non- a queous sol vents to

mi ni mi ze the risks of so lu te pre ci pi ta tions and the pre ser -

va tion of the co lumn li fe ti me.

The re ten tion time of b-c ar ot ene was 10.410 mi nu tes

for the man go Criol lo and 10.414 min for the man go Ha -

den. The se re ten tion ti mes are lower than tho se re por ted

by Cano and De Ar cos (1994). The sim pli city of the se pa -

ra tion in di ca tes that the ex trac tion method applied was

con ve nient to iso la te the b-c ar ot ene from the man go pulp.
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Ta ble 1. b-c ar ot ene (mg b-c ar ot ene/kg pulp) of man go by HPLC: Ha den and Criol lo (Pico de Loro).

Mango variety Extract color -carotene (mg -carotene/kg)a

Haden Yellow 9.60  0.06

Criollo Yellow-orange 25.09  0.05
aMean  stan dard de via tion of 5 de ter mi na tions.



Mer ca dan te et al. (1997) assu red that ste rols and xan -

tophi les are common in ter fe ren ces in the de ter mi na tion

of this type of com pounds. The ex trac tion method uti li zed

in this work sig ni fi cantly eli mi na ted this type of com -

pounds from the samp le (Fig. 1). Man go pre sen ted only

one ca ro te ne by using a re ver se pha se chro ma to graphy,

C18 co lumn.

b-c ar ot ene con tent of the ex tracts of the Criol lo and Ha -

den man goes are shown in Ta ble 1. The main com po nent was 

b-c ar ot ene as it has been re por ted by Cama and Jun galwa la

(1963), Cano and De Ar cos (1994), Mer ca dan te et al. (1997), 

Pott et al. (2003), and Chen et al., (2004).

The con cen tra tion of b-c ar ot ene pre sent in the Criol lo

va riety was about three ti mes higher than the con cen tra -

tion in the Ha den va riety. This re sult was ex pec ted due to

the grea ter in ten sity of the ye llow- o ran ge co lor of man go

Criol lo. The con tent and va riety of ca ro te noids in man go

can be affec ted by many fac tors,i.e., growth con di tion, ma -

tu rity and cul ti var (Chen et al., 2004).

The b-c ar ot ene con tent of the Criol lo va riety was

higher than that re por ted for other man go va rie ties such as 

Keith, grown in Ba hía, Bra zil (15 mg b-c ar ot ene/kg pulp),

and Hi la cha, grown in Ma ra cai bo, Ve ne zue la (12 mg b-c -

ar ot ene/kg pulp), accor ding to Ri vas (1982). The con tent

of b-c ar ot ene in the Ha den va riety was lower than the con -

tent re por ted for other va rie ties. (Mer ca dan te et al. 1997),

found that fruit from hot cli ma te had more b-c ar ot ene

con tent than tho se from mo de ra te cli ma te.

In this study the two va rie ties, both cul ti va ted in hot cli -

ma te (Zu lia Sta te), pre sen ted diffe rent amount of b-c ar ot -

ene con tent among them.

The UV- VIS spec trum (Fig. 2) for the ex tract of the

Criol lo va riety (si mi lar to the Ha den) showed the typi cal

ab sorption wa ve length of the b-c ar ot ene, with three peaks

(430.0nm, 453.9nm, and 477.0nm), one dull peak and the

other two well de fi ned. The lowest wa ve length gets fa ded

due to the num ber of dou ble con ju ga ted bonds (11 for pro -

vi ta min A); it is ne ces sary that the com pound has at least

16 dou ble con ju ga ted bonds in or der to ob ser ve one band

of this type (Fen ne ma et al. 2007).

FTIR spec tro me try was used as an addi tio nal tool for the

iden ti fi ca tion of the struc tu re of the b-c ar ot ene (Fig. 3). The

FTIR spec trum of the b-c ar ot ene ex trac ted from the Criol lo

samp le showed the in ten se ab sorption bands of the sym me -

tri cal and asym me tri cal en lar ge ments of the ole fin C-H
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Fi gu re 1. Re ver sed pha se HPLC se pa ra tion of b-c ar ot -

ene in fresh man go Criol lo using a µ-bon da pack 

C1 8  sta tio nary pha se and 70:20:10

AcCN/CH2Cl2/MeOH mo bi le pha se.

Fi gu re 2. UV-Vis spectrum of b-carotene extracted from

fresh mango Criollo.

Fi gu re 3. FTIR spectrum of b-carotene extracted from

fresh mango Criollo.



bonds (3500 cm-1), the cha rac te ris tic mo de ra tely in ten se

bands of sym me tri cal and asym me tri cal en lar ge ments of

alipha tic C-H bonds (2920 cm-1 – 2860 cm-1) of the methyl

groups pre sent in the mo le cu le, and a band (2400 cm-1) as sig -

ned to the ab sorption fre quency cha rac te ris tic of the CO2.

The re is an irre gu lar peak (1550 cm –1 – 1600 cm –1) ins tead of

the en lar ge ment band of the bonds C = C due to the sym me -

try of the mo le cu le (Sil vers tein et al., 1980).

The re are also bands (1450 cm-1- 1380 cm-1) co rres pon -

ding to sym me tri cal and asym me tri cal fle xions of the

methyl groups men tio ned be fo re and a dis tinc ti ve band of

in ten se ab sorption (1250 cm-1) cha rac te ris tic of en lar ge -

ments of typi cal C- O-C ether bonds; the pre sen ce of this

band in the spec trum of the b-c ar ot ene is due to tra ces of

the sol vent used in the ex trac tion sta ge.

This work re veals that the Criol lo man go va riety is a

good sour ce of b-c ar ot ene. It has a great po ten tial to be

used as a raw ma te rial for the pro duc tion of be ta- ca ro te ne.
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