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ABSTRACT

The carotenoid pigments of Dodder (Cuscuta reflexa) were characterized with the help of chromatographic
(HPLC) spectroscopic and chemical properties. Major carotenoids characterized were:, β, β – carotene β,ψ-
carotene, lycopene, rubixanthin, lutein, and violaxanthin along with the esters of, β-cryptoxanthin lutein,
rubixanthin and violaxanthin.
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Introduction

Fruits, vegetables and all the green plants are good sources of antioxidant phytochemicals like carotenoids,
which are responsible for their colour. The role of carotenoids in animals is well established as a precursor
of vitamin A (Olson, 1996). There is a second form of vitamin A i.e. 3,4- dehydroretinol (Vitamin A2). This
form may either be formed from vitamin- A or from some specific carotenoids having one 3,4-dehydro β-
ionone ring  (Barua and Das, 1975)  In search of such carotenoids we carried out analysis of a few selected
plants available in Northeast India.

Carotenoids have been projected by many researchers & epidemiologists as a protective natural antioxidant
in several forms of cancer, coronary heart disease, macular degeneration etc. The matter has recently been
reviewed (Russel, 2006). Dodder, grown over the hedge, has a bright orange stem indicating the presence of
carotenoid. The plant grows widely in Northeast India. It is a leafless (with a very small content of chlorophyll
in stem) total stem parasite. They grow on other angiosperms and suck food from the host by means of special
roots like bodies (haustoria) and become very dark orange in colour at the expense of the food stored in
creeping stem. We therefore carried out a quantitative analysis of the carotenoids of the dark orange stem of
dodder.

Material and methods

Reagents:

Synthetic standard carotenoids were obtained from F. Hoffman-La Roche, Basel Switzerland. Standard
HPLC-grade Acetonitrile, water, Dichloromethane were obtained from Merck, Mumbai, India. Solvent for
extraction i.e. extra-pure dichloromethane was obtained from Merck. The other laboratory reagents like
potassium hydroxide, Butyl hydroxy tulene (BHT) were also obtained from Merck.
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The sample of Dodder (Cuscuta reflexa) were collected from the Gardens of NF Railway Headquarter at
Maligaon growing wildly on a Hedge plant , Clerodendrum enermi.

Extraction and estimation of total carotenoid:

Extraction of carotenoids was carried out under yellow light of the laboratory. Dodder was purified and
weighed. The known amount of dodder (20 gram) was ground in a mortar and mixed completely with
anhydrous sodium sulphate.  The carotenoid pigments (along with a small amount of chlorophyll) were
extracted in dichloromethane. The extraction was repeated several times until the extracts were colourless. The
pooled extract was evaporated to dryness a Buchi rotavapour. The residue was dissolved in 100 mL of
petroleum ether. The estimation was carried out by following the procedure of Britton, 1985
spectrophotometrically with the help of Shimadzu spectrophotometer. This extract was then separated by  high
performance liquid chromatography (HPLC). The procedure followed for the analysis of carotenoids was from
Britton, 1985 and Edelenbos  et al., 2001).

HPLC:

The HPLC system includes two pumps, LC-8, 25 X 4.6 mm, 5μm column and a SPD- M10AVP Shimadzu
Photo Diode Array detector set at 450 nm. The mobile phase for chromatography was solvent
A6CH3CN:H2O=97.5:2.5 and solvent B6 CH3CN: DCM=7:3.The time program was from 0 to 5 min  solvent
A 100%, flow rate 0.6  mL min-1; At 25th min   solvent B concentration 100%, flow rate 1.2 mL min-1; At
30th min   solvent B concentration 100%, flow rate 1.2 mL min-1; At 35th min  solvent A concentration 100%,
flow rate 0.6 mL min-1; 40th min was the  stop time.

The extract (1 ml) was evaporated to dryness and dissolved in a 10mL volume of solvent CH3CN:
DCM=7:3 and out of that a known volume (10μL) was injected into HPLC loop. Peaks in the chromatogram
were identified comparing their retention times with that of the standard carotenoids and also from the visible
spectra associated with each peak. Each fraction of carotenoid was estimated by the peak area (associated with
each carotenoid).

Saponification:

1 mL of methanolic solution of the extract was saponified with 100μL of 80% methanolic potassium
hydroxide solution in presence of 50µL of 0.02% BHT as antioxidant by heating at 85oC for five minutes. The
saponified carotenoid was extracted in hexane several times till the extracts were colourless. The extract was
washed thoroughly with distilled water till alkali was removed (tested with phenolphthalein). By saponification
the esters of xanthophylls were converted to free carotenoids and chlorophylls were also removed. The extract
in hexane was evaporated to dryness and was dissolved in known amount of CH3CN: DCM=7:3 .10 μL was
injected in the loop under the same system of HPLC as mentioned above.

Results and discussion

The total carotenoid extracted from the stem of dodder was estimated spectrophotometrically. The total
carotenoid was 234.17 ± 2.3μg per gram of fresh dodder. Both saponified and non-saponified extract of dodder
were analyzed by HPLC.

HPLC results for non- saponified extract:

The chromatogram of non-saponified extract showed several peaks (Figure 1). The first carotenoid fraction
(i.e. retention time, 7.511min) was associated with visible spectra 419 440 472 in nm. The fraction was
expected to be violaxanthin, which is a xanthophyll with two epoxy groups having similar absorption spectra.
Violaxanthin was estimated from the peak area to be 11.8±7.8μg per gram of dodder. 

The second peak (i.e. retention time, 8.213min) was identified as lutein because its retention time and
visible spectra (λmax at 421 445 474 in nm) resembles that of authentic sample of lutein. From the peak area
it was estimated that one gram of fresh dodder contains 23.03±9μg of lutein. 

The third fraction (i.e. peak retention time, 11.126min) showed absorption spectra (λmax at 434 460 490
in nm) similar to rubixanthin. The fraction was estimated to be 7.6±2.6μg/g of fresh dodder.

The fourth fraction (i.e. peak retention time, 14.663min) showed similar absorption spectra (λmax at 443 472
503 in nm) and retention time as standard all trans lycopene and it was estimated to be 10.69±4.6μg/g of fresh
dodder.

The fifth carotenoid fraction (i.e. peak retention time, 17.869 min) showed spectra λmax at 437 460 494 in
nm and was identified to be β,ψ- carotene. The fraction was estimated to be 22.49±3.8μg/g of fresh dodder.
 The sixth carotenoid fraction (i.e. peak retention time-21.189min) showed absorption spectra (λmax at 425 454
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479 in nm) which resembles the authentic samples of β, β–carotene. The fraction was estimated to be
74.5±5.5μg/g of fresh dodder.

The peaks with retention time 32.673, 33.451, 35.000, 36.865 min showed visible spectra similar to
violaxanthin. So, it was a conjecture that the peaks were associated with violaxanthin esters. The total amount
of esters of violaxanthin was estimated to be 18.7±3.7μg/g of fresh dodder. Similarly, the peaks with retention
times, 23.317, 23.783, 24.384, 34.530, 37.865 and 39.165 min were supposed to be lutein esters and were
estimated as 19.8±4.8μg/g of fresh dodder. From the peak areas with retention time, 26.923, 28.721,and
30.742min, rubixanthin esters were estimated as 22.99±3.3μg/g of fresh dodder.

Though we did not get any peak for free β –cryptoxanthin but we found peak associated with ester of
β–cryptoxanthin (peak retention time 25.163, and 26.395min.). The esters of β–cryptoxanthin were estimated
as 7.4±1.3μg/g of fresh dodder. Presence of β-cryptoxanthin ester in vegetables and fruits has also been
reported (Breithaupt and Bamedi, 2001)

HPLC results for saponified extract:- 10μL of the saponified extract  was injected into the column. As we
expected in the chromatogram (Figure 2) we found no peak after the peak associated with β, β – carotene (21.1
min).   Further, it is very worthwhile to mention that the amount of the free carotenoids i.e. violaxanthin,
cryptoxanthin, & lutein were significantly increased after the hydrolysis of the corresponding esters.  This is
evident from the observation of the chromatogram in Fig 1  &  Fig 2.

Fig. 1: HPLC Chromatogram of an extract of Cuscuta reflexa. Column  LC-8, 25 X 4.6 mm, 5μm column,
mobile phase gradient of acetonitrile-water and acetonitrile- Dichloromethane, detection wave length
450 nm. Peak1-violaxanthin; Peak 2- lutein ;  Peak 3-rubixanthin    ;  Peak 4-chlorophyll b  ;  Peak
5-lycopene;    Peak 6- β,ψ- carotene     ; Peak 7- β, β – carotene. Peak 8-19 esters of xanthophylls

Fig 2: HPLC chromatogram of the saponified extract of Cuscuta reflexa. Peak1-violaxanthin; Peak 2 lutein;
Peak 3-rubixanthin; Peak 4-lycopene; Peak 5- β,ψ- carotene; Peak 7- β, β – carotene.

From the chromatogram of saponified extract we estimated violaxanthin content as 32.07±3.2μg, lutein
content as 48.81±3.7μg and rubixanthin content as 27.3±7.2μg.  In the chromatogram we found a peak with
retention time 12.641min and absorption spectra  (λmax at 425 449 472 in nm) similar to that of standard β
–cryptoxanthin. 

The first carotenoid, which appeared in HPLC chromatogram with peak retention time-7.511min) was
confirmed as violaxanthin by acid drop test. i.e. on addition of 1 drop of 0.1 M methanolic HCl the absorption
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spectra was shifted from 436nm to 401 nm (in Methanol), which is characteristics of two 5,6-epoxy groups
(Isler, 1971).

Table 1: HPLC separated carotenoids identified in Dodder, Retention times, visible spectra and amount of each fraction.
Name of carotenoid Retention time of non-esters (min) Visible spectra λmax in nm Carotenoids μ g / g  o f

dodder
--------------------------------------------
Free Carotenoid
carotenoids esters

Violaxanthin 7.511 419 440 472 11.8±7.8 18.7±3.7
Lutein 8.213 421 445 474 23.03±9 19.8±4.8
Rubixanthin 11.126 434 460 490 7.6±2.6 22.9±3.3
β-cryptoxanthin 12.641 425 449 472 *** 7.4±1.3
Lycopene 14.663 443 472 503 10.69±4.6 **
β,ψ- carotene 17.869 437 460 494 22.49±3.8 ***
β, β – carotene 21.189 425 454 479 74.5±5.5 ***

Discussion:

Dodder is a parasite plant. It cannot a good source for carotenoids. The plant synthesizes both carotenes
like lycopene; β, ψ- carotene; β, β – carotene and xanthophylls like violaxanthin; lutein; rubixanthin. The most
of the xanthophylls containing remain as esters. i.e. these esters consist of xanthophyll and fatty acid. Esters
of these xanthophylls show similar visible spectra to that of he free xanthophyll. But as the fatty acid part is
different in the HPLC chromatogram they get separated. That is why for one particular xanthophyll (containing
hydroxyl group) 3-8 peaks appear in the chromatogram These esters appears in HPLC chromatogram after the
peak of β, β-carotene. As we did not have the standard samples for the esters we tentatively identified from
their corresponding visible spectra.  Our assumption was proved when we hydrolyzed the extract with KOH
we find no peak after β-carotene peak because on hydrolysis the esters were converted to free xanthophylls.
On hydrolysis the peak area associated with violaxanthin; lutein, rubixanthin increase proving that these
carotenoids contain hydroxyl group.

Violaxanthin is a xanthophyll containing two 5,6-epoxy groups. When acid drop test was performed the
two-epoxy groups were converted to 5,8 –furanoid group.  So, the absorption spectra shift from 436nm to 401
nm. This test confirms that the carotenoid associated with the first peak in the HPLC chromatogram is
violaxanthin.

Conclusion:

Thus it can be seen that the fully matured dark orange stem parasite, Dodder (cuscuta reflexa) contains
violaxanthin, lutein, lycopene,  β,ψ- carotene, β, β – carotene and β-Cryptoxanthin.  Of these the xanthophylls
of Lutein,  β-Cryptoxanthin & Violaxanthin were also present as esters along with their forms in the natural
condition of the biomass.
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