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ABSTRACT

Bioavailability of catechins in wider range of plants was established earlier and it’s utility as
medicine against cardiovascular disease, cancer, etc. were also demonstrated. Recent techniques in
relation to quantitative analysis of total catechins seem to be laborious and time consuming process
to handle huge number of samples. Established spectrophotometry and HPLC methods developed
earlier for quantitative determination of total catechins in tea extracts were compared in the present
study. UV-Vis spectrophotometric method was adopted to monitor the absorbance at 500 nm of the
reaction mixture (catechins and vanillin-H,SO, reagents). Hewlett Packard automated HPLC was
used and equipped with Phenomenex Luna 5 p phenyl-hexyl column fitted with a Phenomenex guard
column. Binary elution was carried out using Mobile phase A (acetic acid and acetonitrile) and Mobile
phase B (acetonitrile). Method adopted showed a good resolution of catechin fractions and was found
to be accurate for the quantification of total catechins (sum of individual catechins). Results of the
both the methods are comparable and variation amongst the two methods ranged between -3.59
and 2.79% among the clones and varied with seasons. As expected UPASI released tea clones
exhibited variations in their bioavailability. Lean season edge over the cropping period sampling in
terms of total catechins. Results obtained from both the methods are comparable. Two methods can
be used for the routine quantitative analysis of total catechins; however, spectrophotometric method
found to be simple, rapid and cost effective than that of HPLC method unless individual catechins
composition is warranted.

Keywords: Catechin quantification, HPLC, UV-Vis, Tea.

INTRODUCTION selection programme requires precise information

on the diversity existing germplasm and also careful

In tea breeding, selection for high quality  study on the biochemical which contributes towards

genetic material is warranted where the varietal  the quality precursors. Among the biochemical
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constituents, flavanols (catechins) considered as
an important criterion which could be used as a
tool to identify the potential tea accession'?; also
it determines the quality of commercial made tea
besides its medicinal value. Individual proportion of
tea catechins could be important in the determination
of quality and genetic diversity®.

Earlier, methods have been developed
to quantify the catechins/catachin fraction(s)
using spectrophotometer, high performance liquid
chromatography (HPLC), reverse phase (RP) HPLC
and ultra-performance liquid chromatography, etc.* !
However, employing sophisticated instrumentation
techniques in the initial screening process seem to
be laborious and time consuming process. Similarly,
applying above techniques in quantifying the total
catechins with huge number of commercial green/
black tea samples and other herbal formulations,
necessitated to relook into conventional, simple
spectrophotometry in order to quantitative analysis
of total catechins. Present investigation designed to
evaluate and validate the spectrophotometry against
modern HPLC technique.

MATERIALS AND METHODS

Sample collecting site/farm

The experimental site was located at the
UPASI Tea Research Foundation, Tea Research
Institute’s Experimental Farm situated in the
Anamallai hill range (Western Ghats), Coimbatore
District, Tamil Nadu, India. It lies between 10°30’ N
latitude and 77°0’ E longitude at an altitude of 1050
meters above MSL'2. Soils of the Anamallai can be
distinguished as clay, clayey loam and loam with
laterite sub-soil. Soils are highly acidic with a pH
~4.6. Experimental site experienced the decennial
mean maximum temperature ranged from 24 to
27°C and the minimum between 14 and 17°C. The
Anamallais which enjoys an annual precipitation of
approximately 400 cm, distributed throughout the
year; it receives the Lion’s share during south west
monsoon followed by north east monsoon. Relative
humidity recorded during 08.30 hours was ~85%
while it was <70% during 14.30 hours's.

Collecting source and status of the plants
Plants grown at Tea Research Experimental

Farm formed as sample collecting source. Tea clones/

accessions were planted between 1964 and 1965.

Tea plants were pruned at 24" to ease harvesting the
crop at periodic interval. All agronomic practices like
fertilizer application, plant protection measures and
foliar application of nutrients were done uniformly as
per the UPASI recommendations™.

In order to study the clonal variation, nine
UPASI released clones (UPASI-1, UPASI-3, UPASI-5.
UPASI-9, UPASI-10, UPASI-12, UPASI-13, UPASI-15,
UPASI-17 and UPASI-22) were subjected to flavanol
analysis and to validate modern HPLC method
against conventional UV-Visible spectrometer
technique. Irrespective of the clone/accession,
harvested crop shoots comprised of two to three
leaves and a bud were utilized as experimental
samples for total catechins quantification using UV-
Vis technique and estimation of flavanol composition.
Regular sampling was done both during crop and
lean seasons of an agricultural year.

Preparation of alcoholic extract for total catechin
quantification

Tea shoots comprising two to three leaves
and a bud (about 1.0 g) were weighed and ground
well with absolute ethyl alcohol. The contents were
filtered and the filtrate was made up to 50 mL
with ethyl alcohol. Alcoholic extract was used for
estimation of total catechins using UV-Vis method.
One mL of the alcoholic extract was diluted to 50
mL with distilled water. To the 2.0 mL of the diluted
extract, 6.5 mL of ice cold vanillin (1% vanillinin 70%
sulphuric acid) was added slowly to avoid immediate
colour development. The contents were made up to
10 mL with distilled water, shaken well and allowed
to stand still for 15 min for completion of reaction.
Absorbance of the orange colour developed was read
at 500 nm against the reagent blank in PerkinElmer
Lambda—35 UV-Visible spectrophotometer. Amount
of catechins present in tea leaves were calculated
using the standard calibration curve computed
with the values obtained against known concentrations
(5 to 25 ppm) of (+) catechin (Sigma Chemicals
Private Limited, Bangalore) and the results were
expressed as per cent catechin equivalents’.

Sample preparation for catechin fractions using
HPLC

Field collected tea samples were oven
dried at about 70+5°C for 24 hours. Completely dried
samples were macerated using pestle and mortar,
sieved and the fine powder was used for extraction.
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Powdered sample (0.1 g) was extracted using 5.0
mL of 70% methanol on a water bath maintained
at 70°C for 30 minutes. Extraction was repeated
with equal volume of methanol, centrifuged and the
supernatant was made up to 10 mL. One mL of the
extract was diluted to 5.0 mL with stabilising solution
(0.25% each of EDTA and ascorbic acid in 10.0%
acetonitrile). Sample was filtered through 0.20 um
nylon membrane filter and used for high performance
liquid chromatograph analysis.

Hewlett Packard 1100 Series automated
HPLC was used for the study and the system was
equipped with Phenomenex Luna 5 um phenyl-hexyl
column (250 mm length x 4.6 mm internal diameter)
fitted with a Phenomenex guard column (4 x 3 mm
phenyl hexyl bonded catriage). Column temperature
was maintained at 35+0.5°C. Absorbance of
compounds was measured at the wave length of
278 nm. Binary elution was carried out using Mobile
phase A (2.0% acetic acid and 9.0% acetonitrile)
and Mobile phase B (80% acetonitrile). Gradient
programme was used where 100% Mobile phase
A for 10 min then over 15 min a linear gradient of
68% mobile phase A followed by 32% Mobile phase
B and hold at conditions for 10 minutes. Then rest
to 100% Mobile phase A and allowed to equilibrate
for 10 min before next injection’®.

Standards (gallic acid, epigallo catechin,
(+) catechin, epicatechin, epigallo catechin gallate,
caffeine and epicatechin gallate) procured from
Sigma Aldrich, USA were used for preparation of
calibration curve. Data integration was performed
using HPLC Chemstation Software. Individual
catechin fractions were computed and presented
as per cent corresponding individual catechin
fractions/g dry weight'”.

Data analysis

Statistical analysis of the generated data
were analysed statistically for analysis of variance
(ANOVA) and the differences that existed among
the results were compared with standard error
mean (S.E. mean) and critical difference (C.D.) at
five per cent probability'®. In order to understand the
relationship that existed among the catechins and
its wave length absorption were regressed using the
special purpose statistical software.

RESULTS AND DISCUSSION

Time requirement for preparative analysis
of both UV-Vis spectrometry and HPLC methods for
quantitative analysis of total catechins is illustrated
as Fig.1. Leaving the time required for collection
of crop shoots and preparation of reagents/mobile
phase and reference standards required almost
identical duration in both the cases. There was a vast
variation existed with respect to time requirement,
right from preparation of the samples till the analysis.
Almost an hour is enough to quantify the total
catechins adopting the UV-Vis spectrophotometer
method while it was about to 28 h in case of HPLC
method. Leaving the drying of crop shoots for 24 h
or overnight, sample preparation and its analysis
through HPLC requires almost 4 h which is time
consuming process with respect to total catechin
quantification. Over and above solvents used once
cannot be reused. HPLC method can be adopted
wherever it required with particular reference
to composition of individual catechins/relative
distribution of catechin fractions.

1.0 g crop shoot ground with
ethvl alcohol (5 minutes)

Oven dried crop shoots powdered
finely & sieved (24 hours)

0.1 g sample extracted with 5.0

Filter & made up to 50 ml with
ethyl alcohol (10 -15 minutes)

Dilute 1 ml filtrate up to 50 ml
with distilled water (2 minutes)

2 ml of diluent + 6.5 ml of ice
cold vanillin reagent

Makeup the reaction mixture to
10 ml with distilled water to 10
ml (2 minutes)

Incubate for 15 minutes for
completion of reaction

Read at 500 nm against blank
using UV-Vis
spectrophotometer

ml of 70% methanol on a water
bath at 80°C for 30 minutes (30

Cool, centrifuge at 2000 rpm &
collect supernatant (30 minutes)

Repeat the extraction twice with
same quantity of methanol

Pool the collected supernatant &
made up to 10 ml (2 minutes)

1.0 ml extract diluted to 5.0 ml of

stahilizing solution & filter
through nylon membrane

Inject 20 ul of sample and read at
278 nm using HPLC as detailed
(30 - 45 minutes)

Fig.1. Time taken for preparative analysis of total catechins
thro’ UV-Vis and HPLC methods

Bee-Lan Lee and Choon-Nam Ong®reported
the comparative analysis of tea catechins and
theaflavins by high performance liquid chromatography
and capillary electrophoresis with green and black
teas. They reported the tea polyphenols (inclusive of
catechin fractionss) eluted 27 min by HPLC system
and it was less than 10 min by capillary electrophoresis.
The results explicitly corroborates with our findings
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with respect to HPLC analysis. However application
of capillary electrophoresis to determine the total
catechins seems to be laborious.

Catechins and vanillin reagent complex
developed orange colour which absorbed the
wavelength of 500 nm under UV-Vis spectrophtometer.
Calibration curve obtained for the various concentrations
of standard, (+) catechin showed linearity (Fig. 2). As the
catechin standard concentration increased from 5 to 25
ppm, the absorbance (optical density) value increased
concurrently. Results indicated that the concentration
of (+) catechin had good linear relationship fitting the
regression equation, Y = a + bx where a = 0.673, b =
45.54 and x is the absorbance value and with a linear
correlation coefficient (r?) of 0.9964. To validate the
linear regression equation, randomly collected crop
shoots of tea plants subjected to total catechin content
using UV-Vis spectrophotometer method. Tea extracts
of unknown origin (seedlings) recorded as high as
17.50% of total catechins (Table 1).

0.6 Opical density
’ ...Calculated
0 Observed OD

0.3

Y=45.54x + 0.673;r*:0.9964

0 5 10 15 20 2
+ catechin concentration in ppm

0.0

th

Fig. 2. Calibration curve obtained from various
concentrations of + catecin standards
Table 1: Total catechin content of seedling teass
quantified using UV-Vis pectrophtometer

Sample Catecin Sample Catecin
number content (%) number content (%)
1 14.19 9 15.56
2 15.73 10 16.43
3 16.01 11 16.09
4 15.18 12 16.53
5 17.50 13 16.90
6 14.86 14 15.34
7 16.25 15 16.42
8 15.77 16 17.01

Contrary to the present results, He et al.,®
established that the spectrophotometric method used
to monitor the change in absorbance that occurs
during the reaction between catechins and vanillin-
HCI reagents. The catechin-vanillin complex showed
peak absorbance at 505 nm. Developed spectrometric

method showed varying results with individual catechin
fractions and authors suggests that proper choice
of standard is required for the spectrophotometric
quantification of total catechins. In the present study,
(+) C was used as reference standard; but unlike
the previous report?, in the present study, calibration
curve of (+) C and regression formula derived from
spectrophotometric method and the results obtained
with HPLC method were comparable.

It may be noted that the methods described
by Swain and Hillis' was adopted for determination of
total catechins. In the present study, vanillin reagent
was prepared with 70% sulphuric acid instead
of HCI as reported by He et al.,2. Vanillin reagent
was added with sample with ample care to avoid
sudden generation of heat and thereby immediate
development of colour. In order to avoid the above
circumstances, ice cold reagent was used besides
the sample containing test tubes were kept in anice
bath. In the present study the reaction mixture was
read at 500 nm in UV-Vis spectrophotometer, unlike
505 nm as reported by He et al. 2.

The extracted sample from dried green leaves
was analysed on HPLC under the predetermined
conditions. Among the catechin fractions, epigallo
catechin (EGC) was eluted first (Fig. 3) followed by
simple catechin (+C), epicatechin (EC), epigallo catechin
gallate (EGCG) and epicatechin gallate (ECG). In the
present study, fractions of the catechins eluted between
8.829 and 23.723 minutes (Retention time).

Andreas et al.,'® reported a simple, rapid
and precise high performance liquid chromatography
analysis of tea cateechins and they claimed that the
technique they reported can be applied to all kinds of
tea and tea products the method superior to detect
too low concentrations of catechins.
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Fig. 3. HPLC elution of individual catechins retention times
of individual catechins: 4.060—gallic acid; 8.820—epigallo
catechin; 11.563—simple catechin; 15.885: caffeine; 17.631-
epicatechin; 19.071- epigallocatechin gallate; 23.723;
epicatechin gallate
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As an integral part of the study, crop
shoots collected from 10 different tea clones were
subjected to total catechin analysis adopting both
UV-Vis spectrometry and HPLC method. Results
obtained both during lean and crop seasons were
presented individually (Tables 2 & 3). About one

per cent variation was observed between lean and
crop seasons with respect to total catechins (mean
values) where crop shoots sampled during lean
season edge over the cropping period. As it was
expected tea clones exhibited moderate to significant
variation among them.

Table 2: Relative distribution of catechin fractions (HPLC method) and total catechins quantified using
UV-Vis spectrophotometer with crop shoots collected during lean season

Clone Gallic acid EGC +C EC EGCG ECG Total UV-cat Variation%
............................... Distribution in percent ...........ccooiiiiiiiiiii
UP-1 0.55 0.87 0.53 0.87 13.20 1.26 17.28 17.55 -1.56
UP-3 0.31 0.74 0.75 1.12 12.23 1.38 16.53 16.75 -1.33
UP-5 0.25 0.29 0.31 0.82 12.38 1.27 15.32 15.84 -3.39
UP-9 0.18 0.26 0.56 1.84 11.82 1.89 16.55 16.97 -2.54
UP-10 0.34 0.68 0.68 1.85 12.18 1.82 17.55 17.25 1.71
UP-12 0.23 0.37 0.93 1.62 11.19 1.29 15.63 15.79 -1.02
UPI-13 0.34 0.46 0.93 1.71 10.67 1.24 15.35 15.66 -2.02
UP-15 0.47 0.64 0.86 1.33 12.31 1.35 16.96 17.25 -1.71
UP-17 0.52 0.62 0.69 1.79 12.59 1.96 18.17 17.76 2.26
UP-22 0.28 0.32 0.89 1.68 10.25 1.97 15.39 15.72 -2.14
S.E. mean 0.04 0.09 0.12 0.23 0.82 0.16 0.49 0.37 -
C.D. @ 5%: 0.08 0.18 0.25 0.46 1.64 0.32 0.99 0.74 -

Table 3: Relative distribution of catechin fractions (HPLC method) and total catecins quantified using
UV-Vis spectrophotometer with crop shoots collected during crop season

Clone Gallic acid EGC +C EC EGCG ECG Total UV cat Variation%
............................... Distribution in percent ...........ccooiiiiiiiiii
UP-1 0.51 0.73 0.48 0.83 12.41 1.18 16.13 15.76 2.31
UP-3 0.34 0.67 0.64 1.04 11.86 1.20 15.75 15.88 -0.83
UP-5 0.30 0.25 0.30 0.70 11.88 1.26 14.69 14.90 -1.42
UP-9 0.25 0.29 0.53 1.66 10.99 1.83 15.55 15.48 0.46
UP-10 0.31 0.63 0.65 1.79 11.21 1.69 16.27 16.52 -1.53
UP-12 0.22 0.36 0.86 1.56 10.74 1.19 14.92 15.16 -1.59
UP-13 0.29 0.43 0.83 1.62 10.24 1.12 14.53 15.05 -3.59
UP-15 0.40 0.57 0.83 1.26 11.08 1.28 15.42 15.78 -2.31
UP-17 0.45 0.55 0.67 1.68 11.71 1.74 16.81 16.34 2.79
UP-22 0.31 0.31 0.83 1.50 9.94 1.87 14.76 14.98 -1.46
S.E. mean 0.07 0.11 0.19 0.19 0.54 0.21 0.36 0.42 -
C.D. @ 5%: 0.13 0.22 0.37 0.40 1.08 0.42 0.71 0.83 -

EGC: epigallo catechin; +C: simple catechin; EC: epi catechin; EGCG: epigallo catechin gallate; ECG:epicatechin gallate; Total: sum of
catechin fractions; UV cat: total catechin quantified with UV-Vis method; Variation %: % variation observed between HPLC and UV-Vis
methods; UP: UPASI; S.E. mean: standard error mean and C.D. @ 5%: critical difference (among the clones) at five percent level

Analysis of the generated data with HPLC
quantification, UPASI-17 registered significantly
higher total catechins (sum of individual catechins)
followed by UPASI-10 and UPASI-1. There was a
slight deviation with respect to UV-Vis technique,
where UPASI-17 recorded significantly higher
values of total catechins followed by UPASI-1 and
UPASI-10 (Table 2). It may be noted that seasons
influenced the biosynthesis of metabolites. When
compared to that of lean season, bioavailability of

total catechins exhibited divergent trend during crop
periods in connection with UV-Vis data. Itis pertinent
to mention that UPASI-10 registered higher amount
of total catechins followed by UPASI-17; however,
the values are statistically not significant at five per
cent probability (Table 3).

Catechins and its fractions in south
Indian tea clones were described by Saravanan
et al.,?° and Jibu Thomas?'. Results obtained in the
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present study substantiated the earlier findings with
regard to clonal variation. Factors influencing the
bioavailability of catechins were reported earlier?>2,
Data generated in the present study supported their
findings with reference to seasonal variations.

The study aimed to validate the
spectrophotometric method to quantify total catechins
and confirmed with results obtained with HPLC
where the results are comparable. Considering the
time factor, potentials, cost effective, simple and

reproducible for the quantification of total catechins
using spectrophotometric method was envisaged to
be highly beneficial for the tea industries. Considering
the cost, time factor, tedious procedure and demands
highly skilled personnel, spectrophotometric method
can be employed for the determination of total
catechins unless the relative distribution of catechin
fractions are required, specifically.
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