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Abstract

Near infrared spectroscopy (NIRS) was
used to develop calibration models to
predict aspalathin, nothofagin and dihy-
drochalcone contents of dried, green roo-
ibos, and mangiferin and hesperidin con-
tents of dried, green Cyclopia genistoides
plant material. NIRS can effectively pre-
dict the aspalathin content of dried, green
rooibos with a standard error of predic-
tion (SEP) and correlation coefficient (r) of
0.45g.100 g and 0.92, respectively, and
the dihydrochalcone content of rooibos
with an SEP of 0.49 g.100 g'' and
r of 0.93. Extending the aspalathin con-
tent range of the sample set with samples
manipulated with a rooibos extract pow-
der containing high concentrations of as-
palathin (15.95 g.100 g') and nothofagin
(1.94 g.100 g, slightly less accurate
models were obtained for the aspalathin
(SEP = 0.53 g.100 g''; r = 0.93) and di-
hydrochalcone (SEP = 0.57 g.100 g*;
r = 0.94) contents. The NIRS calibration
model developed for nothofagin content
(SEP = 0.10 g.100 g'*; r = 0.84) (ex-
tended range: SEP = 0.10 g.100 g'7;
r = 0.88) of dried, green rooibos, as well
as the calibration models developed for
mangiferin (SEP = 0.46 g.100 g;
r = 0.86) and hesperidin (SEP = 0.38 g.
100 g™"; r = 0.85) contents of dried, green
C. genistoides can be used for screening
puUrposes.

Introduction

The growing interest in natural plant prod-
ucts by the nutraceutical and cosmetic in-
dustries during the past number of years
resulted in a large number of polyphenol-
enriched extracts on the market. Rooibos
(Aspalathus linearis) and honeybush (Cy-
clopia spp.) are two indigenous South Af-

rican herbal plants containing high quan-
tities of the polyphenolic compounds,
aspalathin and mangiferin, respectively,
contributing to their antioxidant activity.

Rooibos tea is the common name for the
plant, Aspalathus linearis spp. linearis,
and its infusion. The absence of caffeine
and its low tannin content compared to
black tea, make it a popular herbal tea,
both locally and internationally. The phe-
nolic composition of rooibos is unique in
that it contains aspalathin, a rare CC di-
hydrochalcone glycoside.

Honeybush is low in tannins and contains
no or traces of caffeine. Until the1990’s,
honeybush tea was only consumed lo-
cally to a limited extent. The phenolic
composition differs among Cyclopia spe-
cies as well as types within species.

The antioxidant properties of green (un-
oxidised) rooibos (Aspalathus linearis) and
honeybush (Cyclopia spp.) have led to an
increasing interest in the development of
polyphenol-enriched extracts for the nu-
traceutical and cosmetic industries.

The objectives of this study were to:

— develop NIRS calibration models for the
prediction of aspalathin, nothofagin and
dihydrocalcone contents of dried, green
rooibos plant material and the mangiferin
and hesperidin contents of dried, green
C. genistoides plant material.

Materials and Methodology

Green rooibos plant material

A large selection of dried, green rooibos
plant material (n = 340) harvested during
different years (1984, 1999, 2002 and
2004) and from different production areas
(Citrusdal and Clanwilliam, South Africa)
was obtained from the sample collection
of ARC Infruitec-Nietvoorbij. Fresh plant
material was dried at 40°C to ca. 8-10%
moisture content and ground with a
Retsch mill (1 mm sieve). The aspalathin
and nothofagin contents of nine samples
were increased by adding varying
amounts of green rooibos extract powder
with high aspalathin (15.95 g 100 g™") and
nothofagin (1.94 g 100 g') contents to
extend the range of the aspalathin and
nothofagin contents.

Green C. genistoides plant material
The dried, green C. genistoides plant ma-
terial (n = 240) was obtained from ARC
Infruitec-Nietvoorbij (harvested during
2001, 2003, 2004 and 2005). The fresh
plant material was dried at 40°C to ca. 8-
10% moisture content and ground with a
Retsch mill (1 mm sieve).

Near infrared spectroscopy measure-
ments

Dried, green rooibos and C. genistoides
plant material: A Buchi NIRLab N-200
Fourier transform near infrared (FT-NIR)
spectrophotometer with NIRLabWare
(version 3.0) near infrared (NIR) measure-
ment software was used to perform the
NIRS measurements in diffuse reflectance
mode. The ground, dried plant material
was presented to the instrument in rotat-
ing glass petri-dishes and the NIR spec-
tra collected from 1000-2500 nm at a res-
olution of 12 cm! resulting in 1557 data
points.
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NIRS calibration model develop-
ment:

Buchi NIRCal (version 4.21) was used for
calibration model development. The pre-
treatments, multivariate calibration meth-
ods and number of samples in the cali-
bration and validation sets used for each
respective compound are summarised in
Table 1. The calibration models were val-
idated by means of independent valida-
tion and no outliers were removed.
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Conclusions

Near infrared spectroscopy showed
promise as a rapid method to quantify the
aspalathin and dihydrochalcone contents
in green rooibos plant material, since an
accuracy of ca. 0.5 g.100 g1 would be
acceptable for the prediction of these
compounds by the industry. It could be
used to standardise green rooibos plant
material at an early stage of processing.
Nothofagin, mangiferin and hesperidin
NIRS calibration models could be used
for screening purposes. Nothofagin is
present in much smaller quantities than
aspalathin which could have contributed
to the slightly less accurate calibration
models. The lower accuracy of the man-
giferin and hesperidin calibration models
could be due to the difference in solubil-
ity of these compounds.

Preparation of different extracts using dif-
ferent solvents for optimum extraction of
each compound might improve the accu-
racy of the reference data and therefore
the calibration models. All the calibration
models developed for the green rooibos
and C. genistoides plant material could
be improved by adding more samples to
give a more even distribution of the as-
palathin, nothofagin, dihydrochalcone,
mangiferin and hesperidin contents.
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Table 1:

Summary of pretreatments, multivariate calibration methods and number of samples in the calibration and valida-
tion sets used during calibration model development of the respective compounds in dried, green rooibos and C.

genistoides.

Compound Pretreatment(s) Multivariate Calibration set (n) Validation set (n)
calibration method

Green rooibos plant material

Aspalathin, nothofagin and Db12 PLSP 220 111

dihydrochalcone contents

Aspalathin, nothofagin and n01°, db1 PLS 227 113

dihydrochalcone contents (extended

aspalathin and nothofagin contents)

Green C. genistoides plant material

Mangiferin content msce PLS 160 80

Hesperidin content Db1 PLS 160 80

a
b

First derivative

Partial least squares regression
Normalisation (between 0 and 1)
Multiplicative scatter correction

[eX

The accuracy of the calibration models
was expressed by means of the standard
error of prediction (SEP), the correlation
coefficient (r) and the ratio of SEP to stan-
dard deviation of the validation set (RPD),
which is an indication of the efficiency of

a calibration. The goal of model develop-
ment is to obtain a calibration model with
alow SEP, a highr, preferably above 0.91
and a RPD higher than 5. The SEP should
also be as close as possible to the stan-
dard error of laboratory (SEL).

Results and discussion

Summary of the NIRS validation results
for the prediction of aspalathin, nothofa-
gin and dihydrochalcone contents of
dried, green rooibos and mangiferin and
hesperidin contents of dried, green C. ge-
nistoides plant material, is given in Table 2.

Table 2:
Aspalathin Dihydrochalcone Nothofagin Mangiferin Hesperidin
1 28 1 28 1 28
SEP (g.100g7") 0.45 0.53 0.49 0.57 0.10 0.10 0.46 0.38
r 0.92 0.93 0.93 0.94 0.84 0.88 0.86 0.85
Bias 0.01 0.01 0.01 -0.002 -0.01 -0.01 -0.04 0.02
PLS factors® 5 4 5 4 5 4 4 6
RPD 2.62 2.70 2.71 2.89 1.8 2.10 1.96 1.90

2 Including 9 samples with added green rooibos extract powder with high aspalathin and nothofagin contents.

b Number of PLS factors used.
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Validation plots of the predicted aspal-
athin values versus the measured (HPLC)
aspalathin values for calibration models
for green rooibos plant material with dif-
ferent aspalathin content ranges: a) as-
palathin content range = 0.60-8.61 g.100
g’! (calibration set) and b) aspalathin con-
tent range = 0.60-10.59 g.100 g™* (cali-
bration set).

Validation plots of the predicted dihydro-
chalcone values versus the measured
(HPLC) dihydrochalcone values for cali-
bration models for green rooibos plant
material with different dihydrochalcone
content ranges: a) dihydrochalcone con-
tent range = 0.66-9.61 g. 100 g1 (cali-
bration set) and b) dihydrochalcone con-
tent range = 0.66-11.83 g.100 g
(calibration set).

Validation plots of the predicted nothofa-
gin values versus the measured (HPLC)
nothofagin values for calibration models
for green rooibos plant material with dif-
ferent nothofagin content ranges: a) notho-
fagin content range = 0.07-1.09 g.
100 g™ (calibration set) and b) nothofagin
content range = 0.07-1.24 g.100 g™ (cali-
bration set).

Validation plots of a) the predicted man-
giferin values versus the measured (HPLC)
mangiferin values and b) the predicted
hesperidin values versus the measured
(HPLC) hesperidin values for the calibra-
tion models for green C. genistoides plant
material.
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