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The aqueous extraction process of the leaves of Rubus suavissimus often brings in a large amount
of nonactive polysaccharides as part of the constituents. To purify this water extract for potential
elevated bioactivity, an alcohol precipitation (AP) consisting of gradient regimens was applied, and
its resultants were examined through colorimetric and HPLC analyses. AP was effective in
partitioning the aqueous crude extract into a soluble supernatant and an insoluble precipitant, and
its effect varied significantly with alcohol regimens. Generally, the higher the alcohol concentration,
the purer was the resultant extract. At its maximum, approximately 36% (w/w) of the crude extract,
of which 23% was polysaccharides, was precipitated and removed, resulting in a purified extract
consisting of over 20% bioactive marker compounds (gallic acid, ellagic acid, rutin, rubusoside, and
steviol monoside). The removal of 11% polysaccharides from the crude water extract by using
alcohol precipitation was complete at 70% alcohol regimen. Higher alcohol levels resulted in even
purer extracts, possibly by removing some compounds of uncertain bioactivity. Alcohol precipitation
is an effective way of removing polysaccharides from the water extract of the sweet tea plant and
could be used as an initial simple purification tool for many water plant extracts that contain large

amounts of polysaccharides.
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INTRODUCTION

Rubus suavissimus S. Lee (Rosaceae) is a perennial shrub
widely abundant in Guangxi and Guizhou provinces of China.
The leaf of R. suavissimus is the material used to make beverage
leaf tea by the local residents. Because of its intensely sweet flavor,
it is better known as tiancha in Chinese or Chinese sweet tea. The
sweet taste from the leaf is attributed to the presence of diterpene
glucosides, dominated by the major sweet principle rubusoside
(). Rubusoside has a slightly bitter aftertaste, but it is about
115 times sweeter than sucrose at a concentration of 0.025%,
making it a good candidate for a natural sweetener (2, 3). Other
diterpene glucosides contributing to the sweetness and bitterness
of the leaf include the sweet glycosides, suavioside A (4), suavio-
sides B, G, H, I, and J as well as the bitter glycosides, suaviosides
Cl1, D2, and F (3).

In addition to the use of rubusoside as a natural sweetener,
Chinese sweet leaf has also been used as a folk medicine to treat
various diseases. For example, in southern China, it is used as a
traditional remedy for alleviating hypertension, diabetes, athero-
sclerosis, and maintaining healthy kidneys as well as to relieve
coughs (5). Recent studies have also demonstrated that the sweet
leaf exhibits anti-inflammatory, antiallergic (6, 7), and antiangio-
genic activities (8). As a potential natural inhibitor of angiogen-
esis, the sweet leaf tea extract has been reported to be capable of
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reducing corneal neovascularization in experimental rodents (9).
Furthermore, the ability of sweet leaf to inhibit the transcription
factor NF-«B (10) and o-amylase activity (//) may also prevent
certain metabolic diseases such as diabetes and obesity.

Traditionally, the sweet leaf as beverage or folk medicine was
prepared using boiling water or decoction. This preparation
recovered bioactive compounds such as gallic acid, rutin, ellagic
acid, rubusoside, and steviol monoside as well as other yet-to-be
identified compounds (unpublished data) in a water extract of the
sweet leaf. These bioactive compounds may play an important
role in the development of pharmaceutical and food products.
For instance, gallic acid is one of the active compounds that has
potent antiangiogenic (8) and o-glucosidase inhibitory (/2)
activities. Ellagic acid and rutin, however, are strong antioxidants
(13, 14), and both compounds may also be responsible for
anti-inflammatory activities (15, 16). In addition, ellagic acid
also possesses potent o-amylase inhibitory (//) and anticancer
(17, 18) properties. Although this preparation method may have
extracted the majority of the bioactive components from the leaf
material, it also pulls out a large amount of water-soluble
polysaccharides and possibly other macromolecules such as
proteins that are not bioactive, resulting in a crude leaf extract
that has room for additional purification.

A purified extract with potentially improved bioactivity is
highly desirable in many ways, including but not limited to
reaching an effective dose range in a practical dosage. The first
line of purification is often associated with the removal of
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polysaccharides that are not bioactive yet are highly extractable by
boiling water. Alcohol precipitation is often used to achieve this
initial purification of an aqueous extract. This alcohol precipitation
method is simple, rapid, easily scalable, and cost-effective in the
removal of polysaccharides. Conventional applications of alcohol
precipitation methods are mainly seen during the purification of
plant DNA and RNA (79, 20) as well as isolation of biologically
active polysaccharides (2/—23). However, employing alcohol
precipitation to purify active components from plant extracts is
less common. Alcohol precipitation of crude plant extracts could
separate macromolecules and polymers from small molecules
including those of 1000 Da or less such as gallic acid, ellagic acid,
rutin, and rubusoside. Therefore, it is hypothesized that during the
precipitation process, most of the polymers, such as polysacchar-
ides and proteins, will precipitate, while the small molecules will
stay in the supernatant solution. In the present study, this hypoth-
esis was tested through a series of experiments and quantitative
analyses. Qualitative and quantitative analyses of the purified
extracts were performed using high performance liquid chroma-
tography (HPLC) with the focus on the five bioactive components
adopted from Chou et al. (24). Total polysaccharide in the
precipitated extracts was measured by the phenol—sulfuric acid
colorimetric method. It is hoped that this simple but effective
method could be demonstrated for the sweet leaf tea extract and
used to achieve satisfactory degrees of purification of many other
bioactive botanical extracts.

MATERIALS AND METHODS

Sweet Leaf Material. The sweet leaf tea plants (Rubus suavissimus
S. Lee; Rosaceae) used in this study grew on a farm in Guizhou province,
China. A voucher specimen was obtained and deposited in the Herbarium
of the Louisiana State University. Fresh sweet leaves from the sweet leaf
tea plants were harvested in June and air-dried.

Preparation of the Crude Extract. The crude extract was prepared
by the industry. The air-dried leaves were extracted with distilled water at
an approximately 1:15 w/v ratio. After soaking for 1 h, the decoction was
brought to boil for 60 min. The liquid extract was separated from the solids
by filtration with an approximately 100-um filter screen and cloth, and by
still precipitation. In the industry operation, filtration and still gravity
centrifugation were more cost-effective than other separation methods
such as centrifugation. Thus, the particular procedure was chosen in the
preparation of the crude extract. Later, the filtered supernatant liquid
extract was concentrated and subsequently spray-dried to powder and
designated as the crude extract RUS (batch RUS20040306).

Alcohol Precipitation (AP). The crude extract (RUS) prepared
above was converted to aqueous solutions first by reconstituting the
extract in deionized water at a 1:4 w/v ratio, with the assistance of heat and
stirring as needed. This aqueous solution was also used as a control
regimen expressed as 0% AP (AP-0) subjected to no alcohol precipitation.
For other regimens, appropriate volumes of ethanol (EtOH) were then
added to the water extracts to achieve final ethanol concentrations of
10% (RUS-10), 20% (RUS-20), 30% (RUS-30), 40% (RUS-40), 50%
(RUS-50), 60% (RUS-60), 70% (RUS-70), 80% (RUS-80), 90%
(RUS-90), and 95% (RUS-95). These AP solutions were sealed with
parafilm to avoid contaminations and minimize evaporation. Then, the
solution was allowed to stand for an hour at 4 °C. Supernatant and
precipitant were separated through centrifugation. The supernatant was
removed, and the precipitant was rinsed five times, each time with
approximately 20 mL of appropriate ethanol regimens. Supernatant
solutions were combined and filtered with filter papers (Whatman#4)
(Whatman, Maidstone, Kent ME14 2LE, UK), then concentrated to
remove ethanol, and freeze-drying to powder. The precipitants, however,
were subjected to freeze-drying to yield powdered samples. Dry weights of
supernatant and precipitant samples from each regimen were obtained and
the yield (% w/w) was calculated. Each regimen was done in five replicates.

Measurement of Polysaccharide in the Precipitants by the
Phenol—Sulfuric Colorimetric Method. Development of a Standard
Curve. The phenol-sulfuric colorimetric method was a modified method
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adapted from Gao et al. (25), and glucose was used as a standard in the
determination of total polysaccharides (PSAC) in the precipitant samples.
A glucose stock solution was prepared at a concentration of 0.04 mg/mL.
Subsequently, 0.2 mL,0.4mL,0.6mL, 0.8 mL, 1.0mL, 1.2mL, 1.4mL, or
1.6 mL of the glucose stock solution was transferred to a test tube and
brought up to 2 mL with deionized water. A blank solution was prepared
with 2 mL of deionized water without glucose. These preparations resulted
in a range of glucose concentrations from 0.008 mg/mL to 0.064 mg/mL.
Then, 0.5 mL of 6% phenol solution (Sigma-Aldrich, St. Louis, MO)
was added into each test tube, followed by the addition of 5.5 mL of
98% sulfuric acid. Each tube was mixed well and placed at room
temperature for 30 min. The optimum absorbance of the reacted solution
was measured at 490 nm using an ultraviolet (UV)—visible spectro-
photometer (Beckman DU 720, Fullerton, CA). A standard curve was
obtained by three replications.

Precipitant Sample Purification. For the purification process,
20 mg of precipitant sample was dissolved in absolute EtOH at a ratio
of 1:20 w/v. The solution was sonicated for 30 min and centrifuged at
2060g for 10 min. The supernatant was discarded, and the precipitant
(containing polysaccharides) was dried. The dried precipitant was then
dissolved in a 25-mL volumetric flask with deionized water. The solution
was centrifuged to remove excessive insoluble residues, if any. This was the
sample stock solution.

Determination of the Glucose-Equivalent Polysaccharide
Content. The sample stock solution prepared above (0.1 mL) was
pipetted into a test tube and brought up to 2 mL using deionized water.
A blank solution was prepared with 2 mL of deionized water without the
sample stock solution. Then, 0.5 mL of 6% phenol solution was added into
each test tube followed by the addition of 5.5 mL of 98% sulfuric acid.
Each tube was mixed well and placed at room temperature for 30 min.
The absorbance of reacted solution was measured at 490 nm using a
UV—visible spectrophotometer. Glucose concentration and amount were
obtained on the basis of the standard curve. Polysaccharide content was
expressed as glucose-equivalent polysaccharide in percentage.

Recovery Rate. Ten milligrams of a precipitant sample was dissolved
with a known amount of glucose-equivalent polysaccharide in deionized
water at a ratio of 1: 20 w/v. Then, 0.1 mL of the above solution was
pipetted into a test tube followed by an addition of glucose in the amount
equivalent to that found in the respective precipitant sample. The solution
was then brought to 2 mL with deionized water, and 0.5 mL of 6% phenol
was added into each test tube followed by an addition of 5.5 mL of
98% sulfuric acid. The contents of each tube were mixed well and placed at
room temperature for 30 min. The absorbance of reacted solution was
measured at 490 nm using a UV—visible spectrophotometer. Recovery
rate was calculated on the basis of the following formula with five
replications: recovery rate = (%)[(total polysaccharides (mg)—known
polysaccharides (mg) from precipitant sample)/added glucose (mg)]x 100

HPLC Analysis of the Purified Supernatant Sample. Reference
Standards. Gallic acid (GA; purity >98%), rutin (RUT; purity >95%),
and ellagic acid (EGA; purity >95%) were purchased from Sigma
Chemical Company (St. Louis, MO). The reference standards of rubuso-
side (RUB) and steviol monoside (SM) were isolated by our own lab and
identified by spectral data (UV, MS, '"H NMR, '*C NMR, and 2D-NMR).
Both RUB and SM have purities greater than 98% by HPLC—PDA
analyses based on a peak-area normalization method.

HPLC Conditions. An HPLC system consisting of a Waters
(Milford, MA) 600 pump, a 717 autosampler, and a UV/vis Photo-
diode Array (PDA) 2996 detector was used for all analyses. Chromato-
graphic separations were carried out on an Alltech Prevail C18 column
(250 mm x 4.6 mm, 5 um) with a C18 guard column (7.5 mm x 4.6 mm,
5 um). The mobile phase consisted of solvent A (0.17% phosphoric
acid in acetonitrile) and solvent B (0.17% phosphoric acid in water).
The elution profile for A was 0—65 min, linear gradient of 5—30%;
65—85 min, linear gradient of 30—60%; 85—90 min, linear gradient of
60—70%; and 90—100 min, isocratic 70%. A pre-equilibration period
of 20 min was used between individual runs. Column temperature was set
at 25 °C. The flow rate was 1.0 mL/min, and the injection volume was
10 uL. All compounds were detected at dual wavelengths of 254 (for GA,
RUT, and EGA) and 205 (for RUB and SM) to derive combined
chromatograms.
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Figure 1. Yield of the purified extract (supernatant) as a result of alcohol
precipitation (AP) regimens (n = 5). The quadratic regression model
was fitted. Values are expressed as the mean =+ standard error (vertical
ling; n=5).

Statistical Analysis. Data were analyzed with Statistical Analysis
System (SAS, Cary, NC). Regression analysis was performed to examine
the correlation between the response yield and AP regimen. The statistical
significance of all tests was set at P < (.05.

RESULTS

Aqueous Sample Preparations Prior to Alcohol Precipitation.
Prior to performing alcohol precipitation of the aqueous extract
samples, various extract-to-water ratios ranging from 1:4 w/v
to 1:8 w/v were tested to determine the amount of precipitant
(thus the reciprocal amount of the purified extract) caused by
extract solubility itself. It was found that at the ratio of 1:4 w/v
(i.e., 250 mg/mL), approximately 11% of the extract had already
precipitated in water prior to the addition of alcohol. The yield of
precipitant showed a constant rate of insignificant decrease of
0.2% w/w between the ratios of 1:4 w/v and 1:6 w/v, then leveled
off at 10.6% w/w. On the basis of these results, the partitioning of
each sample due to alcohol precipitation was adjusted and
normalized by eliminating the insoluble effect averaging at 11%.

Yields of the Purified and Precipitant Extracts in Response to
Alcohol Precipitation. AP was successful in partitioning the crude
extract into a soluble supernatant (the purified extract) and
insoluble precipitant. The yields of the purified extracts in the
form of supernatants decreased exponentially from 94% to 55% as
the aqueous ethanol concentrations increased from 0% (control)
to 95% (Figure 1). The highest effect of alcohol precipitation
occurred at the 95% AP regimen, which precipitated 36% of
the crude extract mass as impure components, leaving 55% of
the weight in the supernatant solution, which was later dried to
become the purified extract. The unaccounted 9% was a loss
during the process of filtration, concentration, or freeze-drying.

Changes of Marker Compounds in the Purified Extract to
Alcohol Precipitation. As the ethanol concentrations increased
in the aqueous solutions, the contents of the combined five
marker compounds increased in the solutions (Figure 2). In
the 95% aqueous ethanol solution where the content of the five
markers was highest, the marker compounds accounted for over
20% by weight of the purified extract, a significant 8% increase
from the 10% AP regimen.

To further illustrate the changing trend of each individual
compound, regression models were used to determine the rela-
tionships. Generally, all markers were continuously concentrated
by increasing AP levels, but the pace of and maximum change
differed among the markers (Figure 3). Among them, GA,

Figure 2. Changes of contents of the total five marker compounds in
the purified extract in response to alcohol precipitation (AP). The quadratic
regression model was fitted. Values are expressed as the mean +
standard error (vertical line; n = 3).
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Figure 3. Changes of each marker compound in the purified extract

(supernatant) corresponding to ethanol concentrations in the AP experi-

ments. A simple linear regression model was fitted for RUT. Quadratic

linear models were fitted for the contents of GA, EGA, RUB, or SM. All

values are expressed as the mean =+ standard error (n = 3).

EGA, RUB, and SM had quadratic relationships (P < 0.001)
characteristic of a slow or nearly zero rate of increase at lower
alcohol concentrations followed by a rapid rate of increase. For
example, the contents of GA, EGA, RUB, and SM in the purified
extract seldom changed up to 40% AP regimens but increased
linearly and significantly after this point to a maximum at
95% AP regimen. In contrast, the relationship of RUT and
AP regimens was linear (P < 0.001). RUT content increased at a
constant rate as AP regimens moved upward.

Changes of Chemical Components in the Precipitant to Alcohol
Precipitation. Marker compounds were minor components in the
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precipitant to begin with. At a low alcohol concentration of 10%,
marker compounds accounted for approximately 8% (w/w). As
the alcohol concentrations increased from 10% to 50%, the
contents of the marker compounds decreased at nearly a linear
rate to 2.8%, reflecting an obviously higher affinity of marker
compounds with ethanol than with water. Further increases in
alcohol concentrations of 60% or higher caused an additional
1.2% decrease of the marker compounds, to rest at a final 1.6% in
the precipitant (Figure 4).

Polysaccharide (PSAC), however, was a major component in
the precipitant, a target component to be removed by alcohol
precipitation. The total polysaccharide content was measured
using the phenol—sulfuric acid colorimetric method. A standard
curve (n = 3) was developed and validated using glucose as a
standard compound. The R* was 0.993, and the recovery rate
was 98.79% with a relative standard deviation (RSD) of 2.74.
All polysaccharide measurements were expressed as glucose-
equivalent polysaccharide. Polysaccharide content in the
precipitant linearly increased 4-fold but stopped at 70% alcohol
concentration when maximal saturation was reached (Figure 4).
At that point, polysaccharides accounted for 22.97% of the
precipitant and approximately 11% of the crude extract by
weight. Leveling off of polysaccharide content at the 70%
AP regimen was an indication of the complete removal of
polysaccharides. The observed continued slight increases in the
precipitant yield were accompanied by the slight rebounce of the
unknown components. These components analyses, hence,
demonstrated the positive effect of AP in purifying the bioactive
compounds (markers) in the sweet tea extract through the
removal of polysaccharides. The other unknown constituents in
the precipitant followed similar response patterns to the marker
compounds except at 80% AP or higher, where there was a slight
rebound (Figure 4).
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Chromatographic Fingerprints of the Purified and Precipitated
Extracts. Fingerprints were developed for the purified and
precipitated samples to gain insight into the differences in
composition benchmarked by the five marker compounds
and unknown but characteristic peaks (/—5) that responded
noticeably to alcohol precipitation.

At the 10% alcohol concentration, more GA, peak 1, peak 2,
and RUB were in the supernatant solution than in the precipitant;
less peak 3, peak 4, RUT, and peak 5 were in the solution than in
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Figure 4. Changes of the contents of the five marker compounds,
polysaccharides (PSAC), and unknown constituents in the precipitant in
response to alcohol precipitation (AP). The quadratic regression model
was fitted. Values are expressed as the mean + standard error (vertical
ling; n=3).

AU
o
=]

GA
02 _LML_.LC 5
| . A

RUT
3 J,4 N
! .

EGA RUB

_L S.M RUS-10-S

- 4 RUS-10-P

000 500 1000 1500 2000 2500 3000 3500 4000 4500 £0C0 ©500 €000 €600 7000 7500 80U0 BB00 8000 9500 10000

2 G
035 4
00 2 3 RUT M
312 _ ' ‘l \ % 1 RUS-50-S
_ k.

B

RUB
EGA

RUS-50-P

‘
-

s |y
&,

00 1000 1500 2000 2500 3000 3600 4000 4500 5000 550 €000 6500 7000 7500 8000 &.00 €000 9500 100.00
il

035 GA

a0y —
005 L. I

RUB C
EGA
Do
<025 4
020 2 3 RUT 5 SM
015 L_,._JWMN,.._M - — b RUS-953
)
A A

RUS-95-P

000 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 2500 9000 9500 10000
Mdiuteg

Figure 5. Chromatographic fingerprints of the Chinese sweet leaf tea (Rubus suavissimus) extracts subjected to alcohol precipitation (AP). Selected
chromatograms demonstrate the partitioning of the five marker compounds between the supematant (S) and precipitant (P) fractions as a result of 0% EtOH
(RUS-0), 50% EtOH (RUS-50), or 95% EtOH (RUS-95) treatments. The presence of the five marker compounds is indicated as gallic acid (GA), rutin (RUT),
ellagic acid (EGA), rubusoside (RUB), and steviol monoside (SM). Peaks 1—5 are unknown compounds. Note: alignment may be slightly off for some

fingerprints because of graphic demonstration purposes.
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the precipitant; much less EGA was in the solution than in the
precipitant; and SM was equal in the solution and precipitant
(Figure 5A). At the 50% alcohol concentration, the majority of
GA, peak 1, peak 2, peak 3, and RUB were in the supernatant
solution; peak 4, RUT, and peak 5 were equally split between the
solution and precipitant; more EGA was in the precipitant than in
the solution; and SM was all in solution (Figure 5B). When the
alcohol concentration increased to 95%, some obvious shifts of
partitioning patterns were observed. GA, peak 3, RUT, peak 4,
peak 5, and RUB were almost completely in solution, similar to
SM already started at the 50% AP regimen (Figure 5C). Peak 2
remained unchanged. Conversely, peak 1 and EGA changed to
opposite directions relative to their responses to 50% alcohol
concentration. Most of peak 1 (or the component it represented)
went to the precipitant at the 95% AP regimen, whereas most of it
stayed in the solution at the 50% AP regimen. While more EGA
was in the precipitant at the 50% AP regimen, it was apparently
much less at the 95% AP regimen.

DISCUSSION

Alcohol precipitation allows the separation of small molecules
from polymers and therefore is a useful initial purification
procedure for desired chemical compounds. This procedure has
been applied in many studies to separate biologically active
polysaccharides (2/—23) from other components in botanical
samples. In our current study, however, we found that the
bioactive compounds in the crude extract of the Chinese sweet
tea plant are secondary metabolites with low molecular weight,
rather than those of macromolecules such as polysaccharides.
Thus, in order to eliminate polysaccharides or other polymers in
the crude extract prepared by boiling water, a simple yet effective
method was sought to purify the bioactive small molecules in the
crude extract. In this study, the alcohol precipitation method,
commonly used to obtain pure polysaccharides, was examined
for its effectiveness in removing rather than purifying polysac-
charides from the crude water extract of the Chinese sweet leaf
tea. Schmourla et al. (22) demonstrated that there was a clear
difference of antifungal activity in medicinal and food plants
between the supernatant and precipitant phases using AP as a
purification procedure. The separation which resulted from their
respective study did enhance the antifungal activity of certain
plants.

Another study on the honeysuckle flowers (26) also clearly
illustrated the improvement of chlorogenic acid purity from
31.62% to 37.72% after the precipitation of crude extract with
60% ethanol. Our current finding that the contents of selected
bioactive marker compounds were significantly increased in a
concentration-dependent manner was similar. Using the alcohol
precipitation method, the crude extract of sweet tea was purified
by 1-fold through the removal of 11% polysaccharides and other
yet-to-be identified components. The separation of mass to this
magnitude by a single step shows the efficiency and cost-effec-
tiveness of alcohol precipitation in obtaining purer botanical
samples.

Most interestingly, the degree of purity of the finished product
can be readily controlled so that the purified extract contains the
levels of desired components. For example, to safely remove
all polysaccharides without removing unnecessary unknown
components, 70% alcohol concentrations would be sufficient
and appropriate, and alcohol strength higher than 70% would
cause additional precipitation of unknown components, such
as that represented by peak 1. Although the exact mechanism
is unknown, it may be due to the intrinsic affinity nature of
the compound itself in peak 1. While peak 1 was found to be

Koh et al.

the highest in the supernatant at 70% ethanol, either too high
(e.g.,95%) or too low (e.g., 10%) returned this compound to the
precipitant. Apparently, this compound has higher affinity to
water than to the ethanol. Another example in our study was
EGA (ellagic acid) where the absorption peak was found to be the
highest in the precipitant at 10% alcohol. In fact, as the
concentration of ethanol increased from 10% to 95%, the EGA
content decreased by almost 15-fold in the precipitant. However,
in the supernatant solution, the yield of EGA increased with the
alcohol regimens and then reached a plateau at 80% AP. These
phenomena clearly suggested greater affinity of EGA to ethanol
than water. Liu (27) also reported that most starch, protein,
polysaccharides, inorganic salts, or other polymers can be
removed by AP when using 80% ethanol. Because of the concern
of losing small molecules with high alcohol concentrations
(e.g., higher than 80%), 60% to 75% ethanol is usually recom-
mended to avoid additional loss of bioactive metabolites (27)
Therefore, our detailed quantitative and qualitative fingerprint
analyses over the fractionated extracts as a result of alcohol
precipitation provide the best understanding of the partitioning
behaviors of each known component as well as some unknown
compounds so that specific alcohol precipitation regimens can be
adopted for the desired extract purity and composition.

The crude extract of the Chinese sweet leaf prepared by boiling
water contained approximately 11% w/w of polysaccharides as
determined by the phenol—sulfuric acid colorimetric method. The
phenol—sulfuric assay is a simple, convenient, and sensitive
method to measure the concentration of polysaccharides in plant
extracts. The reaction mechanisms may involve the condensation
with phenol after the parallel dehydrations of carbohydrates with
sulfuric acid (28). Under proper conditions, the phenol—sulfuric
colorimetric method has approximately + 2% accuracy (29) and
has also been applied in microplate format because of its
simplicity and sensitivity (30). Our study indicated that the
recovery rate of the phenol—sulfuric acid colorimetric method
was 98.79% with an RSD of 2.74. These data confirm the validity
of this method in measuring the content of polysaccharides in
complex botanical samples.

Purification of crude plant extracts is widely used in botanical
research to augment the initial observation of biological activities.
Chou et al. (24) have presently developed a validated HPLC
method for assessing the quality of the Chinese sweet leaf tea
extract possessing multiple bioactivities. This would further help
us to quantify and qualify the end products resulting from AP.
Because the stability, safety, and effectiveness of AP depend on
several factors such as the extract concentration, alcohol volume
and concentration, reaction time length, temperature, stirring
procedure during precipitation, and chemical and physical prop-
erties of raw material used in precipitation (27), it is important to
verify and control the overall quality and thus the bioactivity of
the extracts under the conditions of AP. In the study of antifungal
activity, Schmourla et al. (22) demonstrated the lost activity in
some medicinal plants after the separation of the plant extracts
into precipitant and supernatant. The crude aqueous extract of
the Chinese sweet leaf displayed potent antiangiogenesis activities
due to the presence of gallic acid (8). Therefore, to purify
the crude sweet leaf tea extract for increased antiangiogenesis
activity, achieving an increased level of gallic acid is clearly
desirable. However, since gallic acid is not the only compound that
explained the overall antiangiogenic activity of the sweet leaf tea
extract, it is imperative to retain other possible bioactive com-
pounds until proven not useful. This also further explained the
reasons we adopted a longer analytical time (100 min) for our
HPLC methods, which would help us optimize the separation of
compounds, known or unknown, that may exhibit bioactivity (24).
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In addition to the quantity of each known marker compound, the
ratios of these compounds are of great importance to us because
of the prospect of concerted action potential. This argument
might be exemplified by the observed loss in activity in some
medicinal plants after AP regimens (22), which could be a result
of changes of the ratios of active compounds that could have
modified the intrinsic synergistic or additive properties. Because
the alcohol precipitation used in this study resulted in a whole
spectrum of extracts differing in ratios and thus in composition,
these samples warrant differential bioactivity examinations. For
this purpose, detailed fingerprint analyses over the results of a
simple purification procedure were proven worthy.

Conclusions. This is the first article on the purification of
sweet leaf crude extract using alcohol precipitation. Our study
confirmed a clear separation of selected marker components from
polysaccharides in response to alcohol precipitation. The level of
rubusoside, one of the marker compounds and the characteristic
sweetening agent, was doubled in a 95% alcohol solution via a
complete removal of 11% polysaccharides and other macromole-
cules or ethanol insoluble components. Overall, 70% to 80%
EtOH was the best range for purifying the five markers without
risking the loss of many unknown compounds. By employing this
purification method, a significantly purer extract can be obtained
for potential improved bioactivity. Alcohol precipitation, there-
fore, proves to be a useful tool in purifying polysaccharide-rich
plant extracts such as the sweet leaf tea extract.

ABBREVIATIONS USED

AP, alcohol precipitation; GA, gallic acid; RUT, rutin; EGA,
ellagic acid; RUB, rubusoside; SM, steviol monoside; PSAC,
polysaccharides.
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