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ABSTRACT

Unlike pharmaceuticals, precise stability assessment of herbal products is challenging because of their complex nature. A new 
trend in natural products is that the extract is considered active as a whole whether active constituents are known or not. 
Hence, the stability of all the constituents must be taken into account, which is possible by analyzing metabolomic fingerprint 
profiles. Therefore, present study aimed to evaluate ethanol extracts of fruit of Piper sarmentosum, an important medicinal 
plant, for accelerated stability using metabolomic fingerprint profiling. The extract was exposed to three storage conditions of 
different temperature and humidity and analyzed at 0, 1, 2, 4 and 6 months by Fourier transform infrared (FTIR) spectroscopy 
and high performance thin layer chromatography (HPTLC) to get metabolomic fingerprints. FTIR fingerprints in combination 
with chemometrics indicated the changes in metabolomics, stirring with the passage of time at all storage conditions. Visual 
inspection of HPTLC densitograms revealed metabolomic changes in the extracts stored for 6 months at 60 °C and 85% relative 
humidity. The results of the study indicate that the products made from this plant ought to be stored at room temperature, below 
30 °C and 45% relative humidity, and excessive heating must be avoided during manufacturing process. Moreover, the method 
may be used by natural product industry as a tool of identification, classification and discrimination (ICD).
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INTRODUCTION

Stability is a time during which a drug retains its chemical 
integrity and labeled potency within the specified limits. 
The stability of  a pharmaceutical preparation is its 
degree of  resistance to chemical and physical changes. 
A product must be consistent in efficacy and claimed 
potency or may possibly change only within the limits 
specified by legal provisions until expiry date (1). Stability 
studies provide information about storage conditions 
where product is intended to retain its efficacy within 
specified limits. Moreover, it is the most vital factor 
which determines whether a compound or a mixture 
of  compounds can be developed into a pharmaceutical 

product. The stability is affected by physical factors 
such as temperature, moisture and light, and chemical 
factors such as hydrolysis, oxidation, isomerization and 
polymerization etc. The stability testing involves the 
examining of  quality and potency of  a product at suitable 
time intervals is conducted for a period corresponding 
to the normal time that the product is likely to remain 
in stock or in use. Degradation is usually slow at room 
temperature and shelf  life may go up to several years. 
Since the period can be as long as two years, stability 
testing for this period will be time consuming and 
expensive. Therefore, accelerated stability testing is 
devised, which enables a rapid prediction of  long term 
stability of  a product.
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Stability studies of  natural products are difficult as 
compared to pharmaceuticals because these are a complex 
mixture of  various types of  unlimited constituents. 
Different types of  strategies such as marker compounds 
and metabolomic fingerprint profiling may be applied to 
assess the stability of  natural products (2, 3). In the former 
only marker compound(s) is considered ignoring other 
constituents, which may synergize the activity or buffer 
side effects, while the later includes inimitable patterns 
designating the presence of  particular molecule(s), based 
on specialized analytical techniques, which can be used 
to identify active components, contaminants or other 
chemicals present in extracts (4). Therefore, in present 
study, we used FTIR spectroscopy and HPTLC to get 
fingerprints for the evaluation of  stability of  extract of  
an important medicinal plant, Piper sarmentosum.

Piper sarmentosum Roxb. (Piperaceae) is cultivated or found 
wild under shady trees in South East Asian region and is 
well recognized due to culinary and medicinal properties. 
As a traditional medicine, the extracts of  different parts of  
the plant are being used to cure a number of  ailments (5, 
6, 7, 8). The plant has also been investigated for a number 
of  pharmacological activities such as anti-amoebic (9), 
antibacterial (10), anti-neoplastic (7), neuromuscular 
blocking (11), hypoglycemic (12), anti-malarial (13), 
antioxidant (14, 15, 16), anti-TB (17) and antiangiogenic 
(18). Due to these pharmacological properties, nowadays 
different products are being manufactured from the plant 
and marketed without any stability information.

Therefore, present study was undertaken to investigate 
the extracts of  the plant for accelerated stability using 
metabolomic fingerprint profiling, which may provide 
beneficial information to natural product industry about the 
storage of  raw materials and finished products of  the plant 
for safe delivery of  product to the consumer. Moreover, to 
see whether the method can be applied as an effective tool 
of  identification, classification and discrimination (ICD)?

MATERIALS AND METHODS

Plant material and extraction

The fruit of  the plant was collected from the Botanical 
Garden of  the School of  Pharmaceutical Sciences, 
Universiti Sains Malaysia and authenticated by Prof. Dr. 
Zhari Ismail, Herbal Secretariat, School of  Pharmaceutical 
Sciences of  the university where a voucher specimen 
was deposited vide reference No. 0071/06. The fruit 
was cleaned, sliced into small pieces, dried at 40 °C and 
pulverized. The pulverized material (50 g) was extracted 
twice with 300 ml ethanol by reflux for 1 h. The extract 
was filtered and dried in vacuo at 40 °C.

Stability study protocol

Study protocol of  the International Conference on 
Harmonization (ICH) as suggested by the Working Party 
of  Herbal Medicinal Products (WPHMP) of  the European 
Agency for the Evaluation of  Medicinal Products (19, 
20) was applied. The extracts were kept in screw caped 
transparent glass bottles and exposed to three different 
storage conditions of  temperature and relative humidity 
such as 30 °C/60% RH, 40 °C/75% RH, 60 °C/85% RH, 
for 6 months. The humidity was controlled by saturated 
salt solution (21, 22, 23, 24).

Instruments - FTIR spectra were recorded using 
FTIR spectrometer (Thermo Nicolet, USA) equipped 
with software OMNIC version 6.0 a.

HPTLC analysis was performed on system comprising 
of  densitometer (CAMAG Model-3 TLC scanner) 
equipped with winCATS 4 software and semi- automatic 
sampler (Linomat-5). The documentation was performed 
at 254 or 366 nm using CAMAG PROSTER 3 (CAMAG, 
Berlin, Germany).

Analysis of  extracts using FTIR spectroscopy and principal 
component analysis

The potassium bromide (KBr) disk technique was used 
for sample preparation as 2 mg sample was mixed with 
100 mg KBr and grounded as fine powder. The mixture 
was placed in a small mold and pressed for 5 min to make 
disk. Then the disk was removed and placed in a sample 
holder and FTIR spectrum was recorded in the mid-IR 
region 4000-400 cm-1 at resolution 4 cm-1 and 16 scans. 
The samples stored at different storage conditions were 
analyzed in triplicate and the spectra were analyzed by 
principal component analysis (PCA) using PerkinElmer 
software (Spectrum QUANT + v4.51).

Analysis of  extracts using HPTLC

The samples (2 mg/ml in methanol) were applied on 
silica gel 60F254 TLC plates (10 x 20 cm; 0.25 mm layer 
thickness; Merck) by Linomat 5 in duplicate as 2 μl/
application, band length 6 mm, 10 mm from x-axis and 
8 mm from y-axis. The plate was developed up to 8 cm 
in saturated horizontal chamber with solvent system 
comprising of  toluene : ethyl acetate (1 : 1 v/v). The plate 
was dried with gentle warm air and scanned at 260 nm 
using densitometer equipped with winCATS 4 software.

Statistical analysis

FTIR spectra were analyzed by principal component 
analysis (PCA) and results were compared with respect to 
principal component (PC) 1 and 2.
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RESULTS

The FTIR spectra obtained at 0, 1, 2, 4 and 6 months 
from the extracts exposed to different storage conditions 
were compared. It was found that the spectra of  the 
samples stored at 30 °C/45% RH and 40 °C/75% RH for 
6 months were relatively similar indicating the integrity of  
constituents. The FTIR profiles of  the samples stored at 
60 °C/85% RH and analyzed at different time intervals 
(Figure 1) clearly indicated the changes in metabolomics 
due to high temperature and humidity. The FTIR profiles 
of  the samples taken at 4 and 6 months from the storage 
condition, 60 °C/85% RH, varied significantly from those 
taken at 0, 1 and 2 months indicating that metabolomic 
changes started after 2 months.

Besides visual comparison, FTIR metabolomic 
fingerprint profiles were analyzed by principal component 
analysis, a multi variant technique, to compare the profiles 
in fingerprint region (1800-800 cm-1) using PerkinElmer 
software. The results of  PCA (Figure 2) indicated the 
differentiation of  samples into three main groups. This 
differentiation designated the changes in metabolomics, 
stirring at all storage conditions with the passage of  
time.

HPTLC analysis in stability testing based on visual 
comparison of  densitogram fingerprints in which minor 

changes can not be noticed but major changes can be 
observed was used (25). Densitograms of  the samples 
stored at specific condition were recorded at different time 
intervals at 260 nm and compared to observe the effects 
of  different storage conditions with the passage of  time. 
Three dimensional comparisons of  densitigram profiles 
of  different samples (Figure 3) indicated the changes in 
metabolomics at high temperature and relative humidity. 
One dimensional dentistogram fingerprint profiles of  
the samples stored at 60 °C/ 85% RH at different time 
intervals (Figure 4) indicated significant changes, which 
took place with the passage of  time. These results 
indicated that significant chemical changes took place in 
extracts stored at 60 °C/ 85% RH in 6 months.

DISCUSSION

Stability studies provide evidences on how the quality of  a 
drug substance varies with the passage of  time under the 
influence of  environmental factors (26). Stability studies 
before developing a dosage form are the first quantitative 
assessment of  chemical constancy of  a product. These 
studies are also useful to recommend storage conditions 
and predict shelf  life of  medicinal products.

Temperature enhances the rate of  degradation of  
ingredients due to increase in kinetic energy resulting 

Figure 1. FTIR spectra of fruit ethanol extract of Piper sarmentosum stored at 60 °C/85% RH, N (0 month), D60 (1 month), F60 (2 months) 
and A60 (6 months)
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Figure 2. Analysis of FTIR fingerprints of fruit ethanol extracts of Piper sarmentosum stored at different conditions by principal component 
analysis, A (0 months), B (1 and 2 months); C (4 and 6 months)

raise in the fraction of  colliding molecules with sufficient 
energy to cross the energy barrier, activation energy . 
Moisture content amplifies the rate of  decomposition 
and makes the product susceptible to hydrolysis (27). In 
case of  herbal crude powders or extracts, it also facilitates 
the growth of  microbes, which not only deteriorate the 
constituents but may produce toxic substances. Hence, 
moisture content should be controlled within the 
formulation and in storage environment. Decomposition 
of  pharmaceutical preparation due to oxidation is 
nearly as probable as that with hydrolysis and the rate 
of  oxidation is temperature dependent. For example 
peroxidation of  fatty acids, break down of  fatty acids into 
aldehydes and ketones, accelerates as the temperatures 
exceeds 50 °C (28). Polymerizations, addition of  similar 
molecules, and isomerisation, change in isomeric forms, 
are additional factors affecting the stability. There are 
many reports about the effect of  sunlight on the stability 
of  pharmaceuticals (29), which being a form of  energy 
can initiate and accelerates decomposition. Exposure to 
sunlight is particularly important in extracts containing 
photolabile and volatile constituents (28, 30).

Metabolomics, a system of  cell biology, comprise of  all 
the compounds other than proteins, DNA and RNA. 
Metabolomics, detect, quantify and catalogue the time 
related metabolic processes of  an integrated biological 
system under specified conditions (31). Meatbolomic 
fingerprints can be obtained using various analytical 
techniques. In present study, we used FTIR spectroscopy 
and HPTLC to get fingerprint profiles for stability 
assessment of  extracts. FTIR spectroscopy is a useful 
non-destructive and convenient technique which offers 
to collect data in variety of  states such as on solid, liquid 
and gas. Though, the coexistence of  different chemical 
constituents usually causes the overlap of  spectra, 
which make the qualitative and quantitative analysis 
difficult. Nevertheless, FTIR spectra in combination with 
chemomatrics, a multivariate statistical technique, proved 
to be a powerful tool of  identification, classification and 
discrimination.

HPTLC is another important tool to obtain qualitative 
information about the constituents of  herbal preparations 
by densitogram fingerprint evaluation. HPTLC allows 
the analysis of  complex herbal products efficiently and 
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Figure 3. HPTLC 1D densitograms of fruit ethanol extracts of Piper sarmentosum stored at 60 °C/85% RH at different intervals, A (0 
time), B (1 month), C (2 months), D (6 months)
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Figure 4. Three dimensional densitogram profiles of fruit ethanol extracts of Piper sarmentosum exposed to different 
storage conditions for six months, A (0 month), B (1 month), C (2 months), D (6 months), track 1 and 2 (30 °C/45% 
RH), track 3 (40 °C/75% RH) and track 4 (60 °C/85% RH)
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many samples can be applied on a single plate to facilitate 
comparison.

It is evident from the results of  the study that the 
suitable storage condition of  extracts or products prepared 
from Piper sarmentosum is below 30 °C and 45% relative 
humidity. Exposure to high temperature and humidity 
deteriorates the constituents of  the extracts, which is 
more pronounced at 60 °C. Moreover, the natural product 
manufacturer may use metabolomic fingerprints for the 
assessment of  quality and stability of  herbal products.
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