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ABSTRACT

Drying is a crucial process in preserving the physicochemical qualities of white pepper. 
This study investigates the impact of two drying processes, namely traditional sun drying 
(TSD) and rotary drum drying (RDD), on the quality of white pepper. TSD requires 
three consecutive sunny days for drying, whereas RDD achieves the target moisture 
content of 12% within a rapid drying time of 120 min. The research employs thermo-
gravimetric analysis (TGA), Fourier transform infrared (FTIR) spectroscopy analysis, 
and scanning electron microscopy (SEM) to analyse the dimensions, thermo-physical 
profiles, chemical constituents, and microstructure of the pepper samples. RDD, with a 
drying temperature of 55°C and centrifugation force of 129.7 × g, ensures fast and uniform 
drying while preserving the physicochemical qualities of white pepper. In terms of physical 

characteristics, RDD results in larger dried 
pepper dimensions, measuring 4.56 mm 
on average, compared to TSD, which 
measures 4.35 mm. SEM observations 
reveal varying pore sizes and cracks in 
both drying methods. Additionally, quality 
validation conducted by the Malaysian 
Pepper Board demonstrates that RDD 
exhibits superior quality compared to TSD. 
The RDD samples show moisture content, 
piperine, volatile, and ash percentages of 
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11.83, 8.18, 2.53, and 0.82, respectively, 
while the TSD samples show 10.37, 7.16, 
2.43, and 0.74. All samples complied with 
Standard Malaysian White Pepper No. 1 and 
International Pepper Community Grade 1. 
Future studies should focus on enhancing 
different drying methods to achieve efficient 
white pepper drying while preserving its 
quality. 

Keywords: Agrotechnology, FTIR, SEM, TGA

INTRODUCTION

White pepper has extensive applications 
in the food, pharmaceutical, perfumery, 
and cosmetics industries (Megat et al., 
2020; Olalere et al., 2017; Tiwari et al., 
2020). It is derived from dried, skinless 
mature pepper berries, scientifically known 
as Piper nigrum L. (Salehi et al., 2019). 
There are various types of Piper nigrum, 
including Semongok Emas, Semongok 
Aman, Kuching, Semongok Perak, and India 
(Azman et al., 2020; Chen & Tawan, 2020). 
The Kuching variety is particularly suitable 
for white pepper production due to its 
thinner pericarp, facilitating the extraction 
of smooth and ivory-coloured white pepper 
(Azman et al., 2020; Malaysian Pepper 
Board [MPB], 2017a; Megat et al., 2020). 

White pepper is  produced from 
yellowish-green mature berries and red, 
fully ripe pepper berries (Azman et al., 2020; 
Singh et al., 2013). The berries undergo a 
soaking process to remove their pericarp 
(Azman et al., 2020). The physical structure 
of pepper berries consists of a fleshy outer 
part surrounding a single shell of hardened 

endocarp with a single seed inside. The 
pericarp comprises three sections: exocarp 
(outer layer), mesocarp (middle layer flesh), 
and endocarp (innermost layer). Following 
soaking, the berries must undergo immediate 
drying (Aziz et al., 2019).

Pepper drying is a crucial process 
for moisture removal while preserving 
the chemical properties, which can easily 
deteriorate during drying. External factors 
such as temperature, humidity, airflow, 
drying volume, and pressure influence 
the drying process (Abidin et al., 2020; 
Mühlbauer & Müller, 2020). Increasing air 
temperature accelerates moisture removal, 
thereby shortening drying time, but 
excessively high temperatures can degrade 
the chemical properties (Abidin et al., 2020; 
Rigit et al., 2013). Generally, pepper drying 
methods can be categorized as traditional 
sun-drying and modern methods such as 
drum drying, convective drying, infrared 
drying, and vacuum drying.

Sun drying is widely practised today 
for its simplicity, convenience, and low cost 
(Lamidi et al., 2019; Saha et al., 2022). 
However, it is time-consuming, unhygienic, 
and reliant on weather conditions (Abidin 
et al., 2020). Direct exposure to sunlight 
affects product quality, leading to vitamin 
loss, aroma degradation, and uneven drying 
(Lamidi et al., 2019; Saha et al., 2022). 
Therefore, RDD has been developed to 
improve pepper drying and energy efficiency 
(Friso, 2023). RDD is a very suitable and 
effectively dry grainy biomass material as 
white pepper berries (Kaveh & Abbaspour-
Gilandeh, 2020; Rezaei & Sokhansanj, 
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2021). RDD operates by tumbling the drying 
material in a rotating drum with hot air to 
expedite moisture removal. The horizontal 
position of the drum allows gravity to assist 
the material’s movement inside (Trojosky, 
2019; Wae-hayee et al., 2021). Flights or 
fins within the drums improve the material 
contact with hot air, which enhances thermal 
and moisture diffusivity (Wae-hayee et 
al., 2021). Air velocity and drum rotation 
influence the material’s drying capacity, 
drying time, and final moisture content (Kerr, 
2019). RDD has significantly improved the 
drying time of black pepper from 4–7 days 
of sun drying to a few hours (Abidin et al., 
2020). Rotary drum drying offers rapid, 
hygienic and uniform batch drying.

The quality of white pepper can 
be assessed through chemical analysis, 
including moisture content, oleoresin 
content, volatile oil, piperine, and starch 
(Aziz et al., 2019; Chithra et al., 2011). 
Physical quality is determined by surface 
appearance, colour, bulk density, and 

extraneous matter in the white pepper 
sample (Aziz et al., 2019). The MPB and the 
International Pepper Community (IPC) have 
established standard specifications for the 
chemical and physical quality of white pepper 
products (Tables 1 and 2). Compliance with 
these standards is crucial for white pepper 
products to enter the international market. 
Therefore, ensuring that the proposed drying 
process can produce white pepper that meets 
the specified chemical and physical quality 
standards is essential.

Pepper berries are rich in chemical 
components such as minerals, lignans, 
flavonoids, aromatic compounds, amides, 
and primary alkaloids or lipids. When 
it comes to white pepper, there are 
eight important chemical parameters to 
consider: piperine, volatile oil, oleoresin, 
β-caryophyllene, sphericity, α-pinene, 
limonene, and moisture content (Chithra 
et al., 2011; Olalere et al., 2018; Salehi 
et al., 2019). Piperine (C17H19NO3), an 
amide alkaloid, is a valuable nutrient 

Table 1 
Malaysian Pepper Board (MPB) standard for white pepper (MPB, 2017b)

Characteristic

Grade
Standard 

Malaysian White 
Pepper No. 1

Sarawak 
Special 
White

Sarawak 
FAQ 

White

Sarawak 
Field 
White

Sarawak 
Coarse Field 

White
Moisture, percentage by 
weight, maximum (%)

12.00 15.00 16.00 16.00 16.00

Light berries, per cent per 
weight, maximum (%)

0.20 0.50 1.00 1.50 -

Extraneous matter, percent by 
weight, maximum (%)

0.25 0.25 0.50 1.00 3.00

Amount of black/dark grey 
berries in white pepper, per 
cent by weight, maximum (%)

1.00 1.00 3.00 3.00 5.00

Note. MPB mentions FAQ as the third-class white pepper without any definition of abbreviation (MPB, 
2017b)
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in pepper but is susceptible to damage 
during heating processes (Singh et al., 
2013). Pepper berries contain piperine in 
concentrations ranging from 2.4 to 7.4%, 
co-existing with five other alkaloids and 
four isomeric forms of piperine (Tiwari 
et al., 2020). Volatile or essential oils are 
secondary metabolites in plants widely used 
in fragrance, cosmetics, medicine, and food 
for their scent and flavour (Nikolić et al., 
2015). In white pepper, β-caryophyllene is 
the primary component of the essential oils, 
while piperine is present in the oleoresin 
(Singh et al., 2013). White pepper contains 
essential oils (1-2.5%) and alkaloids (5-9%), 
with the major constituents being piperine 
(1.7-7.4%), chavicine, and piperidine 
(Kusumorini et al., 2021). 

The structure of piperine (C17H19NO3), 
also known as 1-[5-(1,3-benzodioxol-5-yl)-
1-oxo-2,4-pentadienyl], consists of three 

functional groups: aromatic, aliphatic, and 
amide (Tiwari et al., 2020). Piperine is a 
weak base compound with a distinct pungent 
flavour, smell, and hot effect. Its functional 
groups can be detected using FTIR include 
C-H (peaks at 2,800-3,000), O=C-N and 
C=C (diene) (peak at 1,635), C=C (benzene) 
(peaks at 1,495-1,589), =C-O-C (peaks at 
1,030-1,257), and C-O-C (peak at 1,134) 
(Kusumorini et al., 2021; Mohammed et 
al., 2016). According to Sarifudin et al. 
(2021), piperine functional groups such as 
C-N aliphatic amines, C-O stretch ethers, 
C-N stretch aromatic amines, C-C stretch 
in ring aromatics, and C=C stretch alkenes 
are observed as peaks at wavenumbers of 
1,134, 1,193, 1,251, 1,492, and 1,633 per 
cm, respectively. White pepper also contains 
minerals and trace elements, including 
sodium, magnesium, potassium, and 
calcium, which exhibit wide variability in 

Table 2 
International Pepper Community standard specifications for white pepper international market (CAC, 2021)

Parameters Grade
Ⅰ Ⅱ Ⅲ

Physical properties
Bulk density (g/L), min 600.0 600.0 550.0
Light berries/Corn (m/m)%, max 1.0 2.0 2.0
Extraneous matter (m/m)%, max 0.8 1.5 2.0
Black coloured berries/Corn (m/m)%, max 2.0 3.0 10.0
Mouldy berries/Corn (m/m)%, max 1.0 3.0 3.0
Insect spoiled berries (% by wt.), max 1.0 2.0 2.0
Broken berries (m/m)%, max 2.0 3.0 3.0
Chemical properties
Moisture content (m/m)%, max 12.0 13.0 14.0
Total ash (m/m)% max, on dry basis 3.5 4.0 4.0
Non-volatile matter using ether extract (m/m)% min, on a dry basis 6.0 6.0 6.0
Volatile matter (oil) (ml/100 g)%, min, on dry basis 1.5 1.5 1.0
Piperine (m/m)%, min 4.0 3.5 3.0



1025Pertanika J. Trop. Agric. Sci. 47 (3): 1021 - 1036 (2024)

Physicochemical Characterization of White Pepper

white pepper extracts (oleoresins)  (Olalere 
et al., 2019). Thus, the chemical properties 
of white pepper, such as moisture content, 
volatile matter, piperine, non-volatile matter, 
and ash, justify the quality standards used to 
assess its quality. 

TGA provides high sensi t ivi ty, 
reproducibility, and response to even minor 
mass variations. The sample’s temperature 
range and thermal stability help identify peak 
profiles (Picolotto et al., 2020). Thermal 
profiling of white pepper’s physical stability 
using TGA shows weight loss peaks in the 
temperature range of 270–350°C, indicating 
the decomposition of crude protein, lipid, 
and starch (H. Liu et al., 2018). At the 
same time, FTIR spectroscopy analysis is 
a reliable, cost-efficient, non-destructive 
analytical technique for physicochemical 
study that allows for the accurate, rapid, 
and direct assessment of various functional 
group properties (Candoğan et al., 2021; 
Wang, 2012). Studies have demonstrated 
that FTIR and TGA can provide valuable 
data for identifying herbs and spices (L. 
Liu et al., 2020; Laouni et al., 2022; Wang, 
2012). Therefore, FTIR and TGA are 
convenient techniques for investigating the 
structural and compositional changes of 
macromolecules found in spices and herbs, 
including white pepper. 

The drying process involves mass and 
energy transfer, with moisture vaporized by 
heat and diffused through pores, affecting the 
pepper berries’ microstructure (Surendhar et 
al., 2019). The drying method employed 
significantly influences microstructural 
changes in the berries, as well as their 

moisture diffusivity and drying rate. 
Scanning electron microscopy (SEM) is 
commonly used to observe microstructural 
changes in the drying process of various 
agricultural products, including black 
pepper, red pepper, sweet potato, Chinese 
angelica, Astragalus, and banana (Abidin 
et al., 2023). 

Sun drying is convenient for Sarawak 
local producers, although it is ineffective 
and unhygienic. Extensive research has been 
conducted on drying agricultural products, 
but limited studies focus on white pepper 
drying. Concerns have been raised regarding 
the physicochemical quality of the white 
pepper produced using rapid modern drying 
methods. Therefore, the main objective of 
this study is to characterize the white pepper 
produced through two different drying 
methods, TSD and RDD. The thermo-
physical profiles and chemical constituents 
of the results were compared. 

MATERIALS AND METHODS

White Pepper Sample Preparation

Fresh Kuching variety pepper was obtained 
from a Simunjan, Sarawak, Malaysia farmer. 
The pepper berries underwent a traditional 
soaking process. The soaked berries were then 
divided into two groups for drying using two 
different methods: TSD and RDD. Detailed 
schematic diagrams and drying procedures of 
RDD have been explained and adapted from 
Abidin et al. (2020). For the RDD method, 
a constant drum speed with centrifugation 
force of 129.7 × g and a chamber temperature 
of 55°C were maintained. The samples 
were dried until they reached the desired 
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moisture content. The drying process of 200 
g sample for TSD took three consecutive 
sunny days, and RDD required 120 min of 
drying time. A portion of the dried pepper 
berries from both methods was sent to the 
MPB for quality validation. Another portion 
of the samples was prepared for further 
characterization using analytical techniques, 
namely FTIR spectroscopy, TGA, and SEM. 
These techniques were employed to analyse 
the chemical and physical properties of the 
white pepper samples.

Quality Validation

The quality of the samples obtained from 
both drying methods was validated at the 
MPB Central Testing Laboratory. MPB is 
an accredited institution that follows the 
MS ISO/IEC 17025:2017 standard. MPB 
is responsible for conducting analyses to 
determine the natural chemical content in 
pepper samples, including piperine, volatile 
oil, non-volatile ether extract, total ash, 
acid insoluble ash, and aroma profile. The 
PerkinElmer Spectrum One Near-infrared 
Testing System Fourier Transform Near 
Infrared (NTS FT-NIR) Spectrometer (USA) 
was employed for the analysis. The FT-
NIR machine has been synchronized to the 
database of laboratory analysis results on 
the chemical content of white pepper. The 
sample was analysed in its berry form. The 
chemical content percentage provided by the 
FTNIR machine has errors up to 1% (max). 

Sizing and Dimensions

The white pepper berries obtained from 
RDD and TSD methods were measured 

using a vernier calliper. Specifically, the 
Pro’sKit model PD-153 (Taiwan) standard 
vernier calliper with a sensitivity of 0.02 
mm and made of AISI 430 stainless steel 
was utilized for the measurements. A total of 
100 white pepper berries from each drying 
method were selected for measurement. 
For each berry, three readings were taken 
using the vernier calliper, recording the 
measurements for the first axis (a), second 
axis (b), and third axis (c) of the diameter. 
The average of the three axes was then 
calculated, and the diameter measurement 
for the respective white pepper berry 
sample was considered, as Megat et al. 
(2020) described.

Thermo-Gravimetric Analysis

TGA was performed using Shimadzu 
DTG-60H simultaneous DTA-TG (USA) 
apparatus capable of high-temperature 
measurements up to 1,500°C and an inert 
gas atmosphere or air (oxygen). The heating 
rate, atmosphere, gain or loss of mass, 
temperature, and heat flow were applied to 
identify the mass profile for white pepper 
berries. For the analysis, reference alumina 
(Al2O3) crucibles were used. The sample 
was prepared by placing one white pepper 
berry, weighing approximately 100 mg, 
into the crucible. The TGA experiment 
involved heating the sample from room 
temperature (25°C) to 700°C at 10°C/min 
while maintaining a streaming nitrogen 
(N2) atmosphere of 100 ml/min. The TGA 
equipment was calibrated using a calibration 
set/manual provided by Shimadzu (USA). 
Each TGA analysis was repeated four times 
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to ensure reliable and consistent results. 
By monitoring the variations in mass as 
a function of time and temperature under 
a dynamic atmosphere, TGA enabled the 
examination of the thermal behaviour of the 
white pepper berries. 

Fourier Transforms Infrared 
Spectroscopy

This study performed infrared-spectra 

(IR-spectra) analysis to determine the 
chemical bonds and functional groups 
in the sample constituents within the 
4,000-400 per cm range. The analysis was 
conducted using attenuated total reflectance 
Fourier-transform infrared (ATR-FTIR) 
spectroscopy on a Shimadzu Fourier 
Transform Infrared Spectrophotometer 
(Model IRAffinity-1S, USA). The FTIR 
analysis for both samples was performed 
according to the method by Chumroenphat 
et al. (2021) with modification to the 
standard procedure introduced by MPB that 
utilized white pepper samples in berry form. 
The analysis was repeated five times using 
duplicate samples to ensure reliable results.

Surface Morphology by Scanning 
Electron Microscopy

Five white pepper berries were randomly 
selected from each sample group for surface 
structure observation. Hitachi scanning 
electron microscopy TM4000Plus (Japan), 
equipped with the TM 4000plus program, 
was employed for this purpose. The 
selected pepper berry from each sample 
was mounted on a sample stub and coated 
with a thin layer of conductive material, 

gold, using a sputter coater (Abidin et 
al., 2023). The surface of the sample was 
then observed under the scanning electron 
microscope at magnifications of 150× 
(300 μm) and 600× (50 μm). It allowed 
for a detailed examination of the surface 
characteristics and microstructure of the 
white pepper berries.

Statistical Analysis

A one-way analysis of variance (ANOVA) 
analysis was conducted using Microsoft 
Excel software to assess the significant 
differences between the mean values of 
the parameters related to berry size. The 
data were presented as the mean of 100 
determinations with the corresponding 
standard deviation. A p-value of 0.05 or 
less was considered statistically significant, 
indicating a meaningful difference between 
the mean values of the compared parameters.

RESULTS AND DISCUSSION

Quality Validation

Samples from both drying methods were 
taken to the MPB laboratory for FT-
NIR analysis validation. The average 
percentages of moisture, piperine, volatile 
oil, and ash content for the samples from 
both drying methods are presented in Table 
3. The analysis was conducted in five 
duplications. The test was conducted using 
whole forms of white pepper berries. Based 
on the MPB and IPC standards (Tables 1 
and 2), it can be observed that the samples 
from both drying methods were below the 
maximum limit of 12% moisture content, 
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Table 3 
Comparison of chemical quality analysis for white pepper samples from rotary drum drying (RDD) and 
traditional sun drying (TSD) methods with the International Pepper Community (IPC) and Malaysian Pepper 
Board (MPB) standards

Chemical quality IPC Grade 1 White pepper MPB RDD TSD
Moisture (%) <12.00 <12.00 11.83 10.37
Piperine (%) >4.00 >4.50 8.18 7.16
Volatile (%) >1.50 >0.80 2.53 2.43
Ash (%) <3.50 <2.00 0.82 0.74

which is in line with the quality standards. 
However, the TSD sample had a moisture 
content of 10.37%, indicating that it was 
over-dried compared to the RDD sample, 
which had a moisture content of 11.83%. 
Over-drying the berries can reduce the 
farmer’s income, as the price is typically 
based on the product’s weight. 

On the other hand, the piperine content in 
both drying methods exceeded the minimum 
standard requirement, with the RDD sample 
containing 4.18% more piperine compared 
to the standard and the TSD sample 
containing 3.16% more piperine. Similarly, 
the volatile oil content for both samples met 
the standard requirements and exhibited a 
minimal difference of 0.1% between the 
two methods. 

The ash content in both samples was 
significantly lower than the standard 
requirements, with the RDD sample 
showing a reduction of 2.68% and the TSD 
sample showing a reduction of 2.76%. It is 
important to note that the ash content was 
nearly identical for both samples, as they 
originated from the same source. 

In summary, the results indicate that the 
RDD method yielded better quality white 
pepper compared to the TSD method, as it 

retained higher levels of piperine and volatile 
oil content, essential factors contributing to 
the overall quality of white pepper.

Sizing and Dimensions

The dimensions of 100 white pepper berries 
dried using the RDD and TSD methods were 
analysed through ANOVA statistical analysis 
using Microsoft Excel. The analysis revealed 
a p-value of less than 0.05, indicating 
significant differences in berry size between 
the two drying methods. Tables 4 and 5 
summarize the dimension data obtained 
from the analysis. The average berry size for 
RDD was 4.56±0.29 mm, while for TSD, it 
was 4.35±0.23 mm. Both average sizes meet 
the standard specifications for white pepper, 
with the IPC standard requiring a size range 
of 2–6 mm (Codex Alimentarius Commission 
[CAC], 2017) and the MPB specifying 
creamy white pepper to have a size greater 
than 4 mm (MPB, 2017b). The results reveal 
that the RDD sample exhibited a slightly 
larger size, approximately 0.2 mm larger, 
compared to the TSD sample. It suggests 
that the RDD method resulted in minimal 
shrinkage during the drying process, as the 
size of the berries remained closer to their 
original dimensions.
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Table 4
The average size of rotary drum drying white pepper berries for 100 samples

Axis dimension Average (mm) Variance (mm2) Standard deviation (mm)
Diameter 4.56 0.086 ±0.290

a 4.53 0.083 ±0.290
b 4.57 0.089 ±0.300
c 4.56 0.086 ±0.290

Table 5
The average size of traditional sun drying white pepper berries for 100 samples

Axis dimension Average (mm) Variance (mm2) Standard deviation (mm)
Diameter 4.35 0.054 ±0.23

a 4.35 0.049 ±0.22
b 4.36 0.063 ±0.25
c 4.35 0.052 ±0.23

Thermo-Gravimetric Analysis

The TGA results for samples obtained from 
the RDD and TSD methods are depicted in 
Figure 1. The graphs illustrate a consistent 
trend in thermal profiling, with a narrowing 
towards the end. The initial region of the 
graphs represents the loss of water content 
from the samples’ moisture content, with 
temperatures ranging from room temperature 
up to 100–110°C, similar to previous findings 
by H. Liu et al. (2018) and Simonovska et 
al. (2016). The weight loss represents the 
evaporated water and other low molecular 
weight components. Subsequently, a mass 
break into volatiles occurs between 100 and 
170°C, indicating the thermal decomposition 
of these components, including moisture. 
The mass loss until 170°C may not be 
apparent, but it is aligned with the moisture 
content measured in the corresponding 
samples. The RDD samples exhibit slightly 
higher moisture content compared to TSD 
samples (Table 3). 

Notably, the RDD samples exhibit a 
significant mass dropped approximately 
34–40.4% between the temperature range of 
280 to 350°C. In contrast, the TSD samples 
demonstrate different mass drops (40.71–
46.97%) within the temperature range of 270 
to 350°C. Similar results were observed by 
H. Liu et al. (2018) in the temperature range 
of 270–350°C, with a mass drop of 48.07 
to 51.16%, representing the decomposition 
of crude protein, lipid, and starch in the 
white pepper samples (H. Liu et al., 2018). 
According to Simonovska et al. (2016), the 
degradation of cellulose occurs between 
240 to 350°C. It is worth noting that slight 
differences were observed between the results 
of this research and the literature, which 
could be attributed to the different forms of 
the sample used during the TGA analysis. In 
this study, whole white pepper berries were 
utilized, whereas other researchers, such as 
H. Liu et al. (2018), pulverized the samples 
before conducting the analysis.
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Fourier Transform Infrared 
Spectroscopy

Figure 2 shows FTIR transmittance spectra 
for white pepper samples dried using 
RDD and TSD methods. In the spectra, 
characteristic peaks were observed for both 
drying methods, exhibiting identical peak 
patterns. In Figure 2, the peaks appear at 
approximately 3,340-3,290, 2924, and 
1,651-1,620 per cm in both samples. It 
shows that FTIR detects the same functional 
groups for both TSD and RDD. The results 
(3,340-3,290 per cm) indicate O-H vibration, 
which is harmonised with the findings of 
Simonovska et al. (2016). The sharp peaks 
at 2,960-2,920 and 2,880-2,860 per cm 
(Huynh et al., 2020; Simonovska et al., 
2016) were assigned to the asymmetrical 
and symmetrical stretching vibrations 
of aliphatic C-H methylene groups and 
olefinic chains, which are typical bands 
for alkanes and aligned to the result (2,924 
per cm). The peak 1,651-1,620 per cm 
correspond to alkenyl C=C stretch and 

Figure 1. Thermo-gravimetric analysis graph for white pepper samples from the rotary drum drying (RDD) 
and traditional sun drying (TSD) methods, respectively

Figure 2. Fourier transform infrared graph for 
white pepper samples from the rotary drum drying 
(RDD) and traditional sun drying (TSD) methods, 
respectively

O=C-N symmetrical stretching similar to 
(Kusumorini et al., 2021; Mohammed et al., 
2016; Sarifudin et al., 2021) findings.

In the fingerprint region of both spectra 
shown in Figure 2, peaks were observed at 
1,442-1,438, 1,249-1,238, and 1,053-1,018 
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per cm, with only the TSD sample displaying 
an additional peak at 883-879 per cm. A 
peak at 1,600 per cm indicates the vibration 
of the aromatic skeletal structure, typically 
associated with lignin peaks, while a peak 
at 1,450 per cm represents a less intense 
deformation vibration of C-H in the aromatic 
ring of lignin moieties (Simonovska et al., 
2016). Intense bands at 1,640, 1,440, and 885 
per cm are characteristic of b-caryophyllene, 
d-limonene, 3-carene, a-pinene, b-pinene, and 
other hydrocarbons found in oils, representing 
stretching and bending vibrations of the 
C-C, C=C, and C-H bonds, respectively 
(Huynh et al., 2020). The peak around 1,251 
per cm is associated with the C-O groups, 
esters of fatty acids or ketones (Huynh et 
al., 2020). In contrast, the symmetrical 
stretching of =C-O-C occurs around 1033 
cm-1 (Kusumorini et al., 2021; Mohammed 
et al., 2016; Sarifudin et al., 2021).

Piperine is the main active compound 
of interest in this study and plays a crucial 
role in determining the chemical quality 
of the white pepper samples. Piperine 
consists of aromatic, aliphatic, and amide 
functional groups (Tiwari et al., 2020).  
These functional groups manifest as distinct 
peaks in FTIR analysis. Specifically, 
piperine exhibits functional groups of 
C-H peaks at 3,000–2,800 per cm, O=C-N 
and C=C (diene) peaks at 1,635 per cm, 
C=C (benzene) peaks at 1,589–1,495 per 
cm, =C-O-C peaks at 1,257–1,030 per 
cm, and C-O-C peaks at 1,134 per cm 
(Kusumorini et al., 2021; Mohammed et 
al., 2016). Additionally, Sarifudin et al. 
(2021), who used pulverized samples, 

claimed that piperine functional groups 
include C-N aliphatic amines, C-O stretch 
ethers, C-N stretch aromatic amines, 
C-C stretch in ring aromatics, and C=C 
stretch alkenes, which are observed as 
peaks at specific wavenumbers of 1,134, 
1,193, 1,251, 1,492, and 1,633 per cm, 
respectively. In contrast, RDD and TSD 
analysis only show three peaks of piperine 
at wavenumbers 1,251, 1,492, and 1,633 
per cm, indicating low piperine intensity. 
However, as shown in Table 3, the piperine 
content is considerably higher compared 
to (1.7 to 7.4%) (Kusumorini et al., 2021). 
Moreover, the RDD and TSD samples 
prepared for the analysis were in berry form 
instead of pulverized.

Surface Morphology by Scanning 
Electron Microscopy

Figures 3 and 4 present the microstructure 
of white pepper samples dried using the 
RDD and TSD methods, respectively. 
The micrographs clearly show distinct 
differences in the microstructure between 
the two samples. The RDD sample exhibits 
well-defined pores and cracks, while the 
TSD sample demonstrates a finer, more 
organised microstructure.  

The soaking process of the pepper 
berries before drying contributes to 
morphological changes, similar to pre-
treatment effects (Abidin et al., 2023). 
Additionally, pore collapse occurs during 
drying (Kang et al., 2018). The presence 
of pores and cracks in the microstructure 
facilitates moisture diffusion. However, 
the diffusion of water vapour during the 
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rapid drying process leads to the disruption 
of the solid structure, resulting in notable 
changes and the formation of cracks in the 
microstructure of the RDD sample. This 
phenomenon is attributed to the rapid release 
of water vapour and the generation of high-
water vapour pressure within the sample due 
to the supplied heat energy during drying 
(Surendhar et al., 2019). The formation 
of pores and cracks in the microstructure 
results from the heat and moisture gradients 
that occur during the drying process, 
causing deterioration, deformation, and 

folding (Chumroenphat et al., 2021). 
The SEM images significantly illustrate 
the impact of the drying method on the 
microstructure of the white pepper surfaces. 
These observations provide further insights 
into how microstructural damage can affect 
the drying time, as well as the chemical and 
physical quality of the samples.

CONCLUSION

This study investigated the physicochemical 
characterization of white peppers dried 
using two different methods, RDD and 

Figure 4. Microstructure of traditional sun drying white pepper at a magnification: (a) 150´; and (b) 600´

(a) (b)

(a) (b)

Figure 3. Microstructure of rotary drum drying white pepper at a magnification of: (a) 150´; and (b) 600´
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TSD. TGA, FTIR, and SEM analyses were 
performed to assess the drying method’s 
impact on the samples’ thermo-physical 
profiles and chemical constituents. The 
results provide valuable insights into the 
impact of drying methods on white pepper’s 
chemical and physical properties.

RDD and TSD samples met the IPC 
white pepper standard and MPB creamy 
white pepper specification, indicating 
their compliance with quality standards. 
However, the samples from RDD exhibited 
better chemical properties, as revealed 
by TGA and FTIR analysis, compared to 
those from TSD. It can be attributed to the 
improved drying time achieved through 
RDD, which had a significant effect on 
the microstructure of the samples. SEM 
observations clearly showed the presence 
of pores and cracks in the RDD samples. 
Furthermore, the dimension of white pepper 
berries from RDD surpassed that of TSD 
samples. It suggests that the controlled 
drying method accelerates the drying rate 
and enhances the thermo-physical and 
chemical properties of white pepper.

In conclusion, this study’s findings 
demonstrate that employing controlled 
drying methods can expedite the drying 
rate and improve the thermo-physical and 
chemical properties of white pepper. The 
results from TGA, FTIR, and the validation 
by the MPB laboratory support these 
findings. These findings open opportunities 
for further research to explore different 
drying methods that not only focus on 
drying efficiency but also aim to enhance 
the quality of white pepper.
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