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Introduction 
Hibiscus sabdariffa Linn has been well known in Malaysia as roselle 

with reddish calyces resembles blossom of roses [1]. The taste is sour 
and known as “Asam paya” locally. This plant is classified under the 
Family Malvaceae and is an annual dicotyledonous herbaceous shrub 
[2]. This plant thrives in Malaysia because of its strong adaptive growth 
in multi-type of soils except clay. Each cycle of planting requires 85 
days for first harvest and the same plant could be harvested for more 
than 5 times. However, the harvest yield is reduced during the raining 
season.

Phytochemical study on roselle has revealed its main chemical 
composition [2]. The presence of phenolics content in the plant 
consists mainly of anthocyanins especially delphinidin-3-O-glucoside, 
delphinidin-3-O-sambubioside, and cyanidin-3-O-sambubioside 
which could be the therapeutic marker of roselle [3]. Typical bioactive 
roles of this natural substances and the synergistic effect with other 
correlated components provide promising medicinal potential for 
the therapy of infection and lower the blood pressure [4], lower blood 
cholesterol level [5] as well as lower overweight [6]. Its broad range of 
therapeutic effect has been shown in many studies.

Manufactory of roselle products is rightly focussed on instead of 
the raw materials seems products preformed higher commercial value. 
However, information on the effects of processing the plant is scarce. 
This is important as sample processing really influence the composition 
of the end product(s). There are many factors that interfere with the 
quality of roselle products in Malaysia. The most common factors 
affecting sample processing method include temperature control in the 
oven, deseed procedure, additives added and human error, similar to 
those in food processing.

Fourier transform infrared and 2DIR correlation spectroscopy [7] 
has widely been used in quality control of herbal product [8] due to it is 
rapid and accuracy in identification. It is now recognised as one of the 
reliable analysis methods in pharmacopeia. Therefore, this technique 
was used to study roselle samples prepared using different sample 
processing methods.

Hence, the main objective of this present study was to examine 
the effect of sample processing on roselle composition (non-extracted, 
ethanol extract and water extract) using tri-step infrared spectroscopy.

Materials and Methods
Sample source

The powdered sample (calyces) of H. sabdariffa (FT34) was 
obtained from a local company in Peninsular Malaysia. The H. 
sabdariffa fruits from the plantation are routinely harvested and sent 
to the company for processing. After the deseeding and washing by the 
machine, after which they were immediately dried in the oven at 60°C 
for 3-4 days. A batch of fresh sample of roselle obtained from the same 
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Abstract
Hibiscus sabdariffa tea is a widely used medicinal beverage and a treatment for high blood pressure and high blood cholesterol 

in many parts of the world. Many studies on H. sabdariffa have been conducted including extraction and identification of main 
biocompounds. However, information on the effects of processing the plant is scarce. This is important as sample processing 
procedure influence the composition of the end product. Hence, the main objective of this present study was to examine the effect 
of sample processing (non-extracted, ethanol extract and water extract) on H. sabdariffa composition. Fourier Transform Infrared 
(FTIR) was used for the process of identification. The powdered sample of H. sabdariffa (FT34) was obtained from a local company 
in Peninsula Malaysia. A fresh sample obtained from the same company was processed in the Phytochemistry Laboratory, Institute 
for Medical Research and labelled as FT35. Sample and potassium bromide (KBr) were mixed (1:250) to form a 1-2 mm transparent 
disk under 9.80 psi in vacuum. The FTIR Spectra were recorded with 32 scans and 0.2 cms-1 OPD speed. Spectra of FT34 and 
FT35 raw samples indicated obvious differences in the range of 1500-1135 cm-1. The FT34 ethanol extract using trifluoroacetic acid 
(TFA) showed that the peak at 1629 cm-1 was the highest in the range of 1800-1500 cm-1, whereas for FT35, the highest peak was 
1739 cm-1. The peak at 1071 cm-1 of FT35 was the only one compatible to standard dephinidin-3-O-sambubioside and cyanidin-3-O-
sambubioside which are used for qualification of sample content. In fact, both standards showed up as different chromatographs in 
thin layer chromatography. Water extract of FT35 showed a peak at 1676 cm-1 which was not detected in water extract spectrum of 
FT34, while the pattern of spectrum varied within the range of 1300-400 cm-1. Second derivative spectra enhanced the comparable 
base peaks of both sample and the target standards. There were five matched ethanol extract base peaks, indicating the macro-
fingerprint of H. sabdariffa. Two dimensional correlation spectrum of FT34 raw powder showed different correlation spot especially 
in the cluster of 1425 cm-1 to 1743 cm-1 compared with FT35. The three-stage infrared spectroscopy comprehensively analysed the 
holographic spectra and hierarchically characterized the integrated constituents involved.
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company was processed in the Phytochemistry Laboratory in Institute 
for Medical Research (IMR), Kuala Lumpur and labelled as FT35. This 
samples were deseeded with hole puncher such as cork borer. Later 
cleaned with water and further air dried until 80% dryness before oven 
dried at 40°C for 3-4 days until a constant weight was obtained. The 
sample was then pulverized with a blender with the finest blades to a 
coarsely powdered material.

Authentication

A voucher specimen (PID 050515-05) was submitted to Forest 
Biodiversity Unit at Forest Research Institute Malaysia (FRIM).

Ethanol extraction with trifluoroacetic acid

The dried powdered calyx of H. sabdariffa L. (250 g) was extracted 
three times using a mixture of 2000 ml ethanol gradient grade 
(LiChrosolv® Reag. Ph Eurand) and 0.1% of Trifluoroacetic acid (TFA) 
and sonicated for 30 minutes at room temperature (25°C). The solution 
was then filtered using filter paper (Whatman™, Grade 1, circle, diam. 
320 mm). The accumulated filtrate was dried by using a Rotavapor™ 
(brand) and Mivac Concentrator™ (brand) and stored in amber vial at 
-20°C until used.

Water extraction with trifluoroacetic acid 

The dried and powdered calyx of H. sabdariffa L. (250 g) was 
extracted three times using 2500 ml hot double distilled/MilliQ Water 
(80°C) mixed with 0.1% of Trifluoroacetic acid (TFA) and sonicated 
for 30 minutes at room temperature (25°C). The solution was filtered 
by a few layers of cotton ball (cotton wool) (China National Chemical 
I/E Corp) into a bottle. The accumulated water filtrate was frozen at 
-40°C before proceeding to freeze drying. The freeze-dried extract was 
stored in sample bottle at -20°C.

Apparatus: Spectrum GX Fourier-transform infrared (FTIR) 
spectrometer (Perkin-Elmer) with an attached DTGS detector was 
used as the main equipment for the whole experiment. This system was 
set up at a range of 4000-400 cm-1 with a resolution of 4 cm-1. Spectra 
were obtained after a total of 32 scans. The dynamic FTIR spectra were 
recorded with the above mentioned spectrometer combined with a 
Love Control Corporation’s portable programmable temperature 
Controller (Model 50-886) with a range of 50-120°C.

Procedures of making 1D and 2D FTIR spectrum: About 1 mg of 
roselle samples was mixed with 250 mg dehydrated potassium bromide 
(KBr) powder. The mixture was further processed until a thin mini disk 
was formed. The mini disk was positioned on the sample reservoir in 
the system for the spectrum capture. Spectrum was accepted when 60-
80% transmission was achieved; nonetheless the disk may be reformed 
by adding either more sample or KBr. The second derivative IR spectra 
were an intermediate 13-points smoothing of the basic IR spectra taken 
at room temperature.

The 2DIR spectroscopy was carried out using similar disks with 
thermal perturbation ranging from 30°C to 120°C. The dynamic 
spectra were analyzed and transformed into 2D and autopeak diagram 
with TD software developed by the Analysis Center of the Chemistry 
Department, Tsinghua University.

Results and Discussion 
IR spectra of roselle samples and theirs extract

Comparison of IR spectra of roselle raw material: Owing to 
the uncertain quantity of sample added to KBr for more than 60% 

transmittance, the maximum and minimum absorbance reading of 
FT35 and FT34 spectrum were quantified and shown to vary within 1.1 
and 0.5, respectively. Therefore the comparison was made by focussing 
on the width and the shape of the peaks. Both raw material extracts 
have similar pattern of peak from the range of 1800-1600 cm-1. The 
increasing sequence started from peak 1789 cm-1, 1741 cm-1 and 1630 
cm-1 respectively. The strong peak at 1741/1743 cm-1 was the stretching 
mode of C=O in esters and the two peaks at 1230/1226 cm-1 and 
1156/1153 cm-1 may be assigned to the C-O bonds. In contrast, peak 
1789/1788 of both raw materials were very scarce in general spectra 
which was assigned to C=O in acid anhydride group. The obvious 
dissimilarity of both raw material spectra was located at the range of 
1500-1150 cm-1. Most of the peaks in this range were different in term 
of their position and shape except two pairs of peaks 1226/1230 of FT 
34 and 1153/1156 and FT35, respectively (Figure 1).

Table 1 showed the assignment of each peak in this region. The triple 
peaks of FT34 in the range of 1150-1000 cm-1 position were lower than 
the peak 1639 cm-1 when compared with parallel y, while, this position 
was opposite in FT35. The peaks below 1150 cm-1 indicated content of 
carbohydrate of the subject [9]. Therefore the content of carbohydrate 
of FT35 was more intense than FT34. In FT34, when taking 1065 cm-1 
at the centre, both side peaks (1098 cm-1) were slightly higher than peak 
1032 cm-1, while this condition was also opposite in FT35. However, 
the peak 1098 cm-1 and peak 1065 cm-1 of FT34 spectrum were clearer 
than peak 1032 cm-1. The peak 957 cm-1 was more clearly shown in 
FT34 rather than FT35. The peak 715/714 cm-1 was the band that is 
present in mono-, 1:3-, 1:3:5-, 1:2:3-substituted phenyls. 

Comparison of roselle ethanol extract with TFA and standards: 
Comparison of the roselle ethanol extract with TFA and the 
anthocyanin standards was categorised into three sections: 1900-
1550 cm-1, 1549-1000 cm-1, 999-400 cm-1. The absence of any peak 
at the beginning section of 1900-1700 cm-1 was observed in both 
anthocyanin standards. For these standards, the main absorbance 
peaks were located in the range of 1650-900 cm-1, which was also found 
in the second and third sections of the ethanol extract with TFA. The 
appearances of peaks from 1645 until 1440 cm-1 in both standards were 
clear footage of their identification in the spectra. In FT34, sequence 
of 3 peak heights increased gradually from 1788 cm-1, while peak 1739 
cm-1 of FT35 was highest between 1792 and 1632 cm-1. Only peak 1071 
cm-1 of FT35 (1069 cm-1 of FT34) was comparable with standard d-3-
O-sambubioside and c-3-O-sambubioside. Besides, peak 718 cm-1 of 
both ethanol extract matched with d-3-O-sambubioside but not c-3-
O-sambubioside, indicating that most probably the content of ethanol 
extract with TFA consisted of d-3-O-sambubioside. The peak 1739 cm-1 
and peak 1194 cm-1 of FT35 were slightly more intense than the same 
position of peaks in FT34 and this could be due to the different process 
of sample preparation (Figure 2).

The purpose of usage of TFA in the extraction was to stabilise the 
extracted components. There are minor differences in extraction with 
or without TFA in term of extracted contents based on spectroscopy 
analysis. 

Comparison of roselle water extract with TFA and standards: The 
roselle water extract was oxidised when exposed to air and extraction 
had to be replicated until transmission of the spectrum achieved 50%. 
There were only four peaks in 1D FTIR spectra. The peak 1071 cm-1 was 
the only one appeared in each spectrum, and it was also found in the 
ethanol extract. Besides, the peaks around 861 and 721 cm-1 (718 cm-1 
in ethanol extract) were maintained in water extract which were also 
associated well with both ethanol extracts and d-3-O-sambubioside. 
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Figure 1: FTIR spectra of roselle raw material in the range of 1900-400 cm-1. (1) FT34: raw material from company; (2) FT35: raw material processed by 
phytochemistry laboratory, IMR. The main differences of both spectra were highlighted in box.

Band(cm-1) Vibration mode Main attribution
Raw material

FT34 FT35

1800-1750
R
      C=CH2
R

Methylene, overtone of δ ‘ CH (out of plane) 1788 1789

1745 vC=O ketone 1743 1741
1630 Ortho-CO-C6H4-OH Influenced by I,M, and steric effects of substituent 1629 1630

1420 δ C-H of CH2

Shifted lower from the usual 1470cm-1 position 
because it is flanked by an aromatic ring and an 
acetylenic bond 

- 1421

1400 v C=N coupled with v C=C 1402 -

1370-
1330 R-SO2-N

sulfoamide 1371

sulfoamide 1331

1350-1310 R-SO2-R’ Sulfone - 1319

1226 δ C-H In -plane  1226 1230
1195 vas SO3

- 1190 -
1153 Twist-boat form of cyclohexane 1153 1156

-C-H  In-plane CH pending modes                                                                 1098 1101
-C-H In-plane CH pending modes  1065 1063

1034 vs SO3
- 1032 1033

964 C=C Twist of trans substituted ethylenes 957 -

717 Band that is present in mono-1:3-, 1:3:5-, and 
1:2:3-substituted phenyls 715 714

529 v S-S Two polarized bands generally appear in the 
narrow range 525-510 cm-1 (medium intensity) 533 532

Table 1: The assignment of each peak in different region.
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Figure 2: FTIR spectra of roselle ethanol extract with TFA and two anthocyanin standards in the range of 1900-400 cm-1.

Both water and ethanol roselle extracts showed the existence of 
anthocyanin content (Figure 3). 

Second derivation spectra of roselle sample and their extracts

Comparison of 2nd derivative spectra of roselle raw material: The 
differences of both raw roselle material second derivative spectra were 
highlighted in Figure 4. For FT34, the range between 1402 and 1331 
cm-1 of 1DFTIR has been derived into two small peaks; the peak 1402 
cm-1 was reserved and peak 1320 cm-1 was shown in second derivative 
spectrum instead of 1331 cm-1. In contrast, similar derivative pattern 
was observed in FT35 for the range between 1421 and 1371 cm-1, but the 
peak 1439 was shown and the peak 1371 cm-1 was reserved. Hence the 
peak 1402 cm-1 of FT34 and peak 1371 cm-1 of FT35 were the dominant 
peaks for both differently processed samples. The derived peak 1320 
cm-1 of FT34 was matched with shape derived peak 1318 cm-1 of FT35. 
Minor changes were observed in peak 1226 and 1190 cm-1 of FT34 in 
2nd derivative spectra, however, the peak 1230 cm-1 of FT35 was derived 
to two sharp peaks in this region.

Comparison of 2nd derivative spectra of roselle ethanol extract 
with TFA: The similarity of 2nd derivative spectra were detected in at 
least four regions along the range of 1900-400 cm-1 in Figure 5. There 
were only two pairs of peaks associated with these four spectra, i.e., 
peaks around 1400 and 1071 cm-1 which were the solid evidence of 
the presence of anthocyanin in the content of roselle ethanol extract. 
Four regions of 2nd derivative spectra were matched for both roselle 
ethanol extract and d-3-O-sambubioside. The peak 1522 cm-1 of FT35 
was matched with standard d-3-O-sambubioside spectrum. In detail, 
there was 14.3% matched base peak of FT34 with d-3-O-sambubioside 
compared to 16.7% of FT35 with d-3-O-sambubioside. On the other 
hand, 7.1% of matched base peak of FT34 with c-3-O-sambubioside 

compared to 4.8% of FT35. Even though these were not significant, 
nevertheless these differences indicated the dissimilarity of the content 
of FT34 and FT35. 

Comparison of 2nd derivative spectra of roselle water extract 
with TFA: More peaks were detected in 2nd derivative spectra. Eight 
peaks of extract matched with standards. FT34 water extract with TFA 
have a congested region of base peaks which contained 15 small peaks 
in the range of 1650-1350 cm-1. Five peaks occurred and matched with 
the carbohydrate region in roselle extract and standards (Figure 6). 

2DIR synchronous correlation spectral

Comparison of 2DIR synchronous of FT34 and FT35 raw 
material

FT34 (In the range of 1800-1000 cm-1 and 1000-400 cm-1): Raw 
material represented the actual substance of the sample before the 
extraction. In this case, FT34 has clean clear-cut edge square created 
between autopeak 1425 cm-1 and 1800 cm-1 (Figure 7a). The region 
was built up by 3 small squares. The centre was the peak with highest 
intensity from the whole range of this spectrum which showed 2 layers 
of viewing from top. The background was scattered with small negative 
blue squares. The important portion was concentrated at the upper 
right square, as mentioned above. The highest peak of this spectrum 
was similar to the spectrum of FT34 without TFA (data not shown), i.e., 
the FT34 ethanol without TFA was not able to extract the assignment 
compound with the peak 1630 cm-1. The positive crosspeaks related in 
this square also recorded higher intensity. Plenty of compounds were 
located in the region centered with autopeak 680 cm-1 (Figure 7c). The 
area of square was included with a board range of various colours. The 
autopeak spectrum could be combination of components of peaks or 
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Figure 4: Second derivative spectra of roselle raw material in the range of 1900-400 cm-1. (1) FT34: raw material from company; (2) FT35: raw material processed by 
phytochemistry laboratory, IMR. The main differences of both spectra were highlighted in box.

Figure 3: FTIR spectra of roselle water extract with TFA and two anthocyanin standards in the range of 1900-400 cm-1.
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Figure 6: Second derivative spectra of roselle water extract with TFA and two anthocyanin standards in the range of 1900-400 cm-1. 

 

 Figure 5: Second derivative spectra of roselle ethanol extract with TFA and two anthocyanin standards in the range of 1900-400 cm-1. Four similar regions of 
these spectra were highlighted in boxes. 
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some smaller hidden ones forming the huge peak. The raw material 
found in this region was even more complicated than the spectrum 
which has gone through the extraction process. 

FT 35 (In the range of 1800-1000 cm-1 and 1000-400 cm-1): The 
transmission of FT35 raw material spectrum (Figure 7e) was 40.46%, 
which was much lower than % transmission of FT34 raw material. 
However, the spectrum showed higher intensity of more autopeaks in 
this range, especially the range from 1425-1000 cm-1 compared with 
FT34 raw material. The structure of colours scattered evenly along the 
diagonal line. The correlation square created by autopeak at 1700 cm-1 
with 1600 cm-1 correlated with positive crosspeak at (1700, 1600) and 
(1600,1700). Another correlation square created by autopeak 1600 
cm-1 and 1425 cm-1 but correlated negatively with crosspeak at (1600, 
1425) and (1425, 1600). The bigger correlation squares created by 
all the positive peaks included autopeak 1425 cm-1 to 1212 cm-1 and 
(1425, 1212) and (1212, 1425). Therefore there was no compression 
of correlation square in FT35 raw material, with about 2/3 of the 
spectrum as positive peaks. The broad square fulfilled almost 2/3 of the 
spectrum (Figure 7g). The highest autopeak at 810 cm-1 was similar to 
FT34, whereby the intensity of highest autopeak was five times higher 
than FT34. A combination of many component peaks formed the huge 
twin sharp peaks on top. 

Comparison of 2DIR synchronous of FT34 and FT35 ethanol 
extract with TFA

FT34 (In the range of 1800-1000 cm-1 and 1000-400 cm-1): At 
least 6 autopeaks were formed with very regular correlation squares 

along the range 1850-1200 cm-1 (Figure 8a). The positive cross peaks 
were scattered with the 50 cm-1 interval with another and there were 
more peaks in this range compared with FT35. A total of 2/3 of the 
clusters was presented in red, showing that the positive crosspeaks were 
more than negative crosspeaks. Ethanol and TFA exhibited the strong 
coefficient of extraction in the range of amide I and amide II bond, 
including flavonoids in this range. Very clear illustration was found in 
2/3 of the cluster in this area and another 3 small clusters divided by 
almost blank partition (Figure 8c). The centre of the major cluster was 
located in the highest autopeak at 600 cm-1, surrounded by 2 correlation 
squares with positive crosspeaks, indicating that the centralised peak at 
600 cm-1 was important and correlated with many compounds crossing 
with it. The huge peak could be combination or overlapping with other 
smaller peaks. The intensity of this range was lower than FT35.

FT35 (In the range of 1800-1000 cm-1 and 1000-400 cm-1): The 
ethanol extract with TFA of FT35 lacked peaks in the range of 1800-
1000 cm-1 (Figure 8e-81). The red area of peaks spotted in two straight 
axes along wavenumber 1700 cm-1 perpendicular to each other. The 
autopeak spectrum showed few sharps autopeaks but not as intense 
as FT34 with TFA. The square created by the negative crosspeaks 
indicated the presence of certain substances. Figure 8g showed the 2DIR 
spectrum of FT35 etanol extract with TFA in the range of 1000-400 cm-

1. The higher point of this range was 3.8 times more than FT34. FT35 
also showed another sharp autopeak at 480 cm-1. The polar compound 
especially the saccharides are notably more intense than FT34 within 
this range of wavenumber, showing that ethanol favourably extracted 
the polar saccharide compounds in FT35 compared to FT34 in this range.

             (8a) -2DIR                          (8b)-autopeak                      (8c)-2DIR                         (8d)-autopeak 

 

           (8e)-2DIR                             (8f)- autopeak                 (8g)-2DIR                             (8h)-autopeak 

 

Figure 7: 2DIR synchronous and autopeak spectra of roselle raw material. 7a: FT34 2DIR in the range 1850-1000 cm-1, 7b: FT34 autopeak in the range 1850-1000 
cm-1. 7c: FT34 2DIR in the range of 1000-400 cm-1; 7d: FT34 autopeak in the range 1000-400 cm-1. 7e: FT35 2DIR in the range of 1850-1000 cm-1. 7f: FT35 autopeak 
in the range of 1850-1000 cm-1; 7g: FT35 2DIR in the range of 1000-400 cm-1; 7h: FT35 autopeak in the range of 1000-400 cm-1.
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Comparison of 2DIR synchronous of FT34 and FT35 water 
extract with TFA

FT34 (In the range of 1800-1000 cm-1 and 1000-400 cm-1): 2DIR 
water extract of FT34 presented very different spectra compared to 
ethanol extract (Figure 9a), indicating that the content of the roselle 
water extract was dissimilar with ethanol extract in certain aspects. 
Four obvious points at four corners made up of correlation squares by 
autopeak 1700, (1700, 1212), 1212, (1212, 1700) were the only focus 
points in this region. However the autopeak around 1212 cm-1 was the 
highest points compared with others. Most of the peaks were evenly 
scattered and consisted of mixed positive and negative crosspeaks. 
Four shape peaks had been found along the diagonal line (Figure 9c). 
All were separated at least 100 cm-1 from each other. The red board peak 
from 550-650 cm-1 was centered at 600 cm-1, and the cross view showed 
the peaks of this 2DIR spectrum had sharper area. When compared 
with FT34 ethanol extract with TFA, this range of spectrum contained 
shaper peaks because water is the most polar solvent which is able to 
extract the polar compounds left after ethanol extraction with TFA. 

FT35 (in the range of 1800-1000 cm-1 and 1000-400 cm-1): The 
autopeak 1212 cm-1 was 7 times more intense than FT35 ethanol extract 
with TFA (Figure 9e). While the autopeak 1212 cm-1 was the major 
autopeak in this spectrum, it is also a major peak in FT34 water extract 
with TFA, both showed that the differences from ethanol extract e in 
the range of 1212-1100 cm-1 has higher intensity than the range of 
1850-1500 cm-1. The upper right corner showed 9 points correlation 
squares in the small region, which was a specific marker for FT35 water 
extract. It could be explained that the groups of band intensity changes 

due to the same component within the 9 assigned peaks. This 2DIR 
spectrum has fewer positive crosspeaks and negative crosspeaks. When 
compared with FT34 water extract with TFA, this spectrum has regular 
peaks assigned in the range of 1850-1500 cm-1. Figure 9g showed the 
spectrum has lower intensity compared with FT34 water extract. The 
broad red mixed up with orange and yellow at the range 850-550 cm-1 
indicated there are overlapping of many component of the substances. 
The autopeak at 830 cm-1 was one time higher than broad autopeak 
with the area 700-500 cm-1 which was opposite in FT34.

Conclusion
The differences of spectrum for both samples with different sample 

processing method obviously indicated that the composition of the end 
product relies on the appropriate processing method. The decoilation 
of seed was initially needed before the washing process since some of 
the residue or debris need to be totally cleaned. The temparature was 
considered one of the main factors affecting the end product. FT 35 was 
air-dried until 80% dry before further drying in the oven at 45°C for 3-4 
days. FT35 exhibited more intense anthocyanin content especially in 
2DIR spectra compared with FT34. Basically the IR analysis accurately 
differentiate the contents of both samples from raw material. The 
second derivative spectrum is another step to enhance the analysis by 
deriving the original spectrum peak to the diagnostic peak.
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