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ABSTRACT

This chapter investigated the bioactive compounds (BC) of crude methanol extract (CME) and the soluble fractions 
of chloroform (CHF), hexane (HF), acetone (AF) and methanol (MF) of raw Acacia seyal gum (ASG) and commercial 
Prebio-T (PTC), respectively. The CME and its diff erent soluble fractions were analysed and evaluated for their po-
tential BC by using Raman Spectroscopy techniques. The fi ndings presented many comprehensive variation rules 
of chemical components provided by the Raman spectrum. The identifi cation process with the Raman spectra 
(RS) macroscopic fi ngerprint characters spectroscopy provided the details on gums and their extracts, chemical 
constituents, as well as the comparison of the diff erences of the components among the fractions. The results
indicated that there are three Raman spectra of the enriched extracts obtained, and a comparison was made for 
the eff ective peaks against that of raw material gum (standard). The spectra of both raw gum samples (ASG and 
PTC) showed three major peaks at the approximated similar range of 2930, 1354 and 636 cm21; whereas the spec-
tra of MCE, MF and AF showed the same bands at about 1903 to 1373 cm21. However, the MF spectrum showed 
two diff erent bands at 805 and 572 cm21. The fi ndings showed that methanol crude extraction (CME) was found 
to be more eff ective than AF fractions in all the assays mentioned. Based on this study, the bioactivity of CME 
and its rich fractions are considered very promising and benefi cial for using Acacia seyal gum in food processing, 
medicine and pharmaceutical industries. In addition, the fi ngerprint peaks absorbance of other fractions might 
suggest some of the bioactive compound(s) of chloroform, hexane and methanol crude/fractions phytochemicals 
from Acacia seyal gum such as carotenoids (astaxanthin) and indolic alkaloids; phenolic compounds such as ferulic 
acid, p-coumaric acid, caff eic acid and sinapic acid. Therefore, Raman spectroscopy is considered an eff ective tool 
for bioactive compounds identifi cation.
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INTRODUCTION

Plants are the energy source for the animal kingdom and they provide benefi ts through the 
inhibition of specifi c diseases and illnesses, which are considered as exhibiting favourable 
performance in health care. In either plant or animal cells, reactive oxygen species (ROS) 
in the form of superoxide anion (O2

2), hydrogen peroxide (H2O2), hydroxyl radicals (OH) and 
singlet oxygen (O1

2) have damaging effects on cells (Dasgupta and De, 2007; Liao et al., 2016; 
Mohades, 2017; J.Y. Wang et al., 2016). The oxidation process can be considered one of the 
most important routes in the production of free radicals in the living system, including food 
and drugs. Antioxidants are substances that play a role of signifi cantly delaying or reduc-
ing the effects of substrate oxidation when present in low concentrations (Mannino, 2017).
Antioxidants prevent the body from damage of oxidation reactions by reacting with other 
ROS and free radicals within the body, thus hindering the oxidation process (Elnour et al. 
2018). Hence, the prevention of diseases associated with free radicals can be carried out by 
antioxidant therapy, which has been gaining signifi cant importance. The protection against 
the ROS-damaging effect is feasible through antioxidant compounds that are present in many 
plants. The common human diseases, directly or indirectly, associated with ROS are cancer, 
cardiovascular diseases, infl ammation, diabetes, degenerative diseases, anaemia, ischemia 
and ageing (Luo, 2017). Th e medicinal market has been receiving many extract products of 
medicinal materials in recent years. Concentrated extract products have been enhancing their 
curative effect as well as providing convenience in terms of packaging, transportation and 
product freight (Görög, 2015; Patel, 2009). It appears that the adoption of medicinal materi-
als in the form of extracts has been quite extensive to a very great extent. Nevertheless, the 
emerging of low-quality products and counterfeits also follows the increasing trends that have 
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developed in the medicinal market. Contemporarily, the main identifi cation method used for 
analysing the quality of products is by utilising the chromatography technique through the 
content examination of ascertaining chemical constituents in the tested sample. It is widely 
known that hundreds of components comprise one medicinal material available in the market, 
and through the mutual effects of those many ingredients, curative effects can be produced. 
Thus, a content limitation over the specifi c components does not necessarily refl ect the real 
quality of the herbal medicines. Therefore, a method for effi ciently and instantly analysing 
the whole constituents of the materials and entirely monitoring and refl ecting their corre-
sponding extract products is required (Gill, 2014).

Raman spectroscopy is one of the most frequently used methods in identifying chemical 
substances and elucidating compound structures, and many countries utilise it as a requisite 
method in identifying medicines for pharmacopeia. Raman spectroscopy has actually a suit-
able application in assessing the quality of GA, which is used mainly to determine rheology and 
emulsifying stability (Niu et al., 2016), as well as to discriminate the GA botanical location, 
type and age of the tree  (Wang et al. 2014). Thus, Raman is an extremely effective tool for 
characterisation.

Recently, Raman spectroscopy has been effi ciently applied to estimate the antioxidant
capacity of various foods (Wu et al., 2017; Wu et al., 2016). Raman spectroscopy depends on 
scattering, which is termed “an inelastic scattering of the incident light from a sample and 
the frequency shift by the energy of its characteristic molecular vibrations”(Wu et al., 2016; 
Xin et al., 2014). The different energy at the scattering time is assigned to the chemical 
bonds interactions present in the photon and the samples. Thus, the combination of these two
different techniques can provide comprehensive information about the chemical compositions 
of Gum Arabic (GA) and its different extracts.

The  Acacia seyal gum (ASG) (variety seyal Del.), known as Talha in various countries such 
as Niger, Chad, Senegal, Nigeria, and especially Sudan, is a notable traditional medicine for 
the treatment of common diseases, such as diarrhoea,anti-infl ammatory ulcers and so forth 
(Elnour et al., 2018; Khalid et al. 2012). It has been reported that the active components 
in ASG involved nonviscous soluble fi bres with high dietary value, and also minerals such as 
potassium, magnesium, calcium as well as antioxidants (Mirghania et al., 2018). Thus, GA is 
benefi cial as a source of bioactive compounds.

The plant of ASG (Family: Leguminosae) is the main source of GA; the leaves, gum and 
bark are used in phototherapy for haemorrhage, colds, diarrhoea, gastrointestinal disor-
ders, jaundice, biliary diseases, syphilis, headaches and as emollient, astringent, and for 
burns and ophthalmic purposes (El Amin, 1990). The examination of GA showed that the sub-
stance is acceptable for human daily intake by the Joint FAO/WHO Expert Committee on Food
Additives since 1969 (Musa, 2015). However, the Sudanese people of Western Sudan have been 
consuming it without any dosage restriction. It is known to be indigestible by both humans and 
animals, inaccessible for intestinal degradation, but fermentable to short-chain fatty acids
in the colon, resulting in the possibility of a wide range of health benefi ts (Phillips, 2011a). 
One of the benefits is the prebiotic effect (Phillips, 2011b), where a four-week supple-
mentation with GA (10 g/day) led to signifi cant increases in Bifi dobacterium, Lactobacteria 
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and Bacteroides (Calame et al. 2008). Other effects include a reduction in plasma cholesterol 
level in animals and humans (Sharma, 1985), anticarcinogenic effect (Nasir et al., 2010) as 
well as cardiac toxicity and hepatotoxicity protection (Ali, 2003). Therefore, GA can possess 
a multibiological function.

In addition, it has been proposed, with further studies and confi rmation required, that GA 
also relieves chronic renal failure effects in humans (Ali, 2010; Glover et al. 2009). Therefore, 
the indication to use GA in food manufacturing, cosmetic and medicine trade can be seen as 
benefi cial from the point of view of modern pharmacological research.Consequently, many 
researchers are attracted to study GA since some new insights on the effective functions and 
constituents have been acquired. In this study, the comprehensive variation rules and the 
main components of ASG chemical constituents and its extracts were addressed through the 
application of Raman spectroscopy.

Ram an spectroscopy has not been applied in the prediction of antioxidant activity and phe-
nolic compounds of Acacia seyal gum. Therefore, the development of an accurate, rapid and 
feasible analysis method that integrally refl ects the inherent qualities of medicinal materials 
and their corresponding extracts is required. This should involve the crude methanol extract 
(CME) antioxidant capacities and their fractions from ASG natural exudate and commercial 
products of PTCusing free radical scavenging.

MATERIALS AND METHODS

Plant Materials

 Acacia seyal gum tree and gum samples (Figure 1) were collected in November 2015; the aca-
cia gum (AG) nodules were collected from the Blue Nile State of Sudan. After the collection, 
profound experts from the Sudanese Ministry of Forestry and Agriculture examined the sam-
ples of AG. This was done to ensure that all the samples were identifi ed properly and cleaned 
from plant bark parts and sand. To ensure the homogeneity of the samples, a random selection 
of nodules was ground and made into a mechanical powder by using a USA standard testing 
sieve (Fisher Company) with a 1.40 mm (0.0555 inches) mesh size. For the ASG, a commercial 
sample called Prebio T (PTC) was obtained from Perfect Life Food Containing Homogenized 
Ingredients Manufacturing Company in the United Arab Emirates. Extract preparation and the 
solvent–solvent partitioning process are presented in Figure 2.

Raman Spectroscopy

In this chapter, Raman spectroscopy was performed by using a Renishaw System-1000 spec-
trometer (Wotton-Under-Edge, UK), as presented in Figure 3a & b, respectively. The instru-
ment is equipped with a diode laser with a laser wavelength of 785 nm and an output power of
50 mW. Laser intensity on the sample could be modifi ed up to ca. 5 mW, by using a set of neu-
tral density fi lters. While taking possible sample inhomogeneity into consideration, for each 
sample, at least three Raman spectra were recorded by using the 50× objective lens, allowing 
for a spectral footprint of ca. 2 m. All spectra were recorded between 400 and 3200 cm21 for 
at least fi ve accumulations of the 30s.
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Signifi cant Bioactive Compounds 103

FIGURE 1(a) Shows the Acacia sengal tree (for comparison); (b) Acacia seyal tree; (c) Acacia seyal gum; 
and (d) PTC (Acacia seyal commercial gum).

FIGURE 2 Schematic fl ow representation of the Kupchan solvent–solvent partitioning of a methanolic 
crude extract of Acacia seyal gum (ASG) and PTC crude methanol and its fractions. Procedure modifi ed 
by using gum arabic branch methanol crude extract.
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RESULTS AND DISCUSSION

Characterisation of ASG and PTC Crude and Fractions Using Raman Spectroscopy

Raman spect ra obtained for raw ASG and PTC, where their different extracts and the fractions 
acquired between 3500 and 500 cm−1 are depicted, are shown in Figure 4. The Raman spectra of 
ASG and PTC for raw gum (a), methanol crude extract (MCE) (b) and acetone fraction (AF) (d) 
are almost identical when compared with the methanol fraction (MF) spectrum (c). The three 
Raman spectra of the enriched extracts were obtained, and a comparison was made for the ef-
fective peaks against that of raw material GA (standard). The spectra of both raw gum samples 
(ASG and PTC) showed three major peaks at the approximated similar range of 2930, 1354 and 
636 cm−1; whereas the spectra of MCE, MF and AF showed the same bands at about 1903 to 1373 
cm−1. However, the MF spectrum showed two different bands at 805 and 572 cm−1 (Figure 4).

FIGURE (3a & b) Dispersive Raman spectroscopy diagram

Source: from (Rostron et al. 2016)
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In this chapter, the spectra characterised by the intense bands were somewhere around 
2926 cm−1, which was assigned to the C-H stretching. The results were in agreement with 
Özbalci et al. (2013), who analysed honey sugar by using Raman spectroscopy. Meanwhile, 
the band at 572 cm−1 was originated from intense deformation of C-C-C and C-C-O, and the 
sharp band at 1373 cm−1 was assigned to ring deformation. The peak at 1075 cm−1 was assigned 
mainly to the bending vibration of C-H and C-O-H in carbohydrates and to slight contribution 
by the vibration of the C-N bond in proteins and amino acid. The bands around 705 cm−1 were 
originated to the stretching of C-O and C-C-O as well as to the O-C-O bending, whereas the 
bands in the region of 805 cm−1 were assigned to the C-H, C-O-H and CH2 bending (Wiercigroch 
et al., 2017). A sharp peak at 1266 cm−1 was found to be related to the deformation vibra-
tion of C-C-H, O-C-H and C-O-H. The absorbance band at 1373 cm−1 was originated from the 
combination of the bending vibration of CH2 and the vibration of the COO–group, where the 
same spectral region has been attributed to the fl avanol and organic acids; the fi ndings were 
in agreement with Tahir et al.(2017), who reported rapid prediction of phenolic compounds 
and antioxidant activity. Based on the results, it is possible to use Raman spectroscopy as a 
direct and straightforward method of analysis, thus enabling the apiculture and pharmaceu-
tical industries to effi ciently assess the antioxidant activity and health benefi ts from specifi c 
bioactive compounds.

FIGURE 4 The Raman spectra of Acacia seyal gum (ASG) and PTC (A) raw gum, (B) crude extraction,
(C) methanol fraction, and (B) acetone fraction, respectively. Figure (4b): Raman spectra of PTC(A),
PTC raw gum, (B) PTC crude extraction, (C) PTC methanol fraction, and (D) PTC acetone fraction,
respectively.
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A study was conducted in 2017 by Tahir et al., with the objective of evaluating the
phenolic compounds and antioxidant activity of Sudanese honey by using Raman spectroscopy
(Tahir et al., 2017). It was demonstrated to be a simple, rapid and nondestructive method to 
quantify phenolic compounds and antioxidant activities in honey. Another study also reported 
the effectiveness of Raman spectroscopy for the identifi cation, distribution and quantifi cation 
of fl avonoid aspalathin in green rooibos (Baranska et al. 2006). The results support the spec-
tral data and reference HPLC values; reliable multivariate calibration models were developed 
for quantifi cation of aspalathin, nothofagin, and the combined dihydrochalcone contents of 
dried, green rooibos (Baranska et al., 2006).

López-Tobar et al. (2012) have investigated the encapsulation and isomerization of cur-
cumin with cyclodextrins characterised by electronic and vibrational use of Raman spectros-
copy. They reported that the structural antioxidant, antitumoral polyphenol curcumin and its 
complexation with β-and γ-cyclodextrin have a positive impact. Thus, changes may lead to an 
increase of the chemical stability, the bioavailability and the biological activity of curcumin.

Raman techniques were also used for the identifi cation of bioactive compounds, which 
included hydroxycinnamic and hydroxybenzoic esters (caffeates, ferulates and gallates) dis-
playing antioxidant and anticancer properties;this was undertaken with particular emphasis 
on the analysis of the effect of the ring substituents and the nature of the ester alkyl chain on 
their spectroscopic features (Calheiros et al., 2008).

In this chapter, Raman images of the materials were also generated to ascertain the disper-
sion of the antioxidant within the hydrocolloid materials such as carotenoids (astaxanthin) and 
indolic alkaloids. In phenolic compounds such as ferulic acid, p-coumaric acid, caffeic acid and 
sinapic acid, it was observed that β-carotene was partially agglomerated in certain areas of 
the fi lm, a fact that could also contribute to enhancing the stability of the bioactive molecule 
(López-Rubio and Lagaron, 2011).

Moreover, Raman spectroscopy resulted in the identifi cation of carotenoids and indolic
alkaloids. As a result, Raman bands at 1520, 1160 and 1005 cm−1 assigned to ν 1 (C5C), ν 2 (C-
C) and ρ 3 (C-CH3) modes, respectively, were attributed to astaxanthin, and the band at 1665 
cm21 could be assigned to the ν(C-N), ν(C-O) and ν(C-C) coupled mode of the iminoimidazoli-
none from aplysinopsin (Maia et al., 2014). Thus, the antioxidant activity of the crude extracts 
may have suggested a possible role for bioactive compounds. Surface-enhanced Raman spec-
troscopy of phenolic antioxidants provides a systematic evaluation of ferulic acid, p-coumaric 
acid, caffeic acid and sinapic acid (Aguilar-Hernández et al., 2017) therefore, Raman is con-
sidered as an effective tool for bioactive compounds identifi cation.

Three dimensions (3D) of crude and active fraction of ASG and PTC crude methanol and its 
fractions can be observed (Figure 5): ASG-MCE: crude methanol extraction, ASG-MF: methanol 
fraction, ASG-AF: acetone fraction, ASG-HF: hexane fraction, and ASG-CHF: chloroform frac-
tion, respectively. Figure (b) shows PTC-MCE: crude methanol extraction, PTC-MF: methanol 
fraction, PTC-AF: acetone fraction, PTC-HF: hexane fraction, and PTC-CHF: chloroform frac-
tion, respectively. Based on the results, it is possible to use Raman spectroscopy as a direct 
and straightforward method of analysis, thus enabling the apiculture and pharmaceutical
industries to effi ciently assess the antioxidant activity and health benefi ts from certain
compounds.
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TABLE 1 Raman Absorptions of Common Functional Group Compared with FTIR

Functional Group / Vibration Region Raman InfraRed

Lattice vibrations in crystals, LA modes 10−200 cm21 strong strong

δ(CC) aliphatic chains 250−400 cm21 strong weak

υ(Se-Se) 290−330 cm21 strong weak

υ(S-S) 430−550 cm21 strong weak

υ(Si-O-Si) 450−550 cm21 strong weak

υ (X metal-O) 150−450 cm−1 strong med-weak

υ (C-I) 480−660 cm21 strong strong

υ(C-Br) 500−700 cm21 strong strong

υ(C-Cl) 550−800 cm21 strong strong

υ(C-S) aliphatic 630−790 cm21 strong medium

υ(C-S) aromatic 1080−1100 cm21  strong medium

υ(O-O) 845−900 cm21 strong weak

υ(C-O-C) 800−970 cm21 medium weak

υ(CC) alicyclic, aliphatic chain vibrations 600−1300 cm21 medium medium

υ(C5S) 1000−1250 cm21 strong weak

υ(CC)aromatic ring chain vibrations *1580−1600 cm21 strong medium

*1450−1500 cm21 medium medium

*1000 cm21 strong/medium weak

δ(CH3) 1380 cm21 medium strong

δ(CH2) δ(CH3) asym 1400−1470 cm21 medium medium

υ(C-(NO2)) 1340−1380 cm21 strong medium

υ(C-(NO2) asym 1530−1590 cm21 medium strong

υ(N5N) aromatic 1410−1440 cm21 medium strong

υ(N5N)aliphatic 1550−1580 cm21 medium strong

δ (H2O) ~1640 cm21 weakbroad strong

υ(C5N) 1610−1680 cm21 strong medium

υ(C5C) 1500−1900 cm21 strong weak

υ(C5O) 1680−1820 cm21 medium strong

υ(CùC) 2100−2250 cm21 strong weak

υ(CùN) 2220−2255 cm21 medium strong

υ(-S-H) 2550−2600 cm21 strong weak

υ(C-Η) 2800−3000 cm21 strong strong

υ(5(C-H)) 3000−3100 cm21  strong medium

υ(ù(C-H)) 3300 cm21 weak strong

υ(N-H) 3300−3500 cm21 medium medium

υ(O-H) 3100−3650 cm21 weak strong

Source: Socrates (2001)
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SUMMARY

This work can be considered as the fi rst attempt to identify the biological potential of Acacia 
seyal gum growing in Sudan. Based on the results, it was observed that the methanol-soluble 
fraction possesses the maximum peaks of the crude extract and the different polarity frac-
tions extracted from the gum. The potential bioactive compounds were displayed by MF 
and AF, which were secluded from MCE by the Kupchan solvent–solvent partitioning method. 
Through systematic analyses of Raman spectroscopy towards MCE and its different fractions, 
it can be learned that the resulted spectra are capable of delivering a large amount of infor-
mation on macroscopic structures and comprehensive variation rules over the chemical con-
stituents residing in the products. This method can clearly display the differences between 
the chemical constituents in MCE and their different enriched fractions. The Raman spectra 
are capable of showing more of the characteristics and features of the ASG samples, as the 
chemical compositions were concentrated after the extraction of the samples by solvents. 
The chemical substances in the extracts are somewhat consistent due to the commonality 
in the extraction methods, with Raman spectroscopy providing a higher repeatability and 
comparability. Thus, the fact that the Raman spectrum is capable of objectively refl ecting 
the panorama of chemical constituents from a complex system enables this method to be 
nominated as one of the most credible methods. The outcomes of this study contribute to the 

Figure 5(a) Shows the three dimensional (3D) picture of a crude and active fraction of ASG and PTC 
methanol and its fractions. ASG-MCE: crude methanol extraction, ASG-MF: methanol fraction, ASG-AF: 
acetone fraction, ASG-HF: hexane fraction, and ASG-CHF:chloroform fraction, respectively. Figure (b) 
shows PTC-MCE: crude methanol extraction, PTC-MF: methanol fraction, PTC-AF: acetone fraction, 
PTC-HF: hexane fraction, and PTCT-CHF:chloroform fraction, respectively.
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groundwork of designing future experimentation for a better comprehension on the antioxi-
dative, anticancer and anti-infl ammatory effects of the gums. It may as well support future 
work for discovering the phytochemicals associated with these properties.
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