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1. Introduction

Glutamic acid has been known as a widespread amino 
acid present in foodstuffs. L-configuration of glutamic 
acid is used as a flavour enhancer globally (Populin et al., 
2007). Generally, commercial amino acids are obtained by 
using four well-known methods: extraction from natural 
sources, chemical synthesis, fermentation and enzymatic 
catalysis. It is possible to obtain glutamic acid by isolation 
from numerous sources, such as wheat gluten, soybean 
meal and casein (Ault, 2004). Monosodium glutamate 
(MSG), the sodium salt of glutamic acid, has been used 
worldwide as a food additive or seasoning to enhance the 
flavour of various foods. MSG enhances the ‘sixth flavour’ 
(umami), which means ‘savoury’ or ‘delicious’ in Japanese. 
MSG is known as a flavour enhancer because glutamate 
not only evokes a flavour but also enhances the existing 
flavours (Freeman, 2006). Especially the combination of 

MSG and table salt has been preferred (Ault, 2004). Peo-
ple consume glutamic acid in their daily nutrition in two 
ways: naturally through foodstuffs that contain glutamic 
acid and as a flavour enhancer (MSG) in food products. 
Commercial MSG is added to food products ‘openly’ (i.e. 
declared on labels) or without declaration on the labels. 
When MSG or other glutamic acid salts are added to food 
products, these salts dissociate in aqueous solutions and 
free glutamic acid is released (Beyreuther et al., 2007). The 
most well-known MSG-added food products are meats, 
soups, bouillon cubes, sauces, dressings, chips, snacks, 
seasonings, meatballs and other ready-to-eat products 
(Skurray and Pucar, 1988). Previous studies have reported 
that the safety status of MSG has been contentious. While 
the US Food and Drug Administration has included it 
among the generally recognised as safe (GRAS), some sci-
entific studies have associated the consumption of MSG 
with health problems (Lau and Mok, 1995).
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In previous findings, MSG was identified as the cause 
of the so-called Chinese restaurant syndrome, which is 
typically associated with headache, burning sensations, 
facial pressure and chest pain (Schaumburg et al., 1969). 
It was reported that MSG can trigger asthma and mi-
graine (Freeman, 2006). Furthermore, associations be-
tween diabetes and obesity and MSG consumption have 
also been observed in both human and animal research 
studies (Shannon et al., 2017). These findings demon-
strate MSG as an endocrine disruptor food additive. Ac-
cording to the Turkish Food Codex (TFC) and European 
Union Directives (EC), the highest allowed MSG con-
centration is 10 g/kg.

Considering the research findings that have presented 
the unwanted impacts of MSG on health, the develop-
ment and application of effective and robust methods for 
the determination of additional MSG in foodstuffs have 
necessitated a need for public concerns. Several studies 
were dedicated with the aim of detecting glutamic acid 
in foods. In general, chromatographic, spectrophotomet-
ric and fluorometric techniques were applied for the de-
termination of glutamic acid and its salts (Acebal et al., 
2008). Populin et al. (2007) performed a survey study for 
the determination of free glutamic acid content of a va-
riety of foods by using high-pressure liquid chromatog-
raphy (HPLC) technique. Cebi et al. (2018) developed a 
liquid chromatography tandem-mass spectrometry (LC-
MS/MS) chromatographic method for the determination 
of free glutamic acid content in chips, soups, sauces and 
dressings. Khampha et al. (2004) used a flow injection 
analysis system for the selective determination of L-glu-
tamate in food samples, while Aung and Pyell (2015) 
determined the MSG in canned foods by using capillary 
electrophoresis. Importantly, MSG is added to the stock 
cubes at high amounts, and Demirhan et al. (2015) inves-
tigated the MSG levels of beef and chicken stock cubes in 
Ankara, Turkey, using HPLC technique. As seen, chro-
matographic techniques were used in most of the previ-
ous studies. The applied techniques are powerful and it 
is possible to obtain reliable results through these tech-
niques. However, real-time monitoring and rapid detec-
tion systems are needed in order to detect adulterants 
in food control systems. Especially, precise and robust 
techniques are required for ensuring food safety, food 
quality and authenticity. Numerous non-destructive and 
effective techniques (e.g. Raman, Infrared, fluorescence, 
X-ray and electronic nose) have potential for overcom-
ing the mentioned problems. Recent studies have shown 
that as an emerging technique, chemical or spectroscopic 
imaging combines conventional imaging and spectros-
copy to gather spatial and spectral features from complex 
food matrix (Gowen et al., 2007). When considered from 
a food chemistry point of view, food and agricultural 
products can be considered as a mixture of structural 
components. Recent evidence has reported that Raman 

spectroscopy has been applied to detect suspicious 
molecules in a complex food matrix. Analytes that are 
convenient for Raman analysis involve food’s major com-
ponents (e.g. proteins, fats and carbohydrates) and minor 
components (e.g. carotenoids and inorganics), as well as 
extrinsic components (e.g. bacteria and adulterants) (Qin 
et al., 2014). Previous studies have reported that Raman 
spectroscopy was successfully applied in various chal-
lenging food safety problems. However, the main weak-
ness of these studies was the lack of spatial information. 
Raman microscopy (chemical imaging or chemical map-
ping) systems provide spectral and spatial information 
about food surface and thus present high-throughput 
solutions for food safety and quality problems (Qin et al., 
2014). A number of studies have investigated the accom-
plishments of Raman imaging technique in food safety 
problems. Raman hyperspectral imaging was used for 
the detection of green pea adulteration in pistachio nut 
granules and green pea granules were determined at the 
concentration of 20–80% (Eksi-Kocak et al., 2016). Qin 
et al. (2013) successfully determined multiple adulter-
ants (e.g. ammonium sulphate, dicyandiamide, melamine 
and urea) in dry milk using macro-scale Raman chemical 
imaging. In another study, Qin et al. (2011) showed that 
lycopene changes in tomatoes could be successfully de-
tected in order to track ripening using Raman imaging. 
Yongliang et al. (2009) accomplished the identification 
and imaging of melamine in wheat flour matrix using 
Raman chemical imaging technique.

This study was conducted with the aim of detecting addi-
tional MSG in dry soup mixtures using sensitive and spe-
cific Raman mapping techniques. The different aspects 
and novelties of our study are that, for the first time, we 
used Raman chemical mapping technique for the detec-
tion of MSG (four different types) in dry soup mixtures 
(prepared in a laboratory) and commercial dry soups 
(purchased from markets). In addition, the obtained re-
sults were confirmed using a robust LC-MS/MS method 
for commercial dry soups.

2. Materials and methods

Apparatus, reagents and materials 

Measurements were gathered using Renishaw Raman 
microscope system, equipped with an Olympus 20× 
objective lens. Instrument control, data acquisition 
and mapping operations were performed by using  
Wire 3.4 (Renishaw, Gloucestershire, UK) software. A 
ball mill mixer (Retsch MM400, Haan, Germany) and 
hydraulic pellet press machine (Perkin Elmer, Nor-
walk, USA) were used for sample preparation before 
analysis. Raman spectra of ingredients in the compo-
sition of adulterated dry soup mix are presented in 
Figure 1. MSG (molecular formula: C

5
H

8
NNaO

4
 was 
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provided by Sigma Aldrich (Sigma-Aldrich GmbH, 
Sternheim, Germany). Two different types of stan-
dard MSG—L-glutamic acid monosodium salt hy-
drate (G1626) and L-glutamic acid monosodium salt 
monohydrate (49621)—were purchased from Sigma 
Aldrich. Additionally, two different types of com-
mercial MSG were obtained from Alfasol and Tito 
(Turkey), which were coded as Brand A and Brand 
B, respectively. For the preparation of the dry soup 
mix, dried vegetables (e.g. carrot, broccoli, leeks and 
tomato), garlic and onion were purchased from Ku-
rucum Gıda (Turkey). Lentil powder, salt, corn flour, 
sugar, red pepper and black pepper were purchased 
from a local supermarket (İstanbul, Turkey). Whey 
powder, potato flour and vegetable fat powder were 
obtained from Maybi (Turkey), Tito (Turkey) and As 
Gıda (Turkey), respectively. Four different types of 
commercial dry soup products were obtained from a 
local supermarket in İstanbul.

Sample preparation

Dry soup mix was prepared according to the study of 
Abeysinghe and Illeperuma (2006), with some modi-
fications. The percentages of ingredients in the soup 
mix were determined as follows: dried vegetables 
(25%), tomato powder (7%), lentil powder (12%), potato  
flour (10%), corn flour (9%), whey powder (18%), salt 
(12%), sugar (2%), spice mix (1%) and vegetable fat (4%). 

Soup mix was enriched with four types of MSG (G1624, 
49621, Alfasol and Tito) at percentages of 0.1, 0.2,  
0.4 and 0.6%. All of the samples were mixed diligently 
using vibratory ball milling for 10 min in order to ob-
tain a perfectly homogeneous mixture of dry soup mix  
and MSG.

Then pellets of adulterated soup samples were prepared 
by applying a pressure of 10 MPa for approximately 1 min 
in pellet press. Pellet preparation was performed without 
KBr; the aim of this operation was to obtain a perfectly 
smooth and plain sample surface before Raman micros-
copy analysis.

Analysis by LC-MS/MS

LC-MS/MS analyses were performed by using (Shimadzu 
UFLC LC-20AD) HPLC system (Shimadzu Corporation, 
Kyoto, Japan). EZ:FAAST (4 µ AAA-MS 250×2 mm) col-
umn was used. A gradient programme was applied for 
chromatographic separation (1 mmol/L formic acid in 
water: A; 1 mmol/L formic acid in water: B). The oven tem-
perature was maintained at 40 °C with a flow rate of 0.25 
ml/min. The gradient profile was scheduled as follows: 0.1 
min, 38% B; 12 min, 65% B; 12.1 min, 95% B; 14 min, 95% B; 
14.1 min, 38% B; and 20 min, 38% B. The injection volume 
was 10 µl. The LC-MS/MS system consisted of an HPLC 
(Shimadzu) coupled with Applied Biosystems MDS SCIEX 
4000 Q TRAP mass spectrometer. The MS/MS detector 

Figure 1.  Raman spectra of ingredients in the composition of adulterated dry soup mix.

Quality Assurance and Safety of Crops & Foods 12 (1)� 3



N. Çebi et al.

conditions were as follows: curtain gas 20 ml/min, exit po-
tential 10 V, ion source gas 1 and ion source gas 2 were 
set at 50 ml/min, ion spray voltage was set at 5,500 V and 
turbo spray temperature was set at 550 °C. MS data were 
acquired in the positive ion electrospray ionization (ESI) 
mode using two alternating MS/MS scan events.

Raman measurements 

Raman spectra of all samples were obtained by using 
Renishaw Raman microscope system, equipped with an 
Olympus 20X objective lens. Raman spectra were excited 
using 785-nm radiation from a diode array laser and 50% 
laser power applied to the sample with 0.1 s exposure 
time. A 1040×256 pixels Renishaw charge coupled device 
(CCD) camera was used in the experiment. Spectra were 
collected over the range of 281–1,451 cm−1. To improve 
the signal-to-noise ratio of the data, 15 scans (accumu-
lation) were preferred to obtain spectra and cosmic ray 
removal was used in all measurements.

Chemical mapping

Dry soup mix samples (~1 cm diameter) were placed on 
microscope slides that were mounted on the motorised 
xyz stage of the inVia Raman spectrometer (Renishaw 
Plc., Wotton-under-Edge, Gloucestershire, UK) equipped 
with confocal capability, a 785-nm diode laser (500 mW) 
and a 1,200 L/mm grating. The instrument wavelength 
was calibrated with silicon at 520 cm−1. The instrument 
was operated using 20X objective lens, a 65-μm slit and 
a 1040×256 pixels Renishaw CCD camera. Each data set 
was analysed using the Renishaw WIRE 3.4 software. 
rectangle map type was selected at 1,500 μm ×1,500 μm 
area for mapping operation and the step was 75 in all 
measurements. Raw data were subjected to component 
analysis; thus, component maps were created using Wire 
3.4 software. Standard MSG was selected as searched 
component, first derivative and normalisation was per-
formed in the developed methodology.

LC-MS/MS analysis

LC-MS/MS analysis of commercial dry soup samples was 
performed according to the method described by Cebi 
et al. (2018). The method includes derivatisation steps. 
About 10 g of dry soup samples was mixed diligently 
using vibratory ball milling prior to the analysis. Subse-
quently, 20 ml of 0.1 N HCl was transferred onto the 50 
mg of sample and the sample was kept in an ultrasonic 
water bath for 30 min. After filtration, derivatisation 
process was performed through four steps. Finally, the 
dried upper phase was dissolved in 1,000 µl of methanol/
water (80:20) and the final solution was filtered through a 

0.45-µm filter prior to LC-MS/MS analysis. The LC-MS/
MS analysis of four different commercial dry soup sam-
ples was performed using this technique.

3. Results and discussion

Characterisation of Raman spectrum of MSG

MSG has very distinct, specific and obvious Raman 
bands with respect to other components in the dry soup 
mix. Raman spectra of MSG and all other soup ingre-
dients are presented in Figure 1. Raman spectra of four 
different MSG and band assignment of MSG are shown 
in Figure 2. The obtained Raman spectra were identical 
for four types of MSG samples as shown in Figure 2. The 
spectrum had significant vibrational bands at 382, 441, 
478, 500, 529, 603, 665, 740, 775, 792, 808, 858, 877, 925, 
943, 1,003, 1,041, 1,056, 1,076, 1,097, 1,124, 1,142, 1,161, 
1,193, 1,284, 1,293, 1,318, 1,342, 1,353, 1,402 and 1,434 
cm–1. These bands are within the scope of fingerprint 
region. These bands were associated with the chemical 
groups of components present in the chemical structure 
of MSG. The band with a peak point at 1,434 and 1,353 
cm–1 corresponds to the CH

2
 deformation and wagging 

modes (Shurvell and Bergin, 1989). The strong band at 
1402 cm−1 is due to symmetrical COO− stretching vibra-
tions (Navarrete et al., 1994). Vibrational bands at 1,318, 
1,342, 1,293, 1,284, 1,193 and 1,161 cm–1 are responsible 
for the CH

2
 deformation vibrations (i.e. twisting and wag-

ging) (Peica et al., 2007). The most characteristic band 
for carboxylic acid dimers 960–875 cm−1 is due to the in-
plane and out-of-plane OH···O wagging modes (Kabischt 
and Klose, 1978). The band with a peak point at 1,124 
cm−1 corresponds to the NH

2
 twisting and NH

3
+ rocking 

modes (Dhamelincourt and Ramírez, 1991). The band at 
1,097 cm−1 is due to the CH

2
 rocking mode, while the me-

dium band at 1,076 cm−1 corresponds to the NH
3

+ rock-
ing mode and to the C–N stretching mode (Shurvell and 
Bergin, 1989). The band at 1,056 cm−1 and the weak peak 
at 1,041 cm−1 are resulted from the C–C stretching vibra-
tions and CH

2
 rocking mode, respectively (Navarrete et 

al., 1994). Additionally, weak bands at 382, 441 and 478 
cm−1 are mainly due to skeletal bending vibrations, (OH, 
CH) bending vibrations and NH

3
+ twisting vibrations, re-

spectively (Peica et al., 2007).

Importantly, the band at 500 cm−1 arises from COO− 
rocking and NH3+ torsion modes and the bands at 633 
and 603 cm−1 are due to the COO− scissoring and wag-
ging modes, respectively (Dhamelincourt and Ramírez, 
1991; Navarrete et al., 1994; Peica et al., 2007). The 
strong band at 665 cm−1 corresponds to the COOH in-
plane bending vibrations (Navarrete et al., 1994; Peica 
et al., 2007). The peaks at 775 and 740 cm−1 are due to the 
COO− bending vibrations of glutamic acid. The bands 
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with a peak point at 792 and 808 cm–1 are responsible for 
the NH

2
 bending vibrations and CO and N–H deforma-

tion vibrations, respectively (Peica et al., 2007). Lastly, 
a strong band at 858 cm–1 corresponds to the COOH 
deformation vibrations and O–O stretching vibrations 
(Shurvell and Bergin, 1989).

Creating multivariate images

Preprocessing

During the application of a spectroscopic technique, pre-
processing is a very important step in data analysis. While 
performing a mapping operation, data preprocessing is 
performed in order to assist the extraction of chemical 
information in subsequent data analysis procedure by 
reducing undesirable signals from particle size effects, 
morphological differences and detector artefacts (Zhang 
et al., 2005). In this study, derivation (first order) and Sav-
itzky–Golay normalisation were performed accompanied 
by direct classical least squares (DCLS) (Renishaw, Wire) 
analysis. The derivation process could be regarded as a 
solution to the ordinary problems, especially in multi-
component samples. Obtained derivative spectra present 
more specific and characteristic profile in comparison 
to the non-derivative spectra. For example, one of the 
unwanted effects in the spectroscopy is baseline shift, 
which could be attributed to the instrument conditions 
or sample handling factors. The first derivative spectrum 

overcomes baseline shifts and improves the accuracy as 
the first derivative of a constant absorbance offset has 
been zero (Ekrami et al., 2010). Savitzky–Golay smooth-
ing/derivation employs a polynomial smoothing window 
around a central point to calculate the derivative value for 
that point. In this popular method, numerical derivation 
is performed and a polynomial is fitted in a symmetric 
window on the raw data. This process is applied to all 
points in the spectra sequentially (Savitzky and Golay, 
1964). Additionally, Savitzky–Golay pre-treatment is a 
widely used method and has the potential to efficiently 
dispose noises like baseline drift, tilt, reverse and so forth 
(Chen et al., 2013).

DCLS component analysis 

When collecting Raman data from complex systems (e.g. 
soup mix), or those containing many different spectra, it 
is often inconvenient and inappropriate to use univariate 
methods to accurately determine the location and pro-
portion of specific chemical species. Multivariate data 
analysis is ideal to investigate such systems. In this study, 
we used DCLS component analysis to obtain component 
(MSG) images in the adulterated soup mixtures (DCLS, 
Renishaw Wire 3.4 component analysis method). The 
multivariate data analysis technique used in this method 
is DCLS fitting of the unknown data to a linear combina-
tion of specified component spectra [referred to as ‘com-
ponents (DCLS)’ in the Wire 3.4 software].

Figure 2.  Raman spectra of monosodium glutamate from different brands: (A) Sigma-G1626, (B) Sigma-49621, (C) Brand A and 
(D) Brand B.
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This method is generally preferred when reference spectra 
are available for the suspected components and involve 
fitting the unknown data (collected during mapping) to 
a linear combination of the specified component spectra. 
When a match was found to occur between the standard 
and the collected spectra, a false colour was assigned and 
separate false colour images were created for each com-
ponent (McAughtrie et al., 2013). Each reference spec-
trum is used to create separate images with lookup table 
(LUT) values between 0 and 1. Values close to 1 indicate 
areas within the image most similar in shape to that of the 
reference spectrum. Also, these regions (suspected mat-
ter-rich) appear red and brightest colour in the diagram 
for rainbow and Ice LUT, respectively. The LUT control 
allows the user to see the way that the LUT relates colour 
to data values. 

Raman chemical mapping of MSG adulterant in dry  
soup mix

The application of Raman mapping technique, with ex-
citation at 785 nm, for the detection of MSG in dry soup 
mix has resulted in high effectiveness. Raman chemical 
map (Rainbow LUT), regional spectrum and the white 
light image are shown in Figure 3A–3C, respectively. 
Raman maps were obtained from smooth surfaces of 
pressed pellets. Raman mapping was performed in an 
area of 1,500 μm×1,500 μm. Actually, it is possible to se-
lect the mapping within the maximum area of 200 μm × 
200 μm using live video window. However, in most condi-
tions, Raman image is greater in size than the field of view 
of the white light image; therefore, it is needed to perform 
mapping experiments over large areas. Hence, it is nec-
essary to perform a montage of white light images and 
by this way it is also easier to define the image area from 
the montage. The montage white light image and selected 
mapping area are presented in Figure 3C.

As shown in the figure, mapping was performed within 
the selected region (white light image). In this process, 
reference spectra were defined (DCLS, Wire 3.4). Lut 
diagram of the map image shows the intensity of MSG 
(defined component) on the basis of colour gradient. 
Red (Rainbow LUT) colour shows the richest regions for 
MSG. Spectrum from this region is shown on the right 
sight of the Raman map (Figure 3B). The presence of 
characteristic bands of MSG provided a good basis for 
selective Raman mapping to detect MSG adulteration or 
distribution in mixed dry soups. Characteristic bands of 
MSG were defined in previous sections. There are seven 
bands (500, 603, 665, 775, 793, 810 and 858 cm–1) as spe-
cific for MSG because these bands were not observed in 
Raman spectra of other ingredients in the composition 
of dry soup mix. As shown in Figure 3B, the strongest 
MSG band at 858 cm–1 demonstrates the presence and 

distribution of this compound in the mix composition. 
Also MSG has distinct and specific spectral features with 
sharp and strong bands compared to other mix ingredi-
ents. In the DCLS method, the whole spectrum of MSG 
was defined and the presence of suspected compound 
in different samples was evaluated. While evaluating the 
spectrum from red regions (Figure 3B), one can conclude 
that the most significant and intense band is observed at 
858 cm–1. As mentioned previously, the strong band at 
858 cm–1 is due to COOH deformation vibrations and 
O–O stretching vibrations of MSG. Two-dimensional 
chemical structure of MSG is shown in Figure 3D. Ad-
ditionally, Raman chemical map of adulterated dry soup 
mix (0.09 %) is shown in Figure 3E, as it can been seen red 
region wasn’t observed in Figure 3E since the detection 
limit was % 0.1 for developed Raman microscopy meth-
odology. Furthermore, MSG can also be added to foods 
‘covertly’ as yeast extracts. In this study, Raman spectrum 
of yeast extract was obtained under same experimental 
conditions and a quite different Raman spectrum was 
obtained without clear or sharp bands compared to stan-
dard MSG (Sigma). In other words, with distinct spectral 
features, MSG could be easily discriminated from yeast 
extract using Raman technique. As a result, MSG will be 
detected even it is covertly added as yeast extracts to the 
soup mix. A comparison of Raman spectra of MSG and 
yeast extract is presented in Figure S1 in the supplemen-
tary file.

Detection of adulterant particles in dry soup mix

Chemical maps of adulterated soup mix samples are 
presented in Figure 4. As shown in the figure, dry soup 
mix was adulterated with four different types of MSG 
(Sigma G1626, Sigma 49621, Brand A and Brand B) at 
different percentages (0.1, 0.2, 0.4 and 0.6%). The same 
image-processing and measurement conditions were ap-
plied to all 16 adulterated samples. Chemical mapping 
was completed in 35 min for each sample. Final map 
images in which adulterant distribution was observed 
using Rainbow LUT are presented in Figure 4A. Accord-
ing to the Rainbow LUT, the richest regions for MSG are 
shown in red colour and the poorest regions for MSG are 
observed in darkest colour in chemical map. Chemical 
maps provide a clear view of identification and spatial 
distribution of adulterants in the mixture composition 
(Qin et  al., 2013). Adulterant type was previously de-
fined in the DCLS method and maps were created by this 
way; however, it is possible to observe adulterant-spe-
cific Raman bands by drawing spectrum from MSG-
rich regions (red regions) in chemical maps (Figure 4B). 
Clearly, the spectral and spatial information from Raman 
maps indicates where the component is located. Addi-
tionally, four commercial dry soup samples were anal-
ysed by using the same Raman mapping technique under 
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same experimental conditions and MSG was detected in 
these samples too. Raman maps are presented in Fig-
ure 4B and the same spectral features were observed in 
MSG-rich regions of chemical maps. In commercial dry 
soup samples, the concentration of MSG is supposed 
to be at least 0.1% or above because detection limit of 
this method has been determined at 0.1%. LC-MS/MS 
analysis was performed for the determination of addi-
tional MSG content of commercial dry soup samples 

as described by Cebi et  al. (2018). Reference LC-MS/
MS method was performed with the aim of detecting 
additional MSG in foodstuff. MSG contents of dry soup 
samples were detected at 0.17, 0.34, 0.29 and 0.19 g/100 
g for dry soup  1, dry soup  2, dry soup 3 and dry soup 
4, respectively. Raman maps of these dry soup samples 
are presented in Figure  4B. Obviously, the LC-MS/MS 
results confirm Raman findings with regard to the pres-
ence of MSG in commercial dry soup samples.

Figure 3.  (A) Raman chemical map of adulterated dry soup mix (Rainbow lookup table). (B) Raman spectrum of monosodium 
glutamate (MSG)-rich region. (C) Montage white light image. (D) Two-dimensional chemical structure of MSG. (E) Raman chemi-
cal map of adulterated dry soup mix (0.09%).

Quality Assurance and Safety of Crops & Foods 12 (1)� 7
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Figure 4.  (A) Chemical maps of adulterated dry soup mix samples with monosodium glutamate (MSG) (Sigma G-1626), MSG 
(Sigma 49621), MSG (Brand A) and MSG (Brand B). (B) Chemical maps of commercial dry soup samples.

8� Quality Assurance and Safety of Crops & Foods 12 (1)
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4. Conclusion

Rapid, accurate, non-destructive and effective au-
thentication of food ingredients with minimal sample 
preparation is quite important in terms of food safety 
and quality. Our study developed, for the first time, the 
detection of MSG in dry soup mix using Raman map-
ping technique. Raman chemical maps can be obtained 
in only 35 min, and thus the detection of MSG in com-
plex mixture composition. In this study, spectral and 
spatial distribution of MSG in complex soup compo-
sition (15 ingredients) was successfully accomplished 
using chemical mapping through DCLS (Renishaw, 
Wire 3.4) method. Raman mapping system is capable 
of acquiring sufficient spectral and spatial information 
to identify and map the adulterant particles mixed into 
the dry soup mixture.

One of the strengths of this study is that Raman maps 
perfectly show adulterants when the MSG adulteration 
is implemented at percentages of 0.1–0.6% (w/w) in dry 
soup mixture. In other words, MSG adulteration was 
determined with a detection limit of 0.1%. Finally, it 
can be concluded that the developed Raman micros-
copy technique is cost-effective, rapid, easy to operate, 
non-destructive and can be labelled as a ‘green analyt-
ical technique’ as no solvents and reagents were used 
during this study. In future studies, Raman chemical 
mapping holds promise for solutions to the challeng-
ing food adulteration, food safety and authentication 
issues.
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