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Introduction:-

Although MSG has been widely used in the last few decades, researchers are still trying to make a breakthrough
regarding its safe consumption. Experts of different fieldssuch as Food Science, Toxicology, Allergy etc. are
applying Modern Scientific Techniques to review the existing information on glutamate.

Monosodium glutamate was first isolated by researchers from seaweed in the 1900s!** **!.it is the sodium salt of L-
glutamic acid which is produced through a natural fermentation process or acid hydrolysis of molasses. MSG is
basically composed of 78% of glutamic acid, 22% of sodium and water®®" It was established that it generated the
fifth basic taste “‘umami’ when added to food products.

Widespread research after emergence of Chinese restaurant syndrome revealed monosodium glutamate to have toxic
effects when consumed in high doses®™®. One such study demonstrated that providing a certain dosage of MSG,
increased the blood glutamate and glutamine level and amplified the lipid-peroxidation of hepatic tissues®.Similar
studies revealed MSG to cause a wide range of adverse effects on test animals, such as stunted growth, renal
damage, hepatic toxicity, male infertility, brain damage and endocrine disorders 1,

The liver plays a crucial role in prevention of oxidative stress. A range of antioxidants and hepatic enzymes
glutathione peroxidase, superoxide dismutase and catalase which have free radical scavenging abilities assist the
liver cells to maintain a reduced environment under normal conditions, shielding the cell membranes and organelles
from harmful effects of free radicals'® **. Consumption of MSG is known to alter the favourable liver environment
and adversely affect its functioning, ultimately causing oxidative stress®.
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Natural Glutamate exists as Glutamic acid or its ionic form and is a non-essential amino acid commonly found in
high protein foods. Several proteins, polypeptides and tissues in our body are composed of glutamic acid and it also
plays a vital role in metabolism!® 1% %],
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Fig 1:- Chemical structure of Natural glutamate (L- glutamic acid) and monosodium glutamate
Plant and animal tissues contain glutamate both in “free” and “bound” forms. Glutamate shows flavour enhancing
properties when not bound to other amino acids in proteins. Similar flavour enhancing potential is observed in MSG
1291 Free glutamate content of some common foods are given in the Table. 1.

Table 1:-List of Free Glutamate containing foods.

Food Products Free Glutamate (mg/100g)
Cow’s Milk 2
Eggs 23
Chicken 44
Potatoes 102
Corn 130
Tomatoes 140
Broccoli 176
Mushroom 180
Soy sauce 1090

*Source: The Glutamate Association, 2016

Extensive research has been conducted to yield inconclusive and contradictory result as to whether MSG is safe for
our consumption. Taking into account these conflicting outcomes it becomes important to identify the difference
between Natural and Artificial glutamate.

Several techniques like spectrophotometric, liquid chromatographic, amperometric and enzymatic have been
employed for detection and quantification of MSG in food products ™3 %24 No similar studies have been cited for
natural glutamate.

The aim of the present study was to develop and validate a scientific method to distinguish the glutamate present in
natural sources from artificial sources like MSG. Administration of MSG enhances the activity of free radical
initiating enzyme, xanthine oxidase present in liver. The study attempts to differentiate the natural glutamate from
its artificial form on the basis of their effect on xanthine oxidase activity.

Materials and Methods:-

Materials:-

Potassium phosphate buffer, xanthine, xanthine oxidase from bovine milk and L-Glutamic acid monosodium salt
hydrate were purchased from Sigma Aldrich. Natural sources of glutamate like tomato and mushrooms were
selected for the study due to their easy availability and similar glutamate content. They were purchased from the
local super markets. UV-Vis Spectrophotometer (Shimadzu UV1800) was used for the enzymatic assay.

Enzymatic assay of xanthine oxidase:-
The activity of an enzyme is generally determined by calculating the amount of substrate that was consumed or the
amount of product formed™.

Principle:- o
Xanthine + H,0+ O, *@thine Oxidase Ugic Acid + H,0;
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1 unit of enzyme will convert 1.0 umole of Xanthine to Uric Acid per minute at pH 7.5 at 25°C. The activity of
xanthine oxidase can be calculated bymeasuring the rate of depletion of xanthine or hypoxanthine or the rate of
formation of uric acid™ ?** Uric acid has a molar absorptivity coefficient of 1.1 x 10* /mol/l/cm at a wavelength of
295 nnﬁ;].The most commonly used technique for enzymatic assay of xanthine oxidase is spectrophotometric
method"™.

Conditions:-
Temperature: 25°C, pH =7.5, Agsnm, Light Path=1 cm.

Method:-
Continuous spectrophotometric rate determination

Reagents:-

a. 50 mM Potassium Phosphate Buffer, pH 7.5 at 25°C (200 ml solution was prepared in deionised water using
potassium phosphate, Monobasic, anhydrous, Sigma Prod. No. P-5379. The pH was adjusted to 7.5 at 25°C
with 1 M KOH).

b. 0.15 mM Xanthine solution (100 ml of solution was freshly prepared by initially dissolving Xanthine, Sigma
Prod. No. X-0626, in minimal Vol of NaOH. Approximately 90ml of deionised water was added to it. The pH
was adjusted to 7.5 at 25°C with either 1M NaOH or 1 M HCI. Made up the volume upto100 ml with deionized
water.

c. Xanthine Oxidase Enzyme Solution(A solution containing 0.1 to 0.2 Unit/ml of Xanthine Oxidase in cold
Potassium Phosphate Buffer was prepared immediately before use).

d. 30 grams of tomato, button mushroom and L-Glutamic acid monosodium salt hydrate were taken separately in
beakers having 100 ml water and allowed to stand for 2 hours. After which the solutions are filtered and 1%
solutions of the clear filtrates are prepared using deionized water.

Procedure:-
The reagents and sample solutions freshly prepared were transferred by a pipette into suitable quartz cuvettes
according to the combinations given in table 2.

The contents of the cuvettes were mixed by inversion and temperature maintained at 25°C. The wavelength, Asgsnm
is monitored until constant, using a spectrophotometer (Shimadzu UV-1800). After adding the enzyme, the cuvette
E:o]ntents are again thoroughly mixed by inversion and the increase in absorbance recorded for approximately 5 mins
21

Ta.ble 2:-

Reagent Test (ml) Blank (ml)
A B C D
Reagent A (Buffer) 1.90 1.90 1.90 1.90 1.90
Reagent B (Xanthine) 1.00 1.00 1.00 1.00 1.00
Deionised Water _ _ _ _ 0.10
Reagent C(EnzymeSolution) 0.10 0.10 0.10 0.10 -
1% Sample solutions of MSG, - 0.10 0.10 0.10 -
Tomato and Mushroom Tomato Mushroom MSG
respectively - 0.20 0.20 0.20 -
Tomato Mushroom MSG
Calculation:-

One IU of Xanthine oxidase activity can be expressed as the quantity of enzyme required to produce 1 pmole of uric
acid per minute Y. The amount of uric acid formed per minute can be determined from the change in absorbance
per minute as follows:

pmole of uric acid per minute/ ml of xanthine oxidase

_AAbsorbance /min Xreactionvolume x1000 ,)
\

molarabsorptivitycoef ficient ~ Xmlofenzyme
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Result and discussion:-

Xanthine oxidase is a superoxide-generating enzyme that is present in a variety of living species ranging from
microorganisms to humans ®.. Xanthine oxidase (XOD) is generally present in our body in the form of NADH*
dependent xanthine dehydrogenase (XD) which has no role in initiation of oxidative stress. Certain pathological
conditions such as ischemia lead to conversion of xanthine dehydrogenase to xanthine oxidase ™ 2" %! Basically,
xanthine oxidase catalyses the conversion of xanthine/hypoxanthine to uric acid and generates superoxide radicals
(Oy) during the process. Hydrogen peroxide formed from these superoxide radicals can be further converted to
highly reactive hydroxyl radical (HO"). The hydroxyl radical is responsible for initiating oxidative stress in the body
ultimately leading to tissue damage #!

Researchers have observed that on administrating MSG, at a dose level of 4 and 8 mg/g body weight of adult male
mice there was some alterations in the activities of free radical scavenging and free radical initiating enzymes such
as Superoxide dismutase (SOD), Catalase (CAT) and XOD present in the hepatic tissue. The activities of radical
scavengingalenzymes such as SOD and CAT were reduced and that of free radical initiating enzyme,XOD was
increased .

In this paper we tried to differentiate between natural and artificial sources of MSG based on the aforementioned
studies of xanthine oxidase activity.

The xanthine oxidase activity in the presence of artificial and natural sources of glutamate at different concentrations
was calculated using equation (1). The tabular representation of the xanthine oxidase activities is depicted in Tables
3, 4 and 5. As is clear from Table 3, the activity of xanthine oxidase increased with the addition of 0.1 ml of 1%
MSG solution and again dropped slightly when treated with 0.2 ml of 1% MSG solution. In Table 4, the enzyme
activity is seen to increase when 0.1 ml of 1 % xanthine oxidase solution is added and increase further when 0.2 ml
of 1 % tomato solution is added. The Table 5depicts the enzyme activity in presence of mushroom which follows a
similar trend as MSG i.e., the activity increases in the presence of 0.1 ml of 1 % mushroom solution and decreases
again when subjected to 0.2 ml of 1 % mushroom solution. Thus, the data obtained show both artificial and natural
glutamate enhances the activity of xanthine oxidase. Also increase in concentration of glutamate (both natural and
artificial) had no significant effect on the activity.

Table 3:-Enzyme activity of only Xanthine Oxidase (XOD), with 0.1 ml 1% MSG solution and 0.2 ml of 1 % MSG
solution.

Test Combination

Enzyme Activity(Unit / ml enzyme)*

XOD 0.152
XOD + 0.1 ml MSG 0.1654
XOD + 0.2 ml MSG 0.1644

Table 4:-Enzyme activity of only Xanthine Oxidase (XOD), with 0.1 ml 1% Tomato solution and 0.2 ml of 1 %

Tomato solution.

Test Combination

Enzyme Activity(Unit / ml enzyme)*

XO0D 0.152
XOD + 0.1 ml Tomato 0.2256
XOD + 0.2 ml Tomato 0.2436

Table 5:-Enzyme activity of only Xanthine Oxidase (XOD), with 0.1 ml 1% Mushroom solution and 0.2 ml of 1 %

Mushroom solution.

Test Combinations

Enzyme activity (Unit/ ml enzyme)*

XOD 0.152
XOD + 0.1 ml Mushroom 0.193
XOD + 0.2 ml Mushroom 0.183

* The values for the enzyme activity given in the tables above are the average of 3 set of trials.

Conclusion:-

This study was conducted as per standard procedures and the results were validated by repeating each trial three
times. The findings of this study revealed similar chemical behavior of both natural and artificial glutamate. Both the
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natural and artificial sources of glutamate generated similar UV-Vis spectral data for xanthine oxidase activity. The
results obtained were in accordance with previous research that suggest human body is unable to distinguish
between synthetic and natural glutamatet” & Thus, further research needs to be done to find a method of distinction
that is not influenced by the human metabolism.
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