December 2010

Trade Science Ine.

ISSN : 0974 - 7427 Volume 4 | ssue 2

BIOCHEMISTRY

A Judian Joaraal

— Regulor Peper

BCAIJ, 4(2), 2010[81-85]

Effect of monosodium glutamate (M SG) on alpha-amylase activity

Jay Kant Yadav*, Vinay Kumar R.2, Jyotibala Chauhan', Smitha Grace S.!
Department of Sudiesin Biotechnology, PoojaBhagvat M emorial M ahaj ana Post-Graduate Center,
Affiliated to University of Mysore, Mysore, (INDIA)
2Department of Microbiology, Pooja Bhagvat M emorial M ahajana Post-Graduate Center,
Affiliated to University of Mysore, Mysore, (INDIA)

E-mail: jky.bio@gmail.com

Received: 7" April, 2010 ; Accepted: 17 April, 2010

ABSTRACT

The effect of monosodium glutamate (M SG) on health has been a matter of
controversy sincelong period of time. A number of reportsindicated that it
has several adverse and negative health impacts. It has a constituent in
commonly available fast foods and restaurant foods all across the world
and is known for enhancing the palatability. Several reports have been
published over aperiod of decadesindicating itsrolein various physiol ogi-
cal and biological manifestations. The current work is an attempt to asses
the effect of this compound on the enzymatic activity of gastrointestinal
enzyme in particular the alpha-amylase. The results showed that the MSG
inhibits the enzyme in concentration dependent manner. The kinetic stud-
iesindicated that the low concentrations of M SG inhibit the alpha-amylase
in anoncompetitive manner and in the presence of higher concentrations it

KEYWORDS

Monosodium glutamate;
Alpha-amylase;
Enzyme activity;

Inhibition.

followsthe mixed type of inhibition.

INTRODUCTION

Peopleall acrosstheworld are deeply concerned
about the possi blehed thimpact of MSGwhichisgen-
erdly addedinfood. It iscommonly used asfood addi-
tivefor thetaste enhancement in various Chineseand
fast foods. It issodium salt of the non-essential amino
acid, i.e glutamicacid and widdly usedinthe prepara-
tion of certain ethnic foodsaswell aslarge number of
canned food¥. Excessive use of MSG cause acom-
plex of symptoms, such as, headache, burning sensa-
tion, palpitation, chest pain, abdominal distress, asthma
like symptoms, thoracic, facia and cervical tightness,
etc. They are commonly known as ‘Chinese restau-
rantssyndrome’ because of its frequent use in Chinese
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restaurants?. They are a so known as““monosodium
glutamate symptoms complex’®, The M SG isgener-
ally present in seaweeds, seatanglesand soy sauicesas
condiments and has a history of itsuse of at least a
thousand years™.

Therearemany reportssuggesting that thehigh con-
centration of M SGinducespain and sengitivity invari-
ousskeleta muscles™3. Itisasoreported that theMSG
glutamic acid, and glutamine are toxic when given
parenteraly. When theyoung micewereinjected with
glutamate, they developed brainlesions, obesity, steril-
ity and stunt growth®. It isal so known toinduce obe-
Sty and diabetesin mice, changeintheintestind musce
activity, which may be dueto the metabolic ateration
as well as MSG action on enteric neurons and/or
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Figurel: Effect of M SG on theactivity of micraobial alpha-
amylase. Theactivity wasdeter mined by estimatingthere-
ducing sugar after hydrolysis of starch in the presence of
different concentration M SG
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Figure3: Effect of incubation period on theactivity of human
salivary alpha-amylasein the presence of different concen-
trationsof M SG at 37°C. The curves are represented as; (a)
Control (b) 2% (c) 5% (d) 8% and (e) 10% (w/v) concentra-
tionsof M SG

smooth musclereceptors'®l, The physiological and
biologica responsesof M SG vary among different in-
dividuds. Somepeoplereact vigorousy evento1to 2
grams dose but many people develop no symptoms
eventhey aregiven 12 gram. It isreported that the L
isomer of glutamateinduce symptomsbut D form does
not“. Theinclusion of MSGinfoodisknowntoin-
creaseinthefood intake, which subsequently leadsto
metabolic disorder associated with oxidative stressand
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Figure2: Effect of M SG on theactivity of human salivary
alpha-amylase. Theactivity wasdeter mined by estimating the
reducing sugar after hydrolysisof starch in the presence of
different concentration M SG
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Figure4: Effect of substrateconcentration on theactivity of
human salivary alpha-amylasein the presence of different
concentrationsof M SG. Thecurvesa, b, ¢, d, and erepresent
theenzymeactivity in presenceof 0.0% (control), 2%, 5%,
8% and 10% (w/v) concentrationsof M SG

changeinglucose, insulin, leptin andtriglycerol level
and it hasadverse effect on mature neuronal cell cul-
turd'2%3, Thisismainly becausethebrain tissueshave
remarkable ability to accumulateglutamatedueto pres-
ence of glutamate transporter inthe plasmamembrane
of both glia cellsand neurong*¥.

Although severa reportscontradict the safety as-
pects of MSG in food, amore knowledge is needed
for arational and qualitative understanding both for the
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advantage and as arisk. Many food and MSG pro-
ducingindustrieskeep advertisingitspostiveattributes
intheconsumer market and many atimethey havebeen
bi ased while addressing the quantitative perspectives
of safety issues. Despitethewide public acceptance of
M SG as ataste enhancer, no reportsexist today indi-
cating itseffect on the activity of gastrointestinal en-
zymes. The present work isan attempt to understand
theeffect of M SG on the activity of pha- amylase, a
crucid enzymein carbohydrate metabolismintheliving
sysem.

MATERIALSAND METHODS

Materials

Sdivary apha-amylasewas prepared from the hu-
man saliva(crude). Themicrobia apha-amylasewas
procured from Biocon India, Pvt. Ltd, Bangalore, In-
dia. NaOH, CuSO,.5H,0, 3 5-dinitrosalysilicacid, cit-
ric acid and starch were procured from Himedialabo-
ratories, India. Potassium sodium tartarate, Folin-
cid calteu reagent, CaCl, and Sodium citrate were ob-
tained from SD Fine Chemicd Company, India MSG
was procured from local market whichiscommonly
available. Quartz doubledistilled was used throughout
the experiment.

Methods
Alpha-amylase assay

Thehuman salivary and microbid apha-amylase
activity was determined using Bernfeld method™! for
estimation of reducing sugar produced after a pha-amy-
lase catalysis. The enzyme solution was preparedin
50mM citrate buffer pH 6.5 containing2mM of CaCl,,.
1 ml of enzymesolution wasmixed with 1ml of 1% (w/
V) starch solutionincubated for 5minat 37°C. The en-
zymati c reaction wasterminated by addition of 2ml of
1%akdinedinitrosalysilic acid solution. Theregfter the
solutions were subj ected to boiling water bath for 10
min, after cooling thefina volumewas madeto 20ml
with addition of doubledistilled water and mixed thor-
oughly by vertexing. The absorbance wasrecorded at
540nm. Theunitsof enzyme activity were determined
by using matosestandard plot. Oneunit of enzymewas
defined asthe number of micromoleof reducing sugar
equivalent released in catal ytic reaction under assay
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condition.
Protein estimation

The protein concentrationsin enzyme preparations
weredetermined using Lowry’s method™®. The1 ml of
enzyme solution mixed with 0.1N NaOH solution, fol-
lowed by addition of 5ml of CuSO, solutionandincu-
bated at 30°C for 10 min. Then 0.5ml of diluted Folin-
Ciacalteu reagent was added and kept thetest tubesin
dark for 30 min and absorbance was recorded at
660nm. The standard was prepared using bovine se-
rum a bumin to determinethe concentrations of pro-
teins.

Deter mination of alpha-amylaseactivity in pres-
ence of MSG

Theenzymesamples(sdivary and microbid apha
amylases) wereincubated in presence of different con-
centrations (2%, 5%, 8% and 10% (w/v)) of MSG for
aminimum period 12 hrsat 10°C. The activity of the
above enzymeswas determined using above method
using starch as substrate. Appropriate controlswere
introduced to eliminate the effect of M SG on the spec-
tral properties of reducing sugars. The pH of all the
solutionswasmai ntained uniform throughout.

Kinetic study of alpha-amylase in presence of
M SG

Thekinetic constantssuch asapparentK, andV __
of human sdivary a pha-amylasewere determined us-
ing rateof enzyme catalysisin presenceof different con-
centrations of substrateand M SG. Therate constant of
enzymatic reactionwasdetermined in presenceof 0.2%,
0.5%, 1.0%, 1.5% and 2.0% (w/v) starch solution and
reciprocal plotswere used to determinethe apparent
K,andV__.All theaboveexperimentswerecarried
out intriplet and repeated twiceto check thereliability
onthedata

RESULTSAND DISCUSSION

Effect of M SG on microbial alpha-amylaseactivity

Microbia dpha-amylase congtitutesamajor share
in carbohydrate and starch based industries and for-
mul ation of specidty foods. Sincevariousfood formu-
lationsare consist of MSG it isimperativeto study its
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Figure5: Reciprocal plot (Lineweaver-Burk plot) of human
salivary alpha-amylaseactivity in the presence of different
concentration of M SG. Thecurvesa, b, c,and d represent the
enzymeactivity in presence of 0.0% (controal), 5%, 8% and
10% (w/v) concentrationsof M SG

effect theactivity of gastrointestina enzymes. Inthe
present investigation our study was confined to study
the effect of M SG on activity of microbia and human
sdlivary alpha-amylases. Now daysthisenzyme, par-
ticularly fromthemicrobia sources, iscommonly used
inthepreparation of variousdigestiveads. M SG was
found to beinhibitory for thealpha-amyl asein concen-
tration dependent manner. Asshown in Figure 1 the
enzymeactivity isseverally affected dueto presence of
M SG. With increasing concentration of M SG the en-
zyme activity wasfound to belinearly decreased. In
presence of 2%, 6%, 8% and 10% (w/v) concentra-
tionsof M SG theenzymeactivity wasfoundtobe 1750,
1500, 1400 and 600 unitscompared to the control vaue
of 2800 units. Thisisindicativeof inhibitory effect of
MSG onthead pha-amylase.

Effect of MSG on salivary alpha-amylase

After studying theeffect of MSG onmicrobial al-
pha-amylasethe study was extended toinvestigateits
effect onhuman saivary alpha-amylase. Sinceitisthe
first carbohydrate hydrolyzing enzymewhich encoun-
ter with the carbohydrate in the digestive process. It
playsamajor roleintheinitial digestion of carbohy-
drate after ingestion of food. Thereforeit wasfelt es-
sential to study the effect of MGS on human salivary
apha-amylase activity. In both the cases(microbial as
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well assalivary a pha-amylases) the M SG wasfound
to beinhibitory but the over all responsewasfound to
besignificantly different. Asshowninfigure2 theen-
zymeactivity wasfound to beinhibited in presence of
higher concentration of M SG. In presenceof low con-
centration of M SG thesdlivary a pha-amylase showed
amargina increaseintheactivity which isamatter of
further investigation. In presence of 5%, 8% and 10 %
(w/v) concentrationsof M SG the enzymeactivity was
found to be 2750, 1500, 450 units compared to con-
trol vaueof 2800 units. Itisclear from theabove data
that human sdivary a pha-amylase behaves differently
fromthemicrobial apha-amylaseand itiscompara-
tively lesssengtivetoMSG

Kinetic study of alpha-amylaseinhibition in pres-
ence of MSG

Kinetic approach was adopted in order to under-
stand themechanism of M SG induced inhibition of a-
pha-amylases. Asshownin Figure3withincreasing con-
centration of substratetherate of enzyme catalysisis
margindly diminished. Thiswascorrect only a reaively
lower concentration of M SG Inthepresenceof higher
concentration of M SG (10%) there no significantin-
creaseintheenzyme activity was observed. Enzyme
activity wasmeasured in presence of different concen-
trations of substrateand M SG It wasfound that with
increasing concentration of substrate theinhibitory ef-
fect of MSG wasfoundto bemargindly nullified (Fig-
ure4). Thisshowsthat the nature of enzymeiscompeti-
tive, meanstheM SG completefor theactivesitethere-
forewithincreasing concentration of substratethein-
hibitory effectisgetting minimized. TheFigure5 showed
theLineweaver-Burk plot anditindicatesthat theK , is
found to beunchanged in presence of 5% and 8% (w/v)
concentrationsof MSG anditissimilar to control. On
theother handtheV __ iscontinued to decreasewith
increasing concentration of MSG. Further increasein
the M SG concentration (10%) resultsincreasein the
K, vaueanddecreaseinV __,whichindicatesthede-
creasein enzyme-substance affinity!*”. Thiscould be
mainly dueto changein sol ution propertiesat higher con-
centrations of solutes (M SG) which leadsto changein
surface propertiesof theenzyme such ashydration and
preferential interaction parameters'®2% which subse-
quently resultschangeintheenzymeactivity.
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CONCLUSION

From theaboveresultsisclear that boththea pha
amylasewereinhibited by M SG in concentration de-
pendent manner. The concentration of MSG at which
theenzymes showed theinhibitionisreatively higher
compared to its concentration used in food formula-
tionsand at that concentration these enzymedid not
shown any inhibition. Inthefirstinstanceit |ooksthat
concentration of M SG used infoodistoo lessto affect
theactivity of apha-amylase, however itisimperative
to address the safety aspects of MSG and it needed
more understanding about the nature of interactionwith
variousenzymesunder different conditionsof pH, tem-
peratureand ionic strength.
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