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A bstrac t

F la v o r  e n h a n c e r  p la y s  a  m a jo r  ro le  in  m a n y  cu isines. D eve lo p m en t o f  f la v o r  enhancer using  natural ingredients m ay bring  
v a s t b e n e fits  to  th e  h u m a n s ' nu trition . T h is  study  w a s  c a rr ie d  ou t to exam ine the potentiality  o f  antioxidant activity', phenolic  
c o n te n t a n d  b io a ctive  co m p o n en ts  o f  n e w ly  d e ve lo p e d  f la v o r  enhancer. The methanol extracts o f  three sam ples o f  f la v o r  
e n h a n ce r  h a d  s ig n ifica n t D P P H  activ ity  (68 .4 4 2  ±  0 .2 0 6 9 3  m g  G allic  A c id  Equivalent/1 OOg) and Total phenolic content 
(1 3 7 .6 4 6  ±  0 .5 7 7  m g  G allic  A c id  E q u iva len t /1 0 0 g ). T h e  b io a c tive  com ponents o f  new ly developed fla vo r enhancer have  

. b een  e va lu a ted  using  G C /M S  a n a lys is  c a rr ie d  o u t in th ree  d iffe ren t extracts via Acetone, M ethanol and Chloroform which  
re v ea led  th e  ex is ten ce  o f  v a r io u s  p h y to co m p o n en ts . The stu d y  a lso  highlighted  the p resence  o f  some known biologically  
a c tiv e  p h y to  co m p o n en ts  like A n tim ic ro b ia l co m p o u n d s, a n tio x id a n t com pounds, anti-inflam m atory compounds, anti cancer  
a n d  a n titu m o r com pound . H en ce  p re se n t s tu d y  sh o w e d  th e  m ed ic in a l potentia lity  o f  this new ly developed natural fla v o r  
enhancer.

K e y w o rd s :  N a tu ra l f lav o r en hancer. A n tiox idan t ac tiv ity , P h eno lic  content. Gas chrom atography-M ass Spectroscopy 
ana ly sis , B io -ac tiv e  com pounds.

In troduction

F la v o u r  en h a n cer  (p o te n t ia to r )  is  a  sub stan ce  th a t en h an ces 
th e  f lav o u rs  o f  o th e r su bstances w ith o u t g iv in g  any 
ch arac te ris tic  f lav o u r o f  i ts e lf  to  th e  fo o d , w h ich  is  th e  d e fin itio n  
acco rd in g  to  F o o d  and  N u tritio n  d ic tio n ary  b y  O x fo rd  
U n iv ersity . T o d a y  nu tritio n a lly  r ic h  n a tu ra l f lav o r e n h an c e rs  are 
ra re ly  av a ilab le  in  th e  m ark e t. T h e  su b jec ted  p ro d u c t fo r  th e  
s tu d y  is  n u tr itio n a lly  r ic h  f lav o r en h an cer w h ic h  h a s  m ad e  u s in g  
n a tu ra lly  av a ilab le  ra w  m aterials.

T h e  ra w  m ate ria ls  w e re  A m erican  o y ste r m u sh ro o m  (P leu ro tu s  
o strea tu s),  to m a to  (Solarium  lycop ersicu m ) ,  p o ta to  (S o la tium  
tu b ero su m  L .)  a n d  g a rlic  (A lliu m  sa tivum  L .)  R e ce n t s tu d ies  
h a v e  sh o w n  th a t, p lan t co n ta in  d ifferen t ty p es  o f  n a tu ra l 
an tio x id an t co m p o u n d s , fo r  in s tan ce  v itam in  C , to co p h ero l, 
c aro ten o id s, p o ly p h en o lics  and f lav o n o id s w h ich  c an  preven t 
d a m a g in g  to  th e  cell b y  free  ra d ic a ls '.  F ree  rad ica ls  a re  caused  
to  so m e  ap p allin g  co n seq u en ces su c h  as ox id a tio n  o f  p ro te in , 

^ n m g in g _ to _ D E A ,^ p e ro x id a tio n  o f  lip ids in liv ing  lis su es  and 
ce lls2'3. T h is  o x id a tiv e  s tre ss  m ay  p o ss ib ly  lead  to  can cer, 
a th e ro sc le ro sis , d iab e tes  and  liv e r c irrh o sis lik e  d iseases4' 6.

M aterials and Methods

P r e p a ra t io n  o f  f lav o r e n h a n c e r:  The raw  m aterials for the 
preparation  o f  flavor enhancer w ere american oyster m ushroom  
[P leurotus ostreatus), tom ato (Solatium lycopersicum), potato 
(Solatium  tuberosum L.) and garlic (Allium sativum L.) and salt 
pow der. M ushrooms w ere blanched at 70°C for 15 seconds and 
b lanched  m ushroom  w ere dried a t drying oven at 60°C for 
lO hours. Tom atoes w ere blanched at 90°C w ater for 1 m inute 
and dried  at drying oven a( 60°C for 12hours. Potatoes were 
b lanched  in 90°C w ater for 5ininutes and dried a t drying oven at 
60°C fo r lOhours. Garlic was dried at drying oven at 60°C for 
8hours w ithout prior blanching. Then all the ingredients w ere 
g round  and sieved (by 200 p m  m esh sieve) to obtain powders. 
M ushroom  powder, tom ato powder, potato powder, garlic 
p o w d e r and salt were m ixed according to the following formula

T h ere fo re , th e  re sea rc h  w as con d u cted  to  sc ru tin iz e  the 
a n tio x id an t ac tiv ity , to ta l p h en o lic  co n ten t and  p h y to ch em ica l 
a n a ly s is  o f  n e w ly  d ev elo p ed  n a tu ra l f lav o r e n h an c e r  u sing  
D P P H  assay , F o lin -C io ca lteu  a ssay  and G C -M S  analy sis  
re sp ec tiv e ly .

Ingredient (WAV %)
M ushroom  powder 29.6
T om ato  pow der 14.8
P o ta to  powder 29.6
G arlic  powder 14.8
Salt 11.2

E x tra c t io n  o f  f lav o r e n h a n c e r  fo r  T P C  assay  a n d  D P P H  
a ssa y : A bout 5g  o f  sam ple w as added to  50 ml o f  hot 70%  
m ethanol and mixed well using a vertex mixture. Then sample 
w as p laced in a  water bath at 70°C  for 10 minutes for the 
ex traction  in to methanol. Sam ple was cooled to  the room
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■993.4,,-Where: y is

w as determ ined  u sing  th e  curve. R esu lts  are; exp ressed  a 
g a llic  acid- eq u iv a len ts/g  o f  flcivor e n h an c er (mg' G A E /g)

to cells, eaticer 
B ecause; o f -m f

m igrating and aging--of brain cells . 
jfiM nf : scaverTginSffith fefree  - radicals,

tandard  G allic  ac id  cu rv e  w as p lo tted . .T he ' ; 
qd a .  nu; G a llic  acid  e q u iv a le n t/if  o f  flavor jj

’ , . !
siU E ach  ;expenm entfrtW aSi*;can-ied-..out in J4w% values; a n d ^ ^ r i  dev ia tio n s w er?, J  
:v /e n ;;a n a ly /ed iu sJ lig ;M iN n  A B  1-i version ,, |

re sp o n s ib le '^ o r lr^ a r re fy  o f activities like 'antioxidant, anti­
inflam m atory, antim icrobial, antifungal, and anticancer18'19. Gas

flavor^enhancen®OuqW Pof the GC-MS ’study; retention time,

tem pera tu re  (30°C ) and  cen trifu g ed  at 3 5 0 0  rp m  and  decanted 
th e  supernatan t. E x traction  w as rep ea ted  tw ice  fo llo w in g  the 
sam e procedure . A ll ex tractions w e re  m ix ed  w ell and  d ilu te  up 
to  th e  requ ired  lev e l u s in g  7 0 %  m ethano l.

D e te rm in a tio n  o f  T P C : T o  d e te rm in e  th e  total p h eno lic  
con ten t, S lin k ard  e t al. m ethod8 w as  u sed  w ith  som e changes. 
T h e  test w as carried  out in tr ip lica te  fo r  m ethano l ex trac ts  o f  
sam ple . In itially , F o lin -C io ca lteu  re ag e n t w as d ilu ted  10-fold 
w ith  deionised  w ater. T h en  0 .5  m l o f  7 0 %  m ethanolic  ex tract 
w as  added to  2 .5  m l o f  the p re p are d  F o lin -C io c a lte u  reagent. 
T h e n  it w as incubated  fo r 3  m in  a t ro o m  tem p era tu re . E xactly  
5 .0  ml o f  7 .5%  (w /v) so d iu m  ca rb o n a te  so lu tio n  w as ad d ed  to 
th e  m ix tu re  and m ixed  w ell u sing  v e rtex  m ix tu re . M ix tu re  was 
incubated  fo r 10 m inu tes in  th e  d a rk  a t 45°C  w ater B rand 
W illiam s e t  al. spec tro p h o to m etric  m eth o d 9 w as used  to 
ex am ine  th e  an tiox idan t ac tiv ity  o f  f lav o r en hancer. D P P H  (2,2 
d ipheny l-2 -p icry l hydrazy l hy d ra te ) (S igm a-A ld rich , U S A ) w as 
fresh ly  p repared  fo r each  ba th . F in a lly  th e  ab so rb an ce  was 
de term ined  using  an. U V -V is ib le  sp ec tro p h o to m eter (U V  m ini 
1240 , sh im adzu) a t 765  ran. D e io n ised  w a te r  w as u sed  as a 
b lan k  sam ple . C alib ra tion  cu rv e  w a s  p lo tted  w ith  a  series o f  
gallic  acid  standards (5, 10, 15 and  2 0  m g/L ),.and  T P C  value

; of

D e te rm in a tio n  o f  a n tio x id a n t  a c t iv ity :  -Experim ent. E xac tly  
2 .5  m l o f  6 .5 x 1 0 '5 M  D P PH  so lu tio n  w as m ix ed  w ith 0 .5  m l o f 
m ethano l ex tract and incubated  fo r  3 0  m in u tes  in  th e  dark 
env ironm ent. A ntioxidam  activ ity  w as .m easu red  at 5 1 /  run 
u sing  r iv .- ’i/ii'^Kni-.ctm nhotom etcr-ififU .V?'- -m in i • 1240 
S K M A I 
re su lts .w L  
e n h a n c e ®

S ta tis tic :!  
trip lica te ! 
ca lcu la ted !
reg ress io n

E x tra c t io n  o f  th e  f la v o r  e n h a n c e r  f o r  p h o to c h e m ic a l 
a n a ly s is :  F lav o r enh an ce  sam p le  w a s  soaked  in  9 5 %  m ethanol 
fo r  12  h  to ex tract th e  p h y to ch em ica ls  in  to  m eth an o l. A fte r  that 
e x trac t w as filtered  th rough  an h y d ro u s so d iu m  su lp h a te  b edded  
W hatm ann  filte r p ap er No. 42 . T h en  the filte red  sam ple  w as 
filled  in to  th e  vial. T h e  sam e p ro c ed u re  w as  fo llow ed  for 
C hloroform  and  A ce to n e  so lu tions fo r  th e  ex trac tin g  p rocedure .

' ''tec h n iq u e  w as u sed  to

ra tio  o f  10:1), 80°C o f  injector tem perature and 250°C ion- 
source  tem perature was em ployed for the test. Initial oven 
tem perature was-1.10.°.C-(il was isothermal for 2 m in.) and it was 
increased with the ra te  o f  10°C/min, to 200°C, then 5°C/min 
ra te  to 250°C , finally  ends up  with 9min isotherm al at 280°C. 
M ass spectra w ere taken at 0.5 seconds o f  scan interval and 
fragm ents from  45  to  450 D a a t 70 eV. T he relative retention 
tim e and m ass spectra was used to  identify the compounds.

Id en tif ica tio n  o f  com ponen ts: Identification o f  compound was 
carried  out according the Dr. Duke’s Phytochemical and 
E thnobotanical D atabases by  D r. Jim  Duke o f  the Agricultural 
R esearch Seryice/|JSE A . T he interpretation o f  predicted 
com pound w as done tiy using th e  spectrum database of NIST 
library. - —i

Results and Discussion

antioxidant activity^was^

mg/lOOg gallic acid equivalent. Plotted standard curve equation
is y -0.1

nutiitionaW pffiPPjlB |l|Bffif^W M fl8SB iijpH K < M ^fff; r.nlnnr, 
taste, arom a and flavor. Not on ly  that, it provides several health
beneficial effects a lso14.

M any diseases like cancer, cardiovascular diseases, cataracts, 
atherosclerosis, hepatitis, diabetes, asthma, liver injury, immune 
deficiency diseases arthritis and ageing are arisen because of 
oxidative dam age which can be reduced by  phenolic

G C  a n a ly s is :-G a s  ch io m atograp  _ 
iden tify  t h e ’phytochem ical com p o u n d s . G a s  C h rom atograph  
(G C ) (7890  A ), A g ilen t tech n o lo g ies  M ass  S p ec tro m ete r (M S) 
(5975  C ) in e r t .X L  HIA 'I M S D  w ith  trip le -ax is d e tec to r and 
p o la r  cap illa ry 'co lu m n  R T X -5 , 0 .32  inm  m tern a l d iam eter, 30  
m m  length  and 0 .2 5 |tm  film  th ick n ess  (R estex  C orp., 
B e lle fon te , P A , U S A ). C arrie r g as w as H e liu m  (9 9 .9 9 9 % ) under 
th e  lm l/m in  o f  constan t flow  ra te . 2 p l in jec tio n  v o lu m e (split

com pound and specific bioactivities were summarized in the
tab les ..

|  I n te rn a tio n a l  S c ien ce  C o m m u n ity  A sso c ia tio n



R esea rch  Jo u rn a l o f  C h em ica l S c iences  
V ol. 6 (1 0 ), 13-18, October (2016)

T ab le -1
G C /M S resu lts a n d  th e  c o m p o u n d s o f  th e  M etlia n o lic  

ex tra ct o f  p ro d u ct

_ETSSN 2231-606X 
Res. J. Chem. Sci.

Table-2
G C /M S results and the com pounds o f  the A cetone extract o f

R eten tio n
tim e

N a m e o f  th e  
com pound(P rior B io a c tiv ity

2 .9 7 2 2-F u ran m eth an o l A ntiv ira l

7.776 B e n zen eace ta ld eh y d e A n tio x id an t, A n ti­
in flam m ato ry

10 .278
4 H -P y ran -4 -o n e ,2 ,3 -

d ih y d ro -3 ,5 -d ih y d ro x y -6 -
m ethy l

A n tim icrob ia l,
A n ti-in flam m ato ry

11.910 2 -F u ran carb o x a ld eh y d e ,
5 -(h y d ro x y m eth y l) A n tim icrob ia l

2 0 .5 0 6
H ex ad ecan o ic  acid , 

m e th y l e ste r F lavor, A n tiox idan t

22.541 9 ,1 2 ,-O c tad ecan o ic
ac id (Z ,Z )

A ntiox idam ,
A nticancer

R etention
time

N am e of the 
co m p o u n d Bioactivity

15.967 Phenol, 2 ,4 -b is (l ,l-  
dim ethylethyl) Antifungal, A ntioxidant

16.890 1 -hexadecene Antibacterial, Antifungal, 
A ntioxidant

19.134 1-Octadecene Antibacterial, 
Antioxidant. A nticancer

20.881 n-H exadecanoic acid Flavor, A ntioxidant

21.155 1-Nonadecene Antifungal, A nticancer

24.495 dl-alph a-Tocopherol Antioxidant

27.632 9,17-
Octadecadiena!,(Z) Antimicrobial

F ig u r e -1
G C /M S  resu lts  and  th e  c o m p o u n d s o f  th e  m ethanol extract o f  product
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T a b le -3

R e te n tio n  tim e N a m e  o f  th e  c o m p o u n d B ioactivity

11.110 1-D odecene Antibacterial

14.320 1-T etradecene Anti-tuberculosis

15.969 P h en o l,2,4 -b is (  1,1 -d im ethy le thy l) A ntifungal, Antioxidant

16.891 1-H exadecene Antifungal, Antibacterial, Antioxidant

19.136 1-O ctadecene Antibacterial, Antioxidant, Anticancer

20.879 n -H exadecano ic  acid Flavor, Antioxidant

22.135 M eth y l 11,14 octadecad ienoate Anti-inflam m atory, Anticancer, Anti-coronary

22 .994 5-E icosene,(E ) Antibacterial, Antifungal, Antitumor

24.493 dl-alpha-T ocophero l Antioxidant
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F ig u re -2
G C /M S  resu lts  and  th e  c o m p o u n d s o f  th e  acetone extract o f  product
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F ig u re -3
G C /M S  r e s u l ts  a n d  th e  c o m p o u n d s  o f  th e  c h lo ro fo rm  e x tra c t  o f  p ro d u c t

A n tim ic ro b ia l co m p o u n d s in c lu d in g  a n tib ac te ria l com pounds, 
an tifungal co m p o u n d  and an tiv iara l co m p o u n d s a re  2- 
F u ran m eth an o l, 2 -F u ran ca rb o x a ld eh y d e , 5 -(h y d ro x y m eth y l), 
P h eno l, 2 ,4 -b is ( 1,1 -d im ethy le thy l), 1 -h ex ad ecen e , 1 -O c tadecene, 
1 -N onadecene, 9 ,1 7 -O ctad ecad ien a l,(Z ), 1-D odecene, 1- 
T etradecene , 5 -E ico sen e ,(E ), E ico sy l triflu o ro ace ta te . 
A n tiox idan t co m p o u n d s a re  B en zen eacetald eh y d e, 
H exadecano ic  acid , m e th y l este r, 9 ,1 2 ,-O c tad ecan o ic  acid(Z ,Z ), 
P h en o l, 2 ,4 -b is ( 1 ,1 -d im eth y le th y l), 1-h ex ad ecen e , 1- 
O c tadecene; n -H ex ad ecan o ic  acid , d l-a lp h a-T o co p h ero l. A n ti­
in flam m ato ry  c o m p o u n d s in clu d e ; B en zen eace ta ld eh y d e , 4H - 
P y ran -4 -o n e ,2 ,3 -d ih y d ro -3 ,5 -d ih y d ro x y -6 -m eth y l, M ethy l 11,14 
o c tad ecad ien o ate . A nti c a n c e r  and  a n titu m o r co m p o u n d s are 
9 ,1 2 ,-O c tad ecan o ic  acid (Z ,Z ), 1-O c tad ecen e , 1-N onadecene, 
M e th y ll  1,14 o c tad ecad ien o ate , 5 -E ico sen e , (E).

A ccord ing  to  th e  resu lts , 18 co m p o u n d s h a v e  b een  iden tified  
fro m  m eth an o l e x trac t, c h lo ro fo rm  e x tra c t a n d  a ce to n e  ex tract. 
T h ese  iden tified  p h y to ch em ica ls  a re  re sp o n sib le  fo r  various 
b io ac tiv ities lik e  f lav o r com p o u n d s, an tim ic ro b ia l, an tiox idan t, 
an tic an c er a n d  a n ti-in flam m atio n  ac tiv ities . T h e re fo re  new ly  

-d ev e lo p ed —fla v o r  - e n h a n c e r  p ro v id es  v a lu a b le  an tim icrob ia l, 
m ed ic in a l and  p h y sio ch em ica l p ro p e rties .

Conclusion

C u rren t re sea rch  d esc rib ed  th e  ev a lu a tio n  o f  an tiox idan t 
ac tiv ities  as w e ll as th e  to ta l p h e n o lic  co m p o u n d  o f  the f lav o r 
en h an c er e x trac t. R esu lts  rev ea led  th a t th e  av erag e  an tio x id an t

activ ity  w as 68.442 ±0.20693 m g GAB/1 OOg and average total 
phenolic  content o f  the sam ple w as 137.646 +0.577 mg 
GAE/lOOg. In  the cu iren t investigation o f  the three different 
ex tracts acetone, M ethanol and chloroform  have showed the 
ex istence o f  various m edicinally im portant com pounds. Thus 
th is  research  study justifies the newly developed flavor enhancer 
g ives m edicinally  im portant properties.
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