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The study aimed to evalunate the effects of bay (B). pandan (P). citrus leaves (C) and
their combinations against starch hydrolysis enzymes [o-glucosidase and o-amylase enzyvmes)
and antioxidant activity and to examine the role of polvphenol compounds in enzyme inhibition
and antioxidant activity. Three single leaves extracts and five of their combinations were
applied to inhihit c-glucosidase hydrolyvzing p-nifrophenyl-a-D-glucopyranasyvde or c-amylase
hydrelvzing starch solution as well as to scavenge free radicals. The leaf extracts and their
combination showed inhihition activities against c-glucosidase and oc-amylase enzymes with
range of inhibhition activities were hetween 17.63% to 26.04% and 20.14% to 35.30% respectively.
There is no significantly differ among the extracts in modulation of c-glucosidase activity, but
each extract exhibited different effect on c-amylase or antioxidant activities. Mixing P with B
and C increases the inhibitory activity of the extract against d-amvlase as seen that percent of
inhibition of BPC is significantly higher than P, eventhoungh their total phenolic content was
not different.The synergism or antagonism effect was not observed when the extracts were
combined asthe enzyme inhibition or antioxidant activitiesare notdepend on the proportion
of the extract in the mixtures. The role of polyphenol compounds on inhibition of the starch
digestion enzymes and on antioxidant activity was not observed. Further study is reguired to
fully elucidate the effect of the leaf or their combinations on diabetic animal models or diabetic
patients.

Keywords: Bay leaf, pandan leaf, citru leaf, antidiabetic. antioxidant, phenolic compound.

Kevwords: Bay leaf, pandan leaf, citru leaf, antidiabetic, antioxidant, phenolic compound.

Rice is staple food of most Asia countries
including Indonesia. As rice 15 good source of
starch, therefore, consumption or rice 1s suggested
as risk factor of diabetes mellitus' ®4? Reducing of
starch digestibility of the rice 1s one of promissing
strategies to reduce hyperglycemic effect of the
rice®.

Starch. a polysaccharide composed of
alpha 1 4-linked glucose units (amylose) and alpha
1.4-1 6-linked branched structure (amylopectin),
1s cleaved 1n the duodenal cavity involved several
hydrolitic enzymes such as pancreatic alpha-

amylase and brush border glycosidase* Inhibition
ofthese enzymes 1s not only considered as a strategy
to reduce the digestibality of the starch but also a
treatment of carbohydrate uptake disorder, such as
diabetes and obesity’ ®¢ Plants are an important
source of phytochemical compounds those have
inhibition activities against the enzymes. therefore,
they have potentiality for therapeutic drug or
functional food for the diseases’.

Rice 15 prepared by cooking (steaming or
boiling) rice soaked in water. Addition of aromatic
or flavouring mngredients such as Indonesian bay

Thiz iz an
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(Fupenio podpanria Wight), pandan. (Fomdars
amaridiifodes Roxb ) and ctms (Ciress Apsorc)
Jeavws is 2 commen practics b mdonecian noe
cockdng Whether the leaves bave beoedcial
the tharzpeetic benafits of these ngredicen for
dabates hanw bean
Agqueous sxtracts of the bay leaves
Irmronw ghicoss and insalim me@bolize in in witro
model®. Consipion 1 1o 3 g a dry of ground beny
Jozvos Ty type 1 diabetes patiants reduced serom
Sucose Wit uedhicant decreases ranmng from 21
0 26 afier ) d and izproved Epid profile of the
aubject. Momeovarn metenolic axmact elhay lsal
dsplanved scavenoing acthiny against suparoxide
and irpdroxy] radicals @ & conoarratioz-dapandont
o
Pandan Jeaf is a tropical plant which
1 mad mosty a2 Azvorng ageevt for cartain
zice and bread redpe”. Water extract of pandm
kaves redeced blocd glucess level as well &
improvement the insulin resistance of obese
mce'”. I healthny mubject, drmking pamdam leaf
%2 sdectrraly decwased posiprandial blocd mear
Srough mbibiticon of & glucosidsse exryme and
imhurtion of menlbin production inpancreatic call' .
Citrns leaf is an aromamic Asian Jeaf most
offen wied in Indomesiam recmpes inclading cooked
mice recipes . The kead extracts axhdbived anticamcar
activity through medncticn of cancer cell lins
viahdlity'". Froch jece from Citms fmits contaim
phemolics, tzomins and flmonecids and exhibited
anz-2phe anrvhes and alplaeghiciiodas moamos.
Mochamism of the protective effect
of distary anficxidanry bas besn bypothesinged
'Ern‘ngh.m]il:d:-:-n-:-f-::mhxmchmrmrh.m"
Tims cozsurption plant focds rich n antioxidamt
tould redece incidancs of chromic
dseases, mch x; disbetes, Saorgh doam regelation
of odatree ey In this study, ae aimed 1o
saluzte the wfeds of bay, pandan ctws leew
anrymes (2-ghucoddass and s-anvring ey

and anficxidant actine dog to the
Je2ves am nich in polyplemo]™ * ~, the mlk of
pchphm]mmd&mnqminﬁhxmmﬂ
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MATFRIALS AND MFTHODS

Flan: marerial

Bay, pandan and citres leaves were
collected from local market in Bandar Lansums,
e wazhoed with wamr and dried m
oea at 500, Doied lenes ware poadarsd ming
arindar to produce coarsely powdar.

jom of exrracs

The dried leaf powedar of bary, pamdm,
citres o el combinacon (10 2) weze boiled =
100 mL weter for 20 pennies. The axiact was
filtered (axtect 1), and the resides was eboded
100 zoL. for 20 mimies, then flisred o get extract
2 Bxmact 1 and axmact 2 wom thon mived amd
coidared as 100 extract Proportion of each
nvpe of lezes In the comnbinaton was 300 % when
o conshinaton comfained two types o plants, and
33.3"%; whan the combinaton contxined thme hpes
of plants{Table 1.
Azzay of d-plucesidace inbrbireey actvity

Tho shghtly modified method descnbed
oy B ot 2l “wan applied to measms the aifect of
e leaf it oo HoHD-ghaccsidasoactraty using
Bio-Products Co_, Led). Tho sobutmate woltion
proizophany] gucopvmamoudds (PP (Sigma
Aldrich, Swimeriandraa: prepamed In aquadss
(003012 5100wl Boely, sample of 200 50EL
kaf axtracts ware predncetated with 2 ml of
agincosidase crude spmypw for 10 men at 37°C
The reacticn was initized by addition of 1 mL of
PG substrate and incubaied at 37°C for 3oms.
The reaction was stopped by adding 2 ml. of 2 %
Ma 00 Marck Garmemy). The 5000-ghcosidase
aczity was determuined by meavaring the yellow-
colomed paramatophancl released from pHNPG at
47 om (Tharmo Sciantific Ceanasys 20, TSA)
Parcentape inhibitom 15 caloulated 25 Yalnkibiton
= Abscootm] — Absoxtraet)’ Abscomtrnl] = 1040
Azzay of d-amylaze mhibory acovity

d-antylace inkibetory acthity sy W
perdommed at 370 nsing -armiase onds somyme
(“zandong Lezgda Bic-Froducts Co, L) A
T ]mla.-m:.'lunmﬂnm}'m
2.1 ml phosphate tufSer 0.1 b and 0.2 axtact
-Iml:ﬂjwmhlqdﬁnl[lmmi"-ﬁ
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Than, 3 ml of 4% sizrch solofion {(wheat stwch)
was added o the mixtmm amd incnbated for 60 pin
at 37=C_ Beduring sagar raleased from the starch
Iydrolysis was measwemed nsing ONS methed
#-pnyiass mhibdiery actity wes calonlimd by the
following foormia:

r-amrylase mhibitory actreity = [ B-A jx 1007
B

Where A and B repressnt sugar
concarrmafions in the reaction myiwtee with and
witout an addtom of lead sximact respectinvely.
Annondant sconafly meurement

The antioxidant achvity assay of e
SXTACH Wi according to protocal
desczibe by Xn ot al *using DIPPE (2, 2-Dipheend-

1-PiemyThypdrazyl) (edarck., Gmrm]] radical
wavenging actiiity mwithod. Leaf extract (0215
m]'_"'n.'.!.:m:nd'n.'lﬂ:ulm]'_Dm{ wolntion: 1.3
mg of DPFH m 100 ml methano]) and & ml
nl:'I:u:l:r:-Ii:]'l'H-:h:lf].'l:l:-:tn:n; genthy, than ncaberted
2t mom terperatre Sor 30 min in the dark. amd e
shsorbance (A L) v meammed &t 51 7 oo Thamw
Soarrific Gemesys 20, UEA). The absarbance (A0]
of a comrol sanmple (dslled wetarimsiead of leaf
axirac) W also moorded at the same wnslength,
Eadcal wcavemgng acmity (V) was caloulasd by
ning the formmia = [[A0* AlYAD] - 100, whare
Al s the shsorbencs of comrol sampls znd A1
was the ahsortemce of axmacts.
Total phenolic anabyziz

Total phenolic content of the wrimct
was measored using the Fole—Clocalos (Mardk,
Gm]_’:rmp:tﬁmﬂ:.ﬂ:ghmﬂ:ﬁmﬂl..:mL
of leaf axtract was mixed with 0.2 ml. of ageades
andl 0.2 plof Folin—Cocal s reagant (1 ). Than

Tadbls 1. Proportion o lewves in doad el

ammbnslion

Troudienita Progpponii of cach loal
m oombmnabion B

Baw Purxlin ik

133 i1
S e S0
il 500 S0
S S0 (hil
[rali] i (il
i HERD (hil
il i 10}

123

e

a5

4 mL of sodiem carbonate (MMerck, Germamy)
solation { 2% ]m.iddn-u:lmﬂl:l:ﬂna]lmud
to stamd for 30 min in the durk for incubation
The abrorhamce was meanmed 2t T80 nm i a

(Tharmo Scentfic Gemesys
"[LUE-.F:.] A standar curve was preparsd nsing
Caliic yo Choemmcal Isdusiry Co., Lid)
(0.00-0.01 mg'mL;). '.['I:n'll:-'hl]:]nnnhn:m
wamn axpressed In ke of gailic acd equivalents

[ZAE) (g of par 2ol sract).
Seafizdical anakyzis

Fasults are copressed a5 the mean of
3 replicates. Statisical amalysis was camied out
Wi 2 sizgstcal progran: Mimab weesion 16, One
way-Anoa with Fiaher teer was med. Fesults wers
considered significamt I p=0,05.

EESULTS AND DISCUSSION

Alpka gncesidass e 5 located in the
tnush berdar of the Tl i ine and i mronbeed
in scarch digestion to melease momocacchards.
Imhibiticn of the wnryme leads to retardaticn
of sarch digestion in wmal] infstine Smdy of
d-ghcosidasg imhibitor acuity of axiracts of ey,
pandan, gitres leaves or thedr combination aght
ceniriute to the wndersanding of Swir pomedalicy
of this epryme is nailsble for ghose-lovwemg

Eations fixr dishatic mafians™

'.I'ha-n]n:-uuﬂ.u-nml:u'.l:l.:bm activity of
the extract: of single or mixtere of lenes & not
dopend on the type of extracts (Fig 1). Percent
of imktterion of B, P and C or thair combinatons
agaimst &-ghacosddase was amemd 3% Symorgism
o antagonism efect was oot otsermed when the

Tabls X Cirrclaine oozl hebvom lolal
phenalic with b glucomidiess, byl azl
msinidhn | actreilica of the oilnsds

Adivalaes iCdl Cimlents Tislal
Phomil

Antgleuedes  Frersms oo lalion 0,10
F-Walac 0 f5<

A ey e Frarex correlalion 5012
F-Walac 0 &30

Ankusglesl Frarex correlalion L5317
F-¥alas 0=

"Lrrelen o 10 com mdicrsd] mpreheasl when §ooD0B
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1z ot chemzed when these lezres were mined.

It hzs bosn reporied that the phemnolic
compoends of plant woiracts ko an ahility o
inbribt a-ghacosidase™ =™ B, P and C axtracs wer
comporends with different affectvity aginst
aghccaidne. Athongh the tofal e of te
pemobic compounds in Indoneciin by leaves

MLIRDAH o al, B & Fhaormacel £ Yol 1E2[Z], E33-841 (HILD)

1s the highest amwong other fested leaves (Fiz I
wimilar as othars (Fig 1) Cut resnlts zre m lne
oot all phenolic compounds or factions in
aminst d-ghacmidase eoryoe™ == The phanalic
copomis of Aremiis Ppecdies ormach thrand
mhikitory acivily agamst 3-ghccaidans anryme

o]
ﬂr 3
g=| s n Y 5 1 L 4
;a-:- I O m M-
fra]
im
| JBL;
iy
0
L#gwes D0 Do

L Effoct aof besll exitrids on d-g 3 izhili

sctivibien Faach value b w2 SERA (e = 1)

HPC, B, FC and BF wore combiatsos B P end C. E and ©, Pand ©, 5 asld F regoclively. B P el O were Bagy,
Farslan, andl Cibus erecs o, nepecirecly. Thes b eopresnt he mexs uf three neplicalos. Dila puents dossad
by delorend meqermeripts {lotlors on e b S8y mgeificastly wil p 20,05
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Lrasny com bnason
Tag. I Tistal pheesaite: einfenl of besves sxlrsds, engle or comlenation. HPC, BC, PC endl BF wers combinatos

H Fand O F aml €, Fam] C. B anl Frespeatively. B, Fand T wore By, Pesdes, el Citres leaves et
reapectively. T b popreneni e mecen of ros replcaics. Dube poinis desaial by diflferoml seporscripts (leiiors on
ths bar ¥ mgrealicanily will p 20,05, Tolal phemil omlent of cach crmineslion v caloalsic] basal on ankent

ul Engle oxbrask
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(1€ =21442- 7912 igiml.} bt mot all individual
phenolic conpounds i the exiract exhibited kgh
inhibiion Fxtract of Aramisiccontaining high
rafsrylquinic acids was e most pronounce’.
Tha eyl acomtaneract of (Cfinomoctium o s
{Famth) Govaarts (Lamiacsas) showed strongse
inhthitory actiwity against a-glucosidase than
the methancbc and the boxamic axinct whae
ol acid conined in the thme extract wes the

indnidml phannbic congporand that dhowed a strong
inhitetory actiniity=. Blowessr, sinmilarinhibatiom of
2 diSam factons (= 0.07) agmst a-gincoradaee
alwo has bean obwanud dfor faction of maethann]
(rich in phermoiic and Snoncid compounds) and
winy] ace@te {Tich m proathonamding from
Flereris cymode Thomm™. Thorsdnrs , it is sugpesied
that phanclic comporands contained by B armact
are Joss effoctn e m Inkihitng of Aghacosidase than

T B
-1
(ST T ab, 7 p
iﬂ. n M % & !
1 - b
T 55 i
|
i:u:-
y
&
-1 [ o B B P c
L v |

Tig. . Effod o plent oxilrscts o S-asilase ishibilery

wdeyviaee Fach valie

umean = 55M n = 3

EFC, B, FC sl HF wers combrizaias H, Find C. E and ©, P ind C, B and P repectecly. B Fams] COT wes
Firy, Pazelas, szl Cilrio leaves exlnsds, ropectively. The Tirs represcel he s of e peplicales. Dl peoiels
diensoled by dlforent seporseripis (lollor om ke baey Sfer mygsilicastly wil p 2008
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L BLC B ap E F L
Leawrs Combinason

Tig. 4 ESccl of plant cdlnds on anbiostident sdvviben Each value ropresents o meas £ 53EM (n = 33, HPC, BC,
PC end BF wore cmlenstion B, Fand C, B azd C, P ind C, B e F regeecisesly. B, F oxd © woes Fay, Faslas,
el Cilrus borves exlricts, respeotively.. The b roprosen | The mreas off s poplicalen. Dhala poenbs demtad by
i Forent mepeermeripls (lellor om e b Sy mygmilicastly wil p-a0i05
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it phanolic compormds in Por O ectract, bt thair
fotal phenolic concentration kove no cormelation
with anti-3 ghacouidase activity (p =055 (Takls

i

Alpha a.'m}']as-n is @ EI:I"hl:']:I.}'d.HI:H
and pancruas that can hydrolyzs starch into
oligosaccharide and simple sugers. Inhibdtion
of this enzymses nhibits sterch digeston and
reduce the rate of ghncose ion im samll
imtesting. Chur resnkt shows that exiacts of Band
axhitat a-anrylase mhibition highar San Phut tho
dEfernncs is sotistcally not sigmificans (Fig. 3).As
o toal phenolic concarimtion of the thmes: ariracs
s Eferencs (Fig 7). ftis suepested the the afSect
of the etract on &-ammyiase acthvity mersby depand
comcarTation Fhoneli: comporads sxtracted from
dfforent plant species or cultiver has difforent
oompoaitom and aofi &-ammylase acthan ™. Less
iham 1 7% of 126 extracts gined from 17 plant:
posed inhibition activity agaimst d-amryise with
varying degres, whareas 3 of tham, thiwe contain
Eforant T inhihition lenalmors them
™. Charsical anathysis of 2 Clat vamictios (Amslal
and F11-7) rovwaded the: phemolic copsposition of
theor exiract was dSerent, whees ]Eqﬁ:‘ anrylase
izhibition of F11-5 was kighar than Amilal 102714
iz'mal. and 72381 izl mepactvaly*.

Izhikition parttern of the extracts (single
O HEXDw) against 2-annyhss enryme (Fig 1) wes
oot simslyr 25 the patiern of the uxtacts agaimss
#-ghocosidase (Fig 1) Thars is no sgnificanty
differ among the exiract in modulaton of
aghnccaidyss activity, bt sach sxtract exhibited
diffarant affuct on #-anrylsse acthiy: biming P
with B axd C increanaes &o mhbibitory acthany of
o extract ageivet d-avmvhize as sean St parcent
of mbihition of BPC is nn:l:::l:E.l;mﬂ'l. highar fom
P svanthough thair total | oondant W
mot difforant. P and BPC extracts reduce the
#-amrylase actaty by 16% and 26 %, respectiely.
The incmacing of inhibiton actvity of P due
o mixing with B and C (BPC) was mot dus o
na'mmguftul[:hnnltmfﬁn Jlan
mo commlation betaman i COOCRTETAT N
and inhihition activity was obearved (p=0U83:
Table I} It is mgpested that syneegiom affuct
s ooorred whon Fazs mixed with B and © &
uhirovn that eobrtars of plamt soiracs showr wopemior

NLTRDIN i al, Biomed & Fharmaced Vol 1E[Z], E33-841 (01T}

aifect when compared to single sortract at the
wemalent concentration™. Previoushy Lam of al =
idemtifiad a wynargiwm affect of a pxixim of woracs
ofdsrrepelus membromeoesy and Rehmomeion
Flunross mots in wound-heabing of 3 dishetic foot
elcar animal model

It o bean shows that potency of 52Hb-
gnccsidysg and FEaI-armiass inbobition of plane
axtract are Telaied to the pressmcs of phanolic

Y thee hanw andioorideed actiaty™.
Therufore, in the cwrent stady we imrestzaied
radical scevenging assay. Fignre 4 showm a
varation in DFPH radical scavenging acthdties
of the wotracts @moging from 49%% o aroumd 77
%z The T extract exhibited 2 stronger DFPH
wrmaging ahility ten the P exoect, thoegithe
dEffrencs is not statishicalhy significant {76% and
4%, mespectivaly’l Un the contrery the B axiract
bad the wwakest scevengming activity ($5%:). A
Mivterg of the € 2nd B woack w@s proven
o be more sfectnoe in o enhancement of the
arsironide actreity of the B wxtract than amy ofhar
comnbirortiney: with the sconansineg activity of 775
Fz )

Tho anfioxidant activity pattens. of the
axiract combinaticns dogs mot depend om the
amtioidere activity of the singls aximct or Soir
totz] phemolic content. For coanspls, the total
phenalic corpoand of the: T cotract wes lower tom
of the P extmact. Hooenar, botd axmacts eahibimd
2 similar anticondar activity. Additonally, the
BC axtact mixtre thowed higher antiocidant
actnay ﬂ:mﬂu-HPn::h.'h:-Im:rm-‘llﬁEm:]
19.18 %, seapactively), H:ln'nﬂ:uﬂu-h:-la][.'hmnhr
compamd of the BF mixthm & hgher than the
BC mixtums (7.57 2nd 5.50 mg/dl. mepecthaly).
Therefiore, accummlation rathar them synergiom
affiact on amti oot e st i aes detecmd whan the
axirach wers mimed Mogythve comelation (<. 527
Ietoean total pleano] concantration of the extracts
with antoxidant acthity was ctaerwed (p={LO1 4L
inwiich plant xiract: with bighor concomdration
of total phanel hans lower amtioxidmt actvity
iFiz. 1 axd Fig 4). Sipsilar Smdings have bean
reporid whowing that total phenclic compoumds
in the exiracts of ginper, aronms, donemwen®and
Eooruan propelis™ hatg nogathve comlation with
thair aptiomidant activity. Anticaidant activity

of the plant eximch mory ot alwanys posdtivsly
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coowspond o & toal phenol comcamimition, ot
my be defrreined by $ha copsposition of phancdic
Cooapoonis®.
Fartharmome, the moleomlar mbeacions
betwesn major phenolic compoends i plant
wnirach delmrming the antiocidand capacity of the
erach®. A mivters of plant eviacs with high
tivtze] phann] comemmads will ko Joar 2ot meidant
capacity whes major phanolic compomnds m the
irach: bowe antypomisic infeections . A miximg
of chlomgeric a0d and caffeic acid iz 2 weemls
of this description wharsas & combinaton of gallic
acid and caffesc acid that showed synegrvtic
Thesufors, anboxidant acthity of mixtare of
wum of antiosidant acthvity of mdvidual ermct
or mdividnal phenclic commpound peeeent In &

axirack™,
COCLISI0N

and A-anwylass enrymes sl scvenging actvity
agaimaf froo radicak The rymergism orangonism
wiffoct was not cheamed whon the axiacs wem
activities 2re notdepend on the proporson of the
wxiract In the mixhmes. Ad&tomally, the role of
pohphomol corponmds. on mbibition of the saech
dipestion weymes or scanwmsing of Ses radicals
was oot chearved. Fiothor stady s Teqeived to fulby
wincides te efiect of the leaf or Seir combmations
on diabetic animal models or dibetic patamts.
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