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Article history: In this research, the preparation of cellulose nanocapsules
Received 24 November 2018 encapsulating gallic acid (GA), an important component in Bambara
Accept 17 December 2018  groundnut extracts, by water in oil miniemulsion polymerization
Online 20 December 2018 was studied using carboxymethyl cellulose (CMC) as a shell.
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Keywords: methacrylate (MPS) as a silane coupling agent at a ratio of

carboxymethyl cellulose, ~ CMCMPS of 75:25 (%w/w). The FT-IR results confirmed the
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polymethacrylic acid,
gallic acid, miniemulsion

polymerization

successful modification of CMC. The C=C bonds from silane
coupling agent were observed in m-CMC spectrum which were

further polymerized with methacrylic acid (MAA) monomer to form

3D-network CMC-graft-polymethacrylic acid shell. Various ratios of

m-CMC:MAA and stirring rate for monomer droplet preparation

were investigated. It was found that the optimum condition was a

m-CMC:MAA at 33:67 and 40% amplitude, respectively. The

obtained nanocapsules presented high colloidal stability, spherical

shape and nano-sized with high loading and encapsulation

efficiency at 24 and 73%, respectively.
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v ° §ns1slumstumdeumenuousiues ¥esay 20 40 uas 60 uewwdgn

[

Juian 2 wiil a gungiivies
b {3iEuUiAse1 Amnuidutudesas 8 neviinvesueusies

CfvinavaneNay A 1, A lpppniuth fsnsiau 2:1

2. nMsimseunadinesurlunalgarunse Wevhnsnsgunyilanduvesansuendiuiia

LNARARILNTEUIUNITELAS I UUTNDTatu waglaani AflWussafivatsaelduay 'wﬂwusam

U



Research Journal Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 17, Issue 2, 2018 29

Boufesud aztuwaglaaiiudeunyilaiudunly
TunszvaumsSeuuaya lngldnsnumiaiaa dq
\uneusiwesfifinnudrfuldmedinimnsimsiag
vuanelgvaavaglaaiielianidudenualya Tay
thafuendiufiawaglaaiudsunyiladdunaznsn

wnasaravasludiivinasatenay (1, 4-lneaniy:

U aa aaa

i) wanfunsaunadauaziisuuiise lnduie
Weau 91ntu waduduiiuiiiansanusaieia
nstuniouvenueuswessedsansleinines
(ultrasonicator) IngazAnwinisimisunenilsosas
WoUNAYA (%amplitude) 619 9 Aa 20 40 Uag 60
Faan1nvlunnsnedt 2 91ty wdsadudiléaduan
funay Yarmeanens ivieglussuugaainie fe
nsldtugaaguiunisidufalulasouussuin
5 58u lngsauanine Ae wiabulasiau neuwdaslu
gr9difudslan vin1sdaunsizifigungd 80
ssrmadua mesnsiilunisiiu 500 seueund
Juran 8 4alus WHUAINNITASEULAUYALARINA

gﬂﬁ 3

3. NMSANEIANWLLANIZVRINDALLDI UL
WAUYaYNNIALNAGA
idevhnsmsuwedwefuluiaugarunse
unadelduda awvimsanuau s o fal
3.1 nMsm3evarmsdsuainuousiues
Wunedwes (% conversion)
¥in1snidesaznisiudsuann
vauatuesilunediwes muwmataufalasuiing
N9 (Gas chromatography; GC; Varian Star 3400
CX FID; Agilient, USA) laglgensinisluavesuia
Tulnsiaunasuialalasiaud 30 fadansroundl uas
91n1A7l 300 fladanssieundt medasusalunisiiiv
gunniifl 10 ssmwaldoasiounil 13usenisi

f0819 200 lulasdng (UszunaSeeay 10 lne

vhwein) snavanelu 5 n¥uvesansazansleniueai
filawdaneunludiduaisuinsgiunielu (Internal
standard) (A210LUNYU 100 Hadnsusenlansy)
ity ¥msiasest Tnsanududuresweused
fiude (CMAA, S; fiaanSusenlansy) Aulauniy
aun1sit (1) 90ty hrufuunesiudd

¢ a I a ¢ o a
1AUBLLASIUASUIUUNDALUDT AIEUNIT (2) U]

ee

N5 URBUNUILVBIANULTNTUYDINDUBLUDST

wiaeandadnsudenlansulusesazlagiirmin

C ,std
Cwans = (& X AR,S) X Conp 1)

AR,std
c (CMAA,S)
MAAINT\ 14,000

Cuaaini

%conversion (MAA) = x 100 (2)
dle Ciipas RO AUt UIeIN MRS ARTIuEe
nasRINNIsWeALL LS
Crage PO AMULTUTUVDIAITUIATFIUNTA
WNIATAA
Ao Aududuveslaiuiianeulun
(mg/kg)

AD NUNTATDINTALUNIASAANINTFIY

CDMF

Arsta-
(l#a1n GC chromatogram) AN
WNA3AA
Ags fe Hufifinvesnsniuninsanly
da1sazaiudiegie (laain GC
chromatogram) fliwdendaa1nns
wodluelslwtu
Cmain D AUTUTUVDINTALUNIATAAN DU
nswedtuelsiedu (Sesazlae
i)
3.2 ANwMrIUIIUATN1INTENAIVB S
wodwesuIluwAUYa
AnwianuaeIUIIUAZNIINTEANYMN

vosnediwesurluualgaimseuls drundes



Research Journal Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 17, Issue 2, 2018 30

ganssaukuuldias (Optical microscope; OM: SK-
100EB & SK-100 ET, Seek Inter Corporation Ltd.,
Thailand) Tagvinn1sneafieg1sasuunszandlan

Unnruuduln (cover glass) WAIATIAOUAIY

o

ANa9v81e 1000 i1

3.3 MyinvuavremadileTLAUYa
favurnvesnediuosulunaugai
Ww3uule AemATAN1SNIELIINES (Dynamic light
scattering; DLS: Delsa Nano-C Beckman Coulter,
usm Laeldyuinin 165 eem1 figuvnd 25

DIALYALT

'
a

3.4 N153LASIERUSUIUNSALNARATIQN

Y

Aniumelunalea
Tunsfnwanezivuizaulunis
wisunedinesualya wananaziaITadnyy

N19NYAIN AB 5US714 UAEN1INTENUAIYBY

s

NOALUDSHAUTALA FLADIVNNSANWIUSUIUNTA

U

a o v &

wnadangniniiunglunavganie Feazldinaia

Y

aa

g’i-amﬁa annsalal (UV-Visible spectroscopy:
Lambda a 35: Perkin Elmer, USA) 131@3801566583
A158581811ATFIUNIAUNARATNIAINLTUTY 2 4 6

LaL 8 NadNSUMDALANSY YINNITALAUNIAIAIINY?

'
A

Aauasan (N, Tudag 200-500 wlulums wuinnse

Y 9

wnadadl A, 71 ~260-270 wilwiuns laglidausiu
AuesAUsznoudu ¢ Tuseuu F9agyinsiasigim
YSuunanuginiull lngneuaziiuadyaunvi

N153ATIERILTIINITERAULaLNaAdANSALNGE

'
=]

ANUSLIUMRINIYAITSALANYNS A

98@n3N (pH 2) wagyiliuiangamgivie 3Nt

U

Faneduasurlunavgaiiuisuseua 20 Sadnsy

(Weaps) “n1savarelu 1, 4-laeoniwu wazusu

o P~

Usurmsidu 25 fadans [45] TaAINISARNALLAS

U

Y8INTALNARALUANTALANLAREAIDEIN A,

~260-270 wiluns dethunmuamusuanse
Lmaaﬂﬁgﬂﬁ’ﬂLﬁUﬂwiuLmUﬁa (Cep) TneLfisuiy
A18EANLNINTTIUNIALNAEA wavinswasudu
dminvesnsaunadauis (W) Tneldaunisi (3)
9niu Ao EUANITUTITNIUNIINAGDA (%
LDeyp) UaieA1uNgu] (%LDy) uazUseansamlunis
W (%EE) 91naun1s (4) (Susheel Kalia) hay

(Susheel Kalia) [46] mua1au

Coa
Woroo = | == )x100 (3)
caps
C
%I_Dexp = (FGOAO) X VS (4)
WGA,rep
%I—Dth = Wr (9%conversion)

WGA,rep + ( )+ Wm—CMC

%L Dy,
%EE = x 100

9%LDy,

100

We Co  Am ALtuduvaInsAUNAdANgN

Anfiu @adnsusedns) ludavin
avaelapeniwu (V; Nadans)

W exp AD ‘5mﬂ’ﬂ6uaanﬁmLmaaﬂﬁgﬂﬁ’mﬁu
@adnsu) meluualgauianowii
nsazay (W)

Wenrep Wep 88 W, cyc AD drnfnvesnse
LNadA UOUBLUDS LazAISUBNT
wiialwaglaaiiudsung fleidu
ANAIRU INENILNTAS UL

WAUYANUANTNT 2

4. nmsfnwnisUanlass

msﬁﬂmmwamudaaﬂimLmaﬁﬂﬁgﬂﬁ’mﬁu
nelunnlunavga lnenaassduaniiediass
Meuenasii®ia (in vitro) Tufnatseaumatmas

Mo il 37 samLwaldea LSuAlgn1snseuuIly



Research Journal Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 17, Issue 2, 2018 31

wadgafvinlsiuis (20 fadnsu) udluveatin
Tawled 20 fiaddns (Anadudu 0.2 Tuans) Aifes
7.4 LLasmUﬂuqmmgﬁﬁ 37 aeAwalded [26, 47,
48] ¥ns@nE7iian 0 0.5 1 2 6 waz 24 92lus @
IpMTIeTeRUSunansawnadaiivantdesasn
nnulunaUgasemeiagi-itda awnlnsalali
A ~260-270 uluns IngAuamAdudy

veansaunadafignuanlaesluaisazatey @adnsy

a

ARANT) BUAUAIEaZAIENINTIFIUNTALNAGA
AULTNUY 510 15uag 20 dadnsunedns
Yonant azvinsiesilunamensaunadn i
wideluunlunadya Tagisuannisduniesd
A3L57 3000 SAUADLNY LLazﬁWLLﬂﬂegaﬁmﬂuauﬁu
avanelu 1, d-lneeniwu USunw 25 Dadans e
ﬁ’umaazmammgmﬂimLmaaﬂﬁmmﬁwﬁu 246

wag 8 dadnsunodng

NanNTsANEIKAzasSUSI8NE

1. mnagunyilitumsvendiuiiawaglaalvi
Wusee

Tutumeunsindsunsuendiufiaisagladl
ftuszglaeldaisgaivleian az13u91n013
lelaslagaansanivloau fo 3-(nsunendluda)
Twsfia wmesian Widunylvauea ielvianunsn
\innaslalaslagaseduaisvenduiiasaglaa
WielviThiuszganngilsiduvosumesiandansans
lgvasansaniulgauasuuasldvesnsuendiuia
waglaa lngldaniglunisiwseunyilaiduves
waglaainnuidedeuntid andu vinlvuians
Tasnsnnwaniulaaaslsfivu Wevihlruiuazily
nageusemaiia FTIR wui WellSeuifisuyizes
niuaneudunsuIaaUnnsu Yesaiuendiuia

waglaaiinisiwdsunyieaisgaiuleiau

(5U7 4 (@) Avaansuresansvendiufiaiwaglad
(5U7 4 ) uay 3-Ansiunendleda)lnsia
lvAian (U7 4 () aswufiadidumsUssunn
3400-3000 cm™ veanglensendavasivaglad
(O-H) wagdiafiduns 1578 uaz 1007 cm’ vos
JumulnaladfnuasnyAlauuuanelyvesnisuend
witawwaglaa luvniziwaglaaiiviinisiudouny
flafdu uenanwuindananiuds Samufiadidums
1160 1129 uag 1070 Fe1dufinves S0 fiad
AU 935 1714 uaz 1633 cm ' W uiusyszning
Si-O-CH, yjA3ueila (C=0) wayiuszadanu (C=C)
Py sy FeBuduldinarunsaudeuny
HlanduvesnsvenTuiiaaglaameaisaaulyay
16 Gafliuszadmiuinufsewediuelsisduiu

nsAnIAsaAtuTunauaalule

R
OH group

© Y%l

Glycosidic ring'“ 1

C-0-C linkage

Transmittance (%)

Si-O stretching

4,000 3,600 3,200 2,800 2,400 2,000 1,600 1,200 800 400

Wavenumber (nm*')

U7 4 yiFeinsunesudunsise anaiuves
msuendidialeaglaaiivinisidasung e
a1sanvleiau (a) Arsuendiuiiawaglad
(b) wag 3-(lasiunendleda)lnsiia

WNIASLas (c)

2. mansegunadouluunUyayunsaunaine e

ATYUIUNITAUAT 1LV UUTTDIATY



Research Journal Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 17, Issue 2, 2018

9nthy hnsAnwnisedeuafuendiiia
waglaa-nyvi-nedumasinuedn uluwealgaly
szuudifaduiiludfudenisdiasigiuuy
i0dfadu Ineldmsvenduiiawaglaaniiusygi
Uanwanele wodluelsiwdusuiunsaumiaian
Aziinn1snsvianslgveedumAsanLeTnaIUY
aelsvonsaglaa ioliandudonuaya Tngld
Ingdu wazlanedlansendaaideisniianandudu
fovaz 3 laptwidn utgniedeifesnarans
anusafafin mudidy Fuidenounti Tae
vnnsfnwinisiniouiiveasesas 20 40 uag 60
woundgnvesiniasdansiledinmes Wefiorsan
971 optical micrograph YenedilasUAUFATLNTA

a o o va o ' s a a
LLﬂaaﬂ‘VlLmaulﬂwam’]mu‘u’eJ\‘lmiUEm“ULiJ‘VIa

32

waglaasensaluniniaaisesas 50:50 uay 33:67
Tagiaviin #a3udl 5 uay 6 muddu wuin ven
usuellaINeULA ORI TIAYYanaINTAUATIEN
fdnwauidunsanay Heassdnsrdou Tneidle
s dnTdinessuendiufiaagladse
nTAMIASAAT 50:50 wud1 T¥esagnisusTquas
Usgdnsamnisiniiunsaunadnvesualyasg
Tutns¥enay 19-25 uay 57-71 mudfy Faanseil
3 Tnofi¥erazuounagn 20 fuszansamnsiniiu
LA¥NTUTIIgeTian Ao euas 71 uay 25 Mudy
uiserazmsdsuanueuesiuesiJunediuesligs
unidn dmdvuagaiisnsidiunifuondiuda

waglaasensmuniasandu 3367 Wu J5euasi

¢ a I3 a & 1 v
NOUDLUDIUADULTUNDALNDIADUVINEN

Y

Tusrvuddatuinlutndumenisdansigiuu

3U# 5 Optical micrograph venedluesurlunadgaviunsaunada feu (a-c) uagnds (a’-c’) NM1sduATIEn

aaa o

198datu Inglddnsdruresansvendiuiiawaglaa

AonsawmIAsaAT 50:50 ImEJm':?i"]uLm%‘awamﬁ%aﬂazl,l,auwagm (%amplitude) 20 (a, a’) 40 (b, b’)

way 60 (c, )



Research Journal Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 17, Issue 2, 2018 33

3U# 6 Optical micrograph vesnediuesunlukavgaiunIaknadAiou (a-c) waEnas (a’-c’) NSENATIEN
Tussuuddatuiluhdumensduaseiuuuiiddadu nglddnduvesmsvenduiiaaglaa
AonIAMATAAT 33:67 Tnanstunssuveniifosasuounayn (%amplitude) 20 (a, a’) 40 (b, b*)

wag 60 (c, c’)

A13199 3 SesaznisiUdsunsuswesilunediues (%conversion) fesasn15ussy (%loading) uae

Us@nSnmnsiniiiu (%encapsulation) ign1ageng 9

m-CMC:MAA Stirring rate Conversion Loading (%) Encapsulation

(Y%w/w) (Amplitude; %) (%) Experimental Theoretical (%)
20 72.40 25.36 55.05 70.73

50:50 40 91.73 21.66 51.40 63.33

60 95.44 18.71 50.75 57.43

20 92.37 24.36 50.13 72.42

33:67 40 90.65 24.66 52.18 73.32

60 88.04 21.04 53.04 67.92

lurueisosazn1susswarysed@nSnmns  nisiinUsuiunsaumiasan Mliialasesaun

@&

o ' | Ao | ' ) ' s A A 1y ' a
ﬂﬂLﬂUllﬂ']quQﬂ'J']Vl@ﬁli']ﬁ'Ju 50:50 Iﬂﬂaglu%?ﬂ i%'VI'J’Nﬂ']TU'EJﬂ‘ULlWIaL%aQIaﬁﬂUﬁWHI‘U%@QW@a

$puay 21-25 WAy 68-73 MUAINU FIUNALLTDIIN  LUNIASAALNYT UK IUNUSETAI AU LA WUSY



Research Journal Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 17, Issue 2, 2018

lalasiau Feiuszandnmlunsussyuaznisiniiu
s uidlofiansananuavesuaUyaTsnTEw
e 9 wudn dleldsmsngalunstudingu 9an
Sowaz 20 \Uu 40 WBUNAYA FUINVBILAUYAANAS
TWaanasnIdu é’fﬂg"dﬁ 7@, a’,buag b’)way
U1 8 (3, @', b waz b’) usllefindnsnisudu
Sovay 60 WoNNAYA TUPTBILAYTANSULRNTUIT
a0sdnsdn Juhazifnanuelgalivunidnasuas
Laiadies Jauinnissaudfuuisdiu vinlvdauie
Wiuty #3077 uas 8 (cway <) egralsfiny
uaUgadlafunalussiuulummsnanty

Fetu ilofinnsaniivunn fosaznisussy
wazUszandamnisiniiunsaunadalunediues
waUea Fsldidenasuendiudiaivaglaa-nsiumi-
wodlun1A3an ueda urluualyaiidnsrdrues

AsuendlufialwaglaanansaunaIanil 33:67 7

25

34

Sovazueumdgn 40 1uannzfivnzasilunsfing
nsmuRumMsanUdesnsnunadeluduneusoly
Flovhmsfnwnisuasudesnsaunadadign
Fafuaeluunluuaugaiidnsdrmvesasvend
wiawwaglaasonsalunia3and 33:67 uazovas
waundga 40 lagviinisnaaesluaniizdiass
meuenddliTin lumsazaevieamntiilesiifites
7.4 wuilugae 30 wiiusn uansaunadad

Y 3

gnnn mJQmJamJa'asJaanmnuﬂuumﬁggaﬁﬂszmm
Yoay 66 nd1antu finisUanUdonsaunadn
agamaLiesriudnsnsafidrasaunuaiiiagn
24 $alas Fa3udt 9 ety unluuadgadnIould
aunsamvAunIsUantdeensaunadale Founlu
Lm’dégaﬁwf%wlvﬁ"%ﬁﬂszﬁw%ﬂwwiuﬂﬂﬂ%ém%’u
nAnSuTAsesd1019TidIn1snsUanUdssansTu

SN LU UHuINdnv wasusueardinng 9

25 25
a) d,=361+16 b) d, = 178.7 + 112.4 C) d, =229.2 + 109.7
" =3006+1392 | | d/d,=152 | dsd, =141
| dsd, =138 ’
15 15 15
z10 " 10 10
0 I ‘ ” "w 0 | “ " 0 ||\u
1.00 15 2:' 23376 357411 1.00 15, /,l 24750 389363 1.00 1417 200,74 2844 11
. Dian nm) . Dian nm) w0 Diamet nm)
a) d,=359+16 b’) d,=117.8 + 34.9 c') d,=162.2 +47.2
50 =2173 £ 61.0 2 d/d, = 1.52 % d/d, = 1.41
d/d, =138
40 20 20
3 30 15 15
:7 20 10 10
2 0 5 5
h. 5 b

0 I M

1529 23376
Diameter {nm)

0
3574.11 1.00 1573

389363 1.00 14.17

247.50 200.74 2844.11
ar (nm ot

JUN 7 nTnlansvLnALaENINSENeMYeLAUgandnIdInesaTuendufiaaglaasensauniAIaAd

50:50 ﬁ%aaamamwﬁgm 20 (a, a’) 40 (b, b’) tlay 60 (c, )



Research Journal Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 17, Issue 2, 2018 35

(a) d,=458.0+205.7 (b) e 2 2+133.9 (c) d,=423.0+197.9
d,/d,=1.38 ‘ Vi, = 1.47 d/d,=1.40
10 41 172 712 2953 165 670 2611
D Diar nr
(@") d,=331.1+939 (b’) d,=149.7 + 42.9 (') d,=302.6+86.0
d,/d,=1.38 dud, =147 d,/d,=1.40
=10 10
( 4 ‘_ 3 k 2 10 o5 165  ’«;‘ i ”

JUN 8 n3MllansvunalayMInsEeimvetLAlyafidnsdvesnsuendufiawaglaarensammasani

33:67 ﬁ%aaazuauwﬁgm 20 (a, a’) 40 (b, b’) uay 60 (c, c’)

dyuna
3INN1TANYINITIATENAITUONT LU TIA
waglaa-n3ui-neduna3an weda wiluuauya
UNTAUNAETA AIENTEUIUNTITHUATIZAUUY

198 %atulusruuinludngdu Tneldm1svendiuia

Anvaneanele

Y

\waglaaiviinisiasunylsiisiusy
fhoansgauletay Asnsrdmsesay 75:25 lng
ihifn dhamedwelaiwtusautunsaumasan
nymiviasuuaeldueawaglaa e liAndulaya
Turwasgduuluwnas Taglddasdudminues
mivenduiiaisaglaaiiudeunydensaumaiani
$ouay 50:50 uag 33:67 wud1 lHuAUgansnauiia
aosdndu wazileldsaslumstiuiifesas 20
40 uaz 60 ueunagn vuAuAUyadilFeglusydiv
uluinsynaniie uiiefiarsuainisuue
SovaznmsussquasUszdniamnisiniiunsaunade
wufiangfimunzan Ae 8nsd 33:67 uaz

Tegaruauniyn 40 a1usanisuuaugaiivuin

Useunae 220 wiluns Seuazn15ussy 25 lag
v wazUszAndamnisinifiunsaunadai
Yovay 73 uaUgafilatuszavsnimlunisniuaums
UanUdes Fan1ninazarunsaiunluualgadild
Usggndldluninfudiadesdronsiidosnisnig

JanUdeeigala
AnRNISUUIZAA

am’?ﬁaﬁlﬁ%’umaaﬁuagumaﬁaumnnuiﬁa
Uszd1Y 2559 (No. CRP5905021000) 83d11ine1u
WAIUINITIVENITLNYAT (BIANITUNITU) WAL
suaeuafu@m‘mma%fﬁaaaﬂLLUULLasﬁwuﬁ’a@“ﬂguqa
AuEINeFEnsiazinalulad uineaewmalulad

aa A

iwmaﬂaﬁm‘uwLaaLW@amu‘mLLaﬂﬁﬁmuwﬂumi

@

Y1398
LNETD19DY

[1] A. G. P. Mongomake Kone', Yaya Toure'.

(2011). Bambara  Groundnut [Vigna



Research Journal Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 17, Issue 2, 2018 36

subterranea (L.) Verdc. (Fabaceae)] Usage
in Human Health. Nuts & Seeds in Health

and Disease Prevention, 189-196.

[2] Y. Y. Murevanhema and V. A. Jideani. (2013).

Potential of Bambara Groundnut (Vigna
subterranea (L.) Verdc) Milk as a Probiotic
Beverage—A Review. Critical Reviews in
Food Science and Nutrition, 53 (9), 954-
967.

[3] V. K. Rajan and K. Muraleedharan. (2017). A

computational investigation on the

structure, global  parameters  and

antioxidant capacity of a polyphenol,

Gallic acid. Food Chemistry, 220, 93-99.

. Costa and L. Santos. (2017). Delivery

systems  for  cosmetics - From
manufacturing to the skin of natural
antioxidants. Powder Technology, 322,

402-416.

[5] K. Thammarat, Leena, N., Punnanee, S. and

Soottawat, B., (2015). Functional and
Antioxidative properties of Bambara
groundnut  (Voandzeia  subterranea)

protein hydrolysates. International Food

Research Journal, 22 (4), 1584-1595.

[6] K. Thammarat, Leena, N., Punnanee, S. and

Soottawat, B, (2015). Chemical

Composition, Functional and Antioxidative
Properties of Protein Hydrolysate from
(Voandzeia

Bambara Groundnut

subterranea). International Food

Research Journal, 22 (4), 1584-1595.

[71 0. M. Ogundele and M. N. Emmambux. (2018).

Effect of infrared heating of pre-soaked
whole and dehulled bambara groundnut
(Vigna subterranea) seeds on their cooking
characteristics and microstructure. LWT,

97, 581-587.

. E. Unigwe, E. Doria, P. Adebola, A. S.

Gerrano, and M. Pillay. (2018). Anti-
nutrient analysis of 30 Bambara groundnut
(Vigna subterranea) accessions in South
Africa. Journal of Crop Improvement, 32

(2), 208-224.

[9] S.O SALAWU. (2016). COMPARATIVE STUDY OF

THE  ANTIOXIDANT  ACTIVITIES ~ OF
METHANOLIC EXTRACT AND SIMULATED
GASTROINTESTINAL ENZYME DIGEST OF
BAMBARA NUT (Vigna subterranean). FUTA
Journal of Research in Sciences, 1, 107-

120.

[10] T. Harris, V. Jideani, and M. Le Roes-Hill.

(2018). Flavonoids and tannin composition
of Bambara groundnut (Vigna subterranea)
of Mpumalanga, South Africa. Heliyon, 4
(9), €00833.

[11] J. Li, S. Y. Kim, X. Chen, and H. J. Park. (2016).

Calcium-alginate beads loaded with gallic
acid: Preparation and characterization.
LWT - Food Science and Technology,
68, 667-673.



Research Journal Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 17, Issue 2, 2018

[12] A. de Cristo Soares Alves, R. M. Mainardes,

and N. M. Khalil. (2016).

Nanoencapsulation of gallic acid and
evaluation of its cytotoxicity and
antioxidant activity. Materials Science

and Engineering: C, 60, 126-134.

. Gomes, A. L. R. Costa, F. de Assis Perrechil,

and R. L. da Cunha. (2016). Role of the
phases composition on the incorporation
of gallic acid in O/W and W/O emulsions.
Journal of Food Engineering, 168, 205-
214.

[14] P. Chaiyasat, M. Z. Islam, and A. Chaiyasat.

(2013). Preparation of poly(divinylbenzene)

microencapsulated  octadecane by

microsuspension  polymerization:  oil
droplets generated by phase inversion
emulsification. RSC Advances, 3, (26),

10202-10207.

[15] A. Luca, B. Cilek, V. Hasirci, S. Sahin, and G.

Sumnu. (2013). Effect of Degritting of
Phenolic Extract from Sour Cherry Pomace
on Encapsulation Efficiency—Production
Food and

of Nano-suspension.

Bioprocess Technology, 6 (9), 2494-2502.

. Cilek, A. Luca, V. Hasirci, S. Sahin, and G.

Sumnu. (2012). Microencapsulation of
phenolic compounds extracted from sour
cherry pomace: effect of formulation,

ultrasonication time and core to coating

37

ratio. European Food Research and

Technology, 235 (4), 587-596.

[17] P. Laine, P. Kylli, M. Heinonen, and K

(18]

Jouppila. (2008). Storage Stability of
(Rubus

of

Microencapsulated Cloudberry

chamaemorus) Phenolics. Journal

Agricultural and Food Chemistry, 56
(23), 11251-11261.

R. Dubey. (2009). "Microencapsulation

Technology and Applications," 2009,

Microencapsulation technology,

microcapsule, release mechanisms,

pharmaceuticals, polymers, stabilizers,

emulsion, 59 (1), 14.

S. Gouin. (2004). Microencapsulation:

industrial appraisal of existing

technologies and trends. Trends in Food

Science & Technology, 15 (7), 330-347.

. S. Santos, B. M. Ponte, P. Boonme, A. M.

Silva, and E. B. Souto. (2013).
Nanoencapsulation of polyphenols for
protective effect against colon-rectal
cancer. Biotechnology Advances, 31 (5),

514-523.

. Pinto, D. P. C. de Barros, and L. P. Fonseca.

(2018).  Design  of  multifunctional

nanostructured lipid carriers enriched with

Ol-tocopherol  using  vegetable oils.

Industrial Crops and Products, 118, 149-
159.



Research Journal Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 17, Issue 2, 2018 38

[22] S. Serieye, F. Méducin, A. Tidu, and S. Guillot.

(2018). Incorporation of aromas in

nanostructured monolinolein-based
miniemulsions: A structural investigation.
Colloids and Surfaces A
and

Aspects, 555, 802-808.

Physicochemical Engineering

[23] P. E. Feuser et al. (2015). Simultaneous
encapsulation of magnetic nanoparticles
and zinc phthalocyanine in poly(methyl
methacrylate) nanoparticles by

miniemulsion polymerization and in vitro

Colloids

studies. and Surfaces B:

Biointerfaces, 135, 357-364.

[24] F. Schué. (2000). Biopolymers from

renewable resources. Edited by D L
Kaplan Springer-Verlag. Heidelberg, 1998.

Polymer International, 49 (5), 472-473.

[25] A. n. J. V. M. Florentina Adriana Cziple. (2008).
Biopolymers Versus Synthetic Polymers.

Anul XV, 1, 125-132.

[26] S. M. Ali and G. Yosipovitch. (2013). Skin pH:
from basic science to basic skin care. (in
eng), Acta Derm Venereol, 93 (3), 261-
269(9).

[27] S. Barkhordari and M. Yadollahi. (2016).
Carboxymethyl  cellulose

double

capsulated
layered hydroxides/drug
nanohybrids for Cephalexin oral delivery.

Applied Clay Science, 121-122, 77-85.

[28] S. Butun, F. G. Ince, H. Erdugan, and N.
Sahiner. (2011). One-step fabrication of
biocompatible carboxymethyl cellulose
polymeric particles for drug delivery
systems. Carbohydrate Polymers, 86 (2),
636-643.

[29] C. D. a. M. M. Alessandro Sannino. (2009).
Biodegradable Cellulose-based Hydrogels:
Design and Applications. Materials, 2, 353-
373.

[30] H. A-Y., A. M. Adel, AA. El-Gendy and A.M.

Nada. (2010). Carboxymethylated
Cellulose Hydrogel; Sorption Behavior and
Characterization. Nature and Science, 8,

(8), 244-256.

Cellulose
Acid-Based
Cross-Linked
(bvS) To

[31] A. Sannino et al. (2004).
Derivative—Hyaluronic
Microporous  Hydrogels

through  Divinyl  Sulfone
Modulate Equilibrium Sorption Capacity
Network

and Stability.

Biomacromolecules, 5 (1), 92-96.

[32] C. Demitri, F. Scalera, M. Madaghiele, A.

Sannino, and A. Maffezzoli. (2013).
Potential of Cellulose-Based
Superabsorbent  Hydrogels as Water

Reservoir in  Agriculture. International

Journal of Polymer Science, 2013, 6.

[33] A. A. Hebeish, M. H. El-Rafie, F. A. Abdel-
Mohdy, E. S. Abdel-Halim, and H. E. Emam.
(2010). Carboxymethyl cellulose for green



Research Journal Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 17, Issue 2, 2018 39

synthesis and stabilization of silver

nanoparticles. Carbohydrate Polymers,

82 (3), 933-941.

[34] E. S. Abdel-Halim, H. H. Alanazi, and S. S. Al-

Deyab. (2015). Utilization of

hydroxypropyl carboxymethyl cellulose in
silver

synthesis  of nanoparticles.

International Journal of Biological

Macromolecules, 75, 467-473.

[35] E. Duhoranimana et al. (2018).

Thermodynamic  characterization  of
Gelatin-Sodium carboxymethyl cellulose
complex  coacervation
Conjugated Linoleic Acid (CLA). Food

Hydrocolloids, 80, 149-159.

encapsulating

[36] H. Koga, T. Kitaoka, and A. Isogai. (2015).
Chemically-Modified Cellulose Paper as a
Reactor.

Microstructured Catalytic

Molecules, 20 (1), 1495-1508.

[37] H. Koga, T. Kitaoka, and A. Isogai. (2011). In
situ modification of cellulose paper with
amino groups for catalytic applications.
Journal of Materials Chemistry, 21 (25),
9356-9361.

[38] M. Abdelmouleh, S. Boufi, A. ben Salah, M.
N. Belgacem, and A. Gandini. (2002).
Interaction of Silane Coupling Agents with

Cellulose. Langmuir, 18 (8), 3203-3208.

[39] M. Abdmouleh, S. Boufi, N. Belgacem, A.

Dufresne, and A. Gandini. (2005).

Modification of cellulose fibers with
functionalized silanes: Effect of the fiber

treatment on the mechanical

performances of cellulose-thermoset

composites. Journal of Applied Polymer

Science, 98 (3), 974-984.

[40] M.-C. Brochier Salon, M. Abdelmouleh, S.
Boufi, M. N. Belgacem, and A. Gandini.
(2005). Silane adsorption onto cellulose

fibers:  Hydrolysis and condensation

reactions. Journal of Colloid and

Interface Science, 289 (1), 249-261.

[41] R. K. G. Manju Kumari Thakura, Vijay Kumar
Thakurc. (2014). Surface modification of
cellulose using silane coupling agent.

Carbohydrate Polymers, 111, 849-855.

[42] M.-C. Brochier Salon and M. N. Belgacem.
(2011). Hydrolysis-Condensation Kinetics
of Different Silane Coupling Agents.
Phosphorus, Sulfur, and Silicon and the

Related Elements, 186 (2), 240-254.

[43] H. Koga, T. Kitaoka, and A. Isogai. (2012).
Paper-immobilized enzyme as a green
microstructured catalyst. Journal of
Materials Chemistry, 22 (23), 11591-
11597.

[44] Y. Xie, C. A. S. Hill, Z. Xiao, H. Militz, and C.
Mai. (2010). Silane coupling agents used

for natural fiber/polymer composites: A



Research Journal Rajamangala University of Technology Thanyaburi, ISSN 1686-8420, Vol 17, Issue 2, 2018 40

review. Composites Part A: Applied
Science and Manufacturing, 41 (7), 806-
819.

[45] V. Kozlovskaya, E. Kharlampieva, M. L.
Mansfield, and S. A. Sukhishvili. (2006).
Poly(methacrylic acid) Hydrogel Films and
Capsules: Response to pH and lonic
Strength, and Encapsulation of
Macromolecules. Chemistry of Materials,

18 (2), 328-336.

[46] A. D. Susheel Kalia, Bibin Mathew Cherian,
B. S. Kaith, Luc Ave’rous, James Njuguna,
and Elias Nassiopoulos. Cellulose-Based
Bio- and Nanocomposites: A Review.
International Journal of Polymer

Science, 2011, 1-36.

[47] D. Dorniani, M. Z. B. Hussein, A. U. Kura, S.
Fakurazi, A. H. Shaari, and Z. Ahmad.
(2012). Preparation of Fe3zO4 magnetic
nanoparticles coated with gallic acid for
drug delivery. International journal of

nanomedicine, 7, 5745-5756.

[48] O. M. Medvedeva, V. S. Kurakina, S. G.
Dmitrienko, T. I. Tikhomirova, and O. A.
Shpigun.  (2004).  Separation  and
Determination of Phenolcarboxylic Acids
by Capillary Zone Electrophoresis with
Dynamic Preconcentration on
Hypercrosslinked Polystyrene. Journal of

Analytical Chemistry, 59 (7), 669-676.



