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Optimization of Pectin from Citrus reticulata Blanco Peels
by Microwave-Assisted Extraction
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Abstract

Citrus reticulate Blanco peels are the main by-product of the industrial beverage of fruit
processing, which are rich in bioactive compound that have the potential to produce pectin. The
objective of this research was to increase the value of pectin by microwave assisted extraction. The
effects of extraction variables (microwave power, irradiation time, solid-liquid ratio and pH) were
studied. The factorial 2 levels and Box-Behnken design were applied to analyze the level of
significant variables and optimum condition. The result found that the highest pectin yield of 17.67
% from Citrus reticulate Blanco peels was obtained at microwave power of 450 W, irradiation time
of 75 s, solid-liquid ratio of 1:42.5 ¢/mL and pH of 1. This research can be used to develop the
process of extracting bioactive substances from tangerine peels for use in cosmetics or dietary
supplements that are not harmful to consumers which it is useful in increasing income and reducing

waste disposal in the juice industry.

Keywords: microwave-assisted extraction; Citrus reticulate peels waste; pectin; Box-Behnken

design; optimization

1. umin Fefioaiunuusghiduihdudunenusiesmann

dudeamau (Citrus reticulata Blanco)  deyaidesiunuimanindutalanysuio 51.8
Hunalsifinunanstemgniumnnlumeamiiores  Wud ey dhsussuiduidudu 2 wududu
Useindlne osnilsannosuduides  Tesgaamnssuudsyuidudy wWienduduves
voaffuslng Mallassmaameen Tasdmdenld  Wdevnenszuiaunisussnial 50 wWodiduslng
Hugudeniadou wihils Wduewdlefuaume  dvidn (1] Fenaiiugarianveandodionis
T fusnduau Vesdauduiile gnudsouiuies  nsnweavarididuiidesnisegieann esin
dunagauluieioiud lWdestulsantauar  nshdavendadudiunumnnardidiualidg
nshndauuniide TsanuTinueeaamosealy  vedssnunardoadiliisnguievisgnamnsy
Fom ussimenmsnszneth deilisruuns [2) dedumisudssureadeliiiyargedutagl

ga891M15v93 19N ey ulUduegaung faiuy 1599uanA g a1eus ee1atm unls wagLiiy

1803



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 10 October 2020

nandusinisdenlniiidunadenvesgnaiv
HGIRIGR!

U

SERNITIRUEFA

nysudukazuslan n13dnwld

ANAUNNNITNBATLAY

wuIaendy [1] dansdn

v
Y

N

o

WWwweaule 8nviedad

d

N

v
Y

Y0WE 87 IM9AISINYASHAINNATEYTAT 9
aunsarhunadadunaiu Toun wWaenuaznin
nady Wasndule wWaend$s maweuila Wien
urazne Wasnuzun Waenndle Hudu [3] uay
dnsiumelianisanamafunatswuu awa A1g
anauuuliAusau nsanALUY Soxhlet NS
anmuy Ultrasound nasanauuululasiansu
Hudu

wafudulnduan$lsa i naufuwuy
Fudoulunidswadussiy drulugusznaunay
D-NSANTLAALATLIANAAINTTINYIR LU L-U5al
Tua lFos10lug way D-nuanalaa waduydluly
WJuarsnewea ansddady wasdavinlidulu
QﬁlaﬁﬂﬁﬂiimaﬂmﬂﬁawﬁmLLEJiJLLaSLﬁ]ﬁg yonand
fildansnoalundndasiuaasiindmiugiae
Tsmumusazlsadau [4] Fadiulaiinisiiia
yarvenUdenduiiduroudeveslssay
gnamnsautuiivslesilunaudsguiduansds
FUVDINANAUNAG 9 LAZYIVAANANIIEAD
auandeu [5]

astdinadalulasianylelunisana

(microwave-assisted extraction, MAE) Ta g1

Anuseunedulilasivlvililuanauiluead

N o P

oduaziiiou v liwaduaneenainaslasuniy
Youdaan uavUdesansadnyiiegnielusonun
(6] S'ﬁammﬁm’fﬂhaiuﬂﬂil,ﬁum”ama'mﬁuaamﬁaﬁa
NINTNYATVRINTEUIUNITYAAINNTTU LAY
wmadianisatauuulalasinsiudumadennidd

Tasuanuaulalunisadnansdrnny tesainld

1804

szozatlunszuIunsen fvhazanetios nanan
39 uazflamnnnd saadunusindwould
AnuSeulunsania [4]

wallanisadalagldad ululasiansud
Yaduuseneaumemiadlalasin 1ian onsnaIusn
azausoingavu viin wagaududuvesiavh
avane Fausdudes@nuvisninavesiauys
#ine 9 Tidamanoansoongnsnisdanm vilidesd
Tdwmalan1ea@da wWuudIaeIneAtinA1ans Lay
A158ENRUUNISYIAAEY W atslunTIiAs s REs
Jaduddyuazansiuanlunismaass @ swuu
$ravsmandnmaniiuduadfdugedlldlunsm
annzveanszuIung Wielvldnanevaueuiuly
mufidesnts s 9 TeRuinevauedily
nswanefminsauii oadnaiseangns ma
Fanmerewanalasiansiu laun wafuain
Waendu [5] mlulewnsmannuesdeisgnas
nssundaudetlne [7] Inddlueaainiudenlen
[8] asUsznaufluednianunanldawess 9]
WHudu

eswntlaselunsasmmafuainidden
Fudamusomeaialulasians i seens
Anwnilifusiuiuann fefunuiseidsadennts

AU LN

v
P

NUNINDU

[
1

ONLUUNIVABDILUULNANDISYS 2 § ol

AnszviandendadeiidrAguazis
dusluulond-lurulAui oM an 1L ANz au

LY =

WA 9 @

14

vastadeiidh WIWIBATAuEanguda

mlaas Innuazaintunisldauiu
U9

198 wazdluszangangdunisvinuneanuduiug

Tunisuidey

aa

4

@ N W

FYI3 6 UINLIUIULIN

o
o

ANSYINUILENTT

YBIAIUTAULALAILUTANY

o
YR

AStiugn

o

Usyaanve99uddel Ao n1sAnw

AN1IENLAULANVDINITANALNAR U NLUA DN



Ui 28 aUvil 10 gareu 2563

5a15mermansiasinalulad

Aulginumd o amremailalulasiins iy d
Junszuaunsfianunsaviliiinanudueinents
amu anunsndluseganiiavengdsedniam

msanasall

2. A5n1599¢

2.1 MswIgNingau

Yddendudemumdefisainnis
nanUdudy (mneansiulun sanetles Swmde
Fodlug) vrandreihanuazenn Taluniousi
nauansaratsluumaBeuumlugalng (KMS) 0.1
nfuseun 1 aas 1uian 10 it Vvalveud
gaumad 70 ssrwaldea 1uan 24 $3lue 1h
Waenduuisduuaznsosriunsunsesousuin 30
mesh WnsdandufivussyluaivusUnain
\Rulgamgdl 4 ssmwaldoa

2.2 esatanuululasiangau

13 seadauuululasnsaulszneu
segoululasianluaiaiou yanieudiade
a1sdndy srvuiindeifutesneuaudises 40
ﬂé)uslslgfm?aﬂ Thermo Electron Haake WKL 26
Recirculator ChillerImaﬂ%’uﬁ;ma'alﬁumw}u
ol 10 esrwaldua 1n3esarauuululas

Yo o

nlgmdeln 100-800 W laglduaniunauvuin
500 mL tJun1vuglunmsana
2.3 mMsanamafuIInNeUfendu

naaendu 1 nsu laluvrnanniunas
9u1A 500 adans naufuinduiisnsidiunsse
Favhavatesing 9 (1:30-50 nSusediadans) 7l pH
1 44 pH gnuUsusensadaiiain 6.25 1Wesiiud
TneUsung drlvaiauuulalasnnsiulianusou
firaslnih (300-600 Sas) Wunaiildlunisaia

(50-100 3u19) naganbiAusaunelulasLIn

1805

dieg19Wn IRy watuwenveanaIfy
vaaudeiensesayyinialagldnszaiunses
(Whatman® No. 1) s7usuvaaunailaiu wadu
werugnananiemaiannazneu Ineuireunag
lawauiuenuea 95 Wasidud (vAv) Tlushsndu
winnulaeusung ﬁwmmum%uﬁauaﬂmﬂau
AR UINYB LA Yrnadud laluounsded
gaunil 65 psrgalTea JunsEehnnag
2.4 nsmSunamandnmanudianald
si'faifwﬁfﬂmﬂauﬁgﬂﬁmﬁa WATAUIN
USunaunananlunisananafuudenduileiminu
a5 1 5]
(1
lag Y fie USunauwandininadu (%); m, Ao Y

Y=(n:%)x100

yoamaRufianald (n3u); m,, fe unminvews
Wasnduuavinu (nsu)

25 nsAndantasefifinadanisana
ARUAINURBNdNTBIRINU

fadendasefiinadonisatnnaiu

nfenduleaniiu lne@nwidadevesnias
Tlasian vadildlunisain snsrdrunsasi
a¥a19 Laz pH 1N9UNUNITNAADLTUAYEIUYOY
uvlanaiiea 2" (fractional factorial experiment)
Tne@nuiszduvesdaded szdunuazsedug
szavvastadeildlunisneassuandumsisi 1
wazdinsgsiwilduauduiusueslayanuy
MIIATITENSaNa8Y (regression) wleniladedi
fanudrglunisaiamafuainiudenduiden
WU

2.6 mydnnzdaniaziivanzey

a o

AFW ulanevaueagniuilydlunis
goNLUUNMINARDLNBMAN I NINzasluns

anmnAR UINUA BNA N BN ULA BT LAY



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 10 October 2020

naaed 3 91 dUadedmsunisAnerusznounae
maslalasiav (X)) Laaa b lunisana (Xy)
9RI1d1UNIFRAIVINaYaIY (X;) MNEIAU LAy
Avuadu 3 5¥AU +1, 0 wag -1 Fen13viune
Argeaalun1snaaesilideniuiineuauaduuy
3 s I3 ! v a o

Jond-tusiutau lasusardaded 3 s¥Au uag
NAADINIUTUIUNARUNAN1IZAN 9 WU 15

NINAADY (A13197 2)

Table 1 Factors and levels for screening of

factors affecting

Levels
Factors
Low | High
Microwave power, X; (Watts) | 300 | 600
Irradiation time, X, (seconds) | 50 100
Solid-liquid ratio, X5 (g/mL) 1:30 | 1:50
PH, X4 1 2

Table 2 Factors and levels for Box-Behnken

design
Levels
Factors
-1 0 1
Microwave power, X,
300 | 450 | 600
(Watts)
Irradiation time, X,
50 75 | 100
(seconds)
Solid-liquid ratio, X,
1:30(1:40|1:50
(g/mL)
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Table 3 Results of ANOVA and regression

coefficients for screening of factors

affecting
Factors Coefficients | p-value
Intercept 6.87 0.00214
Microwave power, X,
-0.75 0.35566
(Watts)
Irradiation time, X,
-0.75 0.35566
(seconds)
Solid-liquid ratio, X5
1.5 0.11748
(g/mL)
pH, X4 -2.5 0.03596
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Table 4 Box-Behnken design for pectin extraction from Citrus reticulata Blanco

Run Microwave power, X, | Irradiation time, X, | Solid-liquid ratio, Pectin Yields (%)
(Watts) (seconds) X5 (g/mL) Experimental | Predicted
1 300(-1) 50(-1) 1:40(0) 9.00 8.25
2 600(1) 50(-1) 1:40(0) 13.00 12.00
3 300(-1) 100(1) 1:40(0) 8.67 10.00
4 600(1) 100(1) 1:40(0) 8.67 9.75
5 300(-1) 75(0) 1:30(-1) 4.00 4.88
6 600(1) 75(0) 1:30(-1) 7.67 9.13
7 300(-1) 75(0) 1:50(1) 12.00 10.88
8 600(1) 75(0) 1:50(1) 11.33 10.13
9 450(0) 50(-1) 1:30(-1) 7.67 7.88
10 450(0) 100(1) 1:30(-1) 11.33 9.13
11 450(0) 50(-1) 1:50(1) 11.00 12.88
12 450(0) 100(1) 1:50(1) 11.33 11.13
13 450(0) 75(0) 1:40(0) 16.67 16.67
14 450(0) 75(0) 1:40(0) 16.67 16.67
15 450(0) 75(0) 1:40(0) 16.67 16.67

Table 5 Results of ANOVA and regression

coefficients for Box-Behnken design

Factors Coefficients P-value
Intercept 17.00 0.00001
X, 0.88 0.20255
X, -0.12 0.84238
X5 1.75 0.03256
X, X, -1.00 0.28937
XX, -1.25 0.19872
X,Xs -0.75 0.41495
X, -4.25 0.00473
X, -2.75 0.02595
Xy -4.00 0.00610
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Figure 1 Response surface plot of microwave
power and Irradiation time on pectin

yields at 1:40 ¢/mL of
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Figure 2 Response surface plot of microwave

power and solid-liquid ratio on

pectin yields at 75 seconds of

Irradiation time
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Figure 3 Response surface plot of Irradiation
time and solid-liquid ratio on pectin
yields at 450 Watts of microwave

power
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predicted and experimental of pectin yields

Microwave | Irradiation | Solid-liquid
Pectin Yields
power, X; | time, X, ratio, X,
(%)
(Watts) | (seconds) | (g/mL)
Optimization from predicted 462.05 73.23 1:42.49 16.938
Experimental condition and predicted yields 450 75 1:42.5 16.904
Experimental condition and yields 450 75 1:42.5 17.667+0.577
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