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Optimization on Microwave Assisted Extraction of
Kaffir Lime (Citrus hystrix) Peel Pectin
Using Response Surface Methodology
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Abstract

The optimization of pectin extraction from Kaffir lime (Citrus hystrix) peel by microwave-
assisted aqueous extraction for environmentally friendly pectin was investigated in this study. The
response surface methodology (RSM) was applied for the experiment with 3 factors, which affected
pectin yield (%), i.e., extraction temperature (90-120 °C), extraction time (10-20 min) and liquid-
solid ratios (40: 1 to 80: 1 mL/g). The results demonstrated that pectin yield predicted under the
optimum extraction condition (time; 13.34 min, temperature; 98.21 °C and liquid-solid ratio; 71.85
mL/g) was obtained at 20.18 % (w/w), and was lower than the experimental value (20.66 % w/w).
Moreover, pectin obtained from Kaffir lime peel can be classified as low methoxyl pectin (6.34 %).
The FTIR spectrum of the obtained pectin was similar to that of the standard of pectin. Hence,
Kaffir lime is a potential raw material for pectin production. Besides, the aqueous extraction by

microwave-assisted aqueous extraction can be used for a green pectin production.
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na13 (central composite design, CCD) Lagdl
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DONUUUNITNAGDY
2.2.1 PsaRANATUINUINA ud e
wiadlulasion
ATEUIUNISANALNATIUANLUG BN
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LLazmmﬂgmﬁgﬁLm 23.36 69 1 09 93.64 6 1
(fadanssioniu) Inederauzngn 0.43-1.00 nu 1d
Tunaenvuin 60 Jadans Wutndud3uias 40
fladdns udratmmniiulaeldiadesdosdoniu
lulasian (Speedwave Xpert DAP-60X, Berghof
Group, Germany) gadufil 79.77-130.23 84N
wandea Wuaan 23.26-93.64 Wit fam1snsil 2
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i1 weidlldanmenouiiguund 4 ssmwaldea
Duan 12 Falua ﬁmfuﬂwmmaulﬂmum’”jm
AI8A3L57 10,000 sEUADWIT LTUan 10 w1l
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Table 1 Independent factor values of extraction time, extraction temperature and liquid: solid ratio

for pectin extraction from Kaffir lime (Citrus hystrix) peel by microwave-assisted.

Factor levels
Factors
-0, (-1.682) -1 0 +1 +o (+1.682)
(A) Extraction time (min) 6.59 10 15 20 23.41
(B) Extraction temperature (°C) 79.77 90 | 105 | 120 130.23
(O) Liquid : Solid ratio (mL/g) 23.36 40 60 80 93.64
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Table 2 Central composite design (CCD) experimental design with results

Factors Responses
Runs | Extraction times Extraction temperatures Liquid : Solid ratio Pectin yield
(min) (°0) (mL/g) (%)
1 15.00 105.00 93.64 19.49
2 15.00 130.23 60.00 5.40
3 10.00 120.00 40.00 10.80
4 10.00 90.00 40.00 13.76
5 20.00 120.00 40.00 8.70
6 15.00 105.00 60.00 16.05
7 10.00 120.00 80.00 10.28
8 20.00 90.00 40.00 17.42
9 15.00 105.00 60.00 20.08
10 15.00 79.77 60.00 13.01
11 15.00 105.00 60.00 19.49
12 20.00 120.00 80.00 8.77
13 15.00 105.00 60.00 19.22
14 10.00 90.00 80.00 19.36
15 15.00 105.00 60.00 17.63
16 6.59 105.00 60.00 16.51
17 20.00 90.00 80.00 17.71
18 23.41 105.00 60.00 17.59
19 15.00 105.00 26.36 11.50
20 15.00 105.00 60.00 19.40

uzngadtllumsarin (n3u)
2.3 MyIAsshauUAnIaaivawnniiu
2.3.1 3meﬁmﬂfmﬁ’ﬂaugamaa
LYY
Famndiu 0.50 N3 waviAuthndu
100 daddns adluvingurunaun 250 1addns
a1y anduislodounaslss 1.00 nda
nuRduALALBs T UDaLSA 6 Bua Yra1savaely
lnwmsaduansazatsuinsgiulafoulansenles

Wty 0.10 uesuea uNTeNINTAzanefiagnyf
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Equivalent weight = 1000S + NV (2)

=
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Chemie Pvt. Ltd., India) #281A3 8931A51E WS
AEeNALABUNS SR (Fourier-transform infrared
spectroscopy, FTIR) fiaiaumady 4,000-700 ¢
WWURLUAT 1ABTLATIEWWUU ATR (attenuated
total reflection) ¥ sfa1a11uazidenlunisuen
alupnu (resolution) 4 ABLEURALLAT LAZIIUIU
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3. NAN1SIFBUATIAT
3.1 801939 siuzaud s unasana
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WiuIUSunamniunanale As Sesay 5.40-

1959

20.08 Tagunin Wetnanlaudmsigsinuin
ANSNAABILAIUITOAT 1L UUTIADIN L NUI T AL
(model fit) 10 uaun1sAa @09 (quadratic

model) aaun1s 4 Tnsuuusiassd ladlan
p-value < 0.0001 wazdanuinanuliauyves
Toya (lack of fit) liddnaeg1eildeddgynieaia
(p > 0.05) saustadAndudszand nsindulad
gousuls (R = 0.9322) fauandlunisedl 3 990
nailuansliifiuinaunisindaesiils aansald
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UBUAN
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@
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Pectin yield (%) = 18.99 + 0.015A -
3.11B + 1.38C - 0.70AB - 0.59AC - 0.79BC -
0.74A%- 3,518 - 1.29C° (4)

SUT 1a uansmudiusseninmanes
samgiinaznarildindedlulasianlunisade
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Snsndhuszrinaindutunsuzngnegfisedunany
sgiilsifleriugamgilunisada Usunamald
vouwnfiuargaiu 1ne Pasandide wagamy [8]
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wnfiugetu oravhlilassadsluanamndiugn
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Table 3 ANOVA results for extraction yield of pectin

Sources Sum of Squares | df | Mean Square | F-values | p-values Remark
Model 361.77 9 40.20 15.28 < 0.0001 significant
A-time 3.225E-003 1 3.225E-003 | 1.23E-003 | 0.9728

B-temperature 132.21 1 132.21 50.26 < 0.0001

C-ratio 26.06 1 26.06 9.91 0.0104

AB 3.93 1 393 1.50 0.2494

AC 277 1 277 1.05 0.3288

BC 5.04 1 5.04 1.92 0.1964

A 7.86 1 7.86 2.99 0.1147

B 177.55 1 177.55 67.49 < 0.0001

C2 23.90 1 23.90 9.09 0.0130

Residual 26.31 10 2.63

Lack of fit 21.94 5 4.39 5.03 0.0505 | not significant
Pure error 4.37 5 0.87

Core total 388.08 19

R’ 0.9322

: :
8 g
s §
x e — |
e \\,,\
12000 L,/;/ /‘» =
4.:1\\\\ s
10500 ~—_ e _—"1500 60,00 = 15.00
B: Temperature (C) s S 120 A: Time (min) C: Ratio (v/iw) h\\v//,‘z 29 A: Time (min)
9000 1000 4000 1000
(a) (b)
Figure 1 Response surface 3D plot showing the
A effect of extraction time and
3 .
g extraction temperature (1a), effect of
£ o]
° | . . . . . .
& R gl ! extraction time and liquid: solid ratio
//// : = \\ “ .
2000 < e ( 1b) , and effect of extraction
000 \;}E\\‘ ’/)i,;’ 1125 ) ) ) )
& Rallo ) %~ 7% B Temperawre ©) temperature and liquid: solid ratio (1c)
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on pectin extraction yield



77 28 avvil 11 waadnieu 2563

5a15memansuazinalulad

Sasdmvesnengadildlunssuiunisatndy
Usnannniiuiléasiiusinaniivaiuge Ssnsiia
Smadusevinnindunasusuzngaty vl
USinaumnfiufiadaldunntusudiu ﬁmamﬂugﬂﬁ
1b so1aiownannsiiiudasausinanvili
wawpngadinisdudatuindufiunndy wasviili
ansavansaNnsnazaEINiveenu191nLoLie
feldunnduiut [15,18] uwiidlofiansannisifia
nalunisatanuitnisiunatlunsaia 6.59-
23.41 ui mﬂgﬂﬁ 1a 9 1c fu USunannniiui
afal@azinsdsuudanfisandndos dea1nna
meadalaeswlunsed 3 nuindaseveaiani
Taann (A) lifnaegsddodAgynieadd (p-value

= 0.9728) unaunnd (B)

9 Y

LALIRTIAIUTLIIN9UN

n59 (C) Nunsanmnnfiuainldan

Y

v '
° @

UnNa

o
o

ndufurs
ULNIAGIY uiu fnadeusuianaldves
wnfiueg il dedAgynieada lnedean p-value
< 0.0001 wag 0.0104 pruddy Jaderdoyad
I¥9rnnnsnaaosnadsns Wi uianoy aues
seisganginardnanduszarinaindutung
uzn3n lnedmualinaildiedoslulasnlunis
afmmniiueg A szdunans aziiuldinnisia
qquﬁLLazé’m’]ahuswdmfwna‘l’uﬁ’ummﬂgmz
vilUSmnaunniiufiadaldivinaasuuadly
Fauansluguil 1c

3.2 N13ATIVABUAMUUUITANVIIUUY
31909
annedvunzanlunisadamndiuainiuden
uzngalagldlulasimdledldainuuudiasang
adlnmand o Sns1druszaInninduLazng
uyn3n 71.85 (Hafdnsneniy) gungi 98.21
asrnaldea lagldarlunisadamelalasi

98U 13.34 Ui FedlawalauaauSunainiiy

1961

nnsiuglaglduuudasmentinA1dnsAn
Hudovar 20.18 Tnethuidn Wewhannzdingn
UINAABID3T NU@NsaliRaRanInAuSosay
20.66 Tagtimiin fauanslunisisii ¢ Tagaadild
Inmseassasiaunniieilaainnisiue
Anfudosas 2.38 FefialuiAudevas 5.00 wans
Tduaunisildanvhuelaswuusiassini
Yndede [19] wazdhuvhwienandanndiudile
nMsaiawnfiuanUdenuzngalagldlalasiam
Faeluntsneasile

P17 4 AnanEaATuT baan
AnETiLNZENINNISVIAADS (20.66 %w/w) B9
nAYeazHaNART IdaINNsNAaD T NUIN

USUIUUINNTIINITNAADIVBY ANETAT haLAMY

P

[20] Aadannfiulaglduindusensuznga

8n51du 14 dadans sensznga 1 n$u Tugaul
Soumuaugaungd 90 ssrwaded Wuan 10

Y191 tnglinandsnniusosay 6.51 Fauandlbi

a

LAN5

Windnstdlalasnnaslunisadiaddus

71994310

v

AMNUINNIINNSEEB9USaulunsan R
NsaautRvonnnAunlaaInn1snaassinuIn

(5UM 2a) wanalagldiindulng

U

ot wangnsa

ya o

AUANWEU

v
o

T¥anneiilfanuuudass mnfiuil
wansluguil 2b ierundinsgsiandiniaad
wudnnfiudivhviinauya 3917.73 Fadidnuinndy
wnfiuandenuzngaiiliannauisees ind
B uazany [20] nedtutinauya 126156 wa
1NNIINSANYIY8 Shaha uagam [15] (mtin

@ a

auya 735) ﬁﬁmiaﬂmwmumﬂLﬂﬁaﬂmﬂg(ﬂim
14¥nsalelasaasiniid pH 1.5 Tneldgamail 90
sergadea WeRiansandevarnisiineames
younnfiuiildannismnassiidfesas 38.84

warAIulINSerazUSuunendale 6.34 @9



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 11 November 2020

WwnAUR L umniuidunendasi aruisaia
walugamgiivendeinsiiulesuvedlanzung

yliansouinia Fadaguunisndamniiulusedu

Table 4 Validation results at optimum conditions

gaavnssulvnnuaulalunisudamniuyiad
WU esnandAlunsiinlavesnniuin

D@ nsuTU MNER 1 ShAaLaDIN [21]

Pectin yield (%) Bias
Optimum conditions
Optimized data (Predicted) | Experimental data* | (%)
(A) Extraction time = 13.34 min
(B) Extraction temperature = 98.21 °C 20.18 20.66+0.11 2.38
(O) Liquid : Solid ratio = 71.85 mL/g

* Mean + standard deviation of triplicate determinations from experiments.
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