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Abstract

Pectin tx o component of the phat cell and can be fousd in the primary cell wall and the middle
lnnsella of plam nssues. Curently, pectin v a vety important raw materal. espocinlly m the
food mnd the phanmacewtical industries. There are several ways to extract pectin from differem
minterials and solvents, One way to synibesize pectin is from the extraction of pomelo peel
and this revearch specifically smudies the extraction usng trtaric acid as the solvent and under
micrownve assistance. Some properties of the synthesized pectin were tested such as DE sl
viscosity. The pH value, the rate of panelo peelvsolvent (wiv), the level of imadeation power
and the imdinticn time affected the productivity of pectin: The results showed that ot pH
value of 1.5, mate of pomelo peel'solvent was |40 and the avadiation time during 9 minutes at
660W of uscrowave pawer The yreld of pectin obtnmed 23 83%, pure pectin was 80,88% and
it was rated as & ligh methoxy! pectin (HMP) (DE = 92.75%) with a low viscosaty. The study
proved that the we of tartaric acid solvept and mecrowave increased the quality and vield of

synthesized pectin; moreover, tiis method was abo time and energy saving.
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Introduction

Among other polysaccharides that are extrncted
from plant materials, pactun is an extremely complex
polysacchande and is widely used as a functionnl
ingredient in food and phanmaceutical industries. In
food technology, it is used as u thickenmg and geling
ageat (May, 1990), Its medical uses are anti-diarthea,
detoxification and blood glucose reducer (Voragen
et al, 1995), The worldwide anminl comsumption
of pectin is approximately 45 000 tones every year,
occupying the globnl market value of nt least 400
miflion Ewos (Savary er ol 2003}, Pectin consists
of D-galacturome acid umts and w classified o
two groups: hagh methoxyl pectin (HMP) and low
methoxyl pectin (LMP) that depend on the degree of
esterification (DE). There are many sowrces of pectin
in nature such as pamelo peel, apple pomace, citms
peel, sugar beets, dragon fruit peel, et . Apart from
1he apple pomace and the citms peel which are the
most common commercial sources for producing
pectin, other novel sources. includumg sugar beets und
sunflower heads, have also been mvestigated (Joye
and Luzio, 2000),

Pomelos (Citriey Maxima) belongs 1o Citrus
woup and Rutaceace. Pomelo is widely planted
in Viemam wah differem vaneties (Quoc et al,

e podng sty
Emad dpdumsanguor (rahoo. com

2014), The spongy white peel can nccount up 1o
30% of the total fruit weight and s & good source
for pectin extraction (Methacanon e al, 2033),
The extraction of pectin usually uses two kinds of
solvents: inorgnme acad solvent such as liydrochlorne,
stilfiaric or nitric acid and organic acid solvent such
as oxalic, tartanic or acetic acid. All of them utlize
tditionn] Leating. However, it is proved that the
microwave extraction shortens the pectin extraction
time, alvo reduces the solvent consumption and
higher yields than the conventional method did
(Seixas ef o/, 2014), Utilizing the microwave to aid
the heating process and tartaric scid as solvent to
extract pectin from omuge peel (Liang o ol 2011)
and passion fruit (Seixas et al, 2014), The extracted
pectin from both stixlies were proved to have high
vield, also time and energy saving. Recognizing the
potential of micrownve assistance and tartanc acid
solvent m pectin extraction, this research focuses on
pectin extraction using pomelo peels as raw mnterial
due to its abundant growth m Vietnam segion. The
following properties would be reported to mte the
effectiveness of this synthesis: the pH value, the ratio
of pomelo peel solvent, the level of trradiation power
nnd the extracted tine.
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Material and Method

Materials

The nipe “Nam Rot” powelo was chosen as the
raw matenal in these experunents. It was harvested
from Vinh Long province (Viemmm) The spongy
white peels were removed using a paring knife and
cut into small pieces, then they were blanched in
steamn ot 90rC for 5 manutes (Gao e al ., 2011). After
blanching, the peels were dnied at 50°C for about 10
bours (Moisture of dned peels were approximate 9°4)
md grounded into powder (Particles size was under
0.6 mun),

Isolation of pectin

Five gmm of pomelo peels were acidified with
0.25% (v/v) tartanc acid solution with ratio of peels’
acid 1/70, 1/60, 1/50, 1/40 and 1/30 (Joye and Luzio,
2000) and acid pH 1, 1.5, 2, 2.5 and 3 (Zhon et af.,
2010). It was then placed m the microwuve for 3, 6,9
and 12 mumutes (Seixas e o/, 2014) at the power 195,
379 and 660W (Quoc ef ol 2014). After microwave
heating, the mixture was cooled down to room
temperatre and filtered wsing filter fabric. Then
96% (v/v) ethanol solution was used to precipitate
pectin (the pectin solution/alcobol ratio was 1/3) for
60 mumtes at pH 35 The precipitated pectin win
wished with 96% ethanol to remove the mono und
disaccharides. At the end, the mixture was dried at
T0rC for 4 hours and then stored in bags,

Determination of content of pectin

According to Mm (2001). crude pectin (0.15 g)
was added in 250 ml flask, then ndding 100 ml of 0.1
N NrOH. Crude pectin wis soaked in NaOH solution
for 7 hours, then added %0 ml of | N CH,COOH and
50 ml CaC’lafter 5 munntes and Kept it m 1 hour.
The solution was boiled for 5 mmutes, filtered by
filter paper and dried for | hour. Calcium pectiate was
washed with hot water until not having Cl jon in the
solution. After washing, it was dried for about 2 hours
At 105°C, The pure level of pectin was calculated
according to the following formula below:

pe MX091x100
M
P ("s): the pure level of pectm
m (g): weight of calcim pectate
M (g): weight of crude pectin
0.92; pectins have 92% in volume of calcium pectate

The vield of pectin was determined by formula:
Y= 2% 100

o ot ol JFRT 20047 16371841

Y (%) the yreld of pectin
a_{g): the weight of pectin (a, = PxM)
i (g) the weight of dried pomelo peel

Determination of degree of esterification (DE)

Thismethod was shightly modified from titrimetnc
method of Owens ef of (1952) and Pinheiro ef of
(2008) Pectin (05 g) was added in 250 ml flask
md dissolved m § ml ethanol, | g NaCl mnd some
drops of phenolpthalemn. Adding 100 ml of warm
deronized water dissolved pectin, The solutions were
titrated with 0.1 N NaOH and the result was recorded
as V.. Then 25 ml of 0.28 N NaOH was added in
this solution which were stimed at room temperuture
for 30 minutes, After that, 25 ml of 0.25 N HCl was
added and the solutions were shaken until the pmk
color di The solution was titrated again
with 0.1 N NaOH and the flnal resubt was recorded
as V2. The DE valne was caleulated according to the
following formula below:

WDE = szloo
ViV,

Desermination af viscostty of pectin

Deternunntion  of viscosity by Rbeometer
(Brookfield DV-III Ultrs-USA), spindle “617 and
speed 100 rpm.

Color evaluation

Color pammeters were measwied on pectin
samples (powder form) and color was deternuned
using by a Chroma Minota CR-110. Values were
recorded ay lightness (L°, mngmg from 0 to 100,
corresponding to black 1o whate, respectively ). chroma
(C*, representing color intensity or saturation), and
hne angle (b7, representing by deprees of the angle)
(Cook, 2000).

Results and Discussion

Effect of pH an the extraction yield of pectin and DE
value

The extraction of pectin s influenced by seveml
variables such as femperature, extraction tune, pH,
solidisolvent mtio (May, 1990), lmadiation time
nnd imadistion power (Wang of of . 2007, Seixas e/
@l 2014). Figwel shows that there are sigmificant
differences ot p = 0.05 from the pH vakies, As
the pH increnses, the pectin yield decreases. The
highest yield was 32.43% at pH = 1.5 but DE had
the minamsm value (76 39%) The lowest yield was
6.23% at pH = 3. The lower the pH values were
the presence of H ions increased. hence it would
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Figue 1. Effect of pH values on the extraction yield of
pectin and DE value
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Figwe 2 Effect of peelssolvent mtio on the extraction
yield of pectin and DE value

increase the hydrolysis protopectin (Kertész, 1951).
Besides, reducmg pH value could promote the release
of the pectin molecules from raw peel because the
linkage of pectin with hemicellulose was sepornted
{Rombouts and Thibanlt., 1996). Using pomelo, the
content of pectin was higher than using from lemon,
gropefiuit, orange whose the content of pectin were
respectively 28 7, 22.9% and 193% with HCI
solvent mtio of 1/60 w 80°C, for 1 hour and pH of
1.6 (Huang, 1973). The range of DE was greater than
50% (from 76,39 10 92.85%), so the type of pectin
was HMP. Pomelo extracted pectin also had higher
DE than lemon extracted one (DE = 64.15 £ 1.65%)
with citnie acid solvent (pH = 2), microwave operated
at 628W at pH 2 and wmadiation time of 9 minutes
(Seixas et al., 2014). Thus, the optinmum pH value at
1.5 was chosen for the pext sigvey

Effect of peels/solvent ratto on the extraction vield of
pectin and DE value

There are significant differences ot p  _~ 0,05
from peels/solvent ratios (wiv). At the peels/solvent
rtio of 1/40, the extraction yield obtained its highest
value (20.44%) and the DE value was 92.75% (Figue
2). The use of large amounts of water would reduce
the viscosity of the solution, so extraction process was
more effictent. In addition, the high concentration
gndient of solventpeels can impulse the extraction

=Yieldofpectn ~DE
100

1:11l]

Mmon tlmo (mim)

Figure 4, Effect of moadiation tane on the extraction yield
of pectin and DE valve

speed (Coulson and Richardson. 1978). However,
this matio was quite low, the concentration of pectin
tn the extraction solution was also Jow. The water
m solution increased, thus the alcolol volume for
precipitatmg pectm also incrense dramstically and
this would not be effective economy (EI-Nawawi
and Sheham, 1957), The obtained results were higher
cotupared the study conductad by Zhou o al, (2010),
In their research, pectin was extracted from pomelo
using tntaric acld as a solvent and conventionl
heating. The content pectin was 18 73% at pH of 1.5,
90rC, 60 mumites and the material/solvent ratio of
115

Effect of microvwave power on the extraction vield of
peenin and DE valwe

Theoretically, the microwave madition
disintegrates wall of cells and cut off the soft tissnes
m the cell. Thus. the cells decays quickly due to
electromagmetic energy (Baghenan e ol 2011),
As the microwave capacity mcreases, the solution
temperature glso increases. At the moment, the
dielectric constant of water decrensed and it related
to the pectin soluble in water (Hoshino e of , 2009).
Rismg temperatires promoted the extaction becanse
the diffision coefficient would increase (Coulson er
al., 1978, Treybal, 1980).

There are sgnficant differences a1 p,_ ~ 0.05
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Figure S Comparing viscosity between pectin sample and
conumercial pectin

from microwave powers. the highest pectin content
was 21.66% at 660W and the lowest pectin content
wits 17.44% at 195W. DE values wete approxitate
§923 . 9275% (HMP) (Fignre 3). Thus, the
irradintion power at 660 W was the optinmmm value
in this survey.

The yield achieved the highest value st the highest
nucrowave power It was consistent with the study
by Bagherian et al, (2011), this results was higher
than one from Lsang ef of. (2011) (18.73%), which
combined tartaric acid and nicrowave to extracting
pectin from omnge peel at pH 2.0, 280W, imadiation
thoe of 5 mimutes and the mmerialsolvent mtio of
110

Effect of trradiation time on the extraction vield of
pectin and DE value

There me significant differences a1 p _ « 008
from iradiation tume, the highest pectin content
was 23.83% ot 9 mumes and the lowest pectin
confent was 14.72% st 6 mmutes. DE values were
approxuuate 92.75 - 96.7% (HMP) (Figure 4). Thus,
the imadiation time ol 9 minutes was the optitum
vahie,

EXimcnion tune was very mportant to extract
pectin. if the extraction process was extended for
long time, the pectin content can be destroyed by
high tempeatures (Vo and Luong, 2010). Besides,
Increasing the extraction time resulted pectic acid
by product which was hydolyzed by soluble
pectis. Thus it reduced extmcton vield of pectin
When extraction time was short, the links between
pectins. with other components such as cellulose,
hemicellnlose conld not be severed, profopectin was
also hydrolyzed to soluble form. It could influence
the extinction efficiency (Kertest, 1951; Albersheim
et ¢l 1960),

Figwee 6, (‘omm.mﬁmof:d&bﬁm‘
pectin sanples
Properties of pectin sample

Fiscosity

Pectin solution is 3 non Newtonian fluid but it can
become the Newtoman fhuid at the low concentration
(< 0.5%, wiv) (Voragen et al, 1995), The pectin
concentration and the viscosity value are directly
proportional (Figure 5) The viscosity of sample wis
mmich lower than commercial pectin and this viscosity
wits siondbar wath result of Quoc ot al, (2014) (< 20¢p),
extracting pectin from pomelo peel used oxalic acid
as a solvent and combined with microwave

Calor of pectin samples

There are significantly differences {p_,_ < 0.05)
from L, h'and € between the three kinds pectin
(extracted pectin using tartaric acid, extracted pectin
using hydrochlone neid, and conumercial pectin), The
L° value of received pectin (85.19) wans higher than
pectm extmction by HCH(78.13) (control sample) and
tower than commercial pectin (8937). Conversely,
the € value of received pectm was the lowest valne
(10.96) (Figure 6). Pectin product in stisdy was bright
white color simmilar the commercial pectin,

Conclusions

In this study, acid tartaric and nicrowave hesting
affected strongly to the pectin extraction and its
propertics. The aptimum condition 1o extract pectin
were ot pH (1.5), rate of materinl/solvent (1/40),
iradistion time (9 mimues), irradiation power
(660W), the pure pectin peaked 23 83%. The obtiined
pectin was high methoxyl pectmn (DE vahue was over
90%) and low viscosity. It can use in food industry,
especially beverage and jam processing.
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Abstract

Pectin was extracted from the peels of catrus fraits (Citrom: Cirews medien L. and Pomelo: Citrres maxrma Mesr )
1n the extraction of fresh and dry pectin. acidic hydrolysis of the fresh or dry fimit peel samples was camed out
followed by precipitation with ethanol. The yield percents of extracted pectins were 4.53 % (based o freal
peel) and 2141 % (based oo doved peel) from citron peels, and 303 % (based oca fresh peel) imd 9,18 % (based
on dried peel) from pomelo peels. Extmeted pecting were chanacterized by XRD, SEM. FT IR and TG-DTA
asalysis. The catrus pectin-Zn0O nposites were prepared by using co-precipitation method. Citrou peel
pectin-Zn0 (CPPT-Zn0) smocomposite (9025 % vield) md pomedo peel pectin-ZoO (PPPT-Zn0)
nonocompostie (6495 %o yield ) were prepared by using zine nutrate and 0.2 M sodium bydroxide solution at 28
40,5 °C. The stumng tune require for CPPT-ZoO was found to be 1.5 b and tiat requared for PPPFT-Zo0 was 2h.
The charactermstics of $ie prepored catrus pectn-ZnO uposites were studied by XRD, SEM. FT IR, TG-
DTA. AAS and ED XRF (with C-H balance) spectroscopic methods. The crystallite sizes of CPPT-ZnO and
PPPT-Z00 were 32.30 nm and 24.46 am desermined by XRD analysis.

* Comegpeusding sethioe
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The morphological obwetvation of the SEM results revealed that the sizes of Za0 w CPFI-Zn0 and PPPT-Z00
were N0.59 o and 61 55 wn, and were embedded m the pectin matrix. AAS analyses showed that the zinc jon
concentrations in CPPT-Zn0 and PPPT-ZnO prepared at 28 = 0.5 °C were 3.88 » 10” ppm and 5.27 « 10" ppm.
Both of the tested samples (CPPT-Zo0O sd PPPT-Zu0) were observed % show antimicrobial activity with
whibition zone dmmeters ranged between 15 mum 1o 20 nun against two tested microoeganisms such as Bacillur
whstiby and Staphylacoccns awews snd only CPPT-Zn0O agussted Escheriehia coli with inhibition zooe
dinmeters of 12 mm. Although both nanoconpesites were active i sumor miwbitsons, oaly the CPPT-200 was
takew as positive in tumor mbibstions which shows intibition percents 37.09 % (» 20%),

Keywonds: extracted citns pecting. sleohol precipitation method: pectin- Zu0 nanocomposites: co-precipitation
method: microbial ishsbation; tunor inhibiticn,

1. Introduction

With the increase in production of processed fruit products, the amount of frut wastes generited is increasing
enonmonisly Large amoutt of these wastes poses the problem of disposal without causing envmrotsuental
pollamon. These wastes can be effectively disposed by manufactanng useful byproducts from them. A valaable
byproduct that can be obtained from fruit wastes 1s pectin [1]. Pectm (denived from Greek meanmg- “congealed.
and curdled ) 1s matueal, non-toxsc, and amozphons carbohydente, present n cell wall of all plant tssues. which
fanctions as an mtercellulnr md mtracellular cementing naterial, It was first tvolated and described in 1825 by
Heneri Bracannot. It is commercmlly in form of whire to hight brown powder, msinly exwacted from apple and
et fruits. Fresh weight of plant mstersl accomphishes 0.5-4.0 % of pectic substances [2]. Pectin s both
mexpersive and abunsdantly avalable. Therefore, pectin is an excellent candidate for eco-friendly biodegmdable
applications. Pectin & commonly vsed i tbe food industry as & pelling and stbilizing agent. Pectin
macromwlecules are able to bind with souse organic or inongnic substances via molecular nferactions. So,
pectm can be wsed to constroct matrices to abworb desired materials and dediver them in o controlled manner 3]
Citrus pectin is great deal of promising research being conducted mto the use of it pectin as o potential in
fighting malsgnant disenses. Zine oxade (Z00), o safe source for Zn supplementation und 1t is commonly wed o
fortify foodwtudY m the food mdastry, Zn0 will deconpose mto Zn wons afler copsumption. Zimne 1 an essential
nutrient m huwnans wd mumals for many physiological funcbons. Cumrently, morgmx ~organic hybrid
nanocompostte materials are of great interest becawse of thewr mwltifimctionality owing to a combination of
differemt compounds incomparated. They are versatile platforms for biomedical applications sl therapeutic
mtervention. Discussson about easy, sumple, fast aned Jow' cost preparation and charcterizations (XRD, SEM, FT
IR. TG-DTA, ED XRF and AAS) of citrus pectin ~Zn0 manoconposites ane their vitro antumicrobsal and
antifumor activities were stdied o this rescarch work. There is an urgent need w0 develop mew classes of
antancer agents.

L1 The Selected Fruits for the Present Research Work
The selected fruits for this research work were (Citron) Citrus mwdica L. and (Pomelo) Ciorws macama Merr, [4].

Botanical aspect of selected fhuirs (Citron md Poaielo) were
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. Family ’ Rutacese

. Geniis Citrus

. Species € medico and C. v

. Botascal names Chrus medice L, and Crtrus suacone Mery

. English names Citron and Pomelo

. Myamnar ames Shouk  and Kywegaw

. Parts used Fruats, Leaves, Flower Stemns, Barks and Roots  (Figures 1)

(U] (i)

Figare 1: Photographs of (i) catron (Citrus mechion L) and (1) pousedo (Offrus mayime Mett,) trees
L2 Alm and Objectives of the Present Work

The sumn of the present study was to extract pectin from Ciorur medicn L, (Catron) aod Ciowy maxime Merr
(Pomelo) peels, w0 symthesize the extracted citrus pectin-ZnO sapocomposites, to characterize the synthesized
citin pectin-ZnO nanocomposites and to find vitro rolial nd activities of the synthesized

extracted citrus pectin-ZnO panecomposiies in chemical md medicinal purposes
To achieve this atmn. the research was camied out according to the following objectives.

o Collecting and Kennfying of Clows medicn L. (Citron) and Citris maxima Merr. (Pomelo) peels
samples

e Preparig the exuaction of pectin from the peel samples by cmploymg alcobhol precipetation method

o Identifying the extracted pectins by using some chemical methods such as alcobol test, sugar and citric
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acad solition test. Fehliig's solution test, basic lead acetate sofution test and iodine solutsots test.

e Chuacterizing the extracted pectins by modem spectroscopic methods such as FT IR, XRD. SEM and
TG-DTA as well as comparing the reported datn,

o Synfhesizing the extracted pectm-Zn0O nanocomposites by using coprecipitation method with zinc
uitrate bexahydme [Zo (NOy); 6H.0))

o Chamcterizing the synfiesized extracted pectin-ZnO wmocomposites by using coprecipatation method
with zige witrate hexabydite [(Za(NOy), 6H0)] by modem spectroscopss methods sach as FT IR,
XRD, SEM, TG-DTA, ED XRF and AAS spectroscopio methods av well as comparing the reported
dotn.

o Screenng the anumicrobial actvity of the extacted Crron Peel Pectin-ZnO (CPPT-ZnO) nnd the
extoncted Pomedo Peel Pectine Zo0O (PPPT-ZoO) at 280.5 grepared with 2mc nitrate bexaliydrate
[Zn(NOy), 6HO))

o lnvestigating of the antitumeor activity of the extracted Citron Peel Pectin-ZnO (CPFT-Zu0) aud
extracted Panelo Peel Pectin-ZnQ (FPPT-Zn0) peepared at 28 0.5 with zmc nitate hexahydrate
[Zn(NOy); 6HO)

2. Materialy and Methods
21 Collection of the samples

Ciron fiwits were purchased from Thinmengalar Zay, Hlang Townslup and pomelo frust peels from Bogalay
Zay, Botaltaung Towmbip, Yangon Region, Myaumur, during the months of October and November, m the
year of 2012, After collection, the scientific names of Ciron and Pomelo were identified by the mutharized
botanist at Botay Deparmment, University of Yangon,

3 Sample preparation for the extraction of dry matier basic pectin

The freshi collected samples (peels) were washed with water and were separately cut o pleces. The two
sample preces were then awdried at shade or ot roam temperatiwe. These o dned smmple preces were
separntely stored in the air- tight contaters.

24 Procedure for extraction of pectins from cltron and pomelo fruits peels

The afbedos or white poetion of the rinds of the fruits mich m pectin were cut mto thin shices of about 2 Snum
thick. The fick albedos of ciron and pomelo were obtamed by removing green or yellow skin and glandular
tissues and they were also cut mto thin slices. The sliced materials were then beated to 85 °C for about 10
minttes and those materials were kept for extraction of pectin. The dried citron and pomelo fuit peels prepared
according %o the procedure as shown in Section 2.2 were alvo subjected to extract pectin. About 100 g of the
prepured material was washed thrice with water of 1Y; times the weglt of the material and with the holding
tme for 10 munutes. The mntersals were then dewntered by pressing through a comon bag. The pressed pulps
were then bosled with 1%/; times its own volume of M/ hydrochloric acid at 100 °C for owe hour, The extract was
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separated by squeermp hot suspension through a bag of cloth. It was cooled tmemedintely. allowed to settle and
clarified by centrifugmg. The polp left over from the first extraction was extracted second tae by boiling for an
bowr with equal volume of M/ hydrockloric acid The experiments were repeated until four successive
extractions had beem done mod the ressdue was finally discarded The idividual clarified extract was
concetrated at 50 “C under reduced p The matersals whach separated ont durmg
concentration were removed. The solution was finally coscentmted to & symup by low pressure evaporating
method. The syrup was poured 1n o dun stream wirth a vigorous stirring tto alcobol 10 give a fisal concentration
of 70 % The precipitated pectin was sllowed 1o renam ovemight The pelatinous pectin precipitate was
separated by squeezing the matenial through a mull cloth, It was washed twice with alcohol and finally
deliydrated with acetone. Pectin so obtuined was dried at 80 °C. The dried pectin way then powdered [$],

24 Study on some chemionl reactions of extracted pecting

The extracted pectins were tested widh aleohol, sugar mud catne acid, Fehling's sobution, basic lead acetate

25 Spectroscopic study of the extracted pecling

The extracted pectins were charncterized by FT IR (in KBr on Perkin-Eduer). XRD [(scaming thue
10.0/70.0/0.0570.75 (sec), Target Cu (40 KV, 20 mA), Parabolic filte)]. SEM annlysis by a JSM S610LV, (JEOL
Ltd., Japan) and TG-DTA by using DTG-60H Detector. at tenperature 30 1o 6400 °C with a scanning rate of 0
el min, under nitrogen atmosplsere at the Universities” Ressarch Centre (URC).

28 Procedure for synthesis of extracied clivon and pomelo peels pectin-ZnO nanocompos ey

A iodification of the co-precipitation method by [3] was emploved. In a tipical procedure, 0,25 g for citron peel
pectin or 0,15 g for pomelo peel pectian, 1.2 g Zan (NOy)y 6H:0, and 40 mL 0f 0.2 M NaOH soluton was added
dropwise under constant sturing. The maxed solunon was stirved for 1.5 b foe citron peel pectin or 2 b for
pomelo peel pectin with mn overhead sturer om a hot plate at 28 + 0.5 'C. The reaction was allowed 10 settle
down at room temperamare (~30°C) for 24 h. Then, the obtamed white precipatate was cenmifisged at 10,000 rpm
for 10 min and collected and washed with distilled water severl times 10 remove the byproducts. After drying in
vacuun at 30 °C for 4 b, the final prochict was obtained as white powder (Figre 2), Then, the composites were
amalysed by XRD method.

2.7 Characterization of Extracted Cltrus Pectin-ZnO Nanocompos e

The pectin-ZnO manocomposites prepared from extracted citrs frut peels pectins wete characterized by FT IR
XRD, SEM, ED XRF, TG-DTA msd AAS analysis. Conznercinl pectin was used for comparison purpose.

2.8 Characterization of the symthesized extracted cltrus pectin-Zn0 panocompositex

The synthesized extructed citrus pectin-ZnO napoccenposites were chasacterized by FT IR (i KBr on Perkin-
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Elmer). XRD [(scanmitg tane 10.070.000.050.75 (sec), Target Cu (40 kV, 20 mA). Pamabolx filte)]. SEM
analysis by 0 JSM S610LV, (JEOL Lid., Japan), ED XRF (ED XRF-700 Spectrometer, Shimadas, Japan) TG-
DYA by using DTG-60H Desector, at femperature 30 to 600 °C with a scanning rvate of 30 mL'min, under
atrogen atmosphere ol the Unversabes’ Reseasch Centre (URC) and by AAS method ustag a Shumadm AA-
6300 Atoemac Absorption Spectrophotometer at Amtt Co Lid . Yangon.

(n) (b) ©
Figure 2: Plotograpls of CPPT-Zn0 and PPPT-Zu0 nanocomp (a) during precyy (b) before griding
mnd (¢) aftes gnding

2.9 Screening of some Bioactivities

This section included two parts. The first part was concemed with annmicrobeal activiry sest and the second part
with antituasor activity lest on extracted citrus pectin. Zo0 nmocomposites.

210 Screeming of antiwicroblal activity

The antumicrobml activities of extrncted catrus pectm - Zo0) nasocomposites were determined against six strains
of macroorganisms such s Bocillr aubvilly, Bacilhe pumiluy, Ssmphwlococens awrens,  Psevadomonat
aeruginosa, Candide wibicars and Escherichin coli by employing agnr well diffusion method [6] at
Fermentation Department, Cental Research and Development Centre (CRDC). Minntry of Indwstry 1, Yangon,
Myaatming

211 Procedure for screening of antimicrobinl activity by agar well diffusion method

Ment extract (05 g), peptone (0.5 g) and sodaun chlonde (0.25 g) were maxed with distilied water in
volumatic flask and the solstion made vp to 100 mL with distilied watey. The pH of this solution was adjusted at
72 by adding with 0. 1 M sodium hydroxide solution and 1.5 g of agar was added The nutrient agar medivun
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was puat ko sterilized conscal flask and plugged with cotton wool and thes mutockaved at 221 °C for IS manstes.
After cool down w0 40 *C | one dyop of suspended strain was moculated to the matrient agar medmim with the
belp of o sterilized disposable pipette uear the burner. About 20 mL of medium was poured into the sterilized
petn dishes and Jefl 1015 muntes m oeder to set the agar. After that the ngar wells were made with a 10 mun
stenilized cork bare mul the wells were filled with 0.lmL of each sample 10 be tested and the plates were
meubated ar 27 °C for 24 hours. After mcubanon, the diameters of mbibition zones wcludmg 10 mm wells were
mensured, and the inlsbition zones diameters were taken s the mtimscrobial activities of the smmples used.

212 Sereening of antlumor activity

In this section, antitwnor activity screening of citns pectin-Zn0 manocotposites was carmied out by using
Potato Crown Gall (PCG) test (0r) Potato Dise Assay (PDA) miethod [7] st Fermentation Deparmnest, Central
Research and Development Centre (CRDC), Ministry of Bndustry [, Yangon. Myaumar,

213 Procedure for antitemor activity screening by potato crown gall test or potato dise assay method

Fresh, disense free potato tubers were obtained from local markets and were wed within 48 hous of transfer 1o
the laboratory. Tubers of moderate sizes were surface-sterilized by tmmersion 1 50 % solution hypochlorive
(Clorox) for 20 mitmites. The ends were remwoved and soaked for 10 mamtes more i Clocox. A core of the tissue
wan extracted from each tuber by usmg sswface-stenlzed (cthmol and flame) 1.5 e wide cork borer. And, 2em
pieces wete removed from each end and discarded asd the remainder of the cylinder is cut tnto 0.5cm thick
discs with a surface-sierilized cutter. The discs were then transferred to 1.5 % agar plates (1.5 g of Difco agar
wan dissolved in 100 mL of distilled water, mutoclaved snd 20ml. poured moo each petrdish). Each plate
contained fomr discs. This procedure was dome 1n the clean bench in the sterile room. Accurnrely weghed § mg
of sample was dissolved m 2 ml. of dimethy! sulphoxide (DMSO); thas solutica was filter through Millipole
filters (0.22 jm) o a sterile tube. 0.5ml of this solution was added to 1.5 mi of stenile distilled water and 2
ml of beoth enlrure of A timefacins strain (48 hows culhare containing 3-5 « 10° cellsml) were added
aseptically. Controls were made in this way; 0.5 mL of DMSO and 1S mil. of steride distilled water were added
0 the tabe coataining 2 mL of broth culture of 4. pgflretens (from the samse 48 bowrs culture). Using a sterile
disposable pipette. | drop (0.05 mlL) from these tubes was wsed to imoculate each potato disc, spresding # over
the disc surface. The process of cuttng the potatoes and wevbation must be conducted within 30 mimites. The
plates were sealed with fape 1o minimize moisture loss and mcubated at room tempernture for 12 days. After
mcubaton, Lugal’s solution (1-KI) was added and the were d with a ope and compared
with control. The results are derved from the sumber of nunos on test dascs versun fhose on the control discs.
Inhibnon 1 expressed s follow,

6 inlibision = 100 - = 100 2]

A megative percentage and stinmlation 15 expressed as a positive p ge. 20 % whibition m ™wo or more
independent assays 5 considered as signficant activity of a test smuple [6, 8], All materinls (petridishes and
potato descs tsed) were stenilired before clean-up or discarding. The photogruphs for the screetsing of autitumor
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activity cn be generally illustrated wm Frgires 3

)
-

i
¥
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(

(w) () (© )
Figure 3: Photographs for screcning of ansinumor activiry by Potaso Crown Gall (PCG) test
(a) Surface stenlization of potato in “Clorox”

(b) Remwoved both ends by sterilized cunter
(¢) Removed 2 cn from ench end of core. cut the remader of core and cut 0.5 e potato dise

(d) Tested pen dishes after sealing with tape before incubatmg

3. Results and Discussion
i1 Collection and Preparation of Citrus Fruil Peels

Citna medica L, Citron fruits were purchased fromn Thirimingaler Zay, Hlaing Township and Clorns mavimia

Merr, pomelo st peels from Bogalay Zay, Botabtmung Towsship, Yangon Reg M , during the

month of October and November, m the veaz of 2012 After collection, their scientific names were sdentified by

an muthonzed botannt, Depanmerst of Botany, Usivessity of Yangon

In addntion, the collected fresh peels were washed with water to remove ingmrmies and were separntely cut info
pieces. The two samples were then air-dried at shade or at room temperature 10 prevent sone reaction of
of the les for ane month, mid separately stored in the asr fight contumers

"

sunlight with organic ¢
50 that the samples were free from getting molds as well as other comtmmmation and were ready 10 be used for

the exuaction of pectin

3.2 Extraction Methods of Pectin

'

Alcohol precipitation d » a com | hod. But 1t bas the advantage of casy recovary of waste
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alcobol. mmich less in loas of akobol and no requirement of expensive instruments. The akobol precipitation
method mvolving no use of machinery and equipment provides a very good means of extractmg pectin
dowesrically from waste vegetables and fruits. If by-peoducts of various fuit processing plants are avnilable as a
cheapest raw matersal, pectin production conld be profitably processed on conunercial scale by tiis method [S]
Alcohol precipstation method was chosen for the extraction of citrus pectin based on fresh and dry peels
saples, since i 1s very convenient and cost-¢ffective.

33 Yield of Pectin Extracted by Aicohol Precipitation Method

The yreld (%) (Appendix I) of pectins extractd froen citron peels (4.53 %4 based on fresh matter and 21 % based
on dry matter) and pomelo peels (304 % based on fresh matter and 9,15 % based oo dry matter) wese found to
be close to that given i Ieratare (0.5 4 %5, based on fresh matier and 20-30 % hased on dry matter) [2.9] It
was also observed that the yield percentages of pecting were varsable with differesn sangple sources based on
fresh and dry peels. Pectin extracted from dried citron peels (CPPT) gave the best yield (21,42 %) with more
favorable colour If the yield of pectin i greoter than 10 %, based oo dry matter then the source of pectin is
cottsidered possible for conunercial wse [10]. Susce the yield percent of pomelo pectin (PPPT) (9.81 %6) was
slightly Jess than 10 %, only the citton pectin con be considered to be used os commercial pectin. The
experiments were done under 1 atm pressere at 100 °C for | hour in each extraction. In general, to complete the
extmction of pectin, the process was doae up % 4% extraction.

A4 Chemical confirmation of the extracted pecting

Hoth pectms (CPPT and PPPT) were found to give n white flocculent precypitate with ethanol. a firm jelly with
sugar and citric acid solunoa, bloe gel precipitare with Fehlmg's solution, white gelanmons precipuate with bassc
lead acetate, and yellow gel with sodine solution (Figwoe 4). Since, nlcobol test of the extracted pectiny gave
white occilent precipaiate, and sugas snd citric acid solution test gave & firm jelly, the extracted pectms had the
Jelly properties. Fehling s solution test of the extracted pectins gave blue jelly precipitate, so, the pectins are
nogereducing sugar. Basic lend acetate test gave white gelatinous precipitate, s the extracted pectins are
glycosides. Jodme solution test of both of the extracted pectins did not give deep blae colour mdicating the non-
starch polysacchanide. From these observations, it can be mferred that the chemical tests coafirmed @ie pectin
characteristics of the extracted CPPT and PPPT pectims.

Cltron Peel Pectin Pomelo Peel Pectin

1. Sugar and citric ackd test 1. Alcobiol test

1, Alcohal test 1. Sugar and citric acld test
3. Fehling's solution test 3. Fehling's soluthon test

4. Lead acetate solution test 4. Lead acetate soluthon test
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5. Todine solution test 5. Todine solution test

Figure 4: Photograph of results of some chemical reactions of the extacted pectms

1.5 Spectroscopic Study of the Extracted Pecting

The charactesistics of the extracted citnis pectins were studied by FT IR spectroscopic mialysis, XRD analysis,
SEM annkysss and TG-DTA analysis

The infirred spectra of the pectins extracted from citron peel (CPPT) and pomselo peel (PPPT) pectins are shown
m Fignre $(a) and (b), The analysis of FT IR spectra revealed that the broader band of absorprion between 2800-
3479 em’' were due to O-H stretching vibrtion of alcoholic group and carbaxylic acid gronp, 2931-2047 cny!
were due to alighatic C-H stretching vibration nnd whereas strong absorbance observed at1 743-50cm™, 163574
cm’ and 1442-50cm’  were attributed fo the ester carbonyl (C+0) groups, symmertrc and asymmertnc
carboxyl ion stretching band (COO), respectively. Other bands responsible for C-H bending and O-H in plane
bendmg of alcobolic vibeation group was 1373em” and for C-O stretehing ocewrred at 1234-S7cm'. The O-H
bendmg vibration of acyd gronp occurred a1 920 cm ' and O-H out of plane bending vibration of alcoholic group
wan at 740-36 cm'. The FT IR spectral dat of both pectins are identical with that of the commercial pectin
(Figue 5 (<)) nd literature vabues {11}

I order to study the degree of arvstallinity, 0 powder X- ray difftaction (XRD) mnalysass was performed on the
citrom peel pectin and poeneko peel pectin samples (Figure 6). Both XRD diffinctograms showed the pecting are
wm amphons natare.

In ceder 1o study the surface warphologies, scanning electron mucroscopic (SEM) asalysis was performed on
the atron peel pectin and pomnelo peel pectin samples. SEM micrograph of fitvots formn of atron pectin showed
wogesmooth sirface ot orderly wave pastern (Figure Wa) (1)) whereas pomelo pectin showed noa- smooth
surface in orderly fibrous stucture (Figure 7 () (i1)). SEM niicrograph of powder form of both of the extracted
pectm showad non-hamogencous, noa-smoeoth fitrosts surfisce and ayegular in shape (Figare 7 (b) (1) and (1)),
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TG-DTA thennogram profiles of both of the extracted pectin gave foar weiglht Joss and plienomena ss shown m
Figuwe £ The first weight loss between 40 *C and 160 *C, was related 1o the moisture evaparation, The secomd
weight s between 160 C and 270 °C, which shows the loss of chemical bonding of water molecule
deliydeation. The third wesgls loss was found between 270 °C and 412 °C and, it was mduced by the thermal
depolymenzation of pectin chas and evaparatson of the last water mwolecule. The kst peak centered between
412 °C and 600 °C ansed from the oxidation decomposition of pecun i the atr, The peak vatuse and
decomnp P of both of the pectins were sumilar 1o commnercial pectin. The total weight loss for
citrom peel pectin (CPPT) was 9540 %, for pomelo peel pectin was 9127 % and for comumercial pectin was
98 33% (4] The weght losses of the extracted pectins were lower than the commercial pectin

RERTTETYYTTTn
. .

() (b) ©

Figure & FT IR spectm of () extiacted citron peel pectn (b) extrncted pomelo peel pectin and () commercial
citrus pectin

o (i

Figure 6: XRD diTractogrms of extracted (1) citron mad (1) pomelo peel pectins
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) (i)

Figure 7 (a) : SEM micrographs of fibrows form of extracted (1) citron and (i) poenedo peel pecting

) ()

Figare 7(b): SEM nucrograpls of powder form of extracted (1) citron and (1) pomselo peel pectins
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Figure 8 TG-DTA thermograms of extracted (i) aitrom and (1) posuelo peel pecting
3.6 Study on Preparation of the Synthesized Citrus Pectin-ZnO Nanocomposites

The size of extracted Citron Peel Pectin- Zn0 nanocomposite and Pomelo peel Pectin-Zu0 nanocomgposite
synthesized a1 28 + 05 °C were determuned. After the prepanation of both compasites, taking the XRD anmalysis
and the average crystallite sizes were calculated by using Debye Scherrer formmula. The lattice parmmeters were
also obtamed from the XRD asalysis. The XRD diffractogramn were shown i Figure 9. The percentage vields of
the prepared exnacted citron peel pectins ZnO nasoconposite and potelo peel Pectm-ZaO nmocomposite at
28+ 0.5 °C were also calculated. The yreld p (Appendix [I) of die composste obtamed from citron pectin
gave higher vield (90.52 %) than from pomnelo pectin (64.95 %) a 28 4 0.5 °C. But both the vield percents were
60 %%, s0 both the yield percents of the composites & strate the fual pregp providing potential
benefits for industrinl prepantion of pectin-ZnO nanocoposites from an economic asd enviromnentl point of
view

3.7 Comparison of Sizes, Lattic Py s and Stru of the Synthesized Pectin-ZnO Nanocomposites

The comparison of hailic comtants, struchures and crystallite sizes of pectin-Zn0O ang synthesized
prepared a1 28 + 0.3 C was studied by XRD mnalysis. The pectin-Zn0 nanocomposites were also companively
stulied on their sizes, lattic constants and stroctzres. The lattic parameters of the pectm-ZnO manocomposses
were annlysed by XRD method and the average crystallite sizes were calculated by wing Debye Scherrer
formmla. The swe (Appendix 1) of CPPT-ZnO and PPPT-Zn0 obmmed at 28 = 0.5 *C were found 1o be 32.30
mn, and 24.46 . Since, the CPPT-ZoO) and PPPT-Zn0 nanocomposites obtamed at 2805 were also found o
show lattice parameters (a = b = 3.42 and ¢ = 4.89), (2 = b= 3.40 and ¢= 5 35) respectively their structures were
Bexagonal whach consistent with the reported results [3] Consequently, both the composites st 280.5 gave
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constant bexagonal structures.

1.8 Characterization of Pectin-ZnQ Nanocomposites

The charactenstics of pectin-ZnO panocomposites obtained at 28 05 were studied by FT IR spectroscopsc
analysis, XRD mnalysis. SEM analysis, Crystallinity indexes, ED XRF amlysis. TG-DTA analysis and AAS
analysis. A typical FT IR spectrum pattem of the samples shows m the range of 400-1000 cm’. The FT IR
spectra of both of the exgucted pectin-ZnO manocomposites prepared at 280.5 showed charactenstic peaks
between 2500-3700 cm’, 28722962 cm’, 1450-17%0 cw’, 1400-1630 cm’ and 1000-1300 cmt
comrespondmg, respectively, 1o ~OH, -CH, C=O of ester and acid, and -COC- strefchung of the galactowonsc
acikd and an obvious absorption peak between 440530 cm”’ can be found for the pectin-Zo0 compostes; this is
u typécal IR absorption peak of Zn0, originatmyg from stretching mwode of the Zn-0 bond. 1t is found that peaks
between 3317 cor'and 3550 cm”’ and at 1033 cm’ are obviously wesker found in pectin-ZnO couposites than
that pectin, These observations confinmed the formation of composites between pectin and Zn0), The pectin
peaks were pot remwoved by washiog the sansple repentedly, suggesting that internctions betwoen pectin and ZnO
are stroug. The FT IR spectra of both of the pectin-Zn0 commposites were conststent wrth the FT IR spectrum of
comumrcial citrus pectin (Figure 5 (¢)) and alvo with hiterasre values [11, 12] The FT IR spectra were shown in
Figures 9.

The X-ry diffraction patterns of extracted citrus pectin-ZnO composites obtamed from high scale prepared at
280 8 showed all of the diffraction peaks can be readily indexed to o pure hexagotal structare. The intensities
and positions of the peaks are 1 good agreement with the literatre valies. The mnoparticle size was calculated
from the full width half maximum (FWHM) technique unng Scherer's fortmla D = K/ (f cos 8), where K is
Scherer constant (0.9), & is the wavelength of Cu-Ka (1 54 “A) line, ) is the full widih of a peak at half of the
maximum of the peak (FWHM) in the diffraction spectra (measured in rdians), and @ is the Bragg s diffinction
angle The average crystallite sszes of naopartiches prepared a1 280.5 were respectively about 3230 um for
ctrom peel pectn-ZnO (CPPT-Zu0), 2446 mm for pomek peel pectinZnO (PPPT-Zu), The XRD
difftactogram were shown in Figares 10,

The SEM tmmges of extracted pectinZaQ composites prepared at 2805 exhibited numerous spherical
perturbances on the surface and embedded in the pectin matrix with a regular morphology and mamow size
distribution. The avernge sizes of the composites prepared af 2805 in the SEM nnage were found 1o be about
70.59 e for citron peel pectin-Zn0 (CPPT-ZpO), and 61.15 mm for pomelo peel pectin-ZnO (PPPT-Zn0)
whxh ace larger than that calculated by Debye-Scherrer forumla from the XRD pattern. The SEM images were
shown tn Figures 11

The crystallingty index was calculated by using the following erystallinety index equation:
Loy ™ Dy (SEMVD g, (XRD) (145 2 1.00) 21 {13]

Where, Ly bs the crystllinity index: Dy is the particle size (cbtamed from SEM morphologscal annlysis: D, is
the particle size (calculated from the Schesrer equation). If Iy, value is close 1o 1. then it is assumed that the

202



Amerwean Shewfic Revenrch Jowena! for Engweermag, Techmology, and Sciences (ASRAETS) (00171 Volkowe 22 Mo |, gp 00212

crystallite size represents momocrystalline whereas o polyerystalline have a mmch lasger crystlinity mdex. The
crystallimaty indexes of extracted citrus pectin-ZnO composites prepared st 280.5 were (2,18 and 2.50). Since
both the crystllinity indexes were greater than 1, both of the nanocomposites have polyverystalline particle type.
ED-XRF with C-H balance analysis revealed the presence of 99.946 % of ZnO, 0.044% of N1O and 0010 % of
C-OH componnd m CPPT-ZnO and 99,867 % af ZuO, 0079 % of Fe:0y, 0,044 % of N0 and 0.010% of C-OH
compound m PPPT-ZnO naocomposses prepared at 28 0.5, From these resudts, it was found that boch pectin-
Z00 composties prepared at 280.5 actually contam the highest percentage of ZoO. The spectra were shown m
Figwre 12, TG-DTA thermograms of the extracted pectin-ZoO napocomposites prepared at 2805 were
ilnstrated in Figures 13, There are four steps concenung with the weight loss. The first weight loss was found
between 40 °C and 160 °C, related 10 the motsture evaporation. The second weight loss was between 160°C and
270°C. which show the evaporation of crystallized water molecule. The third weight loss was between 270°C
and 412 °C, it s indisced by the thermal depolymerization of pectin chams and evaporation of the last
crystallized water molecule. The temgpeyamire for thenoal depolymerization of pectin chams in pectin-ZnO
nmocotposite 15 a lietle higher than that of pectin aloae, revealing the depolymerizstion has been hindered 10
some degree. This may be due 10 e existence of srong ugeractions between pectin molecides and ZnO. The
It peak centered betwesn 412°C md 600 °C should arise from the oxadation decomposstion of pectin it the akr.
The rotal weaght Joss for ciron peel pectin-ZnO nasocomposite (CPPT-Zu0) 18 47.70 % and for pomelo peel
pectim is 4599 %% These pectin-ZuO nanocomposites were prepared at 280 5 The contents of zme 1oms 1 citron
peel pectin-Znd nanocomposite, and pomelo peel pectin-Zn0 manocomposite at 2804 were respectively found
1o be 388 10" ppin aud $27 107 ppan quantitatively detennined by AAS method. From these results it was
found that, the mmoemts of zine jon m CPPT-Zo0 composites prepared at 2805 (388 107 ppm) was
significantly lower than the Zn ion contents in PPPT-Z00 (5.27 10" ppm). From these observations, it may be
wnfeered that CPP1-ZnO coutained larger amount of pectin than PPT-Z00.

o N gt
ul...l...\
L e

o (i)

Figore 9: FT IR spectra of CPPT-ZoO and PPPT-Zu0 nanocomposites
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m i

Figure 10: XRD duffractograns of (1) CPPT-Zn0O and (i3) PPPT-Zn0 nanocoaiposites

i (i)

Figure 11: SEM microgmphs of CPPT-ZnO sd PPPT-Zn0 manocomposites with four seales and four

magnifications (1) 10 u (1) 2 . (iid) 1y and (W) 05
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L Mg
SRR L

(&)

Figure 12: ED XRF with C-H balasce spectrn of (1) CPPT-ZnO and (1) PPPT-Z0O panocouposites
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m ()

Figure 13: TG-DTA thermograms of (1) CPPT-ZnO aod (51) PPPT-ZoO moocomposites
1.9  Some Bivactivities of Citens Pectin-Zn0Q Nanecompesites

Some bioactivines sach a5 antumicrobial mnd antmunsor activities of citron peel pectin-Zu0 and pomelo peet
pectm-Zn0 nanocomposstes prepared af 28 » 0.5 °C were investigated ms described i Section 2.10 and 2.12
respectively

J.10  Antimicrobiel activity of citrus pectin-Znt) namocomposites

An antimicrobml activity of citron peel  pectin-Zo0  manocotp aod pomelo peel  pectin-ZnO

o yuthesized nf 28 © 0.5 °C was investigated by employmg agar well diffusion method (Section
2.11). In this study, the samples were tested on six species of microorgani such as Bacillus subsnilis,
Staphylococens mirews, Prendomonas avrenginosa, Bacillus pumdls, Camdide albicans aved Escherichia coli
species. The inhibatson zone diameter shows the degree of the atumicrobial activity. The lnrger the wmlubition
zone dinmeter, the hagher the ansimicrobial actvity

The whibition zones of the sunples tested aganst six e tested are shown in Figure 14, According
to the results, CPPT-ZnO prepared at 28 = 0.5 °C exhibited robisl activity againt three species of
nucroosganisins such as Bacillus swlstilis, Staphyiocacois aurens  andd Esclerichia coli with inlabition zone
diameter 12 mm to 20 mm whereas PPPT-ZnO prepared at 28 = 0.5 °C showed antmicrobial actviry sgainst
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ondy two species of nncroorgnnisans such as Bacillus substitis and Staphviococons anreus with the mlubition

zone diameters |5 mun 1o 20 mm

Staphylococcus auraws Psavdomona: aureuginosa

Bacillus pumiius Candida albican: Escherichiacoli

A = CPPT.ZnO
B = PPPI-Zn0
C = ZO

Figure 14: Inhibition zomes of citron peel pectin-ZnO (CPPT-Zn0) and potselo peel pectin -ZnO (PPPT- Zn0)
NAROCOMIPOsites ngainst six testad microorganisis

J11 Antitwemor actisity of cltews pectin-ZnO nanocomposites

In thes stady, cultured to use m the Potato Crown Gall (ROG) test with two fested sanmples were citron peel
pectm-Zn0 and pomselo peel pectin-Zo0 naocomposiies prepared at 28 + 0.5°C,

The astinumor actrvity of both of the awon peel pecun-ZnO and pomelo peel pectm-ZnO nmocompossies
synthesized at 28 £ 0.5 °C was mvestigated by using POG test (Fagwre 15). Far moculation of the potato dasc, 48
hour broth cultires contaming %~ 10" cells'ml were used

The tested smmples were dissolved m DMSO, diluted and nuxed with the bactenal culture for moculation. After
preparing the imocnhums, the bacterial suspension was moculaed on the ckeaned and sterilized potato discs, and
mcubated for 12davs, at rooa temperanure. After that. the tumors were appesred on potato discs und chocked by
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stamng (e kol with Lugol's (1,-KI) solistson.

In the coatrol, the formation of white knob on the blve backgromd indscated the peesence of numor cells beemse
there is 0o protein tn tunot cells. The numnbers of hanor were consted under nucroscope mnd afler couttting the
rumors, the inhuibition percent were calenlated by using formula, From s expernment, it was found that the
mumor ishibition percent (Appendix I'V) was observed by testing with both of the samples.

Smce tumor inhabston was taken as positive when the mlubation percent was 20, only oue CPPT-Zn0 prepared
ar 28+ 0.3 °C showing rumor inhibition of 37.0% % was wken as posstive in numor tabibstion. tn this v view
PCG nssay, the concentration for each test smple used was of 2Spg desc.

U] L) (un

Figare 15: Antitumor assay for (i) Control (1) CPPT-ZeO and  (111) PPPT-Zu0O by Potato Crown Gall
(POG) test

4. Conclusion

The present observations describe n successful preparanon of povel citns pectiu-Zn0O nanocomposites from
fiuits waste precursor.

Pectin extracted from citron peels (CPPT) gave the best yield (21.42%) based on dry sample. Since the yield
perceut of pomnelo pectin (PPPT) (9.18%) was lesa than 10%, only the citron pectin can be conssdered to be used
as comunercial pectin,

I the preparation of extracted citrus pectm-ZuD nanocomposites, both of the mnccamp were obtained
more than 60 % w yields Henee, this research can provide potentinl benefits for industmal production of pectin -
Zn0 nasocomposites from economic and environmentnl points of view.

Furtbermare, omcomss of both of the tested samples were active 1n the tested nctivites So, the ol
contribunons for this research work were both e tested smmples could be used in the weatment of the
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respective disease such as astifungal activity, buman skin mfection. poetsnonsa, septic arthrifis. perttonitis,
mastitis, septicenyia, mflanenation. diarthea, food pomoming. unoay tract infections according 10 the
aptumcrobinl activity and also conld be used in the treamment of tumoss as well as in e protection of pre-cancer
whach s pre-usslignant disesses accarding fo the antitumor sctivity with lugh yeelds of the composttes.
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Appendix

Appendix. (1)

Calculution of Yield of Pectin

Yield of Pectin (*9)= = 100 %

Appendix. (1)

Calcnlation of Percentage Yiekl of Pectin ZnO Nanocomposites
For Extracted Cltroa Peel Pectin: ZaO Nanocomposites Synthesized with Zine Nitrnte at 280.5,
ZuNOy ), GO+ INsOH Zo0 + INaNO, + THO

1mol Tmol

1ol of ZidNO, ), 6H,0 gives Lmol of ZnO

297 38 g of ZnINO,); GO gives §1 38 g of ZoO

1.22 of Z1INO),.6H,0

“8

=0M283g

Amount of Pectin =0, 25 g
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% yield == 100 %
Soyiek= « 100 %
=90.52%
For Extracted Pomedo Peel Pectin-ZoO) Nanocomposites Prepaved with Zine Nitrate at 280.5,
Amownt of Pectin =015
% yield =« 100%
=6495%
Appendis. (TIT)
Calewdation of Avernge Ceystallite Sizes by Using Debye- Scherrer Formula
D=
Where, D= Average crystallite sizes
K= 09
= wavelengrh of the X-ray diffraction = 1.54 “A
=015 um
= FWHM of the ohserved peak = FWHM »
= FWHM ~ (0.0175)
= angle of diffracuon
Appendix. (IV)
Calclation of percent inhibition of CPPT ZnO and PPPT ZoO at 280.5

%% inhibition = 100 - » 100
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Abstrak
Pektin merupakan polisakarda komplek vang mengandung asam galokturonat vang dihubungkan oleh
a-( 14} ghkodidik yang terdapat di dalum dinding sel tanwman. Senyvawa pectin banyak digunakan ds
industri farmasi, makanan dan minuman, Percobaan ini bertwjuan untuk mengekstraksi pektin dari
limbah kulit jeruk dengan metode ckstraksi gelombang ultrasonik dan mengeiahui pengarub
konsentrasi dari pelarut yang dq,umk.m serta ktcelmm pengadukan pada karakterisasi pektin yang
dihasitkan. Penelition int dilakuk o bang ultrasonik menggunakan pelana asam
kemudian ditambahkan etanol kedalum filirate untuk nmlgemhvkan pektin setelah 1w dilokukan
proses terakhir yaitu pengeringan untuk mendapatkan pectin kering. Varinbel tetap yang digunakan
dalam percobsan ini vaitu masss sampel 25 gram, pelarut asam kloeids (HCT), waktu ckatraksi 60
menit, subu ekstraksi 60 “C, kecepatan gelombang ultrasonik 50 KHz dan waktu pengendapan 16 jam.
Sedangkan variable berubah yaity konsentrasi pelarut yaitw0,025 N; 0,05 N; 0,075 N dan kecepatan
pengadukan O rpem: S0 rpm: 100 rpen: 150 rpm. Hasil percobaan menunjukkan bahwa rendemen hasil
kstraksi terbaik diperoleh pads & 10,075 N yaritu 20,12 %; kecepatan pengadukan 150 rpm
dengan kadar air 8,0 %, kadar abu 4,0 %, dan kadar metoksil 7,44 %,

Katu Kunci: gelombang wltroxonik, pekvin, kulit feruk.. kadar meroksil

Abstract

Pectin iy complex polysaceharide contained D-galocturopic acid bonded by a «1.4 glucosidic in plant
cell walls. Pectin widely used in pharmacewtical, food and beverage indusivies. This simdy evalwatey
thve gffect of solvens and stivring speed on pectin characterisiic, The study wiilizes witrasonic wave and
acid solvent at the presence of ethanol 1o yield pectin foliowing by drying o obtain dried pectin. This
study carvies ot wsing 25 grams orange peels, 10 %, chlorlde acld solvent. 60 minures exiraction time,

temperatiore of 60 °C, witrasonte wavw spevd 50 KHz and 16 hours sentling rime wr varions solvent
concenrations (0025 N; 0,05 N; 0.075 N and stirving specd O rpm, 50 rpm; 100 rpm; 150 rpm. The
revulis yhowed that the highest vield of pectin extraction was obratrned ar concentration of 0.072 N with
20,12 % stirving speed |56 rpem, water comtent 8.0 %5 4,0 % avh cantent, and 7,44 % methoxyl coatent

Keywonds: witravonic wave. pectin, arange peels. methoxyl comtent

Pendahuluan

Jeruk (Citrus sinensis) merupakan salah satu
komoditas pada buah-buahan yang mempunyai
peranan sangat penting dipasaran batk di dalam
negert dan dunia, dalom bentuk segar atau olahan, Di
Indonesia, produksi jeruk telah menduduki posisi
kedun teratas setelah pisang. Komponen pada
tanaman jeruk vang siap dipanen terdin atas 65 %
buah yang dapat dimakan, 30 % kulit; 5 % biji |6].

Jumlah senyawa pektin yang berada di dalam
kulit jeruk schesar 29,84 %, schingga kulit jeruk

dapat digunakan sehagal bahan baku pembuatan
pektin [11}].

Kebutuhun  pektin di  Indonesia  dari  tahun
ketahun mengalumi peningkatan, pada tahun 2007
yaitu 183.050 kg/tahun /d talun 2013 yaito 240.792
kg/tahun, Pada tahun 2020 diperkirakan kebutuhan
pektin di Indonesia mencapai 1,320 tontahun,
schingga solusi untuk mengatasi kebutuhan pektin
yang terus meningkat dengan memanfaatkan limbah
kulit jeruk untuk diolash menjadi pektin dan dapat
mengurangi  pencemaran  fingkungan (3.
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Berdasarkan  kondisi  ini maka penclitian  ini
bertujuan untuk mengekstrak pektin dari limbah
kulit jeruk dengan metode gelombang ultrasonik dan
melihat pengaruh konsentrasi dari pelarut asam
klorida yang digunakan,

Teori

Pektin merupakan produk  karbohidrat  yang
dimurnikan dari ckstruksi usam pada kulit buah.
Senyawa pectin merupakan polimer dari asam D-
galakturonat  (turunan  dari  gakikiosa) vang
dibubungkan dengan ikatan beta-(1.4)-ghukosida
Pada umumnya senyawa pektin diklasifikasikan
menjadi tiga kelompok yaitu asam pektat, asam
pektinat (pektin) dan  protopektin, Protopektin
banyak terdapat pada jaringan tanaman yang masih
muda dan jumlahnya tergantung pada tingkat
kematangan buah tersebut [12). Pada Gambar |
dapat dilihat struktur pektin yang ada pada
tumbuhan,

Gambar L, Struktur Pektin pada Tumbuhan

Pektin - merupakan  Komponen utama  pada
famella tengah yang terdapat pada tanaman, peetin
berperan sebagai perekat dan menjaga stabifitas
jaringan dan sel. Pada tabel 1 dapat dilihat nilai dari
kandungan pektin yang haik berdasarkan standar
mutu Ieternational Pectin Producers Association
(IPPA),

Tabel 1. Standar Mutn Pektin Berdasarkan Standar
Mutu International Pectin Producers Assoclation|5)]

Faktor Mutu Kandungan
Kekuatan gel Min 150 grade
Kandungan metoksil :

e Pektin metoksil tinggi >71,12%
e Pektin bermetoksil rendah | 2,5 - 7.12%
Kadar asam galakturonat Min 35%

Susut pengeringan (kadur air) | Maks 12%

Kadar abu Maks 10%
Kadar air Maks 12%
Derajat esterifikasi untuk :

e Pektin ester tinggi Min 50%

o Pektin ester rendah Maks 50%
Bilangan Asetil 0,15 -0,45%
Berat Ekivalen 600 — 800 mg

Metodologi Penelitian

Bahan baku yang digunakan pada percobaan ini
adalah kult bunh jeruk dan bahan kimia berupa
asam klorida (HCI), air (H;0), etanol (C;HsOH),
peraknitrat (AgNOs), natrium hidroksida (NaOH),
natrium klorida (NaCl), dan phenoiptalein, Tahap
awal adalah persiapan bahan baku dimana kulit
buah jeruk dikeringkan untuk  mengurangi
kandungan  air, kemudian sampel  dihaluskan
menggunakan belender untuk mendapatkan serbuk
kulit jeruk agar mudah diestrak untuk menghasilkan
filtrate yang maksimal.

Percobaan ini  dilakukan  dengan  variasi
konsentrasi yaitu 0,025 N; 0,05 N : 0,075 N dun
Kecepatan pengadukan 0 rpm ; 50 rpm 5 100 rpm ;
150 rpm. Rangkaian alat yang digunakan pada
percobaan ini dapat dilihat pada gambar 2.

Suatif dan
Klem

Ulirasoed batk

Gambar 2, Rangkaian Peralatan Ekstraksi

Air di tambahkan kedalam bahan baku sebanyak
30 kal dart banyaknya massa sampel yang
digunakan dan dickstraksy didalam witrason- hath
dengan gelombang 50 KHz dan pengadukan.
Campuran yang telah dickstrak disaring dengan
menggunakan kertas saring untuk  memisahkan
filtrate dari ampasnya. Setelah filirate terpisah
dilakukan  pengendapan  dengan  menambahkan
etunol, pengendapan dilakukan selama 16 jam.,
Endapan pektin - yang diperoleh  kemudian
dikeringkan dalam oven pada temperatur 40°C
selama 8 jam. Pektin Kering yang dihasiikan
kemudian dianalisa Kadar air, kadar abu, berat
ckivalen, kadar asam galakturonst dan  kadar
metoksiinys. Kemudian hasil analisa dibandingkan
dengan standar mutu pektin berdasarkan standar
mutu fesernational Pectin Producers Association
(IPPA).,

Hasil
A. Pengaruh Konsentrasi Asam Klorida (HCI)

Terhadap Perolehan Yield Pektin

Gambar 3 menunjukkan bahwa Konsentras: dan
kecepatan pengadukan sangat berpengaruh terhadap
rendemen pektin. Prinsip ekstraksi pektin adalah
pengubahan protopektin yang tidak larut menjadi
pektin yang  dapat  larut, EXstraksi pektin ini
dilakukan dengan cara hidrolisis asam maupun
secar enzimatis,

Penggunaan asam klorida (HC1) sebagai pelarut
dilakukan karena memiliki daya ekstrak yang tinggi
dan ikatan valensi 1, schingga tingkat Keasaman

86



Jurnal Tekmk Kimia USU, Vol. 8, No. 2 (September 2019) | 85-89

yang tidak terkalu tinggi. Tingkat keasaman vang
tinggi tidak baik pada proses ekstraksi pektin, karena
akan menyababkan terdegradasinyn pektin menjadi
asam pektat dan membuat yield pektin yang semakin
sedikit [10],

Jumlah  pelarut  yang  digunakan  untuk
mengekstraksi juga sangat berpengaruh terhadap
hasil vield pektin. Semakin banyak pelarut yang
digunakan pada sam ckstraksi maka pekiin yang
terekstrak juga akan semakin hanyak, karena pelarut
dapat melarutkan  hamper semus  pektin yang
terkandung di dalam Kulit jeruk, Jumlah pelarut yang
sedikit tduk  dapat  mengekstrak  pectin - secara
optimal. Ekstraksi dilakukan selama pelarut yang
digunakan belum jenuh. Pelarut vang telah jenuh
tidak dapat mengekstrakss lagi dan kurang baik
untuk mefakukan ekstraksi karena gaya pendorong
(driving force) semukin lama semakin kecil [7].
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Gambar 3. Pengaruh Konscotrasi Asam Kloridn
(HCH Terhadap Rendemen Pektin

B. Pengaruh Konsentrasi Asam Klorida (HCI)
Terhadap Kadar Air Pektin

Kadar ar bahan berpengaruh terhadap masa
simpan. Kadar air yang tinggi menyebabkan
kerentanan terhadap aktivitas mikroba, Dalam upaya
memperpanjang  masa simpan pektin, dilakukan
pengeringan pada oven suhu 40 °C selama 8 jam.
Pengeringan  pada  subu rendah  bertujuan

meminimalkan degradasi pektin.
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Kadar air pektin yang dihasilkan berkisar antara
8-12%. Batas maksimum nilai kadar air yang
ditzinkan yaitu 12% [4]. Berdasarkan standar 1PPA

(International  Pectin - Producers  Assoclation),
semua perlakuan masih memenuhi standar apabila
kadar air pektin di bawah 12%. Kadar air yang
dihasilkan dapat dipengaruhi oleh rendemen dari
pektin, Semakin tinggi rendemen pektin, kadar air
yang dihasilkan semakin tinggi |1]. Untuk melihat
kadar air yang dihasilkan pada percobaun ini dapat
dilihat pada gambar 4.

C. Pengaruh Konsentrasi Asam Klorida (HCI)
Terhadap Kadar Abu Pektin

Kadar abu menunjukan  bahwa masih  ada
komponen anorganik  yang  tertinggal  didalam
pektin, Semakmn kecil kadar abu maka kemumnian
pectin akan semakin baik. Pcktin dengan mutu
terhaik memiliki kadar abu 0% [5). Perlakuan yang
dilakukan  dengan  menggunakan  asam  dapat
mengakibatkan terhidrolisis  pectin - dari  ikatan
kalsium dan  magnesium,  Peningkatan  reaksi
hidrolisis  pada  proto  pectin - mengakibatkan
bertambah  komponen Ca® dan Mg di dalam
larutan  pengesktrak  [9].  Hasil  penelitian
menunjukkan kadar abu pektin yang diperoleh
berkisar antara 3% - 10% yang sesuai dengan standar
mutu kadar abu pektin yang ditetapkan  1PPA
(International Pectin Producers Association), yaitu
maksimum 10%. Untuk melihat Kadar abu yang
dihasilkan pada percobsan ini dapat dilihal pada
gambar 5.
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Gambar 5. Pengaruh Konsentrasi Asam Klorida (HC1)
terhadap kadar abu pektin

D. Pengaruh Konsentrasi Asam  Klorida
Terhadap Berat EKivalen Pektin

Berat eXivalen digunakan untuk menghitung
kandungan doani asam anfiydronronic dan tingkat
csterifikasi,  Ditentukan  dengan  titrasi dengan
natrium hidroksida dengan pH 7.5 baik indikator
merih atau hitam (8],

Pada gambar 6 dapat dilihat adanya penurunan
pada berat ckivalen, semakin tinggi kecepatan
pengadukan dengan Konsentrasi yang tinggi juga
menghasilkan berat ekivalen yang semakin rendah,
Pada percobaan mi berat ckivalen yang diperoleh
dapat diterima, karcna berdasarkan standar IPPA
(International Pectin Producers Association) berat
ekivalen adalah 600-800 mg
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E. Pengaruh Konsentrasi Asam Klorida (HCI)
Terhadap Kadar Metoksil Pektin

Kadar metoksil dapat  didefinisikan  sebagai
jumlah mol pada etanol yang terdapat didalam 100
mol asam galakturonat, Dimana kadar metoksil
memiliki peranan yang sangat  penting  dalam
menentukan sifat-sifat fungsional larutan pektin dan
dapat mempengaruhi struktur dan tekstur dari gel
pektin,

Kadar metoksil pectin hasil ekstraksi berkisar
antara 3,72-10,54%. Menurut [9] Pektin dapat
dikatakan bermetoksil tinggi apabita memiliki nilai
kadar metoksil sama dengan atau lebih dari 7%,
apabila Kadar metoksil dibawah 7 % maka dapat
dikatakan pectin tersebut bermetoksil rendah. Hal ini
dikarenakan kadar asam galakturonat yang terdapat
dalam kulit jeruk manis banyak. Semakin banyak
kadar asam galakturonat yang termctoksil maka
Kadar metoksilnya semakin tinggi [ 7], Untuk melihat
kadar metoksil yang dihasilkan pada percobsan imi
dapat dilihat pada gambar 7.
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Gambar 7. Pengaruh Konsentrasi Asam Klorida (HCH)
terhudap kadar metoksil pektin

Kesimpulan

Kesimpulan yang dapst diambil pada percobaan
vang telah dilakukan yaitu

1. Rendemen yang terbaik pada konsentrasi 0,075
N dan kecepatan pengadukan 150 rpm yaitu
20,12 %.

Kadar air yang tertinggi diperoleh sebesar 14%
pade Komsentrasi 0,025N  dan  kecepatan
pengadukan 100 rpm.

3

3. Kadar abu yang terbaik diperoleh sebesar 3%
pada konsentrasi 0,025 N dan 0,050 N dengan
kecepatan pengadukan 100 rpm.

4. Kadar metoksil tertinggi diperoich sebesar
10.54% pada  konsentrasi 0,075 N dan
kecepatan pengadukan 100 epm.

5. Kualitas pektin yang dihasilkan dengan pelarut
asam klorida (HC1) ini telsh memenuhi Kriteria
yang telah ditetapkan oleh IPPA (/nternational
Pectin Producers Assaciation).
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ABSTRACT

Pamelo citrus 35 a fruit plant having the potential to be developed in
Indonesia. One of the centers for producing large oranges or Pamelo citrus in
South Sulawesi is Pangkep Regency. One of the components of the Pamelo
citrus is pectin, Pectin is a polysaccharide compound with a high molecular
weight which is widely found in plants and it can absorb metals because they
contain carboxylic groups. This study aimed to analyze pectin from albedo
pamelo citrus fruit as an adsorbent for heavy metal plumbum (Pb), cadmium
(Cd) and copper (Cu). The method wsed was atomic absorption
spectrophotometer with the equation analysis of heavy metal adsorption by
pectin of pamelo citrus determined by Langmuir and Freundlich adsorption
isothermal method. The results showed that pectin of albedo pamelo citrus
following the isothermal of Freundlich adsorption which showed the
adsorbent capacity of Pb, Cd and Cu with the KF values 0.561 mg/g, 0,010
mg/g and 0,066 mg/g. respectively. Meanwhile, n values were 0.323 for Ph,
0321 for Cd and 1.121 for Cu, and in commercial pectin following the
1sothermal of Freundlich adsorption with the KF values of Ph, Cd and Cu
were 0L,650 mg/g, Cd 0.015 and Cu of 0.77 mg/g, respectively. Then the n
values were 0,641 for P, 0.811 for Cd and 1,183 for Cu,
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ABSTRAK

Jeruk pamelo merupakan tanaman buah jeruk yang potensial untuk dikembangkan di Indonesia dan
salah satu sentra produksi jeruk besar atau jeruk pamelo di Sulawesi Selatan adalah Kabupaten
Pangkep. Salah satu Kandungan buah jeruk pamelo adalah pektin. Pektin merupakan senyawa
polisakarida dengan bobot molekul tinggi yang banyak terdapat pada tumbuhan dan pektin dapat
menyerap logam Karena mengandung gugus karboksilat. Penelitian ini bertujuan untuk menganalisis
pektin dari buah jeruk pamelo sebagai adsorben logam berat timbal (Pb), kadmium (Cd) dan tembaga
(Cu). Metode yang digunakan yaitu spektrofotometer serapan atom dengan analisis persamaan
adsorpsi logam berat oleh pektin bush jeruk pamelo ditentukan dengan menggunakan isotermal
adsorpsi Langmuir dan Freundlich. Darni hasil penclitian yang diperoleh pektin albedo buah jeruk
pamelo mengikuti isotermal adsorpsi Freundlich yvang menunjukkan Kapasitas adsorben dengan nilai
K¢ logam berat Ph 0,561 mg/g, Cd 0,010 mg/g dan Cu 0,066 mg/g. sedangkan, nilai » logam berat Ph
0.823, Cd 0321 dan Cu 1,121 dan pada pektin komersial mengikuti 1sotermal adsorpsi Freundlich
dengan nilai Ky logam berat Pb0,650 mg/g, Cd 0,015 mg/g dan Cu 0,077 mg/g. Dan nilai # logam
berat Pbh 0,641, Cd 0,811 dan Cu 1,183,

Kata kunci: Pektin, Jeruk pamelo, Timbal, Kadmium, Tembags, lsotermal adsorpst Langmuir dan

Freundlich.

PENDAHULUAN

Bidang industri di Indonesia pads sast  ini
berkembang cukup pesat. Perkembangan dunia
industri  banyak memberikan  dampak  terhadap
kehidupan manusia baik yang positif maupun negatif.
Dampak negatif’ yang dihasilkan adalah peningKatan
konsentrasi bahan-bahan pencemar yang
mengeanggeu lingkungan. Hal ini dapat dilihat dengan
semakin  banyaknya industri yang memproduksi
berbagai jenis kebutuhan manusia seperti industri
kertas, tekstil, dan penyamakan kulit, dengan adanya
pertambahan industri tersebut, maka semakin banyak
pula hasil sampingan dan limbah yang akan
mencemari fingkungan sekitar, salah satunya adalah
logam berat. Limbah logam berat merupakan limbah
yang bersifat racun dan berbahaya. Bebernpa logam
berat yang dapat mencemari lingkungan dan bersifat
toksik adalah krom (Cr), perak (Ag), kadmium (Cd),
timbal (Pb), seng (Zn), merkuri (Hg) tembaga (Cu),
besi (Fe), molibdat (Mo), nikel (Ni), timah (Sn),
kobalt (Co) dan unsur-unsur logam ringan seperti

arsen  (As), aluminium  (Al), dan selenium
(Purwaningsih, 2009).
Berbagai  usaha  dilakukan  untuk  menetralisie

pencemaran  lingkungan akibat dari logam berat.
seperti pemanfaatan  berbagai produk  biomaterial

sebagai penyerap logam. Pemanfaatan dani bahan
matenal ini merupakan alternatif yang dapat dipilih
karens memiliki biaya vang minimal dalam proses
produksinya. Salah satu biomaterial yang dapat
dimanfastkan sebagai penverap logam adalah pektin
(Wong, ef al,, 2008).

Jeruk pamelo merupakan tanaman buah  yang
potensial untuk dikembangkan di Indonesia dan saluh
satu sentra produksi jeruk besar atau jeruk pamelo di
Sulawesi Selatan adalah Kabupaten Pangkep Telah
dilakukan isolasi pektin dengan cara ckstraksi dan
buah jeruk pamelo asal Kabupaten Pangkep
menggunakan asam klonda 0,2 N pH 2 pada suhu
80°C menghasilkan pektin varictas daging merah
5,74 % dan varietas daging putih 5,73 % dengan
karakterisasi pektin yang dihasilkan sesuar dengan
standar vang telah ditetapkan dan spektrum hasil
anmalisis FTIR menunjukkan  kesesuatan  struktur
pektin hasil isolasi dengan pektin komersial yaitu
terdapat vibrasi (-OH), ikatan (-CH:), ikatan (-C-H),
karboksil (<C=0), dan eter (-O-) (Aminah, 2017).
Selain itu juga, Sulihono (2012) telgh mengisolasi
pektin dan buah jeruk pamelo dengan cara ekstraksi
menggunakan asam klorida 0,2 N pada suhu 80°C
dan lama wakiu ekstraksi 120 menit menghasilkan
pektin sebesar 26,70 %. Dan Mery (2017) telah
mengisolasi pektin dari kulit jeruk siam dengan
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waktu sentuh optimum yang diperlukan biosorben
kulit jeruk siam untuk menyerap timbal adalah pada
waktu 60 menit dengan persentasi scrapan 99.18%
dan Kapasitas serapan sebesar 4,959 me/'e. Kondisi
optimum untuk timbal diperoleh pada pH 4.0 dengan
persentasi serapan 97,48% dan kapasitas scrapan
sebesar 4,947 mg/e.

Pektin dapat menyerap logam karena mengandung
gugus karboksilat. Gugus Karboksilat dari pektin
dapat bereaksi dengan jon  logam  berat  untuk
membentuk  senyawa  kompleks yang tidak larut
dalam air dan dapat diekskresi melalui feses.
Reaktivitas pektin terhadap jon Jogam berat sangat
tergantung pada derajat esterifikasinya (Syah, 2010),

METODE PENELITIAN
Alat dan Bahan

Alat yang digunakan yailu pengaduk  magnelik
(magnetic  stirrer),  Sentrifuge,  Spektrofotometer
Serapan  Atom (SSA), tmbangan analitk (OQhaus
Carat Series)

Bahan yang digunakan yaitu albedo buah jeruk
pamelo varietas daging merah pangkep, aquades,
asam klorida (HCI), etanol 96%, larutan standar
Ph(NO:). 1000 ppm (Merck), larutan standar
CANOy): 1000 ppm (Merck) dan larutan standar
Cu(NO3), 1000 ppm ( Merck dan pektin komersial.

Pengolahan Sampel

Sampel buah jeruk pamelo (Cifrus maxima (Burm.f)
Merr.) vang diperoleh dari Kabupaten Pangkep
dikupas dan diambil albedonyva (lapisan Kulit
berwarna putih) lalu dibersihkan dan dipotong kecil-
kecil kemudian dikeringkan menggunakan oven pada
suhu 50°C hingga kering. Albedo yang telah kering
dihaluskan dan diperoleh serbuk albedo buah jeruk
pamelo (Huyen, 2014).

Isolasi Pektin dengan Metode Ekstraksi
Ekstraksi pektin dari albedo buah jeruk pamelo

Sebanyak 50 gram albedo yang telah diserbukkan
ditambahkan aquadest scbanyak 1:20 (Syarifuddin,
2015) Talu diasamkan dengan HCI 0.2 N sampai
campuran menjadi pH 2, kemudian dipanaskan pada
suhu 80°C selama 120 menit (Sutioso, 2012),
Selanjutnya  dilakukan  penyaringan  dengan
menggunakan kain sarning (kain blacu) dan filtrat

diambil, kemudian dilakukan pengentalan sctengah
volume semuls dengan pemanasan suhu 80°C lalu
didinginkan pada subu kamar (Dcwayani, 2014;
Aminah, 2017).

Hasil ekstraksi

Filtrat vang telah didinginkan ditambahkan etanol
96% yang telah diasamkan dengan perbandingan
volume antara etanol 96% dan  filtrat  1:1dan
diendapkan selama 12 jam (Sulihono dkk, 2012).
Endapan pektin  dipisahkan  dengan  penyaringan
menggunakan kertas sanng dan dicuci dengan etanol
96%. Endapan pektin kemudian dikeringkan dalam
oven pada temperatur 40°C hingga 8 jam.Pektin yang
telah kering, kemudian dihaluskan lalu ditimbang dan
hitung kadar rendamennya {Hariyati, 2006 :Aminah,
2017).

Analisis Pektin Buah Jeruk Pamelo sebagai
Adsorben Logam Berat Timbal (Pb), Kadmium
(Cd) dan Tembaga (Cu)

Pembuatan larutan standar logam berat Pb, Cd dan
Cu

Timbal (Pb)

Larutan  standar  (PB(NO;),) 1000 ppm  diambil
schanyak 5 mL dimasukkan kedalam labu ukur 50
mlL, ditambahkan aquades sampai batas tanda
schingga diperoleh  larutan  standar 100 ppm.
Kemudian dibuat  larutan  standar  dengan  seri
kensentrasi 1, 2, 3, 4 dan 5 ppm.

Kadmium (Cd)

Larutan standar Cd{N(;); 1000 ppm diambil
sebanyak 5 mlL dimasukkan kedalam fabu ukur 50
mlL, ditambahkan aquades sampai batas tanda
sechingga diperoleh  larutan  standar 100 ppm.
Kemudian dibuat larutan standar dengan  seri
konsentrasi 1, 2, 3,4 dan 5 ppm.

Tembaga (Cu)

Laretan  standar Cu(NO;), 1000 ppm diambil
sebanyak 5 mL dimasukkan kedalam labu ukur 50
ml, ditambahkan aquades sampai batas tanda
schingga diperoleh Tarutan  standar 100 ppm.
Kemudian  dibuat  larutan  standar  dengan  seri
konsentrasi 1, 2, 3, 4 dan 5 ppm.
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Pembuatan larutan uji logam berat Pb,Cd dan Cu

Larutan standar logam berat Ph, Cd dan Cu dengan
konsentrasi 100 ppm masing-masing dibuat larutan
standar dengan seri konsentrasi 3, 10 dan [5 ppm.

Uji  penyerapun  pektin - Komersinl  sebagai
pembanding terhadap logam berat Ph, Cd danCu

Schunyak 3  buah erlenmeyer disiapkan  dan
dimasukkan pektin komersial sebanyak 0,5 gram
kedalam  masing-masing  erlenmever.  kemudian
ditambahkan 50 mL larutan logam berat Pb dengan
konsentrasi 5. 10dan S ppm pada setiap erlenmeyer.
Sclanjutnya  diaduk  menggunakan  pengaduk
magnetik (magneric stirrer) selama 2 jam, Larutan
tersebut disentrifugasi dengan kecepatan 3000 rpm
selama 5 menit, ambil bagian supernatanya dan ukur
kadarlogam dengan menggunakan SSA. Dilakukan
perlakuan yang sama untuk logam berst Kadmium
(Cd) dan tembaga (Cu) (Arlofa, 2015; Wayan, 2014).

Uji penyerapan pektin albedo buah jeruk pamelo
terhadap logam berat Pb, Cd danCu

Scbanyakd buah  erlenmeyer  disiapkan  dan
dimasukkan pektin hasil ekstraksi albedo buah jeruk
pamelo sebanyak 0.5 gram kedalam masing-masing
erlenmeyer, kemudian  ditambahkan 50 mlL
larutanlogam beratPb dengan konsentrasi 5, 10dan 15
ppm pada setiap crlenmeyer. Selanjutnya diaduk
menggunakan pengaduk magnetik (magnetic stirrer)
selama 2 jam.Larutan tersebut disentrifugast dengan
kecepatan 3000 rpm sclama 5 menit, ambil bagian
supernatanya  dan  ukur  Kadarlogam  dengan
menggunakan SSA. Dilakukan perlakuan yang sama
untuk logam berat Cd dan Cu (Arlofa, 2015; Wayan,
2014),

Analisis Data

Data yang diperoleh dari spektrofotometer serapan
atom  digunakan untuk  menentukan  Konsentrasi
logam berat yang tersisa setelah proses adsorpsi
dengan menggunakan pektin yang dapat dijelaskan
dengan  dua  persamaan  isolerm  yaitu  isoterm
Langmuir dan isotherm  Freundlich.  Isoterm
Langmuir didasarkan pada kurva hubungan antara Ce
terhadap Ce/(x/m) dan isoterm Freundhich didasarkan
pada kurva hubungan antara log Ce terhadap log
(x/m),

Dengan nilai persamaan scbagai berikut
C,. - C.\- C,.
xm =~ (C-C.hx Vi

_ Co—Ce
Q == 100%

Keterangan :

C, = Konsentrasi logam sebelum adsorbsi (ppm)
C, = Konsentrasi logam yang tersisa (ppm)

C.4 = Konsentrasi logam yang teradsorbsi (ppm)
x/m = Jumlah mol logam yang teradsorbsi oleh

pektin
(mol)
Q = Presentasi adsorbsi (%)
V = Volume larutan (L)
m = Berat pektin (g).
HASIL DAN PEMBAHASAN

Pada penelitian ini telah dilakukan isolasi pekitin dari
albedo buah jeruk pamelo varictas daging merah asal
Kab., Pangkep Sulawesi Selatan, Rendamen vang
diperoleh sebesar 7,48 %. Hasil isolass pektin dari
buah jeruk pamelo dianalisis kapasitas daya scrapnya
sebagai adsorben terhadap logam berat timbal (Pb),
kadmium (Cd) dan tembagas (Cu) dan pektin
komersial sebagai pembanding. Proses adsorpsi
logam berat yvaitu pektin ditambahkan dalam farutan
logam dengan konsentrasi yang berbeda kemudian di
stirrer selama 2 jam. Filtrat yang dihasilkan diuji
dengan menggunakan  Spektrofotometer  Serapan
Atom (SSA).

Analisis kapositas daya serap pektin sebagai adsorben
logam berat Ph, Cd dan Cu. Pertama dilakukan
pengukuran larutan  standar masing-masing logam
berat dengan seri Konsemtrasi |, 2, 3, 4 dan 3
schingga diperoleh nilai absorbansi yang hasilnya
ditunjukkan pada Tabel 1.
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Tabel 1. Absorbansi larutan standar logam Pb, Cd,

Tabel 3. Absorbansi logam berat Pb, Cd dan Cu yang

don Cu telah disdsorpsi oleh pektin albedo  buah
jeruk pamelo.
Konsentras Absorbans: Logam
fogam (ppm ) Ph Cd Cu Konsentrasi bogam Absorbansi Logam
0 00007 0,0007 0.0001 (ppm) b Cd Cu
1 0,0068 02950 0,0859 5 0,001 0,072 0,112
2 0,0203  0,5960 0,1630 0 0,004 0,119 0239
3 00299 08547 0,2412 15 0.005 0,153 0351
4 0,0431 11631 03134
5 0.0547 1,3725 03855

Absorbansi larutan standar logam berat timbal (Pb),
kadmium (Cd) dan tembaga (Cu) dibuat kurva baku
vaitu plot antara konsentrasi (ppm) dan sbsorbansi
untuk menghasilkan persamaan linier y = bx + a, Dari
persamaan linier larutan standar akan dibitung nilai
absorbansi logam berat Ph, Cd dan Cu yang telah
teradsorpsi  oleh pektin, dimana akan dihasilkan
konsentrasi logam yang tersisa (Nilai x atau C,).

Setelah dilakukan pengukuran larutan standar logam
berat, selanjutnya dilakukan pengukuran larutan uji
kapasitas duya serap pektin schagai adsorben
terhadap logam berat Pb, Cd dan Cu dengan seri
konsentrasi 5, 10 dan 15 ppm dan dihasilkan nilai
absorbansi yang ditunjukkan pada Tabel 2 untuk
pektin komersial sebagai pembanding dan Tabel 3
untuk pektin buah jeruk pamelo.

Tabel 2. Absorbansi logam berat Pb, Cd dan Cu yang

telah  diadsorpsi - oleh  pektin - komersial
sebagai pembanding.
Konsentrasi logam Absorbansi Logam
{ppm) M Cd Cu
s 0,002 0,081 0081
10 0,005 0,047 0.147
15 0,006 0174 0.174

Proses adsorpsi logam Pb, Cd dan Cu oleh pektin
albedo jeruk pamelo dan pektin komersial sebagai
pembanding dapat dijelaskan dengan dua persamaan
isoterm yaitu isoterm Langmuir dan Freundlich, yang
digunakan untuk menjelaskan proses absorpsi pada
permukaan zat padat, Isoterm Langmuir didasarkan
pada kurva hubungan antara C, terhadap CJ/(x/m) dan
isoterm Freundlich didasarkan pada kurva hubungan
antara log C. terhadap log (x'm) (Wayan, 2014),
Hasil adsorpsi logam Pb, Cd dan Cu olch pektin
albedo jeruk pamelo dan pektin komersial dengan
parameter-parameter  isoterm  Langmuir  dan
Freundlich ditunjukkan pada Tabel 7 dan Tabel 8.
Dari parameter tersebut dapat ditentukan isoterm
adsorpsi logam Pb, Cd dan Cu oleh pektin albedo
buah jeruk pamelo dan pektin komersial dengan
membandingkan koefisien Korelasinya (R°) untuk
menghasilkan kapasitas adsorpsi suatu adsorben.

Untuk menentukan nilai kapasitas adsorpsi logam
dapat ditentukan dengan nilai Ky yang menunjukkan
kapasitas serapan suatu adsorben, semakin besar nilai
Ky maka semakin besar pula kapasitas adsorben
menyerap adsorbat dan nilai n menunjukkan derajat
nonlinicritas antara  konsentrasi larutan  adsorpsi,
yaitu mengukur penyimpangan linieritas adsorpsi dan
biasanya digunakan untuk mengetahui  tingkat
kebenaran suatu adsorpsi dengan nilai # <1, maka
dapat  dipastikan bahwa adsorpsi ini merupakan
proses kemisorpsi dan scbaliknya jika =1, dipastikan
bahwa adsorpsi yang terjadi  merupakan  proses
fisiosorpsi (Ozcan, 2005).
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Tabel 4. Parameter-parameter isoterm Langmuir dan Freundlich logam berat oleh pektin komersial sebagai

pembanding.
Logam Berat Cs C: Cass x/m CJ LogC. Logx/m Q
( x/m) (%)

5 0,363 4,637 0,115 3.156 -0.440 -0,939 092,74

Ph 10 0,454 9,546 0,238 1,907 0,342 -0,623 95,46
15 0,727 14,273 0,368 1,975 0,138 -0,434 95,15
5 2,737 2,263 0,056 48.875 0,437 -1.251 4526

Cd 10 5,725 4,275 0,106 54,009 0,757 -0,974 42,75
15 6,937 8,063 0,201 34512 0,841 0,696 53,75
5 1,263 3,737 0,093 13,580 0,101 -1,031 74,74

Cu 10 2,697 7,303 0,182 14818 0,430 -0,739 73.03
15 4,394 10,606 0.265 16.581 0,642 -0.576 70,70

Tabel 5. Parameter-parameter isoterm Langmuir dan Freundlich logam berat oleh pektin buah jeruk pamelo,

Logam C. C. Cas x/m Cs log C. log x/m Q
Berat (x/m) (%)
5 272 4.728 0,118 2,305 4,565 0,928 94,56
Ph 10 0,545 9.455 0,236 2,309 1,263 0,627 94,55
15 0,636 14,364 0,359 1,771 0,196 0,444 95,76
5 2337 2.663 0,066 35409 0,368 -1,180 53,26
Cd 10 4,462 5,538 0,138 32,333 0,649 -),860 55,38
15 5,987 9,013 0,225 26.608 0,777 -(1.647 60,08
5 1.394 3.606 0,090 15,488 0,144 -1,045 72,12
Cu 10 3,065 6,933 0173 17,716 0,486 0,761 69,35
15 4.539 10,461 0,261 17,390 0,656 0,583 69,74
Pada proses fisiosorpsi gaya yang mengikat adsorbat Konsentrasi  larutan juga berpengaruh  terhadap

oleh adsorben adalah gaya van der waals. Molekul
terikat sangat lemah dan energi yang dilepaskan pada
adsorpst fisika relatif rendah. Sedangkan pada proses
adsorpsi - kimia  (kemisorpsi), interaksi  adsorbat
dengan adsorben melatui pembentukan ikatan kimia.
Kemisorpsi terjadi diawali dengan adsorpsi fistk.
yaitu  purtikel-partikel  adsorbat  mendekat ke
permukaan van  der waals atau melalui  ikatan
hidrogen. Kemudian diikuti oleh adsorpsi kimia yang
terjadi setelah adsorpsi fisika, Dalam adsorpsi Kimia
partikel melekat pada permukaan dengan membentuk
ikatan  kimia (biasanya ikatan kovalen) dan
cenderung mencari tempat yvang memaksimumkan
bilangan koordinasi dengan substrat. Mckanisme
proses adsorpsi dapat digambarkan sebagai proses
dimana molckul meninggalkan farutan dan menempel
pada permukaan zat adsorben secara kimia dan fisika
(Atkins, 1999).

adsorpsi, Semakin tinggi suatu zat terfarut, maka
semakin  banyak pula zat terdarut yang dapat
diadsorpsi  oleh  adsorben. Berdasarkan  kocfisien
korelasi (R¥) yang diperoleh dari isoterm Langmuir
dan isoterm Freundlich menunjukkan bahwa adsorpsi
yang lebih sesuai dengan adsorpsi logam timbal olch
pektin - Komersial  adalah  isotermal  Freundlich
dibandingkan dengan model isotermal Langmuir. Hal
ini bisa dilihat dari nilai R® persamaan isotermal
Freundlich yaitu 0,886 sedangkan untuk persamaan
isotermal Langmuir adalah 0,432, Berdasarkan
isotermal Freundlich nilai Ky diperoleh sebesar 0,650
mg/g dan nilai » sebesar 0,641 Untuk logam Cd
menunjukkan bahwa adsorpsi vang lebih  sesuai
dengan adsorpsi logam Cd oleh pektin komersial
adalah isotermal Freundlich dibandingkan dengan
model isotermal Langmuir, Hal ini bisa dilihat dari
nilai R® persamaan isotermal Freundlich yaitu 0,897
sedangkan untuk persamaan isotermal Langmuir

163



Takir ¢ el Juwrnal Farmasi Galenika (Galenica Jowenal of Pharmacy) 2009; (512 158-165

adalah 0,274, Berdasarkan isotermal Freundlich nilai
K; diperoleh sebesar 0,015 mg/g dan nilai n sebesar
0,811.Untuk logam Cu menunjukkan bahwa adsorpsi
yang lebih sesuai dengan adsorpsi logam Cu oleh
pektin komersial adalah  isotermal  Freundlich
dibandingkan dengan model isotermal Langmuir, Hal
ini bisa dilihat dari nilai R® persamaan isotermal
Freundlich vaitu 0998 sedangkan untuk

isotermal - Langmuir  adalah 0,997, Berdasarkan
1sotermal Freundlich milar K diperoleh sebesar 0.077
mg/g dan nilai » scbesar 1,183,

Untuk pektin albedo buah jeruk pamelo menunjukkan
bahwa adsorpsi yang lebih sesuair dengan adsorps:
logam Pb oleh pektin albedo buah jeruk pamelo
adalah isotermal Freundlich dibandingkan dengan
model isotermal Langmuir. Hal ini bisa dilihat dari
nilai R persamaan isotermal Freundlich yaitu 0,955
sedangkan untuk persamaan isotermal  Langmuir
adalah 0,474, Berdasarkan isotermal Freundiich nilai
K¢ diperoleh sebesar 0,561 mg/g dan nilai i sebesar
0,823, Untuk logam Cd menunjukkan bahwa adsorpsi
yang lebih sesuai dengan adsorpsi logam Kadmium
oleh pektin albedo buah jeruk pamelo adalah
wotermal Freundlich dibandingkan dengan model
isotermal Langmuir, Hal ini bisa dilihat dari nilai R’
persamaan  isotermal  Freundlich  yantu 0,978
sedangkan untuk  persamaan  isotermal  Langmuir
adalah 0,930, Berdasarkan isotermal Freundlich nilai
K, diperoleh sebesar 0,010 mg/g dan nilai n sebesar
0,321, Untuk logam Cu menunjukkan bahwa adsorpsi
vang lebih sesuni dengan adsorpsi logam tembaga
oleh pektin albedo buah jeruk pamelo adalah
isotermal Freundlich dibandingkan dengan model
isotermal Langmuir, Hal ini bisa dilihat dari nilai R’
persamaan  isotermal  Freundlich  yaitu 0,996
sedangkan  untuk  persamaan  isotermal  Langmuir
adalah 0,659, Berdasarkan isotermal Freundlich nilai
Ky diperoleh sebesar 0,066 mg/g dan nilai n sebesar
Li121

Berdasarkan hasil nilai kapasitas adsorpst terhadap
logam berat timbal (Ph), kadmium (Cd) dan tembaga
(Cu) yang didapatkan yaitu nilai K; logam berat Pb
pektin komersial Ichih besar dibandingkan pektin
albedo buah jeruk pamelo dan nilai n<1 maka proses
adsorpsi termasuk proses kemisorpsi. Pada mlai K,
logam berat Cd pektin albedo buah jeruk pamelo
lebih besar dibandingkan pektin komersial dan nilat
n<l maka proses adsorpsi termasuk proses
kemisorpsi, Sedangkan nilai Ke logam berat Cu
pektin  albedo  bush jeruk pamelo  lebih  besar

dibandingkan pektin komersial dan nilai n=1 maka
proses adsorpsi termasuk proses fisiosorpsi. Dan
persentasi adsorpsi Q (%) untuk masing-masing
konsentrasi logam berat Pb, Cd dan Cu menunjukkan
persentasi adsorpsi logam yang tidak berbeda jauh
dan semakin tinggi konsentrasi logam maka semakin
besar persentasi adsorpsinya.

KESIMPULAN

Berdasarkan hasil penclitian yang telah difakukan,
maka dapat disimpulkan bahwa :

I. Pektin buah jeruk pamelo memiliki daya serap
terhadap logam berat timbal (Pb), kadmium (Cd)
dan tembaga (Cu).

2. Persentasi adsorpst pektin albedo buah jeruk
pamelo terhadap persentasi  adsorpsi  pektin
komersial tidak berbeda jauh,

3. Pekiin albedo buah jeruk pamelo mengikuti
isotermal adsorpsi Freundlich dengan nilai K,
logam bera: Pb 0,561 mg/g, Cd 0,010 mg/y dan
Cu 0,066 mg/g dan nilai # logam berat Pb 0,823,
Cd 0,321 dan Cu 1,121. Dan pektin komersial
mengikuti isotermal adsorpsi Freundlich dengan
nilai K; logam berat Pb 0,650 mg/g, Cd 0.015
mg/g dan Cu 0,077mg/g dan nila/ » logam berat
Pb 0,641, Cd 0,811 dan Cu 1,183,
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Abstract—In  the preseat  study, micrownve assisted
extruction (MAE) and  microwave-altrusound assisted
extraction (MUAE) were employed to recover pectin from
pomelo peel, The effects of pil, ireadiation time, microwave
power, sonication time (only for MUAE) were investigated
using Box-Behnken design (BBD) and the extraction
condition  was  optimized.  The highest  validation
experimental yield were 30,2420.97% for MAE (irradiation
time = 11.97 min) and 31.5740,77% for MUAE (irradintion
time = 10,11 min, sonication time = 17.72 min). The findings
ure agreeable with (he predicted yield of 29.37% and 31.11%
respectively for MAE and MUAE. It was observed that pH
and microwave power have greater ¢ffect on extraction of
pectin and the microwave irmadiation time has slightly been
reduced il ultrusound is incorporated, Considering the yiek!
performance, shorter extraction fime and less energy
intensiveness, MAE & proferred to MUAE for the
extraction of pectin from pomelo peel

ultr d

Index Termy—pectin i

optimization

[ INTRODUCTION

Peels of the citrus family such as orange, lemon, lime
and grapefruit and ctc arc potential source of pectin.
Pomelo (Cirrus grandis (L) Osbeck) as the largest citrus
fruits, is also targeted for pectin extraction, Pectin is an
attractive biopolymer material [1] and has widespread
applications in pharmaceutical, health, cosmetic, food.
and feed industries owing 1o its good biocompatibility,
non-toxicity, and biodegradability as well as  high
nutrittonsl values such as mineral binding. prebiotic
effect. cholestero! regulntion, and anti-cancer action.
Pectin is a family of heterogencous polysaccharides with
linear backbone comprised of repeating (1 — 4)-linked-
a-D-galacturonic acid units [2],

Extraction of pectin is pivotal to biotechnology which
involves separation of pectin from the plant matrix, It has
been reported that, an ideal extraction method should be
simple, safe, reproducible, inexpensive, provide high
extraction rates, time saving, non-destructive on
extraction  compound and  suitable  for industrial
application [3], [4]. Pectin extracted from citrus fruits
peels could add value to the citrus processing industry if
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pectins can be extracted effecuvely by applying efliciem
extraction technologies, Many pectin extraction methods
have been investigated with the use of acids in traditional
heating extraction method. On the other hand, a number
of up-to-date alternatives to traditional techmques have
been proposed such  as  ultrasound  assisted  and
microwave assisted extraction method to improve the
vield performance, the process efficiency and the quality
of the extracted compound [5]. Previous stwdy on
ultrasound-microwave assisted extraction (UMAE) of
pomelo peel gave satisfactory pectin yield of 38% (6]
which has inspired the present investigation on the
feasibility of reversing the sequence of ultrasound and
microwave technigues on pectin extraction. In this study,
MAE and MUAE are optimized and their performances
on pectin extraction are  investigated. From  the
comparison  study, the effect of ultrasound in the
combined MUAE extraction system will be examined.

IL MATERIALS AND METHODS

A.  Matevials

Pomelo (Citrus grandis (L) Osheck) fruit was
supplicd by Go Chin Pomelo Nature Park, Perak,
Malaysia. The peels of the fruit were cut and washed
thoroughly with fresh water followed by drying in a hot
wir oven (Memmert 600, Schwabach, Germany) at 60 °C
until o constant weight is attained, The peel was
powdered using a blender (Faber FBG 460, Kuala
Lumpur, Malaysia) and sicved into 250 pm—400 pm. The
dried peel powder was stored in dry condition using an
wir tight container prior to wse, All solvents and
chemicals used in this study were obtained from R&M
(Selangor, Malaysia) and distilled water was used tor all
extraction and analytical processes,

B, Pectin Extraction Methods

In sole microwave assisted extraction (MAE), 10 g of
dried pomelo powder was mixed with 290 mL distilied
water and the pH (1,7-2.3) of the mixture solution was
udjusted using citric acid. The microwave treatment of
the mixture solution wiss carned out in a microwave oven
(MET7IIK, Suwon, South Korca) and heated under
different powers (350-650 W) and irrsdiation times
(412 min). After the MAE extraction, the extract was
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filtered uwsing centrifuge (Sigma 3-15P, Osterode am
Harz, Germany) operated at 4000 rpm for 10 min. The
supernatant was precipitated with 250 mL of 95% (wv)
cthanol and stored in dark condition st room lemperature
for 24 hours 1o allow pectin flotation. The pectin in the
sample was subsequently separsted by filtration and
washed using 70% (v/v) ethanol twice and then dried in
hot air oven at 63 °C until a constant weight was attamed.

In the combined microwave-ultrasound  assisted
extraction  (MUAE) on  pomelo  peel,  similar
aforementioned method was repeated for MAE before
the mirowave irmadiated  mixture  solution  was
transferred to an wltrasonic bath (Branson 3800, Danbury,
USA) for further extraction under sonication timcs
(12-28 min), The extract from this combined technigques
will subject 10 the same analysis procedure as previously
described for MAE.

The percentage of dried pectin yield was determined
using (1)

wrlpAl o/ @i pectin

Pectin Yield(%) = ey =

x100 (1)
C Optimization Study

Three levels Box-Behnken response surface design
was employed as shown in Table I to investigate and
optimize the effect of process variables on the pectin
yield using MAE and MUAE. The variables for MAE
were: pH (A2 1.7-2.3), microwave power (X 350-650
W) and irradiation time (X, 4-12 min). The variables for
MUAE were; pH (X 1.7-23), uradistion time (X
4-12 min), microwave power (X 350-650 W) and
sonication time (X 12-28 min).

The statistical package Design Expert 6.0.6 (State-
Ease Inc,, Minneapolis, USA) was used 10 construet the
experimental design. regression analysis and numerical
opumizstion. The performance of the process generally
can  be described by the second-order  polynomial
eqguation and the generalized form of the equation is:

Yo fra 4 Ty B, Thes By X7 + BiZE 0 by XX 2)

where Y represents the response variable, X and .X; are
the independent variables affecting the response, and i,
B, P and B, are the regression coefficients for intercept,
lincar term, quadratic term and interaction terms. The
cffects of process variables was analysed statistically by
using analysis of varance (ANOVA) and the adequacy
of the predicted optimum conditions was validated with
the experimental results,

1L RESULTS AND DISCUSSION

A, Optimization Study on the MAE and MUAE
Extraction System

The pectin yield ranged from 10.48% to 29.02% for
MAE and 10.59% to 30.24% for MUAE. The highest
experimental yield was obtained when extraction
conditions were pH of 1.7, microwave power of 650 W,
mradiation time of 8 min and pH of 1.7, irradiation time
of 8 min, microwave power of 650W, sonication time of
20 min.

Table 11 shows the analysis of vanance {(ANOVA) for
MAF and MUAE yield of pectin with coeflicient (R%) of
0.990 and 0.917 respectively. The results indicated that
the model used to fit response variables was significant
(7 < 0.0001) and adequate 1o represent the relationship
between the responses and the independent vanables,

Besides, Table I also shows that pH and microwave
power exerted most eflect on pectin yield for MAE and
MUAE with p < 0.000]. The pectin vield increases
significantly with decrease in pH uand increase in
micrownve power. In MAE, an increase in iradiation
time (p < 0.01) the pectin vield increased but not for
MUAE as mild irradiation time (p < 0.001) was preferred.

Three-dimensional response surfaces for MAE and
MUAE are shown in Fig I{a~¢) & 1(d-1) respectively
with the effects of the independent variables and their
interaction on the yield of pectin. In term of yield, both
MAE and MUAE preferred low pH and high microwave
power within the range of investigation. MAE required
fonger irradiation time compare o MUAE, whereas
MUAE at later prefer moderate sonication time. With
regards 1o the total extraetion time for optimized
extraction condition, it is worth noting that microwave
irradiation time in MUAE was shortened by mere 1.86
min 4s compare with the irradiation time m sole MAE
but additional sonication time of 17.72 min was required.
This could be explained by the effect of ultrasound on the
plant surface which has c¢nhanced the extraction
performance, Sole MAE with Jong irradiation time may
degrade pectin extracted. Hence, the combined MUAE
might be an alernative for pectin extraction as
microwave irradiation time would be reduced and the
additional wltrasound extraction which does not involve
heating will not cause thermal degradation of pectin,

The second-order polynomial eguation for predicting
pectin yield based on MAE and MUAE are expressed in
terms of coded values as shown in Table [11. An optimum
pectin yicld of 29.37% for MAE and 31.11% for MUAE
were successfully predicted and the adequacy of the
predicted optimum yield was validated. The experimental
and the predicted results are very close within percentage
error < 10%, indicating that the optimization was reliable.

Comparing between MAE and MUAE i term of
pectin yield, there was only 1.74% increase using MUAE
method. However, extrn 15.86 min was needed which
might not be feasible although MUAE might be an
option to prevent thermal degradation of pectin as
previously described.

TABLE L DOSIGN MAIX OF BED A%0 Prc T EXTRACTON YIELD QR n rgov MAE avo MUAE

(MAEY

" 1

IMUAE)

Run Ind tvar, Dependest vir

Ind L var dent var,
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Xy N) v (NG) X () Yiekd (%) X (X)) x ) o (NG) o xe (X)) Yield (%o)
1 0 20y -1 (350 T (2) 15,03 LU P (2 1 (650) (20) 23.28
2 L I (650) [L)] 158 1 23 - 0 (500 (20 11.90
3 | 23 -1 (350) (L] 1048 | 23 a LU 00 B | 13,40
4 | 23 0 (500) a2 13,39 LU R [ ] 0o -1 (1) 2096
5 0 Qo 650y <1 ) 19.24 S (1M a 0 (500 1 (1) 2404
6 0 (200 0 (5000 0 & 15.67 1 @y 0(500) 1 2¥) 13.02
T (LT 0 (500) -1 ) 2112 O @m0 0 (50 0 @2m 2191
& 0 2.0 0 (500) 0 &) 1510 0 2m a0 0 (500 LU U] 2205
9 0 (2.0 0 (S (% 137 1 135 (1) 0 (5 0 Qm 1462
1o 0 2m I s LI L 20022 O 2 0 B ER U] IR 1317
" B R I T B R 511 LUt 3] 1432 am 0 1 (630) 0 2m 30,24
12 <0 (L (500 I (12) 2478 0 2, A (£ 1) I Y 4] 16.65
I3 0 200 < (350) <1 ) 1n o 2 - Gy 1 (28 1059
4 23 0 sy -1 1293 I 23 (350 4 Qo 16.65
Is -1 (7 I (650) (%) 2902 2.0) 0500 0 2 222)
6 20 0 (500) ) 1498 o A o) B 2m 19.45
17 LU P (500) %) 1545 B | q SUN B B U 0 20,18
1% 0 2m (2 -1 (350) Qm 16.00
19 4 0mn 0 030 1 @28 25.26
20 1 23 I (650) LU U] 15.59
21 0 (2m I (650) I 2% 2.9
22 EUR | B | -1 0 (500) +Qm 1641
3 0 2m 12 0 (S0 128 1998
24 a2 [ 05 0 20 19.33
23 UL | 1) 0G0 23.60
26 (240) Q o3 1 (12) 23.00
n 124) a0 0 (350 <1 (12) 13.73
% 0 @20 Jd0(33m 0o 1491
i) a (20 Q O_(s00) 0 Qo 2t 0
TABLE 1L ANALYSIS OF VARIANCE (ANOVA] rom REGRESSION MODEL O PECTIN YiELD OREAINED rroM MAE ano MUAE
Mi ised (MAE} Mi strasound sssisted (MUAE)
Source S8 DI MS r 2 Souree haa) D MS ¥ Ji
Model 3R2054 9 4245 735K 00001 Modd 545831 14 31X 1101, ,:,M
XipH 156342 | 18634 32300 <0001 NepH 248339 1 MM N2 a‘(;m
n:.-r:ramnw 15306 1 13017 22564 <00001 Ne-trmudtbon time 67850 L HTH3 WIS 00006
Ni-brradiation Nemicromave <
time 7841 1 78 13.59  0.0078 POWES 108661 1 I0B66  M68 (o)
X 15204 } 1520 2638 00013 Nesonication thme 3,774 1 n 107 0
A7 0002 | 0.00 0.00 09570 Xp 4918 L 492 1.39 0.2583
Ay 5493 | sy 987 O06d A Sox61 | 86 lobe 00013
Xiz 32.206 | 2o 5585 00001 R o 0710 1 on 0,20 0.6613
X 2,560 | 2.56 444 00732 Xe 22459 I 2246 6,34 0.0246
An 0846 | RS 147 0.2651 X 4995 1 500 141 02397
Resiclual 4038 7 D58 A 30914 ! 30,94 87 0.0105
Lack of Fit LRSS 3 063 117 04263 A 608 | onl 017 11,6848
L2017 Internutional 3 1 of Food Engi 119




Imtermatiomal Jowenal of Food Engineering Vol. 3. No. 2. Decomber 2017

P'ure Lroe 2,154 $ .54 1877 | 1 8% 0s3 DATES
Cor Total 386,092 16 6452 | 645 152 01985
e 0,991 i 2641 ! 264 nrs A4
AdI R 097 Residual 49,583 4 154

Lock of Fat 43942 1 439 32 00423

f'ure Error 5S040 4 1.41

Cur Towl 95416 b2 3

R 097

Adj &* 0833

Figure 1, Response surface plovs showing the etfect of process variable on pectin vield, (iay-(¢)) MAE, (1d)-(1) MUAE

TABLE HE VALIDATION OF OF TTMUM EXTRACTION CONINTIONS

Micromuve asslsed extmotion {(MAE)  Microwave-ultrascand assisted extmaction (MUAE)

Ot fitbons pH = L74, microwave power = pH = 173, Irradration time = 111 min, mgnvive power
Iptimis conditon MO W, iradiation tame HOT 649,90 W, sonication time = 17.72 min

e it
V= 10902 4800 o 4038 P o= 2034 - 4558, ¢ 2380, ¢ 301N; - 056X,

Fquation Modets v ',:i:’ : :'.":‘\\’ £ 3 ",’;"0 :." LT ORING T - 296X P - 033X - LA6N, * — LI2Y) 5
nu\\; , IR e o d 278Xy 3 039 < 069X; 5 4 LITX; ¢ - DBIN,

Predicted yicld (%) 2037 LINY

Experimental vield (%) 30244097 31570077

Perventage error (Y4) 1s% 147

C2017 Intemational Jourmal of Food Engincenng 120
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v.

Optimum pectin yield of 29.37% for MAE and 31.11%
for MUAE were obtained from pomelo peel extraction. In
both the extraction techniques employed, pH  and
microwave power demonstrated highest impact on pectin
yield. A slight increase in pectin yield using MUAE
requires an additional 15.86 min making the combined
extraction technigues not particularly suitable for pectin
extraction.

CONCLUSIONS
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PEMBUATAN PEKTIN DARI LIMBAH KULIT JERUK (Citrus sinensis)
DENGAN METODE EKSTRAKSI GELOMBANG ULTRASONIK
MENGGUNAKAN PELARUT ASAM SULFAT (H:804)

PECTIN PRODUCTION FROM ORANGE PEEL (Citrus sinensis) WITH ULTRASONIC
WAVES EXTRACTION METHOD USING SULFURIC ACID (H)S0y)

Ayn *, Setiaty Pand
Departemen Telouk Kimin, Fakubtns Tekaik, Ustversitas Samatern Ulara,
Jalan Almansiter, Medan, 20155, Indonesis
*Emadl: aysarimpeiE gmail com

Abstrak

Pektin daput dmmufaation dalam betugal bidang ind b Jeil, selal, & pel,
pesgenital. peustabil dan pengpenilsi r*p-u.-mmmnmwmwnhm
bk oot geruk {(Cawe mum)ummhn fk dan pelanst asam sulfs
(HSOu) yang bertujuan untok r: mu&uﬁmwtnknmnw
-unmmuuuwmw-umm dlisilas. Penelitin
ddadaikan dengan waktu ststraksd 30 menit despu tesperatir ekstyakal 70 'C menggrasbon pelane
HS0. Vanas yang dilakvican adalab waktn pengendapan selama 14 jam, 16 g 18 jom dan 20 jum
dom konsentrani etanol 7%, 8% dan 5% Karakieristik pektin yug ddimilioan deugan Kaakteristik
berturut-huut: rendemen berkisar antara 16,43%-22 44% kadar ar 4,009 4% kadar atm 2 0%
5.54%; bemt ekivalen S10,20%-865,07 g kadar metoksil 7.35% 10,794 dan kwlar plhml
63.71%95.74% Wakm pengmdapan 18 jam deugan etanol 95% ghasilkan resd:
mmlﬂwhthmnumuerwmmﬂmmhm
Assoctanion).

Katn Kunct: ebstraky, polowd i

& dalef perwk, poktin

Abwiract

Pectin cam be wilized in variows industies of waking jelty, jmn, gelling, Gockener, sabilizer snd

enmbifier. Io this study the extraction of pectin from cennge peel (Criruy ameman) ming wWitrsouic

witves and sulfiric scid (M:504) was conducted fo deternane the effect of variation in setiling tzme nud

wmdmw-mmm P o il ou the ch of the
pectin produced. The study

s camied o with 30 ¢ e, cti of
70 °C weing HSO0s Variations carmied oot were settling tisoe for 14 howrs, 16 hows, 1% bours and 20
hours, and concentration of te aleahol | 65%. 75%, 859 and 95%. Char of pectin prodoced
with scoesan'e chiaractenstics: yield renged Som 16.84%-22 44%; monture comtent from 4,0-9 454
) content of 234%5 54%; equivalent weight of $10.20-364.07 mx methoxy] contest of 7.35%-
10.70%; md palactiwonic comtext of 64.71%%-05.74% The 18-how settling time wislh 94% ethanol
produced the wost vield with the best poctin claracteristion that et TFPA (Intemational Pectin
Producers Association) stanbeds

Keywordy: Exfraction, uirasows waves, ormnge pwel, pecin

Pendalmluan

Jeruk manis (Cfrws sinensiz) ndalah bmab
yang paling unuumn ditanam di duma, Pobon jeruk
ditasam & ikl tropis dan subtropts [ 14]. Kulit
dan bwah jeruk yang barun sajn  dipancn
mwengandung sekiter 70%% air, 6-8% gula, dan
asam organik dalam punlals kecil [18] selain itu

abam ynng terdapat pada sebagian besar tanaan
poogan. Peiotin dalam s ingan tnsaenan terdapat
sebagm protopektm yang tidak laut dalam awr,
Oleh karena it dilakukan bidrolisis protopektan

{wmsmmmawhmm
12).

Kebatubon pektin di Indoness senakin
berkembang  dengan  bertambalinyn  industri-
industri makanas (11}, Pektin adalah substans

menghadrolisis  protopektm merupakan
pehmymhﬁumthny&tubx[ll Sayah,
et k. (2016) melaporkan hasil ckstrakst peknn
dari  kult ek dengan  membandingkan
penggunaan jemis pelarut yastu H.SO, dan asam
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sitrat megnnuikan rendeman sebesar 33.63% dan
2995%[13)

Pemilihan ekstraksi metode koavens il
dan penggumamn suhu tiogg nwenyebabkan
kualitas pedtin memmuun,. Oleh karena it periu
dilokukan wpayn modifiknsi proses chstraksi
ustuk mempero e rendemen yorg lebilh banyuk
lagi detsgan memanfaatians gelombang ultrasomk
poda proses esktaks pektin {1]. Teknk
uhtrasonik telab dipelnjari vituk meningkatkan
tdimkn senyawa target dari sumber tassman
7

Meninau penclitinn yang whh dilakukan
okh Adhksma yang mewb

diperoleh sebesar 25, 59% (nmode ulrasonik)
dan 183 % (metode kouvensional) [1). Oleh
karess e, kowribust utama danl pekerjann i
adalnh permn fastan gelombang ultrnsonk untuk
menmgkatkan cfisiensi ckstraksi.  menguongi
waktu dan sl penmosesan [2].

Sifnt fisik yong terpenting dan pekim
adalnh dapat mensbentuk gel dengan keberadaan
asam don gula Kankteristk pektin  yany

(IPPA) dan Food Chemical Codex. Faktor-faktor
ynng berpengaruh padn proses ckstraksi adalah
perhakuan peadalmiuan balian sebebum eksarakss,
ukuran partikel, jenis pelanye, waktu, sulm dan
proses penzsaban  pelawt [20). Berdasarkan
pueluun Chma, e al, (JOI!) babiwa kondisi

diperoleh pada subm 71,8 °C dan wakm ekstraks
selama 25 menit [6].

Pengolaban pektm dipengaruhi oleh sifat
fisik dan cam ckstrakst salah satunys odalah
balun  penpendsp dan  lama  pergendapan.
Meuqmlusilpanlu-nmmdll
(2014) babwa meteraksi antarn ki

vang melimpah dengnn mengguoakan metode
ultrasonik

Teord
Pektm udnld: substans alamu yang terdapat

pemtmatan jellv, marualade, makanan rewdah
kalori dan dalam bidang farmasi digunakan
untuk obat diare [4).

Kelamitan  pektin  berbeda-bedn,  sesaai

dengan kadar metoksil readah Swut dalam larutan
alicnli atan oksalat. Pekctim tak larut dalam aseton
dam alkobol Kandungan pektin di  dalam
tnaman berbeda-beda tergantung pada sumnber
dan metode ckstrakst yang  dilakukan (S]
Struktiy kumia pektin dapat dililnt pada gmmbar
1 berkuw [12]

COOCH, COOH

Gambar L Straktur Kimis Pektin
Sefuminh Vartabel Gugus Metil Ester

Berdut  adalsh  standar matu  pekim
berdmarkan standar wuu Intermatianal Pectin
Producers Association (2003) [15]

Tabel 1. Standar Muotu Pektin

mwhmmdwuﬂvdn-
yong dihasilan dan ekstraks  kulie  darian

kadar gakiktaronat dan berbeda tidak mynta
techadap kadar awr, kadar abu das berat ekivalen
[8] Sehingpn pethn dilakukan penelition untuk
waktu pengendapan  dan
konsentrasi bahan pengendap  menggusskan
etamol pads ekstraksi pektin dars kulit jeruk.
Berdasarkan  studi  pustaka yang  telab
dilakukan, sudah cukup banyak peneltian yang

| Faktor Mufu Kandungnn |
\annmﬂohﬂ

| o Pektin metokil tinggt | > 7.12%

| @ Pekrin bermetoksil 2,5% . T12%
|| el > 65%
Elcd-:mmplnlmmnl <10%

| Kadar atm <12%
 Kadsraw . )

- Derajat estensfikasi untuk - | > 50%

| ® Pektin ester tinggi <30%

| Pektin ster rendab 600 — 800 ng
| Bernt Ekivalen

Penggunan ultrasonik pada proses cktraksd
senyswa organik yang ada dalam tassman don
bigi-bijian dengan menggunakan pelart ocganik
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Bahao ynrge digunakan dalom penelsgian ing
adalah kulit jeruk, H:SO., HCL etanol 96%
(C:HO), aguadest (FL0), NaCl NaOH dan
ind&ator Phenalphtalein.

Alat yang dgunakin dalun penelitian u
adalel wlousownd btk Elnssonie S 300 H
erfenmesvr, beaker glass, termometer, pH meter,
neraca analitik, statif dan kiem, buret, gela sukur,
corong gelas, batang peogaduk, aluminium foil,
oven, cawan porselen. fienace, desikator, pipet
tetes dan kertas surmg.

Prosedur Pembuntan Pektin
1) Persiapan Balan Baku

Kulit jemk dicuci untk  menghilangon
kotornn kemudian dipotong dengan ukwran &
0.5cm untuk memnudalikan proses penghancuran
balan  menggunakan  blender. Kule  jemk
dimlukmdl dlhmmdcn'ululuw'(‘

uum:mwmmm
2) Ekstrakss Pektin dari Kulit Jendk
Serbuk  kulit  jek  yag  dibasdkan
dusasubkan ke dalmn erfenmever scbamyak 25
wramn, kenndian  dtambahkan lautan H:S04
0.050 N sebunyuk 750 ml, Catypuran kenmdinn
m&mmmwuhm
diisi aw pada sulm 70°C, seluna 30 meni dengan
freknensi 37 kHz. Perhitungan waktu ekstraksi
dinmlal  saat  tercapamys  koodisi  operast
percobamn. Sebwjutnys dilskukan peayanngan
dengan kertas saring dan filirt dianbil.

3) Pengendapan Pektin

Filtrat hasdl ekstraksi yang tehh dingin
diendapkan menggunnkan etanol dengan variasl
konsentrasi  75%, 85% dan 95% dengm
parbandmgan vohume 11 kenmdian didiamkan
dengan variasi wikmu 14 jam, 16 jam, 18 jom dan

sanng
4) Pencucion Pektin

Endapan pektm ynng terbentuk dicvct dengan
ctanol  96% samnbil  dilaknkan  pengadukan
Pemisahan endapan pektin dengan ctanol 96%
bekas pencucian dilakukan meoggumakan Kertas
saring. Hal i dilakukan beberapa Kal hagza
pektin bebas asam (tands tidok Esg: bereaksd
dengan asam adalah ketika awr bekas pencocin

pektin - berwmrma  merah  bila  ditetesi
MHN)IWI
5) Pengeringan Pekim

Pektm basab basil pengendapan yang telah
dicuct dan bebas asam selanjutnys dikeringkan
dalam oven pada temperatr SOPC hingga berat
konstan. Gel pektin ynng telah kermg kesntdmn
ditunbang dan beratnya dicatat,

Hanll dan Pembabasan
Ekstraksi Pektin

Pada peneltion mt ckstraksi pektin dani
kulit jensk dengan memanfantkan gelowbang
ultrasonik berfrekuensi 37 kHz dari Elmasonic S
300 H pada sulwt 70°C, wakiu ekstraksi 30 menit
dan menggunakan pelamt H:S0, 0,05N.

Pada metode komvensional enesgi pamas
whan bergerak dari aral war ke dalom baban
chstrok.  Sedangkan  dengan  ultrasond
metunfiatkan peristiwn kavitasi dabun proses
schmgga bna mempercepal proses  cktraksi
schmpga wakin ektrksi lebih singkm. Secan
prissip  gelombang ultmsonik terbennk  dan

uhrasonik  secarn  lokal  dan
h\’lmuihupdl:kchlmbthuyqlhn

tenyluu&nnklll

Sepert: haltyn pektm yazg merupakan serat
laut, yang terdapat di dinding sel tumbuban,
kavitasi dan ganggaan sed yang dischablcan oleh
gelombing  witrmsownd  dspol  menmgkation
tnnsfer mmssa dar matriks padat ke pelanut
nieningkatkan ekstraksi pektin (7]
Pengaruli Waktu  Peogendspan  dam
Komentrasd Etanol pada Karakteristik Pektin
Hasll Ekstinksl

Pevelitian i menpelaskan  karakrersik
pektin basl ekaraksi dari kubt jerak pada
petlakuan perbkuan pengendapan selas 14
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Jam, 16 jom, 18 jam dan 20 jam menggunakin
ctano] sebesar 75%, 85% dan 95%.

Rendemen (Field)

Rendemen pektin yopg  dibasilkan  dan
cktraksi kulit jeuk berkisar antara 16.44%-
2244%. Gambar 2 menynpikan  persentasi

rendemen pektm yang ddhasalkan
25 4
~20 1 Etanol
&
=154 w75
855%
10 1 »o5%
54
[
14 16 18 20
Waktu (jam)

Gambar 2. Persentase Rendemen (Yield)

Guumbar 2 meenujukkann pada perfakuan lans
woktu  pengendapan  dapst  dildat  pads
peuggumaan etanol 95% rendemen menmgkat
dengan serakin lamn waktu pengendapan. Pada
perhiknan perubaban konsentrasi etanol dapat
dilthnt pada waktn pengadapan 16 jam 18 jun
dan 20 jum vendesuen mensngkit dengan
semakin menmghal kotsentrast etanol yang
diguaakan

Etanol di dalun luwtan pektin akan bersifat
sebagat pendelidroku selungga kesetmbangan
antars pektin dengan air akan terganggu dan
pekain akan meogendap karcoa alkobol berbobot
mokkul rendah  sehingga  akmn  bercamgpur
senpurma dengan i wellui katan hidrogen
schingga mesgurangi jumish ion stau wolekul
o dbekcldm; pm- schamggn pektin aknn
mengendap.

Kadar Alr

Hubupgan  wakm  pengendapan  dan
konsentrasi etapol yang digunskan terhadap
Kadar air dapat @lihat pada gambar 3

1000 ~
.. 5300 1 Eranol
£ | »7%%
2 wssy
3 400 »05%
“ 200

0.00 4

" 16 18 20
Waktu ()
Gumbar 3, Kadar Air
Dart basd penguging kadar an pektin dari
Tt jeruk terhibat baliwa kadar nir akan seakin
memaun sewing  dengan  kewmadkan  wakm
pengendapan  dan  komsentrasi  etanol  yang

Kadar nir pektin tertinggi diperokd pada
waktu pengendapan 14 jan dengan konsentrasi
ctimo] 825% yaiu sebesar 9,45%. Kador air pektm
terendali dperoleh padn wakm pengendapun 18
Jam dengan Konsentrasi etanol 98% yastu sebesar
A0% Hal ini dischabloan pesmmbalian etmol
dapat  pendehidast  pekti sehanggn
mengpanggy stabalas lamtan kolowdaloya dan
akibatnya pektin skan tekosgubisl dan selamn
pengendapan terndi penggantian molekul air
oleh moleknl terlonet yang  mengakibatkan
koutak yang lebili huas antare rantai-rantai pektm
yaug menghasilkan jaringan komplks mokekul
polisakarida

Alkohol berbobot molekul rendabs sehaggn
alcan bercangmr sempurna dengsn air melalul
ikatan hadrogen sehmges mengurang: pumlah ion
atm o lekul air disekelilmg pektim

Kador oir darl pekrm hasil ckstraksi pada
penelitim tni berkesar autuen 4,0%-9,4 5%, Syt
kadar air maksiomm  untuk  pekiin kermg
megart [PPA (2003) yaitu maksimal 12%,
dengan demikian kadar air pektin hasil pencliton
i wemennhi synmt mun vang disetapkan [15],

Kadar Abu

Kadar abu memnjukkan wasib ada atau tidakuya
kompooen anorgamk yang tertinggal di dalam
pektin setelab pembakaran Hubumigan wakiu
pengendapan  dan  konsentrasi  etanol  yung
digurakan terhndap kadar abu dapat dikhat pada
gambar 4
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Gambar 4. Kadar Abu

Kader abu pekiin tertinggi diperoleh pada
wiktu pengesdapan 20 jam deogan konsentasi
ctanol T8% waitm sebesar 5.54%. Kadar abu
pektin - teremddah  diperoleh  pada  waktn
peagendapan 20 pm dengan Konseotrasi etanol
95% yau sebesar 2.34%, Pengaruh  wakiy
penpendapan dopat dilht pada  gambar 4,
dengan  konsemtrasi  etamol  85%  yang
wemmjukkm  kecenderungnn  kndar  abu
mengalami  penurunan dengan  meningkatnyn
wakiu pengendapan. Kadar abu jugn mengalam
peounan  depgan  menmgkatnyn  konsentrasi
ctanol scbagai boban peogendap yomng dapat
dilihat pada pengendapan selama 18 jun dan 20
Jum

Komponen mnorgantk dapat berupa kalsium
dan magnesm  yang  terhadrolisis  bersama
protopektm. Kadar abu berpeagarubs pada tmgkat
kenmerninn pektin Semakin kecdl kador abu,
sk Kermman pektin akan sexmakin baik [3].
Syt kndar abu maksimmm untuk pektm kering

Berat Ekivilen

Berat ckivalen menmpakan ukunn terhadap
kandungnn gugus ssam galakturonat bebas (tidak
teresterifikast) dalum rntai mwolekul pektin
Asam pekiat puumi merupakan zat pekiat yang
selurlimya tersusim aas asam poligalakrronat
yang bebas dani gugns metil ester atan tidak
mengalami estenfikasi. Asam pektat  murmi
memibki berst ekivalen 176, Tmgginyn derajat
esterifikasi mutara asam galakturonst dengan
metanol  mengakibatkan  semakm  rendalmya
jumlah asam galakturosst bebas vang berasti
semakin tmgginyn beras ekivalen [17).

CGambar S memusyukkan  bahwa  bernt
ckumalen pekiin bastl ckstraksi semakin necann

dengan  menmgkatuyn  waktn  pengendapan
pektin dan konsemtmsi etanol yang ditnmbalikan.

1000
g 800 Etanol
s n78
g 600 LR AL
i 400 o
o
0

Wakt (jam)
Gambar & Berat Ekivalen

Erapol vimumarya dalam proses smtesa pekim
schogad larvitan penggnumpal dan pencuct agar
dapat dipisaldan amara pektin dan pelarutays
serta larutan tasnbahan untuk menaskkan pH dan
pektm yang asam karena pelautnyn [17), Harga
berwt ckivalen dmentukan berdasarkan reaksi
penyabuman  gugns  karboksil oleh NaOH.
Baayakuyn vobune NaOH yang digianakan untuk
berenks: dengan gugns karboksil berbandmg
terbalik dengan wilsl bernt ckivalen, Semmkin
besar volume NaOH maka akan semakin kecil
nilai berat ekivalen. Semakin kecil berat ckivaten
artinyn  kandungan  metoksil pektm semakm
e

Bernt  ckivaken dihasilkan  pada
penelitinn mi adalah $10.20-862,07 mg  Data
staddar tmitu IPPA (2003) disnann berat eldvalen
peknin berkisar antara 600-800 [13]  Hawsl
peneliian i masih ada yang tidak memenubi
standar ety ynstu pada wakiu pengendapan 14
jan dengan Konsentrasi etanol 75% dengan nila
berat ckivalen melebili standar imim, sedangkan
pada perlakunn pengendapan 18 jan konseotrasi
$5% dan pada wakni 20 jam dengan konsentrasi
$5% dan 95% menghasilkan berat ekivalen yang
nikmya & bawah standar mutu pekrin,

Kadar Metoksil
Kadar metoksil didefinssikan sebagai jumbah
mol etanol yang terdapat di dalam 100 mol asam
galaknuronat. Kadar metoksil pekrin i memiliki
peranan yurg sangat penting dalam mencutukan
sifn fangsoomal  lauten  pektin dan dapat
i strukie dan tekstur dan gel
pektin. Kadar metoksal pektin yang didapat dani
hastl penelitian mi sekitar 735%-10.79% yung
dapat dilthat pada gambar 6 bertkun.
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Kader metoksl] mesgaluni penmghatan
dengan menmgkat nya waktu pengendapan serta
kadw metoksl mga mengalami penmghatan
dewn meningkatnyn konsentrasi etanol schagai

bohan pengendap yang depat  dibhiat pada
pengendapan selama 18 jam dan 20 pen Hal mi
dikarenakan proses demetilosi dan doesterifikan)
(hidrolisa gugns ester) pada pekim yaug dapat
menmngkatkan kadar metoksil yang dilmsilkan.
Senmkin banyak oksigen yang ferlaut dalam
langtan  nkan  mempercepat reakst, dengan
demikian bida pergendspan yang lema akan
wengakibatkan  proses  demetidast  Proses
demetilast akan memindabikan gugus meed] yang
terekstraky schinggn mengaksbotkan banynk
gugus metil yaog dilepaskan (8],

Berdasarkan penclitian yang telh dilaknkan,
peictin yang dihasilkon temmasuk poda pektin
bermetoksi] tinget knrena mial kadar metoksil
pektin memennls standar IPPA (2003) ywitu
>7.12% untuk jenss pektm benpetoksil tingm
[15). Dengan dendkinn pektin hasil ckstaks
dapat mecnbentuk gel pada rewtang pH=1 hingga
3.5 dan dengan penmbahan guln $5%-85% (9],

Kadar Galakturonat

Salalt satu yang meneotukan nutu pekrin
adalnh kadar galaktwonat, Semakm tmggi kndar
gakakturonat maks mum pektm semakm tinge)
pula [16]. Hubungen wakm pengendapan dan
konsentrasi etanol yang digunskan fethadap
kadar galakturonat dapat dilibat pada gambar 7
Kadar galakturonat yang diperoleh betkisar
autars  63.71%-95.74%. Kadar  galaknsronat
pektin  tertimggi  diperoleh  pada  wakm
pengendapan 20 jm dengan komsentran etanol
05 scdapgkan kndwr galakmronat pektin
terendah diperoleh pads waktu pengendapan 14
Jam dengan korsentrast etanol 75%.
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Gambar 7. Kadar Galakturonat

Peagaruh wakiu pengendapan dapat dalihat
pada gambar 7 dengan konsentrasi etanol 5%
dan 9%%  wng menuygukkan kecendenmgan
kadar  palaknarosst  mengaland  peningkatan
dengan  memngkatnyn  wokit  pengendapan,
Kadar galaktigonat juga mengalomi penmgkatan
denpan meningkatnyn konsentrasi etanol sebagi
bahnn pengendnp yong dapar dikhat pada

selan 14 jam, 18 o dan 20 jam
Hal mi discbabkan knrenn etanol bersifat polar
schingga dapat nengendapkan Jebih banyak
pektin dan semiakin lama pengendapan naka
akan terjadi renksi hidrolisis protopektin menjadi
pektm yang komponen dasarnys adaleh asam D-
galakrusonar [9]. Syarat kadar galak turonst umtuk
pektin kenng menamt  [PPA (2003)  yaitn
mmmum 65% [15), dengn demskian kadar
galakturomst  peltin hasdl  penelitian e
memenuhy syset nutu yang ditetaplan kecuals
pada wakne pengendapan selama 14 jam dengan
etanol 75%.

Kesimpulan

Kosimpulan  poda  peoclitian i adalah
perlakuan  pengendapan  pektin  membertkan
pengauh pada rendemen dan karaktenstik dari
pektin yoog telah dickstraksi. Semmkan lama
waktn  pespendapan dan semuakin besar

Karakterntik pektin yang berupa kadar metoksil
dan kndar galakturonat pektin hasil ekstraksi juga
merngkat, sedangioan karakteristik sepenti kadar
ax, kadar abm dan berat ekivalen menmukian
kecenderompan  mengalane pemurunan dengan
memngkatnya  lama wakin  pengendapan  dan
konsentrasd etanol
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Abstract: The citrus by-products pectin and polyphenols were obtained from Citrus x lantifolia
residues. The use of acid type, solute-solvent ratio, temperature, and extraction time on pectin
yield recovery was evaluated using a factorial design 3%; pectin physicochemical characterization,
polyphenol profile, and antioxidant activity were also determined, Results indicated a total
polyphenol content of 3.92 £ 0,06 mg Galic Acid Equivalents (CAE)}/g of citrus waste flour in
dry basis (DB), with antioxidant activity of 74%, The presence of nechesperidin (0.96 = 0,09 mg/g of
citrus flour DB), hesperidin (0.27 £ 0.0 mg/g of citrus flour DB), and ellagic acid (0.18 + 0.03 mg/g
of citrus flour DB) as major polyphenols was observed. All of the factors evaluated in pectin recovery
presented significant effects (p < 0.05), nevertheless the acid type and solute-solvent ratio showed
the greatest effect. The highest vield of pectin recovery (36%) was obtained at X0 “C for %) min, ata
ratio of 1:80 (w/v) using citric acid. The evaluation of pectin used as a food ingredient in cookies
elaboration, resulted in a reduction of 10% of fat material without significant texture differences
(p < 0.05). The pectin extraction conditions and characterization from these residues allowed us to
determine the future applications of these materials for use in several commercial applications,

Keywords: citrus polyphenols; citrus pectin; Citrus x lanfifolia; pectin extraction conditions

1. Introduction

The citrus industry in Mexico represents an important economic and social activity. Worldwide,
Mexico occupies the fifth place in citrus production; particularly, lemons represent the second maost
commonly produced citrus fruit in this country, where Citrus x lantifolia represents 30% of the citrus
crop cultivated in Mexico [1]. Most of the citrus production is intended for fresh consumption; the rest
is industrially transformed for the elaboration of juices, pulps, and fruit concentrates. Nevertheless,
around 45% of the fruit is wasted: thus as production increases, the generation of solid and liquid waste
also increases, which represents significant amounts of by-products not fully industrially exploited {2},
Nowadays, in order to reduce the environmental impact caused by waste materials from food industry,
alternatives to obtain added value products that could be exploited in different areas are necessary;
as an example, the extraction of biological molecules from citrus residues is an important part of an
integrated system that could finish in biocethanol production with the residues free from compounds as
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polyphenol and pectins, that can be used to favor fermentation process. Specifically, lemon peels are
rich in polyphenolic compounds such as phenolic acids and flavonoids, which have been reported to be
responsible for a variety of important biological effects [3]. Some of the biological properties reported
by polyphenolic compounds are the reduction of cholesterol and blood sugar levels, anti-cancer effects,
blood pressure lowering, anti-inflammatory properties, antimicrobial effects, antioxidant capacity,
neuroprotection and cardioprotection, all of which are also of great interest for many industrial
sectors [3-5]. Pectin, an acidic hydrocolloid widely used as a food ingredient for its gelling properties,
is also an important biomolecule of high industrial interest found in citrus waste; it is considered to
be a metabolite of biotechnological interest due to its stabilizing properties. Additionally, due to its
high water content and easily adjustable physical properties [6], research regarding its potential uses
in medical applications has emerged, for instance, nasal and oral drug delivery [7,8], cancer-target
drug and gene delivery [9,10], and tissue engineering and wound healing [10]. Most of the commercial
pectin is extracted from apple and citrus peels by the use of chloride acid, nevertheless, the trend of
consumers looking to find products obtained in a more environmentally friendly way, searching for
the lowest chemical residues generation as well as integrated citric waste utilization, led to the study
of new extraction methods in order to maintain or improve upon recovery yields [2]. Furthermore,
the prolonged commercial success of pectin has shown the importance of using fruit by-products as
raw materials to utilize for production [11]. On the other hand, the use of pectin as an ingredient in
bakery products has been suggested as an effective fat replacer [12]; pectin from Yuja (Citrus junos)
pomace has been evaluated as an effective fat replacement (up to 10%) in cakes without volume losses,
For that reason, the main objectives of this work were: (i) to determine the polyphenol profile from
Citrus x lantifolia flour residues, (i) to evaluate the principal factors affecting pectin extraction (solvent
type, time, temperature, and solute/solvent radio), (iii) to analyze the physicochemical characteristics
of the pectin extracted and compare it to a commercial one, and (iv) to evaluate the pectin obtained as
a functional ingredient in a bakery product.

2. Materials and Methods

2,1. Biological Maferials and Reagents

The raw material (Persian lime Citrus x lafifolia peel, bagasse, and seed) was collected at the Akil
Juicer from Union de Ejidos Citricultores, Akil, Yucatan. After juice and essential oils were obtained
by mechanical methods (scraping), samples were transported to the research center (CIATE]) and
stored at —4 “C until further analysis. Folin-Ciocalteu's phenol, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
analytical standards of gallic acid, caffeic acid, ellagic acid, naringin, hesperidin, neohesperidin, morin,
quercetin, genistein, kaempferol, methanol and acetonitrile (chromatographic grade), and commercial
citrus pectin were purchased in Sigma Aldrich (San Luis, M1, USA). Ultra-pure water was prepared in
a Milli-Q water filtration system (Millipore, Bedford, MA, USA).

2.2. Flour Waste Preparation and Characterization

Waste products were oven dried at 65 “C for 48 h before polyphenol extraction. Moisture content
was performed according to NMX-F-428-1982 [13], pH and acidity percentage were determined
according to the Association of Official Agricultural Chemists (AOAC) method. Color was measured
using a MiniScan Ez colorimeter, and L, a, and b parameters were obtained,

2.3. Polyphenol Extraction, Total Polyphenol Quantification (TPC), and Antioxidant Activity

Polyphenol extraction was performed according to the cryogenic methanolic extraction reported
in MX/a/2012/014554 patent solicitude and by Sanchez-Contreras et al. [14]. Residual waste after
polyphenol extraction was used for pectin recovery. The TPC was determined by Folin-Ciocalteu’s
phenol method [15], the absorbance was measured in a spectrophotometer (Thermo Scientific,
Biomate 35S, Madison, WI, USA) at 760 nm. Estimation of TPC was carried out using gallic
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acid as a standard and the results were expressed in mg of gallic acid equivalent per gram of
citrus waste flour in dry weight (mg GAE/g DW). Antioxidant activity was evaluated using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging method [16], the absorbance was measured in
a spectrophotometer (Thermo Scientific, Biomate 35S, Madison, W1, USA) at 517 nm. The DPPH
scavenging activity was evaluated based on the percentage of DPPH radical scavenged according to
Equation (1):

Spppt = Sp — (5 — 5:) /8, » 100 (1)

where Spppyy is DPPH radical scavenging activity expressed as a percentage, Sy, is the A517 nm of blank
treatment, Sc is the A517 nm of sample solution, and Ss is the A517 nm of the background of sample.

2.4. Polyphenol Identification and Quantification by HPLC

A mixture of polyphenol standards were considered, containing: gallic acid, ellagic acid, caffeic
acid, naringin, hesperidin, neohesperidin, morin, quercetin, genistein, and kaempferol. The retention
time of each of the standards was taken as criterion to identify the polyphenol contents in the samples
analyzed. To calculate the retention time of each standard, flavonoids were injected individually
and the average of 15 individual determinations were taken as retention time value. To quantify the
polyphenols identified in the samples, calibration curves of the standards at different concentrations
(1,5, 20, 50, and 100 ppm) were performed; each concentration was injected in triplicate in order to
calculate the time of average retention of each of the flavonoids in the mixture. A Finnigan Surveyor
Autosampler Plus Equipment was used, with Finnigan Surveyor PDA Plus Detector, the column used
was a Phenomenex, 00F-4435-E0, Gemini 5 u, C I8 110 A, 150 mm x 4.60 mm, 5 mucrons. The injection
volume was 25 uL and the mobile phases used were A:HPLC water with formic acid (0.1%) solvent B:
Acetonitrile with formic acid (0.1%), flow rate of 1 mL/min and gradient method starting with a minute
at 90% of mobile phase (MP) A, then 40 min at 74% of MP A, 30 min at 35% of MP’ A, 5 min at 100% of
MP B, and lastly, 5 min at 90% of MP A was performed to equilibrate the system. The determination
time was 80 min at A = 290 nm and A = 350 nm detection.

2.5. Pectin Extraction

A factorial design 3* was used to evaluate the independent variables: acid type (hydrochloric,
acetic and citric acid), solute-solvent ratio (1:30, 1:50, 1:80), temperature (60, 75, and 90 °C), and time
extraction (30, 60, and 90 min) on the pectin yield recovery. Acids were adjusted to pH 2.2, The different
acid solutions were placed in flasks of 100 or 250 mL according to the evaluated solute-solvent ratio,
then flasks were heating individually to obtain the temperature proposed in the factorial design,and 2 g
of citrus waste flour free of polyphenols was immersed into the solutions and kept in agitation during
the periods of time evaluated. The resulted extracts were cool at ambient temperature and centrifuged
at 5300 rpm for 15 min at 4 "C. The supernatants were further used for pectin recuperation, using
ethanol (96% ©/v) at 1:2 (p/v) ratio. The response variable of pectin yield was calculated according to
the methods previously used by Baltazar et al. [2] (see Equation (2)), where g of recuperated pectin
in DB indicates the weight in grams of the product recuperated after ethanol precipitation and oven
drying for 24 h at 45 “C. The g of initial flour waste in D, represents the weight in grams of the raw
material (Citrus x latifolia residues) used in the form of flour.

Pectin YIELD = (3 O} texspenned pecin I Q‘i') X 100 )
£ of initial flour waste in DB

2.6. Pectin Physicochemical Characterization

Three different pectin recuperation conditions were evaluated: two stages of acid hydrolysis
extraction and alcohol precipitation (A), three stages of acid hydrolysis extraction, alcohol precipitation,
and pectin washing (B), two stages of acid hydrolysis extraction with pH adjustment (pH = 6.5) betore
alcohol precipitation (C), then the resulting pectins were physicochemically characterized. Free Acidity
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(FA) and Equivalent Weight (EW) were calculated according to [17], FA was expressed as meq of free
carboxyl/g and EW was calculated with sample weight (mg) divided by the meq of the NaOH used
for titration. Methoxy Content, Esterification Degree (ED), and Uronic Acid (UA) were calculated
according to [18], Methoxy percentage was reported using Equation (3), ED was calculated using
Equation (4), and UA was calculated according Equation (5). Identification and pectin conformation
were determined according to [19] in order to obtain pectin gels.

meq. of NaOH = MW of methoxy x 100

Methaxy (e} = sample weight {mg) o @)

meq. of NaOH (methoxy content) % 100
meq. NaOH ( free acidity) + meq. NaOH {(methoxy content)

ED (%) = (4)
meq. NaOH ( free acidity) + meq. NaOH (methoxy content)

Un (%)= sample weight (mg)

%176 x 100 (5)

2.7. Cookie Elaboration, Water Activity (aw), Water Content (%), Physical and Textural Determinations

Cookies were prepared according to [20] with a slight modification, using wheat flour (22%), sugar
(32%), vegetal fat (22%), egg powder (10%), coconut (7%), ammonium bicarbonate (0.5%), sodium
bicarbonate (0.5%), raisins (6%), and water, then three percentages of the pectin previously obtained
were evaluated for fat substitution (2.5%, 7%, and 10%). Water activity and water content (%) were
measured using an ayw equipment Novasina AG (Lachen, Switzerland) and a thermobalance OHAUS
MB45-2A0 (Switzerland), respectively. Physical characteristics of the cookies in terms of diameter
(mm), thickness (mm), and spread ratio (diameter/thickness) were determined as the average of three
measurements, using an electronic digital caliper (Truper) (Jilotepec, Mexico) [21]. Texture analyses
were performed as maximal straight (textural hardness) using an EZ-SX Shimadzu Corporation, Japon
equipment. Textural hardness was quantified using a three flexion points test. The results were
expressed as the average of four measurements [21].

2.8. Statistical Analysis

Analysis of Variance (ANOVA) and Tukey comparison test (p < 0.05) of the results were determined
using the software Statgraphics” Centurion, version XVI (Manugistic, Inc., Rockville, MD, USA). All the
results analyzed by comparison test were the average of three independent determinations.

3. Results

3.1. Flour Citrus Wasfe Characterization

Previous to polyphenol and pectin extraction the Persian lime Cifrus x latifolic waste was oven
dried at 65 “C for 48 h; this procedure was performed in order to reduce water content of the residues to
favor material preservation. The results of the physicochemical characterization of the flour obtained
after the drying process are shown in Table 1. The moisture content was around 12%; this value
favors preservation of the material during storage, avoiding microbial and enzymatic degradation.
The pH obtained was 3.38 lower than the value obtained in the raw material (data not shown), the
total titratable acidity obtained was 7.43%, reported as citric acid meq due to the greatest presence
of this acid in lemon [22]. The color determination could provide information about possible sugar
caramelization during the drying process, expressed as a brawn color, or degradation of the material
with a low luminosity value [22]. As it can be observed in Table 1, color parameter results were related
to a yellow color and luminosity was higher than 60%, indicating a well preserved flour,
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Table 1. Physicochemical characterization of the Persian lime Citrus x lafifoliz flour waste,

Parameter Determination
Moisture content % 12.12 + 0.007
pH 3.38 = 0.000

Titratable acidity “ (citric acid meq) 743 £ 0.288
Luminosity (L) 62.63 £ 0.08

Color Parameter a 6.65 + 0,04
Parameter b 23.28 + 0.070

3.2. TPC, Antioxidant Activity and Polyphenol Profile

As is shown in Table 2, the TPC of citrus waste was 3,92 = 0.06 mg of GAE/g of citrus waste flour
(DB), and an antioxidant activity of 73.2% + 4.2% of DPPH" radical inhibition was observed. The major
compound identified was neohesperidin with a concentration of 0.969 + 0.099 mg/g of waste flour in
DB, followed by hesperidin, ellagic acid, caffeic acid, morin, and, in lower concentrations, gallic acid,
quercetin, kaempferol, and genistein (Table 2),

Table 2. Total polyphenol content, antioxidant activity, polyphenol identification, and concentration
determination from citrus waste flour residues.

Type of Analysis Determination mg/g of Waste Flour in Dry Basis
Spectrophotometer ‘Total Polyphenol content 3.92 = 006
analysis Antioxidant activity (DPPH + Radical inhibition) 73.29 4+ 4.2%
Gallic acid content 0.074 = 0003
Caffeic acid content 0.1560 + 0.007
Ellagic acid content 0.186 + 0.0292
Naringin content 0.003 + 0.0001
2 o Hesperidin content 0.278 = 0.011
HELC g Neohesperidin 0,969 + 0.099
Marin (0.134 = 0.004
Quercetin 0.058 + 0.0001
Genistein 0.00045 + 0.0001
Kaempferol 0.015 4 0.0001

* High pressure liquid chromatography; Values arc expressed as mean & standard deviation.

3.3. Pectin Extraction

Based on the factorial experimental design 3* the results of the different parameters evaluated
on the yield of pectin extraction conditions are shown in Figure 1. Higher pectin yield values were
observed at 90 “C with solute:solvent ratio of 1:80 with the three acids evaluated. Extractions with citric
acid resulted in the best pectin yield compared to the others; the maximal pectin yield attained was
36% using citric acid. The multifactorial analysis of variance (ANOVA) indicated that the interaction
of acid type and temperature as well as the four independently evaluated factors presented significant
effect (p < 0.05) on the pectin extraction yield, According to the Pareto analysis (Figure 2), a major effect
was related to acid type being higher with citric acid; solute:solvent ratio also presented a high effect,
followed by temperature and time. For all of the factors evaluated, pectin extraction vield increased
when the higher levels were evaluated.
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Pectin Yield (%)

Pectin Yield (%)

Pectin Yield (%)

60 75 90 & 75 90 60 75 90
Temperature ("C)

Figure 1. Pectin yield (%) under different extraction conditions: time (30, 60, and 90 min}, temperature
(60, 75, and X °C), solutersolvent ratio (1:30, 1:50, and 1:80), acid type (hydrochloric, acetic,

and citric acid),
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D: Acid type

A: Solute:solvent ratio
C: Temperature
B: Time
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Figure 2. Standardized Pareto analysis of the pectin yield obtained from citrus waste.

3.4. Physicochemical Pectin Characterization

The higher pectin yield was obtained with pectin recuperation process A, using the two stage
hydrolysis process, and C, with pH neutralization before alcohol precipitation. Moisture content
values obtained with treatments A and B did not show significant differences (p < 0.05) between
them, but were lower than the values presented in commercial citric pectin and treatment C (Table 3).
The titratable acidity expressed as meq of free carboxyl/g of sample indicated that the recuperation
procedure A exhibited the higher value; this could be due to the residual citric acid presented in
the sample. The equivalent weight was lower using the recuperation procedure A and higher with
procedure C when solution was neutralized before precipitation.

Table 3, Physicochemical characterization of pectins obtained from flour citric waste,

Physicochemical Characteristic Pectin According to Recuperation Process Commercial Pectin
A* B* G
Yield (%) 3645+ 0279  3486+021" 3621+ 140 -
Moisture (%) 79+0017 B17+0.16" 1072 £ 027 1049 L 0.04°
FA (meq free carboxyl/g) 3040349 204 £005° 17340290 0.733 £ 0,07
Equivalent weight (mg) 40037 =298 62225400 70674 +00°¢ 1364.63 = 0.0¢
Methoxy (%) 10.12£012% 1129 4+029°  9.00 40787 1056 + 02"
ED* (%) 5205 +£059" 64.09+01" 6241+ 1520 8229 £ 0.16°
UA * (%) DD* pD* 8159 £ 5044 7287 £0.16°

Values are expressed as mean + standard deviation. Similar letters in same line indicated no significant differences
(p < 0.05). % A: two stages of extraction acid hydrolysis and alcobol precipitation, B: three stages of extraction acid
bydrolysis alcohol precipitation and pectin washing, C: two stages of extraction with pH adjustment before alcohol
precipitation, FA: Free acidity, ED: Esterification degree, UA: Uronic acid, DD: Difficult to determine.

The methoxy content and the ED are chemical parameters related to the gelification rate and
pectin solidification. Procedure A showed similar methoxy % as commercial pectin; values higher
than 8% are considered to be high methoxy pectin. ED (%) was significantly (p < 0.05) lower with
the different pectin recuperation processes in comparison to commercial pectin. Nevertheless, all
treatments showed high values of ED. The purity of the material can be determined by the UA content;
values higher than 65% are accepted as high purity by the FAQ, as is the case of the pectin obtained by
procedure C,
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3.5, Pectin Identification and Conformation

The qualitative test for pectin identification and conformation was performed in the sample
obtained with procedure C and compared to the commercial one; all the tests indicated positive results
to pectin (Table 4).

Table 4. Qualitative tests for the identification and conformation of pectin.

= Laboratory Pectin Commercial Pectin
est e
Description Result Description Result
Pectin solution + ethanol Yellow gelatinous pp + Sandy color gelatinous pp * +
Pectin solution + NaOH 2N Yellow gel + Sandy color gel +
Precipitated gel + HCI 3N Colorless gelatinous pp + Colorless gelatinous pp * +
* pp: precipitate.

3.6. Evaluation of Pectin as Functional Ingredient

The addition of pectin in cookie elaboration was performed at 2.5%, 7%, and 10% of fat substitution.
The results of water content, ayw, physical characterization, and texture of the resulting cookies are
shown in Table 5, The water content in samples was between 5.3% and 8.3%; this parameter is related to
the capability of the cookie to absorb water. The control and treatment with 2.5% of pectin substitution
presented the lower water % content (0.45) and increased {=4).48) for the treatments with 7% and 10%
of pectin substitution. Diameter and thickness measurements of the cookies indicated that higher
substitution significantly decreased these values, nevertheless, the largest spread ratio was obtained
with the highest pectin substitution. Textural hardness indicated that there were not significant
differences (p < 0.05) among the substitution concentrations and control treatments. The result values
were in the interval of 18.3-20.6 N, which indicates the presence of a soft cookie that did not feature
drastic fracturing of the components.

Table 5. Water content, Aw, physical characterization, and texture analysis of the resulting cookies

with added citric pectin,
A Water N Physical Characterization Hardiiess
e Content (%) W Diameter Thickness Spread (N)
(mm) {mm) Ratio

Control 539+03% 044 +£002% 5012+0.05" 1045+ 0.15¢ 4.80 199 + 334
25%0f PS*  542+05"  045+001* 5005 +012" 1035+ 0.17¢ 183 20.6 4 2.1
7% of PS 823+04% 049 +002% F504L01° 992 + 01t 478 1834322
0% of PS5 765+01% 0484+001" 483 +011° 9.68 = 0.02° 4.99 189 +32%

Values are expressed as mean & standard deviation. * PS: pectin substitution. Similar letters in the same line indicate
no significant differences (p < 0L.05).

4. Discussion

4.1. Flour Citrus Waste Characterization

Moisture % of the citrus waste flour is in concordance to the Mexican normativity for flour
materials NOM 247-SSAI-2008 [23], which indicates a maximal value of 15%; this is an important
parameter to ensure the preservation of the material, reducing the risk of microbial contamination
and enzymatic degradation that could reduce polyphenols and pectin yields. pH is related to the
acidity presented in citrus residues that could be reduced by the dehydration process due to the salts
dissociation as reported by Badillo [22], who obtained pH values of 5.5 for fresh fruits and 3.2 after
dehydration. Total titrable acidity is related to the citric acid presence that might remain in the peel
waste after juice extraction [22]. The slight dark coloration of citrus waste flours could be related
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to the natural pigments and sugars present in the products that could be partial degraded during
waste drying, nevertheless the luminosity value higher than 60% indicates that the elaborated flour
presented the possibility of preserving the quality of the by-products (polyphenols and pectin) that
can be extracted from it

4.2. TPC, Antioxidant Activity, and Polyphenol Profile

The importance of the polyphenol extraction method used in this study is related to the use of
solid carbon dioxide, which favors a higher disruption of the vegetal matrix, which combines with the
solvent, and promotes faster liberation of the phytochemicals compounds. A faster extraction process
reduces the possibility of degradation to the polyphenols biological activity occurring due to heating
and time consuming methods [24]. Furthermore, the total polyphenol content was higher than the
results reported by Li et al. [25] and similar to the values obtained by Wang et al. [26] in citrus residues;
in both cases, they used methanol as an extraction solvent. However, the TPC value was lower than
the values mentioned by Papoutsis et al. [27]; this can be explained due to the different conditions
used by these authors for drying peel preparation prior to TPC extraction with hot water, furthermore,
the species of the citrus residue evaluated was also different (C. linon). Additionally, in our case,
a lower TPC content could also be attributed to a previous essential oil extraction that could take part
of the polyphenols presents in the peel and increase polyphenolic degradation before flour preparation.
Although it has been reported [24] that a soft heat pre-treatment of the vegetal matrix (like the drying
process) could enhance polyphenol extractions due to the previous disruption of the vegetal structures
that favor polyphenol liberation, there are different conditions such as: pre-treatments methods, and
different solvents and extraction conditions that can reduce or improve TPC yield [24]. Related to the
antioxidant activity, the values reported herein are promising due to the preservation of more than
70% of the antioxidant activity. It has been reported that principal polyphenol compounds present in
lemon residues, such as the flavonoids hesperidin and eriocitrin, may also have a major part in the
antioxidant effect [28]. In this study, hesperidin is the second major compound detected, although the
presence of eriocitrin was not determined due to the lack of the standard for the quantification analysis,
the presence of unidentified peaks in the chromatogram was observed. If the methanolic polyphenol
extraction is performed for further applications in the food industry, in all the cases a total elimination
of the methanol content by evaporation is required for the restriction of methanol presence in food
products, as reported by FDA. Phenolic compounds extracted from citrus waste could be excellent
functional ingredients in the food industry and especially in bakery products due to the presence of
antioxidant activity, nevertheless the sensitivity of the compounds suggests the use of encapsulation
matrix to preserve their biological activities,

4.3. Pectin Extraction

For pectin extraction, all the factors evaluated presented a significantly effect. The solubilization
of protopectin depends on a control acidic medium during the extraction process as well as the
temperature and time [29]. A better pectin yield was obtained with citric acid than acetic or
hydrochloric acid. Stronger acids could breakdown the polysaccharide bonds and reduce pectin
vield; furthermore, the hydroxyl groups of the citric acid benefits the formation of hydrogen bonds
between pectin and the citric acid favoring extraction [29]. As is indicated in results section, the Pareto
analysis showed that conditions with higher values resulted in higher extraction yields; hence 90 min
of time extraction and a ratio of 1:80 resulted in higher pectin yields regardless of the type of acid
used. Pectin vields obtained in this work are comparable with those obtained from apple and citrus
(10%—40%) at laboratory scale [29]. The use of citric acid that favors pectin yield also promotes
the application of green technologies to pectin production, reducing the generation of hydrochloric
acid residues,
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4.4, Physicochemical Pectin Characterization

Pectin characteristics depend principally on the vegetal source as well as extraction conditions.
Pectin moisture content along with all the physicochemical parameters of pectin is related to the quality
of the product as it indicates the water absorption capability. Thus, pectin obtained with treatment
C presented similar pectin moisture as the commercial pectin, indicating similar water absorption
capability during storage at ambient temperature. Titratable acidity values were higher than those
obtained in the literature [17]. This might be due to the residue evaluated and the ripening stage,
as well as the residues of the citric acid used during extraction. The equivalent weight is associated
with the maturity stage of the fruit and is inversely proportional to the free acidity; this parameter is
related to the gelling power and viscosity of the resulted pectin. Ferreira et al. [30] determined the
equivalent weight of different citric fruits, obtaining values between 528 and 1130 mg; thus, the values
obtained herein between 400 and 750 mg are similar to the values reported elsewhere. Madhav and
Pushpalatha [31] characterized pectins from different fruits, and found high methoxy pectins for citric
sources of around 9%, as was found in this work. This value is similar to the values obtained for
pomelo pectins [32]. Characterization of pectin from citrus residues (Citrus x latifolia) requires further
analysis to study rheological parameters that can influence pectin application. However, considering
its characteristic of forming gels, these pectins could also be used for medical applications [5] or to
fabricate new entrapment bio-composites for probiotic delivery in the food industry [33].

4.5. Evaluation of Pectin as Functional Ingredient

As reported in the results section, the addition of pectin increased water content, although up
until a 3% addition of pectin the conditions evaluated did not cause a significant difference in texture
analysis. Thus, these results suggest the use of pectin from Cifrus x latifolia flour residues could be
used as a fat replacement in bakery products due to the capability of this pectin to trap water and to
give weight to the product without increasing calories. Further analyses to increase substitution values
and sensorial analyses are needed in order to obtain a healthy and high quality product, nevertheless
an approximation of a functional application is given in this work.

5. Conclusions

The interaction between the temperature and acid type, as well as the individual factors: extraction
time, solute-solvent ratio, acid type, and temperature presented a significant effect (p < 0.5) on the
yield of pectin extracted from Persian lime Cilrus x latifolin waste flour. According to the multifactorial
variance analysis, the best extraction conditions were: citric acid at 90 “C for 90 min at a ratio of
1:80 (w/v) with a yield of 36% (g of pectin recovered per g of flour used). The evaluation of pectin
recuperation process on the pectin physicochemical characteristics indicated that the best treatment
was obtained with neutralization before precipitation. Using these conditions, a pectin with moisture
content of 10.72%, free acidity of 1.73 meq free /g carboxyl equivalent weight of 706.74 mg, methoxy
content of 9.0%, esterification degree of 62.41%, uronic acid of 81,59%, and yield of 36.21% can be
obtained. The pectin was also categorized as having high methoxy, slow gelation, and a high degree of
purity. Polyphenols profile determination indicated the major presence of the flavonoids neohesperidin
and hesperidin in the residue with a TPC of 3.9 mg of GAE/ g of citrus waste flour DB and a value
higher than 73% for antioxidant activity. The application of the citrus pectin as fat replacer in the
cookies elaboration indicated a potential functional use of the pectin extracted using the best conditions
observed. The characterization of pectin allowed for the determination of the characteristics of pectins
that might be useful in other commercial applications.
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Abstract

Orange (Citrus sinensis) and grapefrult ( Cltrus paradise) peels were used as a source of
pectin, which was extracted under different conditions. The peels are used under two
states: fresh and residual (after essential oil extraction). Orgarsc acid (citnc ackd) and min-
eral acid (sulfuric acid) were used in the pectin extraction. The aim of this study is the evalu-
ation the eftect of extraction conditions on pectin yield, degree of esterification "DE” and on
molecular weight "Mw™. Results showed that the poctin yield was higher using the residual
peels. Moreaver, both peels allow the obtainment of a high methoxyl pactin with DE >50°%.
The molecular weight was calculated using Mark-Houwink-Sakurada equation which
descrives its refationship with intrinsic viscosty. This later was determined using four equa-
tions; Huggins equation, kramer, Schulz-Blaschke and Martin equation. The molecular
weight varied trom 1.538 x10 1o 2.47x10™ g/mo! for grapetruit pectin and from 1,639
x10%% 16 2.471 x10° g/mol for orange pectin,

Introduction

Pectin substances are present in practically all fruits and vegetables, These substances are the
major component of the middle lamelia and of the primary cell walls of fruit tissues [ 1], Many
works reported that citrus pectin have inhibitory effects on fibroblast growth factor signal
transduction | 2,1}, suppression of LPS-induced inflammatory responses (4] and preventive
effect on cancer growth and metastasis [5-7]. Pectin has also several physiological and biologi-
cal functions, such as stimulation of phagocytes and macrophages [4,9], spleen cells prolifera-
tion {10} and reduction of serum cholesterol [ 1 1]. Citrus peels are reported to be good source
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of pectin | 1 2] which is widely used in the food industry for it gel-forming properties which
depends on its degrees of methyl esterification DE and mobecular weight [13], The primary
structural feature of this polyssccharides is a inear chain of poly {1 —4}-D-galacturonic acid
with varying degrees of methyl esterification (DE), Commercial pectin preparations are divided
Into low-methoxyl (LM) and high-methaxyl (HM) pectins according to the degree of esterifica-
tion (DE). Pecting with DE less than 50% are considered to be LM pectins [ 14,15]. Viscous-
tlow propertics are very important during the production and applications of pectin and the
higher the molecular weight is, the higher is its viscosity, the better is its grade | 16,17), Viscos-
Ity is affected by molecular weight, degree of methylation, concentration and temperature {17-
19]. Usually, the extraction of the pectin is achieved by acid at high temp

using hydrochloric acid, nitric acid or sulfuric acid. This treatment allows the extraction and
the salubilization of the pectin. However, some degradation reaction such as de-esterification
and depalymerization will occur. Therefore, the extraction conditions (temperature, time, and
PH) should be carefully controlled to achieve the desired pectin quality, Pectin is recavered by
filtration or centrifugation process. Then, pectin is separated from the purified extract by pre-
cipitation using akcohol or by insoluble salt, The pectin is washed with alcobol to remove all
impurities and finally dried and milled. Various alternative or complementary extraction pro-
cesses have been suggested to improve the manufacture of pectin, We cite the extrusion pre-
treatment of the raw material when pectin ks extracted from apple pomaces [ 20, Ultrasonic
pulsation t Linag acidic solution which allow the reduction the processing time
[21] and steam injection beating under pressure [22].

The objectives of this work is the determination of pectin yield, esterification degree and the
mobecular weight of orange and grapefruit peels pectin extracted after juice extraction, and
from the residual peel after steam distillation using two kinds of acids 2 mineral one which is
the sulfuric acid, and organic one which is the citric acid.

Results and Discussion
2.1 Pectin yield

According to the extraction process described in the Fig |, the pectin yvield obtained from the
two citrus species (orange and grapefruit):

Based on a dry weight and all citrus peels states, grapefruit peels pectin yield was higher
than that obtained from orange peels used as raw material. For both citrus species, the highest
pectin yleld was obtalned using the residual peels, Residual Orange peels pectin yield was
29.93% and 25.92% using sulfuric and citric acid respectively, while the fresh peels give the low-
est pectin yiek; 23.60% using sulfuric acid and 22.69% using citric acid. The highest pectin
yield obtained from grapefruit peels was 33,63% from residual one using sulfuric acid, while
using citric acid gives 28.74% as pectin yield. The pectin yield obtained from fresh grapefruit
peels was 25.53% and 24.54% when using sulfuric and citric acid respectively, The increase in
pectin yiek! in both orange and grapefruit peels is ranging from 3.23% to 8,10%, The increase
In pectin yield Is noticed when residual peels were used can be explained by the thermal treat-
tmient during the hydro-distillation which weakened the structuse of the peels thus increasing
interaction between acidic solution and raw material during the extraction, therefore leading to
an effective increase of pectin yleld. In the process of ovange essential oll and pectin extraction,
it has been recommended to fiest extract oil using simple distillation and then isolate pectin
with acid hydrofysis technique which may lead to 46.46% as pectin yield | 23], Kar has removed
essential odl form orange peels using petroleum ether and used these peels as raw material for
pectin extraction. The yield obtained using hydrochloric acid was 29.58% | 17]. Bagherian
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found that the pectin vield was 19.16% using & conventional method extraction on grapefruir
peels [24].

2.2 Degree of esterification

The DE of grapefruit peels pectin ranged from 70,7341,33% to 75,5340.95% ( Table 1) and ran-
ged from 63,29+0,84% to 75.00:0,53% for orange peels pectin. Based on DE, pectin can be clas-
sified as high methoxyl pectin with DE >50% which is commercially available food-grade high
methoxyl pectin [24,25].

From Tuble 1 we notice that the degree of esterification increases when we use the residual
peels instead of fresh ones for pectin extraction and the DE was higher when the pectin s
extracted using citric acid. The temperature and the acid concentration contribute to increase
the DE of pectin {24.26), The thermal treatment of the peels undergone during essential oils
extraction affects the pectin degrees of esterification. Indeed harsh temperature conditions

Tobia?: ogrov ol etumiction of ormngend repeinil pecting.

Grapeinit Fiosh  Sulfurlo _ Tgeaonk
Chic 70.7381.35%
{ Reakiual | Sulurio } TAAR1 2%
| = [ 75.5340.95%
Orange Frach | Sutfrd N S
RAesidual | Suhuric T4515041%
e Civic 75,0010 55%
510,137 1 founal pooe 161751 1001
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increases the degree of esterification | 27,25], Generally and for most of the pectins, it appears
that the citric acid has a positive effect on the degree of esterification compared with that of sul-
furic acid. This positive effect of citric acid has been noticed in various works §29,30],

2.3 Intrinsic viscosity determination

Intrinsic viscosity of a polymer solution is the assessment of polymer capacity to enhance vis-
cosity [17]. Figs 2 and 3 show the method adopted for intrinsic viscosity determination. The
later can be obtained wsing a linear regression graphic doubl fation procedure which
involves extrapofating the course of a specific viscosity to infinite dxlutm |31]. As shown in
Figs 2 and 3, the Huggins and Kraemer plots have & high leved of Hinearity and extrapolate
approximately to the same intercept at zero concentration for all extracted citrus pectins,
These results suggest that the interference of ionic strength effects and molecular aggregation
on viscosity bebavior were reduced by the good chokee of sodium chioride as solvent. In order
to confirm and compare the results obtamed from Huggins und Kraemer plots, values of intrin-
sic viscosity were also compared with those abtained by plotting Schulz. Blaschke Eq (8), and
Martin Eq (%). The values of the intrinsic viscosity were comparable to each other and are also
comparable to those obtained from Huggins and Kraemer plots for each pectin solution. For
each pectin solution, the intrinsic viscosity was determined using the linear regression graphic
extrapolation of the four equation mentioned Materials and Methods section (6,7, 8 and 9),
The values of intrinsic viscosity of all pectin solutions deduced from the plots are presented In
lable 2 for grapefruitand Table 3 for orange peels.

The ANOVA test shawed that the difference between all the peels stats/ Acsd is significant, F
ratio was 5059.83 at (p=>0,05). In order 1o compare each pair of peels stats/ Acid we performed
Tukey-Kramer HSD (honestly significant difference) test. Results showed that peels stats/ Acid
that are not connected by the same letter (a, b, ¢ and d} are significantly different.

High degree of linearity was observed for all the plots. It shows that Hugginss equation,
Kraemer's equation, the Schulz-Blaschke and Martin’s equation are sultable to be applied 10
calculate the intrinsic viscosity [n] for all grapefruit pectin solutions (Fig 2) and also for orange
pectin solations (Fig 1), M . the extrapolation plots of the four mentioned equations
wive approximatety the same value of the intrinsic viscosity. From Table 2 and the Tuble 3, the
intrinsic viscosity values depend on the nature of the acid used in the extraction of pectin and
on the peels’ states. It was seen that citric acid gives a high intrinsic viscosity value than that
obtained using sulfuric acid, except for orange residual peels, where sulfuric acid extracted pec-
tin with higher Intrinsic viscosity than that obtained using citric acld. In addition, both of
prapefruit and ocange fresh peels give pectin with higher intrinsic viscosity than residual peels.

The ANOVA test showed that the difference between the different pectin molecular weight
15 significant, the F ratio was 2387.67, at P<0.05. The Tukey-Kramer HSD test showed that all
peels stats! scid were significantly different and that none was connected by the same latter.

To get more validity to our results, and according to Evageliou [12], we analyzed pectin
chains behavior while flowing through the viscometer, by studying the variation of “zero
shear” specific viscosity (n,,) with degree of space-occupancy (C[n]). The concentration at
which the total volurme occupied by the polymer becomes equal to the total volume of the solu-
tien is known as the overlap concentration C*, At this concentration polymer entanglement
my happen | 33]. Theoretical calculations showed that C* is reached when ¢[n] = 1. Thus the

lution is defined to be dilute when C < C* and at higher concentrations (C > )
thepo!ymeruttﬂnedumn «dilute. When C > €7 an entangled network can be formed and a
chain movement occur by a difficult process that changes the solution properties | 52]. How-
ever for many polysaccharides significant restriction to the movement of individual chain
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Fig 3. Hugging, Keasmar, and Martin piots for 0range pectin extracted Irom resh peels uszing sufuric acd (8'), nd
Sitric ackd (') and Trom residual paels using sulfuric ackd (0, #d Gitric acd (d) and Schulz-Blacschike pio of all
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occurat C=4C" [32,34], Fig 4 shows that all pectin solutions are termed as dilute solutions for
both citrus species used in this work (a: orange; b: grapefruit) and that none of the solutions
reached the four time coil-averlap concentration that causes significant changes in solution
properties.

All pectin solutions are defined as dilute solutions (C < C*). The spectfic viscosity is propot-
tional to the parameter C [r} and it is scaled linearly. In addition, the range of concentrations
used in intrinsic viscosity determination does not exceed the critical concentration C* beyond
which the overtap between pectin chains are likely to occur, thereby distorting the measure-
ment of the viscosity of pectin solutions. Various polysaccharides were studied 10 determine
the concentration at which the behavior of their solution becomes messy becanse of overlaps
polysaccharide chains. As a resuls, the transition from dilute solution behavior to the behavior
of concentrated solution occurs when the specific viscosity ny, = 10 and the parameter C ] =
4 C* [35]. All pectin solutions are dilute solutions because they have a specific viscosity of not
more than 1.5, Alse the parameter “C [n". which informs about the occupation state of volume
of the solvent by the polymey, Is well below the threshold 4C”. Beyond the threshold of 4 C*,
the pectin solution is defined to be concentrated. Therefore, there are overlaps that cause signif-
icant restraints on individual pectin chains’ movement relative to each other during the flow of
the pectin solution through the capillary viscometer. Thus distorting the viscosity
measurements.

2.4 Molecular weight determination
Since Huggins’s equation, Kraemer's equation, the Schulz-Blaschke and Martin equation can
be used to determinate the intrinsic viscosity we calculated the average of all intrinsic viscosity
gotten by the Eqs {6, 7, & & 9) and we used this average intrinsic viscosity value in the Mark-
Houwink-Sakurada Eq (10) to calculate the molecular weight Mw (Table 4). The molecular
weight of pectin extracted from the residual citrus peels, atter essential oil distillation, was
lower than the one obtained using fresh peels for both citrus species. It can be explained by the
thermal degradation of the pectin during the essential otl extraction, which kas a lowering
effect on pectin molecular weight, Bagherian and Fishman reported that continued heating of
pectin may Jead to pectin networks disaggregation, thus decreasing the molecular weight
[24.36]

To support our results, we performed an exclusion chromatography wsing Sephadex G-150
as stationary phase. We hydrate the Sephadex (5g) with water (100ml) for one hour. After fill-
Ing the column (15¢m x 1.4cm), we determined the retention time of the following polymers:

+ Sodium carboxymethyl cellulose (SIGMA-ALDRICH, Mw ~%0000 g/mol)

Table 2. Intrinsic viscosity of grapefruit pectin solutions,

Grapefrult peels StatsiAcid ~ Mugginsplot =~ Kraemerspiot | Schulz-Bloschkeplot | Martinplot | average value of [n] (dUg)
ALt B 1 16.454 A | 18.3560.091°
21231 21232 21691 21.449 21.42640.144°
12812 12,426 12,524 12517 1240500084
13015 13.051 | 13108 13071 13.08120.008"

00 101371 foumal pone. 0161751 1002
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Table 3. Intrinsic viscosity of orange pectin solutions,

| , ntrinsic viscosity [n] (diig) i
Orange peels Stata/Acid . Hugginsplot Kraemers plot | Schulz-Blaschkeplot ~ Martinplot  Average value of [n] (dUg)
Frash peels/Sutturic acid 20687 | 20961 | 21.351 . 20960 20907:0.18"
Frosh peels/Citric ackd | 22874 | 22476 | 22,505 L2289 22.739£0.15°
Residual peets/ Sulfuric acld 13556 | 13598 | 13685 . wew. 135084003
Residualpeels/Cltricacld 14414 I 14 L 1aset 14.601£01*
doi 10 1371 foemal pore 0161751 1003

« Commercial Orange pectin (SIGMA-ALDRICH, Mw = 195000—DE = 70%)
« Locust bean gum (SIGMA-ALDRICH, MW 315000 g/mol)

A total of 17 fractbons {each 15 seconds) were collected and for the revelation of the poly-
mers presence we used the Dubois protocol [37], This protocol allows the colorimetric deter-
mination of sugar and refated substances, The aim of this experiment is obtaining  calibration
curve that links the molecular weight to the retention time. The link between the molecular

weight and the retention time is rep d as the following equation of the calibration curve
Rt = a Mw+b (R: retention time; Mw: Molecular weight). The equation of the calibration
curve is:

y=—0.000% + 29219 and ' = (L9711,

The presence of the polymers was detected using Dubois protocol. While the intensity of
the peak was evaluated using the absorbance reading of each fraction. After the establishment
of the calibration curve, we performed the exclusion chromatography of our orange pectin
which was extracted from fresh peel using citric acid (Mw = 2.405" 10" g/mol} and from resid-
ual peels using sulfuric acid (Mw = 1.639° 10" g/mol respectively} in order to confirm their
molecular weights. Tuble 5 shows the results obtained according to the sampling interval;

(s} 12 (b}
10 s
08 08
06
3 &:,o.e
04 04
02 02
00 0
00 02 04 06 08 10 12 0 02 04 06 08 1 12
Clnl Cin

—a— Residual pedls/Sulfunc aod  —- Residual peelsiCitnc acd

~@ Fresh peels/Sullunc acd 2~ Fresh peels'Cinc ac

Fig 4. Variation ol “zero shear” specific viscosily {n,,) with degres of space-cccupancy (c[n]) for Orange {a) and Grapefruit
{b) pectins.

ot 10137V umal pong 0161751 D04
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Table 4. Orange and grapefrult pectin molecular weight (Mw).

! Mw (gmol)
Poels stataincid used Grapleult Orange
Fresh peels! sulturic H _2300x0® | _ 2268007
Freh peels/citric | 24725107 } 2.405x10™
Residual peelsisuhuk: ] 1.538 x10"™ | 1,639 x10™
FAesidual pesisitne | 1544 x10% | 1.728 x10™

G4 10,137 Vicurma pone 161751 1004

Based on the absorbance, the peak for pectin which was extracted from fresh peeds using cir-
ric acid is at 90 seconds, and at 150 seconds for the pectin which was extracted from residual
peels using sulfuric acid, Using the calibration curve equation we found that the molecular
weight of the orange pectin {fresh peels/citricacid) is 1.580°10” g/mol and 2.247° 10" g/mol for
the secand orange pectin (residual peels 7 sulfuric acid), According to the viscometric measure-
ments, the molecular weight of the orange pectin which was extracted from fresh peels using
citric acid is 2.405" 10” g/mol while it was 1.639°10” g/mol for the pectin which was extracted
from ressdual peets using sulfuric acid. These results are close to the ones obtained by viscomet-
ric thus supporting them.

The use of the sulfuric acid gives pectin with a lower molecular weight than citric acid in
grapefruit peels case. It was found that pectin extracted from orange had nearly the same qual-
ity as the one obtained from grapefruit based on Mw. According to Zhou, ressdual orange peels
(after the extraction of essential il and flavonoids) provides pectin with molecular weight of
1.65" 107 g/mol [ 38]. This result is less than what we've got using our residual orange peels
1.728 * 10° g/meol using citric acid and nearly the same pectin moleculas weight in the case of
the sulfuric acid and 1.639°10° g/mol. The molecular weight can vary depending on the extrac-
tion protocel conditions and the state of raw material, Haring found that the molecular weight
of citrus pectin varied from 2 x10* to 2 X107 g/mol [29]. Maorris found that the modecular
weight of commercial pectin, with different esterification degree, was approximately constant

Table 5. mmmmu

Reteationtime(s)  Freshpeels/Cltricacld  Residual peels / Sulfuric acid

0 | a 0

15 | a 0

30 s 0,034 0

45 I 0,067 0

8 i 0122 | 00

75 | 0,156 . o002

%0 | 0286 | 0,04

108 ! 0.201 } 0.07

120 ! 9185 1 o1

135 0.124 016

180 | a0 | 0.23

185 | 0042 , 018

180 | 0m2 012

156 a 0.08

210 ! [ 008

R S 0 00
0210137 Vioumal pons 0161751 1005
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in the range of 1.9 x10"£3x10* g/mol [10] and 1,95 x10°+5 x10” g/mol |41 ], Our results show
that we were able to extract pectin that equals the commercial one based on molecular welght
and even goes beyond it as in the case of pectin extracted from the fresh peels. This molecular
weight decreases for pectin extracted from resichual peels. High temperature and long extrac-
tion leads to a drop in the molecular weight of the pectin obtained {24,28], In our case, this neg-
ative effect of temperature begins during the extraction of essential oils, This temperature has o
positive effect on pectin yield certainly, but its impact on pectin molecular weight is negative.

Conclusion

Pectin quality varies according to the citrus species waste used as raw material. The natore of
the acid used in extraction affects significantly pectin yield and the molecular weight. Residual
citrus peels provide a high yield of pectin due to the thermal treatment undergone during the
essential oil distillation, which weakens the primary cell walls, thus improving pectin recovery.
In addition, the degree of esterification observed for alt extracted pectin was higher than 50%,
which classifies thent as high methoxyl pectin. Pectin extracted from fresh peels had a better
grade than the one extracted from residual pects in terms of molecular weight, bt it does not
prohibit its food industry utilization. Having pectin with a high molecular weight is important
because it ts possible to carry out controlled de-polymerizations reactions that allow the obtain-
ment of low molecular weight pectin. Pectin with a low molecular weight has several benefits
tor the human body. Pectin consumption can potentially play an important role in detoxifica-
tion of harmtul chemicals, toxins and heavy metals in the body. This property makes the pectin
an attractive option to treat heavy metal intoxication. Becawse of its Lirge molecular weight,
pectin cannat pass into the blood system, This passage is made possible by reducing the molec.
ular weight pectin allowing it to express its chelating and detoxifying power in the human
body, [4243],

Materials and Methods
4.1 Raw Materials

In the present work, two citrus species were used: grapefruit { Citries panudisi) and orange (Cit-
rus sinensis), These citrus peels were collected after juice extraction process and were treated
according to the method described below.

4.2 Simple preparation

In previous works [ 44, we have used two batches of ground citrus peels, The first batch was
washed with water in order to remove impuritics, dried and ground for pectin extraction, while
essential oil were extracted from the second one (vapodistillation). Pectin extraction

In a previous work [15] we have optimized the pectin extraction conditions by targeting:
time, temperature and acid concentration to get the highest pectin yiekl. We used these optimal
conditions {0.1M; 80°C; 60min} in pectin extraction for its characterization. Pectin was
extracted from both citrus peels states mentioned above, with aqueons sulfuric acid and citric
acid (1:30, wiv) under reflux. After centrifugation (3000g for 10 min), each acid extract was fil-
tered and the pectin was precipitated with two volumes of ethanol 9%6%, stirred slowly and
stored in a refrigerator overnight b order to fully achieve pectin precipitation [46,47]. After-
ward, the gelatinous precipitate was removed by centrifugation, washed three times with 96%
ethanol to remove the monosaccharides and disaccharides [ 44). The wet pectin was dried
under vacuum and the welght was monitored until stabilization. All the experiments were
done in triplicate and results were reproducible with an acceptable average error.

PLOS ONE | DO G 1371 loumal pana D161751 - September 15, 2018 10/186



T/ PLOS |oe

Yieid, Eosterfication Degree and Maolecular Weight Evaluation of Citrus Pecting

4.3 Pectin yield
Pectin yield was calculated as follows:

Pectin yield (%) « (m,/m)" 100 (1)
“my” (g) s the dried pectin weight and “m” (g) is the dried raw material weight

4.4 Degree of esterification (DE)

The DE of the pectin was determined by the titrimetric method [19] with minor modifications.
The dehydrated sample was moi d with 2 ml. of ethanol and dissolved in 25 mL. of distilled
water (free of carbon dioxide). Two drops of phenolphthalein were added after complete dissolu-
ton of the sample, then we started the titration process with 0.25 M sodium hydroxide 1o new-
tralize the free carboxyl acids from anhydro-galacturonsc acid and the result was recorded as
(V1). Afterward, 10 mL of 0.25 M sodium hydroxide was added and stirred for 30 min for hydro-
lysis, followed by the addition of 10 mL of 0.25 M hydrochloric acid and stirring until the coen-
plete disappearance of the pink color of the sofution. HCI Excess was titrated with 0.1 N NaOH.
The number of the esterified carboxyl groups was cakeulated from the volume of 0.1 NaOH salu-
tion spent for titzation (V2). The DE of the pectin was calculated using the fotlowing formuia:

v

pagase.y
NDE = il e 100 (2}

4.5 Viscosity measurement

For polyelectrolytes such as pectin, there is & progressive reduction in coll volume with increasing
lonic strength [ 50]. When solutions are prepared in water, the ionic strength changes as the poly-
mer concentration does, with a consequent variation in coil dimensions. Meaningful values of
Intrinsic viscosity can be obsained anly it the fonic strength is maintained constant by adding
extraneous salt. pectin solution (005, 0.1,0.2, 0.3, and 0.4 kg/m”) was prepared by dissolving it in
0.1 mol/L sodium chloride salution to reduce the electro-viscous effect to a minimum [35). The
muxture was then heated to 25°C and allowed to stand with mixing at ambient temperature for
12 h. After filtration, 15 ml of pectin solutions were pipetted into the capillary (Cannon-fenske)
viscometer for viscosity measurements and was immersed in o thermostatic water bath at 25.0°C,
The pectin solution was loaded into the viscometer and allowed to equilibrate at the bath temper-
ature (25°C) before starting the experiment, The time for the sample to flow from one level indi-
cator to another, known as flow time, was measured and converted to kinematlc viscosity and

the densities of solutions were d using a pyc . All of the experiments were tripli-
cated and the average values were taken with an acceptable average error,

4.6 Intrinsic viscosity measurements

To determinate the intrinsic viscosity, the following steps and notloas are very significant:
The refative viscosity was calculated using the following equation [1.51,52] and because of
the low concentration used d/d, was taken as unity:

N td

T (3}

Where “1,” the relative viscosity, 1 the viscosity of pectin solution (Pas), “n," the viscosity of
solvent (Fas), “1™ the time taken by solveat to flow in viscotmeter (s).“1,” the time taken by
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solution to flow in viscometer (s). “ds” the density of solution (kg/m”). “d,” the density of sol-
vent (0.1 mol/L sodium chloride),

Relative viscosity values were converted 1o specific viscosities {n,,) using the following equa.
tion {51 ]:

I’.:"—-———J;"=ﬂ,-l (4)

In dilute solutions, that is, in conditions of negligible interactions between pectin chains, the
intrinsic viscosity [n) of the biopolymer depends only on the dimensions of the polymer chain,
The intrinsic viscosity [n] is defined as the limit of n, /¢ or In{n./c] as the concentration
approaches zero and the principal determination method of the intrinsic viscosity magnitade
Is to extrapolate the reduced viscosity o its value at zero solute concentration | 53-55].

[’\3 = fim, ‘u",‘i - lim. ..—“ (5)
Where "c” is the concentration of pectin solution and 1, is the specific viscosity.
1f the plot of reduced viscosity n.. versus concentration shows a finear trend, the Huggins
Eq (6) can be used to calculate intrinsic viscosity from the intercept, and for the kramer plot
usang its Bq (7). where a handled value of inherent viscosity 1, 1s plot versis solution concen-
tration [54,50,57]:

Hujggins equation : 1, = 'lcf - 'K, C+ ] (6)

Kramer equation : ,, = -hl(cl'l =Mn'K, €= in) 7)

Moreover, the following equations were used to obtain ] |58):

Schulz — Blaschke equation | "c—' = nlKa n, + i 8)

Martin equation : mgl'—'ci; = [njeX ~ Login] (9

4.7 Determination of molecular weight

Intrinsic viscosity is one of the most important characteristic of polymers. It depends only on
the molecular mass when the samples measuring conditions (solvent and temperature) are set,
The Mark- Houwink-Sakerada equation describes the relationship between intrinsic viscosity
and molecular weight Mw,

in} = Ku™; (10)

Both K and o depend on temperature, solute and solvent characteristics. A large number of
models have been used to deduce [1)]-Miw relationships. [n this work the following values were
assumed K= 1.4%10 " and = 1.43 [ 35].
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4.8 Statistical analysis

For a statistical analysis, the variance analysis (ANOVA) was used to treat different averages
obtained. Data was analyzed by the analysis of variance, and averages were separatesd by the
least significant diffcrence when significant F (P<5%) values were observed,
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Abutract. The aim of thi study woy to

maxiex ) with veriatiens in pH
temperntive, and extraction time. Thiy
wiis ow experimental stady with
fndoratery testing using o completely
randomisnd desigen (CRD) with 2233
Sfacwrial three taes repetition, Factor A (
pH: 1.5 (A1), 2.5 [A2). Foctor 8 is the

Wn&anlmnmmkmmquu;m;‘mm
kali Sakrocal 2x3x3. Fdaktor A adalab pti: 15 (A1), 2.5 (AZ) Faktor B

ture: 60°C (B1), 0°C (82}
1004 (183} Fuctar  is time: 60 minates
{€1). 90 minutes (€2). 120 minttes (C3)

adalah suha pemanasan: 60 * C (B1) 80 * C (B2), 1000C (83). Faktor € While the design meanwement of
mhhh wakty, 60 mamit {€1). 90 nwnx (C‘t) 120 menit {C3) !odnpn mnmmnlmvumwnby
desain dilakukan dengan g the dil of the inkibitien

diameter zoma hambat [mm). Semua data yang dperoleh diamalists mo(m)ﬂ&uumudm
menggumakan ANOVA (@ « 005% kemodian dilanjutkan deogan )l analyzed usbyg ANOVA (o= 0.05%, then
lanjutan Teckey menggunakan SPSS). Lkstrakst pektin dart kit grapefrust continwed by Tuckey's advanced test waing
mengginakan metode koovemdonal dengan asis Klorda (OSN NCI) | SPSS) Extroction of pectin from the sitn of
Proses ehatraksd diladosion dengan memasasian het plate  dengan using o comvention! method
emvariashan yubu (60 of: 80 oC; 1000C), pH (15; 2.5), dan waktu with hydrochioric ackl (@ SN HEL. The
ekatraks (60 90; 120 menit). Hasl pokain yang significan diperoleh diujl CATFOCTION process wes carrind owr by
aktivitas antimikroba dan dikur sona penghambaten yang dihasilian Heating the hot plate by varying the
berdasatkan dianmwter area antimikrobo, Hasil penelitian menun|ukikan temperature (60 o0 80 oL 1000C] pif
bahwa eiostrakst dipengarahi oleh pH, sabm, das wakei ekstralos dan hasd (u.u).mlmmm time (66; 90, 120
pektin tertinggt diperoleh dengan ekstraksl dengan ph 25, suhu 600C, | mimutes ], Signiffoane pectin yeids obtained
wakta 90 manit sebayyak 27.0%. Sedanghan akuvitas antimikroba elosrak mmdhrmmvhdamm
dart kulit peruk ball (Crrues maxtma) memibts aktivitas antibak d INBiD oy 2ones p g
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tanaman dengan ukuran buah yang lebih  besar | antboeterial nenvity becuue it cen tnyilve
dibandingkan jeruk yang blasa Kkita temul di pasar, the growth of Excherichin coll bacterie,
Tanaman ini tersebar di Sumatera, Jawa, Bali, Kalimantan, | STvibatos s *""m’:

dan Sulawest DI Sulawesi sendirl Jeruk ball banyak
terdapat di Desa Padang Lampe, Kecamatan Marang
Kabupaten Pangkep. Produksi jeruk ball diberbagai
daerah di Indonesta mencapai 511 kg/ton pertahunnya,
dari produks| tersebut dihasilkan limbah kulit buah jeruk
ball sebesar 208 kg/ton, Jeruk ball mengandung banyak
komponen nutrisi yang terkandung didalamnya. Sebagian
besar komponen jeruk ball terletak pada  kulltnya,
diantaranya terdapat senyawa alkaloid, flavonoid,
Hkopen, vitamin C, serta yang paling dominan adalah
pektin dan tannin (Rahmawati dan Putri, 2013). Jeruk bali
(Citrus maxima) dapat dikonsumsi dalam bentuk buah
segar ataupun hasil olahan, Produk olahan adalah produk
primer. Disamping produk primer masih tersimpan
potens| yang besar yaitu produk sekunder seperti limbah
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kulit buah jeruk ball Limbah dari kulit buah jeruk ball masih kurang dimanfaatkan oleh
masyaraka, padahal kulit buah jeruk ball memiliki banyak manfaat. Menurut Kristiyani (2013)
salah satu manfaat kulit jeruk ball adalah untuk membuat pektin.

Pektin adalah substansi alaml yang terdapat pada sebaglan besar tanaman pangan.
Beberapa jenis buah secara alami memiliki kandungan pektin yang cukup tinggl. salah satu buah
vang memlilikl kandungan pektin yang tinggl adalah jeruk ball (Citrus maxima). Tiap tahun
kebutuhan pektin mengalami kenaikan sebesar 10-15%. Di Indonesia, belum ada pabrik yang
dapat mengolah pektin. Oleh karena Ity Indonesta masih mengimpor pektin dart luar negerd.
Sedangkan kebutuhan pektin di Indonesia semakin meningkat, Hal ini terbukti dengan semakin
meningkatnya nilal Impor (Sullhone, 2012).

Pektin merupakan senyawa polisakarida dengan bobot molekul tingg), pektin digunakan
sebagai pembentuk gel dan pengental dalam pembuatan jelly, marmalade, makanan rendah
kalori dan dalam bidang farmasi digunakan sebagal antimikroba (Perina dkk, 2013),

Antimikroba (AM] adalah obat pembasmi mikroba, khususnya mikroba yang bersifat
meruglkan manusia (mikroba patogen), Escherichia coll, Staphylococens aureus, dan candida
albicans merupakan mikroba patogen (Ganiswara, 1995), Berbagai penelitian menyatakan
bahwa tanaman eruk memiliki aktivitas antibakter! terhadap E coll dan S aureus Berdasarkan
penelitizan Sari (2015), ckstrak pektin dart kulit buah jeruk memiliki aktivitas antimikroba
terhadap Staphylococcus aureus, Saccharomyces cerevisiae, Bacillus subtilis Escherichia
coll.

Oleh karena itu penulis tertarik untuk mengekstrak pektin dari kulit buah jeruk bali
sebagal antimikroba untuk menghambat mikroba pathogen, setidaknya dengan memanfaatkan
kulit buah jeruk bali sebagai bahan baku pembuatan pektin dapat mengurangi impaor pektin,
sekaligus memanfiatian kulit jeruk bali yang kurang populer di kalangan masyarakat menjadi
sesuatu yang bernilal ekonomis lebih tinggl

Metode Penclitian

Penelitian inl merupakan penelitian eksperimental yang dlakulan pada bulan Agustus
sam pal Desember 2018, Penelitian dilakukan di Laboratorium Jurusan Blologl FMIPA UNM,
Variabel bebas dalam penelitian ini adalah variasi pH, suhu, dan waktu, sedangkan variabel
terikat adalah pektin,

Alat dan Bahan

Alat yang digunakan yaitu, erlenmeyer (250ml, 500ml, dan 1000ml), gelas kimia (250ml,
500ml, dan 1000ml), gelas ukur (50ml, 500ml, dan 1000mi), pipet tetes, pipet ukur, batang
pengaduk, corong, oven, autoclave, blender, cawan petri, termometer, pH meter, neraca analitik,
saringan, ayakan, stopwatch, pisau, wadah, ose, tabung reaksi, rak tabung, mikropipet dan tip,
spoit, botol pengencer, bunsen, laminar air flow (LAF), waterbath, hotplate, dan peralatan
umum  yang digunakan di laboratorium mikrobiologl.

Bahan yang digunakan yaitu kulit buah jeruk bali (Citrus maxima), aluminium foil, plastik,
label, karet, wrap, etanol 96 %, etanol 709, aquades, HCI 0,5 N, HCE pekat, FeCl3, R.Wagner,
Magnesium, NaOH 0,5 N, nystatin, tetrasiklin, medium NA (Nutrient Agar), medium PDA (Potato
Dextrose Agar), Isolat bakterd Eschericia coll, Candida albicans dan Staphylococcus aureus,
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Prosedur Penelitian

1. Tahap Ekstraksi Pektin
a. Ekstraksi pektin

Kulit buah jeruk ball yang sudah kering di haluskan dengan menggunakan belender dan
ditimbang sebanyak 5 gram. Kemudian penambaban aquades sebanyak 100 ml, dan
ditambahkan pelarut asam klorida (HCI) 0,5 N, sampai pH larutan yang sudah ditentukan (1.5
dan 2,5). Selanjutnya dipanaskan sambil diaduk pada suhu yang ditentukan (60°C 800C, 100<C)
selama waktu yang ditetupkan (60, 90, 120 menit). Campuran yang telah diekstrak disaring
dengan menggunakan saringan dan diperas untuk memisahkan filtrat dari ampasnya.
b. Pengendapan

Filtrat didinginkan sampai dengan suhu kamar kemudian dilakukan pengendapan pektin
dengan menambahkan etanol 96%. Perbandingan filtrat dengan etanol yang ditambahkan
adalah 1:1. Proses pengendapan dilakukan selama 24 jam.
¢. Pencucian

Endapan pektin yang diperoleh dicuct dengan menggunakan etanol 96% untuk
menghilangkan sisa asam. Pemisahan endapan pektin dengan etanol bekas cucian dilakukan
dengan menggunakan spoid (tanda tidak lag) bereaks! dengan asam adalah ketika air bekas
cucian pektin berwarna merah bila ditetesi phenolftalein).
d. Pengeringan

Pengeringan pektin basah hasil cuctan dilakukan dalam oven pada subu 50¢C selama 3
harl. Tepung pektin diperoleh dengan memblender pektin kering kemudian dilakukan
pengayakan. Rendemen pektin tertinggl atau signifikan yvang didapat dari hasil ekstraksi pektin
kulit buah jeruk bali akan dilakukan uji aktivitas antimikroba dengan konsentrasi 0,5%, 0,75%,
dan 1%.
2. Tahap Analisis Fitokimia

Analisis kandungan senyawa aktif dilakukan berdasarkan metode Sari (2015), Analisis
kandungan senyawa aktif dilakukan beberapa yaitu, uji alkaloid, uji tanin, uji saponin, uji
flavonold.
3. Tahap Uji Aktivitas Antimikroba

Pengujian aktivitas antimikroba
dari pektin kalit buah jeruk ball (Cltrus maxima) dilakukan dengan mengamatl zona hambat
menggunakan metode paper disk. Setiap cawan petri berisl 1 sampe! dengan 3 konsentrast
berbeda (0,5%, 0,75%, 196) serta kontrol positif dan kontrol negatif.

Gambar 1. Skema Penempatan Paper Disk Pada Cawan Petri.
Ket: A: Medlum yang telah diinokulasi mikroba; B, C, dan D: Ekstrak 0,5%, 0,75%, dan 1%; E:
Kontrol negatif; F: Kontrol positif.

Sampel vang digunakan yaitu ekstrak pektin dari kulit buah jeruk bali dengan konsentrasi
(0,59, 0,75%, 1%), langkah pertama yang harus dilakukan adalah mensterilkan kedua tangan
dengan menyemprotkan alkohol 70%. Menyiapkan 3 cawan petri setiap mikroba uji dan diberi
label untuk masing-masing konsentrasi ckstrak, kontrol positif. dan kontrol negatif, Kemudian
tepl cawan petri dipanaskan dan medium NA maupun PDA dituang kedalam cawan petri
sebanyak 15-20 ml, dan ditunggu hingga memadat. Sambil menuggu medium memadat setiap
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paperdisk ditetest larutan u)i sebanyak 20pl, yaltu pektin dengan konsetrasi 0,5%, 0,75%, 1%,
nystatin, dan tetrasiklin, kontrol positif (+), Aquades kontrol negatif (-) hingga paperdisk Jenuh,

Medium NA dan PDA yang telah padat, permukaanya diinokulasikan dengan bakteri (E
coll, S aureus) dan jamur (¢ albicans) dengan metode gores sinambung secara padat.
Selanjutnya masing-masing paperdisk yang telah ditetes! larutan ujl diletakkan diatas medium,
dimana masing-masing medium berisi 5 paperdisk. Kemudian diinkubasi selama 2 hari untuk
bakter (E coli S. aureus) dan 3 harl untuk jamur (¢ albicans), dan diukur zona hambat dengan
menggunakan jangka sorong,

Analtsis data

Pengolahan data dilakukan dengan Rancangan Acak Lengkap (RAL) pola faktorial 2x3x3
sebanyak tiga kall ulangan, Faktor A adalah pH: L5 (A1), 2,5 (A2). Faktor B adalah subu
pemanasan: 60 °C (B1), 80 °C (B2), 100 °C (B3), Faktor C adalah waktu 60 menit (C1), 90 menit
(€2), dan 120 menit (C3) data yang diperoleh dianalisis menggunakan ANOVA. Sedangkan
rancangan pengukuran aktivitas antimikroba dilakukan dengan menghitung diameter zona
hambat (mm). Semua data yang diperoleh dianalisis menggunakan ANOVA (a= 005 %)
kemudian dilanjutkan dengan uji lanjut Tuckey menggunakan program SPSS (Statistical Package
for Social Science

Hasil dan Pembahasan
Hasil Penelitian

Hasl! Ekstrak Pektin dart Kulit Buah Jeruk Ball (Citrus maxima)

Ekstrakst pektin dari kulit buah jeruk ball (Citrus maxima) menggunakan metode
konvensional atau metode pemanasan dengan pelarut asam klorida (HCI 05 N). Proses
ekstraksi dilakukan dengan pemanasan diatas hot plate dengan variasi pH (1,5 dan 2.5), subu
(60+C B0°C, 100°C) dan waktu ekstraksi (60, 90, 120 menit). Hasil rendemen pektin dapat
dilihat pada Tabel 1.

Tabel 1. Hasil Rendemen Pektin Dari Kulit Buah Jeruk Bali (Gtrus maxima)
___Terhadap pH, Suhu, Dan Waktu Yang Berbeda.

- f‘&“) ,'f',“ﬁg. - ,_.'_“g‘f!_- | Rata-Rata Rendemen Pektin (%)
pH Suhu (“C) Waktu (menit)
15 60 60 10
: 9 : 18,46 }
120 17,40
80 60 13,67
9 1093
120 11,13
1040 60 920
20 11
120 14,46
— 1 60 60 10,13
90 23,06
120 10,13
80 60 11,13
90 10,80
120 10,06
100 60 14,40
920 15,33
120 1293
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Ekstrak pektin yang diperoleh kemudian ditentukan rendemen pektin, rendemen pektin
diperoleh dari total pektin yang dihasilkan dibagl bubuk kulit jeruk yang digunakan dikali
100%. Hasil rendemen pektin dari 54 sampel didapatkan rendemen pektin yang berbeda-beda
pada setiap perlakuan, kama dipengaruhi oleh faktor pH, suhu, dan wakti. Hasil rendemen
pektin tertinggi diperoleh pada ekstrakst dengan pH 2.5, suhu 60°C, waktu 90 menit sebesar
23,06%. Rendemen pektin terendah diperoleh pada ekstraksi dengan pH 1,5, suhu 100 °C,
waktu 60 menit sebesar 9,20%.

Hasil Ufl Fitokimia

Fitokimia sdalah bahan kimia tumbuhan non-nutritif yang memiliki berbagal tingkat sifat
pencegahan penyakit. Senyawa kimla metabolit sekunder merupakan sumber bahan baku yang
tak ternilai untuk obat tradisional (Sirait, M. 2007). Pengujian fitokimia dilakukan untuk
mengetahul kandungan senyawa kimia metabolit sekunder yang terdapat didalam ekstrak
pektin dan kulit buah jeruk bali (Citrus maxima), sehingga dapat dileetahui metabolit sekunder
vang berpotens| memiliki efek terhadap aktivitas antimikroba. Hasil pengujian fitokimia dapat
dilihat pada Tabel 2,

Tabel 2. Hasil Pengujian Fitokimia Ekstrak Pektin Dari Kulit Buah Jeruk Bali

__Soggn_wn Aktif Warna Hasil
Alkaloid Kuning kecoklatan, tidak terdapat endapan -
Sapomin Kuning, terbentuk busa (berbuih) .

Flavonoid Jingga, terbentuk busa (berbuih) "
. Tanin | o Hitampelt | e
Keterangan:
Tanda (-) « Tidak terkandung senyawa / tidak terbentuk endapan;

Tanda (+) = Terkandung senyawa
Tanda(++) « Terkandung banyak senyawa;
Tanda (++) = Terkandung leblh banyak senyawa;

Hasil pengujlan fitokimia menunjukkan bahwa adanya golongan senyawa metabolit
sekunder yang terkandung dalam ekstrak pektin dart kulit buah jeruk bali (Citrus maxima),
seperti, flavonoid, saponin, dan tannin. Pada pengujian alkaloid, hasil dinyatakan negatif karena
tidak terbentuk endapan yang berartl tidak terdapat senyawa alkaloid dalam ekstrak pektin
darl kulit buah feruk ball (Citrus maxima), Untuk pengujlan senyawa flavonold, saponin, dan
tannin menunjukkan hasil positif.

Pada pengujlan flavonold menunjukkan terjadinya perubahan wama |ingga yang
menandakan bahwa pektin terkandung banyak senyawa favonoid. Pengujian saponin,
terbentuk Sedikit busa yang menandakan bahwa pektin terkandung senyawa saponin, Untuk
pengujian tanin terbentuk warna hitam pekat yang menandakan bahwa dalam ekstrak pektin
darl kulit buah jeruk ball (Citrus maxime) terkandung lebih banyak senyawa tanin

Masil Aktivitas Antimikroba

Pengujlan aktivitas antimikroba ekstrak pektin dari kulit buah Jeruk bali (Citrus maxima)
dilakukan dengan menggunakan pelarut aquades, dan membuat larutan induk. Pembuatan
larutan induk ekstrak pektin darl kulit buah jeruk ball dilakukan dengan menimbang 5 gram
ekstrak pektin kedalam 100 ml aquades. Membuat konsentrasi 0,5 %, 0,75%, dan 1% dibagi
berdasarkan rumus pengenceran. Pengujlan inl menggunakan metode difusl paper disc (kertas
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cakram) dengan ukuran kertas cakram 6 mm, yang dapat diamat! dengan melihat diameter zona
hambat yang terbentuk di sekitar kertas cakram dan diukur menggunakanjangka sorong,
Mikroba ufi yang digunakan yaitu bakteri gram positif (Staphyioceccus aureus), baktert gram
negatll (Escherichia colf), dan jamur (Candida albicans).

Kontrol positif yang digunakan sebagal pembanding yaitu untuk bakteri adalah
tetrasiklin sedangkan untuk jamur menggunakan nystatin dan untuk kontrol negatif
menggunakan aquades steril, Pengujlan aktivitas antimikroba dilakukan 3 kali ulangan, Hasil
Rata-rata diameter zona hambat ekstrak pektin dari kulit buah jervk bali (Citrus maxima) pada
akivitas antmikroba dapat dilihat pada Tabel 3. (Hasll olah data dapat  dilthat di
Lampiran 4),

Tabel 3. Rata - rata Diameter Zona Hambat Ekstrak Pektin dari Kulit Buah
Jeruk Bali (Citrus maxima) pada Akivitas Antmikroba.

Rata-Rata Diameter Zona Ilmhl (mm)
Perlaluan
. Escherichia coli Staphylococeus aureus Candida albicans
__EP(0,5%) 9,0000¢ 766669 | 6,0000¢
EP(0.75%) 9.33,33" 9,6666° 6, oooo-
EP(1%) 10,3333" 16,0000° 6,0000
KP | 6666° 21,0000¢ 15,0000%
KN 60000 6,0000* 15,0000"

Keterangan: EP! Ekstrak Pektin; KP: Kontrol Positif; KN: Kontrol Negatif. Huruf yang sama
dalam satu kolom menunjukkan “tidak berbeda nyata”. Huruf yang berbeda dalam satu
kolom menunjukkan "berbeda nyata®. Huruf yang berbeda antar kolom menunjukkan® sangat
berbeda nyata”. Berdasarkan ujl Tuckey dengan taraf kepercayaan a: 0,05.

Hasll pengujlan aktivitas antimikroba menunjukkan, ekstrak pektin darl kullt buah jeruk
ball (Citrus maxima) memiliki aktivitas antibakter| dengan adanya peningkatan konsentrasi
larutan ekstrak ujl, namun tidak menunjukkan adanya aktivitas antijamur dengan tidak
terbentuknya zona hambat disekitar paper diks.

Bakteri Escherichia coli, dapat dilihat bahwa kontrol negatif tidak berbeda nyata terhadap
ckstrak pektin 0,5%, berbeda nyata terhadap ekstrak pektin 0,75%, dan sangat berbeda nyata
terhadap ekstrak pektin 1% dan kontrol positif. Sedangkan terhadap bakter| Staphylococcus
aureus menunjukkan babwa kontrol negatif tidak berbeda nyata terhadap ekstrak pektin 0,5%,
dan sangat berbeda nyata terhadap ekstrak pektin 0,75%, 1 %, dan kontrolpositif.

Hasil pengujlan aktivitas antijamur darl ekstak pektin kulit buah jeruk ball terhadap
Candida albicans dapat dilihat bahwa kontrol negatif, ekstrak pektin 0,5%, 0,75%, dan 1% tidak
menunjukkan adanya aktivitas antijamur dengan tidak bertambahnya ukuran diamater dari
kertas cakram schingga hasil yang diperoleh tidak berbeda nyata. Hasil yang sangat berbeda
nyata hanya diperoleh dari kontrol positif.

Pembahasan
Ekstrak Pektin dari Kullt Buah Jeruk Bali (Citrus maxima)

Sampel yang digunakan dalam penelitian ini adalah kulit buah Jeruk bali (Citrus maxima).
Kulit buah jeruk bali yang digunakan adalah kulit yang belum terfalu matang atau berwama
hijau kekuning kuningan dan belum ada tanda kebusukan, karna kulit yang belum terlalu
matang mengandung pektin cukup tinggi dibandingan kulit buah jerulk bali yang sudah matang
(Cahyanto, 2017).

Ekstarksi pektin dilakukan menggunakan metode konvensional atau metode pemanasan
dengan pelarut asam klorida (HCI 0,5 N). Proses ckstraksi dilakukan dengan pemanasan diatas
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hot plate dengan vartasi pH (1,5 dan 2,5), subu (60°C 80°C, 100+C) dan waktu ekstraksi (60, 90,
120 menit) dengan tujuan untuk mendapatkan pektin yang signifikan, Menurut Sulihono
(2012), prinsip dasar ekstraksi pektin adalah pektin dalam jaringan tanaman sebagal
protopektin yang tidak larut dalam air (insoluble), dilakukan hidrolisis protopektin dalam air
vang diasamkan dan dipanaskan untuk mengubah protopektin menjadi pektin yang bersifat
larut dalam air, Dari hasil penelitian yang dilakukan dengan jumiah perlakuan sebanyak 54
sampel, didapatkan rendemen pektin yang berbeda-beda pada setiap perlakuan yang diberikan.
Pektin yang dihasilkan dengan perlakuan yang berbeda akan menghasilkan berat yang berbeda
pula, inl membuktikan bahwa Faktor pH, suhu, dan waktu berpengaruh terhadap rendemen
pektin yang dihastlkan, Hasil rendemen pektin tertinggl diperoleh pada ekstraksi dengan pH
2,5, suhu 60°C, waktu 90 menit sebesar 27,8 %,

Berdasarkan hasil dlatas pengontrolan pH dalam ekstraksi pektin memiliki peranan
penting karena dapat mempengaruhi rendemen pektin. Rentang pH untuk ekstraksi pektin
bervariasl tergantung kepada bahan yang akan diekstraksl Umumnya ekstraks| pektin dari
kulit jeruk dilakukan pada pH 1,5 - 3 (Towle dan Christensen, 1973). Hal ini sesuai dengan
penelitian yang dilakukan Prasetyowatl (2009), menunjukkan bahwa pada pH 2,5 jumlah pektin
yang diperoleh lebih banyak dibandingkan pH 1,5, dimana pH yang terlalu rendah atau terlalu
asam dapat merusak pektin sehingga rendemen yang dihasilkan sedikit,

Jadi semakin rendah piH yang digunakan maka semakin sedikit pektin yang dihasilkan,
Sedangkan pH diatas 3 yang kurang asam lebih sedikit fon hidrogen schingga kalsium dan
magnesium yang disubtitusi lebih sedikit, pH 2,5 memiliki banyak kalsium dan magnesium
yang tersubtitusi sehingga jumlah pektin yang didapat makin banyak.

Suhu yang tinggl selama ekstrakst dapat meningkatkan rendemen pektin, Batas subu
ditentukan untuk mencegah kerusakan pada bahan, Secara umum, suhu ekstraksi untuk pektin
adalah 60 - 90°C Sedangkan Waktu ekstraksi, Semakin lama waktu yang dibutubkan untuk
ekstraksi dalam pelarut, perolehan (yield) yang diperoleh semakin tinggi. Tetapi, penambahan
witktu ekstraksi tidak sebanding dengan yield yang diperoleh (Herdigenarosa, 2013),

Hal ini sesuai dengan penelitian yang dilakukan Wang (2014), menunjukkan bahwa pada
stuhu 60°C dan waktu 90 menit memberikan rendemen pektin tinggl. Penggunaan suhu yang
terlalu tinggl untuk kulit jeruk juga dapat mengakibatkan degradasi pektin dan waktu ekstraksi
dilakuan pada waktu optimum, ckstraksi dilakukan selama pelarut yang digunakan befum
jenuh, Pelarut yang telah jenub tidak dapat mengekstrakst lagl atau kurang batk kemampuan
untuk mengekstraksinya karena gaya pendorong (driving force) semakin lama semakin kecil
Akibatnya waktu ekstraks| semakin lama dan yleld yang dihasilkan tidak bertambah lagl secara
signifikan.

Fitokimia

Uji fitokimia bertujuan untuk mengetahui golongan senyawa metabolit sekunder yang
terkandung dalam ekstrak pektin dari kulit buah jeruk ball {€itrus maxima). Menurut Septiani
(2017) menunjukkan bahwa pektin dari kalit buah jeruk (Citrus sp) memiliki kandungan
senyawa metabolit sekunder seperti saponin, flavonold, dan tannin Adapun pengujlan yang
dilakukan yaitu kandungan senyawa alkaloid, lavanoid, saponin, tannin,

Hasil uji fitokimia ekstrak pektin dengan perekasl wagner dan meyer menunjukkan tidak
adanya endapan coklat dan endapan putih kekuningan. Menurut Tiwarl et of (2011), hal inl
disebabkan karna alkalold bersifat gugus basa yang mengandung nitrogen, sedangkan pektin
bersifat asam sehinnga pada pektin tidak terdapat senyawa alkaloid,

Flavonold adalah golongan pigmen organik yang tidak mengandung molekul nitrogen.
Pigmen inl merupakan antraktan bagi serangga dan merupakan agen polinasi. Pigmen |uga
bermanfaat bagi manusia dan salah satu manfaat yang penting adalah sebagai antioksidan
(Markham, 2011).
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Flavonold mempunyai aktivitas antimikroba dengan mengganggu fungsi metabolisme melalul
perusakan dinding sel dan mendenaturast protein mikroba. Menurut Cowan (1999) senyiwa
flavon, flavonold dan flavenol merupakan senyawa fenollk yang diketahui disintesis oleh
tanaman sebagal respon terhadap infekst mikroba. Mekanisme kerja sebagal antibakteri karena
kemampuan untuk membentuk kompleks dengan protein ekstraseluler dan terlarut dengan
dinding sel mikroba,

Herdasarkan hasil yang didapatkan ekstrak pektin menghasilkan busa, yang menandakan
bahwa pektin mengandung saponin, Menurut Agoes (2012), Saponin adalah senyawa aktif yang
kuat dan menimbulkan busa jika dikocok dalam alr sehingga bersifat sepertl sabun dan
mempunyal kemampuan antibakterial. Saponin dapat meningkatkan permeabilitas membran
sel bakter! sehingga dapat mengubah struktur dan fungs! membran. Saponin memiliki aktivitas
antimikroba dengan menggangggu tegangan permukaan dinding sel. Saat tegangan permukaan
terganggu zat antimikroba akan dengan mudah masuk kedalam sel dan akan mengganggu
metabolisme hingga akhirnya terfadilah kematian sel bakter| (Karlina et al,, 2013).

Berdasarkan hasil yang didapatkan, untuk pengujian tannin terbentuk warna hitam pekat
vang menandakan bahwa dalam ekstrak pektin dari kulit buah jeruk ball (Citrus maxima)
terkandung lebih banyak senyawa tanin, Tanin diketahul mempunyai beberapa khasiat yaitu
sebagal astringen, antidiare, antl bakterd dan antioksidan (Desmiaty et al, 2008), Tanin
mempunyal aktivitas antimikroba dengan targetnya adalah merusak dinding sel mikroba
(Tiwari et al, 2011),

Aktivitas Antimikroba

Tetrasiklin merupakan antibiotik berspektrum luas yang dapat melawan pertumbuhan
bakterl gram positif dan gram negatif, Mekanisme kerja tetrasiklin adalah menghalangi
terikatnya RNA pada bagian spesifik dari ribosom, akibatnya sintesis protein mengalami
hambatan (Widjajanti, 1988). Mekanisme kerja nistatin yaitu dengan mengadakan ikatan yang
kompleks dengan ergosterol di membran sitoplasma jamur yang sensitif, Hal tersebut akan
menyebabkan perubahan permeabilitas membran dengan membentuk pori-pori intra membran
dan dengan demikian kehitangan intrasel penting senyawa, seperti fon dan molekul kecil, dan
kemudian sel akan mengalami kematian (Brescansin, et al, 2013).

Hasil pengujian antimikroba padia tabel 4.3, menunjukkan biahwa ekstrak pektin darl kulit
buah feruk ball (Citrus maxima) memiliki aktivitas antibakteri dengan adanya peningkatan
konsentrasi larutan ekstrak ufl, namun tidak memilikl aktivitas antljamur dengan tidak
terbentuknya zona hambat disekitar kertas cakram.

Berdasarkan tabel 4.3, Bakteri Escherichia coll, dapat dilibat bahwa kontrol negati! tidak
berbeda nyata terhadap ekstrak pektin 0,5%, berbeda nyata terhadap ekstrak pektin 0,75%,
dan sangat berbeda nyata terhadap ekstrak pektin 1% dan kontrol positif. Sedangkan terhadap
bakterl Staphylococcus aureus menunjukkan bahwa kontrol negatif tidak berbeda nyata
terhadap ekstrak pektin 0,5%, dan sangat berbeda nyata terhadap ekstrak pektin 0,75%, 1 %,
dan kontrol positil. Hal Ini sesual dengan penelitian yang dilakukan Sari (2015), menunjukkan
bahwa ckstrak pektin darl buah kulit jeruk memiki aktivitas antibakter! terhadap bakterd ujl
Staphylococeus aureus dan Escherichia coli.

Hasll pengujian aktivitas antijamur dart ekstak pektin kulit buah jeruk bali terhadap
Candida albicans dapat dillhat bahwa kontrol negatif, ekstrak pektin 0,5%, 0,75%, dan 1% tidak
menunjukkan adanya aktivitas antijamur dengan tidak bertambahnya ukuran diamater darl
kertas cakram sehingga hasil yang diperoleh tidak berbeda nyata. Hasll yang sangat berbeda
nyata hanya diperoleh dari kontrol positif. Berdasarkan hasil penelitian  Silvia (2018)
menunjukkan pada konsentarsi 5%, 1086, tidak menunjukkan adanya aktivitas antijamur,
namun pada konsentarsi 209 terdapat aktivitas antijamur, karna konsetrasi yang rendah,

Hasll negatif yang ditunjukan ekstrak pektin antijamur dapat disebabkan oleh konsentrasi
ckstrak uji. Menurut Silvia (2018) konsentrasi ekstrak uji dapat mempengaruhi aktivitasnya
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sebagai antimikroba, konsentrasi yang tinggl dapat meningkatkan baban aktf yang berfungsi
sebagal antimikroba sehingga kemampuannya dalam menghambat pertumbuban mikroba juga
semakin besar.

Kesimpulan

Berdasarkan hasil penelitian, kesimpulan yang dapat diperoleh yaltu Faktor pH, suhu,
dan waktu berpengaruh nyata terhadap rendemen pektin yang dihasilkan, Hasil rendemen
pektin tertinggi diperoleh pada ekstrakst dengan pH 2,5, suhu 60°C, waktu 90 menit sebesar
27.8 %. Bakteri Escherichia coll dan Staphylococcus aureus, menunjukkan bahwa ekstrak pektin
dari kulit buah |eruk ball (Cltrus maxima) memiki aktivitas antibakter), sedangkan Candida
albicans tidak menunjukkan adanya aktivitas antijamur,
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ABSTRACT

Thiy research was conducted with the atm to know the inflience of actd and solvent pi on the extraction of
pectin from lemon peel amd find the right knd of acid and solvent pH 1o produce pektin of Temon peel with the
hest characteriziics. The exportmental design used in this research was a factorial Complerely Randomezed
Dexign (CRD), which consisted of two factors. The first factor was a tpe of acii conststing of ehloride acld and
citric acld. The second foctor was a solvent pH consisting of a pi 1.5; 2, 2,5 and 3. ANl reanments were
repeated twice to obtain 16 units of experfments. The data were analvzed with amalysds of variance and followed
by Dyncan text. The best results showed that extraction wsing chloride acid amd pif of solvent 1,5 rexulted in
22.35% of pectin yield, 11, 55% of water comtent, 22,11% of ash contens, 1032,47% of equivalent weight,
10.81% rf methoxy! content, 78,07% of galacturonéc content, and 78, 58% of exterificarion degree

Keywords @ lemon peel, pectin, characteristic, acid, solvens p¥i

PENDAHULUAN

Pektin  merupakan asam  pohigalakturonat
yang berbentuk mnti panjang dan  tidak
bercabang serta menuliki gugns metil ester
Penggunaan  pektin - paling  banyak pada
mdustri  pengolahan  pangan  Karem
kemampusnnya membentuk gel dan sumber
serat  dalam  makapan. Berbagai produk
makanan yang menambahkan pektin yaitu jel,
selm, makaroni, coklst, dan kembang gula
Varinsi makanan yang semakin  meningkat
menyebabkan peningkatan kebutuhan pektin
dalam industn pangan. (Anon., 2004)

Pektin meruliki mla ekonomis yang cukup
tinggt tetapn i Indonesin industri penghasil
pektin belum ada sehingga sast i masih
mengandalkan impor dan mancanegara seperti
Jerman dan Denmark. Jumlah impor pektin di

*Korespondens: Pennlis:
Emal yulikesumal 9964 pmail cow'
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Indonesia dari talvm 2008 hingga 2011 secara
berumtan ymitu 147,6 ton; 1473 ton; 2919
ton; dan 240.8 ton. Jumlah inpor pektin paling
banyak terjadi pada talun 2010 yaitu 291 870
kg dengan harga 2,.977.479 US Dollar (Anon,,
2011),

Usaha menguwangt mnpor pektin yaitu
dengan mencari sumber bahan baku pektin
vang diduga memlikn  potenst  untuk
dikembangkan yakm pektin yang berasal dan
kulit jeruk lemon Lemon (Citrus limon)
adalah salah satu produk bhortikultura yang
paling banyak diolah memadi san buah lemon.
Sekitar 70% dan berat tuah dalam industn
pengolaban sann buah lemon akan tertbuang
(meliputs kulit, biji, pulp dan air lemon yvang
tersisa).

Limbah san lemon terutama kulit lemon
memiliki prospek yang tingg untuk diolah
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memadi sumber bahan baku pektin. Fitniam
(2003) mengungkapkan rendemen pektin pada
kulit jeruk lemon berkisar antara 1632-
3261%, dengan perlakuan vanasi subu dan
waktu ekstraksi.

Pada umumnya ekstraksi pektin dilakukan
dengan ekstraksi asam. Perapan asam dalam
ekstraksi pektin adalah untuk memisahkan 1on
bivaien, memutus tkatan antars asam pektinal
dengan selulosa, menghidrolisis protopekiin
memadi pektin yang lamut dalam air Asam
ying digunakan dalom ekstraksi pektin adaloh
asam orgnmk seperti asam tartrat, asam malat,
asam sitrat, asam lakiaf, asam asetat, dan asam
fosfat.  Asam organk di karenn
memuliki  sifat toksik yang lebih  rendah
dibandingkan asam muneral, Asam  orgamk
memiliki  tingkat  keasaman  vang rendah
selingga tidak mendegradasi pektin menjaci
asam pektat.

Memimt Kertesz (1951) dalam  Hanyat
(2006), ada kecenderungan untuk
menggunakan  asam mineral seperti asam
sulfat, asam khlonda, dan asam  nitrat
Penggunaan asam muneral akan mempercepat
terlepasnyn ton H™  sehingga  dapat
menghidrolisis  protopektin - menjadi  pektin
yang mudah larut dan menyatukan molekul
pektin dengan molekul pektin lam sehmgga
terbentuk sebuah jaringan pektin.  Namum
pemggunannn asan mineral kuat cenderung
menyebabkan  pektin terdegradasi  menjadi
asam  pektat.  Tululoula, et af (2003)
mengnngkapkan tingkat keasaman yang lebily
tinggi tidak baik dalan ekstrakst pektin karena
akan menyebabkan kecendermgan terjadinyn
degradasi pektin menjad asam pektat schmgga
peroleban pektin menjadi lebil sedikit.

Asam klonda dan asam sitrat merupakan
nsam yang paling sering digunakan pada
ckstraksi pektin. Asam klonida
asam mineral yang murah dan digunakan
secarn Juas dalom bidang ndustri tenmasuk
mdustni  penghasil  pektin. Asam  sitmat
mempakan asam orgamk yang berasal dar
daun dan buah genns Citrus (jeruk-jerukan).
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Asam sitrat sangat mudah ditemukan serta
sening  digunakan  pada  ekstraksi  pektn
Penelitian Kalapathy dan Proctor (2001) pada
ckstraksi pektin kedelm menggunakan asam
klonda 0,0 N dengan pH larutan 3.5
menghasilkan hasil pektin tertinggi sebesar
28%. Begitu pula pada penelitian Madjags, ef
al. (2017) pada ekstraksi pektin dan kulit buah
sukun  dengan  pelarat asam  sitrat  pada
konsentrasi 7% menghasilkan rendemen pektin
sebesar 39, 585%.

Pektin berbentuk protopektin ynng tidak
larut dalam s pada  jarmgan  fanaman.
Penambahon asam dengan pH rendah pada
ckstraksi akan menghidrolisis  peotopektin
menjadi pektin yang larut dalmn anr. Ekstraks:
pektin - sayur-sayuran - dan  buah-buahan
dilakukan pada kisaran pH 1.5 sampm 3,0
dengan subu pemanasan 60 - 100°C selama
setengah jun sampai satu setengah jam (Towle
dan  Chnstensen, 1973), Oleh  karena itu
diperlukan jenis asam dan pH vang tepat pada
ckstrukss  kulit  lemon  sehinggn  dapat
menghasitkan  pektin - dengan  kamakteristik
terbak.

METODE PENELITIAN

Tempat dan Waktu

Penelitian i dilakukan di Laboratorium
Pengolahan Pangan, Labomatorium  Analisis
Pangan, dan  Labomtorium  Biomdustr,
Umversitas  Udayana, Waktu pelaksanaan
Apnl sampai Jum 2018

Bahan dan Alat

Bahan  baku  yang digunakan  dalam
penelitian ini adalah lunbah kulit lemon yang
didapatkan dari pengolahan sari bual lemon di
UD Fenny Denpasar. Bahan kunin  yang
digmmakan untuk ckstraksi pektin adalah etanol
926%, asam khlonda (HCI), asam sitrat,
ukuades, dikator phenolphtalein (PP), 0.1 N
NaOH, 0,25 NaOH, akuades, NaCl, 025 HCI,
dan asam oksalat.

Alat yang digunakan dalam penelitian mn



Vol.7, No4, Desember 2018.

adalah  termometer, tmbangan  asalitk
(Shimad=u), oven, pH-meter (PHS -3D pH
Meter), tanur, Kkain saring tebal (Hero),
desikator, blender (Phidips), stopwateh, hot
plate magnetic strirver (IKA C-MAG HS 7),
toples, alumintum foil setta alat-alat gelas
(pyrex).

Analisis Data

Pepelition  im  menggunakan Rancangan
Acak Lengkap (RAL) faktorial Faktor
pertama adalah jemss asam (A), yaitu asam
klorida dan asam sitat sedangkan faktor kedun
adalah pH pelamt (P) vaitu pH 1,5; 2; 2.5; dan
3. Selurub perlakuan dinlang sebanyak dua
kali sehingga diperoleh 16 wunit percobaan.
Data yang diperoleh dianalisis dengan sidik
mgam, dan apabila berpengarub terhadap
parameter yang diamati, dilamyutkan dengan up
Duncan.

Pelaksanaan Penelitian
i Tahap Persiapan Sampel

Limbah kulit lemon dibersihkan  dan
dikeringkan dengan menggunakan oven pada
subn $5°C selama 15 jam, Kulit lemon yang
telah kering kemudian dihancurkan hmgga
mendapatkan bubuk kulit lemon

Akuades dimsamkan dengan jemis asam
sesuni perlakuan yaitu asam khlonda (A1) dan
asam sitral (A2) dengan konsentrasi masing-
masing 1 N sehingga terjadi perubahan pH
memadi 1.5 (P1), pH 2,0 (P2), pH 2,5 (P3),
dan pH 3,0 (P4) sesuai perlakuan.
b Ekstiaksi

Ekstraksi dilakukan dengan menambabkan
30 gram bubuk kulit temon pada 1.050 ml air
ying telah diassmkan (Perbandmgan bubuk
kulit lemon dengan air yang diasamkan 1:35),
Ekstraksi  kemmdian  dilakukan  selama 40
memt pada suhu £80°C di hor plate magneric
strirrer, Hastl ekstraks: kemnwdian  disanng
dengan menggunakan kain saring tebal untuk
memusahkan filtrat dengan ampas kulit lemon
Kemudian filtrat dikentalkan sampai volume
menjadi setengahnya dengan pemanasan pada
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hot plate magnetic strivrer pada sulm 90°C,
c Pengendapan

Filtrat kemudian didinginkan sampai suliu
ruang dan dilakukan pengendapan  dengan
menambahkan etanol  96% yang tefah
diasamkan dengan menambabkan 2 ml asam
klorida 37% per satu liter etanol. Perbandingan
ctanol yang telah diasamkan dengan filtrat
adalah 1,5 : 1. Pengendapan i dilakukan
selama 24 jam. Pemusahan endapan pektin dan
larutan  etanol  dilakukan dengan  disanng
menggunakan knn sanng tebal,
d. Pencucian

Endapan pektin yang diperolel dicuci
dengan menggumakan etanol 96%. Pencucian
dilakukan  dengan  menambahkan  etanol
sampai endapan pektin terendam kemudian
diaduk Selanjutnyn endapan pektin disanng.
Hal i diulang kembali sampai pektin bersifat
netral Pektin yang netral inlah pekiin yang
ndak  berwarma  memh  bila  ditambahkan
indikator phenolphtalein (PP).
e Pengeringan

Pektin basah dikeringkan dalam oven pada
suhu 40°C selama 8 jam. Pektin yang sudah
kering  dibaluskan  dan  ditmbang  untuk
kemudian dilakukan pengujian fanjut.

Parameter yang Diamatl

Pammeter yang diamati pada penelitian i
meliputi rendemen (Ranganna, 1977), kadar
air (SNI 01-1891-1992), kadar abu (SNI 01-
1891-1992), bert ekivalen (Ranganna, 1977),
kadar metoksil (Ranganpa, 1977), kadar asam
galnkturonnt (Owens, ef al , 1952), dan dergat
esterifikast (Schultz, 1965 dalam  Fitnani,
2003),

HASIL DAN PEMBAHASAN

Rendemen

Hasil sidik ragam menunyukkan bahwa
internksi antara jenmis asam dan pH pelart
berpengamuh sangat nyata (P<0.01) terhadap
rendemen pektin kulit Jemon. Grafik mternksi
antara jems asam dengan pH pelanyt terhadap



Kesuma, dkk

rendemen pektin kulit lemon dapat dilibat pads
Gambar 1.

Gambar | menunjukkan bahwa rendemen
pektin dan kulit lemon dan berbagai perlakuan
berkisar antara 6,11 - 22.35%. Rendemen
pektin  tertinggr  terdapat  pada  perlakuin
ekstraksi menggunakan asam klorida dengan
pH 1.5 yaitu 2235% sedangkan rendemen

Jumal T dan Teknologt Pangan

terendall diperoleh dan perlakvan ekstraks:
pektin kulit lemon menggunakan asam sitrat
dengan pH 3 yaitw 6,11% Hal i
menunjukkan bahwa rendemen pektin yang
dibasilkan mengalam kenaikan seiring dengan
penurutan - pH  pelarut,  baik  dengan
menggunakan  asam klorida  msupun  asam
sitrat.

1.5

2 25
pH Pelarut

25 22350
gzo L2
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Gambar 1. Hubungan antara jens asam dengan pH pelanit terhadap rendemen pektin kulit lemon
Keterangan : Notasi yang sama dibelokang mini rata-ratn menunjukkan pengaruh perlakuan tidak

berbeda nyata (P>0,05)

Semakin  rendah  pH  pelarwt,  maka
rendemen pektin kulit lemon yang dibasilkan
semakin tinggi. Hal in disebabkan karena
semakin rendahnya pH pelarut menyebabkan
semankin banyak ion hidrogen sehingga proses
hidrolisis protopektin menjadi pektin menjadi
lebih  cepnt dan  memngkatkan rendemen
pektin yang dibasilkan. Menurut Hanum e o/
(2012), pH pelarut yang readuh menyebabkan
semukm  banyak  jon hidrogen  yang
mensubstitst kalsium dan magnesium dan
protopektin, proses drolisis  protopektin
memads pektin lebih cepat, selingga dapat
menghasilkan pektin yung lebih banyak.

Rendemen pektin yang dibasilkan  pda
ckstrakst menggnnaken asam klonda lebik
tinggi dibandingkan asam sitrat. Asam Klorida
mertpakan  asam  mineral yang  memihki
tetapan  keseimbangan (K) lebih  tinggi
dibandingkan  asam  sitrat  sebagal  asam
organik. Nilm K untuk asam klorida sebesar
10" sedangkan asam sitrat sebesar 721x10°
(Hesti, 2003). Semakin besar mlai K maka
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akan memngkatkan jumlah  suatu  asam
berdisosiasi dan semakin kuat pula asam untuk
menarik 1on divalen dan menggantinya dengan
1on ldrogen. Ton hidrogen berfungsi untuk
menghidrolisa  protopekting- menjadi  pektin
yang larut sehingga rendemen pektin yang
dibasilkan akan semakin tinggs. Menuwrat Hest:
(2003) pada koodisi asam, protopektin
cenderung terhidrolisa menyadi asam pektinat
atau pektin yang lnmt. Proses pelamitan pektin
menjadi asam pektinat mi dapat terjadit karena
adanya subsitusi jon  divalen protopektin
menjadi ion hidrogen ataupun Karenn putusnya
ikatan antam asam pektinat dengan selulosa.

Kadar Air

Hasil sidik rogam  meounjukknn  babwa
mieraksy antara jenis asam dan pH pelamt
berpengaruh sangat nyata (P<001) rerhadap
kadar mir pekun kulit lemon Grafik interakss
antara jenis asam dengan pH pelanat terhadap
kadar air pektin kulit lamon dapat dilibat pada
Gambar 2.



Vol.7, No4, Desember 2018.

Berdasarkan Gambar 2 dapat dilibat bahws
kadar air pektin dari kulit lemon dan berbagn
perlakuan berkisar antara 594 - 1167 %
Kadar mr pektin tertinggi terdapat  pada
perlakuan  ekstraksi  menggunakan  asam
klonda dengan pH LS ymitn  11,67%
sedangkan kadar air terendah diperoleh dan
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perfakuan  ekstrakss  pektm  kulit  lemon
menggunakan asam sitrat dengan pH 3 yaitu
5.94 %. Kadar air maksimum pektin Kering
menmurut [PPA (2003) adalah 12%, dengan
demikian kadar air pektin hasil penelitian i
masah di bawab  svarat maksimum  yang
ditetapkan.

1167a
3 o i 10,15¢ 9,45 f
5 10 —ufssb—‘wf . — —o=ASAM
& 2 \S?GN KLORIDA
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Garubar 2. Hubungan antara jents asam dengan pH peliart terhadap kadar ar pektin kulit lemon
Keterangan :© Notasi yang sama dibelakang milai rata-rata menunjukkan pengarub perlakuan tidak

berbeda nyata (P>0,05)

Semakin rendah pH pelant maka akan
menmgkatkan  kadar  air pektin yang
dihasilkan.  Rendahmya  pH  pelanit
menyebabkan banyakuya ion hidrogen yang
menghidrolisa protopektin - menjadi  pektin.
Semakin  banyaknya pektin yang terbentuk
maka ikatan ludrogen yang terbentuk juga
semakin menngkat. Menumt Prasetyowats, of
al. (2009), molekul air tunggal atau kelompok
mir dapat tenkat pada permukaan pektin
mefalui ikatan hidrogen atau gugus —OH pada
molekul pektin dengan atom H dan molekul
nir.

Kadar air pektm yang dihasilkan dengan
menggunakan  asam  klonda lebih  tinggi
dibandingkan dengan dengan asam sitrat. I
dikarennkan asam klonds memiliki tetapan
keseunbangan (K) yang lebibs tinggi sehingga
jumiah son hidrogen semakin timggi. Ton
hidrogen tersebut akan menmgkatkan kinetika
reaksi hidrolisis protopektin menjadi pektin
yang lamut. Semakin banyak pektin yang
terbentuk akan meningkatkan ikatan hidrogen
yang terbentuk. Menurut Prasetyowati, et ol
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(2009), molekul air tunggal atan kelompok air
dapat terikat pada penmukaan pektin melahn
ikatan ludrogen atau gugus —OH pada molekul
pektin dengan stom H dari molekul air.

Kadar Abu

Hasil sidik magam  memmjukkan bahwa
mteraks: antara jemis asam dan pH pelarut
berpengarb sangat nyata (P<0.01) terhadap
kadar abu pektin kulit lemon. Grufik interaksi
antara jenis asam dengan pH pelarut terhadap
kadar abu pektin kulit lemon dapat dilibat pada
Gambar 3.

Hasil penchitin menunjukkan kadar abu
pektin yang  diperoleh  dan  ekstmksi
menggunnkan asam  Klonda berkisar antam
0,73 - 2 11 %, Kadar abu pektin dalam IPPA
(2003) yaitu tdsk lebih don 10%, dengan
denukian kadar abu pektm kulit lemon hasil
penelitian it memenuhi standar yang telah
ditetapkan, Kadar abu pektin tertinggi terdapat
pada perlakuan ckstraksi menggumakan asam
klonda dengan pH 1,5 yaitu sebesar 2,11%.
Kadar abu terendab terdapat pada perlakuan
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ekstraksi menggunakan asam klorda dengan kadar mineml sehingga kadar abu pektin yang
pH 3 yaitu sebesar 0,73%. dilasilkan  semakin  meningkat.  Menrut

Semakin rendal pH pelanut maka semakin Kalapathy dan Proctor (2001), asam memilik:
tinggi kadar abu pektin yang dihasilkan. kemampuan umtuk melarmtkan mmeral alanu
Perlakuan dengan asam yang memilik: pH bahan yang diekstrak dan semakimn meningkat
rendal  akan  mengakibatkan  hidrolisis dengan memngkatnya konsentrast asam, subu
protopektin menjadi pektin, Reaksi hidrolisis dan waktu ekstroksi. Mineral tersebut akan
protopektin - yang  semakin  menmgkat lart dan mengendap kemudian  bercampur
mengakibatkan komponen ion Ca dan Mg jugs dengan pektin pada saat pengendapan alkohol.
bertambah. Dengan begitu, akan menmgkatkan

25 r—2ta-
g 24
5 -
5"' ‘ i = ASAM
= | Hl"uh' b —e KLORIDA
So,s - : 8- ASAM SITRAT

Gambar 3. Hubungan antara jenis asam dengan pH pelarut terbadap kadar abu pektin kubit lemon
Keterangan @ Notasi yang sama dibelakang milai rata-rata menunjukkan pengaub perfakuan tidak
berbeds nyata (P>0,05)

Jemis  asam  mewpengambi  kadar  abu bernt ekivalen pektin kulit lemon. Grafik
pektin. Kadar abu pektin yang dibasilkan nteraksi antara jenis asam dengon pH pelart
dengan menggunakan asam  klonda lebih terthadap berat ekivalen pektn koht lemon
tinggi  dibandingkan dengan menggunakan dapat dilihat pada Gambar 4.
asam sitrat. [m menunjukkan semakm kuat Gambar 4 memmyukkan bahwa berat
asam akan meningkatkan reaksi hidrolisis ekivalen pektin dan kulit lemon dan berbagai
protopekiin yang mengakibatkan perlakuan berkisar antam 461,47 - 192852,
bertambahnyn mineral berupa Ca dan Mg Berat ekivalen pektin tertingg terdapat pada
sehingga kadar abu pektin akan semakin perlakuan  ekstraksi  menggunakan  asam
menmgkat, Menunt Hanum (2012), semakin klonda dengan pH 3 yaitu 1928,52 sedangkan
kuat asam yang digunakan dalam ektraksi bernt  ekivalen terendah  dipesoleh  dan
pektin akan wemngkatkan reakst hidrolisis perlakuan  ekstraksi  pektin kulit  lemon
protopektin oleh  asam yang  akan menggunakan asam sitrat dengan pH 1.5 yaitn
meningkatkan komponen Ca dan Mg dalam 46147

larutan ekstrak. Senmmkin rendah pH pelarut maka berat
ekivalen pektin kulit lemon yang dihasilkan
Berat Ekivalen juga semakin rendah. pH yang rendah dapat

Hasil sidik ragam  menunjukkan  bahwa menyebabkan terjadinya deesterifikasi pektin
interaksi antara jenss asam dan pH pelannt menjadi asam pekiat, di mana jumlah gugus
berpengamh sangat nyata (P<0,01) terhadap asam bebas semakin banyrk schingga berat
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ckivalen semakin rendah. Memnnat  Fitniam
(2003), perubahan berat ekivalen dipengaruhi

Pengaruhy Jems Asam dan pH Pefarut

penurunan berat ekivalen karena asam pekiat
yang memiliki berat ekivalen yang lebih

oleh  deesterifikasi.  Peningkatan  proses rendah semakin menmgkat.
deestenfikast  berarti  peningkatan  jumlah
gugus  asam  bebas dan hal mi  berarts
2500
1928.52
2000 1696676~ "
1500 - ASAM
i 1000 KLORIDA
-
& 00 SHTRAT
0

2 2,
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Gambar 4. Hubungan antara jems asam dengan pH pelart
terhadap berat ekivalen pektin kulit lemon
Keterangan : Notasi yang samn dibelakang mlai rata-rata menunjukkan pengamh perlakuan tdak

betbeda nyata (P>0,05)

Sifut asam mempengamly bert ekivalen
pektin. Bemt ekivalen pektin menggunakan
asam klorida lebih tmggi dibandingkan asam
sitrat.  Semakin  kuat nsam  maka akan
memngkatkan hidrolisa protopektin menjadi
asam pektinat atau pektin yang lamit. Pektin
yang larut memilik berat ekivalen yang tingg
Asam pektat mumi memiliki berat ekivalen
176, sedangkan pektin murni memilika bemt
ckivalen vang tinggi yaitu sebesar 1886

(Fitnam, 2003).

Kadar Metoksil

Hasil sidik ragmn  menunjukkan  bahwa
mternks: antara jemis asam dan pH pelamt
berpenganubi sangat nyata (P<0,01) terhadap
kadar metoksil pektin kulit lemon Grafik
interaksi antarn jenis asam dengan pH pelant
terhadap kadar metoksil pektin kulit lemon
dapat dilihat pada Gambar 5.
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Gambar 5. Hubungan antara jenis asam dengan pH pelant terhadap
kadar metoksil pektin kulit lemon
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Keterangan : Notasi yang sama dibelakang miln) rata-ratn menunjukkan pengarul perlakuan tidak

berbeda nyata (P>0,05)

Hasil  peneliian  memmjukkan  kadar
metoksil pektin yang diperoleh dan ekstraksi
menggunakan asam klonda berkisar antar
5,52 - 10,81%. Kadar metoksil pektin tertinggi
terdapat pada perakuan ckstraksi
menggunakan asam klonda dengan pH 1.5
sebesar 10,8 % Kadar metoksil terendah
terdapat  pada perdakuan  ckstraksi
menggunakan asam sitrat dengan pH 3 sebesar
5,52 % Berdasarkan standar IPPA, pektin
bermetoksil tinggi memiliks kadar metoksil
>7.12% sedangkan pektin bermetoksil rendaly
yuity 285 - 7,12%, Pektin dengan ekstraksi
menggunakan asam sitrat pada pH 2.5 dan pH
3 termasuk ke dalam pekun bermetoksil
rendah sedangkan pektin lannya  termasuk
dalam kategon pektin bermetoksil tingg:.

Kadwr metoksil pada  pektin - memiliki
peranan  penting  yaitu menentukan - sifal
fiungsional pektin seperts struktur dan tekstur
dari gel pektin. Pektin bermetoksil tmgei dapat
membentuk gel dengan penambahan gula dan
asam.  Kondisi  ysng  diperiukan  untuk
pembentuknn gel adalah kadar gula 58-75%
dengan pH 2,8-3.5. Pektin bermetoksil rendah
tidak memiliks kemampuan membentuk gel
dengan adanya gula dan asam, tetapn dapat
membentuk  gel  dengan  adanya  kation
polivalen seperti kalsiun (Fitria, 2013),

Semakin rendah pH pelarut maka semakin
tinggl kadar metoksil pektin yang dihasilkm,
Hal ini dapat disebabkan oleh gugus karboksil
ying teresterifikast semakm meningkat dengan
semakin rendahnys pH pelanut sehmgga kadar
metoksil pektin semakin tinggr. Menurut Sufy
(2015), Kkadar metoksil merupakan jumlal
metanol yang terdapat dalam pektin  dan
jumlah  gngus  karboksil  terestenfikasi.
Semakin menmngkatnya konsentrasi asam akan
memngkatkan kadar metoksil pektin karena
gugus  karboksil  terestenfikasi  semakin
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menimgkat.

Kadar metoksil pada perlakuan ekstraksi
menggunakan  asam  Klonda lebih  tingg
dibandingkan dengan kadar metoksil pada
menggunakan asam sitrat. Hal mn disebabkan
karena asam klonda menuliki miai K yang
lebih  tngm  sehingga menmgkatkan 1on
hidiogen vang menghidiolisa  protopektin
menjadi pektin. Semakin banyak pektin maka
jumlah  metanol  pada  gugus  karboksil
tersesterifikasi juga semakin banyak sehingga
meningkatkan  kKadar  metoksil.  Menurut
Hamim (2012), semakin banyak jumlak 1on
ldrogen pads asam yang digunakan ik
menghidrolisa  protopektin - menjaci  pektin
yang lart, maka akan semakin meningkatkan
Jumlal gugus karboksil terestenfikasi pada
pektin sehungpa  Kadar metoksil  semakin
meningkat.

Kadar Asam Galakturonat

Hasil sidik magam memmjukkan bahwa
wteraks: antara jenis asam dan pH pelanut
berpengambh sangat nyata (P<0.01) terhadap
kadar asam galakturonat pektin kulit lemon.
Grafik mteraksi antara jems asam dengan pH
pelarut tethadap kadar asam  galakturonat
pektin kulit Jemon dapat dilihat pada Gambar
6

Hasil penelitan menumjukkan kadar asam
galakturonat pektin yang diperoleh berkisar
antara 4379 -~ 9778 %  Kadar asam
galakturonat pektin fertinggn terdapat pada
perlakunn ekstrakst menggunakan asam sitrat
dengan pH 3 yaitu sebesyr 97,78% Kadar
msam  galakronat terendah terdapat  pada
perlakuan ekstraksi menggunakan asam sitrat
dengan pH 1,5 yaitu schesar 43,79%.
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Gambar 6. Hubungan antara jenis asam dengan pH pelarut terhadap kadar asam galakturonat pektin
Kulit lemon
Keterangan | Notasi yang samn dibelakang nilai rata-rata menunjukkan pengarub perfakuan udak

berbeda nyata (P>0,05)

Semakin rendah pH pelarut pada ekstraksi
pektin maka semakin tinggi juga Kadar asam
galakturonat pektin yang dibasilkan. Hal
disebabkan semakin rendah pH pelarut yang
digmakan, maka kimetika reaksi hidrolisis
protopektin semakin meningkat selungen dapat
menmgkatkan kadar asam galakturonat pektn
Menurt  Anesti, er ol (2015), kadar
galakturonat pektin semakin meningkat seinng
dengan  bermambalmys  konsentrast  gsam
dikarennkan  meningkatnya reaksi hidrolisis
protopektin memjach pektin yang komponen
dasaruyn D-galakturonat.

Kadar asam  galakturonat pada  ekstraksi
dengan menggunakan asam  klonda lebih
tinggi dibandingkan dengan asam sitt pada
pH 2,5 dan 3 Hal mi dikarenakan asam
klonda pada pH tersebut masih menghsdrolisis
protopektin memgadi  pektin lebih bk
dibandingkin  dengan  asam  sitl.  Ini
menyebabkan kandungan asam  galakturonat
Juga lebih tinggs. Menurut Hests (2003), asam
klorida memiliki mlai K yang lebih tinggi
dibandingkan dengan asam sitrat. Nilai K i
menmunjukkan  semakin  kuat  asam  dalun
disosiasi 1on divalen menjadi 1won hidrogen
yang membantu hidrolisis protopektin meajadi
pektin. Kandungan asam galaktwronat yang
terdapat di dalam pektin juga  semakin
meningkat dengan meningkatnya pektin yang
dibasilkan.
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Kadar asam galakturonat pada ekstraksi
menggunakan asam  klorida lebih  rendah
dibandmgkan dengan asam sitrat pada pH 1.5
dan 2. Hal int didugs karena hidrolisis pektin
pada asam kuat dengan pH rendah cenderung
terus-menerus  sehinggn dapat mendegradas
pekiin menjadi asam pektat. Degradoss pektm
menjadi asam pektat menyebabkan penurunan
nsam galakturonat pektin. Menwut Nurhikmat
(2003) degradast pektin memadi asam pekiat
dapat tenjadi karena ladrolisis pektin oleh asam
yang cendenmg terus-menens  sehingga
menunkan kadar asam galakturonat.

Derajat Esterifikasi

Hastl sadik mgam menunjukkan  balwa
mteraks: antara jenis asam dan pH pelamt
berpengamb sangat nyata (P<0,01) techadap
dermjat esterifikasi pektin kulit lemon. Grafik
mierakss antiurn jems asam dengan pH pelant
terhadap derajat esterifikasi pektn kulit lemon
dapat dalihat pada Gambar 7,

Gambar 7 menunjukkan derajat esterifikasi
pektin kulit lemon yang diperoleh berkisar
antara 60,99 — E247 %. Demjat estenfikas
pektin tertinggi  terdapat pada perlakuan
ckstrakst menggunakan asam klonda dengan
pH 3 ymitu sebesar 8247 % Derajat
esterifikasi terendah terdapat pada perinkuan
ekstraksi menggunakan asam sitrat dengan pH
1,5 yaitu sebesar 60,99 %. Standar mutu pektin
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dalam IPPA (2003), pektm disebut memiliki
ester tinggi apabiln derajat estenifikas di atas
50% sedangkan pektin ester rendah memiliki
derajat estenfikast di bawah 50%. Pektin yang
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dibasilkan dalam  penelitian 1 termasuk
pektin ester tinggi karena memiliki deraat
esterifikasi di atas 50%.

o 78,58 ¢ 8145b §245a 8347
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Gambar 7. Hubungan antara jenis asam dengan pH pelarut terhadap derajat estenfikasi pektin
kulit lemon
Keterangan © Notasi vang sama dibelakang nilag rata-rats menunjukkan pengauh perlaknan tidak

berbeda nyata (P>0,05)

Semakin rendah pH pelarut maka semakin
rendah  dermpat  esterifikasi  pektin.  Ini
discbabkan  karenn pH yang rendah akan
menyebabkan degradas: pektin menjadi asam
pektat sehingga gugns metil ester berkurang,
Menurt Budivanto dan Yubanmgsih (2008)
tkatan plikosidik gugns metil ester dari pektin
cenderung terhidrolisis menghasilkan asam
galakturonat. Jika ekstraksi dilakukan pada pH
yang rendal, pektin akan terdegradast mengadi
asam pektat dimana asam galakturonat bebas
dan gugns metil ester. Jumlah gugus metil
ester menunpukkan jumlah gougns  karboksil
yang fidak  terestenifikasi  atau  derajat
estenifikasi.

Derajat esterifikas: pektin dengan esktraksi
menggunakan asmn  klorida  lebih  tinggi
dibandingkan dengan asam sitral.  Hal im
dikarenakan asam klorida meniliki nilai K
yang tmgm sehingga memmgkatkan proses
hidrolisis  protopektin menjads pektin yang
larut. Tingginya jumiah pektin vang dibasilkan
akan meningkatkan gugus metl ester atau
derajat  estenfikast pektin. Menurut  Hesti
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(2003) asam klonda memiliki  tetapan
keseimbangan disostasi (K) sebesar 107 Nilm
K yang tingg akan meningkatkan jumlah
suaty asam berdisosiasi dan meningkatkan
jumlah  fon  ludrogen sehinggs Indrolisis
protopektin  mengadi  pektin  memadi  lebih
cepat, Pektin terdin dart asam poligalukturonat
yang mengandung metil ester  Kandungan
gugus menl ester yang menimgkat  dengan
ekstraksi asam klorida menunjukkan derajat
esterifikast yang semakin menimngkat.

SIMPULAN DAN SARAN

Simpulan
Berdasarkan  penelitan yang  telah

dilakukan maka dapat disimpulkan beberapa

hal sebagai berikut:

1, Interaksi antara jenis asam dan pH pelant
berpengaruh  sangat  nyata  terhadap
rendemen, kadar air, kadar abu, berat
ckivalen, kadar metoksil, kadar asan
galakturonat. dan derapat estenfikast pektm
kulit lemon,
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“

Hasil penelinian terthbmk pektin kulit Jemon
adalah  perlakuan  Kombinasi  ekstraksi
dengan menggunakan asam klonda pada
pH pelarut 1,5, Kombinasi i membenkan
rendemen pektin sebesar 22,35%, kadar air
11,55%, kadar abu 2,11%, berat ekivalen
105247 | kadar metoksil 10.81%, kadar
asam  galakturonat  78,07%, dan  derat
esterifikasi 78,58%.

Saran

Berdasarkan hasil penelitian 1 disarankan
dilakukan penelition yang mengkaji pengaruli
jemss asam lain untuk menghasilkan pektin
dengan rendemen yang lebils tinggi serta berat
ckivalen yang sesuni standar [PPA (2003)
yaitu sebesar 600-800,
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