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Effect of Calcium on Coagulation and Precipitation in Extracted Sugarcane Juice
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Sugarcane juice clarification is well known for raw sugar production. The principle based on
coagulation precipitation of soluble solid and sedimentation to make a clear juice. Aim of this work to
investigate the effect of calcium on pH which affected coagulation precipitation of extracted sugarcane
juice. The sugarcane juice was incubated at 75°C, then lime saccharate with various calcium hydroxide content
was added for adjusting the pH of the juice solution. The sample solutions in the range of pH 6.5-8.5
were boiled and kept for further analysis, comparing with the control sample. Regarding to the
experiment, the sample solutions with pH 7.5 or higher was an appropriated for 321 meg/kg phosphate,
phosphate removal 90.9% and turbidity 0.013 abs with less sucrose losses. Moreover, the results of the
FTIR profile showed that main species of calcium phosphate compounds and calcium carbonate were
accelerate in lime juice. Although the particle size of suspension in the sample and control solutions

were similar, this profile was not detected in the control sample.
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998 (Saccharum officinarum L.) 4 maeﬂu
23Ane)1 (POACEAE %50 GRAMINEAE) uazagluisd
go8 PANICOIDEAE lunszuiumswantinaansigfu
InsoeiinunszuIumsivataldiiuidessu
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daulvg) Ao nszvumsvnlanuuiagy vilalnenas
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Aol nsiunsaneanssn 35asluiuduld i
arsuoulneanladfunszuiunisanAdung eu
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wielhAnmzneulnsueaeymeoas UazlIIUIEUIN
Y04nrnauiiinanuaaldendeny (Ca®) agieen
'3'&Lﬁaﬂuﬁﬂuﬂiz@mmimﬁﬁu (Eggleston et al.,
2012) 9nMsEnwTiHIuInUI Usganiaamnisvin
Tadeniigs mnuguanas Wediusinumoansly
vhdeeliitosnin 300 fiadnSusienlansa (Doherty
and Rackemann 2008; Rein, 2007; Khotaveevattana,
2003) 7141 N15F nwIve Eggleston et al. (2012)
WUI1N15UUNS 0T 657, U 15 Ul uazifu
asagatsinyurnindsuainasazaislausa
A1L3 (Lime saccharate) 98 uuszansaamnis
anaznew esndunailfendesudasyunnituag
mimamlaﬂmmLiwﬁ'qquﬁmuﬂmqwumi
LﬂﬁsuLLUaaifwmwasgIﬂsalﬂLﬂuﬁﬂmaﬂqimuaz
Wsalnaludiurades (Eggleston et al,, 2002;
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iliiAnarsuszneunrai@ouneavnluaisazaiy
wagA1Ane Wi A2eun1An 197U (Thal and
Doherty, 2012; Chen and Chou, 1993; Crees et al.,
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‘lfllumauﬂﬁﬂﬁ@ﬂﬁﬁ%ﬂﬂ%@umaL%E’J?,JLL&BWE]E{LWG]
(Berzina and Borodajenko, 2012; Greenwood et al.,
2007) uagnuinduwnounelnsadsingjninthdes
’quau (Thai et al., 2015; Thai and Doherty, 2012,
Thai et al., 2012; Doherty and Rackemann, 2008;
Doherty et al., 2002) \fleU$u pH Wrdoeidu 8.0
Fenamudoouveslanzavargnaunaelunges
laidunznauueneenu (Thai et al., 2015; Doherty
and Rackemann 2009; Zaeib., 2004; Eggleston
et al., 2002) wagdn15ANEINUIN pH Vo9EITaYANY
581719 7.0-8.0 9gIMUs8 HPOZ Mun 38 HPO
( Doherty and Rackemann, 2008; Johnsson and
Nancollas, 1992) @anndesiun1s@ny19ed Seliem
et al. (2016) (Figure 1) wazludruansazaneiilyly
dmaiidenslluhdes sooulansinnaznouayay
unzniy (Scale) mwﬁﬁaqﬂmaﬁuaﬂLﬂ?{aumm
¥ou sminenszurunsiustmenseadutigex
MLAEIAAREN LLaza’amasiaﬂmmwuawamﬁmﬁwma

7N519AU (Phakam et al., 2018)
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Figure 1 Fraction of phosphate species at different pH

Source: Seliem et al. (2016)
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nszuannevuin 1 ans ldludninesauin 2 das
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WIAALSN T 75°. (Thai et al,, 2012; Doherty et al.,
2002) U5U pH sasnisiduladuganiisnlunnas
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anudousn 75%. aunseiiingesiienneluian
3 U (Eggleston et al., 2002; Steindl, 2001) soM
Woagu Tduvawdaniudiegraduranan wudie 5
59U AUV 5 59U wuaAudegradu 3 dau
sof1 pH ldasluraanaradniiufegrmudeuiie
iluitesgsinanin Tasdaetefisenismaasy
luiiusnunlugududs -20°0. lnelin1simsien
A1 pH KALAIAMAINANA 9 il

1. 3131294 pH Talaeias esiiiovdines
(pH/m\V/Conductivity meter 5 W EUTECH INSTRUMENTS
PC700, Singapore)

2. AnseiUiavesudafiazansls 9B
Taoias aaTauing 0-95% (Auto refractometer
SCHMIDT + HAENSCH)

3. Tinswiuiinatmaglasadieisnig
wninwaslnanlsiedy (Polarization) Tasia3 a4
Inan3dwes 0-100°Z (Polarimeter 33 POLARTRONIC
NIR W2-SCHMIDT + HAENSCH) 814843501511915514
ICUMSA Method GS5/7-1(1994)

4. Jreiviiamaglasa (6Sucrose)
uraranglaa (%Glucose) uazumnansalna
(%Fructose) sewa3nsdlo High Performance Liquid
Chromatography (HPLC) lneldmoduil Sugar Pax®
fignumadl 80°w. annzmasLfusietie 4°. Mobile
phase 1% 0.05% Calcium disodium ethylenediamine
tetra-acetic acid 716n31n713a 0.5 wa. i uazld
Refractive Index Detector 8148435 n1511A531U
ICUMSA Method GS7/8/4-24(1994)

5. AATzRUTINaLAaITeN (Calcium, mg/kg)
Toeps asile Atomic Absorption Spectrophotometer
(AAS) SqI‘LJ FAST Sequential Atomic AA280FS, VARIAN,
Agilent, USA 9148435n15110155114 AOAC 968.08

6. Ttas Iz UTU IUNDaLNA (Available
phosphate, mg/kg) lninaila Blue Colorimetric
Phosphomolybdate Method TAN159 AN ULLE4
7i 600 uNTuLLAS Fa8LA3 09 UV-visible Spectro
photometer iq'u Evalution 100EV1-153883, Thermo
Spectronic 8198935n1511M 3§11 ICUMSA Method
GS7-15 (1994)

7. Aesgiusunanls (Starch, mg/kg) 1
Fr0g 19118 euunnayneuut a5 e 95%
nsesnznou U1tUAUA YU 40% Calcium chloride
nsesdmlaviuATewindiu Potassium iodide wax
Potassium iodate Tuan1aefifinsnezddin Taen
ganduuasd 720 uiluas §198938M5aRsgIy
ICUMSA Method GS 1-17 (2013) wa¥ Laboratory
Manual for South African Sugar Factories Including
the Official Methods (1985)

8. TLAs1eRUS U LA NFLmSU (Dextran,
me/ke) Yrimeg19i1desunse sudiiuieules
arluaa Uufl 90°w. wasihansazanwdnlannpzneu
78 Absolute ethanol '?mm@mﬂ%mmﬁ 720 WILLAT
9198935N1511M 351 ICUMSA Method GS 1/2/9-15
(2015); Clarke et. al, 1987, Eggleston and Monge,
2005. Modified Alcohol Haze Method

9. AtAs1zAd (Color, ICUMSA unit) €1
Fregeindasunses Usuan %Brix Ingldunndu
HRERK LLazﬁwlﬂi’mﬁh@Jmﬂﬁuumﬁ 420 uluLunS
#81A5 83 UV-Visible Spectrophotometer 47
AUINATE 81989350150195511 ICUMSA Method
GS 1/3-7 (2011)

10. AAsIeniAIAINY (Turbidity, abs) 141
feguidesiadnisganduuasit 900 uluwins
feuAs 89 UV-Visible Spectrophotometer 81484
3/N151195574 ICUMSA Method GS 7-21 (2007)
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11. Tins1gsivuineunialade (Average
particles size, prm) thifeenindoe Yammaymelusedv
lulasiuns (Micrometer) A aetnail A Dynamic Light
Scattering (DLS) FeLp3esiAsIZei Laser Diffraction
Particle Size Analyzer 3;‘14 HORIBA-Partica LA-950V2
(Kyoto, Japan)

12. Tiasigvadng ldWiee 1 (Zeta
potential, mV) ¥rfaog 198 peuuulyiioans
Faa1seia3 09TiasgsiUszqlalfiin $u Malvern
Model Zetasizer Nano ZS Instrument 8198435015
f14 Thai et al.(2012)

13. AasigiiAnisin i (Conductivity,
mS/sec) TaLas o4 (pH/mV/Conductivity meter
51 EUTECH INSTRUMENTS PC700, Singapore) 8138 9
A5n150195571 ICUMSA Method GS 1/3/4/7/8-13
(1994)

14, T1A5189N1TAANAUNSIIUVDINY
Wanduansusgnouneainn laawnaila Fourier-
Transform Infrared Spectroscopy (FTIR) 19§ &4
frethilagszivethesniioiiunnududuvesans
7 60°9. u 4 T2l unaunuyALe1InaY
ANy 4000-400 cm™ laewnn 9 4 cm™ yiATARAU
60 AU Fene e Bruker Tensor 27 FT-R Spectrometer
(Ettlingen, Germany) wazldlusunss Optical User
software (OPUS) 7.5 Tunsuseanana

nn1snnanedl TeyaatnuaTiATIEY
Fr0e19 Sruaufiogsay 3 91 lusiensiesed
1o 180 13 azihlunianudunusiu pH lag
WisuLisuAuLANA1909A 128 8091081
AUAN LagAUTU pH wansnafy daelusunsy
Statistix 8.0 A1UIUENH ANOVA analysis las35ve3

Tukey’s mean test N5AUAMNLTOIU 95% (p<0.05)
NaN15ILAZITAl

nMeasunIeuieg1aingoslaes
fegnindesiiudu (fet1smuam) a1 pH 5.3
Javun 6 fegns 9 ax 1 Ans thlvguliaudeuly
a'wmuquqmm:ﬁﬁ 65°%. U1y 15 undl antudia
gamgithdondu 75%. uaniiuladusanisniile
U5u pH 10u 6.5, 7.0, 7.5, 8.0 waz 8.5 1dUSuw
TadugmaLsne 4,6,8,10 way 12 Ua. MUAIAY
Taudeusosunseiningoaion Wisetdluv
N153LATI8NAY09 pH 3nn1stAnladuganisy
ReUsunaasararetnafiiluinges Lanaves
oH saUsunmEsaranetmalutis oy fanandly
Table 1 wave9 pH favsunaansildldiimauas
Snvazvetasuvivasslutnges nan1s3AsIve
%yjﬁﬁﬁsﬁu‘uaﬂﬁ’liﬂizﬂmjLLﬂﬁL%EJiJW@ﬁLWGISLuﬁWéJaEJ
menadla FTIR
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Figure 2 FTIR spectrum of calcium phosphate composite in sugar cane juice
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Ienasauansly Table 1 wuiniledn pH venidos
Wity e pH VBT wazifiuduuanseiy
gt 19T W ud A yn19ad i (p<0.05) 1 0au197n
ansazanupadedlansenlesiiludiuusznauves
TadugpmLsnuandlmduwnafendonu (Ca*) wag
nyjlensenda (OH) danall pH Tuansazaneiaig
Hushanntu defiersanasavanetomaluiides
WUIIAIIULTNTU %Brix U8A 198195 A L 88N
Fregemuau Felinnuunnsiieiuegisiidoddry
N19adR (p<0.05) Tnefegraindaeiifinsivlad
WBAAILSNT pH 7.0-8.0 A1 %Brix Laiwans19fiu
Junamarnidulasdueaaismfiat udwalsien pH
Wiy uavansazanedldudenisivladusaniisy
Aewduglasaluiides annisiasesian %Pol
PH 7.0, 8.0 waw 8.5 wuirdientosninidesaiuny

wazAlduanA19A U pH 6.5 Lag 7.5 uenanniuu

nslimrsoulumamanosilaiiunisgaudetma
ylasaunidn (Eggleston et al., 2012) i eruaa
ATAIU3aVETeat0saINAT %Pol WUl pH 7.5 3
A1ganIdegeAIuAN warlnalAesiuiu pH 7.0,
8.0 way 8.5 Tuvazdl pH 6.5 way 7.0 IndiAseiu
fheganun Ssazituingle pH faud 7.5 2wl
AuUIaVE gandnidesmuau Wunaunainns
AnaznauvesLAnIdsuoaaidaulutndoy
ylauuianiiiinty luasfertunauoenis
AnsieraunIney HPLC Tuansagaiy pH 7.0, 7.5,

8.0 uay 8.5 nuiUTinanaglasaliuansineiy

A a

dlofiarsanuiuuthnanglaa wyelna uaztioma
3534 dnansmeasdlulufienmaientu wazwuin
7l pH 8.0 fUsumna3iagves naa1nnIsh
ihanaglasadenaaistion 9 pH luszdunanads
segau (Egeleston et al., 2012) wannsnaaesii

UsuamaglasananasedeiddedAynieais
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1 pH 6.5 w19nA08195 uA UYL aUA Y
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NaYes pH AeUsurmarsazanefilulyinnnauay
Snunizaznaufivuiuassluindes
INNIVRaBIILIUINUSINaladusaAILy
finasie pH wavUSinaasavanetmaniluides
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ARSI ULenaIN pH T uwE? USinames
weaidoy fuunldufiunind uandes1sniugy
faust pH 6.5 uduly Tnedinuunnsiaiueded
Hod1AgyN9ads (p<0.05) TnenuinuTunauaadey
Tiuwandnsfudonn pH i 7.0, 7.5 waz 8.0 119N
msiuasazangladiuanisniafiuunaidondeoy
(Ca?") acluluhdeeiu Tunsnsetudrunuda
U%mm‘V\IaaLWms[,wf']é”aaamaqmaﬁaaéwmmu
faus pH 6.5 1Juduly Tnsusuaveaniianas
gonnapstuAuUasIfunnsidnUsnuneavinly
ﬁaasmﬁ;’]é’aaﬁl,ﬁuqﬁu Fawuil pH 7.5 WHuduly
ausanidaneanlauinnii 90% (Zaeib, 2004)
doand et uAIAINY U Tuualduanaseg e
foddnyneadf vedludiudranuguiianasdy
wuanlddanuunnansiueg il dedrAgieada
e pH 1w 7.0, 7.5 way 8.0 Wwieatufy
Wesiiudnsmdnanuyu tnedl pH 8.5 fdan
Yugegad 59.3% Fudunauannaiaufazen
sewhaumaeutureansludesluansidusg

Jefiarsanuiinuansazaneiildlyiinia
fifluindosldun Usautl wuindlosn pH geiu
Unaudsduunldudiuiuandegsaauay Tasd
pH 6.5 kag 7.0 daldunna1sdiusg19iidudiny
n9@d i Tnedn pH @ aus 7.5 Saanuuansaty
dHounnnisazansvesutuumniule pH gedu
safunshiauseu (Seliem et al., 2016; Doherty
and Rockmann, 2008; Eggleston et al., 2002) Tunng
Ferfuusinandndunsuinulndifsstutiuiegis
aue (esnisliienutou 105, esuthdesli
oraanBnmutorauvislunguiiasafnuasud
yilviindesldiinindsunlasnmuninszaninanis

2 o Yy 1 & o a o !
LﬂUiﬂHWIu@LL%LWQWQﬂAWQJN -20°. 1u531/1'3'1\738ﬂ’15
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v o ¥

naaeu Imguninislrauseunuiiesetiniadain
UAATenuaanda 91ntana3aad sazninozdly
Tunsneassinuidvenidesiuwnldilndideiy
fuddangniuay TnewdeIsuisuanuuansng
fun1eadinuin 7 pH 8.0 fAdganin wazdi pH 7.0
feddounindiaegumuaudadunaainujisen
waandnindos @enadetuUSuNaUnaIRAE
Inuat 1R Ui inswasunlasios esaens
naaalin1sAIvANg unlUuNaIeY TnaNlay
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Table 1 Effect of pH on total soluble solid, soluble sugar, soluble non-sugar, color, particle

size, electric potencial of colloid in sugarcane juice

Analysis results pH 5.3 pH 6.5 pH 7.0 pH 7.5 pH 8.0 pH 8.5

(control)

Soluble sugar

pH 5.20£0.01"  6.43+0.00F 6.84+0.00° 7.23+0.01°  7.73+0.01° 8.20+0.01"
%Brix 17.36+0.07"  16.86+0.37°%  16.63+0.025¢  16.66+0.08%¢ 16.69+0.025  16.51+0.02°
%Polarization 14.49+0.06"  14.17+0.28" 14.02+0.03°  14.31+0.34"®  14.09+0.01%  14.07+0.17°
%Puttyby poaization!  83.45+0.66°  84.05+0.18% 84.32+40.11"% 85.85+1.62"  84.42+0.04"%¢  85.22+0.92®
%Sucrose 14.26+0.45%  11.12+233°%  14.32+0.04"  14.15+043"  13.18+0.07"  14.28+0.10"
%Glucose 0.81+0.02"  0.59+0.10° 0.79+0.03" 0.78+0.02"¢ 0.67+0.095 0.78+0.02"
%Fructose 0.76+0.01"  0.49+0.15° 0.75+0.02"®  0.69+0.02* 0.62+0.07% 0.75+0.04"8

%Purity by sucrose?  82.13+2.15"®  65.85+8.31¢  86.13+0.10"  84.91+1.42"% 78.97+0.20°  86.48+0.35
%Reducing sugar’ 1.57+0.02" 1.08+0.24¢ 1.54+0.04" 1.47+0.03®  1.29+0.15%¢ 1.53+0.01%

Soluble non-sugar

Calcium (mg/kg) 333P 480°¢ 5408 5418 5658 6374
Available phosphate 3214 1688 82¢ 29° 158 8"
(mg/kg)

Turbidity (absorbance) 0.027" 0.0178 0.014¢ 0.013¢ 0.014¢ 0.011°
Starch (mg/kg) 482° 480° 565P 806" 7345¢ 975*
Dextran (mg/kg) 2,596" 2,661" 1,478¢ 2,461"8 1,7215¢ 2,640"
Color (ICUMSA unit) 15,3095¢ 15,3845¢ 14,921¢ 16,168 16,825" 15,339%¢
Average particle 1194 1078 104° 117 114" 115%
sizes (um)

Zeta potential (mV) -4.204 -4.86" -5.04%8 -4.97 -4.33 -6.258
Conductivity (mS/sec) 4.17¢ 45748 4.428¢ 4.448¢ 4528 487"
9%Phosphateremoval® - 49.5F 74.6° 90.9¢ 95.28 97.44
9% Turbidity removal® - 37.0¢ 48.28 51.98 48.28 59.3%

A-F means with different superscripts of soluble sugar or soluble non-sugar are represent significant difference (p<0.05).
L 9Purity by polarization = (%Polarization/%Brix) *100

2 %Purity by sucrose = (%Sucrose/%Brix) *100

% 9%Reducing sugar = %Glucose + %Fructose

9% Phosphate removal = (Phosphate initial -~ Phosphate after)/Phosphate initial *100

5 9% Turbidity removal = (Turbidity initial — Turbidity after)/Turbidity initial *100
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