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ABSTRACT

The management of waste such as "Filter Mud", tlgaisindustry residue is becoming one of the majeas of
concern for Iran. Treatment of this material and itonversion to the forms that might have applisediin

vegetable oil industries helps in cost effectiverasd efficient recycling of this industrial by-piuect. In this study
the possibility of the bleaching of vegetable @iigh two different filter muds obtained from sugadustry was
investigated and compared with commercial activdtlséhching earth. After the activation of the asHilter muds

by HCI and H2S04, bleaching process was carriedauthe oils under vacuum at the constant tempezabd

110°C using 1 and 2 % adsorbents. Beta-carotenéeodncolor, peroxide value and acidity of the malized and

bleached oils were determined. The results indatateat the bleaching efficiency varied depending ssme
experimental parameters namely the type of adsdérbsed, adsorbent activation method and adsorbestge.

The results revealed that acid activated ash ofsuigdustry filter muds significantly decreased #ile subjected
characteristics apart from the acidity and despite differences in composition and particle sizks,efficiency of
these adsorbents particularly the HCI activated adhsugar beet filter mud for removal of Beta-cers and
reduction of oil color was comparable to bentonitee commercial activated bleaching earth. Thereftine

activated ash of sugar industry filter mud mightdmeployed as an alternative to the commercial biearagent in

edible oils refining due to its effectiveness.
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INTRODUCTION

Bleaching is a critical step in oil refining due ttee reduction of impurities such as color and ati@h products
namely hydroperoxides [1, 2]. Removal of these wur®es is essential in the refining of oils asripioves the
stability and the sensory quality of the oils [[khprovement in color is due to the removal of oigasompounds
such as carotenoids, especidlstacarotene, and their derivatives, xanthophyllspaphyll, pheophytin, gossypol,
and their degradation products, that impart undbger color to the oils [1]. This removal is usuadlghieved by
adsorption of these color pigments on to an adstrbech as activated bleaching earths, a clayhhaé been
widely used in the oil industry. The natural bleaghearth, fuller's earth, a hydrated aluminumcsile, mostly has
been replaced by acid activated clays, which afarsuor hydrochloric acid treated bentonites contmorillonites
[3]. Though activated clays are efficient and effeztadsorbents for bleaching, attention is curyeditected at agro
waste ash as an alternative adsorbent [4].
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Industrial wastes are generated in large quantitiesver the world and if not properly handledtmated, might
cause detrimental effects on the environment, foerethe management and processing of these sulbstas
particularly important [5].

Sugar industry is one of the industries that predumnsiderable amount of recyclable organic nssei®©ne of the
main by-products from any sugar factory is" Fileake" or "Filter mud”, the compressed sugar ingustsidue
produced from the filtration of the sugar juice.[6]

Although filter mud is fairly rich in organic mattethere is a major disposal problem concerned tith waste.
Some quantities of the filter mud are used aslifegtiand soil conditioner. However, this appro&chot a desirable
practice in view of the foul odor from biologicaégradation [7], insoluble and imbalanced natur¢hefnutrient
content in it, generation of intense heat (65°@y duration for natural decomposition [6].

According to the statistical figures, sugar faaerin Iran produce about 1 million tons of filteudnevery year as a
waste product. Disposal of the waste is becomirg afnthe major areas of concern for a developingnty like
Iran. Usually the press mud is either disposech @fpen fields or sold as immature compost to fasn@r

Several waste materials have been identified asnpiat candidates to substitute bleaching earthemtonite and
some attempts have been made to convert a varfetyiaterials using different methods and conditi¢ék
However, little effort has been given to the propeatment of filter mud emerging out of sugar isities.

Treatment of filter cake and its conversion to fitrens that might have applications in edible odustries helps in
cost effectiveness and efficient recycling of tihidustrial residue.

Therefore, the aim of this work is to study theeeffof bleaching with acid activated ash from sugdustry filter
mud on colorbeta-carotene concentration, acidity and peroxide e/aifisoybean, canola and sunflower seed oils
and compare the results with the commercial blewcharth.

MATERIALS AND METHODS

Materials
The neutralized soybean, canola and sunflower siéedere obtained from Nosh Azar Oil Company ohifa.

Two types of filter mud (resultant from sugar baetl cane refining lines) were obtained from Hekmaagar
Factory (Hamedan, Iran).

The commercial activated bleaching earth, Bentdgjie KF, was purchased from Kanysaz Jam Industiigs
(Tehran, Iran).

All the chemicals used were of analytical gradecpased from the Merck Chemical Company of Germany.

Methods

Preparation of Activated Ash of Filter mud

Fresh filter mud samples from sugar beet and cafivang lines were air-dried in the shade in anrofield until the
moisture content reached to less than 4%. Driger fihud samples were grounded in the mill (TriplEsance),
passed through a sieve of 200 mesh and the obtpoweders were stored in plastic bags.

The ground filter cake samples were carbonizedhimia atmosphere and then heated in muffle furdac&h at
800°C for ashing. The ash samples were cooled desiccator at room temperature, and stored in amlass
bottles.

The ash was mixed with 12N HCI and 12N3€) in the ratio of 1:3 (w/v) separately, and the slukas agitated at
750 r/min at 80 + 2°C for 2 h. After activationgetBlurry was filtered. The filtered ash was washéti distilled
water several times until the pH of the supernateag 4-4.5. The ash was dried at 105°C for 24 hivated ash
was grounded and passed through a 200 mesh sieve.

Determination of Physico-chemical Characteristics Activated Ash
Chemical composition of the activated ash samphescmmercial bleaching earth were determined uxhngy
fluorescence (XRF), Philips Magix Pro XRF spectrtangs].
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Particle size analysis of activated ash samples amdmercial bleaching earth were done using partsize
analyzer, Fritsch Particle Sizer Analysette 22[9].

Bleaching of Vegetable Oils

The bleaching experiments were performed underwada a two-necked flask equipped with a stirrest aontact
thermometer. 100 g of neutralized oil was mixechviitor 2 g of activated ash samples. The bleaghiogess was
carried out under a vacuum (9 mmHg) at the consgtamperature of 1TC for 30 min. The bleached oil was cooled
under vacuum to PC and then filtered through a Whatman No. 41 fiteper to remove the adsorbent.

Physical and Chemical Analysis of Bleached Qils
A series of physical and chemical tests were cduoigt on the neutralized and bleached oils accgrttirthe British
Standard and AOCS Official Methods.

Total carotene content expressedbatacarotene equivalents in the neutralized and bleddils was measured
with a TG 60 spectrophotometer (PG Instruments T&DWVis Spectrophotometer). The oil was dissolved i
isooctane and the absorbance was measured at 4%00hnThe experiment was conducted in triplicatden to
determine the bleaching capacity of the activaiiéel cake accurately by comparison with a comnarsieaching
earth.

Color measurement was carried out by Lovibond Tirgter apparatus in 5.25 inch cell according to AOCS
standard method, Cc13e-92 [11].

The free fatty acid contents were determined adogrid AOCS method, Cd 3d-63[11].

Peroxide value determinations were carried out@ieg to AOCS method, Cd 8-53 by dissolving theimiacetic
acid-chloroform (3:2) solution and titration withOQ N sodium thiosulfate solution in the present@atassium
iodide and starch indicator [11].

Statistical Analysis

All the experiments and measurements were cartigdnotriplicate order and the mean values weremegl. The
data were statistically analyzed using the StatibstAnalysis System software package on replicaéstl data.
Analyses of variance were performed by the apptioadf ANOVA procedure. Significant differences Wween the
means were determined using Duncan multiple raegte t

RESULTS AND DISCUSSION

In this study the effectiveness of four differedsarbents namely ashes of sugar beet and canegefimes filter
mud activated with HCI or }$0, were compared with the commercial activated bleackarth in bleaching of
soybean, canola and sunflower seed oils and pretgsiency and the quality of bleached oils wevalaated.

Table 1 shows the quantities of carotenoids in sagb canola and sunflower seed oils that were béshwith 1
and 2 % of adsorbents.

Although in all oil samplebetacarotene contents significantlg<0.05) decreased after bleaching with 1 and 2% of
adsorbents, bleaching efficiency varied dependingtlve experimental parameters; namely adsorbems, ty
activation method and dosage.

In all three oils, bentonite adsorbed the maximumoant ofbeta-carotene and after that the ash of sugar beet fil
cake reducedetacarotene content more than the ash of cane filtdee at the same dosage. Although the
concentrations of acids for activation of both asivere the same (12N), ashes activated with HGbpeed better
than those activated with,HO, under the same experimental conditions. It was fdend that by increasing the
adsorbent dosage from 1 to 2 %, the percentagarofenoid removal was increased that is the redulicrease in
active sites available for adsorption.

Regardless of bentonite, the highest reductioraiotenoid content was obtained by using 2% of dstugar beet
filter mud activated with HCI (Tablel) as the retio percentage irbetacarotene for soybean, canola and
sunflower seed oils reached 76.1, 65.5 and 63.2%eively. At the 1% bentonite level the bleachéfficiency
was comparable to 2% addition of ash from sugat filem mud activated with HCI.
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Differences in bleaching power might be dependedhenadsorbents particle size and their compositiéwid
activation modifies the chemical composition ofyckainerals. It has been shown that acid activatanses an
exchange of the octahedral cations**AF€*, and M@* with H" ions which leads to the modification of the clay
crystalline structure .The surface areas of theifieadsamples were observed to increase to mone tin@e times
that of the raw sample[12].

Our XRF results showed that the all adsorbentscameposed of metal oxides particularly CaO, MgO, ,Sé@d
Al,O; (Tab. 2). The major component in bentonite, thenmercial bleaching earth is silica while the main
composition in activated ashes of sugar beet and filer muds is CaO.

Addition of MgO can increase the bleaching actiafyearths [13]. It has been also observed thatstas with
greater MgO contents in their structure are motaraed by mineral acids than those smectites withor MgO
content [2].

According to the results given in Tab. 2, ash afasubeet filter cakes consist of the highest cantéiMgO and
SiO, as compared with other adsorbents except bentoBleaching efficiency increases proportionally the
removal of octahedral cations from the ash strectur

On the other hand, the results indicated that asfiesigar beet and cane filter cakes activated Wi@i that
adsorbed higher amounts luéta-carotene have smaller particle size than ashested with HSO, (Table 2). The
results indicated that the smaller particles enbdribe adsorption dfetacarotene, which is in agreement with the
previous investigations by Richardson [14]; Morga&ml. [15]; Henderson [16]; Chen et al.[17] ancafgmor [1].

From the view point of diffusion, small particlesaynshorten the diffusion path bétacarotene to the pore surface
for adsorption, thus enhancing adsorptionbefacarotene or it is as a result of increase in serfarea, pore
volume, and pore size of the particles [1].

Al-Zahrani et al.[18]reported that acid treatmehtlays changes the clay structure by creating peres resulting
in an increase in surface acidity through the regrigent of cations like Al, Fé* and C&" from the structure with
H*. Two basic reactions occur during clay activatwith mineral acids. The acid first dissolves paria,0; as

well as CaO, MgO, etc., from the lattice. This @suan opening of the crystal lattice and an ineréasnternal

surface area. The second reaction is the gradeabege of the Ca and Mg ions, located at the seidéthe crystal
against hydrogen ions from the mineral acid. Theeehcid activated clay is almost saturated withakid exhibits
strong acidic character [18].

Based on previous studies, it seems that activatfdiiter cakes with acid increases the surfaeaaand in this
aspect HCI has been more effective thaB®).

We speculate reduction of particle size in the aaskICI treated filter cake provides more adsonptgites and
present better bleaching results. It should bedhtitat the positive effect of reduction in partisiee might create
difficulty in filtration due to the increased ogtention by the adsorbent as has been noted byX(gdéa et al. [19]
in the case of bleaching clays.

Increased amount of used adsorbent will provideensorface area for the adsorption and removhketdcarotene.
Some previous investigators working with other agmste ash and clays, as adsorbent, reported anesth
removal of betacarotene and a reduction in peroxide value andidine value as the result of increasing
adsorbent/oil ratio [1, 20]. For instance, Chemle{17] reported that increasing the amount ofvatéd rice husk
ash enhances the removabefta-carotene from soybean oil.

In this research the evaluation of bleaching edfficy was based on the Lovibond color indices (T3bleAs
expected indices for yellow and red colors decr@@sall the bleached oils, confirming thereby thegh efficiency
of the bleaching process using activated ashesg#rdandustry filter cakes. The results indicatedt there are no
significant differences between red and yellow catbensities of oils bleached with 1% of bentoraited 2% of the
HCI activated ash of sugar beet filter mpeaQ.05).
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Table 1: Amount of carotenoids (mgB-carotene/Kg oil) in soybean, canola and sunfloweseed oils bleached with 1 and 2 % of different adgoents®

Bleaching agent

Oil Ash of sugar beet filter cake activated with Aslcane filter cake activated with

Samples Neutralized oils (Blank) "Te] H,50; aal H,50s Commercial bentonite
1% 2% 1% 2% 1% 2% 1% 2%

Soybean 30.95+0.62 15.14+0.08 7.38+0.02 19.17+0.08 16.98+0.02 19.67+0.03 17.26+0.08 26.95+0.02 22.18+0.04 7.92+0.04 0.43+0.04

Canola 32.09+0.02 19.02+0.04 11.06+0.05 26.41+0.08 22.89+0.02 27.23+0.04 22.06+0.08 29.04+0.03 25.98+0.05 6.96+0.02 2.69+0.06

Sunflower 7.14+0.08 3.51+0.02 2.63+0.03 5.55+0.08 4.58+0.05 5.33+0.08 4.41+0.08 6.97+0.02 5.78+0.05 2.26+0.08 1.39+0.02

TNote: The values are expressed as means = startiasidtion.
*There is no significant difference between sinfédsers in each column (p<0.05).

Table 2: Composition and particle size of used adsorbents

Ash of sugar beet filter cake activated with Ash of cane filter cake

Adsorbents properties activated with Commercial bentonite
HCI H,SO, HCI H,SQ
CaO 46.80 £ 0.20 43.70 £0.20 46.70 £0.20 44.0126 1.35+0.04
MgO 1.30 £ 0.05 1.10+£0.01 0.92 £0.05 0.79+£0.01 1.49 £0.05
Sio, 2.98 £0.04 2.30+£0.03 1.85+0.04 1.35+0.04 363 0.20
. . Al,03 0.34£0.04 0.29 £0.00 0.24 £0.04 0.22+£0.01 39% 0.02

Chemical Composition (%) /o, 0.07+0.01 0.05 +0.00 0.07+001  0.05+0.00 16:0.03
Na,O 0.06 +0.03 0.05+£0.02 0.06 £0.03 0.03£0.02 .13G:0.01
K20 <100 ppm <100 ppm <100 ppm <100 ppm 0.51+0.03
L.O.l 47.83+0.03 48.95+0.06 48.61+0.01 49.85+0.05 3.98+0.02

Average patrticle size (um) 8.16 16.18 8.92 16.94 639.

" Note:The values are expressed as means = stardiartion.
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Direct correlations were observed between changeslor andoetacarotene concentrations lsta-carotene was
major color compound in the oils.

The free fatty acid content of bleached oil samjpdepresented in Table 4. The acidity of soybeamota and
sunflower seed oils bleached with activated asliilefr cake samples and commercial bentonite aceeased
slightly that might be due to the treatment witidaactivated earths. There is no significant ddéferes between free
fatty acid contents of oils bleached with bentorsdtel other used adsorbens<(.05. These results agree with
Morgan et al.[15] and Hoffmann[21] who reportedrgmses in the free fatty acids in the bleached oils

It is well accepted that partial hydrolysis of tbi takes place during bleaching, thus increasireg ffatty acid
content. The extent of oil hydrolysis during bleiaghdepends on the acidic properties of the blearhlays. Acid
activation results in acidic surfaces that will meeadily split the oil into free fatty acids [2Znother factor that
promotes oil hydrolysis during bleaching is thesemce of moisture. Since the neutralized oils is Work were
dried over anhydrous sodium sulphate before blegchnder vacuum, the effect of moisture is miniaoad might
be excluded from the discussion.

Table 5 shows the peroxide values of oil sampleadiied with activated ashes of sugar beet andfiti@neakes as
well as bentonite.

The peroxide values of neutralized soybean, caaalh sunflower seed oils were 2.38, 2.98 and 2.8Mkyeq
respectively. By bleaching the oils with 2% HCliaated ash of sugar beet filter cake these valuse weduced to
2.11, 2.32 and 1.98 meq/kg respectively. Althouggater reductions in the peroxide values were nbthby using
commercial activated bleaching earth, HCI treatsld af sugar beet filter cake did reduce the pemxidlue of
bleached oils demonstrating the effectivenessisfrtfaterial in the bleaching process.

Young [23] and Boki et al.[24] reported that oxidatlevels are reduced by the breakdown of hydmyides; the
primary oxidation products on the adsorbent sudateh as bleaching earth. Also Boki et al. [2Bjgasted that a
decrease in peroxide value might be due to therdposition of peroxides by the strongest acid onstinéace of
bleaching earth.

The results indicated that peroxide value of thesamples bleached with 2% activated ash of fidte samples are
similar to those obtained using 1% dosage of beteton

The lower adsorption might be due to the competifrom other minor oil compounds or pigments pn¢se the
edible oil that are more selectively adsorbed diéoactivated samples [22,25].

Proctor et al. [26] and Gnanasamandam et al.[27drted a reduction in peroxide value of bleachegbean oll

when using carbonized soy hulls as bleaching agevitie Aly et al.[28] Girgis [29] reported an ire@ase in
peroxide value during bleaching of refined cott@useil when using acid activated ashes of apritmies, and the
results were higher when Tonsil clay was empldgedhe bleaching process.
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Table 3: Color of soybean, canola and sunflower ed oils bleached with 1 and 2 % of different adsorents (Lovibond)*

Neutralized oils

Qil Color

Bleaching agent

Ash of sugar beet filter cake activated with Aslcane filter cake activated with

- (Blank) HCI H.SOy HCI H,SO, Commercial bentonite

Samples  (Lovibond) 1% 2% 1% 2% 1% 2% 1% 2% 1%
Sovbean  Yellow 68+0.17 37.3+0.17 26.2+0.10 48.6+0.26 39.1+0.10 49.6+0.17 37.8+0.18 55.0+0.16 47.5+0.16 24.3+0.26 14+0.10
Y Red 9+0.28 6.3+0.17 51017 7.24020 6.1+0.17 7.9+0.16  6.1+0.1f 9.0+0.34  7.9+0.16  4.9+0.17 3.1+0.26
Canola Yellow 24+0.08 16.8+0.17 10.1+0.16 19.2+0.15 14.1+0.16 21.8+0.17 16.2+0.17 22.1+0.10 17.6+0.26 9.8+0.16 6.8+0.17
Red 6.9+0.17 581020  4.9t+01Ff 65:0.28 52+0.1f 6.7:0.16" 5.8:0.26 6.820.23° 51:0.26° 4.8:0.17 2.9:0.23
Sunflower  Yellow 42+0.32 26.8+0.17 17.3+0.26" 29.3+0.26 8.9+0.10 31.5+0.34 22.1+0.11 33.4+0.17 23.8+0.11 16.9+0.17 8.9+0.16
Red 4.8+0.26 3.9+0.10  3.1+0.17¢  4.1+0.10° .2+0.34¢ 45+0.36° 3.6+0.4%3° 4.7+0.17 3.6+0.16° 2.9+0.26 2.0+0.17

¥ Note:The values are expressed as means = startasidtion.
¥ There is no significant difference between siriters in each column (p<0.05).

Table 4: Free fatty acid contents of soybean, cat@oand sunflower seed oils bleached with 1 and 2 % different adsorbents (%)

Bleaching agent

Oil Samples Neutralized

Ash of sugar beet filter cake activated with Asltane filter cake activated with

Oils (Blank)

HCI H,SO, HCI H,SOy Commercial bentonite

1% 2% 1% 2% 1% 2% 1% 2% 1% 2%

Soybean 0.38+0.05

0.41+0.08 0.42+0.08° 0.42+0.08 0.42+0.08 0.41+0.04 0.42+0.04 0.41+0.08 0.43+0.03 0.40+0.0f 0.43+0.04

Canola 0.42+0.03 0.42+0.08  0.45+0.02 0.44+0.083 0.45+0.04 0.43+0.02 0.45+0.02 0.44+0.0f 0.46+0.02 0.43+0.02 0.44+0.0%
Sunflower 0.31+0.02 0.33+0.02 0.34+0.02 0.34+0.0f 0.35+0.02 0.35+0.08 0.36+0.08 0.37+0.083 0.37+0.08 0.32+0.09 0.35+0.04
Y NoteThe values are expressed as means * standard @eviat
#“There is no significant difference between sinlidters in each column (p < 0.05).
Table 5: Peroxide value of soybean, canola and sunflower seeils bleached with 1 and 2 % of different adsorbets (meq/kg)

Bleaching agent

Oil Samples Neutralized

Ash of sugar beet filter cake activated with Asltane filter cake activated with

Qils (Blank)

HCI H,SO, HCI H,SO Commercial bentonite

1% 2% 1% 2% 1% 2% 1% 2% 1% 2%

Soybean 2.38+0.63
Canola 2.98+0.03
Sunflower 2.81+0.06

2.23+0.04 2.11+0.08 2.35+0.0# 2.31+0.02 2.36+0.08 2.34+0.0# 2.35+0.06" 2.34+0.04% 1.98+0.08 0.92+0.03
2.53+0.02 2.32+0.04 2.85+0.06' 2.84+0.08 2.90+0.05° 2.86+0.0¥ 2.94+0.08° 2.91+0.04° 2.46+0.08 1.18+0.08
2.10+0.05% 1.98+0.02 2.20+0.04 2.19+0.02 2.58+0.02 2.44+0.04 2.75+0.04 2.70+0.05 2.38+0.08 1.13+0.02

“Note:The values are expressed as means + standsdidtibn..
" There is no significant difference between sinliégters in each column (p<0.05).
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CONCLUSION

The results indicated that the efficiency of acdiveted ash of sugar industry filter cakes pattéidy the HCI
activated ash of sugar beet filter cake for remmfdbetacarotene and reduction of oil color was comparable
bentonite. Therefore the activated ash of sugarsiny filter cake might be employed as a bleaclsiggnt in edible
oils refining due to its effectiveness.
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