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ABSTRACT

Testing quality of sugar beetsis an important stage of manufacturing sugar and needs physicochemical test in every
phase of processing. In this article we examined the laboratory tests that performed in phase of sugar beet slice, raw
juice, diluted juice, concentrated juice, and stage of first and second liming and carbonation with samples from
three major source of culturing sugar beet in Iran: Mashhad, Qazvin and Buein Zahra. The test results showed that
in some of laboratory tests Buein Zahra sample is out of acceptable limits set by Ingtitute of Standards and
Industrial Research of Iran (ISRI) and this sample not suitable for sugar processing unlike Mashhad and Qazvin
Samples.
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INTRODUCTION

Sugar beet cultivated from Beta vulgaris, is a plhich contains a high concentration of sucrosés Igrown
commercially for sugar production [1]. Sugar beehsists of the root and a rosette of leaves. Siggéosrmed
through a photosynthesis process in the plant fear then stored in the root. Sugar can représtween 15 and
20 percent of root’s total; however, the sugar enhtn sugar beets can vary from 12 percent to al@@vpercent
[2]. Nearly 75 percent of sugar beet is water ahgh@rcent of it is dry matter included 20 perceribtal dry matter
contains sucrose and soluble solids in water a@detnaining 5 percent contains insoluble solids$2jgar beet has
three parts: The thick upper part of sugar beetasn and it is the origin of leaves, a short alainparea below the
crow that is called the neck, and the fleshy paftsugar beet, called roots and also sugar stareiig3]. Among
all countries that are producers of sugar beetaderaUnited States of America and Germany werdfitepthree
countries in producer of sugar beet in the year92@0®ance with production 2.35, the United Statéh &7 and
Germany with 9.25 million tons production per ygHr According to Statistics Achieved by Iran’s Siytate sugar,
amount of productions sugar beets between yea2@8 to 2011 was 4282000, 2015000, 3866000 andO@n02
million tons in 2008, 2009, 2010 and 2011 respetyivthis statistic shows growth of sugar beet potidn in Iran
[5]. Beginning extracting stage of sugar beetsefie arrival to factory, and in this stage leased top of sugar
beet a little under leaves, will cut off. This paftthe sugar beet has less sugar and if thisvpautd not cut off, a
lot of secondary matters will enter to the juicel anwill cause, difficult sugar extraction and dease quality of
extracted sugar [6]. The first stage in sugar factdter storage of sugar beet is measuring peagentf sugar in it.
In production line after cleaning beets, sugar et cut in to the small slices and then sugall wktract by
diffusion from beets. Product of this process i¢ppand juice called raw juice because besides subarjuice
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contains water, pectin, proteins, and pigments @hdr component. This raw juice sugar can't be ubedause
after extracting, the juice will needs purifying.wouldn’t reaches to 100 percent purity, but thieg will have a
high percent purity. After that the juice shoukl tbansferred to other stage for more purificatimriudes first and
second liming and carbonation. The main stage gaisproduction is refining of raw juice, and juiperity is

directly related to removing non-sugar material. &gesult, from this juice, high quality white sugzn be
extracted. The color of juice that will leave dgfan is gray to black and melanoidin pigments cauddowadays
lime and carbon dioxide are used for the phaseuofying juice. Adding lime to raw juice takes pkdn two

stages: first liming one and after that secondrignias a result colloidal material, proteins argbinble salts will
precipitate. Lime should not be added only in a@lgirstep, it cause sudden increase of pH thatbeilhydrolysis of
sucrose. In carbonation stage, the main point gécipitate the excess of lime added during limimgduring the
gassing itself, in the form of calcium carbonatethe first carbonation tank, the raw juice is rdixgith milk of

lime. Milk of lime [Ca (OH)2] is added to the mixtuto adsorb the impurities in the mixture, therboa dioxide
(C0O2) gas is bubbled through the mixture to preatpithe lime as insoluble calcium carbonate crysid sucrose
molecules will separated from the lime. In this gaCO2 will reduce the juice pH to 11.2. The ngial of the
second carbonation is the elimination by carbordi aof all the lime which can be precipitated adcicen

carbonate. In the second carbonation tank, the jisicagain treated with CO2 to remove the remaitimg and

impurities. The pH of the juice is lower during ghéecond carbonation causing large, easily filteratalcium

carbonate crystals. After this stage, diluted juitaved to evaporator for concentration and aftat tdoncentrated
juice moved to crystallization, to produced whitgyar granules. If the action of refining was cortgdie sugar will
take shape in the form of crystal [6]. Due to impoce of these stages, monitoring of different prties is
necessary, therefore the aim of this study wasré&bry monitoring of three major sugar beet sourfms
manufacturing sugar in Iran.

MATERIALS AND METHODS

Randomly three different factories (Mashhad, Qazaimd Buein Zahra) for producing sugar beet slivg jaices
selected. The level of mark, pH, titratable acidikalinity, and Swedish and Cillin number was swad
according to the method of international standandhimer 6763 [7]. The pH values of samples were nredsusing
pH meter. Brix and polarity was measured by reéfraeter and polarimeter respectively.

Data Analysis

Data collected from the aforementioned study sasplere analyzed based on 0.05% coefficient of dmyor
software program. The data analysis was perfornsgtyuMINITAB statistical software, release 14.2 (MTAB

Inc., state college, PA and USA). At first suchtaaire program proved samples normal conditionsthed the
significant difference among data was preciseldistlivia Anova-one-way test.

RESULTS AND DISCUSSION

Sugar beet slice

Table 1 has shown physicochemical properties démdice sugar beet slice. The pH value of sugardiiee show
its quality and refer to sugar hydrolysis, and kigkevel of pH, shows higher quality of sugar baate, it means
higher percent of sugar in sugar beet and therdfigteer content of sucrose extraction. Table 1dtasvn that pH
of sample from Qazvin (6.00) and Mashhad (6.09) &aignificant difference with Buein Zahra sampie24).
Number of Cilin is length of 100 gram of sugar b&l&te and shows quality of sugar beet slice. is tibst according
to the ISIRI acceptable limit for Cilin number shabiloe in the range of 10 to 15 meters, statisticellysis shows
significant difference (§0.05) between the three Cilin number of samplesoAding to the results the Cilin number
of samples from Mashhad (13.15) was higher tharviQad0.76) and the Cilin number of Buein Zahra p&m
(8.37) was smaller than the other two and it's Iottan standard acceptable limit. Therefore Mashdradti Qazvin
samples are more suitable for manufacturing sudark content is the percent of insoluble matenasugar beet
slice. According to Table 1, Mark content of alteb samples has significant difference between ett@T; Buein
Zahra samples (5.11%) were higher than the othaples (3<0.05). The Mark content of Mashhad sample (4.74%)
also is higher than Qazvin Sample (4.50). AccordmdSIRI acceptable limit for mark percent shoble in the
range of 4 to 5 percent.

The most important factor of sugar beet is sugacepe in purchased sugar beet. The sugar contentbea
determined by a machine called polarimeter thakwiased on polarized light and the polarized liglteflected
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to the right or left by sugar that this deflectisncaused by asymmetric carbon. According to anflight, the
sugar content can be determined. Polarimeter rasatirding to Table 1, shows significant differebetween the
sugar content of Mashhad Sample (16.67) and Q&aunple (14.95) but Buein Zahra sample (15.90) iaige of
both samples and it hasn’t notable significantegdé&hce with them §0.05).

Swedish number define as a total weight of slibesé are bigger than five centimeters divided gl toeight of
slices those are smaller than one centimeter wiBigxpressed as a percentage. In this test acgotdilSIRI [7]
Swedish number should be higher than 10 gram, Isthrale samples are shown Swedish number abovdastin
limit with Mashhad (22.90), Qazvin (19.50) and Bugahra (21.46).

The higher rates of weight, shows higher qualftgumar beet slice. The moos number defines amthkbweight of
slices those are smaller than one centimeter diMigel00 gram which is expressed as a percentdgbeHrates of
moos number, shows lower quality of sugar beeeslccording to ISIRI [7] acceptable limit for moaslower
than 5 percent so all samples were in acceptafi¢ dnd had no significant difference<(a05). Moos content of
Mashhad, Qazvin and Buein Zahra sample were 0.0434% and 0.03% respectively.

Laboratory tests on Sugar beet Raw Juice

Sugar beet is sliced and mixed with hot water & jtice-making machine or diffusion at about 70 ftt&n sugar
from beet tissue enters the water and raw juicmasufactured. According to ISIRI [7], raw juice pilue of

normal sugar beet must be 5.8 to 6.2 and it's drimportant factors to show that sugar beet issaitisuitable for

manufacturing sugar. According to Table 2 ,pH ot (6.00) and Mashhad sample (5.90) were in #meesrange
and both have significant difference<(p05) with the pH value of Buein Zahra sample whtb0), therefore the
pH value of Buein Zahra sample was out of ISIRIitim

Brix define as percent of soluble solids that maynay not contain sugar but Pol, is percentagaugéis Quation
(Q) is defined as Pol divided by Brix (BX) which éxpressed as a percentage. If Pol is equal tg Brixalue is
equal to 100%, but usually the Q value is less t@0P6, because Pol is lower than Brix. The resafl{sercentage
of Pol according to Table 2 has shown that all dagwere in the same ranges and don't have signifidifference
(p<0.05) but Buein Zahra sample was more proper bedahss higher percentage of Pol ( 13.70%) .

Table 2 has shown the Brix of experimented sampldgere was no significant difference between tlive df Buein
Zahra sample (15.85) with the other two samplestimitbrix of Mashhad (15.50) and Qazvin sample2@pare
shown significant difference £0.05) with each other. Also Qazvin sample has higiercent of soluble solids
compared with the other two samples. According 1SHe Quation value (Q) in Sugar beet raw juiceusthdoe in
the range of 85 to 87, as the results of Tableo2veld that all three samples there weren'’t significhfferences and
Buein Zahra samples has higher Q value (86.43) aosdpwith Mashhad (85.80) and Qazvin sample (81.21)

Refining raw juice

Chemical properties of sugar beet in first and sdateification and saturation have shown in Tablac®ording to

ISIRI, pH of first liming should be 10.8 to 11.hdaresult test has shown that samples pH weredepdable range
and pH of Qazvin sample (11.915) was higher thash¥lad (11.18) and Buein Zahra (11.25) samples.rd$dts

of Table 2 has shown that alkalinity of samples Wwastandard acceptable range that is 0.2 to B&getis no
significant difference between alkalinity of san®plp<0.05) also, alkalinity of Buein Zahra sample (0.8@s in

higher level in comparing with Mashhad and Qaz@r29). In second liming, the juice pH will be reachabout

12.6, in this stage the melanoidin pigments are disintegrate. Second liming pH value should bthanrange of
11 to 12, the results of experimented samples hewrs that there were no significant difference lestaw samples,
and its mean value was 12.30. According to intéonat standard the second liming alkalinity mustitéhe range
of 1.1 to 2, so alkalinity of samples were accelgtaind there were no significant differenge@.05), however
alkalinity of Qazvin sample (2.10) was higher thdashhad (1.85) and Buein Zahra (1.95) samples.

According to ISIRI, pH value in first carbonatishould be in the range of 10.8 to 11.2 so pH oft¥ad sample
(10.90) was acceptable but Qazvin (10.20) and Brahra (10.44) samples were lower than standarnyval

The results of alkalinity are shown that alkalingff Qazvin sample (0.07) was higher than Mashha@5j0and
Buein Zahra (0.06) sample. However, all of samplese lower than ISIRI standard range.
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The pH of second carbonation is shown in Tablel® pH of Mashhad sample was higher than Buein Zgh&b)
and Qazvin (8.40), but statistically there weresignificant differences between pH values of experited
samples.

Diluted juice

The no-sugar materials are separated from the guigarin the presence of lime and carbon dioxideich are non-
toxic natural materials and impurities will pre¢gie. The resulting product of this reaction isutitl juice with
about 16% sugar. Statistically there was not agyicant difference between the pH values of @itljuice
samples. The pH of Qazvin (8.86) was higher thash¥iad (8.80) and Buein Zahra Sample (8.76).

The results of the percentage of sugar in dilutéckjshowed that there wasn'’t notable differenc® @5) between
Mashhad (14.25%), Buein Zahra (14.21%) and Qazainpde (14.12%) and the results also showed thaheas
sample had higher percentage of sugar comparirtgtindt other two samples but all three samples wtabde and
acceptable for manufacturing sugar.

According to ISIRI, brix content of diluted juiceust be between 12 to 16%, Table 2 has shown thahrake
samples were acceptable but the Brix of Mashhad(®s) and Qazvin (15.47%) had significant diffeenath
each other, also Buein Zahra sample (15.55%) wtinange of both of them.

According to ISIRI, if Q value is in range of 9098, Juice has high quality. According to the rsaf Table 2, all
three samples were in the range of ISIRI, howeMarshhad sample (91.42) is in higher level of qualitmparing
with Qazvin (91.39) and Buein Zahra (91.41) samples

Concentrated juice

According to ISIRI, pHs of all concentrated juiceen in acceptable range of pH (8 to 9) and thisiesdbr
Mashhad, Qazvin and Buein Zahra were 8.87, 8.90&88 respectively. Sugar content in concentratecke|
samples were in the same range, and Mashhad s&6p82%) had higher sugar percent comparing withvipa
(50.73%) and Buein Zahra (50.80%) samples. Acogrdd ISIRI, Brix of concentrated juice must betlve range
of 50 to 70%, Table 2 has shown that all three $asnwere in the same acceptable range and Brix adghiad
(55.59%) was higher than Qazvin (55.50%) and Bdeimra (55.55%).

Tablel: physicochemical properties of sugar beetiske

Properties Buein Zahra Qazvin Mashhad

pH 5.24+0.00 6.00+0.14 6.09 + 0.00
Cilin No. 8.37 £0.0° 10.76 £ 0.7°13.15 + 0.1°

Sugar Beet Slice Ex erimerr\é{lsark (%) 5.11+0.0% 4.50+0.00 4.74 +0.08
9 p Tgar (%) 15.90 £ 0.4%14.95 + 0.0816.67 + 0.03
Swedish N¢ 21.46 +0.0° 19.50 +2.1°22.90 +0.1°

moos number0.03 +0.00 0.04 +0.01 0.04 +0.00

Table 2: Chemical properties of Raw, Dilution and ®@ncentration of sugar beet Juice

PropertiesBuein Zahra Qazvin Mashhad

pH 5.50+0.08 6.00 +0.42 5.90 + 0.00
Raw Juice Pol 13.70 +0.1213.15 + 1.4813.30 + 0.02
Brix 15.85 + 0.0716.20 + 0.1315.50 + 0.01
Q 86.43 + 0.5081.21 + 9.8785.80 + 0.02
pH 8.76 +0.08 8.86 +0.02 8.80 +0.02
Diluted Juice  P° 14.21 +0.4°14.12 + 0.0°14.25 + 0.3°
Brix 15.55 + 0.0315.47 + 0.0115.60 + 0.02
Q 91.41 +0.0191.39 + 0.0191.42 + 0.02
pH 8.88+0.01 8.90+0.00 8.87 +0.21
Concentrated Juil2®! 50.80 + 0.6850.73 + 0.4250.82 + 0.3%
Brix 55.55 + 0.0355.50 + 0.0255.59 + 0.01
Q 91.47 +0.0191.41 + 0.0291.45 + 0.01

Quation value in concentrated juice shouldn’t hag&ble difference with diluted juice Quation valbecause in
this stage only water of juice separated by comatah. Test result of Quation value has shown #fidiough all
three samples were in suitable rang but Buein Zs&naple (91.47) was a little more proper for maciwfiang sugar
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because its Quation percent. The percent of Quati®uein Zahra was higher than Qazvin (91.41%) iiaghhad
(91.45%) samples.

Table 3: Chemical properties of Sugar Beet in deifiation 1 and 2, Saturation 1 and 2

Experiment Sample pH Alkalinity
Buein Zahr 11.25 + 0.0°0.30 + 0.0?
First Liming Qazvin 11.91 £ 0.590.29 + 0.02

Mashhad 11.18 +0.020.29 + 0.63
Buein Zahra 2.33 + 0.011.95 + 0.07
Second Liming  Qazvir 12.21 £0.2°2.10 £ 0.2¢
Mashhad 12.37 +0.001.85 +0.21
Buein Zahrd 0.44 + 0.080.06 + 0.01
First Carbonation Qazvin  10.20 + 0.140.07 + 0.01
Mashhad 10.90 +0.020.05 + 0.01
Buein Zahra8.55 + 0.07
Second Carbonatidazvin 8.40+0.28
Mashhad 8.70 + 0.28

CONCLUSION

All of this tests and steps mentioned in this &titelp us to reach our main goal which that imprgwquality of
sugar. First, we examine physicochemical propedfesugar beet slices such as measuring lengthicgfss moos
percent, swedish no, mark content and etc, to ctietkit is appropriate or not for manufacturingay after that
beet slices enter to production line, and main ajans start for manufacturing sugar such as mfimaw juice,
first and second liming and carbonation howeveerdadtl this steps all sugar in sugar beets cantxteacted which
call sugar waste. But sugar percent in final produgst be 100 percent.
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