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Abstract

This work aimed to investigate the physiochemical properties of commercial sugars (white sugar, dark brown sugar,
organic sugar, and muscovado) and sugar beet. Percentages of crude protein, crude fat and crude fiber in sugar beet were
4.06, 6.36 and 0.02%, respectively, and the degrees of sugar of white sugar and sugar beet were 93° Brix and 78° Brix,
respectively. L(lightness) value scores of white sugar were higher while the turbidity of sugar beet was higher. White
sugar, dark brown sugar, and organic sugar were composed of only sucrose, whereas muscovad and sugar beet were
composed of fructose, glucose, and sucrose. The highest organic acid content was observed in sugar beet. The contents
of amino acids in sugar beet were in the following order: proline (161.23 pg/100 g) > aspartic acid (43.13 pg/100 g) >
leucine (36.93 pg/100 g) > alanine (17.40 pg/100 g). There were 16 free amino acids in sugar beet. The highest mineral
contest was observed in sugar beet in the order of K > Ca > Na > Mg. This result indicates that sugar beet can be prepared
by considering the characteristics of natural sugar materials.
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Table 1. Proximate composition of commercial sugars and sugar beet (unit : %)
Item White sugar Dark brown sugar Organic sugar Muscovado Sugar beet
Moisture 0.4520.05"" 1.35+0.11° 0.45+0.05° 0.88+0.09° 4.77+0.03"
Crude protein ND” ND ND ND 4.06+0.17
Crude fat ND ND ND ND ND
Crude ash ND ND ND ND 6.36+0.45
Crude fiber ND ND ND ND 0.02+0.01
Carbohydrate 99.55+0.05" 98.650.11° 99.55+0.05" 99.12+0.09" 84.60+0.52°

" Values are the meantstandard deviation of triplicate experiments.
Y ND, Not detected.

“4Means with different superscripts within a column indicate significant differences (0=0.05).
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Table 2. pH and °Brix of commercial sugars and sugar beet
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Item White sugar Dark brown sugar Organic sugar Muscovado Sugar beet
pH 7.57+0.01°" 4.8140.01° 5.44+0.01° 4.93+0.00° 6.61£0.01°
°Brix 93.00£0.00° 92.67+0.58" 91.33£0.58° 89.33+0.58° 78.000.00°

Y Values are the meantstandard deviation of triplicate experiments.

" Means with different superscripts within a column indicate significant differences (0=0.05).
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Table 3. Hunter color values of commercial sugars and sugar beet
Color White sugar Dark brown sugar Organic sugar Muscovado Sugar beet
L* 91.06+0.29"" 76.45+0.98° 90.76+0.22° 82.9120.07° 57.10£0.22°
a* -0.28+0.87° 2.14+0.45 -0.85+0.03% -1.67+0.06" 16.79+1.01°
b* 1.67+0.29" 38.90+1.64° 1.96+0.03 23.36:£0.26° 52.05+1.70°
*L: lightness (100, white ; 0, black), a: redness (-, green ; +, red), b: yellowness (-, blue; +, yellow)
Y Values are meantstandard deviation of triplicate experiments.
" Means with different superscripts within a column indicate significant differences (0=0.05).
Table 4. Brown Color and turbidity of commercial sugar and sugar beet
Color White sugar Dark brown sugar Organic sugar Muscovado Sugar beet
Brown color 0.0120.002°" 1.630.004° 0.0320.004° 0.8840.005° 2.4540.002°
Turbidity 0.000.00° 0.15+0.004° 0.0120.002° 0.1320.004° 0.25+0.005"

" Values are the meantstandard deviation of triplicate experiments.

" Means with different superscripts within a column indicate significant differences (0=0.05).
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Table 5. Free sugar content of commercial sugar and sugar beet
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B = Ut AP dddo] 0.25+0.0052 7Y =2
7S By, 324Eo] 0.15+0.004, PH~FHEE 0.13+0.004,
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WA, SAY, fUlsARY fEd 24 A9 1Y
SHA sucroseSte] $TEOl e ACE YUeRow,
2378, AFRE HAGLS fructose, glucose, sucrose”}
SHrEo] e AoE UERTh

npSks, AP AT fructose T ZH7F 1.31
2/100 g7} 1.60 g/100 g|AL, glucose T2 27} 4.79

g/100 g, 4.04 g/100 g°]3ATh Levigne 5(2002)2] A2
o] =M fresh sugar beeto| 4] xylose 11 mg/g, glucose

(unit : g/100 g)

Free sugar White sugar Dark brown sugar Organic sugar Muscovado Sugar beet
Xylose ND" ND ND ND ND
Fructose ND ND ND 1.31x0.09" 1.60+0.07
Glucose ND ND ND 4.79+0.12 4.04+0.15
Sucrose 99.81%1.21% 99.49+1.09° 96.13+1.79¢ 89.00+1.56° 66.90+1.01°
Maltose ND ND ND ND ND
Lactose ND ND ND ND ND

D ND, Not detected.
? Values are the meantstandard deviation of duplicate experiments.

" Means with different superscripts within a column indicate significant differences (0=0.05).
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Table 6. Organic acid contents of commercial sugar and sugar beet

g, 0.02 mg/100 g, 0.08 mg/100 g& & m& FHHEo] 9
= Aog Yebgth mtAFHIEE acetic acid?} succinic
acid7} 242} 0.06 mg/100 g, 0.19 mg/100 g & W]k 3Hf
Hoj A, AFFE HAGLE Tl vls) st

A= f714ke]l FF+= oxalic acid, lactic acid, acetic acid,

(unit : mg/100 g)

Organic acid White sugar Dark brown sugar Organic sugar Muscovado Sugar beet
Oxalic acid ND" 0.67+0.01” ND ND 3.27+0.25
Tartaric acid ND ND ND ND ND
Malic acid ND ND ND ND ND
Lactic acid ND ND ND ND 0.26
Acetic acid ND 0.02 ND 0.06 0.19
Citric acid ND ND ND ND 2.85+0.08
Succinic acid ND 0.08+0.002 ND 0.19+0.01 0.21+0.01

Y'ND, Not detected.

? Values are the meantstandard deviation of duplicate experiments.

Table 7. Amino acid content of commercial sugars and sugar beet (unit : ug/100 g)
Amino acid White sugar Dark brown sugar Organic sugar Muscovado Sugar beet
Aspartic acid ND" 6.89” 6.12 9.48 43.13

Threonine ND ND ND ND 9.62
Serine ND ND ND ND 14.22
Glutamic acid ND ND ND ND 123.42
Proline ND ND ND ND 161.28
Glycine ND ND ND ND 6.21
Alanine ND ND ND ND 17.40
Cysteine ND ND ND ND 12.32
Valine ND ND ND ND 12.13
Methionine ND ND ND ND ND
Isoleucine ND ND ND ND 15.61
Leucine ND ND ND ND 36.93
Tyrosine ND ND ND ND ND
Phenylalanine ND ND ND ND 9.91
Histidine ND ND ND ND ND
Lysine 12.03 ND 13.05 10.56 13.67
Ammonium chloride 130.07 140.36 137.86 118.47 179.87
Arginine ND ND ND ND ND
Total 13.030 6.89 19.17 20.04 475.85

U'ND, Not detected.
? Values are the mean deviation of duplicate experiments.
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Table 8. Free amino acid content of commercial sugar and sugar beet (unit : ug/100 g)
Amino acid White sugar Dark brown sugar Organic sugar Muscovado Sugar beet
O-Phospho-L-serine ND" ND ND ND ND
Taurine ND ND ND ND ND
O-PhosphoEthanolAmine ND ND ND ND ND
Urea ND ND ND ND 81.57”
L-Asprtic acid ND ND ND ND ND
Hydroxy-L-proline ND ND ND ND ND
L-Threonine ND ND ND ND 34.21
L-Serine ND ND ND ND 83.00
L-Aspargine ND ND ND ND 93.06
L-Glutamic acid ND ND ND ND 80.57
L-Sarcosine ND ND ND ND ND
L-a-Aminoadipic acid ND ND ND ND ND
L-Proline ND ND ND ND ND
Glycine ND ND ND ND 16.96
L-Alanine ND ND ND ND 126.91
L-Citrulline ND ND ND ND ND
L-a-Amino-n-butylric acid ND ND ND ND ND
L-Valine ND ND ND ND 77.29
L-Cystine ND ND ND ND ND
L Methionine ND ND ND ND ND
Cystathionine ND ND ND ND ND
L-Isoleucine ND ND ND ND 88.76
L-Leucine ND ND ND ND 70.16
L-Tyrosine ND ND ND ND 42.17
B-Alanine ND ND ND ND ND
L-Phenylalanine ND ND ND ND 21.39
D,L-B-Aminoisobutyric acid ND ND ND ND ND
L-Homocystine ND ND ND ND ND
r-Amino-n-butyric acid ND ND ND ND 60.75
Ethanolamin 21.97 24.87 23.81 24.08 27.70
Ammonium Chloride ND ND ND ND 11.33
Hydroxylysine ND ND ND ND ND
L-Omithine ND ND ND ND ND
L-Lysine ND ND ND ND ND
1-Methyl-L-histidine ND ND ND ND ND
L-Histidine ND ND ND ND 9.62
L-Tryptophan ND ND ND ND ND
3-Methyl-L-histidine ND ND ND ND ND
L-Anserine ND ND ND ND ND
L-Carnosine ND ND ND ND ND
L-Arginine ND ND ND ND ND
Total 22.97 24.87 23.81 24.08 925.45

1)ND, Not detected.
? Values are the mean deviation of duplicate experiments.
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s 453 =2 Ao E YEiith 7P wol st
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citric acid”} 2.85 mg/100 g, lactic acid”} 0.26 mg/100 g
O 72 wWol dFEH Ae A= yEyt f714 &
g EAEN AR Aol AlBEIL e ARl H
3 TR} Fol 453 Be fUIike sk AL
2 UERGTHTable 6). WA et} Sdelo] 7
A YepA @2 A2 1 458 AxF

[e)
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T ok eqt B4 A9 M Adve] e FA3H lysine
ko] AEF e I RS 12.03 pg/100 golar, 4

3t aspartic acid¥ro] FHEF L 6.89 pg/100 g

1 Qe HoE YERgT

F71%s A'F} vkasankE=e] A9 aspartic acid, lysine
qho] & e Ao E YE oW 1 §EFE aspartic
acid’} Z+7F 6.12 pg/100 g, 9.48 pg/100 g©]al, lysine©]
Z}7F 13.05 pg/100 g, 10.56 pg/100 g ©] ATk

T AR el A ket FAole Al
< g3k e Aoz YEREOH proline 161.28 pg/
100 g, glutamic acid 123.42 pg/100 g, aspartic acid 43.13
pg/100 g, leucine 36.93 pg/100 g, alanine 17.40 pg/100 g
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Table 9. Mineral contents of commercial sugar and sugar beet

8. S2lotofAt St

Aol #u=Ea e NAY, A, frsdw
2FuE A FHEY e A
ethanolamin Fro] AEE| Q. 0m AFRE HAGE] 9=
1652 freotreils st e AS=E JEtth

Ethanolamin-& AR <A™l 27.70 pg/100 g = 7}
A B2 s BYa, SAR0] 24.87 pg/100 g, vRS
HES 24.08 pg/100 g, +71% A 23.81 pg/100 g, WA
°] 21.97 pg/100 go.2 Ago] FFol| wet ko] =fol
E BIAT A9 vl=d TS YRS

AR Aol skl e frelobu| At g
< AR alanine®] 12691 pg/100 go.2 713 @& 3
S 193, aspargine 93.06 ug/100 g, isoleucine 88.75 pg/
100 g, serine 83.00 pg/100 g=o 2 {Eo A Ao
2 UEPSTH(Table 8). ol T obm| b Ao FARRH
S YER L ok

_—

. FI1E

71 Ca el 910
mgkgl 2 7 =& s
17.40 mg/kglo &2 717 S
ol lojx] wWdgto] zbzt
2 7P e S e dslom AR Aol
Z¥Z} 2015.62 mg/kg, 10032.23 mgkgZ 7F¥ =2 <
Ye 1 A1tk Co, Cu, Mod] 9= AHE HAds
ANZFoA A= e e 25 v e 9l
E A0 % Yehyta, Aukd oz AleE Adge] 713
geFo] Al A= e ARET Bol $HiEo
Ue AOE Uepon {UstA Fedl hEFvto] nmpxs
HI=7F 23.79 mgkgd] FFOoZ AMRE HAG 123726
mg/kg BT F2 FHS UERAITh AFRT A"l &

(unit : mg/kg)

Element White sugar Dark brown sugar Organic sugar Muscovado Sugar beet
Ca 17.400.09°" 142.11£1.02° 109.39+£2.10° 139.76+£1.04° 2565.99+1.12°
Co 0.06+0.002° 0.07£0.004° 0.02+0.001° 0.04+0.003° 0.10+0.003"
Cu 0.46£0.02° 1.87+0.10° 0.29+0.01¢ 0.46£0.04° 1.31£0.07°
Fe 11.21£0.77° 14.06+0.69° 10.34+0.66° 23.79+0.48" 12.37£0.29°
K 20.97+0.78° 147.06+1.56" 96.65+0.99° 58.45+0.70° 10032.15+1.51°
Mg 2.09+0.10° 53.88+1.69° 4.92+0.27° 37.50+0.80° 409.64+1.72°
Mn 0.18+0.01¢ 0.95+0.03° 0.17+0.002° 1.67£0.05° 3.20+0.26"
Mo 0.35+0.03° 0.22+0.003° 0.18+0.001¢ 0.22+0.004° 0.77+0.05"
Na 13.30+0.42° 74.09+1.08° 33.44+1.09° 28.27+1.05° 2015.62+0.85
Zn 0.6240.03° 0.96:0.08° 1.47+0.10° 0.7420.06° 6.80+1.14°

Y Values are the meantstandard deviation of triplicate experiments.

" Means with different superscripts within a column indicate significant differences (0=0.05).
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