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Fig 3 Trend of changes indegree of purity thin juice and thick syrup during different weeks (a),the effect of time on
the amount of Purity degree in the thin juice before (b), after (c) and before and after (d) evaporation during the beet
harvest season. Non-identical lowercase Latin letters indicate significant differences (P<0.05) in each month.
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sy fead b oLl o IS Jgd laie (P < vv0)
e (50) IS 3 &5 55b0kes il b Ll e
Guin 4 lae Lle cupd s Jpd Sl VL o
5 <l o mg GAE/100g oF jlaie & 55 oo
Ol Dliis &5 cudls Gla s 5ld ganin 4 O 18l 0p Sl
AT s s Gd) JSs 55 54 2/t mg GAE/100g
JS Jp e s S das e 0L 0 Jleas| e 53 (5]
poler 5 pae laole b dslole oy by pre ples Lo )0
G OLE s ime sl Laole (ady m Lol wzidls 3gms

P <vo)

b Bdby G, e IS dg Ol it
PRLET NN PR WY

(5a) K& 5 oS sboles cuils ldamde WG Sl s
mg S Jgs e o 5oml 535 Cuyd s ol jasiio
)U.E.a JJ:YLJJ}\ L;m@‘laﬁfﬁaéﬁ '/\GAE/IOOg
g Lol Gl p s gania 4 /Y mg GAE/100g of
53 bl Bl 5l G, Sy IS Jgd slaie (Sb) ISs o
QLI..; r)Ley_- eLaL.;Jj‘ eu;)ﬁ)‘:d’.}u ij'/.o JLA-:?']CL.N
Sl 5 Sl pxe BV Laole (gandy oy Lol csls


http://dx.doi.org/10.22034/FSCT.19.132.397
https://dorl.net/dor/20.1001.1.20088787.1401.19.132.32.5
https://fsct.modares.ac.ir/article-7-65337-fa.html

Ll 50

S

LS

i.,vo:;'

OLen 5 3 g5

R

<&

5 S Jld

SN
R e i e

AR
SASSAAAAALAR AL EA AR R R
M
ALTITATELTLRATILRARANTANA

.........................
T
A
ESSEAARAAAAAEAA MMM AR

1 e

e
EHASAARAAAR AL AR AL AR AL R
s

i, Thick sy1UD

. Thit) sYTUP

(rupo1/Sm)
prae oes o3 Juapeamba pousyd o

(e /3ur)
proe ares o3 yuapamba pouayd eor

Fouth month

second month Third month

first month

Time (week)

Fousth moath

D Thick syrup

Third month

second month

- Thin syrup

first menth

0.6
0.5
0
0

(g 1/Sm)
proores o) Juapamba ouatpd oL

R R R A AN,
S SRR N S S aN NN
RSNt NS AT NANSAN

Fourth month

ey
NS A St st h s
e
A

Third month

P o o o o o o o o o o e o e e e e e e
ISISSSESS 0SSN0 000RAS
raSthhh bbb bbb bbb bbb h b
REISNTTEERNNIES NN
AT LA AL R AR LA A L RS

scond month

o o o o o o o o T D n e e m e
SREaTitiaaananisaNatAtaa
REEENINIANAEINIA IS
ATTEAT TR T AT AT LA AT LA T LR LA RN
NN T et ettt e

first moath

(peg o 1y Su)
prae ores o) Juapeamba ouayd e

[ 82-70-’20Z UO J1"J2'Sa.Jepowl 10s) W0} pepeojumo( |

Fig 5 Trend of changes in total phenol of thin juice and thick syrup during different weeks (a), the effect of time on

total phenol in the thin juice before (b), after (c) and before and after (d) evaporation during the beet harvest

season.Lowercase Latin letters indicate significant differences (P<0.05) in each month .

Sl Jad b

-

=)

J

.

IR )\.,\fu

oo

o Sy JS
el ol 0l OLis (6a) J&& 05 &S Hsbolea L34

[

> JS e 9 Q‘Jmid'—o—‘”

(Y]

s 2 Jua b

= Thick syrup
1a

- &
1o

.t

-
——p— Thin syrap
%

J

Time (week)

3

-
a
1
it

auesyur g | ut
upumgpe ames Supoq o) uapamba wsjosd Su

b
Fourth month

Third month

a
second month

first month

=
anrespu o
ummg e wnias Sumnoeq 03 Juapeamba wiapead Sm

[G2e2€T'6T T0OVT 28288002 T'TO0T0Z :HOA |

D Thick syrup

- Thin svrup

0.12

upumge mmass Supoq 0) Juspeamba urajead Sm

Fourth moath

Third month

second menth

it month

0.115

-
-
o

0.105
0.1
0.095

apdure s g 1

b
Fourth menth

Third month

significant differences (P<0.05) in each month.
N2

second month

finst month

umumnge wmaas Sunoq o) juspeamba uraoad Su

apdnme s oo T up

Fig 6 Trend of changes in protein of thin juice and thick syrup during different weeks (a), the effect of time on proteinin the thin
juice before (b), after (c) and before and after (d) evaporation during the beet harvest season. Lowercase Latin letters indicate

[ 26€°2€T 6T LOSH/rE022°0T 1104 ]


http://dx.doi.org/10.22034/FSCT.19.132.397
https://dorl.net/dor/20.1001.1.20088787.1401.19.132.32.5
https://fsct.modares.ac.ir/article-7-65337-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.20088787.1401.19.132.32.5 ]

[ DOI: 10.22034/FSCT.19.132.397 ]

VEY e 8 0y58 Y 6l

3 G Sapd IS el ol iy
SR sy fead b Ll

Olon ity Sy b b 335 o IS il 5Tl
L edalie Ssls o @bl Bl 515 sl olas 1, 2l
el aseine (Th) IS 55 & boles (Ta )
HE Oln ale £ sls s b 335 St S ool 5
o Dl gme i 10 Jlexs! e olel bld 5l 5 s
P /ve) sl s ol 5 e p s odslels

s s Joad (b JS ol sl e Bls ooy
JS8) s edalie sl s bl Bl 515 cils mb
bl cos 8 bl i (7d) 1SKe ples (T
53 bl Bld 51 g sl 0lad ml Ol anle £ iy Juab
eoler 5 pamr cosd sl ole oyl ine 5l 10 ez mlas

P <o) il s

(=2

s Thick symp

mg total anthocyanin in 1 kg of sample

1 2 3 a H 5 7 s E 0 ou 12 1 1 s

Time (week)

£ 4
§ D Thick syrup
8 025
-1 1]
= 02
o e 7]
E e ]

0.15 2] i¢éd ] i
£ v 999 99 %
2 o1 ] e ] ]
= ] ey o i
g 2] e ] ]
£ 005 4991 %99 991 %9
H [ eee idy o
- 0 [ i 2] e
E second meonth Third menth h menth
g

Time (month)

=

mg total anthocyanin in 1 kg of sample

(=]

mg total anthocyanin in 1 kg of sample

ey mg/ml G35 coyd s IS s, i Sl
OF Slis Vb 5 Jyl i 4 4 bas oS ey
(6b) IS Gills .oils Gl aia gais 4 +/)\Vmg/ml
bl =l 55 @bl Bl 51 335 o s IS s e
eoler 5o sl Glaele bopss ole Sl pme sl 70
Sl gy Sl e OV laole sady e Lol el 0L
P <o)

Shar Sl b (b S S n Dl e s s
g o odalie (6C) IS5 55 a5 5 boles .ol 26 Ol s
ol o Sl 03 ol e s Lade mu s S 8
<ol Ll oYl mg/ml B ol 5 e 5 +/+40 mg/ml
Uy b @bl BT (6d) Ko 4 ax 55 L (pxia (saxin)
S das e 0L 10 el mhaw 53 Ble o IS 8
S5 ol 5 pae ol Slaole Lp s ol oy Sl pre e
Sl sy Sl gae O lacke (gad e Ll
P =< v0)

. Thiitt syrUp

2 3 a 5 6 7 8 k] 10 11 12 13 14 15 16
Time (week)

fint month second month Third month Fourth meath

Time (month)

Fig 7Trend of changes of anthocyanin in thin juice (a), in thick syrup (b),effect of time on total anthocyanin of thin

juice and thick syrup (before and after evaporation) (c) and the effect of time on total anthocyanin of thin and thick

syrup (before and after evaporation) (d) during the beet harvest season. Lowercase Latin letters indicate significant
differences (P<0.05) in each month.

{0


http://dx.doi.org/10.22034/FSCT.19.132.397
https://dorl.net/dor/20.1001.1.20088787.1401.19.132.32.5
https://fsct.modares.ac.ir/article-7-65337-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.20088787.1401.19.132.32.5 ]

[ DOI: 10.22034/FSCT.19.132.397 ]

Gy S b DS 5 Bdi T 6

IOen 5 5 Sy o

[5] Chou, C.C. (2000). Handbook of sugar
refining: a manual for the design and operation
of sugar refining facilities. Vol. 467: John
Wiley & Sons.

[6] Colonna, W.J., U. Samaraweera, M.A.
Clarke, M. Cleary, M.A. Godshall, J. White,
and U.b. Staff (2000). Sugar. KirkOthmer
encyclopedia of chemical technology.

[7] Rajaeifar, M.A., S.S. Hemayati, M.
Tabatabaei, M. Aghbashlo, and S.B.
Mahmoudi (2019). A review on beet sugar
industry with a focus on implementation of
waste-to-energy strategy for power supply.
Renewable and Sustainable Energy Reviews.
103: p. 423-442.

[8] Alotaibi, F., A.A. Bamagoos, F.M. Ismaeil,
W. Zhang, and S.F. Abou-Elwafa (2021).
Application of beet sugar byproducts improves
sugar beet biofortification in saline soils and
reduces sugar losses in beet sugar processing.

Environmental Science and  Pollution
Research. 28(23): p. 30303-30311.
[9] Morishita, D.W. (2018). Impact of

glyphosate  resistant sugar beet. Pest
management science. 74 (5) p. 1050-1053.

[10] Asadi, M., Beet-sugar handbook. (2006):
John Wiley and Sons.

[11] Van der Poel, P. (1998). Sugar technology.
Beet and cane sugar manufacture/PW van der
Poel, H. Schiweck, T. Schwartz. Berlin: Verlag
Dr. Albert Vartens KG.

[12] Xiao, Y., H.Q. Lu, C.R. Shi, F.H. Lei, D.
Rackemann, K. Li, W. Li, and W.O. Doherty
(2022). High-performance quaternary
ammonium-functionalized chitosan/graphene
oxide composite aerogel for remelt syrup
decolorization in sugar refining. Chemical
Engineering Journal. 428: p. 132575.

[13] Tekin, T. and M. Bayramoglu (1998).
Exergy analysis of the sugar production
process from sugar beets. International Journal
of Energy Research. 22(7): p. 591-601.

[14] Karimi Sani, 1., Alizadeh, M., Pirsa, S., &
Moghaddas Kia, E. (2019). Impact of
operating parameters and wall material
components on the characteristics of
microencapsulated Melissa officinalis essential
oil. Flavour and Fragrance Journal, 34(2), 104-
112.

[15] Sani, I. K., and Alizadeh, M. (2022).
Isolated mung bean protein-pectin

LA

S5 domi -t
adlas cpl 5o &S 535 Copd AS b S 5l S sbe
S by fabele £ b B St oS b e
5 dskeme S ile a8 bl ple Jssp ol s
Lsg pite Sl pele £ (b B8, Cupd ol gers
JS dsd b OLSS G Cad s pies
olo & b wlowsnl Lais aS Wi ey p S50 5 owbwst]
Gla Shy e Lo co oo Cul s il fuad
b s po s a5 ke K (oSG Al S
OS5 s Lo piie phiar by fab sl (b ooS
=2 oS o ool sl (S Jgd bl cu s b
@l o b ki by Jaad ol b b LA
el 1) 5 ks o] b5 Shas Coms sl Jol>

Cayd 5 s Gl L iy 4 s Ol Cr

.Q,MUJJKSL»,\;S&J:S!,\}C\@I bl 5 ol s s

cl...o -0

[1] Arjeh, E., Khodaei, S. M., Barzegar, M.,
Pirsa, S., Karimi Sani, I., Rahati, S., &
Mohammadi, F. (2022). Phenolic compounds
of sugar beet (Beta vulgaris L.): Separation
method, chemical characterization, and
biological properties. Food Science and
Nutrition.

[2] Pandita, D., A. Pandita, R.R. Pamuru, and
G.A. Nayik (2020). Beetroot, in Antioxidants
in Vegetables and Nuts-Properties and Health
Benefits. Springer. p. 45-74.

[3] Prasad, R. and Y.S. Shivay (2020).
Ecosystems and history of evolution and
spread of sugar producing plants in the world-
an overview. International Journal of Bio-
resource and Stress Management. 11(4): p. 1-4.

[4] Abbas, M.S., M. Dewdar, E. Gaber, and H.
El-Aleem (2014). Impact of boron foliar
application on quantity and quality traits of
sugar beet (Beta wvulgaris L.) in Egypt.
Research Journal of  Pharmaceutical,
Biological and Chemical Sciences. 5(5): p.
143-151.


http://dx.doi.org/10.22034/FSCT.19.132.397
https://dorl.net/dor/20.1001.1.20088787.1401.19.132.32.5
https://fsct.modares.ac.ir/article-7-65337-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.20088787.1401.19.132.32.5 ]

[ DOI: 10.22034/FSCT.19.132.397 ]

Ve Mc\q e)y‘\ﬁ’ e)w

Pharmaceutical Biology. 46(5): p. 333-340.

[25] Del Bano, M.J., J. Lorente, J. Castillo, O.
Benavente-Garcia, J.A. Del Rio, A. Ortuilo,
K.-W. Quirin, and D. Gerard (2003). Phenolic
diterpenes, flavones, and rosmarinic acid
distribution during the development of leaves,
flowers, stems, and roots of Rosmarinus
officinalis. Antioxidant activity. Journal of
agricultural and food chemistry. 51(15): p.
4247-4253.

[26] Kamkar, A., N. Shariatifar, A.H. Jamshidi,
and M. Mohammadian (2010). Study of
antioxidant functional of the water, methanol,
and ethanol extracts of endemic cuminum
cyminum L. and cardaria draba L. in the In-
vitro systems. The Horizon of Medical
Sciences. 16(2): p. 37-44.

[27] Naik, G., K. Priyadarsini, J. Satav, M.
Banavalikar, D. Sohoni, M. Biyani, and H.
Mohan (2003). Comparative antioxidant
activity of individual herbal components used
in Ayurvedic medicine. Phytochemistry. 63(1):
p. 97-104.

[28] Ames, B.N., M.K. Shigenaga, and T.M.
Hagen (1993). Oxidants, antioxidants, and the
degenerative diseases of aging. Proceedings of
the National Academy of Sciences. 90(17): p.
7915-7922.

[29] Kris-Etherton, P.M., K.D. Hecker, A.
Bonanome, S.M. Coval, A.E. Binkoski, K.F.
Hilpert, A.E. Griel, and T.D. Etherton (2002).
Bioactive compounds in foods: their role in the
prevention of cardiovascular disease and
cancer. The American journal of medicine.
113(9): p. 71-88.

[30] Kumpulainen, J.T. and J.T. Salonen (1999).
Natural antioxidants and anticarcinogens in
nutrition, health and disease. Elsevier.

[31] Stadtman, E.R. (1992). Protein oxidation
and aging. Science. 257(5074): p. 1220-1224.
[32] Buchert, J., J.M. Koponen, M. Suutarinen,
A. Mustranta, M. Lille, R. Torronen, and K.
Poutanen, (2005). Effect of enzyme aided
pressing on anthocyanin yield and profiles in
bilberry and blackcurrant juices. Journal of the
Science of Food and Agriculture. 85(15): p.

2548-2556.

[33] Lee, J., R'W. Durst, R.E. Wrolstad, C.D.
Kupina, and S.W. J.D. (2005). Determination
of total monomeric anthocyanin pigment
content of fruit juices, beverages, natural

LoV

nanocomposite film containing true cardamom
extract microencapsulation/CeO,
nanoparticles/graphite carbon quantum dots:
Investigating fluorescence, photocatalytic and
antimicrobial properties. Food Packaging and
Shelf Life, 33, 100912.

[16] Pirsa, S., Sani, I. K., and Mirtalebi, S. S.
(2022). Nano-biocomposite based color
sensors: investigation of structure, function,
and applications in intelligent food packaging.
Food Packaging and Shelf Life, 31, 100789.

[17] Lakshmanashetty, R.H., V.B. Nagaraj ,M.G.
Hiremath, and V. Kumar (2010). In vitro
antioxidant activity of Vitex negundo L. leaf
extracts. Chiang Mai J. Sci. 37(3): p. 489-497.

[18] Manach, C., G. Williamson, C. Morand, A.
Scalbert, and C. Rémeésy  (2005).
Bioavailability and bioefficacy of polyphenols
in humans. I. Review of 97 bioavailability
studies. The American journal of clinical
nutrition. 81(1): p. 230S-2428S.

[19] Ferrazzano, G.F., I. Amato, A. Ingenito, A.
Zarrelli, G. Pinto, and A. Pollio (2011). Plant
polyphenols and  their  anti-cariogenic
properties: a review. Molecules. 16(2): p.
1486-1507.

[20] Gulluce, M., F. Sahin, M. Sokmen, H. Ozer,
D. Daferera, A. Sokmen, M. Polissiou, A.
Adiguzel, and H. Ozkan (2007). Antimicrobial
and antioxidant properties of the essential oils
and methanol extract from Mentha longifolia
L. ssp. longifolia. Food chemistry. 103(4): p.
1449-1456.

[21] Wiseman, H. and B. Halliwell (1996).
Damage to DNA by reactive oxygen and
nitrogen species: role in inflammatory disease
and progression to cancer. Biochemical
Journal. 313(Pt 1): p. 17.

[22] El Gharras, H. (2009). Polyphenols: food
sources, properties and applications—a review.
International journal of food science &
technology. 44(12): p. 2512-2518.

[23] Fathiazad, F., H. Ahmadi-Ashtiani, S.
Rezazadeh, M. Jamshidi, M. Mazandarani, and
A. Khaki (2010). Study on phenolics and
antioxidant activity of some selected plant of
Mazandaran Province. Journal of Medicinal
Plants. 9 (34).

[24] Jimoh, F., A. Adedapo, A. Aliero, and A.
Afolayan (2008). Polyphenolic Contents and
Biological Activities of Rumex ecklonianus.


http://dx.doi.org/10.22034/FSCT.19.132.397
https://dorl.net/dor/20.1001.1.20088787.1401.19.132.32.5
https://fsct.modares.ac.ir/article-7-65337-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.20088787.1401.19.132.32.5 ]

[ DOI: 10.22034/FSCT.19.132.397 ]

Gy S b DS 5 Bdi T 6

IOen 5 5 Sy o

reagents. American journal of Enology and
Viticulture. 16(3): p. 144-158.

[37] Singleton, V.L., R. Orthofer, and R.M.
Lamuela-Raventos (1999). Analysis of total
phenols and other oxidation substrates and
antioxidants by means of folin-ciocalteu
reagent, in Methods in enzymology. Elsevier.
p- 152-178.

[38] Bradford, M.M. (1976). A rapid and
sensitive method for the quantitation of
microgram quantities of protein utilizing the
principle of protein-dye binding. Analytical
biochemistry. 72(1-2): p. 248-254.

EvA

colorants, and wines by the pH differential
method: collaborative study. Journal of AOAC
international. 88(5): p. 1269-1278.

[34] Brouillard, R. (1982). Chemical structure of
anthocyanins. Anthocyanins as food colors, 1-
40.

[35] De Whalley, H.C.S. (2013) ICUMSA
methods of sugar analysis: official and
tentative methods recommended by the
International Commission for  Uniform
Methods of sugar analysis (ICUMSA).
Elsevier.

[36] Singleton, V.L. and J.A. Rossi (1965).
Colorimetry  of total phenolics with
phosphomolybdic-phosphotungstic acid


http://dx.doi.org/10.22034/FSCT.19.132.397
https://dorl.net/dor/20.1001.1.20088787.1401.19.132.32.5
https://fsct.modares.ac.ir/article-7-65337-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.20088787.1401.19.132.32.5 ]

[ DOI: 10.22034/FSCT.19.132.397 ]

JEST No. 132, Vol. 19, February 2023

ABSTRACT

Journal of Food Science and Technology (Iran)

Homepage:www.fsct.modares.ir

Scientific Research

Effect of concentration process on bioactive compounds of sugar
beet thin juice: investigation of its physicochemical characteristics

Navidi Far, H. 1*, Farmani, B. 2, Derakhshan, Sh. 3, Kazemzadeh, B. 4, Kahorian, A. S

1. Master's Degree in Food Science and Engineering, Faculty of Agriculture, Mahabad Branch, Islamic Azad

University, Mahabad, Iran.

2. Assistant Professor, Department of Food Science and Technology, Ahar Faculty of Agriculture and Natural

Resources, Tabriz University, Iran.

3 .Bachelor's degree in English, Department of English, Faculty of Literature and Humanities, Urmia University,

Urmia, Iran.

4. Master's degree in Applied Chemistry, Department of Chemistry, Faculty of Basic Sciences, Tabriz Branch,

Islamic Azad University, Tabriz, Iran.

5. Master's Degree in Food Science and Engineering, Faculty of Agriculture, Mamaghan Branch, Islamic Azad

University, Mamaghan, Iran.

ARTICLE INFO

ABSTRACT

Article History:

Received 2022/ 06/ 01
Accepted 2023/03/ 13

Keywords:

Evaporator,

Bioactive compounds,
Thin juice and thick syrup,
Sugar beet .

10.22034/FSCT.19.132.397
DOR: 20.1001.1.20088787.1401.19.132.32.5

*Corresponding Author E-Mail:
artanbay@yahoo.com

In this research, the effect of concentration process (evaporation) on bioactive
compounds and qualitative characteristics of thin juice and thick syrup during
beet harvest was investigated. Phenolic and anthocyanin compounds of thin
juice and quality attributes such as brix, degree of purity and soluble color
were interest. For this purpose, from the beginning of October to the end of
January 2016, samples were taken for thin juice from the last stage of the
purification process and for thick syrup from the last stage of the
concentration process, and all the qualitative chemical tests were carried out
according to the ICUMSA reference book. In thin juice, anthocyanin amount
was not constant during the time of beet harvest, but the total phenol amount
was significantly different in the first and fourth months. There was no
significant difference in the amount of protein in the first, third and fourth
months. The highest brix of thin juice was 13.14% in the first and second
months, and its degree of purity increased from the beginning to the end of the
harvest season. The highest soluble color of thin juice was observed in the
third and fourth months of harvesting. Thick syrup had the highest brix (53%
on average) in the first and second months, and this syrup had a high soluble
color at the time of harvesting, except for the second month. The results of
investigation indicated the accuracy of the purification and evaporation
processes to remove as much impurities as possible in the raw juice extracted
from sugar beet cossettes.
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