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Introduction

Hydrocolloid is a term refers to all polysaccharides extracted from plants, seeds, and microbial sources that
regardless of their biological and nutritional role has various functional properties in food products such as
concentration and gel production of aqueous solutions, stabilization of foam, emulsions and dispersed systems,
prevention of ice and sugar crystals, control of the release of flavor compounds and consequently control and improve
food quality. Ultrasound has been widely used in the food industry due to its numerous physical and chemical effects.
The effect of ultrasound is due to cavitation, heating, dynamic mobility and shear stresses to the sample. Today,
ultrasound is used as a green new technology with unique effects on food storage and processing. One of the newest
applications of ultrasound is altering the structure of polymers such as polysaccharides. Changes in the structure of
hydrocolloids lead to modification in their functional properties.

Materials and Methods

In this study, effect of ultrasonic waves, time (0-90 min) and processing temperature (25-75 °C) on
physicochemical, rheological and functional properties of locust bean gum was investigated. In this regards, different
parameters including changes in pH, solubility, minimum gelatinization concentration, viscosity and emulsifying
properties (Emulsifying capacity, emulsion stability and particle dimensions) of treated locust bean gum were
determined. Response surface methodology in central composite design was used to evaluate the effect of independent
variables on qualitative properties of locust bean gum and model their changes. The best treatment condition was
determined and the optimum treated samples were evaluated and compared in microstructure using scanning electron
microscopy, rheological properties (rotational and oscillatory test) and Fourier transform infra-red.

Results and Discussion

The results showed that with increasing the time of ultrasound treatment, pH, and viscosity of the hydrocolloid
decreased and its solubility and minimum gel concentration increased. However, with increasing temperature, pH,
minimum gelatinization concentration and hydrocolloid viscosity increased and its solubility decreased. Optimization of
treatment conditions was performed by considering the achievement of the best hydrocolloid performance
characteristics. Two different temperature and time conditions were proposed for the desirable treatment of the
hydrocolloid using ultrasound. In the first case, the selection criteria were to achieve the best solubility and emulsifying

1 and 2- M.Sc. Graduate and Associate Professor in Food Science and Technology, Isfahan (Khorasgan) Branch,
Islamic Azad University, Isfahan, Iran,respectively.

(*- Corresponding Author Email: h.abbasi@Khuisf.ac.ir)

DOI: 10.22067/ifstrj.2022.74595.1133


http://ifstrj.um.ac.ir/
https://orcid.org/0000-0001-5899-478X
mailto:h.abbasi@Khuisf.ac.ir
http://doi.org/10.22067/ifstrj.2022.74595.1133
http://doi.org/10.22067/ifstrj.2022.74595.1133

VoY 15— 10,5 Y o)leud I8l eyl ol I @ulio g pole sloiungyy 44y YFF

properties of the hydrocolloid, and in the second case, the selection criteria were solubility and emulsifying properties
improvement while maintaining the gelatinization properties of the hydrocolloid. Based on the desired quality factors,
optimization was performed and the results showed that in the first optimal sample (treated at 40 ° C and 48.9 minutes),
solubility and emulsifying properties and in the second optimal sample (treated at 66.67 ° C and 15 Min) by maintaining
the gelation properties of hydrocolloid, the solubility of the hydrocolloid increased significantly. The performance of
treated samples validated developed models. SEM results showed that the ultrasound increased three-dimensional
structure of gum. The smaller microscopic structure was observed in untreated sample and the larger one was in treated
with ultrasonic waves for 40.9 minutes at 40 ° C. Therefore, ultrasound caused agglomeration of treated freeze dried
gum. It is noteworthy that several holes observed in the structure of treated gum with ultrasonic, which can increase
solubility of the gum. The flow behavior of the sonicated and control samples showed that the viscosity of all samples
decreased with increasing shear rate, which indicates their pseudoplastic behavior. At low shear rates (about 0.01 per
second), the viscosity of the control sample was higher than that of the sonicated samples. However, at high shear rates
(about 40 per second), viscosity of the three samples were almost the same. Therefore, the control sample was more
affective to shear rate compared to the treated samples. The modulus of elasticity (G ') and viscosity (G' ) of the treated
specimens were lower compared to the control. Also, the frequency sweep of samples shown that in the frequency range
under study, G 'and G" were frequency dependent and with increasing frequency, the amount of these two parameters
increased. This observation indicates the influence of rheological properties of the samples on the frequency changes
that are commonly observed in suspensions. At low frequencies, the predominance of viscous behavior over elastic was
observed in all three control and ultrasonic samples (G "> G ') and this feature was higher in the treated samples than
the control. The modulus of elasticity and viscosity of the treated sample for 49 minutes was lower than other treated
samples for 15 minutes, which shows the effect of ultrasound on the rheological properties of the hydrocolloid.

Conclusion

The results of this study showed that ultrasonic waves provide a good opportunity to change the physical and
functional properties of carob seed gum. It is possible to significantly improve the solubility and emulsifying activity of
this hydrocolloid using ultrasound. It is necessary to determine the treatment conditions of the sample according to the
intended application.
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Table 2- Coefficients of developed models on the quality characteristics of treated Locast been gum using ultrasounic waves

Sources Quality characteristics
pH Solubility Average  Emulsifying Emulsion Minimum Viscosity
(&ilio) (%) particle capacity (%)  stability gelling (cP)
’ Culils size (um) Cud b (%) concentration &, TCON
e . S 0/
b)l.).sl u::svlfﬂ 053“"“9‘" gg)ldq,L'g J ; ( ?)Jy»
odld
Constant 5.49 73.88 1.76 31.15 26.53 1.16 87.68
coefficient
(cab o)
A -0.045" 451" -0.68™ 0.18™ -0.79™ -0.025" -6.64"

B -0.056" -30.83" 1.33" -1.86" -1.90° -0.016" 4.82"

AB - -2.22" 1.14™ -0.35™ -2.02" 0.040" -

A? - -1.81" 0.79" -2.09" -1.65 - -

B’ - -1.04™ 1.147 -2.20° -1.92° - -

R? 0.7959 0.9481 0.7529 0.9090 0.9084 0.8159 0.8410
Lack of fit 0.2452"™ 0.0548™ 0.1113™ 0.0855™ 0.1004" 0.6848™ 0.0542m™
e slbs)

(%51
QLa)' A
L>:B
20,00 lisebl o yd (6l gxe i
A: Time

B: Temperature
*: Significance at the 95% confidence level
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Fig. 1- Interaction effect of temperature and time of ultrasonic waves on solubility, gelation, average particle size, emulsifying
capacity and stability of emulsion
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Table 3- Comparison of predicted and measured results of optimum samples

Parameters Temperature 40 °C-time 48.9 Temperature 66.67 °C-time 15 min
L ol by min
Predicted Actual Error percentage  Predicted Actual
numbers numbers [PESRVY numbers  numbers
o sy S5 01! RPN IS RY
X X X
Solubility (%) 76.50 75.07 1.87 64.80 66.33 2.30
s
Emulsifying 31.50 30.66 2.67 25.17 25.92 2.89
capacity (%)
SHS Ggdgel b o
Emulsion 26.70 26.66 0.15 19.83 19.58 1.27
stability (%)
Ogsdel ol
Viscosity (cP) 83.93 86.30 2.82 99.14 95.00 1.35
A oS
Minimum gelling 1.17 1.25 6.84 1.08 1.15 6.08
concentration
(%)
ool Jj cdale Jolus

Bl 42> ¥eoglod) gl aigy dges (SaS gudgel cllad
S EYL (P<4/40) (o)l bme MBI L (adds FAA loj 90l,8
a3 FEIFV (glod) 50 pod dipe diges 1D b byl bdiged plo
O pSede alS gk (488> N0 gloj g oS ole
Dged Conmnd 005 jlad W55l g 00 ClM> 5ol g um (Swimo
Fengetal., ) l\Ken o K3 b lis (g)b gxe (iulj8l aals
Sl dla ) slS 5,0 (slo JsSgn a3k g 3 (2017
S 55 o W 55 MIF ol ml b we
i SlaiSany b Sas8 slaySlge oot Vg (sl
i Doguolyd il 38 i b Slialg il ygmen (i lggS
oAl ple g oo Mo Ol p o Wlgine oS WS (e
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Dgd g0 03 ialed ¥ Jgas )y Lyl

= Bly olaek S Lo dlel S8y dlaelxVee (Y) dl,
e ylisl Loy

leosdsSu s Slaogad 4 by (slaodls (ke duslie
5 CalMo Ll odd )l ¥ Jolo o dald 5 dlpe sladiges



YVO  Cgiys ailo mo (o599 3 90 5o (g sl slo Sy » g0l Zlgol 23l (o (omlis g 0013 53
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2 bagglS gy jldle s caa opl jl (Farzi et al., 2011)
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Table 4- Mean comparison of physicochemical properties of optimum and control samples

Parameters Optimum 1 Optimum 2 Blank
L %ol ) A Y aae KT
Solubility (%) 75.07%+1.41 66.30°+1.13 57.85°+2.83
e
Emulsifying capacity (%) 30.66%+0.71 25.92°+1.41 27.48%+1.98
SIS gpdgel b o
Emulsion stability (%) 26.66%+1.00 19.58°+1.41 26.92%+2.69
Osmdgel (ol
Viscosity (cP) 86.03°+1.41 95.00°+2.83 111.00%+1.41
Ay jgSnsg
Minimum gelling 1.25%+0.01 1.15°+0.01 1.05°+0.01

concentration (%)
o Jj clale sl

Gl o[+ paw 3 I bz OS] o dimd Ll ¢ cidy yb )3 Sy pf gy —

42,85 YA ol g 01,5 ol doyd ¥ gl 3 Kol gl lael b osds jlag faws 1V digs —

42,33 \0 (o) 9 31)S il do 3 FFIFY Lod 1 Sguol ol zlool b o jlos jous 1V gy —
- Non-common letters in each row indicate a significant difference at the 0.05 level.
- Optimum 1: gum treated with ultrasonic waves at a temperature of 40 °C and a time of 48.9 min.
- Optimum 2: gum treated with ultrasonic waves at a temperature of 66.67°C and a time of 15 min.
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Fig. 2- FTIR spectra of ultrasonicated locust bean gum in optimum and control samples
(1. blank; 2. time: 15 min, temprature: 66.6 °c; 3. time: 48.9, temprature: 40 °c)
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Fig. 3- SEM micrographs of ultrasonicated locust bean gum samples
(Magnification 200x at right column and magnification 500x% at left column) (1: Time: 48.9 min, temperature: 40 °C, 2: Time: 15
min, temperature: 66.67 °C, 3: blank)
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Fig. 4- Rheological properties of locust bean gum (0.5% w/w) solution in the control and the treated samples under optimum
conditions using ultrasonic waves



VA Cgys ails oo (So39le) 9 69 5o o6yl s Sy » ©golyd Zlgol 25l oy o omlis g 0313 59

webie gl .l 0a3 3l (Tiwari et al., 2010) o) San

(Tiwari et al., 15,5 sdalin 35 0dd Gawlyd Cow (1S sy
2010)

8 5 4o

9 d9de cgmme s lunld s Cgold s
ol g b e Cais dles | calise plis ) eaite slady)lS
2ol gl g ogol el el ploj 8T Jiag,
85 B oeip 290 0 Al deo (63Sles Sliogad
S Shy » @pSede WU Gaold gloel o5 2b i s
ol g Jlas] oy LIl b o)l 35S g,0m ol (Sused
IR O] e 5 Sl A5lSgyn oloee jpSs 5 PH
ke g 4 jeSung PH AL]E clod (LIBIL @S Jbbys b o
Moy Gl 0 b geo I ol Ggmdgal )3 o5l
L olai 3)90 slapsiie (gilude Sl gy bl oo (2L 435155 00
e bl 33 i (59 Skac sla g 4 eis (58,5 s
S iges log Caa de )b plpie 4 oglate Sloj o
Copol ) Jg siae i (S gpdyal Sl 5 Dl 50
MR b (adds YA floj de a4y ol Sl dsyd Fepd ol
ol g a8 Lbjyl aiges plu I 5VL (P<H/40) ()b sine
Wges A LS dald dses 4 Cans doyd VYD g dopd YA/Y
Olej 9 3,5 Ble 423 PPIFY (glod) pgs e Ll 13 0dlogs
A5 gy Sxn S5 5 pSasy IS o 55 (4555 0
90485 b L o VFF el il wald dged o
Oolis 0l Hloi g LS sladised jo ool b S gy
@9 pgbal oy p dSJlyd s o L el Sl
ol e Al oo ol glodg Hlidle jd J8le skl ol
N850 o 0,Sles Sluogas p Lk &5 3l o gl
Setwygdgw Jl3) I Ui biges (5ol )8y L)
2 oxd Jled Sadiges 5 Cull g b Geo o
boanlie > S b anjsuny onb n glcsw
Goler JYL by slacs yu jo a8 Jbyo oy lis ald dges
Ol @S ggeome > ki odalie badiges 4 jeSuny Sl
Sleogad o (Sl (o34 ©aol)d gloel a5l (L gl
dgrk G5l S oo w2l 8 |y g s pouo (63,Shas 9 (S
L aelSgpi nl (SAS Ganadgel b 5 cdMo Kot
355 lass bl s i) ol w2l gl d lgel 51 ookt
)3 gyl aidyge 3,8 4 dags b diges

(Hloags 3 bily) Solias (a3l 93 slag gy

gold sbaiged by )ld) slajldged F S5 4 a2y b
Ol 38 L badigas plad dijeSumg a5 ol lis dald diged g odid
Do b (SHeb 8, )by eaimdlis & b oo (Ll (b (A5
iy jsSumy (436 /o) 293) ol B gy 5> cwlel]
2 Lol ] it sdd gl 8 sladises b duslis )5 aald diges
NS digad duw dljoSung (4l o Fo bods) YU by &5
Sl sdalie cpl iplie eal Lyd 5 L)l sal (g5ab
W ol Hlaw slrdiges b duslis 0 sald diged jidu gpd b
ua.\ol)ﬁ 4)94..) 9 )L\B) ML&A WLQ(Y] » W) Jlo&l L;w).J ‘)AAJ.J
LWy P )90 u.u:)J 0395w )u.u:) JLl Pl DD o uLAA) )A) R l) W)
Sl Ot 4o VO e 4 Y (glod (0 00l et diged A9 g
ol (550 gl

(G7) 35y 5 (G7) SKta¥] Jysa F S5 & g L
(omed Gl 5eS ald diged b duglis 10 odd jla (cladiges
oS )3 00900 10 &S WD o i Ladiges uilS ) iug, (bt
uwl)ﬁl L 9 Aluwd M‘ﬁ uwlg)ﬁ & G” 9 G’ W)y D)o
oaalie b GRIBL bl 9> cul lise il
s 4 odignd (Sojlshy Sloopass slpdls orim ol
2 g e A Mo b yailiwgw d logas a5 Cuwl uilS,8
305 s o 3 Sgt¥] g S ) i el (slallS 3
5 St Jodo ol yidin ald 4 Cund 0l Hlad (sladigel
Ogolyd diged jl yieS 4B YA Ge 4 0l Hlowd diged j9Suung
P Ggolp el 15U 5 i a5 conl aids VO Gdo 4 oy
Sluogas g ol 0 5 WelSnm o lle cuss
D)1 A5l g)0e (S039)95,

w2 LG 9 G Jodo oj5yn O LuilS)d dgas 13 aald diges
o oadylas gladigel )3 jeSuumy 9 SVl Jode (W 295
Ohiz bdged (g )8y e Mz p sdoe odalie
ol 4 (Sjgdg) Clhuogas (IS job 4 s oguone
)l (St Jolee b )3 JgSge SS9 J590 (0 slotign
ol LIy JoSdge= Mo osomn (sl (iiSon p b a9 g
Slogeg Cuenl jl o oy (JoSUge 60y Sllasil 55 9 S5 ol
el.w =35 .(Feng et al., 2017) Cowl )IJ)?){ uo9;.a.’> L)”l P
Ol imgh cpl ) odel Cand 4 gl wlie 45 A o LS
8y odalie g (15 5 Sy IS SlaidslS gy plod il
9 Sl bawgs Dgol b glgel il Jlosl (IBIL Wl ) (S



VoY 15— 10,5 Y o)leud I8 o eyl ol I @il g pole sloiungyy 4y pis  YAW

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

&l
Barak, S., & Mudgil, D. (2014). Locust bean gum: processing, properties and food applications-a review.
International Journal of Biological Macromolecules, 66, 74-80. https://doi.org/10.1016/j.ijbiomac.2014.02.017
Camino, N.A., Pérez, O.E., & Pilosof, A.M. (2009). Molecular and functional modification of
hydroxypropylmethylcellulose by high-intensity ultrasound. Food Hydrocolloids, 23, 1089-1095.
https://doi.org/10.1016/j.foodhyd.2008.08.015
Chen, R.H., Chang, J.R., & Shyur, J.S. (1997). Effects of ultrasound conditions and storage in acidic solutions on
changes in molecular weight and polydispersity of treated chitosan. Carbohydrate Research, 299, 287-294.
https://doi.org/10.1016/S0008-6215(97)00019-0
Dickinson, E. (2003). Hydrocolloids at interfaces and the influence on the properties of dispersed systems. Food
Hydrocolloids, 17, 25-39. https://doi.org/10.1016/S0268-005X(01)00120-5
Dickinson, E. (2009). Hydrocolloids as emulsifiers and emulsion stabilizers. Food Hydrocolloids, 23, 1473-1482.
https://doi.org/10.1016/j.foodhyd.2008.08.005
Darab Zadeh, N., & Farahnaki, A. (2010). The comparison of physicochemical and rheological properties between
Iranian and commercial carob bean gum. In proceedings of 19" National Congress on Food Science and
Technology, 12— 13 Nov., Tehran University, Tehran-Iran.
Farzi, M., Saffari, M.M., Emam- Djomeh, Z., & Mohammadifar, M.A. (2011). Effect of ultrasonic treatment on
the rheological properties and particle size of gum tragacanth dispersions from different species. International
Journal of Food Science & Technology, 46, 849-854. https://doi.org/10.1111/j.1365-2621.2011.02558.x
Feng, L., Cao, Y., Xu, D., Wang, S., & Zhang, J. (2017). Molecular weight distribution, rheological property and
structural changes of sodium alginate induced by ultrasound. Ultrasonics Sonochemistry, 34, 609-615.
https://doi.org/10.1016/j.ultsonch.2016.06.038
Huang, X., Kakuda, Y., & Cui, W. (2001). Hydrocolloids in emulsions: particle size distribution and interfacial
activity. Food Hydrocolloids, 15, 533-542. https://doi.org/10.1016/S0268-005X(01)00091-1
Hosseini, S.M.H., Emam-Djomeh, Z., Razavi, S.H., & Moosavi-Movahedi, A.A. (2013). Beta-Lactoglobuline-
sodium alginate interaction as affected by polysaccharide depolymerization using high intensity ultrasound. Food
Hydrocolloids, 32, 235-244. https://doi.org/10.1016/j.foodhyd.2013.01.002
Koda, S., Taguchi, K., & Futamura, K. (2011). Effects of frequency and a radical scavenger on ultrasonic
degradation of watersoluble polymers. Ultrasound Sonochemistry, 18, 276-281.
https://doi.org/10.1016/j.ultsonch.2010.06.007
Li, J., Li, B, Geng, P., Song, A.X., & Wu, J.Y. (2017). Ultrasonic degradation kinetics and rheological profiles of
a food polysaccharide (konjac glucomannan) in  water. Food Hydrocolloids, 70, 14-19.
https://doi.org/10.1016/j.foodhyd.2017.03.022
lida, Y., Tuziuti, T., Yasui, K., Towata, A., & Kozuka, T. (2008). Control of viscosity in starch and polysaccharide
solutions with ultrasound after gelatinization. Innovative Food Science & Emerging Technologies, 9, 140-146.
https://doi.org/10.1016/j.ifset.2007.03.029
Mason, T.J., Paniwnyk, L., & Lorimer, J.P. (1996). The uses of ultrasound in food technology. Ultrasonics
Sonochemistry, 3, 253-260. https://doi.org/10.1016/S1350-4177(96)00034-X
Mishra, S., Mann, B., & Joshi, V.K. (2001). Functional improvement of whey protein concentrate on interaction
with pectin. Food Hydrocolloids, 15, 9-15. https://doi.org/10.1016/S0268-005X(00)00043-6
Peres, G.L., Leite, D.C., & Silveira, N.P.D. (2015). Ultrasound effect on molecular weight reduction of
amylopectin. Starch- Starke, 67, 407-414. https://doi.org/10.1002/star.201400230
Prajapat, A.L., & Gogate, P.R. (2015). Depolymerization of guar gum solution using different approaches based on
ultrasound and microwave irradiations. Chemical Engineering and Processing: Process Intensification, 88, 1-9.
https://doi.org/10.1016/j.cep.2014.11.018
Razavi, S.M.A., Bostan, A., Niknia, S., & Razmkhah, S. (2011). Functional properties of hydrocolloid extracted
from selected domestic Iranian seeds. Journal of Food Research, 21(3), 379-389.
Samari Khalaj, M., & Abbasi, S. (2014). Influence of chemical modification on solubility of insoluble fraction of
Persian gum. Research and Innovation in Food Science and Technology, 3(2), 171-184.
https://doi.org/10.22101/JRIFST.2014.08.23.326
Sujka, M., & Jamroz, J. (2013). Ultrasound-treated starch: SEM and TEM imaging, and functional behaviour.
Food Hydrocolloid, 31, 413-419. https://doi.org/10.1016/j.foodhyd.2012.11.027
Tiwari, B.K., Mthkmarappan, K., O’Donnell, C.P., & Cllen, P.J. (2010). Rheological Properties of Sonicated Guar,
Xanthan and Pectin  Dispersions. International Journal of Food Properties, 13, 223-233.
https://doi.org/10.1080/10942910802317610


https://doi.org/10.1016/j.ijbiomac.2014.02.017
https://doi.org/10.1016/j.foodhyd.2008.08.015
https://doi.org/10.1016/S0008-6215(97)00019-0
https://doi.org/10.1016/S0268-005X(01)00120-5
https://doi.org/10.1016/j.foodhyd.2008.08.005
https://doi.org/10.1111/j.1365-2621.2011.02558.x
https://doi.org/10.1016/j.ultsonch.2016.06.038
https://doi.org/10.1016/S0268-005X(01)00091-1
https://doi.org/10.1016/j.foodhyd.2013.01.002
https://doi.org/10.1016/j.ultsonch.2010.06.007
https://doi.org/10.1016/j.foodhyd.2017.03.022
https://doi.org/10.1016/j.ifset.2007.03.029
https://doi.org/10.1016/S1350-4177(96)00034-X
https://doi.org/10.1016/S0268-005X(00)00043-6
https://doi.org/10.1002/star.201400230
https://doi.org/10.1016/j.cep.2014.11.018
https://doi.org/10.22101/JRIFST.2014.08.23.326
https://doi.org/10.1016/j.foodhyd.2012.11.027
https://doi.org/10.1080/10942910802317610

YAY  Cgiss ailo oo (59095 3 90 5o (g s 1o g » g0l Zlgol pil (o o omlie g 0013 53

22. Wang, Z.M., Cheung, Y.C., Leung, P.H., & Wu, J.Y. (2010). Ultrasonic treatment for improved solution properties
of a high-molecular weight exopolysaccharide produced by a medicinal fungus. Bioresource Technology, 101,
5517-5522. https://doi.org/10.1016/j.biortech.2010.01.134

23. Wang, Z., Han, F., Sui, X,, Qi, B, Yang, Y., Zhang, H., & Jiang, L. (2016). Effect of ultrasound treatment on the
wet heating Maillard reaction between mung bean [Vigna radiate (L.)] protein isolates and glucose and on
structural and physico- chemical properties of conjugates. Journal of the Science of Food and Agriculture, 96(5),
1532-1540. https://doi.org/10.1002/jsfa.7255

24. Zhang, L., Xinggian, Y., Sophia, J.X., Xianzhong, Z., Donghong, L., Ruifeng, M., & Shiguo, C. (2013). Effect of
high-intensity ultrasound on the physicochemical properties and nanostructure of citrus pectin. Journal of the
Science of Food and Agriculture, 93(8), 2028-2036. https://doi.org/10.1002/jsfa.6011


https://doi.org/10.1016/j.biortech.2010.01.134
https://doi.org/10.1002/jsfa.7255
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+L&cauthor_id=23580459
https://doi.org/10.1002/jsfa.6011

