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Introduction

Balangu seed gum (BSG) is a hydrocolloid extracted from the seeds of Lallemantia royleana L.. This gum
works as thickener and stablilizer in food products. This gum had high performance compared to some
commercially available food grade gums. When this gum is mixed with water, it becomes thick (viscous fluid) and
this gel-like substance becomes thin when stirred or shaken (pseudoplastic behavior) (Salehi & Inanloodoghouz,
2023). The term organic acid refers to organic compounds with acidic properties. The acidity of organic acids is
associated with their carboxyl group and therefore they are called carboxylic acids. Organic acids can be classified
according to the type of carbon chain (aliphatic, alicyclic, aromatic, and heterocyclic), their extent of saturation
and substitution, and the number of carboxyl groups (mono-, di-, tri-carboxylic). Monocarboxylic acids like acetic
acid are highly volatile liquids with a pungent taste. Malic and tartaric acids are also dicarboxylic acids that contain
one and two hydroxyl groups, respectively. Citric acid is the best-known tricarboxylic acid with one hydroxyl
group that is found in foods (Yildiz, 2010). The most abundant organic acid in citrus juice is citric acid. Also,
citrus juices such as lemons, oranges, and grapefruits are a good source of ascorbic acid (Nour et al., 2010). pH is
an important parameter that affects the rheological properties of hydrocolloid solutions. Addition of acid to an
aqueous gum solution leads to changes in pH which affect the viscosity of this solution (Hayta et al., 2020). In this
study the effect of four edible organic acids (ascorbic, citric, malic, and tartaric) at two concentrations (0.5, and 1
%) on the viscosity and rheological behavior of Balangu seed gum solution (0.2%, w/v) was investigated.

Material and Methods

In this research, organic acids including ascorbic, citric, malic, and tartaric were purchased in powder form
(China) and dissolved in distilled water. Two concentrations of each acid, 0.5% and 1%, were prepared, and the
distilled water was considered as the control (0% acid). The Balangu seed gum solutions were prepared by
disolving the gum powder (0.20%, w/v) in distilled water containing different concentrations of ascorbic, citric,
malic, and tartaric acids using a magnetic stirrer. The rheological parameters of Balangu seed gum dispersions
were measured using a viscometer (Brookfield, DV2T, RV, USA) at 20°C. Power law, Bingham, Herschel-
Bulkley, and Casson models are common ways of representing the behavior of several gum dispersions. In this
research, these models were used to match the shear stress and shear rate results of the gum solutions containing
edible organic acids. Differences between means were established using Duncan’s multiple range using SPSS
(version 21).

Results and Discussion

The findings of this study showed that the apparent viscosity of Balangu seed gum solution reduced when the
shear rate increased. Additionally, the apparent viscosity of the Balangu seed gum solution reduced as the organic
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acids concentration increased. The highest decrease in viscosity was related to solution containing 1% citric acid
and the lowest was related to tartaric acid with a concentration of 0.5%. The rheological behavior of solutions was
successfully modeled using Power law, Bingham, Herschel-Bulkley, and Casson models, and the Power law model
was the best one for describing the behavior of Balangu seed gum solutions containing organic acids. The Power
law model had a good performance with the highest correlation coefficient (>0.9406) and least sum of squared
error (<0.0090) and root mean square error (<0.0275) for all samples. The consistency coefficient of the samples
reduced as the acid percent was increased. Sample containing 1% citric acid had the lowest consistency coefficient
and sample containing 0.5% malic acid had the highest consistency coefficient. The Power law model shows that
a fluid with shear-thinning behavior has a value of flow behavior index less than 1 (Kumar et al., 2021). By adding
acid to Balangu seed gum solution, the flow behavior index of most samples increased. The Bingham yield stress
of all samples reduced when acids percent was increased. The dispersion containing 1% citric acid had the lowest
Bingham yield stress and the sample containing 0.5% tartaric acid had the highest yield stress. The Bingham plastic
viscosity of the samples reduced when acids percent was increased. The solution containing 0.5% ascorbic acid
had the highest Bingham plastic viscosities (0.0038 Pa.s) and the sample containing 0.5% malic acid had the lowest
plastic viscosities (0.0014 Pa.s). The results showed that when the ascorbic acid concentration was increased from
0.5% to 1%, the Casson plastic viscosities of the Balangu seed gum solution was decreased significantly from
0.054 Pa.s to 0.042 Pa.s (p<0.05).

Conclusion
The results of this study indicated that it is a mistake to use Balangu seed gum in food products containing high
concentrations of citric acid, and this acid reduces the viscosity and consistency of the products containing this
gum.

Keywords: Balangu seed gum, Consistency coefficient, Flow behavior index, Herschel-Bulkley, Organic acid
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73.38 1.558 1.483 1.477 1.559 1.519
85.61 1.714 1.622 1.625 1.706 1.666
97.84 1.839 1.753 1.773 1.844 1.808
110.1 1.980 1.877 1.922 1.975 1.947
122.3 2.098 1.996 2.069 2.099 2.083
1345 2.192 2.109 2.217 2.219 2.217
146.8 2.325 2.219 2.366 2.334 2.349
159 2.450 2.325 2.513 2.445 2.479
171.2 2.575 2.427 2.661 2.553 2.606
b Slye ggoe 0.0016 0.0870 0.0016 0.0231

Sum of squared error (SSE)
o 0.9997 0.9828 0.9997 0.9954

Correlation coefficient (r)

b Sy ke e 0.0116 0.0851 0.0122 0.0439

Root mean square error (RMSE)
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Table 3- Parameters and error values of the Power law model for the rheological properties of Balangu seed gum solution
containing organic acids

g S, sl Olay o Egome RSTEE
LY ] Clale Pled Cu o " s ol g g0 s ©olas o
Organic Acid Consistency o Sum of Correlation Root mean

acid concentration  coefficient (Pa.s") Flo""ir?gg‘;‘”or squared error  coefficient (r) square error

(SSE) (RMSE)

C:r:ﬁol 0% 0.127+0.007 @ 0.577+0.009 d 0.0016 0.9998 0.0109
;;;ﬁ:!: 0.014+0.002 ¢ 0.769+0.023 @ 0.0031 0.9968 0.0154
“é”‘“” 0.015£0.005%  0.647+0.067 b 0.0005 0.9980 0.0062

;jf 0.5%

M&I"C 0.029+0.008 © 0.494+0.064 © 0.0037 0.9763 0.0152
Sl b g

Tartaric 0.025+0.006 "¢ 0.63520.045 " 0.0018 0.9977 0.0117

;\ZS’;TL 0.013+0.003 ¢ 0.711+0.058 2 0.0005 0.9986 0.0066
“Ci’t"“" 0.009:0.001°  0.6900.045%%  0.0004 09975 0.0054
Ma;Iic 0.0160.002 ¢ 0.573+0.036 % 0.0012 0.9930 0.0090
S d d

Tartaric 0.017+0.000 © 0.589+0.042 cde 0.0004 0.9974 0.0060

(P<-/+0) Cusl Jlolize cglds oaimd i (ygiw o 4> Ciglite gy
Different letters within each column represent significance difference (p<0.05).
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Table 4- Parameters and error values of the Bingham model for the rheological properties of Balangu seed gum solution

containing organic acids

S s 5 StaoMly iy joSunns g Sl po fgono RV PR
ol ! Sl il ks s s O g s ©olagpo
Organic Acid : 'ah vield . r’: lasti Sum of Correlation Root mean

acid concentration Blsr,]t%e:snzg:; ?/Iir;go;;n ?p?g)c squared coefficient (r) square error

yFa error (SSE) (RMSE)

C;Lt“:ol 0% 0.590+0.015 0.0119:0.0002 0.0881 0.9909 0.0857
;z;;’;;l 0.082+0.011%  0.0038+0.0001 b 0.0035 0.9965 0.0170
“Cg”t’““ 0.071+0.018%  0.0019+0.0002 © 0.0022 0.9906 0.0134

:gr:f 0.5%

Malic 0.104+0.018"  0.0015+0.0001 ¢ 0.0100 0.9363 0.0274
o) i

Tartaric 0.123+0.023 0.0031+0.0001 ¢ 0.0054 0.9921 0.0207

/IZS’;TL 0.066+0.013%  0.0024+0.0002 ¢ 0.0029 0.9926 0.0150
?’“‘“’ 0.045+0.004 ¢ 0.0015:0.0002 ¢ 0.0015 0.9901 0.0110
Malic 0.070£0.007 %  0.0014+0.0002 f 0.0034 0.9787 0.0161
So,6,6 ’ "

Tartaric 0.079+0.007 © 0.0017+0.0004 € 0.0009 0.9951 0.0086

(P<-/+0) Cusl Jlolize cglas oaimd i (ygiw o 5> Ciglite gy
Different letters within each column represent significance difference (p<0.05).

[ YAPAS" 5l (g5 dme O jgods diges plod o pd Hlde (il
(p<+/+0) cély Lials +/+ V5 Pas”
hp oM 88y b Jlw S o (ISl e dblee
e o ol 21531 L )0 Y ) a8 b kB, sl s
Ny 3 pials) <8l il ladiges ST ol L8 adls
5 Sllo gl cdale (I3l L o 3l gl gl (St Migdge
JEAY 51 oL wby pews by JlBy et (o pd Y 4 duoyd </
(p>+1+0) 355y sxe yiulial cpl adl sl yiulial /VYE 4
2y Lasls i oy YL gl SysSol duusl 7410 (g9l dig0d
e oy yieS” Slo dawl Zo/0 gols iges g ((JAV) by
(Behrouzian et al., 2013) |,Ken 5 \b;9 540 -cails 1) (+/F4Y)
oy (L A deo (3 el (VB Y) PH s I
Giln ln ly Glize (So3dsy gladie ol Singhy cnl 3,8
e olysar ) GSIL e Jae 5 95,8 eslisul (0225 (slaosls

S0 S Jae csla gl 5 sl 558 Jpa
Jobe glz )8, adld g plod coyd quales (15 lade Jols
O (g8 e dalllas ! 50wl o i)l oKL Al rews
Cunddy S8l V/OFXY 71 ISl VYY) ™ 035050 )3 b
W]
obis [ b o)l ply 53 Jhw Cangliie 23 plod oy
356 Sl Wl goo sol Jslmo 55 T el 3539 03 0
oo Jobre 2 Jl8) el 5 plo o pd s (25 JB
aS 59 +AYAPAS" ply sals dges slys plgd o pd jlade .cusl
Juoyd il b sy dul gol> sladiges b (g )bline OS]
dol 7Y (ools diges il inlS ndiges plgd oo laie ol
Sol> Lgad g (/oA PAS") plgd oo (pyieS gl S50
539y (+/+YA Pas") plss o i oy syl Sle ol - 7/0
ol aoyn Y & /0 Sl sl cldale By ol i s



WO Lcilisie glhedale o (Sl 4l g Sedlo (S yimn « S ygSwl) (JT ool 51 oy 1 oyl Ko 9 AIlo

03)5 (S yre (2l &b douo (05955 Cluogas (o) p sl Je
.(Behrouzian et al., 2013)

T Sl Gl 5L Wl fowo Jslona (S 55le5 5 pols 12 S Jud b e llas ol g B sialyly -0 Jooo
Table 5- Parameters and error values of the Herschel-Bulkley model for the rheological properties of Balangu seed gum
solution containing organic acids

) o 18 Sy pas Egoo oo Hda
ol el il orband C‘° nsiétéﬁg ol Wi Gl O rd s Slae
Organic Acid Yield cgefficienty Flow Sum of Correlation  Root mean

acid concentration  stress (Pa.s") behavior squared coefficient () square error

(Pa) index error (SSE) (RMSE)

el 0% 000033°  0.129+¢0.0052  O-°77X0.009 44016 0.9998 0.0114
Control
gl 0.04024%  0.009+0.003°  0.870+0.080%  0.0024 0.9976 0.0144
Ascorbic

S 0.00602°  0.013+0.005¢ 08670071 44005 0.9981 0.0063

Citric 0.5%

nﬁ:; 0.00000®  0.028+0.008"  0.494+0.064¢  0.0037 0.9763 0.0154

S 0.02907 1840005 069420041 54016 0.9976 0.0114
Tartaric

S 0.00185°  0.01240.003°  0.717+0.066°  0.0005 0.9986 0.0068
Ascorbic

S 0.00003°  0.009+0.001c  0-89020.045 4450, 0.9975 0.0057

Citric 1%

'\ﬁl:‘; 0.00000®  0.016+0.002¢ 09730036 54015 0.9930 0.0090

&)L)L b

\ 0.03691%  0.008:0.001°  0.726+0.021 0.0002 0.9985 0.0046
Tartaric
(P<+/+0) Cusl jllize cglas oimd i ygiuw p 53 Cglao gy
Different letters within each column represent significance difference (p<0.05).
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Table 6- Parameters and error values of the Casson model for the rheological properties of Balangu seed gum solution
containing organic acids

v e . Sl o Eg000 JRVCE IR TN
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Organic Acid c o d ‘é’w lastic Sum of Correlation Root mean
acid concentration assonyie asson plastic S coefficient (r)
S quared error square error
stress (Pa) viscosity (Pa.s) (SSE) (RMSE)
C;:ltjol 0% 0.262+0.012 2 0.083+0.001 2 0.0240 0.9975 0.0448
;z:;’;;; 0.016+0.011 ¢ 0.054+0.001 ® 0.0027 0.9973 0.0145
?{WJ 0.028+0.011 < 0.035+0.003 % 0.0010 0.9959 0.0087
;jf 0.5%
Ma{lic 0.055+0.015 P 0.028+0.003 © 0.0065 0.9588 0.0214
S50 b
Tartaric 0.049+0.014 ¢ 0.044+0.001 ¢ 0.0025 0.9963 0.0141
;Z;;ﬁ‘:(l: 0.021+0.008 ¢ 0.042+0.003 © 0.0013 0.9966 0.0101
?H 0.015+0.003 ¢ 0.028+0.008 © 0.0008 0.9949 0.0077
Me{lic 0.032+0.005 © 0.029+0.003 © 0.0020 0.9880 0.0120
S50 bed
Tartaric 0.034+0.001 @ 0.032+0.005 © 0.0003 0.9984 0.0046

(P<+/+0) Cusl jlolize cglas oimd ylis giuw p 5 glio gy
Different letters within each column represent significance difference (p<0.05).
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