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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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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
134.5 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 Sleyje ggozne 0.0016 0.0870 0.0016 0.0231

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

Correlation coefficient (r)

b Slerje 05k 22 0.0116 0.0851 0.0122 0.0439

Root mean square error (RMSE)




VEoF =010 ,5 1F 0,leds ) als oyl (210 @los g pole slesdidghs apis YV

JOVY & </FAY 5l Jsle by JlBy sl o ) 4 o))

b il

aleSin Jue

o QL yho oy £ 50 |y (6d9a5e s LIS pleSin Jie
IS s 5 & Gloj pleSin Joo el 500 Ol &y famd
ke 55 5 S Slej U (dwy 0 yho 4 g) Wb il
Coje b gl ol (Semdly anjeSims b Jlw g 51,8
Ol 32 &S e i s gl 1y oy oS sl ) Py e
b ol dal) Lol cams o ) WS o b > 4 £9pd Sl S
0 93 yodomy OVl (39l Jl3) 1) o hog (Jae
(Sunetal., 2024) x5

O o Ay oyl i P Jae 5l g ol
ol sl Sl &l goo glaslne By S p g B
55 plaSin Jso & borpe ccloszall ¥ dolbeo 5 .0 oozl J]
Cowl 0l

2-:TOB "'7757& (Y)

108 JSol) By (5 T dST) By sy ¥ cdlrlre ol 4
ey Sitdly jsSasy T 5 (JSb) pleSiz ubes (5
9 wlyus (Salehi & Inanloodoghouz, 2023) wiws (Pa.s)
(o oy e 33 AN Jpe 3 ety Jae sl
Jae opl lp s Ol 5:5ke yio g las Slaype ggecme JSlas
g /4B b ofeeeS [AAVE b JAPYE odgame 13 ey
Dol Cowddy o[+ AFA L /oYY

8 5585 55l &l s il Jglons 15 T sl 352
el plaSin Sutwdly 4 joSiang g wabud G5 Sl 2 (295
Jsbeo plaSis s 55 Jsio o T stased 155 F Jpio
09380 b oS dad o LS gl ol o )l58 $SL il zews
pbed iS5 e o)) PH LialS a1 g gewo Jgloee 4 duul
G S g dawl Y (ggls dges .l adl ialS plaSin Jse
LB SB)E el ZeId g9l digad g erked (A5 (%8
Aol cldale By amd o Ll ls e melud (R b
el ials JSwl «/+Ve 4y JSwh «/V+F 5l g)b sae &g
(p<-/-d)

1§ 096 Jaa

QUi |y by oy g (b A5 ) G (g f VLo
5 09 s e Jba ) pes b SKlawl 56 & sad 0
S Cunl Koo (g0 g OVl S 0 (A8 Ayl s i
O S (Jie plgiedy aims (Ui |y (S3dlg, (Shy v b
(Sun et al., 2024) 0,8 5 (29 55mSS by A b e by
a3 o Hlis |y ol e Jao & baye (glayiol)ly ) daleo

ekl 0)

A (3ly o) Gl S8y pasli N g (Pas”) plsd oy
O$B Jde (i ol 4o (Salehi & Inanloodoghouz, 2023)

Oyt b (b Gy g (G G5 O dally Sl 093 e g
s Sluye ggome Jls g (Z+/AFF) b cops Hlade
wn gy (So17V0) s laupe 5:Ske Hin 5 (So/o+a0)
Y Jsia) cuils ladiges
B 5t oSl @l gano (5ol Jgbma j> I (slasanl 392
geo Jole (b )18y (adls g el o s Sl 29
Jsloxe plgs oy Jlaio pr JI (slasanl 3B ¥ Joa o iy
Gl L a8 amd e Lt gl sl 05 )5S oSl il e
69l adiges b o il ladiged plgd o pb jlide cpwl Lo yd
A Sl slrdises 5 plod o pd 1y S gy S s Aol 7
plod > e «dly ial3l hoys Y 4y o/ 5 Slo spusl clale
bl o [VF Past &y «[- YA PAS” I (5,5 dme &ygods ndiges
Ohar g (Stsjyd (imoh cpl il b Lol (p<-/-0) cél
BB 35U pH ol o 45 25,8 3,138 (Farahnaky et al., 2013)
9 2 (223 V) gy0 &l gowo Jsle (Sj5l) S8y 2 (k2w
D92 (el 9 ol PH L @905 0 b po plod oo jlada o 208
g Jgome ol 8 (S5 5 ol Gy ke )3 s
slable jois 0 rewo g)ldle Ols Jdda oSL ab
5 b Jlw S gly o8 Ablae p3 adl oo bl Cilisa
Kumar et ) 5V 5l eS by, jasld Hlade Sy b
oo by, asls Hlaie p JT clasl 45U (al., 2021
el cdale ali8l b cwl oad (5)55 Y Jods 50 oKl dils pews
8y 3 pials) il il adiges 11 0L > )18y el e
YL hyls S yoSasl sl 7010 (9l g0 (b b S
CppieS Slo sl 74/0 (gol> dges g b,y Ladls jlade
o103 Sl dpusl Clale gl8l L a8 3l LS gl el 1y e



WY Gilisie sedalé 55 (,b,b 5 Selle vy « Ko yaSwl) T soomual 51 oy 3 1)Ko g oo

I gl (55l oSIL &l Gowo Jgloe (S55ls ) Lol (51 Ol I e glbs y2alie o by el )y ¥ Jgo
Table 3- Parameters and error values of the Power law model for the rheological properties of Balangu seed gum solution
containing organic acids

. . Ny pasls  Dle e OrSbe o
el ] B Pl ward L s O S b Clagpo
Organic Acid Consistency o Sum of Correlation Root mean

acid concentration  coefficient (Pa.s") FIOWi r?gg?wor squared error  coefficient (r) square error

(SSE) (RMSE)
Cgl:ttfol 0% 0.127+0.007 @ 0.577+0.009 % 0.0016 0.9998 0.0109
;;;5;1‘: 0.014+0.002 « 0.769+0.023 ® 0.0031 0.9968 0.0154
“é"“” 0.0150.005%  0.647+0.067 > 0.0005 0.9980 0.0062
e 0.5%
M&IIiC 0.029+0.008 0.494+0.064 © 0.0037 0.9763 0.0152
Sbl b bed
Tartaric 0.025+0.006 *° 0.63520.045 * 0.0018 0.9977 0.0117
;2;;9;:(‘: 0.013+0.003 ¢ 0.711+0.058 % 0.0005 0.9986 0.0066
‘é’t’“‘” 0.009+0.001¢  0.690£0.045%  0.0004 0.9975 0.0054
Ma;lic 0.016+0.002 ¢ 0.573+0.036 % 0.0012 0.9930 0.0090
o456 ’ .
Tartaric 0.017+0.000 © 0.589+0.042 <€ 0.0004 0.9974 0.0060

(P<e/+0) cunl jolizo cglas oimd lis gt b )3 Sglite Cigy>
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

. POV -3 Sy iy jySomgg S £ RNCH PR TS
ol gl SIS s s s o G s lagye
Organic Acid . Pth_ W Bingam o sum of Correlation Root mean

R R M

yra error (SSE) (RMSE)

C;ﬁol 0% 0.590£0.0152  0.0119+0.0002 2 0.0881 0.9909 0.0857
;::)ﬁ;!: 0.082:0.011¢/  0.0038+0.0001 0.0035 0.9965 0.0170
?’““ 0.07120.018%  0.0019+0.0002 ¢ 0.0022 0.9906 0.0134

e 0.5%

Malic 0.104:0.018%  0.0015+0.0001 0.0100 0.9363 0.0274
So,b6 b

Tanaric 0.123+0.023 0.0031+0.0001 © 0.0054 0.9921 0.0207

;zzg’;“l’l 0.066+0.013%  0.0024+0.0002 ¢ 0.0029 0.9926 0.0150
?t’““ 0.045:0.004¢  0.0015+0.0002 0.0015 0.9901 0.0110
Malie 0.070+0.007 %  0.0014+0.0002 f 0.0034 0.9787 0.0161
5,656 ’ ]

T 0.079£0.007 ¢ 0.00170.0004 ¢ 0.0009 0.9951 0.0086

(P<e/+0) ool jolino glas oimd lis gt o )3 Sglite gy
Different letters within each column represent significance difference (p<0.05).
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Table 5- Parameters and error values of the Herschel-Bulkley model for the rheological properties of Balangu seed gum
solution containing organic acids

&y Sl i
o 5 oo G,  asld . oo i
ol el e orband Pl wapd el s Sluye s s ol
_ . § Consistency ok Sum of i >
Organic Acid Yield coefficient ) Correlation Root mean
acid concentration stress n Flow behavior  squared  coefficient (r) square error
Pa) (Pa.s”) index error (RMSE)
(SSE)
aals 0% 0.00033°  0.129+0.005? 0.577+0.009 « 0.0016 0.9998 0.0114
Control
&J”&“ I 0.04024@  0.009+0.003 ° 0.870+0.080 2 0.0024 0.9976 0.0144
Ascorbic
&’“‘” 0.00602°  0.013+0.005 ¢ 0.667+0.071 b¢ 0.0005 0.9981 0.0063
Citric
L 0.5%
Mailic 0.00000°  0.028+0.008 ° 0.494+0.064 ¢ 0.0037 0.9763 0.0154
;ii,l:,-t- 0'0513907 0.018+0.005 © 0.694+0.041 b¢ 0.0016 0.9976 0.0114
Tartaric
“g“""”g“fl 0.00185°  0.012+0.003 ¢ 0.717+0.066 ° 0.0005 0.9986 0.0068
Ascorbic
J”’“” 0.00003°  0.009+0.001 © 0.690+0.045 b° 0.0004 0.9975 0.0057
Citric
SIb 1%
Me;lic 0.00000°  0.016+0.002 ° 0.573+0.036 * 0.0012 0.9930 0.0090
&)b)b b
) 0.03691%  0.008+0.001° 0.726+0.021 0.0002 0.9985 0.0046
Tartaric
(P<+/+0) cunl jlolize Cgles oimdlis g b 1> Cglite Cigy>
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

o sem . Sl o £905% U"S"L"")»
i s bl W05 &g 595wt g bt S > ) ’ Sl >
STl RV CANPS e e e o s oy
Organic Acid or” Id o |astic Sum of Correlation Root mean
acid concentration Csiisegg ()Sg) \ﬁ;fgsir: p(gsatlsc) squared error  coefficient (r) square error
yira (SSE) (RMSE)
C;ﬁol 0% 0.262+0.012 2 0.083+0.001 @ 0.0240 0.9975 0.0448
;Z\;;ﬁ;l 0.016+0.011 ¢ 0.054+0.001 © 0.0027 0.9973 0.0145
i“’“” 0.0280.011%  0.035+0.003 % 0.0010 0.9959 0.0087
:;j:f 0.5%
Manlic 0.055+0.015 © 0.028+0.003 ¢ 0.0065 0.9588 0.0214
o5, .
Tartaric 0.049+0.014%  0.044+0,001° 0.0025 0.9963 0.0141
;z:gﬁjl 0.021+0.008 ¢ 0.042+0.003 ¢ 0.0013 0.9966 0.0101
?t’“‘” 0.015:0.003¢  0.028+0.008 ¢ 0.0008 0.9949 0.0077
M(';Iic 0.032+0.005 ¢ 0.029+0.003 © 0.0020 0.9880 0.0120
So,b)6 bod
Tartaric 0.034+0.001 *© 0.032+0.005 © 0.0003 0.9984 0.0046

(P<e/+0) ool jolizo a5 oimd lis gt o )3 Sglite gy
Different letters within each column represent significance difference (p<0.05).
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