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Background and objectives: Organic acids in foods are exist
naturally or added for specific purposes such as reducing pH,
chelating metals, increasing antioxidant activity, reducing
microorganism activity, and extending shelf life, or they are
produced by microorganisms. Mucilages are used as thickening
agents, gelling agents, and stabilizers to increase the viscosity and
improving the textural and rheological properties of food products.
The aim of this research was to investigate the effect of the addition
of different organic acids on the viscosity changes of agqueous
solution containing basil seed mucilage.

Materials and methods: In this study the effect of four edible
organic acids include ascorbic acid, citric acid, malic acid, and
tartaric acid, at two concentrations of 0.5, and 1 % (w/v), on the
viscosity and rheological behavior of Basil seed mucilage solution
was investigated. The Basil seed mucilage solutions were provided
by solving the mucilage powder (0.2%, w/v) in distilled water and
different concentrations of organic acids using a magnetic stirrer.
The rheological parameters of Basil seed mucilage solutions were
measured using a viscometer (Brookfield, USA) at 20°C. The shear
rate/shear stress data were also fitted using Power law, Bingham,
Herschel-Bulkley, and Casson models.

Results: The finding of this study showed that the apparent
viscosity of Basil seed mucilage solution reduced when the shear
rate increased. Additionally, the apparent viscosity of the Basil seed
mucilage solution reduced as the organic acids concentration
increased. The highest decrease in viscosity was related to solution
containing 1% malic acid and the lowest was related to ascorbic acid
with a concentration of 0.5%. The Power law model was the best
one for describing the behavior of Basil seed mucilage solutions
containing organic acids. The Power law model had a good
performance with the highest correlation coefficient (>0.9082) and
least sum of squared error (<0.4782) and root mean square error
(<0.1996) for all samples. The consistency coefficient of the
mucilage solution reduced as the acid concentration was increased.
The samples containing 1% malic acid had the lowest consistency

v



coefficient and the samples containing 0.5% citric acid had the
highest consistency coefficient. By adding acid to the mucilage
solution and reducing its pH, the amount of yield stress of the
Bingham and Casson models was decreased. The Casson plastic
viscosity value for the control solution prepared from Basil seed
mucilage was equal to 0.058 Pa.s. The sample containing 0.5%
ascorbic acid had the highest (0.050 Pa.s) and the sample containing
1% tartaric acid had the lowest (0.032 Pa.s) plastic viscosity value.

Conclusion: By adding acid to the mucilage solution and as a result
reducing the pH, the flow behavior index of the samples (Power law
and Herschel-Bakli models) increased (reduction in pseudoplastic
behavior). Based on the findings of this research, the use of Basil
seed mucilage in food products containing high concentration of
malic acid is not recommended, and this acid causes a great
reduction in the viscosity and consistency of products containing
this mucilage.
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Figure 1. Impact of shear rate on the apparent viscosity of Basil seed mucilage solution
containing various organic acids.
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Table 1- Effects of organic acids on the parameters and error values of Power law model
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0.008+0.001 0.69+0.036 0.0004 0.9971 0.0058
Tartaric

(P <0.05) Sl sme Dol s as LIS O s o s Cile g >

Different letters within each column represent significance difference (p < 0.05)
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Table 2- Effects of organic acids on the parameters and error values of Bingham model

§ o oSl e
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Organic Acid (J) (6 IS el Sum of Correlation  Root mean
acid concentration  Binghamyield  Bingham plastic squared coefficient square
stress (Pa) viscosity (Pa.s) error (n error
(SSE) (RMSE)
‘-ia‘))g"'NI a a
. 0.0556+0.034 0.0034+0.0004 0.0026 0.9969 0.0139
Ascorbic
S a b
o 0.0642+0.042 0.0027+0.0001 0.0015 0.9970 0.0113
Citric
<L 0.5%
I\;I’ "I. 0.0493+0.006 * 0.0016+0.0000 © 0.0006 0.9965 0.0069
alic
Sk a b
] 0.0551+0.009 0.0027+0.0004 0.0010 0.9977 0.0088
Tartaric
“g':’a‘}g"“i a c
. 0.0536+0.018 0.0019+0.0001 0.0014 0.9967 0.3248
Ascorbic
u<.1)2.:- a 4
o 0.0418+0.005 0.0017+0.0000 0.0009 0.9951 0.0085
Citric
b 1%
I\;Itkl' 0.0271+0.003 ® 0.0017+0.0001 © 0.0021 0.9984 0.0048
alic
Sk
- 0.0435+0.004 * 0.0014+0.0001 © 0.0012 0.9914 0.0100
Tartaric
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Different letters within each column represent significance difference (p < 0.05)
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Table 3- Effects of organic acids on the parameters and error values of Herschel-Bulkley model

) ks s s o B R e T & e o } oSl s
T dol Ll - Pas" " s Bl s Wasd Lo ol
. id (Jal) as sl Correlation s
Organic Acid . Consistency Flow Sum of coefficient Root mean
d trat Yield stress
acl concentration Pa) coefficient behavior  squared error ) square error
(Pa.s") index (SSE) (RMSE)
Sy sl
4}§~‘ 0.064+0.043%®  0.007+0.006%  0.95+0.14° 0.0015 0.9979 0.0412
Ascorbic
A_,<; ~
w 0.076+0.005°  0.008+0.002% 0.81+0.03 ® 0.0006 0.9987 0.0076
Citric 05%
‘-‘<:tn" . be a ab
i 0.028+0.010 0.004+0.002 0.85+0.11 0.0004 0.9980 0.0057
Malic
‘-‘<iJL;JU be a ab
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R
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Ascorbic
S
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Citric 1%
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Malic
S c a b
- 0.006+0.008 0.007+0.002 0.72+0.08 0.0004 0.9972 0.0059
Tartaric
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Different letters within each column represent significance difference (p < 0.05)
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Table 4- Effects of organic acids on the parameters and error values of Casson model

- s Ol ks 5 Sl a5 K Lo e oA
el et 2B " , st Sl o R e tad st Sl o
. . (Ul (6 JSKal) §5uls : . -
Organic Acid ) . ’ Sum of Corre!atlon Root mean
acid concentration Casson yield Casson plastic squared coefficient (r)  square error
stress (Pa) viscosity (Pa.s) error (SSE) (RMSE)
S 1
2055 0.025+0.008 ° 0.050+0.003 * 0.0024 0.9968 0.0137
Ascorbic
& -
’“ 0.050+0.002 * 0.041£0.001° 0.0006 0.9987 0.0072
- 0.016+0.004 ™ 0.034+0.001 0.0004 0.9978 0.0057
Malic
S,b,6
i 0.01420.005 ™ 0.0460.004 * 0.0005 0.9989 0.0061
Tartaric
S i
2 55 0.017+0.008 ™ 0.038+0.001 ™ 0.0018 0.9961 0.0088
Ascorbic
& -
bl 0.012+0.003 © 0.03520.001 * 0.0004 0.9979 0.0055
Citric
Sk 1%
y 0.006+0.001 © 0.0370.001 ™ 0.0002 0.9991 0.0036
Malic
Se,b,6 be a
0.015+0.003 0.032+0.002 0.0007 0.9954 0.0074
Tartaric
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Different letters within each column represent significance difference (p < 0.05)

Slie v 5 conl e e Ol Ol e &S
s s Ut Sl o g peome Bl nd o 2
Al dise ol gl et Sley e KL
Loy il sl s a0 YFR 5 0/0 ¥ /8440
Joa 5 0l5 056 sladas) el B g b Jlde ol
ol @y dooed 025331 L .8l alS ba g (WS
o=l O o sl sl Ol by D e
e ul e ale Gl 8L s il
(L5l 5 oSy ladis) Sy a5 ,8 s
i go Sl eslial g sazma 53 3L Al lad sad
YL bl il 06 Y a3 Ol 4l
a5 S ol Lo pasen ST, ST slacd
oals Eel dd ol L e Bl 500 o
Phwge ol ol SV pame ol 3 5 an 3 K

g o0

Y

6 5 4o

o b 0 (58, o sast

Sl Gls slye 53 a8 L 5 bl Lol
AU G ol o3l 3l el S e
S i S Sl ol S T gladad
= deon ) /0 chale g s SSOULL s Sl
Phwse dsdoee (K535, gla el 5 a5
Y Gladsdoe (38 15 s 250 Olom ) 4l
Sl lad i 5 dall) Ol 4ils Dl ga ds 5o
Los sl 0L 50 51 (St 93 5 5l (U]
Lol mals ol an s Sy o odr o 2l B
Lo o 42558 5 (AT (sladad Ao 201330
o by au Sy A e 5 8L Ll
Sl e SYslae 55 Ay ) S

LS oMLf;.a_} L ealaad ‘_;i-ijjj‘}:) 6Lﬁ oal> &)‘J;



S S SRy ol Sl b e o8 R PRCPRCHY
R o s Sislas G gme 5 Jbo Cole

References

1. Yildiz, F. 2010. Food acids: Organic acids, volatile organic acids, and phenolic acids, in: F.
Yildiz (Ed.) Advances in Food Biochemistry, CRC Press, Boca Raton, pp. 28.

2. Nour, V., Trandafir, 1., lonica, M.E. 2010. HPLC organic acid analysis in different citrus
juices under reversed phase conditions, Notulae Botanicae Horti Agrobotanici Cluj-Napoca.
38: 44-48.

3. Karadeniz, F. 2004. Main organic acid distribution of authentic citrus juices in Turkey,
Turkish Journal of Agriculture and Forestry. 28: 267-271.

4. Nyyssonen, K., Salonen, J.T., Parviainen, M.T. 2000 Ascorbic acid, in: Modern
chromatographic analysis of vitamins, CRC Press, pp. 259-286.

5. Lo Scalzo, R. 2008. Organic acids influence on DPPH scavenging by ascorbic acid, Food
Chemistry. 107: 40-43.

6. Tao, Q., Zhao, J., Li, J., Liu, Y., Luo, J., Yuan, S., Li, B., Li, Q., Xu, Q., Yu, X., Huang, H.,
Li, T., Wang, C. 2020. Unique root exudate tartaric acid enhanced cadmium mobilization
and uptake in Cd-hyperaccumulator Sedum alfredii, Journal of Hazardous materials. 383:
121177.

7. Yao, S., Wang, B.-J., Weng, Y.-M. 2022. Preparation and characterization of mung bean
starch edible films using citric acid as cross-linking agent, Food Packaging and Shelf Life.
32:100845.

8. Wang, H., Li, W, Gong, Y., Xu, Y., Luo, S., Hu, X., Liu, C. 2024. The effect of organic
acids on high-moisture extrusion of soy protein isolate: Comparison between
monocarboxylic acid and polycarboxylic acids, Food Bioscience. 58: 103664.

9. Mani-Lopez, E., Garcia, H.S., Lépez-Malo, A. 2012. Organic acids as antimicrobials to
control Salmonella in meat and poultry products, Food Research International. 45: 713-721.

10. Savani, P., Puthiyedath, A., Chandran K, R., George, S., Prasad, P.S., Annapure, U.S. 2023.
Evaluation of the sensory properties and antioxidant activity of clean rosemary extracts for
an effective replacement of EDTA in Mayonnaise, Applied Food Research. 3: 100302.

11. Zhou, T., Feng, Y., Chen, Y., Zhao, M. 2023. Quantitative studies, taste recombination, and
omission experiments on the key taste compounds in Chinese and Japanese soy sauce, Food
Chemistry. 403: 134215.

12. Jo, W., Bak, J.H., Yoo, B. 2018. Rheological characterizations of concentrated binary gum
mixtures with xanthan gum and galactomannans, International Journal of Biological
Macromolecules. 114: 263-269.

13. Ozgur, A., Dogan, M., Karaman, S. 2017. Rheological interactions of the xanthan gum and
carboxymethyl cellulose as alternative to pectin in organic acid-sucrose model system:
simplex lattice mixture design approach, European Food Research and Technology. 243:
1041-1056.

14. Nor Hayati, 1., Wai Ching, C., Rozaini, M.Z.H. 2016. Flow properties of o/w emulsions as
affected by xanthan gum, guar gum and carboxymethyl cellulose interactions studied by a
mixture regression modelling, Food Hydrocolloids. 53: 199-208.

15. Hayta, M., Dogan, M., Aslan Tirker, D. 2020. Rheology and microstructure of
galactomannan—xanthan gum systems at different pH values, Journal of Food Process
Engineering. 43: e13573.

16. Salehi, F. 2020. Effect of common and new gums on the quality, physical, and textural
properties of bakery products: A review, Journal of Texture Studies. 51: 361-370.

17. Kang, J., Yue, H,, Li, X., He, C., Li, Q., Cheng, L., Zhang, J., Liu, Y., Wang, S., Guo, Q.
2023. Structural, rheological and functional properties of ultrasonic treated xanthan gums,
International Journal of Biological Macromolecules. 246: 125650.

)



VF+¥ o) b)w AV 0)9.3 “:.'.L\" b',o ‘_g)‘..\.@‘i 9 ‘_5)9‘)3

18. Salehi, F., Inanloodoghouz, M. 2023. Rheological properties and color indexes of ultrasonic
treated aqueous solutions of basil, Lallemantia, and wild sage gums, International Journal of
Biological Macromolecules. 253: 127828.

19. Mirabolhassani, S.E., Rafe, A., Razavi, S.M.A. 2016. The influence of temperature, sucrose
and lactose on dilute solution properties of basil (Ocimumbasilicum) seed gum, International
Journal of Biological Macromolecules. 93: 623-629.

20. Xu, X., Liu, W., Zhang, L. 2006. Rheological behavior of Aeromonas gum in agueous
solutions, Food Hydrocolloids. 20: 723-729.

21. Brenelli, S., Campos, S., Saad, M. 1997. Viscosity of gums in vitro and their ability to
reduce postprandial hyperglycemia in normal subjects, Brazilian Journal of Medical and
Biological Research. 30: 1437-1440.

22. Medina-Torres, L., Brito-De La Fuente, E., Torrestiana-Sanchez, B., Katthain, R. 2000.
Rheological properties of the mucilage gum (Opuntia ficus indica), Food Hydrocolloids. 14:
417-424.

23. Martins, D., Dourado, F., Gama, M. 2023. Effect of ionic strength, pH and temperature on
the behaviour of re-dispersed BC:CMC - A comparative study with xanthan gum, Food
Hydrocolloids. 135: 108163.

24. Bak, J., Yoo, B. 2023. Rheological characteristics of concentrated ternary gum mixtures
with xanthan gum, guar gum, and carboxymethyl cellulose: Effect of NaCl, sucrose, pH, and
temperature, International Journal of Biological Macromolecules. 253: 126559.

25. Salehi, F., Satorabi, M. 2021. Effect of basil seed and xanthan gums coating on colour and
surface change kinetics of peach slices during infrared drying, Acta Technologica
Agriculturae. 24: 150-156.

26. Salehi, F., Razavi Kamran, H., Goharpour, K. 2023. Production and evaluation of total
phenolics, antioxidant activity, viscosity, color, and sensory attributes of quince tea infusion:
Effects of drying method, sonication, and brewing process, Ultrasonics Sonochemistry. 99:
106591.

27. Salehi, F., Inanloodoghouz, M. 2024. Effects of ultrasonic intensity and time on rheological
properties of different concentrations of xanthan gum solution, International Journal of
Biological Macromolecules. 263: 130456.

28. Farahnaky, A., Shanesazzadeh, E., Mesbahi, G., Majzoobi, M. 2013. Effect of various salts
and pH condition on rheological properties of Salvia macrosiphon hydrocolloid solutions,
Journal of Food Engineering. 116: 782-788.

29. Rafe, A., Razavi, S.M.A. 2013. The effect of pH and calcium ion on rheological behaviour
of B-lactoglobulin-basil seed gum mixed gels, International Journal of Food Science &
Technology. 48: 1924-1931.

30. Nsengiyumva, E.M., Alexandridis, P. 2022. Xanthan gum in aqueous solutions:
Fundamentals and applications, International Journal of Biological Macromolecules. 216:
583-604.

31. Amin, A.M., Ahmad, A.S., Yin, Y.Y., Yahya, N., Ibrahim, N. 2007. Extraction, purification
and characterization of durian (Durio zibethinus) seed gum, Food Hydrocolloids. 21: 273-
279.

Yy



