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Optimization and validation of UV-VIS
spectrophotometry methods on the
standardization of galactomannan levels
inguar gum (Cyamopsis tetragonoloba L.)
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Abstract

Aim: Method validation is a step to ensure that the method used is in accordance with the desired goals. The Category
I validation method determines the content of the main ingredient in the drug substance. Galactomannan is a water-
soluble polysaccharide composed of D-galactose and D-mannose and is the main component in guar gum. Materials
and Methods: To determine galactomannan content, concentrated phenol-sulfuric acid was used using the UV-Vis
Spectrophotometry method. Hydrolysis of guar gum is required to react with phenolic reagents to form colored
compounds. Results and Discussion: Optimization of the formation of colored derivative compounds was carried
out by hydrolysis of guar gum with the addition of 1.0 mL of sulfuric acid, 30 min time, 100°C temperature, and color
stability at 180 min. Method validation was successfully carried out by testing several parameters, including selectivity
with the selected wavelength 492 nm. Linear regression equation y = 0.0255 x + 0.0420 (r: 0.9998) and Vxo = 0.76%.
The precision expressed in the Coefficient of Variation (C.V) is 1.06%. Accuracy was obtained 100.35 £ 0.56 (%; w/w).
Conclusion: In determining the galactomannan content in guar gum powder, it was 70.00 £ 0.24 (%; w/w).
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INTRODUCTION

he validation method is an assessment of
I certain parameters, based on laboratory
experiments, to prove that these
parameters meet the requirements for use.!
Validation is a step to ensure that the method
used is as intended. The purpose of validation
is to ensure that the analytical method used is
accurate, specific, repeatable, and within the
range of the analyte to be tested.

AccordingtoISO 17025 (2017),* ananalytical
method must be validated to meet conditions
such as non-standard methods. Other factors
are the methods that textbooks obtain, and
journals that have not been widely recognized,
methods developed by laboratories, standard
methods used outside their scope. The
existence of the slightest change of the
standard method, the combination of two or
more standard methods, the combination of
standard and non-standard methods also needs
to be validated.
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United State Pharmacopeia (2018)!! has stated that parameters
for evaluating method validation must not always be tested as
a whole. Validation is divided into four categories as follows.
Category 1 is to determine the content of the main ingredient in
the drug substance in the finished drug product. Category Il is for
the determination of contaminants in medicinal ingredients or
compounds due to degradation of pharmaceutical preparations.
This procedure includes quantitative determination and
boundary detection tests. Category Il is for of the preparation
(e.g., dissolution tests and drug release tests). Category 1V is
for analytical procedures in an identification (USP, 2018). The
parameters that must be validated are listed in Table 1.
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Table 1: Characteristics of validation and types of analytical procedures

*

Parameter Category | Category Il Category llI Category IV
Quantitative Test limits

Accuracy Yes Yes * * No

Precision Yes Yes No Yes No
Specificity Yes Yes Yes * Yes
Detection Limit No No Yes * No
Quantification Limits No Yes No * No

Linearity Yes Yes No * No

Range Yes Yes * * No

*USP (2018)

UV-Vis spectrophotometry is a method based on measuring
the absorption of monochromatic light by solutions of active
compounds. Compounds that can be analyzed by the UV-Vis
spectrophotometry method must have conjugated double
bonds.P!

Guar gum powder from the seeds of Cyamopsis tetragonoloba
L., Leguminosae family, which consists of 75-86%
galactomannan which is soluble in water.[*!!) Galactomannan
consists of D-manosa and D-galactose with a manose:
galactose (M/G) ratio of 2:1.[1>14

The galactomannan content in guar gum powder is used
in various fields of life such as in the pharmaceutical field
is widely used in drug delivery systems, drug additives,
suspension agents, and thickening agents,'” the food
industry as a thickener, binder, to increase viscosity and as
a stabilizer.l'! the cosmetic industry,!'” the paper industry,!®
the biomedical field,"” and in the textile and printing
industries.?"!

Galactomannans do not have conjugated double bonds,
so they cannot be detected by UV-Vis Spectrophotometry,
therefore, to be determined by the UV-Vis
spectrophotometry method, a derivative compound with
phenol reagents — concentrated sulfuric acid is made.
Galactomannans with concentrated phenol-sulfuric
acid become 5-hydroxy methyl furfural by dehydration
reaction, then 5-hydroxymethyl furfural with two phenol
molecules form a compound 4-[{5 (-(hydroxymethyl)
furan-2-il) (4-hydroxyphenyl)methylene} cyclohexa-2,5-
dien-1-yliden]oxoniumyellow-orange with a wavelength
of 490 nm.[!-2%]

The UV-Vis spectrophotometry method with concentrated
phenol-sulphuric acid reagents has the advantage of
being easy, sensitive, reproducible, and specific enough to
determine carbohydrate levels compared to other methods
such as gas chromatography and high-performance liquid
chromatography.[!0-26.27] Concentrated ~ phenol-sulfuric
acid reagents are easy-to-use, inexpensive, and sensitive
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reagents.?!*”) Because it is not possible to make an artificial
sample matrix and the sample already contains the active
substance to be determined, standardization is determined by
conventional addition.

MATERIALS AND METHODS
Instrument

The tools used are the UV-Vis Single Beam Spectrophotometer
(Agilent Cary 60), analytical scales, Memmert water batch,
Hermle Z 207 A Centrifuge, and glassware commonly used
in the laboratory.

Chemicals

Guar gum powder (C. tetragonoloba L.); Galactose; Phenol
p-a (Merck CAS108-95-2); Sulfuric acid p.a.(Merck CAS
7664-93-9; 95-98%); and aquades.

Procedure
Pre-treatment of guar gum samples

Weighing guar gum powder as much as 50.0 mg using
analytical scales, then add 10 mL of water to the mortar,
brushing to form a thick liquid. Put into a 50.0 mL measuring
flask and add 1.0 mL of sulfuric acid 2 M. Heat the measuring
flask to a temperature of 100°C for 30 min. Cool to room
temperature and add distilled water up to the mark, shake the
solution in a 50.0 mL pumpkin gauge until homogeneous.
Then, centrifuged the solution for 40 min at 4000 rpm,
supernatant for testing.

Hydrolysis Optimization
Sulfuric acid addition

Optimization of sulfuric acid addition was carried out by
absorbance reading in various acid addition series to guar




gum samples, namely 0.5 mL; 1.0 mL; 1.5 mL; 2.0 mL; and
2.5 mL. with 2M sulfuric acid.

Hydrolysis time

Guar gum hydrolysis time by reading the absorbance at 15,
30, 45, 60, and 90 min.

Hydrolysis temperature

Optimization of guar gum powder hydrolysis temperature
with absorbance readings at 20, 40, 75, and 100°C.

Color stability test

Color stability test with absorbance readings at 180, 240, and
300 min at the selected wavelength.

Validation Method
Select the selected wavelength

The selectivity test for determining galactomannan content in
guar gum powder was by looking at the spectral profile of the
sample, D-galactose, and samples added with D-galactose at
a wavelength of 400-550 nm.

Linearity

Some series of curves of D-galactose standard solution 5, 10,
15, 20, 25, and 30 ppm, added 1.0 mL phenol 5% and 5.0 mL
concentrated sulfuric acid, and aquades to the exact mark in
10.0 mL flask.

Precision

Standard D-galactose levels of 8 ppm, added 1.0 mL of 5%
phenol and 5.0 mL of concentrated sulfuric acid, and aquades
to the exact mark in a 10.0 mL flask.

Accuracy

Accuracy test performed at 80%, 100%, and 120% or the
addition of D-galactose 80 mg; 100 mg; 120 mg then added
guar gum solution added successively by 0.0 mL; 0.5 mL;
1.0 mL; 1.5mL; and 2.0 mL. Add 1.0 mL of 5% phenol
solution (w/v); 5.0 mL of concentrated sulphuric acid; and
aquades up to 10.0 mL volume.

Standardization Galactomannan in Guar Gum
Powder

The guar gum powder added of D-galactose solution
added successively by 0.0 mL; 0.5 mL; 1.0 mL; 1.5 mL;
and 2.0 mL. Add 1.0 mL of 5% phenol solution (w/v);
5.0 ml of 2M sulphuric acid; and aquades up to 10.0 mL
volume.
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RESULTS AND DISCUSSION

Hydrolysis Optimization
Sulfuric acid addition

Hydrolysis is a way to convert galactomannans into
D-galactose and D-mannose.*! Hydrolyzed galactomannans
can react with concentrated phenol-sulfuric acid color
reagents to form a compound 4,4 ‘-((5-hydroxymethyl)furan-
2-yl)methylene) diphenol. The compound then forms 4-[ {5
(-(hydroxymethyl) furan-2-il) (4-hydroxyphenyl)methylene}
cyclohexa-2,5-dien-1-ylidenJoxonium which will then form
a yellow-orange compound with a maximum wavelength of
490 nm. 2831

Based on Figure 1 above, hydrolysis optimization of guar
gum powder on acid addition parameters is known that in
the addition of 1.0, 1.5, and 2.0 ml of 2M of sulfuric acid the
absorbance value of the sample is constant or stable. Then,
three replications were made, so that with ANOVA one-way
obtained P = 0.184 (P > 0.05). There was no significant
difference in absorption value, so 1.0 ml of 2 M sulfuric acid
was selected to hydrolyze guar gum.

Hydrolysis time

Based on Figure 2 above, at a hydrolysis optimization of guar
gum powder on the parameters of hydrolysis time, known
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Figure 1: Addition of 2M sulphuric acid versus absorbance
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Figure 2: Hydrolysis versus absorbance time




hydrolysis time of 30, 45, and 60 min of constant or stable
sample absorbance value. Then, three replications were
made, so that with ANOVA one-way obtained P = 0.238
(P> 0.05), and there was no significant difference, so the
guar gum hydrolysis time was chosen for 30 min.

Hydrolysis temperature

Based on Figure 3 above, it is known that the maximum
absorption to hydrolyze guar gum is at 100°C, so the
temperature is selected to hydrolyze guar gum. This result
is in line with the hydrolysis temperature used to hydrolyze
polysaccharides with a temperature of 100°C.[527

Color stability test

The color stability test, Figure 4 was obtained on the 180™,
240™ and 300" min of absorbance measurements, the value
was stable or constant. One-way ANOVA test obtained
P=0.226 (P > 0.05), absorbance does not differ. The
absorbance measurement of the sample was carried out after
the180™ min was calculated starting the beginning of the
color formation reaction.

Validation Method
Selectivity select the selected wavelength

Because it is not possible to make an artificial sample
matrix and the sample already contains the active ingredient
compound to be determined, standardization is carried out
using conventional addition techniques. Based on Figure 5,
the three solutions, namely, galactose 10.0 ppm + guar
gum, guar gum and galactose 10.0 ppm standard solution
provide maximum 492 nm. Selectivity or specificity is the
ability to measure certain substances in the sample matrix
such as impurities, degradation products, and matrix
components.?!

In this study, it is known that the wavelength that provides
maximum absorbance is 492 nm. In the previous article, it
was known that hexose sugars provide maximum absorption
490 nm. 339321 Wavelength differences of no more than four
nanometers to measure the absorbance value of the sample
can be considered the same.P*!

Linearity

Linearity is the relationship between absorption and
concentration, Figure 6 was y = 0.0255 x + 0.0420 (r:
0.9998; P < 0.01). There is a significant effect between
galactoseconcentration with galactose standard absorbance
levels. The result of Vxo calculation is 0.76% (<5%). Based
on these data, it can be explained that there is a relationship
between absorbance and galactose concentration according
to the Lambert-Beer law.
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Figure 3: Hydrolysis temperature optimization of guar gum
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Figure 4: Time versuscolor stability absorbance
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Figure 5: Selectivity test of A. galactose 10.0 + guar gum;
B. Guar gum; C. Galactose 10.0 ppm

Precision

Precision is a measure that shows the degree of conformity
between individual test results, measured through the
distribution of individual results from the average if the
procedure is applied repeatedly to samples taken from
homogeneous mixtures. Precision is measured as a Standard
Deviation or Coefficient of Variation (CV). Precision is
calculated through the value of the CV as based on data
presented in Table 2, the average absorbance value is 0.2742




ods on standardization of galactomannan

with a CV: 1.06% (CV <2%), so that the precision parameters
have been qualified.

Accuracy

Accuracy is a measure that shows the degree of proximity
of the analyst’s results to the actual level of the analyte.

Table 2: Precision

Observation Absorbance (. 492 nm)
0.2774
0.2750
0.2762
0.2786
0.2754
0.2714
0.2693
0.2750

9 0.2717

10 0.2725
Mean+SD 0.2742+0.0029
C.v 1.06%

SD: Standard deviation, CV: Coeffcient of variation

o N O O B~ WON =

Accuracy is expressed as a percentage of recovery by
addition technique. The difference between the two results
is compared to the actual rate (expected result). The accuracy
test is expressed in (%) recovery, carried out with three types
of concentrations and each concentration level is repeated
3 times as shown in Table 3. In the guar gum powder accuracy
test, (%) recovery was obtained at 100.35 + 0.56 (%; w/w).
The results of the guar gum powder accuracy test have met
the accuracy requirements of 98—102%.54

Standardization Galactomannan in Guar Gum
Powder

Calculation of galactomannan content in guar gam powder is
presented in Table 4 as follows.

The galactomannan content in guar gum powder
using phenol-sulfuric acid reagent with UV-Vis
Spectrophotometry that has been validated is 70.00 =+
0.24 (%; w/w). In several other studies, it is known that
galactomannan levels are 75-85%.[61214351 In a study
conducted the galactomannan content in guar gum powder
was 81.50 = 1.73 (%; w/w).’? Varied levels can be
caused by plant age, plant varieties, climatic and weather
conditions, time and manner of harvest, location or soil

Table 3: Accuracy

Concentration (%) Replication Added weight (g) The weight gained (g) (%) Recovery
80 1 0.0803 0.0807 100.49

2 0.0804 0.0808 99.50

3 0.0810 0.0820 101.23
100 1 0.1021 0.1026 100.49

2 0.0991 0.1002 101.11

3 0.1040 0.1039 99.90
120 1 0.1216 0.1224 100.66

2 0.1211 0.1210 99.92

3 0.1205 0.1203 99.83
Mean+SD 100.35+0.5645
cv 0.56

SD: Standard deviation, CV: Coefficient of variation

Table 4: Determination of galactomannan content in guar gum

Replication Weighed Guar gum (g) Regained D-galactose and D-mannose (g) Regained (% b/b)
1 0.0504 0.0351 69.64

2 0.0487 0.0342 70.23

3 0.0500 0.0351 70.20

4 0.0495 0.0346 69.89

5 0.0511 0.0358 70.06
Mean+S.D 70.00+0.2440
CV 0.35%

SD: Standard deviation, CV: Coefficient of variation
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Linearity of galactose standard solution
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Figure 6: Linearity of galactose solution

structure, treatments given before being produced, tools,
places, and methods used.!'!

CONCLUSION

The UV-Vis spectrophotometry method can determine
the galactomannan content in guar gum powder
(C. tetragonoloba L.) which is calculated as the total
D-galactose and D-mannose. Galactomannan in guar gum
powder are 70.00 + 0.2440(%;w/w).

Suggestions

Validated UV-Vis spectrophotometry method with the
phenol-sulfuric acid concentrated is an alternative for the
determination of galactomannan powder with the advantages
of cheap, easy, reproducible, sensitive, selective, accurate,
and precision.

ACKNOWLEDGMENT

The author would like to thank the Faculty of Pharmacy,
Airlangga University, for allowing this research to be carried
out at the MPL (Multi Purpose Laboratory).

REFERENCES

1. Harmita H. Instructions for implementing method
validation and how to calculate it. Pharmaceutical
Science Magazine 2004;1:117-35.

2. Rohman A. Validasidan Penjaminan Mutu Metode
Analisis Kimia. 3™ed. Yogyakarta: Gadjah Mada
University Press; 2019. p. 98-121.

3. Badan Standarisasi Nasional. SNI ISO/IEC 17025
Persyaratan Umum Kompetensi Laboratorium Pengujian
dan laboratorium Kalibarasi. Jakarta: Badan Standarisasi
Nasional; 2017. p. 1-20.

4. United State Pharmacopeia. The United States
Pharmacopeia USP41, the National Formulary NF36.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

International Journal of Green Pharmacy ¢ Apr-Jun 2023 « 17 (2) | 208

Rockville, MD: U.S Pharmacopeial Convention, Inc.;
2018. p. 2154.

Skoog DA, West DM, Holler FJ, Crouch SR.
Fundamentals of Analytical Chemistry. 10" ed. Boston:
Cengage; 2021. p. 616-727.

Mudgil D, Barak S, Khatkar BS. Guar gum: Processing,
properties and food applications - A review. J Food Sci
Technol 2011;51:409-18.

Liyanage S, Abidi N, Auld D, Moussa H. Chemical and
physical characterization of galactomannan extracted
from guar cultivars (Cyamopsistetragonolobus L.). Ind
Corp Prod 2015;74:388-96.

Pathak R. Clusterbean: Physiology, Genetics and
Cultivation. Singapore: Springer; 2015. p. 33-41.
Dzyubenko NI, Dzyubenko EA, Potokina EK,
Bulynstsev SV. Clusterbeans Cyamopsistetragonoloba
(L.) Taub. properties, use, plant genetic resources and
expected introduction in Russia-a review. J Agric Biol
2017;6:1116-28.

Sharma P, Kaur A, Aggarwal P. Physicochemical, thermal,
rheological, and morphological properties of flour from
different guar seed (Cyamopsis tetragonoloba) cultivars.
Int J Food Properties 2016;20:1280-9.

Sumarwoto. Review: The content of mannan in the
iles-iles plant (Amporphophallus muelleri Blume).
Biotechnology 2007;4:28-32.

Thombare N, Jha U, Mishra S, Siddiqui MZ. Guar gum
as a promising starting material for diverse applications:
A review. Int J Biol Macromol 2016;88:361-72.
Hussain M, Zahoor T, Akhtar S, Ismail A, Hameed
A. Thermal stability and haemolytic effects of
depolymerized guar gum derivatives. J Food Sci Technol
2018;55:1047-55.

George A, Shah PA, Shrivastav PS. Guar gum: Versatile
natural polymer for drug delivery applications. Eur
Polym J 2019;112:722-35.

Giri P, Zandu SK, Singh I. Chemical modifications of
guar gum for drug delivery applications: A review. Asian
J Chem 2020;32:1259-65.

Gupta S, Variyar PS. Guar gum: A versatile polymer for
the food industry. In: Grumezescu AM, Holban AM,
editors. Biopolymers for Food Design. Cambridge:
Academic Press; 2018. p. 383-407.

Johnson W Jr., Heldreth B, Bergfeld WEF, Belsito DV,
Hill RA, Klaaseen CD, efal Safety assessment of
galactomannans as used in cosmetics. Int J Toxicol
2015;34:36S-65.

Mathur NK. Industrial Galactomannan Polysaccharides.
Boca Raton: CRC Press; 2017. p. 5-93.

Sahoo R, Jacob PJ, Sahoo S. Biomedical applications
of green biopolymer guar gum. J Pharm Biomed Sci
2013;35:1783-7.

Igbal DN, Nazir A, Igbal M, Yameen M. Green synthesis
and characterization of carboxymethyl guar gum:
Application in textile printing technology. Green Process
Synth 2020;9:212-8.

Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F.




22.

23.

24.

25.

26.

27.

28.

Colorimetric method for determination of sugar and
related substances. J Anal Chem 1956;28:350-6.
Masuko T, Minami A, Iwasaki N, Majima T, Nishimura
SI, Lee YC. Carbohydrate analysis by a phenol-sulfuric
acid method in microplate format. Anal Biochem
2005;339:69-72.

Tuteja J, Nishimura S, Ebitani K. One-pot synthesis of
furans from various saccharides using a combination
of solid acid and base catalysts. Bull Chem Soc Jpn
2012;85:275-81.

Thakur S, Sharma B, Verma A, Chaudhary J,
Tamulevicius S, Thakur VK. Recent approaches in guar
gum hydrogel synthesis for water purification. Int J
Polym Anal Charact 2018;23:621-32.

Gao L, Wang Y, Zhang F, Li S, Zhao J, Zhang Q,
et al. A standardized method for the quantification of
polysaccharides: An example of polysaccharides from
Tremella fuciformis. Food Sci Technol 2022;167:113860.
Cui S, Brummer Y. Understanding carbohydrate analysis.
In: Food Carbohydrates. Boca Raton: Taylor and Francis
Group; 2005. p. 68-104.

Fransiska SG, Prawita A. Development and validation of
visible spectrophotometric method for the determination
of total D-glucose and D-mannose levels calculated
as glucomannan in porang powder (Admorphophallus
oncophyllus) and Konjac powder (Admorphophallus
konjac). Int J Green Pharm 2019;13:65-71.

Lupo C, Boulos S, Nystrom L. Influence of partial
acid hydrolysis on size, dispersity, monosaccharide
composition, and conformation of linearly-branched

International Journal of Green Pharmacy ¢ Apr-Jun 2023 « 17 (2) | 209

water-soluble polysaccharides. Molecules 2020;25:2982.

29. Yue F, Zhang J, Xu J, Niu T, Lt X, Liu M. Effects of
monosaccharide composition on quantitative analysis of
total sugar content by phenol-sulfuric acid method. Front
Nutr 2022;9:963318.

30. Chua M, Chan K, Hocking TJ, Williams PA, Perry CJ,
Baldwin TC. Methodologies for the extraction and
analysis of konjac glucomannan from corms of
Amorphophallus konjac K. koch. Carbohydrate Polym
2012;87:2202-10.

31. Kuravadi NA, Verma S, Pareek S, Gahlot P, Kumari S,
Tawar UK, et al. Guar: An industrial crop from marginal
farms. In: Gurbir SB, Navreet KB, editors. Agricultural
Sustainability: Progress and Prospects in Corp Research.
Ch. 3. Massachusetts: Academic Press; 2013.

32. Gadkari PV, Tu S, Chiyarda K, Reaney MJ, Ghosh S.
Rheological characterization of fenugreek gum and
comparison with other galactomannans. Int J Biol
Macromol 2018;119:486-95.

33. Mulja M, Suharman. Analisis Instrumental. Surabaya:
Airlangga University Press; 1995. p. 10-45.

34. Gonzilez A, Angeles HM. A practical guide to
analytical method validation, including measurement
uncertainty and accuracy profiles. Trends Anal Chem
2007;26:227-38.

35. Tripathy S, Das MK. Guar gum: Present status and
applications. J Pharm Sci Innov 2013;4:24-8.

Source of Support: Nil. Conflicts of Interest: None declared.




