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A COMPARATIVE APPROACH

ABSTRACT

Several methods have been described for determinati oxalic acid or oxalates in
plants. These methods include Indole-oxalic acaktien, titration with KMnQ, rapid catalytic
reduction by oxalic acid using Pyrocatechol vi¢eEV) / Bromophenol blue / Victoria blue etc. In
the present investigation, these methods are felibfor determination of oxalic acid and compared
for their sensitivity, simplicity and accuracywas observed that regression equation WitHOF898
was Y=13.93X + 0.315 for Indole reagent and wif@890, Y=-0.042X + 0.29 for Pyrocatechol-
dichromate reaction. While, for Bromophenol bluekdomate reaction with R0.876, an equation,
log AA =0.373C + 0.694, was derived. Calibration graphrethod with Victoria blue was linear
and regression equation was log (Ai/Aj)= 0.291B.348 with correlation coefficient, 0.915. The
gravimetric method for estimation of oxalic aci@.ititration with KMnQ, R’= 0.997 gave an
equation Y= 0.278X + 0.111. The new method for imxatid estimation using KMnQs described.

It showed consistency in results as compared teeaccepted methods. The calibration graph for
this method was linear and regression equationAfas 0.966C - 0.027 with correlation coefficient
0.983. All these methods were followed for estimratof oxalic acid from the same extract from
dried leaves ofPortulaca oleracea.. From the observations it was noticed that thevignetric
method and the new method described appear torisitise and more accurate. On the basis of
these observations it is concluded that the gravimenethod for the estimation of oxalic is
consistent and accurate but time consuming andritalso as compared to spectrophotometric
methods. The method with Indole-oxalic acid reactiappears to be sensitive at micro
concentrations of oxalic acid. Bromophenol/PCV-dichate reaction methods seem to be
temperature sensitive. The new method describeld witdation of KMnQ was found simple,
sensitive and more accurate as compared to othteodse
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INTRODUCTION:

Oxalic acid (GH,04.2H,0; Mol. wt.: 126.07) is
one of the strong organic acids. It is a white &lise
solid, approximately 10% soluble in water af@Q1]. It
is constituent of cleaning solutions for removingin,
varnish and rust etc. Therefore, it is used extehgiin
laundries and bleaching of wood, straw and in keath
manufacture [2].

Oxalic acid is a primary chelator of calcium.
Hence, its effect in the human diet is very impotta
Because, oxalic acid can complex with calcium torfo
highly insoluble calcium oxalate crystals [3}hich can
cause hypooxularia in animals [4]. Oxalic acid bagn
detected in various organisms, plants and funghals
long been investigated from a medicinal viewpoisi. [
Besides this, it has been receiving much atterftiorits
various ecological qualities such as, bioremedatb a
wide variety of organic pollutants [6] with lignin
biodegradation systems [7]; inactivation of copper-
containing wood preservatives by wood rotting fufgji
detoxification of aluminium toxicity in aluminium
resistant buckwheat [9]; crop damage caused byicoxal
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acid-producing phytopathogens [10] and the bidfeeti
effect of ectomycorrhizal fungi [11].

In plants, oxalic acid and oxalates have been
detected in varying quantities in all parts sucheases,
leaf stalks, flowers, tubers and roots [12]. Thghlist
oxalic acid concentration commonly occurs in theves
and that lowest in the roots [2]. In plants, oxadatnay be
present as the soluble sodium or potassium saltasor
insoluble crystalline calcium oxalate. The formatiof
oxalate is typically intracellular, with the cryltdorming
specialized cells called crystal idioblasts. Fongngears,
oxalic acid was considered as a metabolic end todu
and it was thought that calcium oxalate was forrteed
maintain low soluble level of this toxic acid [13)ut
recent studies have shown that oxalic acid is ®gitled
in response to increased calcium [14]. Glycolate,
glyoxylate, oxaloacetate, and citrate have all been
proposed as precursors of oxalic acid in plantsyever,
some studies were conducted, that indicated ascadu
could provide the substrate for oxalic acid synthes
which later on used for calcium oxalate formatidm,|
16]. Calcium oxalate crystals are produced and
accumulated in over 215 plant families [17]. Oxalat
producing plants accumulate oxalate in the rang2 wf
80% (w/w) of their dry weight [18]. Most of the e&tne
oxalate accumulators (more than 5% oxalate by dry
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weight) belong to Caryophyllaceae, Chenopodiaceae a
Polygonaceae, all within subclass Caryophyllidae.

Several methods are described for estimation of
oxalic acid, including spectrophotometric ([19, 20]
amperometric [21], polarographic [22], isotope tidn
mass spectrometric [23], liquid chromatographid [2&s
chromatographic [25] and enzymatic [26] methodd. Al
the methods listed above require special instruatiemt
and high cost of analysis as well.

In the present investigation, some of these
methods are followed for estimation of oxalic aeidd
compared for their sensitivity, simplicity and acacy.
The main objective of this experimental work wagimal
out the most convenient and accurate method for
estimation of oxalic acid from plants.

MATERIALSAND METHODS:

A standard solution of oxalic acid was prepared
by dissolving 100 mg of oxalic acid £8,0,.2H,0; Mol.
wt.: 126.07, S. D. Fine Chemicals, India) in diedl
water and diluted to 100 ml with distilled watero¥king
solution was prepared freshly before use.

Oven dried leaves dfortulaca oleraced.. were
used to determine oxalic acid content. Extractioas w
carried by following the traditional method desexdbby
[27]. 0.5g leaves were powdered and transferresDtal
capacity volumetric flask. To which, 30ml 0.25 N HC
was added and kept in boiling water bath for akifut
min, cooled to room temperature and volume was made
with 0.25 N HCI. This solution was used as extract
determination of oxalic acid.

Before starting the experiments with set
protocols, an attempt was made to determine maximum
absorbance of oxalic acid at different wavelengbins
spectrophotometer. Assay mixture contained standard
oxalic acid solution and different diluents suchdastilled
water, 0.25 N HCI, 0.0025N HCI and acidified diel
water.

Following are the methods which were followed
for the estimation of oxalic acid:

1. Titration with KM nO,

This method was described by [27]. Standard
oxalic acid (1mg/ml) was added in 50ml capacity
volumetric flask and approximately 30ml 0.25 N HCI
were added. The flask was heated for an hour ifinigoi
water bath and then cooled to room temperature and
volume was made with 0.25 N HCI. 10 ml of the fitte
solution were transferred to 15 ml marked centeftigbe
and it was kept in a refrigerator for 10 minutesladut 5-
10°C. 2 ml of the saturated solution of unhydrous sodi
acetate and/or calcium acetate in dilute acetid acre
added to this tube. The tube was kept al@®vernight
to precipitate out oxalate. Next day the mixtureswa
centrifuged for 5 min. at 5000 rpm. The supernateas
carefully decanted and precipitate was dissolvel ml,
0.25 N HCI. Oxalate was re-precipitated from thisl a
separated as before. The precipitate was then Wagitie
5 ml of washing reagent, an alcohol ammonia mixture
which was added down the sides of the tube. The
precipitate was separated by centrifugation as rbefo
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Finally, this precipitate was dried at £@0for 30 min.
This dried precipitate was dissolved in 5 ml 2 pSBy
and was titrated hot against 0.02 N KMn®hich was
standardized against 0.02 N oxalic acid solutionhwi
KMnQ, as the self indicator.

2. Colour reaction with Indole reagent

This method was proposed by [28] which is
based on the reaction described by [29]. According
them, a pink-coloured compound is formed in the
reaction between indole and oxalic acid. Indolegesd
was freshly prepared by dissolving 100 mg of indole
100ml of concentrated sulfuric acid. Assay mixture
contained 2 ml standard oxalic acid solution atiotes
concentrations, ranging from 0.100 to 1.00 mg p&r m
prepared in 1 N k§0O,. Blank was prepared with 2 ml of
1 N sulfuric acid instead of oxalic acid solutidrhen 2
ml of indole reagent was added in each test tutleding
blank, allowing the reagent to run down the sidehef
tube to minimize heat development. All test tubeav
placed in water bath at 80 to°@for 45 minutes. Cooled
to room temperature and absorbance was measut@® at
nm on spectrophotometer (Shimadzu, UV-1900).

3. Oxidation of Bromophenol blue (BPB) by
Dichromate

The method given by [30] was followed. The
basic principle of this method is oxidation of
Bromophenol blue by potassium dichromate in presenc
of oxalic acid. The colour of Bromophenol blue is
decreased due to its oxidation by dichromate wii# t
help of oxalic acid (oxalic acid catalyses the axion of
Bromophenol blue. The reaction mixture containe@ 20
600u! of standard oxalic acid, 250 pl of 1.00% M\ BPB
(0.670g of BPB dissolved in 2 ml, 0.01 M NaOH smint
and diluted to 100 ml with distilled water), 400 @fl0.1
M K,Cr,0O; and 450 ul of 1 M BBQO,. The final volume
was made to 10 ml with distilled water. It was kapt
boiling water bath for 10min. and the reaction was
quenched by adding 1ml of 2 M NaOH. The absorbance
was read at 600 nm on spectrophotometer (Shimadzu,
UV-1900). The absorbance for non-catalytic reaction
(blank) i.e. without oxalic acid (Ab), and for chtic
reaction (As) was recorded. The differensd), between
Ab and As was calculated to select the condition fo
determination and log(Ab-As) was calculated to
determine oxalic acid concentration.

4. Oxidation of Pyrocatechol Violet (PCV) by
Dichromate

This method was described by [31]. The basic
principle for this method is the same as for Broheml
blue-Dichromate reaction described by [30], only
difference being, PCV is used instead of Bromopheno
blue. Solutions of standard oxalic acid (1 mg/raljnl of
0.80 M HSQO,, 1 ml of PCV (4.0x18 M) and 0.35 ml
Potassium dichromate (0.01 M) were mixed in telsesu
After addition of KCr,O; solution, the decrease in
absorbance was recorded at 450 nm on spectrophtiome
(Shimadzu, UV-1900) at different time intervalsrfrd.0-
180 sec. The absorbance was labeled gsrfblank and
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A for sample. The calibration curve was construdigd
plotting the difference in the absorbana@\{- AA) vs.
oxalic acid concentration.

5. Oxidation of Victoria blue by Dichromate

In this method, Victoria Blue B (VBB) was used
instead of Pyrocatechol violet / Bromophenol bltkis
method was proposed by [32]. However, the principle
behind experimental work is the same as that desdri
for Pyrocatechol violet method. Standard oxalicdaci
solution (Img/ml) was prepared in distilled watdssay
mixture contained different concentrations of sigalic
acid solution (0.1 to 1 mg/ml) with 1 ml of 1 M,8IO,, 1
ml of 0.080 M KCr,O; and diluted to 20 ml with distilled
water. To this, 1 ml 0.0001 M Victoria Blue B saaut
(prepared by dissolving 0.00506 g of VBB in 20 rhhot
water and diluting to 100 ml) and 4 ml distilledterawas
added. Blank was prepared with distilled waterdastof
oxalic acid solution. The mixture was immediatelgqed
into water bath for reaction at %D After 9 min. the
mixture was cooled to quench the reaction withwayper
for 2 min. The absorbance valug & the blank solution
(non-catalytic) and Aof the sample solution (catalytic)
was recorded on Shimadzu UV-1900 spectrophotometer
at 610nm. The calibration curve was constructed by
plotting values of log (#A;) for different concentrations
of oxalic acid against corresponding oxalic acid
concentrations.

RESULTSAND DISCUSSION:

In the present investigation, the experimental
work was concentrated on the comparison of mettods
determine the oxalic acid content of plant material
Therefore, one gravimetric and five spectrophotoimet
methods were followed and compared for their
sensitivity, simplicity as well as accuracy. Linear
regression analysis is a useful tool for companm&ghods
of measurement [33]. Hence, Pearson correlation
coefficient B and linear regression equation were used to
determine which method would be sensitive / aceuast
compared to other methods for oxalic acid detertiina
Use of correlation coefficient and linear regressio
equation is common to determine the sensitivity of
biochemical analytical method. The correlation
coefficient and regression equation indicate inter-
dependence of two values. In spectrophotometric
determinations the absorbance of compound is helpfu
determine its concentration. The basic principleanf/
spectrophotometric method is Beer-Lambert’s lawictvh
states the relationship between light and the &laswe.
Beer-Lambert's law is expressed as, A=ExCxL, whére,
is absorbance, E is molar extinction coefficient;i<C
concentration of solution and L is length of ligfatth.

1. Oxalic acid + Distilled water
Before preparation of assay, absorbance peak of
standard oxalic acid solution was determined on
Shimadzu UV-190 Spectrophotometer and it was 190 nm
(Fig. 1). Blank was prepared with distilled water.
Correlation coefficient (R= 0.523) for the assay
mixture of oxalic acid and distilled water has been
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determined and recorded (Fig. 2). From the resuttan

be concluded that this combination i.e. oxalic a¢id
distilled water does not follow Beer-Lambert's lamd

hence recording the absorbance of the solutio®@nin

appears not to be useful in quantitative deterriinadf

oxalic acid.

2. Oxalic acid + 0.25 N HCL

In this experimental design an assay mixtures
containing oxalic acid at various concentrationd ar25
N HCI were used. Systronics UV-VIS double beam
spectrophotometer-2201 was used for measurement of
absorbance at 190 nm. Blank was 0.25 N HCI. The
observations (absorbance readings) indicated no
correlation between oxalic acid concentration and
absorbance (Fig. 3).

Same experiment was carried by using
chemicals manufactured by other manufacturer and
absorbance was recorded at 190 nm on Systronics UV-
VIS double beam spectrophotometer-2201. As shown in
Fig. 4, there was some change in absorbance resadirg
here the oxalic acid concentration did not followeB-
Lambert’s law with absorbance.

3. Oxalic acid + 0.25 N HCI at 292nm

In earlier experiments absorbance peak of assay
mixture containing oxalic acid and 0.25 N HCI wast n
determined. The highest absorbance for different
concentrations of oxalic acid with 0.25 N HCl was
recorded at 292 nm on Systronics UV-VIS double beam
spectrophotometer-2201. Blank was prepared onlhj wit
0.25 N HCI. Fig. 5 shows the absorbance of ligh2@i2
nm by the different concentrations of oxalic aciithw
0.25 N HCI.

From the results, it is clear that there is some
correlation between oxalic acid concentration ahd t
absorbance at 292nm.

4. Oxalic acid + acidified distilled water

Standard solution of oxalic acid (0.1mg/ml in
distiled water) has a specific pH. Therefore, hist
experiment pH of different solvent systems used for
preparation of std. oxalic acid solutions was messu
(Table 1).

From the above observations, it is clear that pH
of standard oxalic acid solution and acidified itles
water is nearly the same. Acidified distilled wateas
prepared by adding a drop of conc. HCI in 500 ml of
distilled water. Therefore, mixture of standard laxacid
solution and acidified distilled water was taken &ssay.
This mixture showed an absorbance peak at 190 nm on
Systronics UV-VIS double beam spectrophotometer-
2201(Fig. 6).

Assay of standard oxalic acid solution and
acidified distilled water showed significant incseain
absorbance with increasing concentrations of oxadid.
However, acidified distilled water could not be dg®e
determine oxalic acid content from plant tissuedose in
plant’s tissue oxalic acid is mostly in the form sdlt
(calcium oxalate) [3]. Calcium oxalate is highhsatuble
in water and very little soluble in organic soh&nt
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Hence, acidified distilled water as a solvent fatcmm
oxalate is not suitable. However, pure oxalic amdld
be quantified by this exercise.

5. Oxalic acid + 0.0025 N HCL

Earlier observations (Table 1) have shown that
pH of 0.0025 N HCI is 3.10. Therefore, absorbante o
mixture of standard oxalic acid and 0.0025 N HCkwa
recorded on Systronics UV-VIS double beam
spectrophotometer-2201 at 208 nm (Fig. 7). Blanls wa
prepared only with 0.0025 N HCI.

Fig. 7 shows no correlation between oxalic acid
concentrations and its absorbance at 208nm. Hassay
mixture of oxalic acid in 0.0025 N HCI appears het
suitable for estimation of oxalic acid in plants.

Several workers have described a number of metfards
estimation of oxalic acid. Few of them are discddsere
for their sensitivity and accuracy.

6. Titration with KMnQO,

The method described by [27] is world-wide
accepted and followed. However, this method is lialos
and time consuming (requires 2 days for experimenta
work) as compared to other methods. But the results
obtained by this method are consistent and accubate
shown in Fig. 8, the highest?Rvalue i.e. 0.997 was
recorded for burette readings (KMp@l) vs. oxalic acid
concentration with regression equation y = 0.278x +
0.111.

7. By Indole reagent

The method of Indole-oxalic acid reaction is
more convenient and simple but at higher conceatrat
of oxalic acid, this method is insensitive [28]. wiver,
in current investigation absorbance of oxalic aad
different concentrations varying from 0.1 to 1.0/mbat
525nm shows correlation coefficient 4.932 and
equation y = 0.912x-0.070 (Fig. 9). The intensitypmk
coloured compound in assay mixture is directly
proportional to the concentration of oxalic acidnist
method seems to be sensitive at low concentratifns
oxalic acid and less time consuming than traditiona
titration method described by [27].

8. Oxidation of Bromophenol blue (BPB) by
Dichromate

Basic principle of this method is catalytic
oxidation of bromophenol blue by potassium dichrtema
in presence of oxalic acid. Oxalic acid is usedaas
catalyst during oxidation of bromophenol blue. ase
in absorbance due to oxidation of BPB is recorded a
presented in the form of logAA for different
concentrations of oxalic acid varying from 0.2 td ing.
The calibration graph was linear in the concerdrati
range of oxalic acid. The regression equation gafo=
0.373C + 0.694 with correlation coefficient of 0687
where C is the concentration of oxalic acid in migamd
AA is Ab-As (Blank absorbance - sample absorbance)
(Fig. 10).
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From the above observations, this method seemsto b
simple, requiring less time but not sensitive asgared
to traditional gravimetric method.

9. Oxidation of Pyrocathecol Violet (PCV) by
Dichromate

The basic principle of this method is the same as
discussed earlier in oxidation of bromophenol {BEB)
by dichromate. Pyrocathecol violet is used instedd
BPB. As compared to the method in which BPB is used
this method is rapid and requires specific instrotaton
i.e spectrophotometer with magnetic stirrer. Thisthod
is temperature sensitive and requires constarfiC 30
temperature for completion of reaction. The catibra
curve is linear in the concentration range of (11t
mg/ml oxalic acid. The regression equation obtaiisel
= -0.017B + 0.283 with correlation coefficient 06U6,
where A is absorbance of PCV and B is the conceéaira
of oxalic acid (Fig. 11).

The reduction in absorbance is very rapid and
hence some errors are possible in recording the
absorbance. The constant temperature €38 also a
key factor in this measurement.

10. Oxidation of Victoria blue by Dichromate

Victoria Blue B (VBB) is an analytical reagent
used in this method. The catalytic oxidation of VBB
Potassium dichromate occurs in presence of oxalit. a
The colour intensity of VBB decreases with increase
oxalic acid concentration. Therefore, a decreasmlour
intensity is directly proportional to the concetitva of
oxalic acid. The calibration curve obtained is #navith
equation log (Ai/Aj) = 0.291B + 0.348 with corratat
coefficient R= 0.915, where log (Ai/Aj) is absorbance
and B is concentration of oxalic acid (Fig. 12).

From Fig. 12 it is clear that catalytic oxidatiohuBB by
dichromate in presence of oxalic acid is sensitind this
appears to be an accurate method as comparedligr ear
methods with PCV and/or BPB but not that accurate t
the gravimetric method. However, this method rezgiir
less time and labour than those in titration witMiO,
method.

From all the above work it can be found that
there is a need of new spectrophotometric methadhwh
is simple, accurate, less time consuming and which
involves only few chemicals for the assay. Themfa
new method with oxidation of KMnQOby oxalic acid in
presence of 580, is described here.

11. Oxidation of KMnQO, by oxalic acid

Standard oxalic acid solution (1 mg/ml) was
prepared with distilled water. 100 ml of 0.003 M K,
was prepared from appropriate dilution of 0.01 M
KMnQO, in distilled water. 500 ml of 2 N 430, was
prepared in distiled water. Assay mixtures coredin
different concentrations of oxalic acid rangingnfr©.1 to
1 mg, 5 ml of 2 N HSQ, and 2 ml of 0.003 M KMn@®
This mixture was incubated for 10 min. at room
temperature (27 +°2). After 10 min. absorbance was
recorded at 528 nm on Shimadzu, UV 1900
spectrophotometer. Reagent blank was prepared with
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distilled water. Absorbance for blank solution was
recorded as Ab and for sample it was As. The catiitn
curve obtained (Fig. 13) is linear in concentratiange

of 0.1 to 1 mg/ml of oxalic acid. The regressiomn&tipn

is AA = 0.966C - 0.027 with correlation coefficient 838
where C is the concentration of oxalic acid in migamd
AAis Ab-As.

acid estimation. The oxalic acid content of thevé=aof
Portulaca oleraceas depicted in Table 3.

The results obtained for oxalic acid content ofvésaof
P. oleraceaare different in different methods employed
(Table 3). The method described by [28] based dolé
oxalic acid reaction exhibited 2.95g/100g oxaliédain
dry tissue ofP. oleracea While, in Fowler and Bright's

Table 2 summarizes the regression equations and gravimetric method (1935) it is 6.34g/100g. The hoels

correlation coefficients obtained for all the above

with catalytic oxidation using different dyes have

methods. The method described here is based on therecorded 4.19, 2.87 and 5.02¢/100g dry tissue afi®x

principle of titration method proposed by [27]. Téteps
such as precipitation with saturated solution dtioan
acetate in dilute acetic acid and washing with amimo
solution was omitted. The heating on boiling wdtath
was not required. This method is simple, sensitive,
accurate, requires few chemicals and less timeuroimg

as compared to all the earlier methods. The cdioala
coefficient is about +1, which means, it exhibitighh
accuracy in determination of oxalic acid.

The above methods were employed
estimation of oxalic acid from a plant sample. thiese
methods were followed to estimate oxalic acid from
Portulaca oleraceal. leaves.Portulaca oleraceal. is
commonly known as ‘Purslane’ belonging to family
Portulacaceae. It is one of the high oxalate actating
plants [35]. It is a leafy vegetable, commonly fduim
cultivated fields, along roadside and gardens. Hent
the present work it was used as a plant sampleXalic

for

acid content for Bromophenol blue, Pyrocatecholetio
and Victoria blue respectively. However, accordinghe
new method proposed in this work it is 6.32 g/100g
oxalic acid in dry tissue @®. oleracea.

Portulaca oleracea is a high oxalate
accumulating plant. The leaves Bf oleraceacontain
6.9% oxalic acid in dry tissue [35]. While, 6.22@0g of
oxalic acid in the fresh leaves Bf oleraceawas reported
by [34]. Following the new method described in this
investigation the oxalic acid content of the leavés.
oleraceadetermined is 6.32 g/100g dry tissue.

CONCLUSION:

It is concluded that the traditional gravimetric
method of [27] is sensitive and accurate but time
consuming and laborious. The new method described i
the investigation (oxidation of KMnf)p is simple,
sensitive and more accurate than other
spectrophotometric methods.

Table 1. pH of standard oxalic acid solution and differsolvent systems used

Sr. No. Solution/Solvent pH
1. pH of standard oxalic acid solution (0.1mg/mblidtilled water)| 3.73
2. pH of distilled water 7.15
3. pH of 0.25 N HCI 1.47
4, pH of 0.025 N HCI 1.79
5. pH of 0.0025 N HCI 3.10
6. pH of acidified distilled water 3.59

Table 2: Regression equations and correlation coefficigRtsfor various methods

Sr. No. M ethods Regression equations R?
1. Oxalic acid + Distilled water y = 0.055x + 0.081 0.523
2. Oxalic acid + 0.25N HCI y = 0.043x - 0.008 0.625
3. Oxalic acid + 0.25N HCI y =-0.007x + 0.099 0.085
4. Oxalic acid + 0.25N HCI at 292nm y = 0.007x +020 0.809
5. Oxalic acid + acidified distilled water y = 04¢/- 0.002 0.956
6. Oxalic acid + 0.0025N HCI y = 0.026x + 0.022 @.2z
7. By Indole reagent y =0.912x - 0.070 0.982
8. Titration with KMnQ y=0.278x + 0.111 0.997
9. Oxidation BPB by Dichromate lovA = 0.373C + 0.694 0.876
10. Oxidation of PCVby Dichromate A=-0.017B+0.283 61®B
11. Oxidation of VBB by Dichromate log (Ai/Aj) = 0.28 + 0.348| 0.915
12. Oxidation of KMnQ by oxalic acid* AA=0.966C - 0.027 0.983*

* Propose
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d new method.
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Table 3: Oxalic acid content of the leaves®foleraceadetermined following various methods.

NE M ethods followed for oxalic acid estimation Ox_allc add content (g/100g dry
No. weight).
1. Indole reagent (Bergerman and Elliot, (1955) 2.95
2. Titration with KMnQy (Fowler and Bright, (1935) 6.34
3. Oxidation of Bromophenol blue (BPB) by Dichromate @nd Zhang, (2000) 4.19
Oxidation of Pyrocathechol Violet (PCV) by Dichrom4Ensafi and Emadi,
4. 2.87
(2004)
5. Oxidation of Victoria blue by Dichromate Yanal, (2004) 5.02
6. Oxidation of KMnQ by oxalic acid 6.32
*Proposed method
1.8 -
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1.4 - Oxalic acid(mg)
1.2 —&—Elank
5 1 -2
—§ 0.8 - 4
=) —_—G
=06 1
——8
0.4
—o—10
0.2
a & T \ >—0—00¢ L 2 1
175 180 185 190 195 200 205 210 215
Wavelength (nm)

Fig. 1: Absorption spectra of oxalic acid at differenhcentrations showing maximum absorbance peak ahd90
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Fig. 2: Absorbance of light of 190 nm by oxalic acid (istilled water) at various concentrations.
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