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A B S T R A C T

The objective of this work is to develop a microwave assisted-ultraviolet (MW-UV) digestion in the presence of
dilute HCl and H2O2 followed by ion chromatography (IC) measurements for the determination of total nitrogen
in cereals. This approach (MW-UV-IC) requires lesser time and does not need environmentally hazardous mate-
rials as used in Kjeldhal method. Further, the developed method requires only microliter quantities of dilute HCl
and few milliliters of H2O2 for the matrix digestion and simultaneous conversion of nitrogen to its ionic species for
the subsequent analysis by IC. At the optimized acid concentrations (200 μL of 0.1 mol L�1 HCl) and microwave
power, the nitrogen in the cereals flours is converted to nitrate (NO3

�), nitrite (NO2
�) and ammonium (NH4

þ) ions.
The nitrogen species were separated using IonPac AS-20 and IonPac CS-17 columns and then quantified using
suppressed conductivity detection. The method was applied to estimate the total nitrogen in flours of various
cereals like; wheat (Triticum aestivum), rice (Oryza sativa), finger millet (Eleusine coracana), jowar (Sorghum) and
pearl millet (Pennisetum glaucum). The results obtained using proposed method, were in good agreement with that
of Kjeldhal method. Further, the precision of the values obtained by developed method was on par with the
Kjeldhal method for all the tested flours as verified by F-test (n ¼ 5 and 95% confidence limit). Additionally,
greenness assessment tools like analytical Eco-scale and green analytical procedure index (GAPI) suggested the
proposed MW-UV-IC method, for the determination of total nitrogen in cereal flours, to be excellently green and
safe.
1. Introduction

Cereals like wheat, rice, corn, barley, rye, oat, and millet are staple
foods in many regions around the world and contribute to more than half
of human energy requirements (McCrackin et al., 2019). Plant proteins
supply 65% of the totally ingested proteins globally, with 47% of this
being from cereal grains (Labuschagne, 2018). In developing countries,
plant proteins are often the only source of protein (Vendemiatti et al.,
2008). Protein content is the most important specification for cereals
since it is related to many processing properties, such as water absorption
and gluten strength. Protein content forms the basis of texture and
appearance of the cereal products, e.g., for the crispy products, low
protein content is favorable while high protein content is desired for
products with chewy texture. Protein content is also important to antic-
ipate water absorption and dough development time for the processes
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and products, because higher protein content usually requires more
water and a longer mixing time to achieve optimum dough consistency
(Wheat flour and flour tes, 2004). Hence, protein content is considered as
the major criterion for deciding the cereal quality. Conventionally, total
protein is determined by Kjeldhal method (Kirk, 1950), where various
nitrogenous compounds are converted into ammonium sulphate by
boiling with concentrated sulfuric acid (20 mL) in the presence of 10–15
g of solid catalyst like K2SO4 and CuSO4 requiring a digestion time of
more than 2 h. The ammonium sulphate produced in the reaction is
decomposed with an alkali (NaOH) and the liberated ammonia is
absorbed in excess of standard solution of acid which is then back titrated
with standard alkali. Mercuric oxide is added to increase the rate of
organic breakdown during acid digestion. In order to avoid the problem
of high amount of chemicals and hazardous materials required in the
process, a more efficient Dumas combustion method was developed
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Table 1
Ion chromatography Operating Conditions of ICS-3000 for Analysis of nitrite,
nitrate and ammonium ion.

Column for nitrite and nitrate
analysis

Dionex IonPac AS20, (250 mm � 4 mm)

Guard column Dionex IonPac AG20, (50 mm � 4 mm)
Detection Suppressed conductivity; conductivity cell set at

T ¼ 35 �C
Injection loop volume 25 μL
Eluent, Flow rate NaOH (20 mM), 1 mL/min
Suppressor ASRS-300 (4 mm), Current: 55 mA

Column for ammonium ion
analysis

Dionex IonPac CS17, (250 mm � 4 mm) (50 mm
� 4 mm)

Guard column Dionex IonPac CG17, (50 mm � 4 mm)
Detection Suppressed conductivity; conductivity cell set at

T ¼ 35 �C
Injection loop volume 25 μL
Eluent, Flow rate Methane sulfonic acid (MSA) (7 mM), 1 mL/min
Suppressor CSRS-300 (4 mm), Current: 18 mA
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where; a sample of known mass is combusted at 800–900 �C in the
presence of oxygen (Dumas, 1831). Though Dumas method does not
require any toxic chemicals or catalyst and is faster compared to Kjeldhal
method, the limitation is relatively high initial cost. Very recently two
new methods based on siSVR-near-infrared spectroscopy (NIR) (Salg�o
and Gergely, 2012) and hyperspectral imaging (Caporaso et al., 2018)
have been reported for the determination of protein content in wheat but
these methods show low measurement precision that is higher impact of
random errors which lowers the quality of measuring process (Mihaljev
et al., 2015). Ion chromatography (IC) is an established technique for the
determination of nitrogen species in different matrices like vaccines
(Wang et al., 2016), uranium alloys (Verma et al., 2007), food (Jackson
et al., 1991), water samples (De Borba et al., 2014), and sediments
(Colina and Gardiner, 1999). In IC analysis, nitrogen content of samples
has to be converted into ionic species; ammonium, nitrate or nitrite ions.
In IC method, determination of NH4

þ ions involves separation by cation
exchange chromatography where conductivity of acidic eluent is sup-
pressed by cation self-regenerating suppressor (CSRS). In the CSRS, Hþ

ions of the eluent are converted to water on reacting with the OH�

generated in the suppressor. The large concentration of Cu2þ (CuSO4
used in Kjeldhal method) reacts with OH� in the suppressor to form
Cu(OH)2 precipitate which clogs the CSRS and chokes the eluent flow.
Further, the divalent Cu2þ cation binds strongly to the cation exchange
column and hence require frequent cleanup of the column. Alternatively,
total nitrogen is measured by oxidizing nitrogen to nitrate (de Medina
et al., 1994) using peroxidisulfate followed by IC measurement. How-
ever, oxidation by persulfate has the disadvantage of high nitrogen blank
as reported by Bronk et al. (Bronk et al., 2000) and was also observed in
our laboratory. F.V.M. Pontes et al. (Pontes et al., 2009) developed
ultrasound-assisted purge-and-trap system and ion chromatography for
analyses of total nitrogen in geological samples. This approach is though
simpler and more sensitive than the classical Kjeldahl steam distillation,
it still uses 10 mL of H2SO4 (10 mol L�1) and 10 mL of KOH (10 mol L�1).
In another research article, C. Domini et al. (Domini et al., 2009) reported
direct microwave/ultrasound-assisted digestion procedure for the
determination of total Kjeldahl nitrogen. In this procedure, due to syn-
ergistic combination of electromagnetic (2.45 GHz) and mechanical (20
kHz) energies leads to reduction in digestion time and consumption of
reagents. However, the digestion requires 10 mL of H2SO4, 5 mL of H2O2
and 1.5 g potassium sulphate. MW-UV system is a unique kind of
digestion systems where an electrodeless discharge lamp generates UV
radiation in the presence of MW field (Pereira, Wiltsche, Knapp, Flores).
Hence, this system, basically utilizes the photo-oxidative properties of UV
along with microwave heating thus resulting in the most effective system
for the degradation of organic compounds with minimal acid re-
quirements. The decomposition of matrix during MW-UV is initiated by
the formation of hydroxyl radicals (OH●) from H2O, H2O2 and HNO3 as
organic compounds are highly susceptible to these radicals. The oxida-
tive degradation property of MW-UV has been used for the successful
mineralization of a variety of matrices (Hartwig et al., 2016, 2017;
Cerveira et al., 2020).

In the present work, the effectiveness of microwave - assisted UV
oxidation-based digestion of cereal flours in the presence of few micro-
liters dilute HCl, H2O2 and boric acid is investigated. During this diges-
tion, nitrogen is converted into NO3

�, NO2
� and NH4

þ which are then
quantified by ion chromatography. To the best of our knowledge, this
approach has not been used for the determination of total nitrogen in
cereal flours. Furthermore, hydrogen peroxide (major digesting reagent)
is converted to water and oxygen, HCl is used in minimal quantity (200
μL of 0.1 mol L�1 concentration) which is in concurrence with green
chemistry principles. The contamination of ionic nitrogen species is the
bottle-neck of nitrogen determination whichmay arise due to presence of
trace amount of organic and inorganic nitrogen species in the lab wares
and other materials used during analysis. This may lead to inaccurate
estimation. So stringent cleaning of microwave vessels, UV lamps and
chromatographic columns are required to minimize contamination of
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ionic nitrogen species (nitrate, nitrite, and ammonium).

2. Material and methods

2.1. Reagents

Suprapur grade - hydrochloric acid (HCl, 30% w/v), and hydrogen
peroxide (H2O2) (30% w/v), sodium hydroxide, methane sulfonic acid
(MSA), sodium sulphate (Na2SO4), copper sulphate pentahydrate
(CuSO45H2O), sulfuric acid (H2SO4) - 98% purity, boric acid (H3BO3)
and methyl red indicator were obtained from Merck (Bangluru, India).
All sample and standard preparations were performed using deionized
water (DI) with a minimum resistivity of 18 MΩ cm that was obtained
from a Millipore water purification system (Synergy(R), Merck-Millipore,
Germany. The standards from which calibration solutions were prepared
for the IC method were nitrite (Trace- CERT(R), lot no. BCBR7891V),
nitrate (Trace- CERT(R), lot no. BCBP0387V) and ammonium ion (Certi-
pur(R) Batch no: HC 41944312). These were obtained from Sigma-
Aldrich, Switzerland which were traceable to the SI unit and measured
against the NIST SRM. Flours of wheat, rice, finger millet, jowar and pearl
millet samples were purchased from local market.

2.2. Instrumentation

MW-UV digestion system: A Multiwave-3000 pressurized microwave
digestion unit, equipped with quartz vessels (80 mL capacity) from Anton
Paar GmbH (Graz, Austria), was used for digestion. A low-pressure cad-
mium discharge lamp (part no. 16846; Anton Paar GmbH) was used as
the UV source.

Ion-chromatography: The analysis of nitrogen ionic species was per-
formed in an ICS-3000 ion chromatography system (Dionex, Sunnyvale,
CA, USA) equipped with a quaternary gradient pump, a detector
compartment containing a chromatography oven and a conductivity
detector (ICS-3000 series) with suppressors. The chromatography oven
was utilized to help prevent baseline drift caused by temperature varia-
tion. The instrument control, data acquisition and processing were per-
formed with Chromeleon (R) software (version 6.80). The detailed
chromatographic conditions used for the analysis of ammonium, nitrate
and nitrite ions are given Table 1.

2.3. Cleaning procedures

Microwave vessels are often contaminated with ionic species of ni-
trogen as in most of the routine samples nitric acid is used as a digesting
medium in analytical laboratories. Hence cleaning of the microwave
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vessels, UV-lamps and teflon spacers placed inside the quartz microwave
vessels is required. The vessels along with UV lamp setup were cleaned by
adding 10 mL of 5% (w/v) H2O2 to each vessel and subjecting to mi-
crowave heating (600 W, 10 min) followed by cooling and thorough
rinsing with DI water (18 MΩ cm). This ensured the digestion vessels to
be free from any kind of inorganic or organic nitrogen species. Chro-
matographic columns were also cleaned methodically and the back-
ground conductivity of <1 μS was ensured before starting the analysis.
Additionally, an anion trap column (ATC-HC, 9 X 75 mm) and cation trap
column (IonPac CTC-1) from Dionex were used to strip trace contami-
nants from the eluent or deionized water. Further, the sample prepara-
tion in microwave vessels was not carried out inside normal fume hoods
as the air is contaminated with vapours of ammonia and nitric acid. As
microliter quantity of dilute hydrochloric acid is used in the described
method, all operations are carried out on normal work benches not
connected to exhaust system, but free from activities dealing with nitric
acid and ammonia.

2.4. Moisture correction

Moisture analysis of the flours was carried out using a moisture
analyser (Sartorius, Model; MA 100; Germany) which was calibrated for
the temperature and weights. For the moisture analysis ~ 500mg of flour
was uniformly spread on the weighing pan of the instrument, moisture
content of the flour was displayed after the set temperature (80 �C for 5
h) program. The obtained moisture values were applied to correct the
mass fraction of nitrogen in flour.

2.5. Digestion of cereal flour

Various varieties of cereal flours were procured from local market and
used as such without any treatment. Approximately 50 mg of flour was
taken in quartz digestion vessel to which 200 μL of HCl (0.1 mol L�1), 2
mL of H2O2 (30%, w/v), 1 mL of boric acid (0.5%, w/v) and 6.8 mL of
H2O were added. UV lamp along with teflon spacer was then placed in
each vessel very carefully. After sealing all the vessels, the contents were
digested in the microwave oven at 70 bar reaction pressure. The micro-
wave energy is reduced automatically when the reaction pressure in one
of the vessels exceeds the limit of 70 bar. The microwave program used
for digestion is: 200 W, 20 ramp, 20 min hold and 800 W, 15 ramp, 20
min hold followed by cooling for 30 min. After vessels were cooled, the
digested samples were transferred in clean perfluoroalkoxy (PFA) vials.
The samples were diluted 1:10 times for NH4

þ and 1:5 times for (NO2
� and

NO3
�) with DI water. The calibration standards of anions were spiked

with 40 μL of HCl (0.1 mol L�1) for matrix matching of the calibrant with
the diluted MW-UV digest with respect to chloride ion prior to IC mea-
surements. MW-UV digested solutions were filtered using 0.45 μm
membrane based syringe filter prior to analysis by ion chromatography.
This step ensures the sample to be free from any particulate matter thus
prevents blockages of plumbing lines, column frits, and other
components.

2.6. Determination of total organic carbon content

The total organic carbon (TOC) content of the digested flour solutions
was measured using a TOC analyser (TOC-VCPN 5000 A, Shimadzu,
Japan). TOC was measured from a calibration graph (0–50 mg L�1) using
potassium hydrogen phthalate (C8H5KO4) as a stock standard solution
(1000 mg L�1) for carbon.

2.7. Kjeldhal digestion

The nitrogen content determination by Kjeldhal method is a three
steps procedure involving digestion, distillation and titration. For
digestion, 1.0 g of sample was taken in a digestion tube and to this 5 g of
(1:9) (CuSO4 5H2O:Na2SO4) and 25 mL of H2SO4 were added. The flask
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was kept for digestion until greenish/bluish color appears. After the
digestion was complete the flask was connected to distillation unit. Then,
100 mL of NaOH (40% w/v) solution was added to digestion tube and
immediately distillation process was started, ammonia liberated in the
process was dissolved in boric acid (50 mL, 3% w/v) present in the
collection flask. For the quantitation of nitrogen content, the excess boric
acid was titrated with 0.1 N HCl solution using methyl red indicator. The
titer values were noted for both sample and blank (without sample) and
nitrogen content was determined using following formula:

% Nitrogen content ¼ ((S–B) *N*F)/W

Where,

S: Sample titer value
B: Blank titer value
N: Normality of 0.1 N HCl
W: Sample Weight
F: Nitrogen factor (F ¼ 1.4007)

3. Results and discussion

3.1. Optimization of microwave assisted-UV digestion of wheat flour

UV irradiation is considered as an effective and environment friendly
approach for mineralization of organic samples (Dahl�en et al., 1996;
Moorhead and Callaghan, 1994; Singh and Uma, 2009). It is a
well-known fact that the nitrogen of an organic compound as well as
ammonium ions are oxidized to nitrate and nitrites during UV irradiation
in the presence of small amount of oxidants (Golimowski and Goli-
mowska, 1996). Since, UV- irradiation eliminates the need of highly
concentrated acids and external catalyst for digestion, it overcomes the
drawback of Kjeldhal method, and in addition the composition of
digested samples is suitable for ion chromatographic analysis. Addi-
tionally, hydrogen peroxide (major digesting reagent) is converted to
water and oxygen which does not contribute to the background in the
conductivity detector. However, one drawback of UV-photolysis is the
long irradiation time of 1–24 h (De Borba et al., 2014). But UV-photolysis
in combination with MW reduces the digestion time to half an hour for
many matrices (Pereira, Wiltsche, Knapp, Flores; Hartwig et al., 2017;
Hartwig et al., 2016; Cerveira et al., 2020; Dash et al., 2012, 2016; Iop
et al., 2017; Mesko et al., 2015). This formed the basis of using micro-
wave assisted UV digestion of cereal flours in our experiments. Wheat
flour contains highest N-content among all the cereals and hence was
used to optimize the digestion parameters, using which the N-content
matched with those obtained from well established Kjeldhal method.
Optimization of various parameters like; concentration of H2O2, HCl and
effect of pH and boric acid was carried out which is discussed stepwise in
following sections. The optimized conditions were then used for the
digestion of all other cereal flours.
3.2. Optimization of H2O2 concentration

Photo-oxidation rate of organic compounds are found to increase with
the addition of oxidants (Çatalkaya et al., 2003; Fernandes et al., 2019;
Miklos et al., 2019; Sharma et al., 2012; Wan et al., 2019). Digestion of
flour matrix takes place due to high reactivity of hydroxyl radicals which
are generated from the hydrogen peroxide when exposed to UV radiation
inside the microwave vessel as follows Eqn 1:

H2O2 → 2OH⋅ (1)

Addition of H2O2 ensures super saturation of samples with oxygen.
The generated hydroxyl radicals initiate the radical chain reaction with
the organic matrix. Further, H2O2 decomposes to H2O and O2 Eqn 2.

2H2O2 → 2H2O þ O2 (2)
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UV irradiation in the presence of oxygen leads to oxidation of nitro-
gen containing organic compounds initially to nitrates which are then
slowly reduced to nitrites. As a result, total nitrogen is converted to NO2

�

and NO3
� after digestion equation Eqn 3 (Golimowski and Golimowska,

1996).

UV (200–300 nm)

NO3 -NO2 →
- þ1/2 O2 (3)

The wheat flour was digested in the presence of various concentra-
tions (3–12% w/v) of H2O2 (this was obtained by diluting 30% w/v so-
lution which is commercially available) and the digested solutions were
analysed by ion chromatography for assessment of total nitrogen. All the
three species (NH4

þ, NO2
� and NO3

�) were analysed using respective
analytical columns by IC and nitrogen content of flour was calculated by
adding the N of all the species. Effect of H2O2 concentration on the
digestion of wheat flour under microwave assisted UV digestion can be
explained by the data tabulated in Table 2. It is evident that the recovery
of total nitrogen content increased with increase in H2O2 concentration.
While at 3% (w/v) of H2O2 the flour remained in charred form and at
6–12% (w/v), though a transparent solution was obtained, but the re-
coveries of total nitrogen obtained were less as compared to Kjeldhal
method. It can be inferred from the data that H2O2 alone was not able to
digest the flour or convert organic - N to anions quantitatively, since the
maximum recovery obtained; in terms of total nitrogen were only 12%
(w/w) at highest amount of H2O2 used, as compared to Kjeldhal method.
3.3. Optimization of HCl concentration and pH

The N-content in cereal flours is mostly present in protein which is a
polypeptide of amino acids. Such flours are complex matrix where the
proteins are present in various secondary and tertiary forms, and as
observed before, H2O2 alone does not convert organic nitrogen to ni-
trogen ions. It is well known that protein undergo acid hydrolysis into
their constituent amino acids as shown in the following schematic:

The, conventional acid hydrolysis of polypeptide requires ~ HCl (6
mol L�1) and use of such high concentration of acid renders the digest
incompatible for the separation of N-anions by alkaline eluent. So, low
concentration of HCl (0.5–5.0 m mol L�1) and 1 mL of boric acid (0.5%,
w/v) solution were included in the digestion solution in the presence of
6% (w/v) H2O2 so as to improve the digestion efficiency. It is clear from
Fig. 1 that the recoveries of total nitrogen increased with increase in acid
concentration from 0.5 to 2.0 m mol L�1 and then decreased with further
increase in the acid strength but total recoveries remained higher than
the digestions which were done in the absence of acid. Such higher re-
covery of N is possible as the hydrolysis of protein results into constituent
amino acids and UV photolysis converts amino-N of amino acid to NH4

þ

which is again partly photo-oxidized to NO3
� and NO2

� as reported by
Manny et al. (Manny et al., 1971). This observation was also in concur-
rence with W. Dorten et. al. who suggested that acidifying (pH 2.0) the
mineralized samples and subsequent photo-oxidation synergistically
enhance the efficacy of photo-oxidation (Dorten et al., 1984). Further,
Table 2
Mineralization of wheat flour in the presence of various concentrations of H2O2.

S. N. H2O2 Concentration Total nitrogen (g/100 g)a

1 3 Incomplete digestion

2 6 0.17 � 0.023

3 9 0.194 � 0.018

4 12 0.245 � 0.014

a Values are based on five independent analysis; Values mean � SD.
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investigation of the digested solution revealed the difference in the pH of
the digested solutions which are tabulated in Table 3. It can be seen that
the sample with highest N-recovery (2.04 g/100 g) was obtained when
HCl (2.0 m mol L�1) was used in the MW-UV digestion and pH after
digestion was 6.46. It was observed that all the three species of nitrogen
i.e. nitrate, nitrite and ammonium are formed as a result of digestion at all
the pH and ammonium ion was found to be the dominant species. The
representative chromatograms of these nitrogen ions obtained after
MW-UV digestion is given in figure - 2. For the separation of NH4

þ by IC
column (IonPacCS17) with carboxylic acid functional group is used.
These carboxylate types of columns have similar selectivities for NH4

þ,
Naþ and Kþ, where the latter two ions are present in the flour matrix.
However, as NH4

þ is the dominant species formed during the conversion
of N in cereals under the described procedure, a large dilution factor of
2000was used during the ICmeasurement stage. With such large dilution
factor, the NH4

þ peak well separated from the Naþ and Kþ peaks (Fig. 2).
For the separation of anions (NO3

� and NO2
�), chloride ion is the dominant

matrix, which is added during the UV digestion step. After a dilution
factor of 1000, NO3

� peak is resolved from the large chloride peak, but the
base line is slightly elevated in the left. This is taken care by adding
proportional quantity of hydrochloric acid (0.1 mol L�1 HCl) to the anion
calibrants. At the optimized acid concentration (2.0 m mol L�1 HCl), the
amount of H2O2 was increased (6–12%w/v) in the hope that all NH4

þwill
be further quantitatively oxidized to nitrate (due to high oxygen levels)
since sufficient O2 is required to convert all N of NH4

þ to nitrate (Arm-
strong et al., 1966). By such quantitative conversion of NH4

þ to NO3
� only

anion chromatography will be required instead of both cation and anion
type. However, even at higher H2O2 concentrations, NH4

þ remained as
the dominant species without any significant change in the ratio of NH4

þ:
NO2

�: NO3
� (Table 4). Further, the pH of all the samples after digestion

varied within 6.46–6.56. Malaiyandi et al. (Murugan Malaiyandi et al.,
1980) has reported that the oxidation by hydroxyl radicals is most effi-
cient in the pH range of 6–8. So, the acid hydrolysis was replaced by
alkaline hydrolysis anticipating whether quantitative conversion of NH4

þ

to NO3
� could be achieved. The digestion of flour in the presence of

NaOH, H2O2 and boric acid led to the 100% recoveries of total nitrogen
but here also NH4

þ remained as the dominant species. It is important to
note that the pH of the digested solution after digestion was between
(7.7–7.8) and there was increase in % of NO3

� in the final digest. This is
because in alkaline pH, conversion of NH4

þ to NO3
� and NO2

� is favored.
So, it is observed that the organic nitrogen in flour is converted to NH4

þ
,

NO3
� and NO2

� in the pH ranging from 2.6 to 7.8. It is also inferred from
the results that the pH played very important role in quantitative re-
covery of total nitrogen and two chromatographic conditions (cationic
and anionic) were used to quantify the positively and negatively charged
species of nitrogen. A pH range of 6.4–7.8 was found to be optimum
whereas at lower pH recoveries were not quantitative. We did not carry
out UV digestion at pH > 8, as it is reported that photolytic efficiency is
reduced beyond this pH. Effect of pH on the photo-oxidation has been
studied by many researchers (Henriksen, 1970; Lan et al., 2016; Ren
et al., 2016).
3.4. Effect of boric acid on the quantitative recovery of total nitrogen

The boric acid at acidic pH converts ammonia gas to ammonium ions
and borate ions are formed in the process Eqn 4:

NH3 þ H3BO3 → NH4
þ þ H2BO3

� (4)

Recovery of total nitrogen and NH4
þ ion concentration was found to

decrease in the absence of boric acid because some of the nitrogen is lost
as ammonia gas. The optimization studies indicated that a digestion so-
lution constituted of (6% w/v H2O2 þ 2.0 m mol L�1 HCl þ 0.05% w/v,
Boric acid) is optimum for the quantitative recovery of total nitrogen of
wheat flour under microwave assisted UV irradiation. These parameters
were used for the MW-UV digestion of all the cereal flours.



Fig. 1. Effect of acid concentration on the recovery of total nitrogen.

Table 3
Effect of HCl concentrations on total N recovery in refined wheat flour and
fraction of N (g/100 g) from NH4

þ: NO2
� and NO3

� respectively.

S.
N.

HCl (m mol
L�1)

pH of sample after
digestion

Total N (g/
100 g)a

NH4
þ: NO2

�: NO3
�

1 0.5 6.64 1.01 � 0.014 0.74 : 0.261 :
0.006

2 1.0 6.56 1.67 � 0.013 1.39 : 0.280 :
0.0005

3 2.0 6.46 2.04 � 0.017 1.77 : 0.264 :
0.0008

4 3.0 3.26 1.37 � 0.014 1.13 : 0.230 :
0.002

5 4.0 2.8 1.44 � 0.012 1.18 : 0.256 :
0.002

6 5.0 2.73 1.43 � 0.019 1.14 : 0.284 :
0.008

a Values are based on five independent analysis; Values mean � SD.
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The mineralization efficiency of the developed MW-UV method with
optimized quantity of reagents was evaluated by determination of total
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organic carbon content in the final digests. The TOC contents of the final
digested solutions were found to be in the range from 0.62% to 1.2%. The
lower TOC contents indicated efficient mineralization of the matrix
(Pereira, Wiltsche, Knapp, Flores; Cerveira et al., 2020) and its suitability
for analysis by IC.
3.5. Determination of total nitrogen content of various cereals using the
developed method

After optimizing the MW-UV-IC based method for the determination
of total nitrogen in wheat flour, it was then applied to other cereals flours.
The cereal flours tested were: rice, finger millet, jowar and pearl millet.
The total nitrogen content using MW-UV digestion under optimized
conditions and followed by IC analysis and the results are presented in
Table 5. The N-contents were 1.91, 2.03, 1.32, 1.28, 1.73, 1.67 (g/100 g)
for refined wheat flour, whole wheat flour, rice finger millet, jowar and
pearl millet respectively. These values were in concurrence with the
values obtained by Kjeldhal method. The most important feature of the
proposed method is related to greenness. An amount of ~ 50 mg of the
sample is digested using minimum amount of reagents with final solution
concentration of H2O2 (6% w/v) þ HCl (2.0 m mol L�1) þ Boric acid
(0.05% w/v). The obtained digested solution is sufficient and suitable to
carry out the analysis for the determination of protein content in the
cereal flours. The homogeneity of sample at this level (~ 50 mg) was
assured using Kurfrust equation (HE ¼ % R. S. D. x √ mass (mgH ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
:massðmgÞp � %R:S:D)) (Kurfürst et al., 1984), the obtained HE value

was less than 10 in all the cases (supplementary table �1). Thus, the
proposed method used an amount of reagents several times lower than
the classical method and assure the compatibility with detection tech-
nique as ion chromatography.
3.6. Analytical figures of merit and process blanks

Calibration was found to be linear from 5 - 25mg L�1 for the NH4
þ, 2.5

- 10 mg L�1 for NO3
� and NO2

� with R2 > 0.99. The limit of detection
(LOD) of the method was calculated from the calibration graph as 3.3*
Sx/y/slope, where Sx/y corresponds to error in Y-intercept. LOD for NH4

þ,
NO3

� and NO2
� in terms of N is found to be 0.00011, 5.5 � 10�6, 2.45 �

10�6 g/100 g of flour respectively. Similarly, limit of quantification
(LOQ) was calculated as 10* Sx/y/slope and was found to be 0.00033,
1.66 � 10�5 and 7.44 � 10�6 g/100 g of flour respectively. The process
blank values for NH4

þ, NO2
� and NO3

� of the optimized digested solutions
were 2.2 � 10�3, 1.2 � 10�4 and 5.7 � 10�6 (g/100 g) of flour which
indicated that the contamination was significantly minimized for such
ubiquitous analytes.



Fig. 2. The representative chromatograms of (a) nitrite, nitrate and (b) ammonium ion analysis in digested flour solution.

Table 4
Effect of H2O2 on MW-UV digestion of flour in the presence of 2.0 m mol L�1 HCl
in terms of total nitrogen.

S.
N.

H2O2

(%)
pH of sample Total Nitrogen (g/100

g)a
NH4

þ: NO2
�: NO3

�

after
digestion

1 3 6.64 Incomplete digestion

2 6 6.56 2.05 � 0.015 1.79 : 0.255 :
0.007

3 9 6.46 2.08 � 0.013 1.84 : 0.231 :
0.002

4 12 6.52 2.07 � 0.017 1.82 : 0.250 :
0.003

a Values are based on five independent analysis; Values mean � SD.

Table 6
Spike and recovery results of various analytes to evaluate the accuracy and in-
fluence of sample matrix on their analysis using IC.

Analyte
Added (mg L�1) Obtained (mg L�1) Recovery (%)

(n ¼ 3)

NH4
þ 12.5 12.7 99 � 2.5

NO3
� 2.5 2.6 104 � 3.0

NO2
� 2.5 2.4 98 � 3.0
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3.7. Accuracy and precision of the method

Accuracy of the method is established by spiking known concentra-
tion of standards to the digested solutions and calculating the recovery
after IC analysis. The results are shown in Table 6. The recoveries of the
analytes varied from 96 to 101% suggesting that the method is highly
accurate for the analysis of NH4

þ, NO3
� and NO2

� in digested flour solution.
Table 5
Comparison total nitrogen content of various cereals as obtained by Kjeldhal and
MW-UV-IC method.

Total Nitrogen (g/100 g)

Name of the cereal
flour (Mean � S.D.) (n ¼ 5)

Kjeldhal Method Present method

Whole wheat 1.91 � 0.005 1.92 � 0.015

Refined wheat 2.03 � 0.005 2.03 � 0.017

Rice 1.32 � 0.006 1.30 � 0.012

Finger millet 1.28 � 0.007 1.29 � 0.011

Jowar 1.73 � 0.006 1.72 � 0.014

Pearl millet 1.69 � 0.006 1.70 � 0.009
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The good recoveries also indicated that there is no significant influence of
residual carbon on the determination of analytes. In absence of any
certified reference material of flour in our laboratory, the accuracy of the
developed method is further established by comparing the results with
Kjeldhal method. The values of total nitrogen contents of all the tested
cereals obtained with the developed MW- UV-IC approach was in close
agreement with Kjeldhal method (Table 5). The application of t–test (n¼
5 and 95% confidence limit) demonstrated that there is no significant
difference in mean nitrogen content of five replicate measurements of
cereal flours by both the methods. The precision of the developedmethod
in terms of relative standard deviation (RSD) was found to vary between
0.53% and 0.91%. Additionally, the precision of the values obtained by
developed method was on par with the Kjeldhal method for all the tested
flours as verified by F-test (n ¼ 5 and 95% confidence limit).
3.8. Assessment of greenness of the MW-UV-IC approach

The main purposes of green analytical chemistry concepts are to
reduce and eliminate the use of hazardous chemicals leading to sus-
tainable development. The greenness assessment of the developed MW-
UV-IC approach for the digestion of wheat flour has been carried out
using two widely accepted methods analytical Eco-scale score (Galuszka
et al., 2012) and Green Analytical Procedure Index” (GAPI) tool
(Wasylka, 2018). Analytical Eco-scale score is a semi-quantitative
approach where a score is calculated by subtracting penalty points (for
the parameters of analytical process which are not in compliance with
green chemistry concepts) from 100. Whereas, GAPI uses a
five-pentagram symbol to evaluate and quantify the greenness of an
analytical method with color codes green, yellow and red suggestive of
low, medium and high impact on the environment. Analytical Eco-score
of the proposedMW-UV-IC approach was found to be 85 (Table 7), which
suggests the method to be an excellent green. The GAPI symbol of the
proposedmethod also suggests MW-UV-IC approach to be green in nature
as 10 fields are shaded green, 4 yellow and only 1 red.



Table 7
Greenness assessment of the proposed MW-UV-IC approach for the determina-
tion of total nitrogen in cereal flours by Analytical Eco-scale and GAPI tools.

Analytical Eco-Scale GAPI Assessment

Reagents Penalty
points

H2O2 4 Sample preparation
1. Collection: Off-line
2. Preservation: None
3. Transport: None
4. Storage: None
5.Type of the method (direct/indirect): No
6. Scale of extraction: None
7. Solvents/Reagents: None
8. Additional treatments: None

HCl 4 Reagents and solvents
9. Amounts: < 10 mL
10. Health hazard H2O2 and HCl: Can cause
serious or permanent injury,
NFPA health hazard rating ¼ 3
11. Safety hazard Ethanol: instability score ¼ 1,
Flammability score ¼ 0, No special hazard

NaOH 0
Methane sulfonic
acid

0

Instruments Instrumentation
12. Energy: �0.1 kWh/sample
13. Occupational hazard: Hermetic sealing of
the analytical process
14. Waste <10 mL
15. Waste treatment No treatment

Microwave
digestion system

2

GAPI pictogram

Ion -
chromatography

0

Occupational
hazard

0

Waste 5
Total penalty 15
Eco-score 100-15 ¼

85
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4. Conclusions

This work presents a new approach (MW-UV-IC) for the determina-
tion of total nitrogen in cereals. The method involved digestion of the
flour in the presence of dilute hydrochloric acid, boric acid and hydrogen
peroxide under microwave assisted UV digestion followed by ion chro-
matographic quantitation. The organic nitrogen is converted to NH4

þ,
NO3

� and NO2
� and the quantitative recoveries were obtained in pH range

of 6.4–7.8. Total nitrogen contents obtained by MW-UV-IC approach
were in close agreement with Kjeldhal method, for all the cereal flours.
The proposed method requires very dilute acids for the digestion and no
metallic catalyst are used. Additionally, the developed MW-UV-IC
approach is in compliance with the green chemistry principles of work-
ing with safer and lesser amount of chemicals as assessed by analytical
Eco-scale and GAPI directives. The N - measurement by IC is traceable to
SI units as SI traceable standards of NH4

þ, NO3
� and NO2

� were used for
quantitation. The comparison has revealed that the developed method
needs least amount of reagents, has better precision than other ap-
proaches. Among the drawbacks is the requirement of a double system
ion-chromatography as both cationic and anionic species are found after
the MW-UV digestion.
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