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Protein is one of the most abundant substances in plants and plays a major role in
human health hence standardization of its analytical quantification method is essential.
Various methods for protein quantification exist, such as Kjeldahl, Bradford, Lowry,
bicinchoninic acid assay (BCA), Biuret, and total amino acid content methods. These
methods are widely applied; however, the development of the rapid and efficient method
is the need of the time hence the objective of this research was to analyze and
comparing compare the modification of the Kjeldahl method for the determination of
protein content in oilseed crops. The study was performed to improve the sample
preparation method (processing and digestion) for protein quantification. Generally, the
method initially requires homogenization of grains to a fine flour, which involves time and
increases the risk of sample cross-contamination and partial loss of oil from the sample
during grinding. Moreover at times, it becomes challenging to homogenize oil seeds
to fine flour due to high oil content. However, in the present research, the whole grain
was digested in place of grounded flour to accomplish quick protein quantification and
compared it with the flour matrix of different oil seeds. To further reduce the digestion
time and avoid frothing, we have used the modified digestion mixture. The developed
method was statistically validated using analysis of variance (ANOVA), Pearson
correlation reliability test, paired T-test, and different types of plot analysis. The validation
of the sample preparation method in protein quantification demonstrated non-significant
differences that the protein content from whole grain of all the five oilseed crops shows
100% non-significant results compared with the flour matrix in both the digestion
mixtures. The developed novel method could be used to prepare the sample for protein
analysis and reduces the overall analysis time while ensuring the accuracy of the results.

Keywords: Kjeldahl method, protein quantification, digestion, distillation, titration, oilseed crops, whole grain,
flour

INTRODUCTION

The quality of protein and its type is important to determine its overall health impact
upon consumption (1, 2). Protein provides energy, and it is also a vital component for
other purposes, including enzyme activity and bio-chemicals passage in cellular membranes
(3, 4). The accuracy in quantification of protein content is important to further determine
its food’s economic value (5, 6). To determine protein’s quantity in food matrices, several
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methods are used and reported such as Kjeldahl nitrogen
estimation, colorimetric assays (Bradford, Lowry, Bicinchoninic
acid assay, and Biuret assay), total amino acid content analysis,
chromatographic, and radiolabelling methods. Among them,
Kjeldahl nitrogen method is the most widely used method
for protein quantification in samples. The Kjeldahl method
was discovered in 1883 by the Danish chemist Johan Gustav
Christoffer Thorsager Kjeldahl and used to determine the
nitrogen and protein content. Publicly, it was made available on
March 7, 1883, during the meeting held by Danish Chemical
Society (Kemisk Forening) (7–9). Initially, this method was
designed to aid in grain’s protein changes at the time of
fermentation and germination in brewing industries (10). This
method indirectly quantifies the total content of protein present
in food by direct measurement of nitrogen (5, 11). Today, the
Kjeldahl method of protein quantification is universally accepted
and used in many laboratories for various food samples. It
consists of three major steps, i.e., digestion of organic nitrogen-
containing samples with sulfuric acid to ammonium sulfate,
distillation of digested sample solution at an elevated temperature
and pH to release ammonia which is trapped in boric acid
solution, and finally titration of boric acid solution with standard
acid (10). Although the method has various advantages, such as
its universality, high precision, and reproducibility, it is time-
consuming to prepare the sample (digestion) for the analysis (12).
There is also a limitation w.r.t. analytical selectivity as it cannot
differentiate between protein-based nitrogen and non-protein
nitrogen. Some modifications in the standard Kjeldahl method
have enhanced the versatility and decreased the procedural time
for analyzing different samples simultaneously (11, 13–15). Lee
and collaborators (16) compared the standard Kjeldahl method
with three modified Kjeldahl procedures by the addition of
salicylic acid prior to digestion, the pre-reduction of nitrate
to ammonium using CrK(SO4)2, and the addition of phenyl-
acetate to the standard digestion mixture. This last procedure
yielded the best nitrogen measuring results in plant tissue, but
the salicylic acid method performed better in the presence of
water. Amin and Flowers (17) reported the use of salicylic acid
dissolved in concentrated sulfuric acid to recover other nitro
compounds. A Kjeldahl method guide (18) suggests the use of
salicylic acid followed by sodium thiosulfate for nitrate reduction.
Further modifications made by researchers have improved the
digestion process. Studies have reported the use of ultrasound
and microwave energy in the Kjeldahl procedure. Domini and
collaborators (19) concluded that a combination of ultrasound
and microwave energy in the digestion process improves its
performance by reducing digestion time to 7 min compared to
30 min for the classical Kjeldahl. Ultrasound energy has been
used to substitute the distillation system in classical Kjeldahl
for a purge-and-trap system in order to stimulate a chemical
reaction between the alkaline reagent and the digestion mixture
(20). Although these methods provide rapid analysis of protein in
the sample; however, they may require an additional instrument.
Routinely, in laboratory analysis, there is a need for a fast, robust,
accurate, and reliable method for estimating protein content.

The introduction of novel analytical approach in laboratory
analysis requires comparison and validation with standard

methods being followed for quality assurance. In the validation
process, two important and complementary stages involves
single- and inter-laboratory validations (21). Additionally, the
protein’s quantitative analysis is important for accurate labeling
of food as well as its quality control (22). Primarily used methods
for protein nitrogen determination in food samples has also
been utilized for determining various other nitrogen forms
in plant materials, soils, wastewater matrices, and biological
tissues (23, 24). To date, many methods have been developed
for determining protein in food samples. However, Kjeldahl
digestion and distillation ’method is most frequently used
method (25). For successful analysis, proper handling of samples
and sample preparation are the major steps, affecting the overall
analysis time of the sample, thus need to redefine the analysis by
developing novel methods.

Generally, the method initially requires a flour matrix for
the digestion process that needs lots of time, especially when
dealing with a large sample set. Mainly, homogenizing oilseeds
is difficult due to high oil content; flour is often sticky,
cleaning the homogenizer is complex, and carries a high risk
of cross-contamination compared to cereals and pulses. During
digestion, frothing occurs in the oilseed crops when using
standard digestion mixture and to avoid this issue, we developed
a modified digestion mixture. To accomplish quick protein
quantification, we have used this modified digestion mixture to
digest the whole grain of five oilseed crops and compared it
with their flour matrix. The aim of this research was to evaluate
and validate the developed novel analysis method to reduce
the homogenization time, cleaning, and avoid the frothing.
The method demonstrated that the protein content from whole
grain of five tested oilseed crops shows 100% non-significant
differences when compared with their flour matrices in both the
digestion methods. Several statistical analyses such as descriptive
statistics, correlations, paired t-test, reliability tests, and different
types of plot are employed to validate the results. We hope
that this method if utilized can help save sample processing
time, costs, and minimize the risk of cross-contamination with
accurate results.

MATERIALS AND METHODS

Chemicals and Reagents
A high purity analytical grade chemicals such as methyl red,
bromocresol green, lithium sulfate, sodium hydroxide pellets,
hydrochloride salt, and selenium metal powder from Sisco
Research Laboratory, India. Boric acid from Brunswick
Scientific (United States), sulfuric acid from Qualigens
(India), and hydrogen peroxide from Rankem Laboratory
(India) was purchased.

Plant Material and Preliminary Screening
of Seeds
A total of five oilseed crops, i.e., safflower (12 accessions),
sesame (10 accessions), linseed (10 accessions), mustard (10
accessions), and niger (10 accessions) were chosen for the study
(Table 1) at ICAR-National Bureau of Plant Genetic Resources
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(NBPGR), New Delhi, India. Initially, the seeds were oven-dried
to reduce the moisture content and grinded to fine flour using
mixture grinder. Flour as well as seed samples were kept in
air-tight sample containers for analysis of protein content. The
samples were processed in two ways, first as whole-grain (WG1)
and second as flour (FL1) samples using traditional digestion
mixtures, and whole grain 2 (WG2) flour 2 (FL2) using modified
digestion mixture (Figure 1). There were two main hypothesis
of the study. First, The difference in estimated protein content
in all the five oilseeds of whole grain (WG) and flour samples
(FL) were non-significant with both digestion methods. The
method of directly digesting whole grains can be used for small-
seeded grains, as sample representativeness can be ensured; on
the contrary, bold seeds limit sample representativeness and
will reduce grinding time and fasten the protein quantification.
Second, the modified digestion mixture is less time consuming
over the traditional digestion mixture. The traditional digestion
mixture contains sulfuric acid (specific gravity 1.84), nitrogen-
free catalyst mixture (K2SO4 and CuSO4), whereas the modified
digestion mixture protocol is given below.

Modified Protocol Development
Digestion Solution I
Briefly, 1.6 g of selenium powder was added to 450 mL
of concentrated H2SO4, and the mixture was heated till
H2SO4 became pale yellow. The sulfuric acid-Se solution was
cooled down to room temperature and, after that placed in a deep
freezer at –20◦C.

Digestion Solution II
A 14.0 g of lithium sulfate or sodium sulfate was dissolved in
350 mL of hydrogen peroxide solution (30% AR grade), and the
solution was cooled in an ice bath.

Digestion Mixture
To the chilled hydrogen peroxide solution (Digestion solution II),
which was kept in an ice bath, the chilled sulfuric acid solution
(Digestion solution I) was added slowly. The digestion mixture
was thus prepared is fit for use till one week if stored at 5–8◦C
in the refrigerator and for one month at –20◦C in deep freezer
without any loss of activity.

Protein Analysis
Analytical micro-Kjeldahl method for determining crude protein
was conducted by estimating total nitrogen (11, 12) using FOSS
autoanalyzer (Model 2300 Kjeltec unit).

Statistical Analysis
The results were analyzed statistically using univariate and
multivariate statistics, two-tailed Pearson correlations at a
significance level of 1 and 5%, reliability test, and paired t-test
and different types of plot analysis have been conducted (26–32).

The analysis was performed using SPSS 17 (International
Business Machines, United States).

TABLE 1 | Accession number and protein concentration of all the five oilseed
crops for flour and whole-grain for both digestion mixtures.

Sr. no. Accession no. Traditional DM Modified DM

WG1 FL1 WG2 FL2

Safflower

1 NIC594327 14.78 15.01 15.26 15.28

2 IC138882 17.33 16.91 16.99 16.95

3 NIC7094 18.6 17.99 18.35 18.39

4 IC96004 14.38 14.86 14.21 14.62

5 IC95994 15.39 15.68 15.10 14.99

6 PI250202 18.1 17.89 17.99 18.01

7 IC305162 16.3 16.46 16.06 15.99

8 LSRM-14-38 16.2 15.68 15.89 16.01

9 IC95966 19.35 19.87 18.96 19.35

10 IC11122 12.39 12.45 12.45 12.25

11 IC95980 19.25 18.98 19.02 18.99

12 IC96017 19.36 18.99 18.87 18.97

Sesame

13 IC0430504 21.94 22.07 21.67 21.83

14 IC0430512 19.37 18.97 19.87 19.01

15 IC0430614 23.28 23.68 23.50 23.68

16 IC0500438 26.12 25.87 26.10 25.97

17 IC0500837 23.99 24.22 24.01 24.22

18 IC0501037 23.47 22.98 23.35 23.06

19 IC0510962 21.22 21.79 21.20 20.97

20 IC0510964 17.71 17.61 17.57 17.72

21 IC0510975 18.19 18.40 18.23 18.32

22 IC0510980 19.47 18.93 19.34 18.9

Mustard

23 IC491078 25.14 25.24 24.89 24.99

24 IC122369 23.83 23.63 24.03 23.89

25 IC122423 23.72 23.11 23.78 23.67

26 IC122032 24.14 23.93 24.24 24.45

27 IC10976 25.87 25.34 25.67 25.45

28 IC11037 22.3 22.31 22.42 23.01

29 IC122441 24 24.25 23.98 23.78

30 IC73236 26.5 25.89 26.38 26.43

31 IC491280 23.73 23.16 23.59 23.19

32 IC491181 27.4 26.99 27.57 26.89

Linseed

33 IC0096509 19.13 19.37 19.72 20.09

34 IC0096510 19.34 18.97 19.11 18.99

35 IC0096520 21.1 20.98 20.97 21.01

36 IC0096524 19.13 19.25 18.99 18.94

37 IC0096525 20.6 20.31 20.79 20.88

38 IC0096526 17.71 17.05 17.80 16.89

39 IC0096527 17.69 17.71 17.67 17.01

40 IC0096528 19.34 18.79 19.27 18.99

41 IC0096529 18.59 18.51 18.68 18.71

42 IC0096530 19.11 18.97 19.01 18.99

Niger

43 IC305116 20.3 20.49 19.45 19.34

44 IC412911 19.01 19.03 18.97 18.89

45 IC510922 15.06 14.90 15.1 15.3

46 IC545083 22.01 21.67 21.89 22

47 IC552739 17.49 17.54 17.56 17.7

48 IC552811 15.21 15.76 15.1 15.6

49 IC564781 18.04 17.78 17.89 17.95

50 IC565448 20.12 20.21 20.32 20.41

51 IC617173 16.97 16.85 16.96 17.06

52 IC618584 20.02 21.26 20.00 20.09

DM, digestion mixture
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FIGURE 1 | The modified sample preparation method with digestion mixture for protein analysis using Kejdhal method.

TABLE 2 | Descriptive statistical analysis showing range, mean, standard deviation, variance, skewness, and kurtosis for flour and whole-grain of the five oilseed crops.

Descriptive statistics

N Range Min Max Mean ± SE Std. Dev Variance Skewness Kurtosis

WG1 52 15.01 12.39 27.40 19.97 ± 0.47 3.42 11.73 0.21 ± 0.33 –0.43 ± 0.65

FL1 52 14.54 12.45 26.99 19.89 ± 0.46 3.35 11.25 0.20 ± 0.33 –0.58 ± 0.65

WG2 52 15.12 12.45 27.57 19.91 ± 0.47 3.44 11.87 0.24 ± 0.33 –0.47 ± 0.65

FL2 52 14.64 12.25 26.89 19.88 ± 0.47 3.41 11.64 0.22 ± 0.33 –0.56 ± 0.65

RESULTS

The present study was designed to modify the standard Kjeldahl
method to quantify the protein content in five oilseed crops.
Sample processing/preparation is the first major step required
to successfully analyze chemical content. By directly digesting
the whole grain of oilseed crops, protein quantification was
accomplished quickly, and the results are comparable. The
validation of this novel analysis demonstrated that the protein
content from whole grain of oilseed crops showed 100% non-
significant results compared with the flour matrix.

Statistical Analysis
Descriptive Statistics
By using a total of 52 accessions of five oilseed crops, various
descriptive statistical analyses were performed to validate the
findings. Four categories were made, including whole grain
(WG1) and flour (FL1) with traditional digestion mixture and
whole grain (WG2) and flour (FL2) with modified digestion
mixture. For each sample, the statistical analysis such as range,
mean, standard deviation, variance, skewness, and kurtosis was
calculated (Table 2). The Box-plot represents the locality, spread,
and skewness groups of numerical data through their quartiles
(33). For each category, there is no major difference in the
mean, standard deviation, variance, and skewness values for the

flour and whole grain samples under traditional and modified
digestion mixture (Figure 2). It showed that the developed
method is robust and provides meaningful results without any
variance in the data compared to the traditional method.

Two-Tailed Pearson Correlation
The Sig (2-tailed) Pearson correlation of p-value describes
significant correlation at a particular level. Smaller the p-value,
significant is the correlation (26). By using a total of 52
accessions of five oilseed crops two-tailed Pearson correlation
was conducted for all the four categories, i.e., WG1, FL1, WG2,
and FL2 in order to identify the correlations between the flour
and whole grain protein as well as for both the digestion
mixtures. Correlation is significant at the (0.01 level) (2-tailed),
i.e., the value will be considered significant if it lies between
0.001 and 0.010. For each sample the correlation analysis has
been done, and showed the 100% significant result in whole
grain and flour samples (Table 3). We can easily identify the
bivariate Pearson correlation coefficient (with a two-tailed test
of significance) using paired samples correlations for each pair
of entered variables, i.e., pair 1 (WG1 and FL1), pair 2 (WG2
and FL2), pair 3 (WG1 and WG2), and pair 4 (FL1 and FL2).
Therefore, our result supports both the hypothesis that there
is no significant difference in the protein quantity for samples
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FIGURE 2 | Box plots of WG1, FL1, WG2, and FL2.

(flour and whole- grain) treated with traditional or modified
digestion mixtures.

Reliability Tests
The reliability tests played a significant role in quantitative
research and are considered instruments for measurement.
Reliability provides consistency and accuracy in a given method
(27). By using a total of 52 accessions of oilseed crops, reliability
tests have been conducted (Tables 4, 5A–C) taking all variables
as scale, “Strict parallel model” to test the goodness of fit
model, analysis of variance (ANOVA) with Tukey’s Test for Non-
additivity, Hotelling’s T-squared test, and inter-class correlations.

Based on the statistical analyses, the reliability of the scale was
0.999, and the common Inter-Item correlation was 0.994, which
is considered as “the best” and well supported our hypothesis as
well.

The Intraclass correlation coefficient (ICC) is utilized in
assessing agreement if there are two or more independent raters
(which should be independent). In this, the resultant outcome
is determined at a continuous level. It is considered as the
more powerful reliability test due to utilization of continuous
measurement (Table 5C).

Test for Goodness of Fit Model
A chi-square test is used to test the relationship between
two categorical variables, and is generally known as the test

TABLE 3 | Two-tailed Pearson correlation analysis in flour and whole-grain
digested with traditional and modified digestion mixtures.

FL1 WG2 FL2

WG1 0.994**
p = 0.00

0.998**
p = 0.00

0.994**
p = 0.00

FL1 0.992**
p = 0.00

0.993**
p = 0.00

WG2 0.996**
p = 0.00

**Correlation is significant at the 0.01 level (2-tailed).

for goodness of fit model. It generally shows the difference
between observed counts and expected counts of the dataset if no
relationship is found in the population (28) McHugh. The chi-
square test value for all the 52 accessions of oilseed crops was
38.278 with an 11 degree of freedom at p < 0.000 significance
level under the strictly parallel model assumption. The log of
the determinant of an unconstrained matrix was –5.004, and
for constrained matrix, it was –4.234. The results strongly favor
both hypothesis.

A P-P plot is generally used for comparing the empirical
cumulative distribution function of data to that with specified
theoretical cumulative distribution function F (·). In contrast,
a Q-Q plot compares quantiles of the distributed dataset with
the standardized theoretical distribution quantiles from specific
family distributions. The P-P requires the location and scale
parameters to visualize the linear pattern intercept and slope,
whereas Q-Q plot does not require these parameters (31, 32;
Figures 3–5).

According to the null hypothesis, the expected and observed
protein concentration is the same across all the treatments
(whole grain and flour) for both the digestion mixtures.
For plotting P-P plots, Bloom’s Fractional Rank Estimation
Method is applied (Figure 3). The model indicates that protein
concentration is significantly associated with the treatments
(p < 0.001). The P-P plots showed the observed proportion of
protein concentration in the data and the expected proportion,
as predicted by the model. Ideally, all the points fall on
the diagonal line producing the best fit and supporting the
null hypothesis.

For plotting Q-Q plots (Figures 4, 5), Kolmogorov–Smirnov
and Shapiro–Wilk tests were applied. The higher p-value
suggested that the differences in protein concentration of the
whole grain and flour; and for both the digestion mixtures are
non-significant and strongly supporting the proposed hypothesis
(Table 4). The Q-Q plots for WG1 and FL1, and WG2 and FL2
are similar and there is no significant deviation for the treatments
(Figures 4, 5).
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TABLE 4 | Tests of normality.

Kolmogorov–Smirnova Shapiro–Wilk

Statistic df Sig. Statistic df Sig.

WG1 0.136 52 0.018 0.976 52 0.361

FL1 0.121 52 0.055 0.976 52 0.379

WG2 0.112 52 0.123 0.975 52 0.343

FL2 0.140 52 0.013 0.971 52 0.226

aLilliefors significance correction.

FIGURE 3 | Chi-square P-P plots of WG1, WG2, FL1, and FL2.

Hotelling’s T-Squared Test
In statistical analysis, particularly in hypothesis testing, one
of the methods developed by Harold Hotelling, known as
the Hotelling’s T-squared distribution (T2), is a multivariate
probability distribution tightly related to the F-distribution and
a generalization of Student’s t-test (30). Results showed that the
Hotelling’s T-Squared value is much higher (5.206) than the

F-value (1.667) with a significance level of 0.186 (Table 5A),
hence supporting the hypothesis.

Analysis of Variance With Tukey’s Test for
Non-additivity
Tukey’s test of non-additivity shows an interaction between
different factors with no replication. Hence, it has been utilized
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FIGURE 4 | Chi-square Q-Q plots of WG1, WG2, FL1, and FL2.

to test the interaction between the treatment and block factors
in a randomized block design. Each block shows the interactions
involving different magnitudes but not different directions of
treatment effects (29; Table 5B).

Interclass correlation coefficient at 95% confidence interval
was 0.994 for single measures and 0.994 for average measures
(Table 5C), providing a robust correlation and supporting
both the hypothesis.

Paired T-Test
The paired sample test, commonly known as the dependent
sample test, is a statistical method utilized to determine the mean
difference between two datasets and is thought to be zero. Each
entity is measured two times and observed as a pair of items.
Generally, it gives the hypothesis test results. In this research, four
pairs, i.e., pair 1 (WG1 and FL1), pair 2 (WG2 and FL2), pair
3 (WG1 and WG2), pair 4 (FL1 and FL2) has been tested. For
each pair, the differences in the mean and standard deviation are
near to zero (Table 6A). The t-score ranges from 0.15 to 1.73, for

all the four categories under investigation and supports the null
hypothesis (Table 6B).

DISCUSSION

The health benefits of plant-based protein from different sources
are recognized and much appreciated, particularly for the
low cost of production and carbon footprint (34–36). The
Alternatives to legumes are needed to cater to the increasing
demand for plant based protein. The high protein content (15–
50%) is reported in different oilseeds, making them ideal sources.
Kjeldahl method is most commonly used for determining protein
content in the food samples. As a standard practice, samples are
ground before digestion. However, oilseeds often form cake while
grinding due to high oil content; thus, cleaning grinding mills is
challenging and increases the risk of sample cross contamination.
The introduction of novel analytical approach in laboratory
analysis requires validation of previous methods for assurance of
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FIGURE 5 | Normal Q-Q plots of WG1, WG2, FL1, and FL2.

its quality. Some modifications in the standard Kjeldahl method
have enhanced the versatility and decreased the procedural
time for analyzing different samples (16, 18–20). Hydrogen
peroxide is added to digest the samples with high oil content to
prevent foaming and aid rapid digestion. However, proper sample
handling, their sampling, and analytical procedure followed are
essential for accurate and precise analysis. In our research,
we directly digested the whole grain of five different oilseed
crops using two different digestion methods to accomplish quick
protein quantification. And with the modification in digestion
mixture and catalysts the process of protein quantification speeds
up. There were two hypotheses in this study. First, for small-
seeded oilseeds, whole grain (WG) gives equally precise results as
with flour samples (FL). Therefore, using WG will speed up the
protein quantification method. Second, the modified digestion
mixture and traditional digestion mixture are equally effective
and have no influence on nitrogen recovery. The descriptive
statistical analysis shows that no major difference in the values
of mean, standard deviation, variance, and skewness for the
flour as well as whole grain samples. With paired sample test,
which is used for determination of mean difference between two

datasets, it has been found that the difference in the mean, as
well as standard deviation is near to zero for each pair, i.e., pair 1
(WG1 and FL1), pair 2 (WG2 and FL2), pair 3 (WG1 and WG2),
and pair 4 (FL1 and FL2). The Sig (2-tailed) Pearson correlation
describes 100% significant result in whole grain and flour
samples. Reliability test based on the results from 52 accessions
belonging to five different oilseeds, demonstrated consistency of
the results. The value of chi-square test for all the 52 accessions
of oilseed crops was found to be 38.278 with 11 degree of
freedom at zero significance, which shows the relationship
between two categorical variables. Hotelling’s T-squared
distribution (T2), a multivariate probability distribution, which
is tightly related to the F-distribution and a generalization
of ’Student’s t-test, shows the significance of 0.186. Tukey’s test
of non-additivity is a test that shows an interaction between

TABLE 5A | Hotelling’s T-squared test.

Hotelling’s T-squared F df1 df2 Sig

5.206 1.667 3 49 0.186
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TABLE 5B | ANOVA with Tukey’s test for non-additivity.

Sum of squares df Mean square F Sig

Between people 2361.887 51 46.312

Within people Between items 0.260 3 0.087 1.309 0.274

Residual Non-additivity 0.059a 1 0.059 0.884 0.349

Balance 10.073 152 0.066

Total 10.131 153 0.066

Total 10.391 156 0.067

Total 2372.279 207 11.460

Grand mean = 19.9192.
aTukey’s estimate of power to which observations must be raised to achieve additivity = –1.806.

TABLE 5C | Intraclass correlation coefficient.

Intraclass correlationb 95% confidence interval F test with true value 0

Lower bound Upper bound Value df1 df2 Sig

Single measures 0.994a 0.991 0.996 699.389 51 153 0.000

Average measures 0.999 0.998 0.999 699.389 51 153 0.000

Two-way random effects model where both people effects and measures effects are random.
aThe estimator is the same, whether the interaction effect is present or not.
bType A intraclass correlation coefficients using an absolute agreement definition.

TABLE 6A | Paired sample statistics and paired samples test showing mean difference and standard deviation.

Paired samples statistics

Paired differences

Mean Std. dev Std. error mean 95% confidence interval of
the difference

t-score df Sig. (2-tailed)

Lower Upper

Pair 1 WG1-L1 0.08 ± 0.05 0.38 0.05 –0.02 0.18 1.52 51 0.13

Pair 2 WG2-L2 0.03 ± 0.04 0.30 0.04 –0.05 0.11 0.79 51 0.43

Pair 3 WG1-G2 0.05 ± 0.03 0.24 0.03 –0.00 0.12 1.73 51 0.09

Pair 4 FL1-FL2 0.00 ± 0.05 0.41 0.05 –0.10 0.12 0.15 51 0.87

TABLE 6B | Paired sample statistics and correlations showing mean, standard deviation, and correlations.

Paired samples statistics and correlations

Mean N Std. deviation Std. error mean Correlation Sig.

Pair 1 WG1 19.97 52 3.42 0.47 0.994 0.000

FL1 19.89 52 3.35 0.46

Pair 2 WG2 19.91 52 3.44 0.47 0.996 0.000

FL2 19.88 52 3.41 0.47

Pair 3 WG1 19.97 52 3.42 0.47 0.998 0.000

WG2 19.91 52 3.44 0.47

Pair 4 FL1 19.89 52 3.35 0.46 0.993 0.000

FL2 19.88 52 3.41 0.47

different factors with no replication. Thus the validation of
this novel analysis/modified approach of using whole grain in
small-seeded oilseeds demonstrated non-significant differences
with their respective flour samples.

CONCLUSION

For the determination of “food”s protein quantity, it is very
essential to standardized analytical methods and shortens the
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overall analysis time. The correct quantification as well as
determination of content of protein is important, and hence in
the present study we analyze and compare the modification of
Kjeldahl method for determination of protein content in five
oilseed crops. Here, we directly digested whole grain of five
oilseed crops instead of making flour to reduce processessing
time and accomplish quick protein quantification. Further, to
cope up with oil frothing during digestion time, we developed
a modified digestion mixture. On the basis of validation
parameters analyzed, it can be concluded that the protein
content from whole grain of oilseed crops shows 100% non-
significant results compared with the flour matrix indicating
that there is no difference in the protein content if we
digest the whole rain rather than that of the flour. Statistical
analyses such as paired T-test, Pearson correlation, a range
of reliability tests, and different types of plot analysis showed
similar results in both flour and whole grain (reduce procedural
time) for both the digestion mixtures. Hence, this method
will help saving sample processing time, costs, and minimize
the risk of cross-contamination with accurate results. This
will enable a large data set to be finished in a very less
duration of time.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding authors.

AUTHOR CONTRIBUTIONS

SL conceived the idea and contributed to experimentation and
manuscript drafting. RB standardized digestion methods and
proofread the manuscript. RB and SL contributed to statistical
analysis. RY and JR provided diverse accessions of oilseeds.
AK and SK contributed to resources, editing, and formal
analysis. All authors contributed to the article and approved the
submitted version.

FUNDING

This research was funded by the DBT, GOI under Minor Oilseeds
of Indian Origin project.

REFERENCES
1. Langyan S, Dar ZA, Dhaudhary DP, Shekar JC, Herlambang S, Rakshit S,

et al. Analysis of nutritional quality attributes and their inter-relationship in
maize inbred lines for sustainable livelihood. Sustainability. (2021) 13:6137.
doi: 10.3390/su13116137

2. Chaudhary DP, Sapna S, Mandhania S, Kumar R. Interrelationship among
nutritional quality parameters of maize (Zea mays) genotypes. Indian J Agri
Sci. (2012) 82:681–6.

3. Langyan S, Khan FN, Yadava P, Alhazmi A, Mahmoud SF, Saleh DI, et al.
In silico proteolysis and analysis of bioactive peptides from sequences of fatty
acid desaturase 3 (FAD3) of flaxseed protein. Saudi J Biol Sci. (2021) 28:5480–9.
doi: 10.1016/j.sjbs.2021.08.027

4. Langyan S, Bhardwaj R, Kumari J, Jacob SR, Bisht IS, Singh A, et al. Nutritional
diversity in native germplasm of maize collected from three different fragile
ecosystems of India. Front Nutr. (2021) 9:812599. doi: 10.3389/fnut.2022.
812599

5. Hayes M. Measuring protein content in food: an overview of methods. Foods.
(2020) 9:1340. doi: 10.3390/foods9101340

6. Sáez-Plaza P, Michałowski T, Navas MJ, Asuero AG, Wybraniec S. An overview
of the Kjeldahl method of nitrogen determination. Part I. Early history,
chemistry of the procedure, and titrimetric finish. Crit Rev Anal Chem. (2013)
43:178–223. doi: 10.1080/10408347.2012.751786

7. Miao R, Hennessy DA. Economic Value of Information: Wheat Protein
Measurement. Pittsburgh, PA: Agricultural and Applied Economics
Association (2011). doi: 10.22004/ag.econ.103974

8. Burns DT. Kjeldahl, the man, the method and the Carlsberg laboratory. Anal
Proc. (1984) 21:210–4.

9. McKenzie HA. The Kjeldahl determination of nitrogen: retrospect and
prospect. Trends Anal Chem. (1994) 13:138–44. doi: 10.1016/0165-9936(94)
87028-4

10. Kjeldahl C. A new method for the determination of nitrogen in organic matter.
Z Anal Chem. (1883) 22:366. doi: 10.1007/BF01338151

11. Moore JC, DeVries JW, Lipp M, Griffiths JC, Abernethy DR. Total protein
methods and their potential utility to reduce the risk of food protein
adulteration. Compr Rev Food Sci Food Saf. (2010) 9:330–57. doi: 10.1111/j.
1541-4337.2010.00114.x

12. Muñoz-Huerta RF, Guevara-Gonzalez RG, Contreras-Medina LM, Torres-
Pacheco I, Prado-Olivarez J, Ocampo-Velazquez RV. A review of methods

for sensing the nitrogen status in plants: advantages, disadvantages and recent
advances. Sensors. (2013) 13:10823–43. doi: 10.3390/s130810823

13. Cunniff P, Washington DC. Official methods of analysis of AOAC
international. J AOAC Int. (1997) 80:127A.

14. AOAC. Official Methods of Analysis of AOAC International. 18th ed.
Gaithersburg, MD: AOAC (2011).

15. Horwitz W, Chichilo P, Reynolds H. Official Methods of Analysis of the
Association of Official Analytical Chemists. Washington, DC: Association of
Official Analytical Chemists (1970).

16. Lee D, Nguyen V, Littlefield S. Comparison of methods for determination of
nitrogen levels in soil, plant and body tissues, and water. Commun Soil Sci
Plant Anal. (1996) 27:783–93. doi: 10.1080/00103629609369595

17. Amin M, Flowers TH. Evaluation of Kjeldahl digestion method. J Res Sci.
(2004) 15:159–79.

18. Labconco CA. Guide to Kjeldahl Nitrogen Determination Methods and
Apparatus. Houston, TX: Labconco Corporation (1998).

19. Domini C, Vidal L, Cravotto G, Canals A. A simultaneous, direct
microwave/ultrasound-assisted digestion procedure for the determination of
total Kjeldahl nitrogen. Ultrason Sonochem. (2009) 16:564–9. doi: 10.1016/j.
ultsonch.2008.12.006

20. Pontes FV, Carneiro MC, Vaitsman DS, da Rocha GP, da Silva LI, Neto
AA, et al. A simplified version of the total kjeldahl nitrogen method using
an ammonia extraction ultrasound-assisted purge-and-trap system and ion
chromatography for analyses of geological samples. Anal Chim Acta. (2009)
632:284–8. doi: 10.1016/j.aca.2008.11.011

21. Mitchell HH, Hamilton T, Beadles JR. The relationship between the protein
content of corn and the nutritional value of the protein. J Nutr. (1952)
48:461–76. doi: 10.1093/jn/48.4.461

22. Owusu-Apenten RK. Chap. 1 – Kjeldahl method, quantitative amino acid
analysis and combustion analysis. In: Dekker M editor. Food Protein Analysis:
Quantitative Effects on Processing. New York, NY: CRC Press (2002). p. 1–45.

23. Cenci IDO, Guimarães BP, Amabile RF, Ghesti GF. Comparison between
barley malt protein quantification methods. Food Sci Technol. (2020) 41:213–7.
doi: 10.1590/fst.13920

24. Zaguri M, Kandel S, Rinehart SA, Torsekar VR, Hawlena D. Protein
quantification in ecological studies: a literature review and empirical
comparisons of standard methodologies. Methods Ecol Evol. (2021) 12:1240–
51. doi: 10.1111/2041-210X.13601

25. Möller J. Kjeldahl-still going strong. Focus. (2009) 33:14–6.

Frontiers in Nutrition | www.frontiersin.org 10 May 2022 | Volume 9 | Article 892695

https://doi.org/10.3390/su13116137
https://doi.org/10.1016/j.sjbs.2021.08.027
https://doi.org/10.3389/fnut.2022.812599
https://doi.org/10.3389/fnut.2022.812599
https://doi.org/10.3390/foods9101340
https://doi.org/10.1080/10408347.2012.751786
https://doi.org/10.22004/ag.econ.103974
https://doi.org/10.1016/0165-9936(94)87028-4
https://doi.org/10.1016/0165-9936(94)87028-4
https://doi.org/10.1007/BF01338151
https://doi.org/10.1111/j.1541-4337.2010.00114.x
https://doi.org/10.1111/j.1541-4337.2010.00114.x
https://doi.org/10.3390/s130810823
https://doi.org/10.1080/00103629609369595
https://doi.org/10.1016/j.ultsonch.2008.12.006
https://doi.org/10.1016/j.ultsonch.2008.12.006
https://doi.org/10.1016/j.aca.2008.11.011
https://doi.org/10.1093/jn/48.4.461
https://doi.org/10.1590/fst.13920
https://doi.org/10.1111/2041-210X.13601
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/
https://www.frontiersin.org/journals/nutrition#articles


fnut-09-892695 May 25, 2022 Time: 15:4 # 11

Langyan et al. Redefining Sample Preparation Method for Fast and Efficient Protein Analysis

26. Obilor EI, Amadi EC. Test for significance of ‘Pearson’s correlation coefficient.
Int J Innov Math Stat Energy Policy. (2018) 6:11–23.

27. Riege AM. Validity and reliability tests in case study research: a literature
review with ““hands-on”” applications for each research phase. Qual Mark Res.
(2003) 6:75–86. doi: 10.1108/13522750310470055

28. McHugh ML. The chi-square test of independence. Biochem Med. (2013)
23:143–9. doi: 10.11613/BM.2013.018

29. Ghosh MN, Sharma D. Power of Tukey’s test for non-additivity. J R Stat Soc.
(1963) 25:213–9. doi: 10.1002/sim.6281

30. Brereton RG. Hotelling’s T squared distribution, its relationship to the F
distribution and its use in multivariate space. J Chemom. (2016) 30:18–21.
doi: 10.1002/cem.2763

31. Holmgren EB. The PP plot as a method for comparing treatment effects. J Am
Stat Assoc. (1995) 90:360–5. doi: 10.1080/01621459.1995.10476520
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