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BARI lentils play an important role in Bangladesh for providing essential nutrients to combat micronutrient
malnutrition. Hence, the objective of the study was to explore the nutritional, mineral, and bioactive compounds
analysis of the selected varieties under different milling conditions. Results exhibited that a significant number of
bioactive compounds such as ascorbic acid (15.29 mg/100 g), B-carotene (142.16 mg/100 g), total carotenoid
(67.49 mg/100 g), anthocyanin (1.35 mg/100 g), and total phenolic compounds (20.72 mg GAE/100 g) were
plentiful in non-decorticated lentil. In contrast, the non-significant amount of ascorbic acid (4.52 mg/100 g), 8-
carotene (64.65 mg/100 g), total carotenoid (11.65 mg/100 g), anthocyanin (0.65 mg/100 g), and total phenolic
compounds (11.68 mg GAE/100 g) was found in decorticated lentils. Non-decorticated lentils possessed the
highest amount of crude protein (29.63 %), crude fiber (14.12 %), Ca (3.55 %), Mg (1.11 %), Fe (219.00 ppm),
and Zn (32.62 ppm). A non-significant difference was noted between cooked decorticated and non-decorticated
lentils during organoleptic taste by the sensory evaluators. Apart from this, the most instructive findings are, to
utilize non-decorticated lentils that will contribute to minimizing the broken loss (cracked loss) and milling cost
of the farmers without any presence of ochratoxin and patulin.

Introduction

Lentils (Lens culinaris Medik) contain high amounts of crucial nutri-
ents as they provide a considerable amount of protein as a healthy part
of the human diet and may help to encourage a shift from animal-based
to plant-based protein sources (Makri et al., 2005). In addition to le-
gumes along with leafy vegetables not only exert positive effects on
Mediterranean people but also have health-beneficial effects on all kinds
of people (Avellone et al., 2003; Panagiotakos, 2005). Nutritionally,
legumes contain substantially higher amounts of essential amino acids
such as lysine, and leucine but the amounts of sulfur-containing amino
acids (cysteine, methionine, and tryptophan) are relatively low
(Duranti, 2006). Therefore, legumes and grains protein are nutritionally
complementary in terms of lysine and sulfur amino acid levels. Legumes
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and grains are subjected to thermal processing to enhance their nutri-
tional, physicochemical, and other quality traits. Thermal processing
increases the nutritional value of specific nutrients, improves sensory
features, assures the product’s microbiological correctness, and reduces
the concentrations of the existing thermolabile antinutrients. Because of
their high protein content (23-24 %), excellent digestion, characteristic
flavor, and taste, lentils are a significant pulse crop in Bangladesh.
Hence, it can help impoverished people to overcome malnutrition
(Rajput & Sarwar, 1988). It is considered an important food and nutri-
tion security crop for improving nutritional health in low-income groups
as well as rural poor in the country. Hence, it is called the poor man
nutrition diet in Bangladesh. Each year, 190.743 thousand metric tons of
lentils are produced from 144.513 thousand ha of land (BBS, 2023).
Lentil has a potential export market in pulse-consuming countries
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especially South Asia namely India, Pakistan, Nepal, and Middle East
and European countries (Amin et al., 2004).

The worldwide lentil production and use is increasingly growing for
fresh consumption after dehulling results in massive waste generations
called lentil peel or pomace. The increasing peel production is migrating
away from fresh and toward machined products, resulting in huge vol-
umes of lentil peel consequences in massive waste generation. These
wastes are accountable for unpleasant odor, environmental pollution,
and serving as a source of numerous plant diseases such as leaf roll virus,
late blight inoculum, and other diseases that can spread in neighboring
fields (Morrall, 2003; Banniza et al., 2013; Subedi, 2018). Apart from
that, the drying, storage, and shipment of this waste are cost-effective,
making efficient utilization necessary.

Peels are promising sources of essential oils, carotenes, natural fla-
vones, pectin, and other bioactive compounds. These bioactive sub-
stances naturally may function as antioxidants to diminish the effects of
reactive oxygen species, therefore inhibiting cellular damage and
eventually lowering metabolic oxidative stress (Mohanraj, 2018). In the
last decades, numerous researchers have profiled the intrinsic phyto-
chemicals and antioxidant properties of stored roots and peels from
different sweet potato varieties (Amalgloh et al., 2022), legumes, citrus
fruits (Tsitsagi et al., 2018) and mango peels (Schieber et al., 2003;
Berardini et al., 2004; Ajila et al., 2007; Barreto et al., 2008; Abbasi
etal., 2015, 2017; Ajila & Rao, 2013; Ramasamy et al., 2020; Ranganath
et al., 2018; Sanchez-Camargo et al., 2021). Still, now, the nutritional
analysis and use of lentil peels are underutilized for value-added prod-
ucts and fresh consumption. Lentil peel as well as hulls have been
explored as a possible by-products of animal feed where it can be a
valuable ingredient for future use as functional foods for the human.
Therefore, effective, affordable, and environmentally friendly utiliza-
tion is more desirable day by day.

Despite being high-potential protein, antioxidants, and bioactive
compound sources, the edible seed (decorticated) and edible seed with
peel (non-decorticated) of lentils do not receive much awareness glob-
ally due to improper documentation regarding their nutritional, bioac-
tive compounds, micronutrients, and macronutrients. Thus,
documentation of nutritional and other compositional data of lentil
edible seed and seed with peel is necessary to spread awareness of its
diversified usage, including cooking and consumption with peel, which
will assist the growers, nutritionists, and policymakers to plan peel-
based lentil health and nutrition programs and also to be applicable in
the food and pharmaceutical industries. Moreover, these processes will
contribute to minimizing the broken recovery percentage and milling
cost of lentils for the growers. Hence, the current study aimed to analyze
and profile the physicochemical, nutritional, minerals, amino acid
compositions, bioactive compounds, antinutritional, and microbiolog-
ical properties of fresh decorticated lentil and peel-based lentil (non-
decorticated) of BARI selected varieties to increase its popularity among
health-conscious consumers worldwide.

Materials and methods
Materials

Fresh-selected varieties of BARI lentil 3, BARI lentil 6, BARI lentil 7,
BARI lentil 8, and BARI lentil 9 were used for the study. Locally the
variety is called BARI Mosur 3, BARI Mosur 6, BARI Mosur 7, BARI
Mosur 8, and BARI Mosur 9. The variety was selected according to the
opinion of pulses scientists, based on the field performance, and avail-
ability in the farmers’ field. All chemicals and reagents (analytical
grade) used in this research study were procured from the Sigma-
Aldrich, Steinheim, Germany.

Collection and sampling of lentil

Selected BARI lentil varieties were collected and procured from the
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Pulses Research Center (PRC), BARI, Ishwardi, Pabna, Bangladesh. Then
the samples were transferred to the Postharvest Technology Division,
Bangladesh Agricultural Research Institute (BARI), Gazipur-1701,
Bangladesh for further analysis. The collected samples were divided
into decorticated and non-decorticated samples and pooled together to
make the following analytes (Analytes-I, Analytes-II, and Analytes-III)
for analysis of all nutrient components in the lentil. There were three
different replications in each analytical test.

Decortication and non-decortication process of lentil

The decortication process improves the appearance by removing
gums and impurities between the husk and cotyledon. The process also
improves the cooking quality of the lentil although most of the nutrients
are lost due to going through several processes during milling. In
Bangladesh, people are traditionally accustomed to consuming decor-
ticated lentils.

Non-decorticated lentils, which retain the peel, are increasingly
popular due to the demand for antioxidant-rich foods, less use of
chemicals, or minimally processed fruits and vegetables, so more
attention has been paid to searching for naturally occurring substances.
Lentil peel may be a novel source of antioxidants. Lentils are grown in
direct contact with soil. Hence, it was thoroughly washed with clean
water and dried to free from dust and soil-borne pathogens.

Preparation of lentil extract

The lentils were washed with pure water and surface dried. This
lentil was freeze-dried and milled to get powder using a laboratory
grinder (JP 300B, China). The resulting flour was sieved through a 60-
mesh screen to make fine powder. Then the prepared samples were
either used for the extraction or placed in HDPE pouch packets and
stored at —18 °C for further analysis. An estimated quantity of lentil
powder was extracted in a thermostatic water bath (Vision Scientific Co.
Ltd.) at 80 °C for 60 min using methanol (80 %, v/v) maintaining the
solvent ratio of 1:20 (w/v). The lentil extract was filtered under vacuum
conditions and then centrifuged at 4000 x g for 10 min and finally su-
pernatant was collected and kept at —18 °C until used for analysis.

Determination of f3-carotene content

The amount of B-carotene was determined according to Molla et al.
(2017) with slight modifications. About 3 g powdered sample was
diluted with acetone (Fisher Scientific Ltd., UK) and petroleum ether.
After that the following chemicals and reagents namely acetone, KOH,
and distilled water were used to purify it. The solution was then filtered
with anhydrous sodium sulfate, and the absorbance was taken at 765 nm
with a UV-Vis Double Beam Spectrophotometer where petroleum ether
was considered as a blank.

Determination of total anthocyanin

The anthocyanin content of the lentil powder was adopted by the
method (Chaovanalikit & Wrolstad, 2004) with little modification. The
10 g sample was properly mixed with 20 mL acetone and sonicated for
10 min using an ultrasonic cleaning instrument before being filtered on a
Buchner funnel with Whatman no 1 paper (Whatman Inc., Clifton, N.J.,
U.S.A.). The filter cake was extracted twice more using 10 mL of 70 %
acetone (30 % water and 70 % acetone, vol/vol). Filtrates were further
combined and homogenously mixed with 80 mL chloroform and then it
was centrifuged at 5000 rpm for 20 min with a Himac Compact Cen-
trifuges RX II Series (Model CF 15 RX II, Hitachi, Japan). The superna-
tant was collected and evaporated at room temperature until the
residual acetone content was completely removed (about 20 min). The
aqueous extract was prepared to a volume of 25 mL applying acidified
water (0.01 % HCI [vol/vol] in deionized, distilled water) and kept at
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—80 °C until further analysis.

The monomeric anthocyanin pigment content of the aqueous ex-
tracts was determined using adjusting the pH to 1.00 and 4.50 using a
digital pH meter (Delta 320, Mettler, Shanghai). Spectral observations at
510 and 700 nm were conducted using a Shimadzu Double Beam UV-Viz
spectrophotometer (Shimadzu Inc., Kyoto, Japan) on a disposable cell
with a 1-cm path length. The pigment concentration was estimated as
mg cyanidin-3-glucoside/100 g fresh weight considering an extinction
coeﬂ;icient value of 26,900 L/cm/mol and a molecular weight of 449.2 g
mol™.

Physicochemical properties of decorticated and non-decorticated BARI
lentil varieties

The physicochemical characteristics of decorticated and non-
decorticated lentil varieties in terms of moisture, ash, titrable acidity,
pH, and carbohydrate were determined according to the method of
Ranganna (1995). Crude protein was determined by Kjeldal Apparatus
and crude fat was determined by Soxhlet Apparatus. The crude fiber was
determined by AOAC (2020) method. Total carbohydrate was deter-
mined by the difference of total contents (crude fat, crude fiber, crude
protein, ash, and moisture content) from 100. The in vitro protein di-
gestibility of the sample was determined according to the pH drop
technique which uses a multi-enzyme solution to simulate the digestive
environment.

Amino acid analysis

Amino acid determination was carried out using an Agilent 1260
Infinity HPLC technology (Agilent Technologies, Mississauga, ON).

Analysis of minerals

The minerals that were analyzed in this research investigation
included potassium (K), sodium (Na), calcium (Ca), phosphorus (P),
magnesium (Mg), sulfur (S), boron (B), manganese (Mn), copper (Cu),
iron (Fe), and zinc (Zn). The lentil powder was digested in a nitric and
perchloric acid solution at 320 °C, cooled, diluted to a suitable con-
centration, and filtered for mineral quantification. Then the filtrate was
considered as the stock solution. Mg and Ca were determined by the KCl
extractable method. Cu, Fe, K, Mn, and Zn concentrations were analyzed
by NaHCOg extraction method using atomic absorption spectropho-
tometry (Model-AA-7000S, Shimadzu, Tokyo, Japan). CaCl, extraction
approach was employed for the determination of boron. Phosphorus was
determined according to the method of Bray and Kurtz while sulfur
content was quantified by turbidimetric method with BaCl,. Individual
mineral contents were estimated by comparing the corresponding
standard mineral purchased from the Sigma Aldrich Chemical Co., USA.

Determination of bioactive compounds

Determination of ascorbic acid content

Ascorbic acid was determined according to the method described by
Cho et al. (2013) with an HPLC system where the extract of 0.5 g dried
lentil powder sample was taken in 4.5 mL of 5% w/v aqueous solution of
metaphosphoric acid containing 1% w/v dithiothreitol (DTT) (Shi-
madzu SPD-M10A). The amount of ascorbic acid was calculated in
milligrams per 100 gs of dry weight.

Determination of total carotenoid content

The total carotenoid was determined by the method of Thaipong
et al. (2006). The sample was dissolved in n-hexane pro analysis. The
B-carotene solution at varied concentrations was utilized as the carot-
enoid standard. The absorbance was estimated at 470 nm. Total carot-
enoid content was calculated using the standard curve’s linear
regression equation. The results were represented in mg/100 g of
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Total phenolic compounds

Total phenolic compounds were determined by the Folin-Ciocalteu
method (Ough & Amerine, 1988). About 20 mg of lentil powdered
sample was precisely dissolved in 1 mL of methanol. The Folin-Ciocalteu
reagent was diluted 1:10 with de-ionized water, and 0.5 mL of each
extract (100 pg/mL) was added. This mixture was then neutralized with
4 mL of NayCOs solution (7.5 %, w/v). With periodic shaking to boost
color development, the reaction mixture of the extract was incubated at
ambient temperature for 30 min. A double-beam ultraviolet-visible
(UV-Vis) spectrophotometer was employed to assess the colored solu-
tion’s absorbance at 765 nm. A standard curve was developed with gallic
acid’s linear equation and using this standard curve total phenolic
content was calculated and expressed as mg g gallic acid equivalent
(GAE) of the extract.

Lycopene

Lycopene is an important carotenoid measured individually by a UV
Visible Double Beam Spectrophotometer described by Nagata and
Yamashita (1992) with little modifications.

Determination of energy value

The energy value of the lentil varieties was determined according to
method 2 described by Henken et al. (1986) with slight modifications,
where 1 g of dried lentil powder was taken in a cup of Bomb Calorimeter
(The Parr 6100 Calorimeter; Parr Instrument Company, Moline, IL 61,
265, USA) and then allowed to combustion to determine the energy
value of the lentil varieties. The energy value was expressed as Kcal/g.

Analysis of antinutritional compounds

Trypsin inhibitor activity

The analysis was done based on the method described by Liu et. al.
(2021) and expressed as the trypsin inhibitor units (TIU) per mg of
sample used on an.

Phytic acid quantification

The amount of phytic acid was quantified using Ion Chromatog-
raphy. A modified method described in Bock et al. (2009) and the Dio-
nex Application Note 65 was conducted for the determination of phytic
acid from lentil samples.

Determination of saponin

The total saponin content of the sample was determined by Le et al.
(2018) with modification. Using a BioTeK Synergy H1 Hybrid
Multi-Mode Reader spectrophotometer at 540 nm in comparison to the
reagent blank (30 pL 80 % aqueous methanol (v/v)), sample and stan-
dard readings were recorded.

Evaluation of microbiological properties

Total viable counts were determined using the standard plate count
method. Based on the standard selective medium(s) and experimental
techniques mentioned by Molla et al. (2021), specific bacterial counts
(Enterobacteriaceae, Faecal streptococci, Total coliform, Staphylococcus
aureus, E. coli, Listeria spp., Salmonella spp. Vibrio cholera; Pseudomonas
aeruginosa) were carried out.

Sensory evaluation of decorticated and non-decorticated cooked lentils

Sensory evaluation of decorticated and non-decorticated cooked
lentils was done according to the method described by Joshi (2006)
based on a 9-point hedonic scale that is well recognized, following the
ethical standards of ‘International Standards Organization (ISO)
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Committee ISO/TC34/SC12’ and other relevant regulation. In brief, four
judgment panel groups viz. 6-18 years old children (30 x 3 = 90 chil-
dren; 25 % of the total respondents), 19-30 years old (30 x 3 = 90
persons; 25 % of the total respondents), 31-42 years old (30 x 3 = 90
persons; 25 % of the total respondents) and 43-54 years old (30 x 3 =90
persons; 25 % of the total respondents) were formed from the school
going children (6-18 years old), outside of the Institutional personnel
and personnel from the Bangladesh Agricultural Research Institute
(BARI) inter-divisional scientists. The school-going (6-18 years old)
children were asked to get their responses on non-decorticated lentil
baby food items locally called Khichuri (homemade food) as it is mostly
consumed by the children. The taste panelist consisted of 30 members
and replicated 3 times. Thus, 360 members (30 x 3 x 4 = 360) were
asked to evaluate their flavor, taste, color, bitterness, and overall
acceptability. All the evaluators were pre-trained before sensory eval-
uation according to the approval committee ‘ISO/TC34/SC12’. The
score obtained by the panelists was statistically analyzed.

Statistical analysis

The statistical analysis and processing of data from the triplicate
experimental measurements were carried out using the SPSS 17.0 pro-
gram (IBM INC., New York) and R open-source software version 4.4.1.
The results were presented as the mean + standard deviation and
measured using Tukey’s test. The presence of statistical significance was
determined through the comparison of p-values across treatments (p <
0.05). The Performance Analytics R package was used for evaluating the
relationship between varieties and milling conditions (decorticated and
non-decorticated) of lentils. Analysis of Factorial Completely Random-
ized Design for 2 factors and multiple comparison test ANOVA was used
to interpret of the results.

Results and discussion

Physicochemical properties of decorticated and non-decorticated BARI
lentil varieties

Physicochemical characteristics such as moisture, ash, total acidity,
pH, total sugar, carbohydrate, fat, protein, and crude fiber of the
decorticated and non-decorticated BARI Mosur lentil varieties are
shown in Table 1.

Table 1
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Moisture content

Moisture content is an essential parameter for controlling food
quality and shelf life. So, the determination of moisture content before
processing and testing of foods is inevitable. It is directly important from
an economic standpoint for both the processor and the consumer since
the amount of dry matter in a food is inversely linked to the amount of
moisture. Too much water in the pulse (lentil) can quickly deteriorate it
due to sprouting, mold growth, and insect damage. In this study, an
attempt has been undertaken to determine the moisture content of
decorticated and non-decorticated BARI lentil varieties, whereas it re-
mains at a constant value of 9.48 % and 13.40 % respectively. On the
day of analysis, statistically, no significant differences were found
among all the varieties, but significant differences were found between
decorticated and non-decorticated lentils (Table 1). The lowest amount
of moisture content was recorded in decorticated lentils (9.48 %)
whereas the highest was found in non-decorticated lentils (13.48 %)
(Table 1), indicating that peel is also a source of moisture content than
edible seed.

Ash content

Ash content analysis of foods simply involves burning away organic
materials to reveal inorganic minerals. It assists in quantifying the
amount of minerals and the presence of various types of minerals in
food. It also facilitates to determine the physiochemical properties of
foods as well as retards microbial growth. The ash content of decorti-
cated and non-decorticated lentils significantly differed and ranged from
1.57 to 2.64 % and 2.11-2.72 % respectively (Table 1). In the case of
variety, BARI lentil 8 and BARI lentil 9 were found to be statistically
insignificant, but under milling conditions (decorticated and non-
decorticated), the results were significantly different. Results show
that the highest ash content was recorded by the non-decorticated lentil
than decorticated lentil, indicating that peel is also a natural source of
ash content than edible seed. Late harvesting of BARI lentil varieties may
contribute to an increase in the amount of ash content in contrast to
early harvesting.

Titrable acidity

Titrable acidity is a measure of the total amount of hydrogen ions. It
is a function of the hydrogen ion [H"] concentration and is measured as
pH. Acidity is indirectly correlated with pH whereas the microbes,
including bacteria, yeasts, and molds, are sensitive to the pH of foods. In

Physicochemical and nutritional properties of selected BARI lentil varieties under different milling conditions.

Parameter Milling condition Lentil variety
BARI Lentil 3 BARI Lentil 6 BARI Lentil 7 BARI Lentil 8 BARI Lentil 9
Moisture (%) DL 9.48+0.00b 9.48-+0.00b 9.48+0.00b 9.48+0.00b 9.4840.00b
NDL 13.40+0.01a 13.40+0.01a 13.40+0.01a 13.40+0.01a 13.40+0.01a
Ash (%) DL 1.89+0.02e 1.57+0.03 g 2.30+0.06d 2.64+0.04c 2.4040.05¢
NDL 2.114+0.01f 2.7240.02a 2.544+0.01b 2.4240.01a 2.63+0.02ab
Total acidity (%) DL 0.64+0.04c 0.64+0.04c 0.64+0.04c 0.9240.02a 0.32+0.02f
NDL 0.7040.00c 0.79+0.01b 0.4740.00e 0.95+0.00a 0.56+0.01d
pH DL 5.97+0.02f 6.03+0.03ef 6.07+0.03e 6.17+0.03d 6.00+0.05f
NDL 6.29+0.02c 6.331+0.02abc 6.37+0.01ab 6.38+0.01a 6.304+0.01bc
Total sugar (%) DL 3.32+0.01b 3.244+0.01c 3.51+0.00a 3.17+0.01c 3.32+0.02b
NDL 1.86+0.03ef 1.84+0.04f 1.94+0.04d 1.24+0.02 g 1.93+0.03de
Carbohydrate (%) DL 39.95+0.04a 39.21+0.01b 34.71+0.01c 31.95+0.04e 32.75+0.03d
NDL 11.24+0.06f 9.81+0.07 g 8.72+0.08h 7.88+0.09j 8.33+0.07i
Crude fat (%) DL 2.924+0.01a 2.42+0.02c 2.09+0.01d 2.04+0.03d 2.734+0.04b
NDL 1.92+0.03e 1.86+0.04e 1.52+0.03f 0.98+0.02h 1.31+0.04 g
Crude protein (%) DL 27.31+0.07f 26.63+0.15 g 26.44+0.26h 28.69+0.65b 23.00+0.50§
NDL 27.68+0.03d 27.59+0.19¢ 27.85+0.05¢ 29.63+0.05a 25.25+0.15i
In vitro protein digestibility DL 85.01+1.10c 85.10+1.11c 85.20+1.10c 85.31+1.05¢ 83.30+1.01e
NDL 86.10+1.30a 85.40+1.02b 85.80+1.20b 86.00+1.01a 84.80+1.04d
Crude fiber (%) DL 11.03+0.01h 11.09+0.01h 11.14+0.01h 12.02+0.02f 11.81+0.09 g
NDL 13.32+0.01e 13.49+0.01d 13.64+0.01c 14.12:+0.02a 13.90+0.09b

DL: Decorticated lentil; NDL: Non-decorticatd lentil. All values are means of triplicate determinations + SD. This means within columns and rows for the same pa-
rameters with different letters a, b, ¢, d, e, f, g, h, i, and j indicate significant results (p<0.05).
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this study, the titrable acidity of the BARI lentil 3, BARI lentil 6, and
BARI lentil 7 were found to be insignificant while the BARI lentil 8 and
BARI lentil 9 were found to be significantly different. The range of
acidity values of the decorticated and non-decorticated lentils varied
from 0.32 to 0.92 % and 0.47 to 0.95 %, indicating that the acidity level
of the non-decorticated lentil was comparatively high due to the effect of
lentil peel. The highest acidity obtained by the BARI lentil 8 might be
due to acid formation by the degradation of polysaccharides, sugar
oxidation, and/or breakdown of pectic substances as well as uronic acid
(Hummel & Okay, 1950; Igbal et al., 2001; Hussain et al., 2008).

pH

pH is defined as the measurement of a solution’s acidity or alkalinity
on a scale ranging from O to 14. Lower pH levels (<7) are regarded as
acidic, whereas higher values (greater than 7) are considered alkaline. It
is the most common analytical parameter that plays a significant role in
the processing and analysis of food. Statistically highly significant dif-
ferences were found among the variety to variety and milling conditions.
The pH value of the decorticated BARI lentil 3, BARI lentil 6, BARI lentil
7, BARI lentil 8, and BARI lentil 9 ranged from 5.97 to 6.17, whereas the
non-decorticated lentil ranged from 6.29 to 6.38 (Table 1). Results
indicate that a lower pH level was present in decorticated lentils
whereas the highest was identified in non-decorticated (edible seed with
peel) lentils. In the case of variety, the highest pH value (6.38) was
observed in BARI lentil 8 (both decorticated and non-decorticated
condition) than other varieties, indicating that all the selected BARI
lentil varieties were acidic instead of alkaline. The highest acidity (0.92
% and 0.95 %) was also recorded in BARI lentil 8 (both decorticated and
non-decorticated), indicating that pH and acidity of foods have a firm
link to each other, implying that as the pH rises, the acidity also rises.

Total sugar

Sugar is a carbohydrate found naturally in a variety of foods. Car-
bohydrates are the primary source of energy in the body. Many foods
contain sugar, which can raise a person’s blood sugar levels. The con-
sumption of excessive amounts of added sugar has negative health
consequences, including an increased risk of obesity, type 2 diabetes
increased pressure on the heart and blood vessels, and decay of teeth.
Although excessive sugar consumption has negative effects, it is utilized
as a sweetener and serves essential technical functions in food by
providing texture, bulk, color, and functioning as a preservative.
Without sugar, the cells in the human body would die; hence, it is
necessary to maintain a healthy balance of nutrients in food. In the
present investigation, the total sugar content of decorticated and non-
decorticated BARI lentil varieties was significantly different and
ranged from 3.17 to 3.51 % and 1.24 to 1.94 % respectively (Table 1),
indicating that edible seed with peel (non-decorticated lentil) is a poorer
source of sugar than edible seed alone (decorticated lentil). The highest
sugar content was found in BARI lentil-7 (3.51 % and 1.94 % both
decorticated and non-decorticated) whereas the lowest was recorded as
3.17 % 1.24 % in BARI lentil 8 both decorticated and non-decorticated
condition. In this study, it is noteworthy that an inverse relationship was
found between titrable acidity and total sugar content of the decorti-
cated and non-decorticated BARI lentil varieties. However, the findings
strongly suggest that higher levels of acidity contribute to achieving
lower levels of sugar content (Table 1).

Carbohydrate

The fundamental role of carbohydrates is to provide energy to the
cells in the human body. Many cells consume glucose as a primary en-
ergy source rather than other compounds like fatty acids. Several cells,
such as red blood cells, can generate cellular energy solely from glucose.
The brain is also highly vulnerable to low blood-glucose levels since it
depends on only glucose to generate energy and properly function
(except under extreme starvation conditions). Approximately 70 % of
the glucose that enters the body through digestion is transferred (by the
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liver) back into the bloodstream for usage by other tissues. Cells that
need energy use a transport protein in their membranes that removes
glucose from the blood. Although there are numerous health benefits
associated with eating carbohydrates eating too many carbohydrates
can lead to health problems unwanted weight gain and elevated blood
sugar. The dietary guidelines for American people indicate that carbo-
hydrates account for 45-65 % of the daily calorie intake. In this study,
the carbohydrates of decorticated and non-decorticated lentils were
significantly different and ranged from 31.95 to 39.95 % and 7.88 to
11.24 % respectively, indicating that non-decorticated lentils retained
lower carbohydrates than decorticated lentils (Table 1). Results confirm
that peel is a lower source of carbohydrate content than the edible seed
of decorticated lentils. Findings also suggest that higher carbohydrate
content contributed to gain higher amount of fat content (Table 1).

Crude fat

Food quality traits such as flavor, texture, aroma, etc. are heavily
influenced by fat or lipid components. It may enhance the taste and
acceptability of foods. Dietary fats supply essential fatty acids and
enable the absorption of fat-soluble vitamins. The Expert Consultation
concluded that there is compelling evidence that energy balance and
dietary patterns are crucial to maintaining healthy body weight and
ensuring appropriate nutrient intakes, independent of macronutrient
distribution represented in calorie percentages. The requirement for
total fat consumption ranges from 20 % to 35 % of total energy (Elmadfa
& Kornsteiner, 2009; FAO, 2010). In this study, the crude fat content of
decorticated and non-decorticated BARI lentil varieties significantly
differed except for BARI lentil 7 and BARI lentil 8 under decorticated
conditions while it ranged from 2.04 to 2.92 % and 0.98 to 1.92 %
respectively, indicating that peel is a poor source of crude fat than edible
seed (decorticated) of lentil (Table 1). In the case of variety, a lower
amount of fat content was found in BARI lentil-8 than in other varieties.
In this study, lower sugar and carbohydrates contributed to achieving
lower fat content in decorticated and non-decorticated lentils. Likewise,
higher sugar and carbohydrates contributed to achieving higher fat
content in decorticated and non-decorticated lentils. The lowest sugar
and carbohydrate might be contributed to obtain the highest crude fiber
also by the non-decorticated lentil. Thus, it can strongly be said that
intake of low carbohydrate and sugar content may decrease the fat
content.

Crude protein

Proteins are the main structural components of every cell in the
human body. These proteins are constituted by a chain of amino acids.
Human cells and tissues consume dietary protein which supplies amino
acids for optimum growth and proper development. According to the
European Food Safety Authority (EFSA), an adult should consume at
least 0.83 g kg'! body weight/day of protein (58 g/day for a 70 kg adult).
Dietary proteins based on food sources (Plants/Animals) differ in their
quality and digestibility. Hence, people should consume protein from
different sources that positively benefit human health. Lentils are an
excellent source of dietary protein providing both essential and non-
essential amino acids to humans. The two predominant proteins pre-
sent in lentils are globulin (47 % of the total seed proteins) and albumin
(Lombardi-Boccia et al., 2003). These proteins are found the most
abundant and affordable dietary source for developing and underde-
veloped countries (Hoover et al., 2010). In our study, the protein content
of decorticated and non-decorticated BARI lentil varieties was found to
significantly differ from both varieties to variety and milling conditions
that ranged from 23.00 to 28.69 % and 25.25 to 29.63 % respectively
(Table 1). Non-decorticated lentils (edible seed with peel) gained the
highest protein content than decorticated lentils, indicating that peel is
also a rich source of protein that might combine to enhance the total
protein in non-decorticated lentils. In vitro study also confirmed the
findings that non-decorticated BARI lentil 8 possessed the highest pro-
tein content, among others. This study suggests that BARI lentil 8
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consumption with peel can meet the daily protein requirement of all
ages.

Crude fiber

Dietary fibers are considered one of the most indispensable constit-
uents of pulses. Several definitions regarding dietary fiber have con-
tradictory opinions; some include it as starch or polysaccharide whereas
others do not. According to Tharanathan and Mahadevamma (2003),
dietary fibers are regarded as macromolecules that cannot be easily
digested by human endogenous enzymes and are mostly constituted of
plant cell wall materials. The American Association of Cereal Chemists
International (AACCI) described dietary fibers are the edible portion of
plants and similar carbohydrates that withstand human small intestine
digestion and absorption processes while partially or completely fer-
menting in the large intestine (Rebello et al. 2014). In this study, the
highest crude fiber (14.12 %) was obtained by the non-decorticated
BARI lentil 8 than decorticated lentil (12.02 %), which might be due
to the presence of peel in the non-decorticated lentil. The amount of
total dietary fiber of various pulses including peas, beans, chickpeas, and
lentils ranged from 14 to 32 %, with SDF and IDF ranging from O to 9 and
10-28 %, respectively, compared to 3.00-15.02, 2.14-10.79 and
0.86-4.33 % for cereals such as wheat, barley, and rice (Yadav et al.
2010a; Rebello et al. 2014; Duenas et al. 2016). It is amazing findings
that there is a strong relationship between the total phenolic compounds
and the crude fiber of the BARI lentil varieties (Table 1 and Table 4). In
this study, the higher the phenolic compounds (11.65 mg GAE/100 g
and 20.72 mg GAE/100 g) both decorticated and non-decorticated)
influenced the higher benefits of dietary fibers in human health. These
dietary fiber contents can interact with polyphenolic substances found
in pulses (lentils) through the formation and development of hydrogen
and hydrophobic connections.

Amino acid composition of bari lentil varieties

In nature, >100 amino acids are found but human only utilizes 20 of
them. These amino acids are quite a lot for the body to cope with in
many aspects because they are the building blocks of proteins. Here, 10
amino acids (4 essentials and 6 non-essentials) of decorticated and non-
decorticated BARI lentil varieties were recorded and shown in Table 2.
Interestingly, all the lentil varieties significantly differed with four
essential amino acids i.e. lysine, leucine, methionine, and valine ranging

Table 2
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from 1.76+0.04 to 1.97+0.03 g/100 g, 1.81+0.02 to 2.08+0.02 g/100
g, 0.27+0.01 to 0.72+0.04 g/100 g, 1.24+0.04 to 1.38+0.02 g/100 g
respectively (Table 3) in decorticated lentils while the increased values
were recorded in non-decorticated lentils and ranged from 1.89 to 2.01
/100 g, 1.88 t0 2.10 /100 g, 0.38 to 0.75 g/100 g and 1.31 to 1.49 g/
100 g respectively.

Six non-essential amino acid compositions namely arginine, cysteine,
glycine, histidine, serine, and tyrosine were significantly different in
selected varieties under decorticated and non-decorticated conditions.
The highest values observed in non-decorticated lentil varieties were
probably due to the presence of peel with edible seeds, confirming that
peel is a rich source of both types of amino acids (essential and non-
essential amino acids).

Findings suggest that decorticated and non-decorticated BARI lentil
8 is an abundant source of both essential (lysine, leucine, methionine,
and valine) and non-essential amino acids (arginine, glycine, serine, and
tyrosine) (Table 2). BARI lentil 6 is the superior essential amino acid
methionine and non-essential amino acids cysteine and histidine. The
higher presence of leucine in diet may have a favorable potential effect
on body weight loss as well as obesity and metabolic syndrome (Layman
& Walker, 2006). These results are strongly supported by the studies of
Lee et al. (2015), who reported that dietary L-cysteine may contribute to
lower body weight. Likely the excessive amount of methionine is asso-
ciated with reducing body weight and leads to growth retardation by the
imbalance of methionine relative to other amino acids (Molla, 2016;
Romer et al., 2012). Moreover, the identified essential and non-essential
amino acids from this study are associated with a high protein diet, and
those have favorable effects on reducing body weight, liver, and relative
liver weight (Molla, 2016).

Minerals profiling of decorticated and non-decorticated BARI lentil
varieties

Minerals, often known as inorganic substances, are found in food
products, particularly ash produced during the burning of food. Gener-
ally, lentils have two types of minerals: macro and micro minerals, both
of which are essential for our body’s metabolic processes (Reilly, 2002)
and contribute to our daily diet. In this study, a total of eleven (11)
minerals were measured from decorticated and non-decorticated BARI
lentil varieties those results are presented in Table 3. All the varieties
contained considerable amounts of macro minerals.

Amino acid composition of selected BARI lentil varieties under different milling conditions.

Amino acids Milling condi-tion Lentil variety
BARI Lentil 3 BARI Lentil 6 BARI Lentil 7 BARI Lentil 8 BARI Lentil 9
Essen-tial Lysine DL 1.76+0.04d 1.89+0.02bc 1.87+0.03c 1.97+0.03ab 1.8440.04cd
NDL 1.89+0.03bc 1.91+0.03bc 1.98+0.05ab 2.01+0.02a 1.90+0.02bc
Leucine DL 1.81+0.02e 2.04+0.04ab 1.93+0.02cd 2.08+0.02a 1.94+0.02cd
NDL 1.88+0.02de 2.08+0.08 a 1.97+0.02bc 2.10+0.02 1.96+0.03c
Methio-Nine DL 0.284+0.02c 0.72+0.04a 0.27+0.01c 0.29+0.01c 0.27+0.03c
NDL 0.38+0.01b 0.75+0.04a 0.39+0.01b 0.41+0.02b 0.39+0.03b
Valine DL 1.24+0.04d 1.33+0.03bc 1.29+0.01cd 1.384+0.02b 1.28+0.02cd
NDL 1.324+0.03bc 1.38+0.02b 1.31+0.01c 1.49+0.02a 1.3240.02bc
Non-Essen-tial Arginine DL 1.95+0.05d 2.11+0.02¢ 2.01+0.01cd 2.26+0.04b 2.08+0.02cd
NDL 1.99+0.04d 2.28+0.02b 1.86+0.02c 2.39+0.04a 2.24+0.03bc
Cysteine DL 0.23+0.02f 0.65+0.05b 0.20+0.01f 0.23+0.01f 0.19+0.01f
NDL 0.31+0.02e 0.78+0.05a 0.52+0.02c 0.53+0.02¢ 0.39+0.01d
Glycine DL 0.96+0.04e 1.03+0.03cde 1.00+0.02e 1.07+0.03cd 1.01+0.01de
NDL 1.19+0.04b 1.00+0.03de 1.01+0.02de 1.29+0.03a 1.10+0.01c
Histidine DL 0.69+0.02c 1.294+0.01ab 0.7040.30c 0.7040.10c 0.6740.03c
NDL 1.07+0.01b 1.51+0.01a 1.29+0.30ab 1.27+0.10ab 1.28+0.03ab
Serine DL 1.25+0.02f 1.38+0.02cd 1.3440.04de 1.43+0.03c 1.32+0.02def
NDL 1.2740.02ef 1.534+0.01b 1.5440.03b 1.67+0.02a 1.39+0.03cd
Tyrosine DL 0.85+0.05e 0.93+0.02cd 0.91+0.01de 0.97-+0.03cd 0.91+0.01de
NDL 0.98+0.01c 1.33+0.02a 1.11+0.01b 1.35+0.02a 1.084+0.01b

DL: Decorticated lentil; NDL: Non-decorticated lentil. All values are means of triplicate determinations + SD. This means within columns and rows for the same
parameter with different letters a, b, c, d, e, and f indicate significant results (p<0.05).
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Table 3

Minerals profile of selected BARI Lentil varieties under different milling conditions.
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Parameter Milling condition Lentil variety
BARI Lentil 3 BARI Lentil 6 BARI Lentil 7 BARI Lentil 8 BARI Lentil 9
Ca DL 1.10+0.10e 1.16+0.04e 1.04+0.04e 1.10+0.10e 1.06+0.06e
NDL 3.34+0.02b 3.55+0.02a 3.18+0.02¢ 3.45+0.03ab 2.85+0.02d
Mg DL 0.67+0.03d 0.78+0.03c 0.66+0.04d 0.50+0.03e 0.77+0.02c
NDL 1.04+0.03ab 1.11+0.03a 0.98+0.02b 1.07+0.02a 0.85+0.02¢
K DL 0.24+0.04f 0.32+0.02ef 0.33£0.02e 0.46+0.04d 0.24+0.04f
NDL 0.94+0.02¢ 1.02+0.02bc 1.07+0.03ab 1.14+0.04a 0.99+0.01bc
Na DL 0.11+0.01c 0.12+0.02bc 0.12+0.02bc 0.13+0.03bc 0.14+0.02bc
NDL 0.16+0.01b 0.16+0.01b 0.15+0.01bc 0.16+0.01b 0.51+0.01a
P DL 0.20+0.02¢ 0.19+0.01c 0.11+0.01d 0.25+0.05bc 0.19+0.01c
NDL 0.30+£0.02b 0.30£0.02b 0.39+0.02a 0.43+0.02a 0.37+0.02a
S DL 0.06-+0.02¢ 0.15+0.01b 0.13+0.03b 0.25+0.03a 0.11+0.01b
NDL 0.02:+0.00cd 0.01+0.00d 0.03+0.00cd 0.13+0.01b 0.12+0.02b
Cu DL 13.80+0.10a 13.50+0.36a 11.30+0.10b 11.20+0.02b 10.20+0.04b
NDL 11.00+1.00b 6.00-+0.20c 9.40-+0.20b 9.23+0.11b 5.40+0.20c
Fe DL 199+2.00c 201+4.00c 160+5.00f 219+2.00b 169+4.00e
NDL 188+2.00d 195+2.00cd 141£1.00 g 267+2.00a 15242.00f
Mn DL 7.79+0.02¢ 7.74+0.02e 7.63+0.06e 6.68-+0.02f 7.53+0.02e
NDL 28.30+0.30a 10.20+0.02¢ 10.50+0.36¢ 11.30+0.25b 9.30+0.26d
Zn DL 20.50-£0.20f 13.20+0.30i 15.20+0.07h 32.61+0.02b 27.00+1.00c
NDL 16.80+0.02 g 22.73+0.02e 25.51+0.04d 43.50+0.36a 22.15+0.05e
B DL 17.00+2.00 g 30.00+3.00e 20.00+£1.00fg 18.00+1.00d 40.00+1.00d
NDL 27.00+3.00ef 59.33+4.04b 49.00+3.60c 55.00+£5.00bc 75.00+3.00a

DL: Decorticated lentil, NDL: non-decorticated lentil. Ca, Mg, K, Na, P, and S were expressed as percentages; B, Cu, Fe, Mn, and Zn were expressed as ppm; 1 ppm=1 mg
kg ~0.1 mg/100 g. All values are means of triplicate determinations + SD. Means with row and column for the same parameter with different letters a, b, c, d, e, f, and

g indicate significant results (p<0.05).

In this study, Fe, Zn, P, and S varied significantly and were found to
be superior in BARI lentil 8 under non-decorticated conditions, except
for S, compared to other varieties. The highest value of S was observer
under decorticated conditions. Fe is an essential nutrient in the body. In
developing countries, Iron deficiency anemia affects approximately half
(50 %) of all preschool-going children and pregnant women (Gropper
et al., 2005). Iron (Fe) plays a significant role in the transport of oxygen
and is a key component of hemoglobin and myoglobin. It also takes part
in oxidation-reduction reactions during energy metabolism (National
Research Council of USA, 1989). Zinc is one of the potential minerals for
humans that assist in tissue repair from damaged cells, DNA formation,
protein synthesis, cell growth, and boosting the immune system. Low
dietary zinc intake in the diet may cause several zinc deficiency prob-
lems like physical growth and development, Diarrhea, Pneumonia,
malabsorption syndromes, inflammatory diseases of the bowel, and so
on. Phosphorus, the second most prevalent mineral, accounts for 1 % of
an individual’s total body weight. It is found in every cell of the human
body, with most of the phosphorus present in bones and teeth. It helps to
regulate proper kidney functioning, muscular contractions, normal
heartbeat, and nerve communications. It works with vitamin B. Sulfur is
abundantly found in high protein-rich foods such as milk and milk
products, eggs, meat, poultry, fish, and seafood. It helps to retain the
form of amino acids, which play an important function in the human
body, and it aids in the rigidification of cells, including those in the skin,
nails, and hair (Jacqueline and Marcus, 2013). Hence, consumption of
BARI lentil-8 in the diet may prevent Fe, Zn, P, and S deficiency anemia
(Devergnas et al., 2004), which exerts a very important mineral, espe-
cially for adolescents and pregnant women required daily.

B was found highly significant between decorticated and non-
decorticated conditions. In comparison among the different varieties,
the highest B was recorded by the BARI lentil 9 than others (Table 3).
Low B levels have been linked to poor immunological function, greater
risk of mortality, cognitive decline, and osteoporosis. In several animals
and people, high B status demonstrated cell damage and toxicity (Khaliq
et al., 2018). Boron has been shown to have proven beneficial effects on
the protection of the liver by drastically lowering the levels of very
low-density lipoprotein (VLDL) and serum triglyceride (TG) (Basoglu
et al., 2002).

Cu was significantly changed both decorticated and non-decorticated
lentil. The highest value of Cu was recorded by the BARI lentil 3
although non-significant differences were observed between BARI lentil
3 and BARI lentil 6 under decorticated conditions as compared to others.
No significant difference was found by the BARI lentil 7, BARI lentil 8,
and BARI lentil 9 under decorticated conditions. Mn was insignificantly
changed by the BARI lentil 3, BARI lentil 6, BARI lentil 7, and BARI lentil
9 under decorticated condition but under non-decorticated condition,
Mn was found superior to BARI lentil 3, which might be due to the
presence of peel. Ca and Mg were found superior in decorticated and
non-decorticated BARI lentil 6 as compared to others (Table 3). In the
decorticated condition, Ca was insignificantly changed but under the
non-decorticated condition, it was significantly changed. The highest
significant value of Mg was possessed under non-decorticated condi-
tions. Manganese is a mineral that naturally competes with calcium,
which is essential for heart muscle contractions and a healthy heartbeat.
It is also essential for the absorption and metabolism of vitamin D and
Ca. Moreover, the findings of this study suggest that all selected BARI
lentil varieties are good sources of essential minerals that may facilitate
beneficial effects on human health (National Research Council of USA,
1989).

Bioactive compounds of decorticated and non-decorticated BARI lentil
varieties

Bioactive compounds e.g., ascorbic acid, B-carotene, anthocyanin,
total phenolic compounds, and lycopene, naturally exist in foodstuffs
such as fruits, vegetables, legumes, herbs, lentils, and spices (Tiburski
et al., 2011). These components are thought to have the capacity to
reduce the occurrence of several degenerative illnesses such as cancer,
cardiovascular diseases, and coronary artery diseases, among others, by
inhibiting the activity of free radicals (Wang et al., 2010). Various
bioactive compounds or secondary metabolites like ascorbic acid,
B-carotene, anthocyanin, total phenolic compounds, and lycopene are
detected in decorticated and no-decorticated BARI lentil varieties,
which are listed in Table 4.
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Table 4
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Bioactive compounds of selected BARI lentil varieties under different milling conditions.

Parameter Milling condition Lentil variety
BARI Lentil 3 BARI Lentil 6 BARI Lentil 7 BARI Lentil 8 BARI Lentil 9
Ascorbic acid (mg/100 g) DL 2.73+0.02f 2.71+0.03f 2.72+0.03f 3.62+0.02¢ 4.52:+0.04d
NDL 11.76+0.24c 13.52+0.10b 13.52:+0.48b 13.52+0.18b 15.29+0.29a
p-carotene (mg/100 g) DL 56.14+0.01 g 32.24+0.02j 33.54+0.061 64.65+0.05f 53.16+0.04h
NDL 135.13+0.13b 113.11+0.11c 95.83+0.17d 142.16+0.16a 67.49+0.4%
Anthocyanin (mg/100 g) DL 0.41£0.02bc 0.57+0.03bc 0.26+0.04c 0.30-£0.05bc 0.65+0.05b
NDL 0.52+0.08bc 0.64+0.06bc 1.06+0.06a 0.64+0.06b 1.35+0.35a
Total Carotenoid (mg/100 g) DL 14.30+0.13f 24.10+0.01b 10.01+0.10h 16.174+0.03e 10.11+0.20h
NDL 18.34+0.34c 26.31+0.31a 11.81+0.17 g 17.06+0.06d 11.76+0.14 g
Total Phenolic compounds(mgGAE/100 g) DL 4.28+0.04 g 4.69+0.06 g 5.44+0.04f 11.65+0.10d 7.87+0.07e
NDL 19.18+0.18c 20.16+0.16b 19.53+0.30c 20.72+0.28a 19.28+0.28¢
Lycopene (mg/100 g) DL 0.57+0.03a 0.56+0.04ab 0.42+0.02bed 0.16+0.04e 0.07+0.03e
NDL 0.08+0.02¢ 0.50-£0.10abc 0.40+0.05cd 0.460.04abcd 0.32:+0.08d

DL: Decorticated lentil; NDL: Non-decorticated lentil; All values are means of triplicate determinations + SD. Letters a, b, ¢, d, e, f, g, h, i, and j indicate significant

results within the row and column for the same parameter at p<0.05.

Ascorbic acid

Ascorbic acid is recognized as one of the strongest antioxidants found
in foods, with regular consumption reducing the risks of several cancers
in the human body. (Almeida et al., 2011). However, it is also regarded
as the most unstable compound in foodstuffs, and its content is affected
by various factors including temperature, pH, oxygen, metal content,
etc. (Mondal et al., 2017). Therefore, the presence of ascorbic acid in
foodstuffs acts as an indicator of nutritional loss. The amount of ascorbic
acid both decorticated and non-decorticated BARI lentil varieties ranged
from 2.71+0.03 to 4.52+0.04 mg/100 g and 11.76+0.24 to 15.29+0.29
mg/100 g respectively. The highest amount of ascorbic acid was present
in non-decorticated lentils as compared to decorticated lentils (Table 4).
Results confirm that the highest amount of ascorbic acid was recorded
by the peel containing edible seed (non-decorticated) than edible seed
alone. The ascorbic acid content of raw, sprouted, and cooked Chinese
lentils was reported by Ganesun and Baijun (2017) as 3.40-4.50 mg/100
g, 12.70-16.50 mg/100 g and 1.50-3.00 mg/100 g. Here it is note-
worthy that the results obtained by BARI lentil varieties are almost
similar to the findings of the Chinese fresh lentil variety (Ganesun and
Baijin, 2017). Jukes (1974) stated that the Recommended Daily
Allowance of ascorbic acid for the prevention of scurvy in adults is
around 10 mg, so our current study of BARI lentil varieties found a
greater amount of ascorbic acid that may prevent scurvy with daily
consumption of 100 g of lentils. In comparison variety to variety, BARI
lentil 9 was found superior to retain the highest amount of ascorbic acid
4.52+0.04 mg/100 g and 15.294+0.29 mg/100 g than other varieties.

p-carotene

f-carotene plays an important role in human health and nutrition by
reducing the risk of cancer and heart diseases through the effects of pro-
vitamin A (Tiburski et al., 2011). The primary dietary source of vitamin
A is B-carotene which is required for proper growth and development,
proper immune functions, and visual perception. (Liji & Dibakar, 2015).
The results obtained by this study suggest that non-decorticated BARI
lentil varieties are a rich source of total p-carotene content which ranges
from 67.49+0.49 to 142.16+0.16 mg/100 g respectively (Table 4). In
comparison variety to variety, BARI lentil 8 possessed a superior amount
of B-carotene content in both decorticated and non-decorticated condi-
tions (64.65+0.05 mg/100 g and 142.16+0.16 mg/100 g) than other
varieties. In comparison between decorticated and non-decorticated
lentils, the highest p-carotene was documented in non-decorticated
lentils (edible seed with peel). The amount of f-carotene in raw,
sprouted, and cooked Chinese lentils was reported by Ganesun and
Baijun (2017) as 2.00-2.50 mg/100 g, 1.80-2.00 mg/100 g and 3.00
mg/100 g. Remarkably, the B-carotene content of non-decorticated BARI
lentil varieties was 15-30 folds higher than the findings of the Chinese
fresh lentil variety. Molla et al. (2020) reported that the B-carotene

content of the BARI mango-4, BARI mango-6, and commercial cultivar
Langra were recorded as 28.174+0.03 mg/100 g, 65.84+0.04 mg/100 g,
and 31.004+0.90 mg/100 g respectively. It is seen that the results ob-
tained by the BARI lentil varieties are completely in agreement with the
findings of Molla et al. (2020).

Anthocyanin

Anthocyanin is one of the most significant bioactive molecules that
found in food. Previous studies demonstrated that it has an excellent
antioxidant capability. The anthocyanin content of decorticated BARI
lentil varieties was insignificantly different (except BARI lentil 9)
whereas a significant difference was found under non-decorticated
conditions (Table 4). The highest anthocyanin (1.35 mg/100 g) was
recorded in non-decorticated lentils than decorticated and it was supe-
rior in the BARI lentil 9 variety. The total anthocyanin content of the
Cherry cultivars was recorded by Chaovanalikit and Wrolstad (2004),
who reported that the edible seed of cultivar Royan Ann and Rainier was
0.5 mg/100 g and 0.5 mg/100 g respectively. This finding is well sup-
ported by our present research findings. However, Bing cherry (29.7
mg/100 g) and Montmorency (8.7 mg/100 g) had the highest amount of
anthocyanin in the edible parts (skin and flesh), followed by the cultivar
Royan Ann and Rainier. Pigment concentration can vary greatly
depending on cultivar, soil type, variety, and fertilizer management
during cultivation. In the case of soybean cultivars, the anthocyanin
content of fresh China Black Soybean varieties of Dongbeichun, Bei-
fangchun, and Nanfangchun was recorded as 98, 10, and 83 mg/100 g
respectively (Xu et al., 2015). The result indicates that soybeans are a
rich source of anthocyanin than selected lentil varieties.

Total carotenoid

Carotenoids have great dietary significance. Recent studies have
shown that appropriate consumption of carotenoid-enriched foods can
minimize the incidence of numerous diseases, as demonstrated by
epidemiological research such as cardiovascular diseases, hypertension,
age-related macular degeneration, cataracts, diseases associated with
low immune function, cancers, and other degenerative diseases (Conrad
& Gan, 2007). As of now, it is still impossible to determine the precise
vitamin A levels of particular plant foods taken during meals or the
absorption rates of particular carotenoids from particular foods (Parker
et al., 1999). Our present study reveals that the carotenoid content of
decorticated (edible seed) and non-decorticated (edible seed with peel)
BARI lentil varieties were documented within the range of 10.11+0.20
to 24.10+0.01 mg/100 g and 11.76+0.14 to 26.314+0.31 mg/100 g
respectively (Table 4). Results revealed that the decorticated and
non-decorticated lentil and variety to variety were significantly different
whereas the highest carotenoid (26.31+0.31 mg/100 g) was docu-
mented in BARI lentil 6 under non-decorticated conditions.



M.M. Molla et al.

Total phenolic compounds

Lentils high in polyphenols may be utilized as complementary and
alternative medicine for their potential health benefits. These benefits
include antioxidant, antibacterial, antifungal, antiviral, and car-
dioprotective, anti-inflammatory, nephroprotective, anti-cancer, anti-
obesity, and hypolipidemic properties. Total phenolic compounds of
decorticated and non-decorticated BARI lentil varieties ranged from
4.284+0.04 to 11.65+0.10 mg GAE/100 g and 19.184+0.18 to 20.72
+0.28 mg GAE/100 g, indicates that non-decorticated lentils are a rich
source of total phenolic compounds than decorticated lentil. The total
phenolic content of the selected varieties in both decorticated and non-
decorticated conditions was significantly different. The higher phenolic
compound content was recorded in BARI lentil 8 in both decorticated
and non-decorticated conditions as compared to others. This might be
the result of the influence of the different varietal characteristics,
maturity, period of harvesting, soil, and field nutrient management
strategies during the variety’s introduction. The phenolic compounds of
the different millets e.g., foxtail millet, pearl millet, finger millet, and
proso millet calculated as 81.0 mg GAE/100 g, 147.80 mg GAE/100 g,
62.05 mg GAE/100 g and 40.1 mg GAE/100 g respectively. The phenolic
compounds from this study reported here show that lentil varieties
contained a lower content of total phenolic compounds than millets,
rice, wheat, and maize (McDough et al., 2000). Another study by Goufu
and Trinidade (2014) reported that the millet contained (40.10-147.80
mg GAE/100 g) higher content of phenolic compounds than rice
(37.60-144.50 mg GAE/100 g) and maize (60.10-164.30 mg GAE/100
g) but not from wheat (134.20-187.30 mg GAE/100 g) (Molla, 2016).
However, compared to others, it can be said that phenolic compounds
are superior in millets, rice, maize, and wheat than the widely promoted
lentils.

Lycopene

Lycopene is a red carotenoid pigment that occurs naturally and
contributes to the red-to-pink colors observed in tomatoes, grapes, and
other foods (Story et al., 2010). Although it may undergo substantial
isomerization, resulting in 1056 potential cis-trans configurations, the
all-trans configuration of lycopene is the most common isomer
frequently observed in foods (Story et al., 2010; Shi & Maguer, 2000)
that impart red color. Due to its lack of a terminal beta-ionone ring and
the fact that it does not mediate vitamin A action, lycopene, a
non-essential nutrient, is categorized as a non-provitamin-A carotenoid
pigment (Story et al., 2010). Besides these, it is a strong antioxidant
substance because it scavenges singlet oxygen from reactive oxygen
species (ROS). From the antioxidant point of view, the selected BARI
lentil varieties were studied under decorticated and non-decorticated
conditions whereas all the values were significantly different from va-
riety to variety and decorticated to non-decorticated lentil (Table 4). The
values of decorticated and non-decorticated ranged from 0.07+0.03 to
0.57+0.04 mg/100 g and 0.08+0.02 to 0.50+0.10 mg/100 g respec-
tively, indicating that non-decorticated lentils, including the peel, are a

Table 5
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richer source of lycopene compared to decorticated lentils. BARI lentil 3
possessed the highest amount of lycopene under decorticated conditions
as compared to other varieties.

Energy values of decorticated and non-decorticated BARI lentil varieties

All people require energy for rest, activity, proper growth, and
maintenance of good health. It is the prime concern and interest of
health-conscious individuals (Liji & Dibakar, 2015). The energy content
of decorticated BARI lentil 3, BARI lentil 6, BARI lentil 7, BARI lentil 8
and BARI lentil 9 were estimated as 8.084+0.02 Kcal/g, 7.96+0.04
Kcal/g, 7.84:0.02 Kcal/g, 7.610.04 Kcal/g and 7.8740.03 Kcal/g
respectively (Table 5). Likely non-decorticated BARI lentil 3, BARI lentil
6, BARI lentil 7, BARI lentil 8 and BARI lentil 9 was recorded as 8.79
40.02 Kcal/g, 8.12+0.20 Kcal/g, 8.24::0.04 Kcal/g, 8.18+0.02 Kcal/g
and 8.21+0.03 Kcal/g respectively (Table 5). The energy values were
statistically significantly different both variety to variety and decorti-
cated to non-decorticated condition. Results indicate that BARI lentil-3
retained the highest amount of energy value under non-decorticated
conditions. These might be due to the presence of peel in
non-decorticated lentils, confirming that peel is an abundant source of
energy than the edible seed of lentils.

Anti-nutritional compounds of decorticated and non-decorticated BARI lentil
varieties

Antinutritional compounds are natural or synthetic compounds that
interfere with the absorption of nutrients (Molla, 2016). In this study,
selected lentil varieties were evaluated for their anti-nutritional com-
pounds i.e., trypsin inhibitors, phytic acids, and saponins, and are
described in Table 5.

Trypsin inhibitors

Trypsin inhibitors followed the same pattern as that of the phytic
acid phosphorous. Trypsin inhibitory content was significantly different
between variety to variety but not decorticated to non-decorticated
condition (Table 5). The trypsin inhibitory content of non-decorticated
lentils was recorded as 6.57+0.13 IU/mg, 7.15+0.11 IU/mg, 8.00
+0.10 IU/mg, 6.71+0.05 IU/mg, and 5.931+0.11 IU/mg in BARI lentil 3,
BARI lentil 6, BARI lentil 7, BARI lentil 8 and BARI lentil 9 whereas the
lowest value was recorded in decorticated lentils (Table 5). Results
revealed that BARI lentil 7 gained the highest amount of trypsin inhib-
itory content in both decorticated and non-decorticated conditions than
other varieties. Similar findings were obtained for pigeon peas and
Bambara groundnuts, which might be attributed to increased denatur-
ation of these enzyme inhibitors during pre-processing (Igbedioh et al.,
1994).

Phytic acid phosphorus
Phytic acid or phytates are the main storage form of dietary phos-
phorus accounting for 50-85 % of total phosphorus in plants (Reddy

Energy value and anti-nutritional compounds of selected BARI lentil varieties under different milling conditions.

Parameter Milling condition Lentil variety
BARI Lentil 3 BARI Lentil 6 BARI Lentil 7 BARI Lentil 8 BARI Lentil 9
Energy (Kcal/g) DL 8.08+0.02bc 7.96+0.04cd 7.84+0.02d 7.61+0.04e 7.87+0.03d
NDL 8.79+0.02a 8.12+0.20bc 8.244+0.04b 8.18+0.02b 8.21:+£0.03b
Anti-nutritional compounds
Trypsin (IU/mg) DL 6.514+0.10c 7.05+0.05b 7.97+0.03a 6.67+0.03c 5.90+0.10d
NDL 6.57+0.13c 7.15+0.11b 8.00+£0.10a 6.71+0.05¢ 5.93+0.11d
Phytic acid (IU/mg) DL 2.66+0.04bc 1.27+0.03e 3.00+0.10ab 2.62+0.24c 2.03+0.03d
NDL 2.69+0.10bc 1.30+0.12e 3.11+0.13a 2.67+0.11bc 2.15+0.13d
Saponin (IU/mg) DL 23.44+0.10c 23.02+0.02d 19.74+0.10e 18.77+0.10f 25.55+0.10a
NDL 23.51+0.11c 23.11+0.04d 19.79+0.13e 18.81+0.13f 24.59+0.14b

DL: Decorticated lentil; NDL: Non-decorticated lentil; All values are means of triplicate determinations + SD. Letters a, b, c, d, e, and f indicate significant results within

the row and column for the same parameter at p<0.05.
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et al., 1982). Phytates are generally found on the outer surface of the
endosperm. The optimum phytate level for healthy consumption is 25
mg or less per 100 g to minimize micronutrient losses (Onomi et al.,
2004). Phytates are also considered antinutrients due to their binding
properties with minerals, proteins, and starch (Rochfort & Panozzo,
2007). However, these antinutrients play a vital role in plant growth,
development, and cellular functions such as DNA repair, endocytosis,
chromatin remodeling, and hormone signaling (Zhou & Erdman, 1995).
Phytic acid exhibits anticancer characteristics because of its ability to
prevent cell proliferation and tumor abrogation. Phytates included in
high-fiber diets have been linked to a decreased risk of some types of
cancer. Phytates also exert antioxidant activities and can prolong post-
prandial glucose absorption. In the present study, the phytates of the
BARI lentil varieties both decorticated and non-decorticated conditions
were significantly different whereas the values ranged from 1.27 to 3.00
IU/mg and 1.30 to 3.11 IU/mg. The highest value was noted in BARI
lentil-7 under non-decorticated conditions than others, indicating that
peel-contained lentils are a rich source of phytic acid (Table 5).

Saponins

Table 5 shows, the saponins of decorticated and non-decorticated
BARI lentil varieties whereas all the varieties were significantly
different but in decorticated and non-decorticated conditions, insignif-
icant differences were observed except BARI lentil 9. The highest sa-
ponins (24.554+0.10 IU/mg and 24.59+0.14 IU/mg)) were documented
by BARI lentil-9 under decorticated and non-decorticated conditions.
The values obtained by the study confirm that BARI lentil varieties are a
good source of dietary saponin which is a secondary metabolite that
comprises a carbohydrate molecule (mono-/oligosaccharides) con-
nected to a lipid-soluble aglycone with a steroidal or triterpenoid
structure. These exert a positive impact on biological cell membranes
because they can increase the permeability of intestinal mucosal cells,
hinder active mucosal transport, and allow the absorption of substances
that are usually not absorbed by the gastrointestinal tract of humans
(Couto et al., 2015). They have been shown to reduce the risk of chronic
diseases by reducing plasma cholesterol levels in people (Singh et al.,
2017). Similar findings were observed by Singh et al. (2017) for pulses,
who reported that saponins are predominantly obtained from pulses and
are particularly essential in the human diet because of their
anti-carcinogenic, antimutagenic, hypoglycemic, anti-inflammatory,
immunomodulatory, and neuroprotective properties.

Microbiological properties analysis

Microorganisms are primarily responsible for food quality deterio-
ration and creating health hazards after consumption. The microbial
profiles of examined decorticated and non-decorticated lentils for bac-
teria and mycotoxins are represented in Table 6. The viable bacterial
total plate count of non-decorticated lentils was 1.06 x 10° CFU/g.
Among the different bacterial species, Enterobacteriaceae and Faecal
streptococci were found as 1.1 x 10® CFU/g and 1.0 x 10° CFU/g,
respectively whereas total coliform, Staphylococcus aureus, and E. coli
were represented as 1.0 x 10> MPN/g, < 3 MPN/g, and < 3 MPN/g,
respectively. It is a great concern that Listeria spp. (per 25 g), Salmonella
spp. (per 25 g), and Pseudomonas aeruginosa (per g) was presented in
non-decorticated lentils although Vibrio cholera (per 25 g) was absent.
Moreover, mycotoxin studies stated that aflatoxins (B1, B2, G1, and G2),
ochratoxin, and patulin were absent in decorticated and non-decorti-
cated lentils. The incidence of slight amounts of different microorgan-
isms such as Enterobacteriaceae, Faecal streptococci, total coliform,
Staphylococcus aureus, and E. coli presence in non-decorticated lentils
might be due to directly or indirectly contaminated with soil during
harvesting, pre-processing and sun drying. Moreover, inappropriate
handling of lentils during harvesting, packaging, transportation, stor-
age, and existing environmental conditions might have unfavorably
contributed to the presence of microorganisms (Molla et al., 2021).
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Table 6
Microbiological properties and sensory evaluation of decorticated and non-
decorticated BARI lentil varieties.

Parameter Decorticated lentil Non-decorticated lentil

Bacterial profile

Total plate count (CFU/g) ND 1.06 x 10°
Enterobacteriaceae (CFU/g) ND 1.1 x 10°
Faecal streptococci (CFU/g) ND 1.0 x 10°
Total coliform (MPN/g) ND 1.0 x 10°
Staphylococcus aureus (MPN/g) ND <3

E. coli (MPN/g) ND <3
Listeria spp. (per 25 g) ND Present
Salmonella spp. (per 25 g) ND Present
Vibrio cholera (per 25 g) ND Absent
Pseudomonas aeruginosa (per g) ND Present
Mycotoxin profile

Aflatoxin B1 (ug kg™) ND ND
Aflatoxin B2 (ug kg™) ND ND
Aflatoxin G1 (ug kg'l) ND ND
Aflatoxin G2 (ug kg™) ND ND
Ochratoxin A (ug kg™) ND ND
Patulin (ug kg™) ND ND
Sensory evaluation

Color 7.60+1.17 7.40+1.04
Flavor 7.60+0.84 7.50+0.82
Taste 7.80+0.63 7.80+0.33
Bitterness 7.40+1.17 7.30+1.03
Overall acceptability 7.62+0.69 7.60+0.50

All values are means of triplicate determinations + SD. No letter means non-
significant result at p<0.05. ND-Not Detected; CFU-Colony Forming Unit;
MPN-Most Probable Number.

Therefore, proper pre and postharvest practices such as field manage-
ment, harvesting techniques, sorting, grading, washing, and drying
could be one of the ways to minimize the occurrence of microbiological
activities of the non-decorticated lentil.

Sensory evaluation of decorticated and non-decorticated lentils under
cooking condition

The score obtained for lentils cooked with edible seed (decorticated
lentil) by the expert judgment panel group in terms of the following
quality characteristics color, flavor, taste, bitterness, and overall
acceptability was higher than the lentil cooked with peel (non-decorti-
ated lentil) (Table 6) although statistically non-significant differences
were recorded between decorticated and non-decorticated lentils. Most
of the expert panelists expressed their opinion that no bitterness was
found during the sensory evaluation of the lentil cooked with peel (non-
decorticated). The taste of the lentil cooked with peel possessed excel-
lent scores from all panel members even the children (6-18 years old)
also liked it very much and consumed it spontaneously. However, the
lentil cooked with peel was more accepted by the panelists even nutri-
tionally most of the nutrients and bioactive compounds retained by the
non-decorticated lentil (Table 1, Table 2, Table 3, and Table 4) than
decorticated lentil. Hence, the lentils with peel could be cooked and
consumed spontaneously as they are free from the risk of mycotoxin
(Table 6).

Conclusion

The study exposed to analyze and document the nutritional, physi-
cochemical, minerals, bioactive substances, antinutrients, ochratoxin,
and patulin of the BARI lentil varieties under decorticated and non-
decorticated conditions to explore its consumption technique at non-
decorticated conditions without any quality deterioration. Data ob-
tained from this study confirm that non-decorticated lentil is an excel-
lent source of bioactive constituents and human essential micronutrients
Ca, Mg, Fe, and Zn which can meet the recommended value (daily
requirement) of the people. These findings suggest that humans could
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consume mycotoxin-free non-decorticated lentils following different
hygiene techniques. However, the bioactive compounds present in non-
decorticated lentils may be used as raw materials for the food and
pharmaceutical industries. The technology will also contribute to the
recovery milling percentage and milling cost of lentils at the grower’s
and technology users’ level.
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