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Lentil flours were extracted with 80% ethanol at 25 and 50 °C for 1, 2, or 3 h. The various nitrogen
fractions, soluble carbohydrates, three amino acids (Lys, His, and Tyr), available lysine, protein
digestibility, and vitamins B1 and B2 were analyzed to evaluate the effect of extraction. Extraction
resulted in an increase in the total nitrogen content of the extracted flours, with extraction
temperature affecting the nature of the nitrogen (protein or nonprotein) content. There was also a
large reduction in the oligosaccharides of the raffinose family, although the effect of temperature
was appreciable only in the case of stachyose. There was hardly any effect on the concentrations of
the amino acids analyzed or on protein digestibility; however, a positive correlation between protein
digestibility and the available lysine was recorded in the samples. The vitamin B1 and B2 contents
underwent variable decreases depending on extraction temperature.
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INTRODUCTION

As good sources of protein, carbohydrates, several
water-soluble vitamins, and minerals, legumes in gen-
eral make a major contribution to human nutrition.
However, the nutritive value of legumes is limited by
certain antinutritional factors that can affect accept-
ability and nutrient availability. Removal of undesirable
components is essential for optimal utilization of le-
gumes as human food and enhanced acceptability and
nutritional quality. A number of different processing
methods have been put forward to that end, the most
conventional being soaking, boiling, germination, and
fermentation. Other methods less widespread, including
extraction, have also been developed.

Extraction may involve removal of one or more
unwanted components in either a single step or multiple
steps and may or may not be intentional, depending on
the process involved (1). Extraction is not intentional
when it comprises one stage of a processing method. For
instance, extraction using 60-80% aqueous alcohol to
immobilize the protein component is a step in the
preparation of protein concentrates (2).

Alternatively, extraction may be intentional, the
primary purpose being to remove some of the unwanted
components from the legumes. Very little work has been
conducted in this respect. Extraction using different
alkaline solutions to reduce tannins, trypsin inhibitor
activity, and hemagglutinating activity has been tested
(3-5). Solvent extraction and a combination of solvent
extraction and heat treatment have been described to
remove lipid-derived off-flavors (6). Alcohol extraction
has been proposed as a possible alternative processing
method to remove growth-depressing factors in soybean

meal (7-9). Tolman (10) studied the effect of extraction
performed at different temperatures using different
concentrations of ethanol on certain antinutritional
factors, protein denaturation, and functional properties
in raw peas and pea protein isolate.

Oligosaccharides of the raffinose family are one of the
primary antinutritional factors in lentils and are known
to be extractable in 80% aqueous ethanol, so it was
decided to study the effect of extraction on such sugars.
An additional advantage of this method of solvent
extraction is the possibility of removing color and flavor
components and residual lipids, thereby improving the
aroma and flavor profiles of the resulting product and
extending shelf life. However, in addition to measuring
the effect of this extraction method on the antinutri-
tional factors of the final product, it is also necessary
to evaluate the other essential nutrients, namely,
proteins and vitamins, to know the effect on its nutritive
value.

Accordingly, the objective of the study was to obtain
lentil flours prepared by means of extraction using
aqueous ethanol (80% v/v) at two different working
temperatures, namely, ambient temperature (25 °C) and
50 °C, for three different working times, 1, 2, and 3 h,
and then to evaluate the effect of extraction on the
various nitrogen fractions (total, protein, and nonprotein
nitrogen), monosaccharides, disaccharides, and R-ga-
lactosides, three amino acids (lysine, histidine, and
tyrosine), available lysine, protein digestibility, and two
vitamins (B1 and B2).

MATERIALS AND METHODS

Ethanol Extraction of the Lentils. Lens culinaris var.
vulgaris cv. Magda-20 was used in the extraction experiments.
The seeds were comminuted in a mill under refrigeration to
prevent heating, and the ground lentils were then sieved
through a screen with a pore size of 0.6 mm.

For the extraction performed at ambient temperature, 100
g of ground, sieved lentil flour was extracted in 300 mL of 80%
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ethanol. After initial stirring by hand with a rod, stirring was
continued automatically using a magnetic stirrer at 1000 rpm.
The container was protected from light during the extraction
procedure. The hot extraction was performed in the same
conditions just described above, except that the ethanol was
heated to 50 °C before being added to the sample, heating at
50 °C was carried out during the procedure, and the container
was fitted with a cooling coil to prevent evaporation losses
during extraction. Three extraction times (1, 2, and 3 h) were
tested at each extraction temperature. Extractions were
performed in duplicate.

At the end of the extraction time, extracted flour samples
were separated from the extraction liquids by vacuum filtra-
tion. The extracted samples were freeze-dried, and the extrac-
tion liquids were discarded. Residual moisture in the freeze-
dried samples was determined by drying in an oven at 100
°C.

Total Nitrogen Determination. The total nitrogen was
analyzed by using the Kjeldahl method with endpoint poten-
tiometric at pH 4.6. An indicator solution of 0.01 g of methyl
red, 0.02 g of bromothymol blue, and 0.06 g of bromocresol
green in 100 mL of 70% ethanol (v/v) was used for endpoint
control. The color of this solution changes at pH 4.6. A factor
of 6.25 was used to calculate the crude protein content of the
samples.

Protein and Nonprotein Nitrogen Determination. The
copper sulfate method was used to determine the nonprotein
nitrogen. An amount of 0.5 g of sample was weighed out into
a precipitation tube; 50 mL of distilled water and two drops
of silicone were added, and the mixture was boiled gently and
shaken for 30 min. An amount of 2 mL of 10% aluminum
potassium sulfate was added, and the mixture was heated to
boiling. Next, 50 mL of 3% copper sulfate was added, and the
mixture was shaken until it had cooled to ambient tempera-
ture. It was then filtered, and the nonprotein nitrogen was
determined by using the Kjeldahl method. The protein nitro-
gen was calculated as the difference between the total and
nonprotein nitrogen.

Soluble Nitrogen Determination. The soluble nitrogen
was determined at three pH values, 3, 5, and 7. An amount of
0.4 g of sample was weighed out in a centrifugation tube, and
30 mL of distilled water was added. The pH was adjusted using
0.1 M NaOH or 0.1 M HCl, depending on the assayed pH. The
mixture was shaken continuously for 1 h at ambient temper-
ature. The pH was monitored continuously throughout the
procedure and readjusted as necessary. The mixture was then
centrifuged at 20000g for 15 min and filtered through What-
man No. 1 paper. The filtrate and the liquids from washing
the residue were collected in a Kjeldahl flask, and soluble
nitrogen was determined using the method already described
above for total nitrogen.

Monosaccharide, Disaccharide, and r-Galactoside De-
terminations. Analysis of monosaccharides (glucose and
fructose), disaccharides (sucrose), and R-galactosides (raffinose,
ciceritol, and stachyose) was carried out using the method
described by Frias et al. (11). The extraction of the soluble
sugars was performed using 80% ethanol and boiled under
reflux for 15 min. Quantitation was carried out by HPLC with
refraction index detection (HPLC-RI).

Lysine, Histidine, and Tyrosine Determinations. The
total lysine, histidine, and tyrosine contents of the lentils were
determined after hydrolysis with 6 M HCl at 110 °C for 24 h.
Amino acid were analyzed by HPLC as dansylated derivatives
using the method of Sanz et al. (12).

Available lysine determination. The available lysine
content of the lentils was determined using 1-fluoro-2,4-
dinitrobenzene (FDNB) according to the method of Castillo et
al. (13). After reaction with FDNB, the proteins were hydro-
lyzed using 6 M HCl at 110 °C for 24 h. The available lysine
was determined by HPLC.

In Vitro Digestibility. In vitro digestibility of the samples
was determined according to the pH-stat method developed
by Pedersen and Eggum (14). A three-enzyme solution was
made up to contain 23100 units of trypsin (EC 3.4.21.4)
(porcine pancreatic trypsin, type IX, Sigma T-0134), 186 units

of chymotrypsin (EC 3.4.21.1) (bovine pancreatic chymotrypsin,
type II, Sigma C-4129), and 0.052 unit of peptidase (porcine
intestinal peptidase, grade K, Sigma P-7500) per milliliter. The
pH was adjusted to 8.00 at 37 °C, and the enzyme solution
was frozen at -30 °C until use. The activity of this solution
was determined daily using an aqueous suspension of sodium
caseinate (Sigma C-8654).

An amount of 10 mL of sodium caseinate or sample
suspension (1 mg of N/mL of water) was placed in a titration
cell at 37 °C, and the pH was adjusted to 8.0 and held at that
level for 10 min. An automatic titration was then run using
the pH-stat procedure, with the addition of 1 mL of the enzyme
solution. The amount of 0.100 M NaOH required to keep the
pH at 7.98 for exactly 10 min was used to determine uncor-
rected true protein digestibility (%UTD) employing the fol-
lowing equation:

where B ) mL of added 0.100 M NaOH. The %UTD values
were corrected using the value obtained for the sodium
caseinate solution (15).

Vitamin B1 and B2 Determinations. A single extraction
procedure for vitamins B1 and B2 was carried out according to
the method of Vidal-Valverde et al. (16). Vitamin B1 was
quantified by HPLC with postcolumn derivatization and
fluorescence detection according to the method of Sierra and
Vidal-Valverde (17). Vitamin B2 was determined by HPLC with
fluorescence detection as described by Sierra and Vidal-
Valverde (17).

Statistical Analysis. All statistical analyses were per-
formed using the Statgraphics Statistical Graphics System,
version 5.0 (Statistical Graphics Corp., Rockville, MD). Mul-
tifactor analysis of variance was used to determine significant
differences and regression analysis to determine the correla-
tions.

RESULTS AND DISCUSSION

Total, Protein, and Nonprotein Nitrogen. Table
1 presents the total nitrogen, crude protein, protein
nitrogen, and nonprotein nitrogen values for the etha-
nol-extracted lentil flours and the control lentil flour.

Total nitrogen content in the control flour was 4.42%
and that of crude protein, 27.62%. This latter value was
within the range of 19.5-31% reported by Bhatty (18)
for lentils grown in Canada. Nonprotein nitrogen in the
control flour made up 12.9% of the total nitrogen.

With regard to the effect of extraction on the total
nitrogen content and the crude protein content, Table
1 shows that there was a significant increase (2-3%)
in the values at both extraction temperatures but that
the values were unaffected by the extraction time
employed. Grant et al. (8) also recorded an increase in
protein concentration of ∼1% after ethanol extraction

Table 1. Total, Protein, and Nonprotein Nitrogen and
Crude Protein Contenta (Grams per 100 g of DM) in
Lentils Extracted Using Ethanol

lentils
total

nitrogen
crude

protein
nonprotein

nitrogen
protein

nitrogen

control 4.42 ( 0.03a 27.62 ( 0.17a 0.57 ( 0.05a 3.85a

extracted at ambient temperature
1 h 4.56 ( 0.02b 28.50 ( 0.17b 0.81 ( 0.05b 3.75b

2 h 4.56 ( 0.03b 28.53 ( 0.22b 0.84 ( 0.03b 3.72b

3 h 4.56 ( 0.04b 28.50 ( 0.26b 0.84 ( 0.02b 3.72b

extracted at 50 °C
1 h 4.54 ( 0.02b 28.40 ( 0.13b 0.45 ( 0.01c 4.09c

2 h 4.51 ( 0.01b 28.21 ( 0.04b 0.38 ( 0.01c 4.13c

3 h 4.51 ( 0.02b 28.18 ( 0.17b 0.47 ( 0.06c 4.04c

a Values are the means of four determinations ( SD. Means
with different superscripts in the same column are significantly
different (P < 0.05).

%UTD ) 76.14 + 47.77B
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of defatted soybean meal at 60 °C. Tolman (10) found
an increase of 2.5% in the crude protein content of peas
following ethanol extraction at 50 °C.

Extraction also exerted a significant effect (P < 0.05)
on both the protein nitrogen and the nonprotein nitro-
gen contents. Ambient temperature extraction resulted
in a substantial increase in the nonprotein nitrogen
content compared with the control flour, the increase
ranging from 42 to 47% depending on the extraction
time, indicating that ∼18% of the total nitrogen in the
samples was nonprotein nitrogen. Conversely, hot ex-
traction at 50 °C brought about a decrease in the
nonprotein nitrogen content of the extracted flours to
below the value for the control flour, with losses of 18-
33%. In the case of hot extraction, the proportion of
nonprotein nitrogen in the total nitrogen ranged be-
tween 8 and 10%, depending on the extraction time.

Tolman (10) reported, without furnishing data, that
the nonprotein nitrogen fractions were more readily
separated from denatured proteins. If this is the case,
it may mean that the nonprotein nitrogen is less soluble
in the ethanol on extraction of the lentil flours at
ambient temperature, because of the lower level of
protein denaturation. In contrast, during hot extraction,
the higher temperature and higher level of denaturation
may be conducive to extraction, thereby bringing about
a decrease in the nonprotein nitrogen content of the
samples.

Soluble Nitrogen. Figure 1 shows the percentage
soluble nitrogen values obtained at the three pH values
considered (3, 5, and 7) in the control flour and in the
lentil flours extracted using ethanol. The solubility
profile for the control flour was in agreement with the
findings reported by other workers for various raw
legumes (19-25).

The percentage soluble nitrogen values were lower in
all of the extracted flours than in the control flour at

all the pH values tested. Although soluble nitrogen
values in the extracted flours were lowest at pH 5, the
values at that pH were nonetheless proportionally the
highest with respect to the value for the control flour,
nearly 75% of the control value for the ambient tem-
perature extractions and 67-80% for the hot extrac-
tions. In comparison, the soluble nitrogen values for all
of the extractions performed at pH 3 were only ∼50%
of the initial level. The effect of extraction temperature
was only significant at pH 7, at which the soluble
nitrogen was 55-63% of the value for the control flour
in the samples extracted at ambient temperature and
only 30-35% of the value for the control flour in the
samples extracted at 50 °C.

Organic solvents, which have a dielectric constant
lower than that of water, alter the tertiary structure of
the proteins, which are denatured as a result of a
competitive reaction for the intermolecular hydrophobic
interactions, interfering with the hydrogen bridges and
thereby altering hydration (26). Mattil (27) regarded
solubility as a measure of protein denaturation.

The fact that alcohols tend to denature proteins and
lower protein solubility (9) and the fact that denatured
proteins are ordinarily less soluble than native proteins
around their isoelectric point may account for the lower
level of soluble nitrogen at pH 3 and 5 as well as the
fact that time and temperature were not determining
factors at those pH values. Tolman (10) likewise re-
ported denaturation of pea proteins by ethanol to be
more marked than that brought about by temperature.
Nevertheless, in that same study a larger decrease in
the protein dispersibility index was also recorded when
the extraction temperature was increased from 50 to 80
°C. That index obtains at each foodstuff’s natural pH,
which in the case of peas is ∼7. This is consistent with
the higher level of protein denaturation in the lentils
caused by ethanol at pH 7.0 recorded in this experiment
at the higher extraction temperature.

Monosaccharides, Disaccharides, and r-Galac-
tosides. Table 2 summarizes the effects of ethanol
extraction on the soluble carbohydrate content. The
values for these sugars in the unextracted lentils, that
is, the control flour, were in the range of values
previously published in the literature (28-32). In the
control flour stachyose was the sugar present in the
highest amounts, followed by sucrose, ciceritol, and
raffinose, whereas only small amounts of fructose were
present. Glucose was not detected in the control flour.

After 80% ethanol extraction, the total soluble sugar
content decreased sharply after large decreases in the
contents of the individual sugars. The fructose content
decreased after ethanol extraction, with no significant
differences between extraction at ambient temperature
and at 50 °C, although larger decreases (75%) were
recorded after 3 h at ambient temperature. The decrease
in sucrose (77%) after ethanol extraction for 1 h at 50
°C was larger than the decrease (73%) recorded after 1
h at ambient temperature. After 2 h, the observed
decreases were similar (79%) at both temperatures
tested, and the maximum decrease (82%) in the sucrose
content was attained only after extraction at ambient
temperature for 3 h.

In the case of the R-galactosides, raffinose and cic-
eritol behaved similarly, with the contents of those
sugars decreasing after ethanol extraction, although no
significant differences were found between the ambient
temperature and 50 °C extraction temperature after 3

Figure 1. Nitrogen solubility (percent) in lentils extracted
at (A) ambient temperature and (B) 50 °C: ([) control; (4) 1
h; (/) 2 h; (0) 3 h.
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h (a decrease of 79% for raffinose and a decrease of 95%
for ciceritol). Stachyose also decreased after ethanol
extraction, with larger reductions at 50 °C. A decrease
of 96% was obtained after 3 h.

Oligosaccharides of the raffinose family are known to
be extractable in 80% aqueous ethanol, and indeed the
procedure employed for oligosaccharide determination
involves this extraction during 15 min of boiling.
However, data on extraction at different temperatures
would appear to be lacking. The results presented in
Table 2 indicate that ethanol extraction brings about a
substantial reduction in the oligosaccharides of the
raffinose family (raffinose, ciceritol, and stachyose) and
that temperature did not make any appreciable differ-
ence except in the case of stachyose.

Total and Available Lysine, Histidine, and Ty-
rosine. Table 3 presents the values for the amino acids
lysine, histidine, and tyrosine in the control flour and
in the extracted flours. The values have been expressed
as percentage dry matter (DM) and as grams of amino
acid per 16 g of total nitrogen.

The values of the three amino acids in the control
flour were within the ranges published in the literature,
namely, 6.3-7.0 for lysine, 2.1-2.6 for histidine, and
2.2-3.1 for tyrosine (33-37).

According to the data shown in the Table 3, extraction
caused hardly any alteration in the values for the amino
acids considered and likewise did not affect the propor-
tions of those amino acids in the protein, regardless of
extraction temperature and duration.

Various workers have reported that the values for
essential amino acids remain similar to those in the
original seeds during the production of concentrates and
isolates from legumes, a procedure that includes a
preliminary extraction step performed using alcohol (9,
38, 39).

Table 4 sets out the values for available lysine,
expressed as grams per 16 g of nitrogen, and percentage
lysine availability calculated as a percentage of the total
lysine.

Lysine availability in the control flour was ∼77%,
which means that ∼23% of the lysine in the seeds is
present in a form in which it is not available for use,
either for natural reasons or as a result of the processing
undergone by the seeds prior to marketing. Petzke et
al. (40) determined the available lysine content in
selected tropical crop seeds using the method of Booth
(41). The lysine availability values ranged from 65 to
96% in the different species considered.

Table 4 shows that extraction at ambient temperature
brought about a decrease in the available lysine content
after 3 h (P < 0.05). Differences in availability were not
significant except after 1 h, when a slight decrease was
observed. The hot ethanol-extracted flours showed no
significant differences either in available lysine content
or in lysine availability. Only a significant decrease in
lysine availability between extraction for 2 and 3 h was
found.

Table 2. Changes in Soluble Carbohydratesa (Grams per 100 g of DM) in Lentils Extracted Using Ethanol

lentils fructose sucrose raffinose ciceritol stachyose R-galactosides
soluble

carbohydrates

control 0.08 ( 0.00a 2.94 ( 0.03a 0.52 ( 0.01a 2.20 ( 0.04a 3.74 ( 0.04a 6.46 ( 0.05a 9.48 ( 0.05a

extracted at ambient temperature
1 h 0.04 ( 0.01b 0.80 ( 0.02b 0.22 ( 0.03b 0.17 ( 0.01b 0.35 ( 0.04b 0.74 ( 0.03b 1.58 ( 0.04b

2 h 0.06 ( 0.02b 0.62 ( 0.02c 0.18 ( 0.01c 0.12 ( 0.01cd 0.37 ( 0.02b 0.67 ( 0.03c 1.36 ( 0.05c

3 h 0.02 ( 0.01c 0.58 ( 0.01d 0.11 ( 0.01d 0.11 ( 0.01c 0.31 ( 0.01c 0.53 ( 0.01d 1.13 ( 0.02de

extracted at 50 °C
1 h 0.05 ( 0.02b 0.68 ( 0.09e 0.16 ( 0.02e 0.13 ( 0.02d 0.24 ( 0.01d 0.53 ( 0.04d 1.26 ( 0.15f

2 h 0.04 ( 0.01b 0.62 ( 0.07c 0.13 ( 0.05d 0.13 ( 0.03d 0.24 ( 0.06d 0.54 ( 0.01d 1.16 ( 0.21df

3 h 0.04 ( 0.00b 0.64 ( 0.03c 0.13 ( 0.01d 0.11 ( 0.02c 0.16 ( 0.03e 0.40 ( 0.07e 1.08 ( 0.10e

a Values are the means of four determinations ( SD. Means with different superscripts in the same column are significantly different
(P < 0.05).

Table 3. Lysine, Histidine, and Tyrosine Contentsa in Lentils Extracted Using Ethanol

% DM g/16 g of nitrogen

lentils lysine histidine tyrosine lysine histidine tyrosine

control 1.80 ( 0.00a 0.76 ( 0.01a 0.80 ( 0.01ab 6.54 ( 0.02a 2.75 ( 0.03a 2.92 ( 0.03ab

extracted at ambient temperature
1 h 1.93 ( 0.06b 0.74 ( 0.01a 0.84 ( 0.01c 6.79 ( 0.26a 2.59 ( 0.07b 2.95 ( 0.01a

2 h 1.87 ( 0.03b 0.77 ( 0.01a 0.84 ( 0.00c 6.55 ( 0.16a 2.70 ( 0.02ab 2.94 ( 0.03a

3 h 1.85 ( 0.00b 0.81 ( 0.07a 0.83 ( 0.01bc 6.48 ( 0.05a 2.68 ( 0.00ab 2.92 ( 0.02ab

extracted at 50 °C
1 h 1.87 ( 0.00b 0.77 ( 0.00a 0.82 ( 0.00abc 6.60 ( 0.01a 2.71 ( 0.00ab 2.89 ( 0.04ab

2 h 1.84 ( 0.03b 0.77 ( 0.01a 0.81 ( 0.01abc 6.52 ( 012a 2.73 ( 0.04a 2.87 ( 0.04ab

3 h 1.91 ( 0.09b 0.79 ( 0.02a 0.80 ( 0.02a 6.77 ( 0.37a 2.80 ( 0.09a 2.83 ( 0.09b

a Values are the means of four determinations ( SD. Means with different superscripts in the same column are significantly different
(P < 0.05).

Table 4. Available Lysine Contenta (Grams per 16 g of
Nitrogen) and Lysine Availability (Percent) in Lentils
Extracted Using Ethanol

lentils available lysine availability

control 5.02 ( 0.07ab 76.8ab

extracted at ambient temperature
1 h 4.70 ( 0.19ac 69.2c

2 h 4.85 ( 0.15abc 74.0abc

3 h 4.57 ( 0.00c 70.5ac

extracted at 50 °C
1 h 4.83 ( 0.27abc 73.2abc

2 h 5.12 ( 0.06b 78.5b

3 h 4.79 ( 0.04abc 70.8ac

a Values are the means of four determinations ( SD. Means
with different superscripts in the same column are significantly
different (P < 0.05).
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The lysine and histidine scores (grams of amino acid
in 16 g N of test sample/grams of the same amino acid
in 16 g of N of reference protein × 100) for the lentil
flours can be calculated against the pattern of amino
acid requirements for preschool children (2-5 years)
proposed by FAO/WHO/UNU (42) (5.8 g of lysine and
1.9 g of histidine in 16 g N of pattern). The tyrosine score
was not calculated, because the reference standard
encompasses the sum of tyrosine and phenylalanine.
Two lysine scores were calculated, one based on the total
lysine and the other based on the available lysine.

The histidine score and the score based on the total
lysine were >100 for all of the flours, and the values
for the extracted flours were similar to the value for the
control flour (144.7 and 112.8 for histidine and lysine
scores, respectively).

When calculated on the basis of the available lysine
content, the scores for all of the flours were <100. The
scores for the flours extracted at ambient temperature
(76.0, 83.6, and 78.8 for extraction for 1, 2, and 3 h,
respectively) were lower than the values for the control
flour (86.6). The scores for the hot-extracted flours (83.3,
88.3, and 82.6 for extraction for 1, 2, and 3 h, respec-
tively) were higher.

In Vitro Digestibility. Table 5 gives the in vitro
digestibility values for the control flour and for the flours
extracted under the different conditions tested.

Digestibility values varied hardly at all in the flours
extracted at ambient temperature, with the highest
value for the sample extracted for 2 h. Hot extraction
yielded also values similar to the value for the control
flour in the flours extracted for 1 h and for 2 h and a
slightly lower value in the flour extracted for 3 h.

The results of the statistical analysis indicated a
highly significant correlation between protein digest-
ibility and the available lysine in the samples (r )
0.7698, n ) 7, P ) 0.0429) and a significant correlation
between digestibility and lysine availability (r ) 0.6737,
n ) 7, P ) 0.0971). Protein digestibility increased as
lysine availability increased.

The literature review did not turn up any information
on the effect of alcohol extraction on protein digestibility
in lentils.

On treating soybean with ethanol, Hancock et al. (9)
recorded an increase in in vivo digestibility. Those
workers tentatively attributed that increase to the fact
that processing brought about a 45.7% reduction in
trypsin inhibitor. Grant et al. (8) failed to find any
correlation between the trypsin inhibitor content and
the apparent protein digestibility in raw soybeans
extracted using ethanol.

Vitamins B1 and B2. The vitamin B1 and B2 contents
in the control flour (Table 6) were 0.208 and 0.156 mg/

100 g of DM, respectively. Comparing those results with
the literature values showed the vitamin B1 content to
be in consonance with the literature reports (0.1-0.32
mg/100 g of DM) but the vitamin B2 content to be lower
(43). This may have been due to the fact that most
literature values have been obtained using the method
of the AOAC, a fluorometric method that may overes-
timate the value of vitamin B2 as a result of interference
by other fluorescent components in the food. There is
no overestimation when the HPLC method is used to
make the determinations.

Table 6 also presents the values for both vitamins in
the lentil flours prepared by ethanol extraction under
the different conditions tested. Extraction brought about
a significant reduction (P < 0.05) in the vitamin B1

content in the lentil flours; the decrease was higher at
ambient temperature (16%) than at 50 °C (8%). The
reason may be that hot extraction removed more of the
components soluble in the ethanol (sugars, antinutri-
tional factors, etc.), leading to a percentage increase in
the vitamin B1 content as compared to the flours that
underwent extraction at ambient temperature. Extrac-
tion time was observed not to exert any significant
influence on the vitamin B1 content (P > 0.05).

The vitamin B2 content varied according to the
extraction conditions. For hot extraction at 50 °C, the
content fell by 21% after 3 h, compared with a decrease
of just 11% when extraction was performed at ambient
temperature. This may be ascribable to the higher
solubility of vitamin B2 in ethanol at 50 °C. Extraction
time was also observed not to have a significant effect
on the vitamin B2 content (P > 0.05).

The literature review has not disclosed any informa-
tion on the effect of alcohol extraction on the content of
these two vitamins in lentils.

In conclusion, ethanol extraction of raw lentils is an
effective method of minimizing the content of the
R-galactosides. Extraction at 50 °C for 2 h was the most
effective extraction method in terms of the protein
quality and vitamin B1 content of the final product,
although a decrease in the vitamin B2 content higher
than that observed at ambient temperature is produced.
Furthermore, hot extraction offers the added advantage
of inactivating heat labile antinutritional factors present
in the lentils, such as trypsin inhibitor and lectin (10,
44).

Table 5. In Vitro Protein Digestibilitya (Percent) and pH
Values for Lentils Extracted Using Ethanol

lentils pH digestibility

control 6.38 92.39 ( 0.17ab

extracted at ambient temperature
1 h 6.61 91.43 ( 0.53c

2 h 6.59 92.03 ( 0.00a

3 h 6.63 91.42 ( 0.26c

extracted at 50 °C
1 h 6.79 92.83 ( 0.05b

2 h 6.60 92.39 ( 0.08ab

3 h 6.67 91.91 ( 0.12ac

a Values are the means of four determinations ( SD. Means
with different superscripts in the same column are significantly
different (P < 0.05).

Table 6. Vitamin B1 and Vitamin B2 Contentsa

(Milligrams per 100 g of DM) in Lentils Extracted Using
Ethanol

lentils vitamin B1 vitamin B2

control 0.208 ( 0.02a 0.156 ( 0.01a

extracted at ambient temperature
1 h 0.175 ( 0.01b 0.144 ( 0.01ab

2 h 0.171 ( 0.01b 0.140 ( 0.01b

3 h 0.174 ( 0.01b 0.134 ( 0.02b

extracted at 50 °C
1 h 0.192 ( 0.01c 0.127 ( 0.01c

2 h 0.189 ( 0.02c 0.117 ( 0.02c

3 h 0.191 ( 0.02c 0.125 ( 0.01c

a Values are the means of four determinations ( SD. Means
with different superscripts in the same column are significantly
different (P < 0.05).
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