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Abstract: The effects of microwave cooking and other traditional cooking methods such as
boiling and autoclaving on the nutritional composition and anti-nutritional factors of lentils
were studied. Cooking treatments caused decreases in carbohydrate fractions was completely
eliminated afier cooking treatments, antinutritional factors (trypsin inhibitor, tannins and
phytic acid) and minerals. Cooking treatments decreased the concentrations of lysine, trypto-
phan, total aromatic and sulfur-containing amino acids. The losses in minerals in lentil cooked
by microwaving were smaller than those cooked by boiling and autoclaving, Based on these
results, microwave cooking is recommended for lentil preparation, not only for improving

nutritional quality, but also for reducing cooking time.

L. Introduction

Generally, legumes have been reported to have low nutri-
tive value because of low amounts of sulfur-containing aming
acids, low protein digestibility and the presence of anti-
nutritional factors. Legumes are usually cooked before being
used in the human diet. This improves the protein quality by
destruction or ingctivation of the heat labile anti-nutriticnal
factors (Chaun et al 1997 and Vijayakumari et al 1998).
However, cooking causes considerable losses in soluble sol-
ids, especially vitamins and minerals (Barampama and 5i-
mard, 1995),

Lentils (Lens enlinariy) is one of the most important
pulse crops in the world because of their nutritional quality.
They are rich sources of complex carbohydrates, protein,
dietary fiber, vitamins, minerals and high energetic value
(Costa et al 2006 and Wang, 2008). Pulses have demon-
strated many health benefits: lowering glycemic index lor
peaple with diabetes (Viswanathan et al 1989); in cancer
prevention (Hangen and Bennink, 2002 and Wang et al
2008) and in protection against cardiovascular diseases due 1o
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its dietary fiber content. Numerous studies have shown that people
with high fiber intake have blood pressure lower than those with
low fiber intake (Brand et al 1990). Soluble fGber also decreases
serum cholesterol and aids in reducing the risk of heart attack and
colon cancer (Kelsey, 1978 and Sharma and Kawatra, 1995). A
high fiber diet prevents or relieves constipation in human due 1o
the shsorption of water from the digestive track (Wang et al
2009},

Pulses contain anti-nutritional components that limit their
utilization. These components include trypsion inhibitors, phytic
acid, tannins and oligosaccharides. Trypsin inhibitors are low mo-
lecular weight proteins capable of binding to and inactivating the
digestive enzyme, trypsin {Dave Qomah et al 2011). Phytic acid
lowers the bioavailability of minerals (Reddy et al 1988). The
chemical composition and oligosaccharides of raw and germinated
lentils seeds were reviewed by (Wang et al 2009). One of the
major disadvantages of tanning in lentils is a discolowration of the
sced. In addition o seed discolouration, tanning bhind 0 proteing
through hydrogen binding and hydrophobic interactions, therchy
reducing their nutritional quality (Hahn et al 1984). While some
elforts have been directed to minimize their contents in the seeds
or o minimize their effects through processes, litle information
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on the effect of varietal and environmental conditions on
these anti-nutritional factors is available,

Cooking of lentil by microwave has not been extensively
studicd but it has been shown to reduce antinutritive agents in
sovbean (Rajko et al 1997) and have positive effects on pro-
tein digestibility (Khatoon and Prakash, 2004) in eight hole
legumes. A study on chickpea cooked by microwave is thus
needed to know whether this treatment could improve nutri-
tional quality and cvemtually replace traditional cooking
methods, which are not only costly in energy but also cause
important losses in soluble solids. This experimental study
wiis therefore carried out 1o determine the effiect of baoiling,
autoclaving and microwave cooking on the nutrilional com-
position and nutritive value of lentil sceds (Wang and Dawn
2005).

2. Materials and methods
2.1. Materials

One batch (10 kg) of local lentil were purchased from the
local market (Egypt). The seeds were hand-sorted 1o remove
wrinkled, moldy seeds ond (oreign material, then stored in
polyethylene bags in the refrigerator (4°C£1) until used,

2.1.1. Processing: cooking treatments

Lentil seed were soaked in distilled water (1:10, w'v) for
12 h at room temperature (25°C). The soaked seeds were
drained and rinsed three times with 600 mL distilled water,
then cooked by the methods described below:

2.1.2. Boiling: The rinsed soaked seeds were cooked in
tap water (100°C) in the ratio of 1:10 {(w/v) on a hot plate
until they became soft when felt between the fingers (90

min).

2.1.3. Autoelaving: The rinsed soaked seeds were auto-
claved using vertical autoclave at 15 Ib pressure (121°C) in
tap water (1:10, wiv) until they became soft when felt be-
tween the ingers (35 min).

2.1.4. Mierowave cooking: The rinsed soaked seeds were
placed in a glass beaker with tap water (1:10 wv), then
cooked in a microwave oven on high for 15 min until they
became soft when felt between the fingers. The cooked seeds
were dried in an electric air draught oven at 30°C for 20 h

2.1.5. Cooking treatments: were replicated three times.
Raw and processed lentil were ground in an electric mill
equipped with stainless steel blades to pass through a 60
mesh (British stendard screen) nylon sieve.

2.2. Chemical analysis

2.2.1. Chemical analysis: of nutritional constituents, Ni-
trogen (N} was determined by the Dumas combustion
method calibrated with EDTA (AOAC, 2000). Crude pro-
tein content was calculated using (N x 3.73). Moisture and
ash content were determined gravimetrically in accordance
wilh AACC methods 44-17 and 08-16, respectively (AACC,
2000, Starch was determined colorimetrically as described
by the method AACC 76-13 (AACC, 2000). Resistant
starch was measured by the AACC method 32-40 (AACC,

2000). Soluble, insoluble and total dictary fiber contenis were
determined by sequential enzymatic digestion according 1o AACC
method 35-05 (AACC, 2000). Minerals were delermined by
atomic absorplion spectrophotometry (Gawalko et al 1997),

1,22, Chemical analysis of anti-nutritional constituents

Trypsin inhibitor activity (TIA) was determined colorimetri-
cally using an Ultraspec 3000 spectrophotometer (Biochrom Lid.,
Cambridge, England) at 410 nm (Smith et al 1980) with benzoyl-
DL-arginine-p-nitroanilide hydrochloride as the substrate. Tan-
nins were assaved in accordance with the modified vanillin-HC1
method of (Price et ol 1978) and (+)-catechin was used as the
reference standard. Phytic acid was extracted and separated by
ion-exchange chromatography according to the method of ADAC
(2000) before being quantified colorimetrically using an Ultraspec
3000 spectrophtometer (Biochrom Ltd., Cambridge, England) at
500 nm (Latta and Eskin, 1980).

2.2.3. Oligosaccharides were determined by high perform-
ance anion exchange (HPAE) chromatography with pulsed
amperometric detection (PAD) (Wang and Daun, 2006). The
HPAE system is comprised of an IC5-3000 solvent delivery pump,
an ED40 chemical electrode detector, an AS50 autosampler and an
AS30 thermal compariment. One gram of lentil flour was ex-
tracted with 20 ml of 808 EtOH at 70°C for 30 min. Lactose was
added as an internal standard in the sample before extraction. The
suspension was then centrifuged at 12,000 rpm at 15°C for 15 min.
The supematant was decanted, and an aliquat was centrifuged at
12,000 rpm for 5 min, A sample of the centrifuged supematant
was diluted with deionized water and passed through a 0.45 mm
filter. The filirate (25 ml) was injected on a PA] analytical anion
exchange column (4 x 250 mm). The mobile phase used was (.15
mol/L sodium hydroxide at the flow rate of 1.0 ml/min.

2.2.4. Amino acids

Toal amino acids were determined on a Beckman 7300 High
Performance Amino Acid Analyzer from hydrolysates obiained by
hydrolysis of 15=25 mg sample with 2.0 ml of 6.0 N HCI in an
evacunted sealed tube at 110°C for 24 h. Cystine was measured as
cysteic acid and methionine as methionine sulfone alter performic
acid oxidation prior 1o hydrolysis in 6 N HCI, and ‘ryptophan
analysis was performed on a hydrolysate obtained by alkaline
hydrolysis of a sample a5 desenbed by (Thachuk and Irvine,
1969,

2.3, Statistical analyses

Data were assessed by analysis of variance (ANOVA) (SAS,
2002). The Duncan multiple range test was used 1o separate menns
and significance was accepied at P =0.05,

3. Results and discussion
3.1, Chemical composition

Chemical compositions of raw and treated lentils seeds are
presented in Table (1), No significant {P>0.05) differences in total
protein and moisture contents were observed between cooked
treatments of lentils seeds. These observalions are in agreement
with those reported by (Barampama and Simard, 1995) for
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Table 1. _E{Tpct_gfldijfqu?t cooking methods on the chemical composition of lentil seeds (g/100 g dry weight basis)*
! Er SR R f e i

ey
s A Fat  Crudefiber  Moisture
242000 342004  10£008 632013 851403]
214002 334007 . 094009 624012 8632029
ng A £047 202007 332006 094006 644010 8554033
Microwave cooking' 261 £0.50 22010  3.2+010  09+007  64£012 844035

*Means in the same column with different letters are significantly (P<0 05) difTerent

*Means & standard deviation of three determinations

cooked common beans (Phaseolus vulgaris). Also, (Khatoon
and Prakash, 2004 and Wang, 2005) reporied that micro-
wave cooking and pressure cooking do not afTect the nutrient
composition  of eight  legumes. Cooking treatments
significantly {P<0.05) decreased the non-protein nitrogen, ash
and fat contents, These decreases might be atlributed to their
diffusion into cooking water. Crude fiber was significantly
(P<0.05) increased by cooking treatments. This increase
eould have been due to protein-fiber complexes (Bressani,
19493) formed afier possible chemical modification induced
by the soaking and cooking of dry seeds.

3.2, OMignsaccharides

Table (2) were shows oligosaccharides of raw and treated
chickpea seeds, Reducing sugars, sucrose, raffinose and
stachyose were significantly (P< 0:05) reduced, while verbas-
cose was complelely eliminated after cooking treatments.
These reductions are presumably due to their diffusion into
cooking water. No publications were found regarding the
effect of microwave cooking on the flatulence factors
{raffinoze, stachyose and verbascose) content of legumes,
These chservations are in agreement with thal reported by
(Khalil and Mansour, 1995).

3.3, Antinutritional factors

The antinutritional factors of raw and treated lentils seeds
are shown in Table (3). Trypsin inlibitor activity was
significanily (P<(:05) decreased by cooking treatments. The
highest reduction was noted after autoclaving (80.37%),
followed by boiling (80.27%) and microwave cooking
(B1.50%). Wang et al (1997) reported that steam blanching
of cowpea resulted in higher reduction in trypsin inhibitor
activity than using water blanching. However, {Hernandez-
Infante ot al 1998) reported that microwave cooking
destroyed trypsin inhibitors to a degree similar o that
observed in six legumes cooked using the conventional
method.

Tannins (46.04-49.10%) and phytic acid (30.93-41.32%)
in lentils were significantly (P < 0:05) reduced by cooking.
Similar resulis were obtained by (Vijayakumari et al 1998
and Wang et al (2009),

3.4, Minerals

Mineral contents of raw and cooked lentils seeds are presented
in Table {4). The minerals leached from the lentils secds into the
distillated water at different rates during cooking treatments, How-
ever, microwave cooking resulted in the greatest retention of all
minerals, followed by amoclaving, then boiling. (Haytowitz and
Matthews, 1983) reporied that cooking in boiling water caused
great losses of K (30%), Cu (17%) and Fe (10%). (Longe, 1983)
reported losses of 30% Cu and 23% Mg from mature cowpeas
when cooked by autoclaving.

X5, Aminn acid composition

Data presented in Table (5) show the amino acid composition
of raw and treated lentils seeds. Lentils protein was rich in essen-
tial amino acids such as isolewcine, lysine, total aromatic amino
acids and tryvptophan compared with the (Ereife) and Haddad,
2001 reference, Thereflore, lentils protein could very well com-
plement those protein sources that are low in lysine and tryplo-
phan. However, leucine, total sulfur amino acids, threonine and
valine were slightly deficient in lentils protein compared with the
reference patiern. Boiling and microwave cooking caused a slight
increase in total essential amino acids, but they were not
influenced by autoclaving. Cooking treatments decreased the con-
centration of lysine (except microwave cooking), tryptophan, and
total aromatic and sulfur amino acids. However, cooked lentils
seeds were still higher in lysine, isoleucine (except autoelaving)
and tofal aromatic amino acid contenis than the (Ereifej and
Haddad, 2001) reference pattern. These results confirmed those
reported by (Khalil and Mansour, 1995), whao found that cooking
reduced sulfur-containing amine acids and tryptophan in faba
Bean. All treatments increased the concenlration ol leucine, but
vialing was not affected. The leucine:isoleucine ratios of all treated
lentils seeds were Lypical, with an ideal ratio of 1.8:1 suggested by
(Ereifej and Haddad, 2001).

4, Conclusions

As shown in this study, boiling, auloclaving and microwave
cooking affect the composition, antinutritional factors, flatulence
factors and nutritional quality of chickpeas. However, microwave
eooking caused slight losses in minerals, while boiling and auto-
claving caused significant losses, All cooking treatments improved
the in-vitro protein digestibility and protein efficiency ratio of
lentils. Tt is quite clear that cooking lentils by microwave not enly
saves time but also retains the most nutritive value,
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Table 2. Effect of different cookin hle'llmdsunll'ue uarhnhydmeﬂmiangormm.qm{ 100 & diy weight basis)®
' s | e STl e

T Sucrose Ru!'ﬁnum:.'." ;ZSiaslh}'aae ,\‘&rbas
P e S o

Raw &ﬂ?sa;nm 1794008 040£007 1812008 04
 Boiling . 0.60 2 0.05 14:::0::::-1 020005 1.0£007
Autoclaving gJSGﬂ.M 32011 nmwua-_;' 114006

Micrownve cooking © 059005  136+011 002008 094007 0.22£000
*Means in the same column wﬂ:h difterent letters are significantly (F=0.05) dlr't':rl:nL
*Means 4 standard deviation of three determinations

" Table 3-. E!Tecl nl'd!ﬂ'err.m nmkm,g methods on the antinutritional fautu:rrs af lentil saeds [dr}r welght ha.sjs]“ "3

Treatment = Tr_ﬂjsm uﬂuhltur Tannins & Phj.-'uc acu:l :" e

Raw R AFEO0 2805
Boiling j 13008 091+ 0.07
ﬂutuduv|ng~r1§”%§ cndgE0do 0 0822010
Micrownve cooking 0092008 0.84 +0.09

*Mleans in the same column with different letters are significantly (P=0.03) dilfienent,
*Means + standard deviation of three determinations.

TR

-){$C£§w TJ?“H-H :

-Cf_n.

*Means in the same column with dtm:l'ﬂi[ Ielters are mgnll’cnnliv [P{G 03) dlfl'erem
*Menns = standard deviation of three delerminations,

acid composition of fentil ieeds {@E]

P

Ahfé*ciatr ng.
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