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Abstract

The effects of soaking, boiling and steaming processes on the total phenolic components and antioxidant activity in commonly
consumed cool season food legumes (CSFL’s), including green pea, yellow pea, chickpea and lentil were investigated. As compared
to original unprocessed legumes, all processing steps caused significant (p < 0.05) decreases in total phenolic content (TPC), DPPH free
radical scavenging activity (DPPH) in all tested CSFL’s. All soaking and atmospheric boiling treatments caused significant (p < 0.05)
decreases in oxygen radical absorbing capacity (ORAC). However, pressure boiling and pressure steaming caused significant
(p < 0.05) increases in ORAC values. Steaming treatments resulted in a greater retention of TPC, DPPH, and ORAC values in all tested
CSFL’s as compared to boiling treatments. To obtain cooked legumes with similar palatability and firmness, pressure boiling shortened
processing time as compared to atmospheric boiling, resulted in insignificant differences in TPC, DPPH for green and yellow pea. How-
ever, TPC and DPPH in cooked lentils differed significantly between atmospheric and pressure boiling. As compared to atmospheric
processes, pressure processes significantly increased ORAC values in both boiled and steamed CSFL’s. Greater TPC, DPPH and ORAC
values were detected in boiling water than that in soaking and steaming water. Boiling also caused more solid loss than steaming. Steam
processing exhibited several advantages in retaining the integrity of the legume appearance and texture of the cooked product, shortening
process time, and greater retention of antioxidant components and activities.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Experimental, epidemiological and clinical studies show
correlations between the consumption of food legumes and
decreasing incidence of several diseases, such as cancer,
cardiovascular diseases, obesity and diabetes (Bhathena
& Velasquez, 2002; Kris-Etherton et al., 2002; Kushi,
Meyer, & Jacobs, 1999). A latest epidemiological study
showed that among studied fruits and vegetables, only
bean and lentil consumption was related to a lower inci-
dence of breast cancer (Adebamowo et al., 2005). Anti-
oxidant activities and phenolic compounds in raw
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legumes have been reported in several earlier communica-
tions (Amarowicz, Karamac, & Shahidi, 2003; Xu, Yuan,
& Chang, 2007). Legumes must be cooked before con-
sumption. However, how processing methods affect the
health promoting phenolics and antioxidant activities have
not been systematically studied.

Food processing not only improves flavor and palatabil-
ity of foods but also increases the bioavailability of nutri-
ents, by inactivating antinutritional factors, growth
inhibitors and haemagglutinins (Chau, Cheung, & Wong,
1997). Cooking brings about a number of changes in phys-
ical characteristics and chemical compositions of dry
legumes, which are commonly cooked by a boiling process
before use. Pressure boiling and steaming can also be used.
Prior to cooking, soaking is a preliminary step, it helps
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soften texture and shorten the cooking time. High pressure
processing technology may provide high quality of food
products (flavor, color, biological active components)
(Knorr, 1999).

US production of cool season food legumes, including
green pea, yellow pea, lentil and chickpea, mainly in the
states of North Dakota, Idaho, Washington and Montana,
have increased significantly in recent years. Currently we
do not know enough about the quality and quantity of
the health promoting components in CSFL’s as compared
to soybean and common bean (Xu et al., 2007). In addi-
tion, very little information is available in the literature
regarding the change of antioxidant components and anti-
oxidant activity of the processed food legumes (Rocha-
Guzmán, González-Laredo, Ibarra-Pérez, Nava-Berúmen,
& Gallegos-Infante, 2007; Turkmen, Sari, & Velioglu,
2005). With the exception of germination processes
(López-Amorós, Hernández, & Estrella, 2006), there are
no other reports on the changes of antioxidant components
and antioxidant activity of processed CSFL’s. It is impor-
tant to understand the effect of processing on functional
components in CSFL’s. Based on these considerations,
the present study was undertaken to investigate the effects
of soaking, boiling and steaming processes on the antioxi-
dant phenolics and antioxidant activities of common con-
sumed CSFL’s.
2. Materials and methods

2.1. Chemicals and reagents

2,2-Diphenyl-1-picryhydrazyl radical (DPPH�), fluores-
cein disodium (FL), Folin-Ciocalteu reagent, gallic acid
(GA), sodium carbonate, and 6-hydroxy-2,5,7,8-tetrame-
thlchroman-2-carboxylic acid (Trolox) were obtained from
Sigma Chemical Co. (St. Louis, MO). The 2,20-azobis (2-
amidino-propane) dihydrochloride (AAPH) was purchased
from Wako Chemicals USA (Richmond, VA). All solvents
used for extraction were purchased from VWR Interna-
tional (West Chester, PA), all other chemicals were of ana-
lytical grade.
2.2. Legume samples

The dry CSFL seeds used in current study were green
pea (Pisum sativum L. cv. Stratus) supplied by Meridian
Seed LLC. (West Fargo, ND), yellow pea (P. sativum L.
cv. Golden) supplied by Steve Marman Pulse USA (Bis-
mark, ND), chickpea (Cicer arietinum L. cv. Amits) and
lentil (Lens culinaris cv. CDC Richlea) supplied by Agri-
care United (Ray, ND). Broken seeds, damaged seeds
and foreign materials were hand-removed from the sam-
ples. Moisture content was determined by drying the sam-
ple in an air-circulated oven at 110 �C until a constant
weight was obtained (AOAC, 2000). Results were reported
on a dry weight basis.
2.3. Soaking and determination of hydration rate

CSFL samples (20 g) were rinsed in tap water and
soaked in 60 mL of tap water in 8 oz Falcon specimen con-
tainers (Becton Dickinson Labware, Franklin Lakes, NJ)
at ambient temperature for up to 24 h. Water absorption
(moisture increase) of dry legumes during soaking was
measured hourly for the initial 0–6 h, then measured every
2 h from 6 to 16 h and measured at 24 h for the last time.
The soaked legumes were blotted with paper towel at
appointed time to remove excess water, weighed and placed
back into the soaking water. Moisture content of soaked
legumes was calculated. Furthermore, water absorption
curve was made by plotting the kinetic increase of moisture
content with time. We defined the plateau phase (at 16 h) of
water absorption curve as 100% hydration rate. Soaking
time of CSFL’s with desired hydration rate was calculated
through quadratic fit equation of respective water absorp-
tion curve. For the following boiling and steaming experi-
ments, legumes were soaked to the desired hydration rates
by controlling soaking time. The soaked legumes were
drained and boiled or steamed by the methods described
below.

2.4. Boiling and determination of boiling time

Regular boiling (under atmospheric pressure) of lentil
was conducted according to Mattson (1946) with slight
modifications. The Mattson cooking apparatus was com-
posed of 25 metal plungers (penetration rods) with 1/
16 inch diameter and 90 g weight each, resting on the sur-
face of 25 randomly picked pre-soaked lentils (with 50%
hydration rate) retained in small metal cups. The entire
apparatus, containing lentils with the rods resting on the
top of the lentils, was immersed in boiling water open to
the atmosphere. As boiling progressed, a lentil was consid-
ered cooked when the lentil became tender enough to be
penetrated by the rod (90 g). The penetration times for
all rods were manually recorded. We defined the time
required for 100% of plungers to penetrate the seed as
cooking time. After boiling, the lentils were drained and
cooled to the room temperature for 1–2 h in covered plastic
containers. Subsequently, boiled water was frozen and len-
til solid samples were freeze-dried.

Regular boiling of green and yellow peas and chickpeas
was conducted using a domestic atmospheric cooker.
Briefly, pre-soaked peas (20 g in dry weight) with 100%
hydration rate were immersed in 100 mL of boiling water.
Determination of the cooking time for the regular boiling
of these peas was conducted on Mattson apparatus in
our preliminary experiments. Due to hard texture of seed
hulls and individual difference of seed, long time durations
(more than 2 h) were required for 100% of plungers to pen-
etrate the seed. Therefore, the method for determining the
cooking time of the regular boiling treatment of these
legumes was conducted by a tactile method (Vindiola, Seib,
& Hoseney, 1986), in which the cooked peas are squeezed
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between the forefinger and thumb with moderate pressure.
A seed was considered to be cooked when it could be
squeezed by fingers easily. Cooking time was defined as
the time duration (min) of at least 90% of seeds (submitted
to the test) to be cooked. After boiling treatments, the peas
were drained and cooled to the room temperature in cov-
ered plastic containers. Subsequently, cooked samples were
freeze-dried.

Pressure boiling was performed by an M-0512-H Mirro
pressure cooker (Mirro Co., Manitowoc, WI) with a 9898
Mirro pressure regulator. Five folds of tap water
(100 mL) were added to pre-soaked peas and lentils (20 g
in dry weight at 50% hydration for lentils, 100% hydration
for peas and chickpeas) in a 250 mL Erlenmeyer flask
which was then covered with aluminum foil. The contents
of flask were brought quickly to boiling on a hot plate.
The flask filled with legume samples and boiling water
was placed into pre-heated pressure cooker with 2 L of
boiling water, and the lid was locked in place and pressure
regulator was set with desired pressure (5 or 15 psi). The
cooking time was counted when steam spurted out from
pressure regulator. Cooking time was selected from the
preliminary experiments, in which cooking time was deter-
mined by the tactile method. When legumes were pressure-
boiled to the desired cooking time, the pressure cooker was
removed from the heat source and the pressure was
released. Boiling water and cooked solid samples were
cooled down to the room temperature, and freeze-dried.
2.5. Steaming and determination of steaming time and
texture

Regular steaming was performed on an atmospheric
steam cooker. The pre-soaked legume samples (100 g in
dry weight) with 100% hydration rate were placed on a tray
in the steam cooker covered with lid and steamed over 2 L
of boiling water under the atmospheric pressure. Steaming
time was selected according to preliminary experiments, in
which steaming time was determined when the similar
degrees of tenderness of each processed legume was
achieved. After the steaming process, legumes were cooled
down, frozen and freeze-dried. Pressure steaming was per-
formed in the similar manner to pressure boiling, only dif-
ference was that the pre-soaked samples (100 g in dry
weight) were placed on a tray in the pressure cooker and
steamed over 2 L of boiling water under selected high pres-
sures (5 or 15 psi).

Steamed legumes were placed in 8 oz covered plastic
container and cooled at the room temperature for 1 h prior
to texture analysis. The firmness values of 100 g of steamed
legumes were measured using an Instron Universal Testing
Machine (Model 1011, Instron Co., Canton, MA)
equipped with a 500 kg weight beam and Kramer Com-
pression-Shear cell. The crosshead speed was set at
20 mm/min. The force at the peak of the shearing process
was taken to indicate the degree of firmness of the steamed
legumes (Wang, Chang, & Grafton, 1988). Results were
expressed as kg force/100 g steamed sample.

2.6. Extraction of unprocessed and processed legumes

For quantitative studies, original unprocessed legumes
and freeze-dried processed legumes were ground to powder
with an IKA� all basic mill (IKA Works Inc., Wilmington,
NC) and to pass through a 60-mesh sieve. The legume sam-
ple powders (0.5 g each) were accurately weighed into a set
of centrifuge tubes. Five milliliters of acetone/water (50:50,
v/v) extraction solvent were added to the green pea, yellow
pea, and chickpea, 5 mL of acetone/water/acetic acid
(70:29.5:0.5, v/v/v) extraction solvent was added to lentil.
The reason for selecting these specific solvents systems
for the two respective legume groups was based on a preli-
minary study (Xu & Chang, 2007) that these respective sol-
vents gave the best yields of phenolic contents and
antioxidant activity. The tubes were capped and the mix-
tures were shaken at 300 rpm at room temperature on an
orbital shaker for 3 h. The mixtures were extracted for
another 12 h by setting in the dark. The extracts were cen-
trifuged by an Allegra 21R Centrifuge (Beckman Coulter
Ltd., Palo Alto, CA) at 3000 rpm for 10 min, and the
supernatants were removed into new tubes. Residues were
added with 5 mL of the respective extraction solvents. The
above-mentioned extraction procedures were repeated. The
two extracts were combined and stored at 4 �C in the dark
for use. In addition, all soaking, boiling, steaming water
were separated from the processed legume solids, and
immediately frozen after processing, and stored in a freezer
(�20 �C) for further determination of total phenolic con-
tent and antioxidant activity assay.

2.7. Determination of total phenolic content

The total phenolic content (TPC) was determined by a
Folin-Ciocalteu assay (Singleton & Rossi, 1965) with slight
modifications (Xu & Chang, 2007) using gallic acid (GA) as
the standard. The original unprocessed or processed
legume extract or processing water (50 lL), distilled water
(3 mL), 250 lL of Folin-Ciocalteu’s reagents solution, and
7% NaCO3 (750 lL) were mixed in a tube and incubated
for 8 min at the room temperature. Then a dose of
950 lL of distilled water was added. The mixture was
allowed to stand for 2 h at the room temperature. The
absorbance was measured at 765 nm against distilled water
as a blank. The total phenolic content was expressed as gal-
lic acid equivalents (mg of GAE/g sample) through the cal-
ibration curve of gallic acid. Linearity range of the
calibration curve was 50–1000 lg/mL (r = 0.99).

2.8. DPPH free radical scavenging activity

DPPH free radical scavenging capacity of legume
extracts was evaluated according to Chen and Ho (1995)
with slight modifications (Xu & Chang, 2007). Basically,
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Fig. 1. The water absorption curves of dry cool season food legumes.

4 B. Xu, S.K.C. Chang / Food Chemistry 110 (2008) 1–13
0.2 mL of the raw or processed legume extract or process-
ing water was added to 3.8 mL ethanol solution of DPPH
radical (final concentration was 0.1 mM). The mixture was
shaken vigorously for 1 min by vortexing and left to stand
in the dark for 30 min at the room temperature. Thereafter,
the absorbance for the sample (Asample) was measured using
a spectrophotometer (UV 160, Shimadzu, Japan) at
517 nm against ethanol blank. A negative control (Acontrol)
was taken after adding DPPH solution to 0.2 mL of the
respective extraction solvent. The percent of DPPH discol-
oration of the sample was calculated according to the equa-
tion % Discoloration = [1�(Asample/Acontrol] � 100. The
free radical scavenging activity of legume extracts was
expressed as mean micromole of Trolox equivalent
per gram of legume (micromole TE/g legume) from tripli-
cate extracts test using the calibration curve of Trolox.
Linearity range of the calibration curve was 20–1000 lM
(r = 0.99).

2.9. Oxygen radical absorbing capacity assay

Hydrophilic-oxygen radical absorbing capacity (ORAC)
assays were carried out on a BMG Fluostar Optima Micro-
plate Reader (Molecular Devices, Sunnyvale, CA), which
was equipped with two auto injectors, an incubator and
wavelength adjustable fluorescence filters. The temperature
of the incubator was set to 37 �C, a fluorescence filter with
an excitation wavelength of 485 nm and an emission wave-
length of 520 nm was used. The procedures were based on
the previous report by Prior et al. (2003) and Wu et al.
(2004a) with slight modifications (Xu & Chang, 2007).
Briefly, AAPH was used as peroxyl generator and Trolox
as a standard. Twenty microliters of suitable diluted
legume extract sample, blank and Trolox calibration solu-
tions were loaded to clear flat bottom polystyrene 96-well
microplates (Nalge Nunc International, NY) in triplicate
based upon a set layout. The plate reader was programmed
to record the fluorescence of FL on every cycle. Kinetic
reading was recorded for 60 cycles with 40 s per cycle set-
ting. For hydrophilic extracts from legumes, sample solu-
tions were diluted with phosphate buffer to the proper
concentration range for fitting the linearity range of the
standard curve. Trolox standards were prepared with phos-
phate buffer and blank was phosphate buffer. After loading
20 lL of diluted sample, standard and blank, and 200 lL
of the fluorescein solution into appointed wells according
to layout, the microplate (sealed with film) was incubated
for at least 30 min in plate reader, then 20 lL of peroxyl
generator AAPH (3.2 lM) was adding to initiate oxidation
reaction, kinetic fluorescence was recorded immediately by
software SoftMax Pro (Molecular Devices, Sunnyvale,
CA). The final ORAC values were calculated using a linear
equation between the Trolox standards or sample concen-
tration and net areas under the fluorescein decay curves.
The data were analyzed using Microsoft Excel (Microsoft,
Roselle, IL). The area under curve (AUC) was calculated
as: AUC = 0.5 + (R2/R1 + R3/R1 + R3/R1 + � � � + 0.5Rn/R1),
where R1 was the fluorescence reading at the initiation of
the reaction and Rn was last measurement. The net AUC
was obtained by subtracting the AUC of the blank from
that of a sample or standard. The ORAC value was calcu-
lated and expressed as micromoles of Trolox equivalent per
gram legume (lmol of TE/g legume) using the calibration
curve of Trolox. Linearity range of the calibration curve
was 5.0–50 lM (r = 0.99). For each specific sample, tripli-
cate extractions were performed.

2.10. Statistical analysis

All soaking, boiling and steaming processes were per-
formed in triplicate. The data were expressed as
mean ± standard deviation. Statistical analysis was per-
formed using 2005 SAS (Version 9.1, SAS institute Inc.
Cary, NC). Analysis of variance (ANOVA) was conducted,
and Duncan’s multiple range tests were used to determine
significant differences at p < 0.05.

3. Results and discussion

3.1. Water absorption, hydration rate and soaking time

Traditionally, dry legumes are soaked to hydrate prior
to boiling, making them easier to cook. In fact, soaking
legumes with water or aqueous salt solution prior to cook-
ing has been used as a common strategy to soften texture
and reduce cooking time. The water absorption curves of
CSFL’s, illustrated in Fig. 1, were characterized by an ini-
tial phase of rapid water imbibition followed by an equilib-
rium phase, during which the CSFL’s approached their full
soaking capacity. Hydration ratios were significantly differ-
ent among CSFL’s. Chickpea, green pea and yellow pea
hydrated faster than lentil in the log phase of absorption
curves. Chickpea and green pea were prone to saturation
after soaking for 10 h and reached a plateau after 16 h.
However, yellow pea and lentil went into a slow absorption
period after 10 h and reached a plateau after 16 h. After
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soaking for 16 h, all CSFL’s were saturated with water, and
chickpea, yellow pea and green pea possessed relatively
higher moisture content (54.8%, 57.1%, 57.3%, respec-
tively) than lentil (51.4%). In addition, soaking water was
slightly colored in green and yellow pea trials, deeply yel-
low colored in chickpea trials, and the greatest colored in
lentil trails as compared to others. This phenomenon indi-
cated that some soluble constituents (might include some
phenolic antioxidant constituents) of the CSFL’s were lea-
ched into the soaking water. In order to decrease potential
loss of antioxidant components, soaking treatment with
various levels of hydration rates (50%, 70%, and 85%)
and short soaking times were designed for further boiling
and steaming treatments. To obtain the desired hydration
rate, soaking times of CSFL’s were calculated by calibrat-
ing through quadratic fit equations of the water absorption
curves. In the consequent boiling and steaming experi-
ments, green pea, yellow pea, chickpea, and lentil were
soaked for 4.9 h, 6.4 h, 5 h, 9.49 h, respectively, to reach
85% hydration, soaked for 3 h, 4.3 h, 3.1 h, 6.2 h, respec-
tively, to reach 70% hydration, while lentil was soaked
for 2.7 h to reach 50% hydration.

3.2. Determination of boiling time

Cooking time as well as cooked texture, appearance and
flavor are important cooking quality characteristics. The
cooking time for producing palatable products is one of
the main criteria used in evaluating cooking quality of
dry legumes (Moscoso, Bourne, & Hood, 1984). Several
methods for measuring the cooking time of legumes have
been reported, however, no universally accepted methods
exist so far. For regular boiling, we used both the Mattson
(1946) and the tactile method (Vindiola et al., 1986) to eval-
uate the cooking time. For pressure boiling and steaming,
the tactile method was used for all CSFL samples. There
appears to be no clear definition for determination of cook-
ing time by using the Mattson method. The times taken for
50%, 60%, 92%, and 100% of seeds to be penetrated had
been defined as cooking time by different research groups
(Wang & Daun, 2005). In the case of lentils, due to individ-
ual differences in terms of moisture content and seed size,
the penetration time exhibited broad range difference (from
1 min for the first bean penetration to 30 min for the last
penetration). Therefore, the time required for 100% of
the plungers to penetrate the seed was taken as cooking
time in this study. In the cases of the tactile method, we
defined the cooking time when 90% of the beans could be
squeezed easily with the forefinger and the thumb.

Owing to the texture properties of green pea, yellow pea
and chickpea, it took a long time (more than 2 h) for the
plunger rods to penetrate the seeds when using the Mattson
method to determine cooking time. Alternatively, the tac-
tile method was used to evaluate the cooking time of green
pea, yellow pea and chickpea. The optimal cooking times
for the different cooking condition were selected from our
preliminary experiments for both regular and pressure
cooking processes (results were not shown here). To pre-
pare processed samples for further antioxidant assay, sev-
eral optimal cooking times were performed to prepare
samples. The selected optimal cooking times and pressure
conditions are shown in Tables 1–3.

3.3. Determination of steaming time and texture

To overcome the subjectivity of tactile method, a combi-
nation of tactile method and instrumental textural test was
used to decide the steaming time of both regular and pres-
sure steaming processes, in which steaming time was deter-
mined when the similar degrees of tenderness or firmness of
each steaming treatment was achieved. To prepare steamed
samples for further antioxidant assay, several optimal
cooking times were performed to prepare samples. The
selected optimal cooking times and pressure conditions
are shown in Tables 1–3.

Firmness or softness is one of the most important crite-
ria used in determining the acceptability of processed
legumes, usually the firmness less than 162 kg force/100 g
is considered to be palatable or acceptable for cooked
beans (Wang et al., 1988). Significant differences
(p < 0.05) in firmness were found among different steaming
conditions. Firmness (kg force/100 g) of CSFL’s ranged
from 104.67 to 149.33 for green pea, 98.33 to 158.00 for
yellow pea, 105.33 to 142.00 for chickpea, 116.33 to
157.33 for lentil, respectively. According to our previous
tactile evaluations and literatures (Su & Chang, 1995;
Wang et al., 1988), all steaming treatments had firmness
values in the palatable range. The firmnesses were lower
in CSFL’s processed by pressure steaming than those pro-
cessed by regular steaming. The firmness was lower in
CSFL’s processed by a relatively high pressure (15 psi)
than in those processed by a relatively low pressure (5 psi).

3.4. Effect of processing on total phenolic content of CSFL’s

Total phenolic contents (TPC) of the extracts from
soaked and processed CSFL’s are presented in Table 1. Sig-
nificant differences (p < 0.05) in TPC were found both in
leached soaking or processing water and processed legumes
among most processing treatments of yellow pea, green
pea, chickpea and lentil. Significant differences (p < 0.05)
existed among different soaking treatments of yellow pea
and lentil, between 100% hydration treatment and the
other hydration treatments of all tested CSFL’s. No signif-
icant differences existed among the selected boiling treat-
ments of green and yellow pea, but significant differences
(p < 0.05) existed between regular and pressure boiling of
chickpea and lentil. Significant differences (p < 0.05) existed
between regular (atmospheric) and pressure steaming treat-
ments of all tested CSFL’s, and between the two pressure
steaming treatments of all tested CSFL’s.

After processing treatments, the TPC of processed
CSFL’s was significantly reduced as compared to the
respective original unprocessed CSFL’s, while steamed
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CSFL’s preserved slightly higher TPC as compared to
boiled legumes. After soaking, about 2–12% of TPC in peas
and chickpeas were lost, while about 9–38% of TPC in len-
til were lost in soaking water. Meanwhile, the loss of TPC
in peas and chickpeas decreased with increases in the
hydration rate, while the loss of TPC in lentil increased
with the increase in the hydration rate. These phenomena
Table 1
Effect of soaking, boiling and steaming on total phenolic content (mg gallic a

Processing conditions Green pea Y

TPC Loss %a T

Raw – 1.22 A 1

Soaking water 50% hydration – –
70% hydration 0.06b 0
85% hydration 0.07b 0
100% hydration 0.10a 0

Soaked legumes 50% hydration – –
70% hydration 1.08b CD 11.5 1
85% hydration 1.10b BC 9.8 1
100% hydration 1.16a AB 4.9 1

Boiling water RB, 30 min – –
RB, 45 min – –
RB, 60 min – –
PB, 5 psi, 5 min – –
PB, 15 psi, 5 min – –
RB, 90 min 0.51b 0
RB, 120 min 0.55a 0
RB, 150 min 0.55a 0
PB, 5 psi, 30 min 0.41c 0
PB, 15 psi, 15 min 0.41c 0

Boiled legumesb RB, 30 min – –
RB, 45 min – –
RB, 60 min – –
PB, 5 psi, 5 min – –
PB, 15 psi, 5 min – –
RB, 90 min 0.61a G 50.0 0
RB, 120 min 0.60a G 50.8 0
RB, 150 min 0.63a G 48.4 0
PB, 5 psi, 30 min 0.61a G 50.0 0
PB, 15 psi, 15 min 0.66a G 45.9 0

Steaming water RS, 15 min – –
PS, 5 psi, 15 min – –
PS, 15 psi, 15 min – –
RS, 70 min 0.04b 0
PS, 5 psi, 70 min 0.03b 0
PS, 15 psi, 60 min 0.07a 0

Steamed legumesc RS, 15 min – –
PS, 5 psi, 15 min – –
PS, 15 psi, 15 min – –
RS, 70 min 1.05a D 13.9 1
PS, 5 psi, 70 min 0.88b E 27.9 0
PS, 15 psi, 60 min 1.03a D 15.6 1

Values marked by the same small case letter within same group processing are n
in same column are not significantly different (p < 0.05), n = 3.

a Loss % was calculated using original unprocessed beans as starting materi
b Peas were pre-soaked based on 100% hydration rate, lentil was pre-soaked
c All samples were pre-soaked based on 70% hydration rate prior to stea

steaming; PS, pressure steaming.
might be due to the differences on distribution and content
of phenolic compounds in the seedcoat and cotyledon
between lentil and peas, chickpea. In the case of peas and
chickpeas, longer soaking times allowed the cotyledon to
absorb phenolics in the water. While in the case of lentil,
more phenolics lingered in the water than those diffused
into the cotyledons.
cid equivalents/g) of selected cool season food legumes

ellow pea Chickpea Lentil

PC Loss % TPC Loss % TPC Loss %

.38 A 1.44 A 7.34 A

– 0.31d
.06b 0.06c 0.58c
.08a 0.07b 1.14b
.09a 0.15a 1.55a

– 6.64a B 9.5
.22c B 11.6 1.31b D 9.0 6.41a B 12.6
.31b A 5.1 1.31b D 9.0 5.76b C 21.5
.35a A 2.2 1.40a B 2.77 4.56c D 37.8

– 1.25b
– 0.84c
– 0.84c
– 1.62a
– 1.18b

.56b 0.70b –

.62a 0.75ab –

.65a 0.78a –

.49c 0.53c –

.46c 0.48c –

– 3.24b F 55.8
– 3.66a E 50.1
– 3.59a E 51.1
– 2.35c H 67.9
– 2.37c H 67.7

.75a E 45.6 0.96ab EF 33.3 –

.76a E 44.9 0.92b F 36.1 –

.76a E 44.9 0.90b F 37.5 –

.74a E 46.4 0.98abEF 31.9 –

.78a E 43.5 1.02a E 29.2 –

– 0.09a
– 0.09a
– 0.09a

.13a 0.13a –

.03a 0.04c –

.05a 0.08b –

– 3.49a EF 52.4
– 3.21b F 56.3
– 2.88c G 60.8

.25a C 9.4 1.40a B 2.8 –

.96c D 30.4 1.33b CD 7.6 –

.16b B 15.9 1.38a BC 4.3 –

ot significantly different (p < 0.05), values marked by the same capital letter

als.
based on 50% hydration rate prior to boiling treatments.

ming treatments. RB, regular boiling; PB, pressure boiling; RS, regular
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Although there are hundreds of varieties of dry edible
beans in the world, data on phenolics in cooked legumes
are very limited. Bressani and Elias (1980) observed that
about 30–40% of phenolics could be removed from com-
mon beans by cooking and discarding the cooking water.
Data from Franke, Custer, Cerna, and Narala (1994)
showed that an average 61.2% of flavonoids in the unpro-
cessed beans lost after processing. However, in the present
Table 2
Effect of soaking, boiling and steaming on DPPH free radical scavenging cap

Processing conditions Green pea Y

DPPH Loss %a D

Raw – 2.77 A 3

Soaking water 50% hydration – –
70% hydration ND N
85% hydration 0.05b 0
100% hydration 0.16a 0

Soaked legumes 50% hydration – –
70% hydration 2.34b C 15.5 3
85% hydration 2.53a B 8.6 3
100% hydration 2.28b C 17.6 3

Boiling water RB, 30 min – –
RB, 45 min – –
RB, 60 min – –
PB, 5 psi, 5 min – –
PB, 15 psi, 5 min – –
RB, 90 min 0.49c 1
RB, 120 min 0.61b 0
RB, 150 min 0.69b 1
PB, 5 psi, 30 min 0.93a 1
PB, 15 psi, 15 min 0.85a 1

Boiled legumesb RB, 30 min – –
RB, 45 min – –
RB, 60 min – –
PB, 5 psi, 5 min – –
PB, 15 psi, 5 min – –
RB, 90 min 1.05a E 62.1 1
RB, 120 min 0.91b F 67.1 1
RB, 150 min 0.85b F 69.3 1
PB, 5 psi, 30 min 1.06a E 61.7 1
PB, 15 psi, 15 min 1.15a E 58.5 1

Steaming water RS, 15 min – –
PS, 5 psi, 15 min – –
PS, 15 psi, 15 min – –
RS, 70 min ND N
PS, 5 psi, 70 min ND N
PS, 15 psi, 60 min ND N

Steamed legumesc RS, 15 min – –
PS, 5 psi, 15 min – –
PS, 15 psi, 15 min – –
RS, 70 min 1.31a D 52.7 1
PS, 5 psi, 70 min 0.92b F 66.7 1
PS, 15 psi, 60 min 1.34a D 51.6 1

Values marked by the same small case letter within same group processing are n
in same column are not significantly different (p < 0.05), n = 3.

a Loss % was calculated using original unprocessed beans as starting materi
b Peas were pre-soaked based on 100% hydration rate, lentil was pre-soaked
c All samples were pre-soaked based on 70% hydration rate prior to stea

steaming; PS, pressure steaming.
study, it was found that about 40–50% of phenolics were
reduced in green pea, yellow pea and chickpea, and 50–
68% of phenolics in lentil were leached (Table 1) into
soaking and cooking water. Pressure cooking lost more
TPC (about 68%) than regular cooking (about 50–56%)
in lentil. These results are in accordance with those of Bar-
roga, Laurena, and Mendoza (1985) who found that boil-
ing and cooking reduced total phenolic content in Mung
acity (lmol trolox equivalents/g) of selected cool season food legumes

ellow pea Chickpea Lentil

PPH Loss % DPPH Loss % DPPH Loss %

.68 A 2.94 A 19.72 A

– 0.67c
D ND 1.30a

.05a ND 1.00b

.10a ND 0.58d

– 18.21a B 7.6
.27b C 11.1 1.91c D 35.0 18.01a B 8.7
.46a B 5.9 2.34b C 20.4 17.94a B 9.0
.18b D 13.6 2.63a B 10.5 17.86a B 9.4

– 2.80b
– 1.34c
– 1.31c
– 3.18a
– 2.85b

.05b 0.15d –

.67c 0.29bc –

.08b 0.38a –

.07b 0.31b –

.19a 0.27c –

– 17.83a B 9.6
– 18.07a B 8.4
– 17.89a B 9.3
– 13.91c F 29.5
– 14.57b E 26.1

.73a E 52.9 0.34b G 88.4 –

.72ab E 53.3 0.28c G 90.5 –

.62ab E 55.9 0.10d H 96.6 –

.54b EF 58.2 0.33b G 88.8 –

.66ab E 54.8 0.44a F 85.0 –

– ND
– ND
– ND

D ND –
D ND –
D ND –

– 16.97a C 13.9
– 15.06b D 23.6
– 14.54c E 26.3

.88a E 48.9 1.99a D 83.3 –

.20c F 67.4 1.66b E 43.5 –

.56b EF 57.6 1.95a D 33.6 –

ot significantly different (p < 0.05), values marked by the same capital letter

als.
based on 50% hydration rate prior to boiling treatments.

ming treatments. RB, regular boiling; PB, pressure boiling; RS, regular
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bean by 73%. Pressure steaming lost less TPC in green,
yellow pea and chickpea, while lost more TPC in lentil
as compared to regular steaming. Our results on variation
of TPC by processing are also in good agreement with
those reported by Ismail, Marjan, and Foong (2004),
who found that thermal treatment decreased the total phe-
nolic content in all vegetables. Large amount of the loss of
phenolic components could be due to leaching of phenols
Table 3
Effect of soaking, boiling and steaming on oxygen radical absorbing capacity

Processing conditions Green pea Ye

ORAC Loss %a OR

Raw – 9.75 E 12.

Soaking water 50% hydration – –
70% hydration 0.27c 0.2
85% hydration 0.74b 0.6
100% hydration 1.08a 1.0

Soaked legumes 50% hydration – –
70% hydration 4.71a FG 51.7 5.7
85% hydration 5.55a F 43.1 8.8
100% hydration 7.85a F 58.5 9.9

Boiling water RB, 30 min – –
RB, 45 min – –
RB, 60 min – –
PB, 5 psi, 5 min – –
PB, 15 psi, 5 min – –
RB, 90 min 2.90d 3.3
RB, 120 min 3.50cd 5.3
RB, 150 min 4.63bc 6.4
PB, 5 psi, 30 min 5.99ab 9.1
PB, 15 psi, 15 min 6.17a 7.7

Boiled legumesb RB, 30 min – –
RB, 45 min – –
RB, 60 min – –
PB, 5 psi, 5 min – –
PB, 15 psi, 5 min – –
RB, 90 min 2.59d H 73.4 5.1
RB, 120 min 4.12c G 57.7 5.8
RB, 150 min 2.27d H 76.7 5.6
PB, 5 psi, 30 min 12.41b D �27.3 13.
PB, 15 psi, 15 min 20.89a B �114.2 20.

Steaming water RS, 15 min – –
PS, 5 psi, 15 min – –
PS, 15 psi, 15 min – –
RS, 70 min ND ND
PS, 5 psi, 70 min ND ND
PS, 15 psi, 60 min ND ND

Steamed legumesc RS, 15 min – –
PS, 5 psi, 15 min – –
PS, 15 psi, 15 min – –
RS, 70 min 9.48c E 2.7 10.
PS, 5 psi, 70 min 16.43b C �68.5 23.
PS, 15 psi, 60 min 26.80a A �174.8 30.

Values marked by the same small case letter within same group processing are n
in same column are not significantly different (p < 0.05), n = 3.

a Loss % was calculated using original unprocessed beans as starting materi
b Peas were pre-soaked based on 100% hydration rate, lentil was pre-soaked
c All samples were pre-soaked based on 70% hydration rate prior to stea

steaming; PS, pressure steaming.
into soaking and cooking water, as well as breakdown of
phenolics during processing. Significant levels of TPC
could be detected in soaking, boiling and steaming water
leached from processed CSFL’s as shown in Table 1.
Almost half of TPC was detected in boiling water, these
results showed the fate of TPC in processed CSFL’s. Espe-
cially, in the cases of boiling and steaming, the sum of
TPC was far less than original unprocessed CSFL’s. The
(ORAC, lmol trolox equivalents/g) of selected cool season food legumes

llow pea Chickpea Lentil

AC Loss % ORAC Loss % ORAC Loss %

06 ED 18.66 E 94.90 B

– 10.77d
8c 0.24b 15.81c
0b 0.30b 20.12b
6a 1.63a 23.74a

– 72.31a D 23.8
5b G 52.3 12.57b F 32.6 64.39a E 32.1
9a F 26.3 16.66a E 10.7 56.88a F 40.1
2a EF 17.7 17.92a E 3.9 29.36b I 69.1

– 6.36b
– 6.29b
– 6.17b
– 20.40a
– 21.63a

1e 7.11c –
4d 8.99b –
8c 10.69a –
8a 9.33b –
0b 6.56c –

– 35.72d H 62.3
– 39.55d GH 58.3
– 43.96c G 53.6
– 84.36a C 11.1
– 79.78b C 15.9

0c G 57.7 8.24c G 55.8 –
5c G 51.5 6.07d G 67.5 –
6c G 53.1 5.76d G 69.1 –
55b D �12.3 23.25b D �24.6 –
08a C �66.5 26.16a C �40.2 –

– ND
– ND
– ND
ND –
ND –
ND –

– 93.59a B 1.4
– 99.61a B �4.9
– 106.99a A �12.7

98c DEF 8.9 17.29c E 7.3 –
98b B �98.8 34.29b B �83.7 –
53a A �153.1 41.40a A �121.8 –

ot significantly different (p < 0.05), values marked by the same capital letter

als.
based on 50% hydration rate prior to boiling treatments.

ming treatments. RB, regular boiling; PB, pressure boiling; RS, regular
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exact chemical nature of these reductions in TPC is not
fully understood, however, could be attributed to chemical
transformation, decomposition of phenolics, and forma-
tion of phenolic-protein complex under thermal and pres-
sure conditions.
3.5. Effect of processing on DPPH free radical scavenging

capacity of CSFL’s

DPPH free radical scavenging capacities (DPPH) of the
extracts from processed CSFL’s are presented in Table 2.
Significant differences (p < 0.05) in DPPH values were
found both in leached processing water and processed
legumes among most processing treatments of yellow pea,
green pea, chickpea and lentil. Significant differences
(p < 0.05) existed among different soaking treatments of
yellow pea and chickpea, no significant differences were
found among different hydration soaking treatments in
the case of lentil. No significant differences existed among
the multiple boiling treatments of green, yellow pea and
lentil, but significant differences (p < 0.05) existed between
two pressure treatments, and between regular (atmo-
spheric) and pressure boiling of all processed CSFL’s. Sig-
nificant differences (p < 0.05) existed between regular and
pressure steaming treatments of all processed CSFL’s,
and between two the pressure steaming treatments of all
tested CSFL’s.

After processing, the DPPH free radical scavenging
capacities (DPPH values) of processed CSFL’s were signif-
icantly reduced as compared to the respective original
unprocessed CSFL’s, while green pea and chickpea pre-
served relatively high radical scavenging capacities, and
yellow pea and lentil preserved relatively low radical scav-
enging capacities at the overall level in steamed legumes as
compared to boiled legumes. DPPH free radical scavenging
capacities were lost about 9–18% in green pea, 6–14% in
yellow pea, 10–35% in chickpea, and about 8–10% in lentil
after soaking by removing soaking water. Meanwhile, loss
of free radical scavenging capacities in chickpea exhibited a
decreasing tendency, while the loss of free radical scaveng-
ing capacities in lentil exhibited an increasing tendency
with the increasing of hydration rate.

After boiling, free radical scavenging capacities of
CSFL’s were reduced by about 60–70% in green pea, 50–
60% in yellow pea, 85–95% in chickpea, and 9–30% in lentil
(Table 2). Pressure boiling lost more free radical scaveng-
ing capacities (about 26–30%) than regular boiling (8–
10%) in lentil.

After steaming, free radical scavenging capacities of
CSFL’s were reduced by 51–67% in green pea, 49–67% in
yellow pea, 33–83% in chickpea, and 14–26% in lentil
(Table 2). Pressure steaming lost less free radical scaveng-
ing capacities in chickpea, while lost more free radical scav-
enging capacities in lentil as compared to regular steaming.
In general, the loss of DPPH was partly due to soluble anti-
oxidants in leached water and heat effect.
3.6. Effect of processing on oxygen radical absorbing

capacity of CSFL’s

The oxygen radical absorbance capacity (ORAC) is the
only method so far that combined both inhibition time and
degree of inhibition into a single quantity (Prior et al.,
2003). Comparing to DPPH method, ORAC utilizes differ-
ent antioxidant reaction mechanism: ORAC reactions
involves hydrogen atom transfer (HAT) mechanism, while
DPPH involves single electron transfer (SET) mechanism
(Prior, Wu, & Schaich, 2005). The presence of antioxidants
results in an inhibition in the free radical damage to the
fluorescent compounds. The ORAC assay has been used
to study the antioxidant capacity of many compounds
and food samples (Prior et al., 2003; Wu et al., 2004a,
2004b). The ORAC values of the antioxidant extracts from
processed legume solids are presented in Table 3. Signifi-
cant differences (p < 0.05) in ORAC values were found
both in leached processing water and processed legume sol-
ids among most processing treatments of yellow pea, green
pea, chickpea and lentil. Significant differences (p < 0.05)
existed among different soaking treatments of green, yellow
pea, chickpea, and lentil. No significant differences existed
among the multiple boiling treatments of yellow pea and
chickpea, but significant differences (p < 0.05) existed
between the two pressure treatments in the cases of green,
yellow pea and chickpea, and between regular and pressure
boiling of all processed CSFL’s. Significant differences
(p < 0.05) existed between regular and pressure steaming
treatments of all processed CSFL’s, and between the two
pressure steaming treatments of all tested CSFL’s.

After processing, the oxygen radical absorbance capaci-
ties of processed CSFL’s were significantly reduced in the
cases of soaked legumes, regular boiled legume as com-
pared to the respective original unprocessed CSFL’s. How-
ever, the oxygen radical absorbance capacities of processed
CSFL’s were significantly increased in the cases of pressure
boiling and pressure steaming as compared to the respec-
tive original unprocessed CSFL’s. After soaking, the oxy-
gen radical absorbance capacity were decreased by 43–
59% in green pea, 18–52% in yellow pea, 4–33% in chick-
pea, and about 24–70% in lentil. Meanwhile, the loss of
oxygen radical absorbance capacity in yellow pea and
chickpea decreased, while the loss of oxygen radical absor-
bance capacity in lentil increased with the increase of
hydration rate.

Boiling is generally regarded as being destructive to anti-
oxidant compositions. Recent research showed that boiling
significantly influenced antioxidant capacity of vegetables,
and the effects were not consistent in different foods (Wu
et al., 2004a, 2004b). In our studies, oxygen radical absor-
bance capacity of regular boiled legumes were reduced by
58–77% in green pea, 53–58% in yellow pea, 56–69% in
chickpea, and 54–62% in lentil (Table 3). The losses of oxy-
gen radical absorbance capacity in chickpea exhibited an
increasing tendency with the extension of cooking time,
while the losses of oxygen radical absorbance capacity in
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lentil exhibited a decreasing tendency. Oxygen radical
absorbance capacities were increased by about 27–114%
in green pea, 12–67% in yellow pea, 25–40% in chickpea
as compared to respective raw legume after pressure boil-
ing. However, oxygen radical absorbance capacities were
decreased by about 11–16% in lentil after pressure boiling.

Oxygen radical absorbance capacity of regular steamed
legumes was reduced by 2.7% in green pea, 8.9% in yellow
pea, 7.3% in chickpea, and 1.4% in lentil (Table 3) by
removing soaking and steaming water. After pressure
steaming, oxygen radical absorbance capacities were
increased by 69–175% in green pea, 99–153% in yellow
pea, 84–122% in chickpea, and 5–13% in lentil as compared
to respective original unprocessed legume. In addition, we
Table 4
Losses of total phenolic content and antioxidant activities caused by thermal

Processing
conditions

TPC loss %a

Loss in
waterd

Thermal
degradatione

Boiled green peab RB, 90 min 43.9 3.4
RB, 120 min 47.4 0.86
RB, 150 min 47.4 0.86
PB, 5 psi, 30 min 35.3 12.1
PB, 15 psi, 15 min 35.3 7.8

Boiled yellow
peab

RB, 90 min 41.5 3.0
RB, 120 min 45.9 �2.2
RB, 150 min 48.1 �4.4
PB, 5 psi, 30 min 36.3 8.9
PB, 15 psi, 15 min 34.1 8.1

Boiled chickpeab RB, 90 min 50 �18.6
RB, 120 min 53.6 �19.3
RB, 150 min 55.7 �20.0
PB, 5 psi, 30 min 37.8 �7.9
PB, 15 psi, 15 min 34.3 �7.1

Boiled Lentilb RB, 30 min 18.8 32.4
RB, 45 min 12.7 32.2
RB, 60 min 12.7 33.3
PB, 5 psi, 5 min 24.4 40.2
PB, 15 psi, 5 min 17.9 46.5

Steamed green
peac

RS, 70 min 3.4 6.0
PS, 5 psi, 70 min 2.6 21.6
PS, 15 psi, 60 min 6.0 5.2

Steamed yellow
peac

RS, 70 min 9.6 �2.2
PS, 5 psi, 70 min 2.2 26.7
PS, 15 psi, 60 min 3.7 10.4

Steamed
chickpeac

RS, 70 min 9.3 �9.3
PS, 5 psi, 70 min 2.8 2.1
PS, 15 psi, 60 min 5.7 �4.3

Steamed lentilc RS, 15 min 1.4 46.1
PS, 5 psi, 15 min 1.4 50.3
PS, 15 psi, 15 min 1.4 55.3

a Loss % was calculated using respective soaked legumes as starting materia
b Peas were pre-soaked based on 100% hydration rate, lentil was pre-soaked
c All samples were pre-soaked based on 70% hydration rate prior to steami
d The values lost to the cooking water.
e The values due to possible thermal degradation (the rest values when lost

PB, pressure boiling; RS, regular steaming; PS, pressure steaming.
found that the oxygen radical absorbance capacities were
increased with the increase of pressure in both pressure
boiling and pressure steaming treatments. TPC and DPPH
were not parallel with ORAC in cases of pressure boiling
and pressure steaming treatments. This phenomenon could
be attributed to the increases or the formation (after high
pressure heat treatments) of specific compounds, which
could provide more hydrogen atom during oxidation–
reduction reaction. ORAC utilizes different antioxidant
reaction mechanism from DPPH: ORAC reactions involve
hydrogen atom transfer mechanism, while DPPH involves
single electron transfer mechanism. Different classes of
compounds may have different contributions to TPC,
DPPH and ORAC values, respectively. Positive heat effects
processing

DPPH loss % ORAC loss %

Loss in
water

Thermal
degradation

Loss in
water

Thermal
degradation

21.5 32.5 36.9 30.1
26.8 33.3 44.6 2.9
30.3 32.5 58.9 12.1
40.8 12.7 76.3 �134.4
37.3 12.3 78.6 �244.7

33.0 12.6 33.4 15.2
21.1 24.8 53.8 �12.8
33.9 15.1 65.3 �22.4
33.6 17.9 92.5 �129.1
37.4 10.4 77.6 �180.0

5.7 81.4 39.7 14.3
11.0 78.3 50.2 15.9
14.4 81.6 59.6 8.2
11.8 75.7 52.1 �81.8
10.3 73 36.6 �82.6

15.4 �13.3 8.8 41.8
7.4 �6.6 8.7 36.6
7.2 �5.4 8.5 30.7
17.5 6.2 28.2 �44.9
15.7 4.3 29.9 �40.2

0 44.0 0 �101.3
0 60.7 0 �248.8
0 42.7 0 �469.0

0 42.5 0 �90.9
0 63.3 0 �317.0
0 52.3 0 �430.9

0 �4.2 0 �37.5
0 13.1 0 �172.8
0 �2.1 0 �229.4

0 5.8 0 �45.3
0 16.4 0 �54.7
0 19.3 0 �66.2

ls.
based on 50% hydration rate prior to boiling treatments.

ng treatments.

values subtracted the values lost into cooking water). RB, regular boiling;
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were found in pasteurization of tea extracts (Manzocco,
Anese, & Nicoli, 1998), which caused an increase in antiox-
idant activity of teas.

Previous research on fruits and vegetables indicated that
processing caused no changes in antioxidant potential or
increased it due to improvement of antioxidant properties
of naturally occurring compounds or formation of novel
compounds such as Maillard reaction products, which
have antioxidant activity (Manzocco, Calligaris, Masrroco-
la, Nicoli, & Lerici, 2001; Nicoli, Anese, & Parpinel, 1999).
Table 5
Mass balance of cool season food legumes during processing

Legumes Processing condition Before process

Green pea Soaking, 70% 17.95 ± 0.06 a
Soaking, 85% 17.89 ± 0.12 a
Soaking, 100% 17.85 ± 0.10 a
RB, 90 min 17.73 ± 0.04 a
RB, 120 min 17.69 ± 0.04 a
RB, 150 min 17.75 ± 0.02 a
PB, 5 psi, 30 min 18.22 ± 0.04 a
PB, 15 psi, 15 min 18.04 ± 0.08 a
RS, 70 min 88.37 ± 0.09 a
PS, 5 psi, 70 min 88.58 ± 0.05 a
PS, 15 psi, 60 min 88.55 ± 0.12 a

Yellow pea Soaking, 70% 17.68 ± 0.12 a
Soaking, 85% 17.72 ± 0.07 a
Soaking, 100% 17.63 ± 0.08 a
RB, 90 min 17.48 ± 0.02 a
RB, 120 min 17.49 ± 0.01 a
RB, 150 min 17.53 ± 0.01 a
PB, 5 psi, 30 min 17.83 ± 0.07 a
PB, 15 psi, 15 min 17.77 ± 0.04 a
RS, 70 min 87.17 ± 0.04 a
PS, 5 psi, 70 min 87.42 ± 0.05 a
PS, 15 psi, 60 min 87.56 ± 0.04 a

Chickpea Soaking, 70% 18.48 ± 0.04 a
Soaking, 85% 18.44 ± 0.05 a
Soaking, 100% 18.54 ± 0.08 a
RB, 90 min 18.32 ± 0.02 a
RB, 120 min 18.38 ± 0.03 a
RB, 150 min 18.35 ± 0.03 a
PB, 5 psi, 30 min 18.63 ± 0.07 a
PB, 15 psi, 15 min 18.66 ± 0.07 a
RS, 70 min 91.54 ± 0.09 a
PS, 5 psi, 70 min 91.85 ± 0.09 a
PS, 15 psi, 60 min 91.86 ± 0.05 a

Lentil Soaking, 50% 17.76 ± 0.02 a
Soaking, 70% 17.89 ± 0.05 a
Soaking, 85% 17.92 ± 0.07 a
Soaking, 100% 17.88 ± 0.04 a
RB, 30 min 17.76 ± 0.02 a
RB, 45 min 17.77 ± 0.00 a
RB, 60 min 17.79 ± 0.00 a
PB, 5 psi, 5 min 18.21 ± 0.04 a
PB, 15 psi, 5 min 18.10 ± 0.02 a
RS, 15 min 88.72 ± 0.02 a
PS, 5 psi, 15 min 88.76 ± 0.03 a
PS, 15 psi, 15 min 88.76 ± 0.05 a

Values marked by the same letter in same row are not significantly different
steaming; PS, pressure steaming.

a Dry weigh basis.
During the processing of CSFL’s, it was observed that
pressure boiling and pressure steaming yielded darker color
products than regular cooking and steaming. These darker
color products might be from the Maillard reactions and
might have contributed partly to the increases of antioxi-
dant capacity. In addition, thermal treatments also could
break the glucosides of flavonoids to form alglycones
which possess higher antioxidant properties.

The changes in the antioxidant properties of cooked
CSFL’s could be attributed to the two major factors, one
ing (g)a After processing (g)a Solid loss (%)a

17.55 ± 0.07 b 2.26 ± 0.11
17.40 ± 0.13 b 2.72 ± 0.07
17.81 ± 0.12 a 0.26 ± 0.12
15.53 ± 0.26 b 12.39 ± 1.44
15.45 ± 0.13 b 12.67 ± 0.56
15.45 ± 0.05 b 12.95 ± 0.26
16.28 ± 0.11 b 10.69 ± 0.53
15.94 ± 0.02 b 11.67 ± 0.31
82.34 ± 1.41 b 6.82 ± 1.55
85.21 ± 1.32 b 3.81 ± 1.51
83.90 ± 1.07 b 5.26 ± 1.10

17.31 ± 0.10 b 2.09 ± 0.10
17.29 ± 0.06 b 2.41 ± 0.25
17.60 ± 0.08 a 0.16 ± 0.13
15.41 ± 0.06 b 11.85 ± 0.38
15.10 ± 0.09 b 13.65 ± 0.50
15.10 ± 0.09 b 13.83 ± 0.48
15.72 ± 0.22 b 11.80 ± 1.38
15.69 ± 0.07 b 11.72 ± 0.29
82.58 ± 2.39 b 5.28 ± 2.75
82.37 ± 0.43 b 5.78 ± 0.55
83.30 ± 1.83 b 4.86 ± 2.06

17.96 ± 0.05 b 2.80 ± 0.52
18.14 ± 0.06 b 1.62 ± 0.24
18.39 ± 0.04 b 0.81 ± 0.29
16.31 ± 0.06 b 10.95 ± 0.20
16.17 ± 0.22 b 12.02 ± 1.09
15.98 ± 0.09 b 12.95 ± 0.39
16.96 ± 0.10 b 8.93 ± 0.29
17.13 ± 0.04 b 8.19 ± 0.56
88.60 ± 2.13 a 3.22 ± 2.31
89.47 ± 0.95 a 2.59 ± 1.10
88.79 ± 0.77 b 3.34 ± 0.78

17.68 ± 0.03 b 0.41 ± 0.09
17.79 ± 0.04 a 0.54 ± 0.06
17.80 ± 0.05 b 0.66 ± 0.23
17.75 ± 0.06 b 0.75 ± 0.15
16.98 ± 0.09 b 4.39 ± 0.48
16.94 ± 0.12 b 4.67 ± 0.67
16.95 ± 0.16 b 4.71 ± 0.89
17.26 ± 0.01 b 5.21 ± 0.27
16.77 ± 0.13 b 7.32 ± 0.73
87.74 ± 1.31 a 1.10 ± 1.47
87.66 ± 0.76 a 1.24 ± 0.83
86.92 ± 0.66 b 2.07 ± 0.78

(p < 0.05), n = 3. RB, regular boiling; PB, pressure boiling; RS, regular
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is the leaching of phenolic compounds, which was lost into
the cooking water; the other is the degradation or forma-
tion of new compounds (not limited to phenolic com-
pounds). The losses of total phenolics, DPPH free radical
scavenging capacities, and oxygen radical absorbance
capacities of cooked CSFL’s were summarized in Table
4, in which the loss % was calculated using soaked legumes
as starting materials, and the losses were differentiated into
two aspects: the losses to the cooking water, the losses due
to possible degradation.

3.7. Mass balance analysis

Mass balance analyses on processing treatments of
CSFL’s are shown in Table 5. Significant differences
(p < 0.05) in solid weight existed between before and after
processing in most processing treatments of CSFL’s except
100% hydration soaking treatments of green, yellow pea
and lentil and regular steaming treatments of chickpea
and lentil. The 100% hydration soaking treatment caused
minimum solid loss as compared to other soaking treat-
ments in the cases of green pea (0.26%), yellow pea
(0.16%), chickpea (0.81%), while caused maximum solid
loss in the case of lentil (0.75%). These phenomena could
be attributed to the different types of the seed structures
and different water-soluble composition content (such as
phenolics, fiber and starch, etc.). Water-soluble composi-
tions reached a kinetic equilibration in soaking water and
seeds after 100% hydration. For the case of peas and chick-
peas, more leached water-soluble compositions were
absorbed back into seeds, while more leached water-soluble
compositions lingered in soaking water for the case of len-
tils. Boiling caused more dry solid loss than steaming in
all styles of CSFL’s. Solid losses exhibited an increasing ten-
dency with the extension of the cooking time in all CSFL’s.
Regular boiling treatments caused 11–14% of solid losses,
pressure boiling treatments caused 8.2–11.8% of solid losses
for green pea, yellow pea, and chickpea, while caused 4.4–
7.4% of solid losses for lentil. Steaming caused 4–7% of
solid losses for the cases of green pea, yellow pea, and chick-
pea, while caused 1–2% of solid losses for the cases of lentil.
The significant solid losses by soaking, boiling and steaming
CSFL’s could be attributed to the diffusion of water-soluble
components, into soaking, cooking, and steaming water.

4. Conclusion

In summary, soaking, boiling, steaming processes signif-
icantly affected the total phenolic contents and antioxidant
activities in all CSFL’s. The changes depended on the type
of legume and processing conditions. These changes
affected the antioxidant properties of the CSFL’s. From
our results, boiled or steamed CSFL’s still contained sub-
stantial amounts of antioxidants. However, steaming pro-
cesses caused smaller losses in TPC, antioxidant activities
and solid mass than the boiling processes. Therefore,
steaming is recommended for CSFL’s preparation in
domestic and industrial processes, not only for preserving
of antioxidant components, but also for decreasing cook-
ing time. The changes in the overall antioxidant properties
of processed CSFL’s could be attributed to the synergistic
combinations or counteracting of several types of factors,
including oxidative reaction, leaching of water-soluble anti-
oxidant compositions, formation or breakdown of antiox-
idant compositions, and solid losses during processing.
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