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ABSTRACT

Cooking quality of common beans greatly influences acceptability. The objective

of this study was to quantify the effect of bean type, storage time, temperature

and relative humidity (RH) on the cooking time of four bean types grown in

Kenya. Beans were stored under different temperature (25, 35 and 45C) and RH

(75 and 83%). After sampling, they were pre-soaked or not and cooked to gener-

ate cooking curves which were subjected to nonlinear regression. Significance of

the different variables was evaluated using mixed model regression. Higher stor-

age temperatures (35 and 45C), higher RH (83%) and extended time significantly

increased lag phase and cooking time. Soaking pretreatments reduced cooking

time. Canadian wonder and Pinto beans took long thus hard-to-cook while Rose

coco and Red haricot took short cooking time, thus, easy-to-cook. This work

demonstrated the critical nature of bean type, storage and pretreatment condi-

tions in influencing bean cooking quality.

PRACTICAL APPLICATIONS

The hard-to-cook (HTC) problem in common beans is one of the main problems

leading to low consumption of beans. This manuscript provides information on

the easy to cook and HTC bean varieties grown in Kenya. The roles of storage

temperature and relative humidity on predisposing beans to the HTC problem is

discussed including the optimal storage conditions. Finally, the effect of pre-

treatment conditions and cooking on overall cooking time is highlighted. Soaking

in distilled water and Na2CO3 significantly reduced the cooking time of the beans.

It is hoped that this information can be translated to practical guidelines for bean

breeders, stockists, processors and consumers.

INTRODUCTION

Common beans (Phaseolus vulgaris), also referred to as dry

beans or edible beans, and represents a nutritious food pro-

viding essential nutrients such as proteins, iron, calcium,

vitamins, carbohydrate and fiber. They constitute an essen-

tial part of the diet for over 700 million people in the world

(Leterme and Munoz 2002). Their consumption in Eastern

and Southern Africa exceeds 50 kg/person/year (Wortman

et al. 1998). Common bean genetic breeding programs have

produced cultivars with high bean yields, tolerance to pests

and diseases, different sizes, colors, shapes and sheen. In

addition, beans have different cooking characteristics in

terms of cooking time, palatability and broth characteristics

(Perina et al. 2014). Previous studies have shown that the

per capita consumption of beans in many places has gone

down mainly due to the reduced time available to prepare
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meals especially with the rapid urbanization (Arruda et al.

2012). Therefore, bean cooking quality and especially the

cooking time is an essential attribute for both bean breeders

and consumers (Leterme and Munoz 2002).

There are many factors that affect the cooking quality of

beans such as storage time, moisture content, packaging

used, temperature and relative humidity (Arruada et al.

2012). Storage of beans has been shown to cause changes in

their taste, broth characteristics, color and cooking time,

therefore, lowering their commercial value (Sawazaki et al.

1985, Arruda et al. 2012). This deterioration in cookability

(ability to soften with cooking) during storage is caused by

the hardening of the cotyledons, a condition described as

the hard-to-cook (HTC) phenomenon (Nasar-Abbas et al.

2008). Several hypotheses to explain the development of the

HTC defect have been proposed. Galiotou-Panayotou et al.

(2007) developed the middle lamella–cation–phytate–

phytase theory which suggests that pectates in the middle

lamella are rendered insoluble upon cooking by replacement

of their monovalent ions by calcium and magnesium ions.

When the phytase hydrolyzes the phytate, divalent cations

are released and diffuse to the middle lamella to combine

with the pectates. Hincks and Stanley (1987) and Srisuma

et al. (1989) on the other hand suggested that lignification

occurs through the cross-linking of phenolics to cell wall

proteins promoting hardening both as a result of increased

mechanical strength from the lignin as well as a result from

the prevention of water imbibition and swelling. A multiple

mechanism of bean hardening which included phytate loss

as a minor contributor during initial storage and phenol

metabolism as a major contributor during extended storage

has also been proposed (Hincks and Stanley 1986).

However, the complex mechanisms have not been clearly

elucidated (Liu et al. 1992; Njoroge et al. 2014).

Attempts to increase the utilization of legumes in general

have employed a wide range of processing techniques such

as soaking, boiling, autoclaving, radiation, cooking, roast-

ing, dehulling, germination, fermentation, supplementation

with various chemicals and enzymes and extrusion cooking

(Van der Poel 1990; Gujska and Khan 1991; Bishnoi and

Khetarpaul 1994; Fernandez et al. 1997; Alonso et al. 1998,

2000). Soaking and cooking of beans are two separate proc-

esses that may or may not be performed simultaneously

(Taiwo et al. 1997). Soaking in distilled water, however, is

not very effective and therefore many attempts have been

made to fasten the cooking by the use of soaking solutions

such as sodium bicarbonate (Abu-Ghannam and McKenna

1997).

Although the influence of different factors on bean cook-

ing behavior has been described qualitatively, the specific

objective of this study was to quantify the influence of stor-

age time, storage temperature and storage relative humidity

(RH) as well as soaking pretreatments on the cooking time

of four bean “types” grown in Kenya, whereby bean type is

defined as a bean variety grown at a certain place and time.

The holistic approach used to quantify the effect of afore-

mentioned parameters in bean cooking quality is what sets

this work apart.

MATERIALS AND METHODS

Storage of Common Beans

Four bean (Phaseolus vulgaris L.) varieties (Rose coco, Cana-

dian wonder, Pinto and Red haricot) grown in the same

place and harvested in the same season were purchased from

Kenya Agricultural Research Institute (KARI), Thika Sta-

tion. About 12 kg of each bean type was first conditioned for

2 weeks at 25C and 75% RH to equilibrate the moisture con-

tent in the beans. After the conditioning process, a reference

sample (0 month storage) of 1 kg was taken for each bean

type and stored under frozen conditions at 218C. The rest

of the beans were divided into four equal lots, packaged in

perforated plastic containers to allow for air circulation and

stored under different conditions of temperature and rela-

tive humidity (Table 1). The samples were stored in thermo-

stated incubation/RH-temperature controlled chambers. To

ensure that the required RH was maintained at the desired

levels, saturated salt solutions of NaCl and KCl were used for

75 and 83% RH, respectively. The temperature and the RH

were continuously monitored using a calibrated thermome-

ter and hygrometer, respectively. Under all storage condi-

tions, sampling was done four times. In case of high

temperature and/or high relative humidity storage condi-

tions (45C/75% RH and 35C/83% RH), sampling was

within an interval of 2 months up to a maximum storage

period of 6 months, while the samples stored at 25C/75%

RH and 35C/75% RH were sampled every 4 months within

a maximum storage time of 12 months (Table 1). At each

sampling time, 2 kg of bean seeds were sampled for each

type, of which 1 kg was used for the analysis, while the rest

was stored under frozen conditions at 218C for future ref-

erence. The moisture content of the beans was determined

according to the AOAC method 930.15 (AOAC 2000) after

each sampling. It was found to be around 10% and stable

TABLE 1. SAMPLING PLAN OF THE STORED BEANS (* INDICATES THE

SAMPLING TIME AT A GIVEN STORAGE CONDITION AND TIME)

Condition Storage time in months

RH (%) Temperature (C) 0 2 4 6 8 10 12

75 25 * * * *

35 * * * *

45 * * * *

83 35 * * * *

THE EFFECTS OF POSTHARVEST STORAGE AND SOAKING PRETREATMENTS P.K. KINYANJUI ET AL.
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throughout the experiment. To prevent mold growth during

storage, very high relative humidity values were avoided.

Soaking Pretreatments of Beans

Beans were either not soaked or soaked in different solutions

to determine their subsequent cooking behavior. The solu-

tions used for soaking included deionized water and 0.1 N

Na2CO3. Soaking was done at 25C for 16 h in an incubator.

A ratio of 1:5 was used in soaking the beans.

Cooking of Beans

About 100 seeds from each of the stored (un)soaked beans

were subjected to standard cooking at 96C in a thermostated

water bath (Memmert WBU-45, Germany) for varying time

intervals after each sampling. The cooked samples were with-

drawn from the water bath and cooled in a cold water bath

for 1 min before determining the cooking status (softness/

hardness [cookability]) of the beans. This was determined

subjectively by pressing the cooked beans between the thumb

and forefinger. The beans were classified as cooked when the

cotyledons disintegrated on pressing (Vindiola et al. 1986;

Kinyanjui et al. 2015). The finger pressing method was

favored over the objective (cutting) test due to its speed and

simplicity. The percentage of cooked beans in the batch was

determined as a function of time. This was done in duplicate.

These data were then used to generate cooking curves. A total

of 192 curves were generated. These cooking curves define

the cooking quality of the different bean samples.

Data Analysis

Statistical data analysis was performed using a Statistical

Analysis System (SAS) statistical software package (SAS

Enterprise Guide 4.3, The United States).

Nonlinear Regression. Since the cooking curves

appeared sigmoidal in nature, a nonlinear regression with a

sigmoidal model was performed for every single cooking

curve according to Eq. (1). (SAS Enterprise Guide 4.3, USA)

y5
100

11exp b1c�xð Þ (1)

In this equation y is the predicted value of cooked beans (%), x

is the cooking time (min) and b and c are two theoretical

parameters that completely describe the cooking curves. From

the estimated parameters b and c, parameters with physical

meaning were generated. These parameters are, the cooking

rate (2c), the time required to cook 95% of the beans (which

is a measure for the total cooking time) and the time required

to cook 5% of the beans (which is a measure for the lag phase).

Mixed Model Regression. For the three different physi-

cal parameters considered in this study, a mixed model was

applied with fixed factors (storage relative humidity, storage

temperature, storage time and soaking pretreatment), to esti-

mate the effects of controllable factors, and a random factor

(bean type), to correct for the correlation between samples

coming from the same bean type. Significant differences

among fixed factors were examined using the post hoc Tukey

test at a significance level of P� 0.05 (Palmers et al. 2014).

Mixed model regression was used to evaluate the signifi-

cance of bean type and different storage and soaking pre-

treatment conditions on the time required to cook 95% of

the beans, the time required to cook 5% of the beans and the

cooking rate. These physical parameters were derived from

the two theoretical parameters obtained from the sigmoidal

regression of the cooking curves. The definition of this

model, built with one random factor (bean type) and four

fixed factors (storage time, storage temperature, storage rel-

ative humidity and soaking pretreatments), is represented

in the following equation:

y 5 l 1 btt 1 bRH 1bT 1 bC 1 bv1 e (2)

where, y is 95% cooked beans, 5% cooked beans or cooking

rate, l is the intercept, bt is the estimate of storage time, t is

the storage time in months, bRH is the estimate of relative

humidity, bT is the estimate of temperature, bc is the esti-

mate of soaking pretreatment, bv is the estimate of bean

type and e is the estimate of error. Storage time was the only

continuous (numerical) variable while the rest were consid-

ered discrete (categorical) variables. This equation was

applicable when all the bean types were considered. When

the influence of storage and soaking pretreatment on the

physical parameters was investigated for each bean type

separately, the equation was:

y 5 l 1 btt 1 bRH 1bT 1 bC 1 e (3)

RESULTS AND DISCUSSION

General Observations

Examples of the cooking profiles generated during the cook-

ing process of different bean types stored at different tem-

perature and relative humidity conditions are shown in Fig.

1. For all the bean types, the time taken for the beans to be

fully cooked increased with increasing storage time showing

that all the bean types developed to a certain extent the HTC

defect upon storage. For example (Fig. 1) in Canadian won-

der the cooking time increased from 120 to 420 min at the

end of six month storage at 45C/75% RH. Pre-treatments

reduced the cooking time. For instance, soaking Canadian

P.K. KINYANJUI ET AL. THE EFFECTS OF POSTHARVEST STORAGE AND SOAKING PRETREATMENTS
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wonder beans stored for 6 months at 45C/75% RH in de-

ionized water reduced the cooking time from 420 to 330 min

(�30% reduction in cooking time) as compared with 50%

reduction in cooking time (120–60 min) at the beginning of

the storage experiment. For the same Canadian wonder

stored for 6 months, soaking in Na2CO3 reduced the cooking

time from 420 to 150 min (�64% reduction in cooking time)

as compared with 80% reduction in cooking time (120–30

min) at the beginning of the storage experiment. The effects

of soaking in Na2CO3 on the cooking time are higher than

the effects of soaking in distilled water (Fig. 1).

Statistical data analysis was then used to quantify the effects

of the different variables on the cooking time of the beans.

Cooking Behavior of Beans

All bean types cooked following a sigmoidal model charac-

terized by a lag, exponential and plateau phase. The lag

phase indicates the initial time before any substantial soften-

ing occurs (<5% softening), the exponential phase marks

the actual softening phase while the plateau phase indicates

the fully cooked state of the beans (�95% cooked). In Fig. 2,

out of the 192 cooking curves, four curves were selected and

are shown as an example. Specifically, the sigmoidal regres-

sion of cooking curves for Rose coco beans stored at 45C

and 75% RH for 0, 2, 4 and 6 months and soaked in distilled

water before subsequent cooking at 96C is presented. From

these curves it can be observed that a sigmoidal function

adequately predicts the experimental data. In general, for all

the 192 samples, the correlation between the predicted and

experimental values for the % cooked beans was high

(R2 5 0.99) (Fig. 3).

Modeling the Influence of Bean Type,
Storage Condition and Soaking
Pretreatment on Cooking Quality of Beans

Influence of Variables on the Lag Phase of
Beans. The statistical output of the selected mixed model

to obtain insight into the effect of bean type, storage and

FIG. 1. THE COOKING CURVES OF

FOUR DIFFERENT BEAN TYPES STORED

AT 45C AND 75% RELATIVE HUMIDITY

COOKED WITHOUT PRIOR SOAKING.

(A) EFFECT OF STORAGE TIME AT 45C

AND 75%; (B) EFFECT OF SOAKING

SOLUTIONS. (RC, ROSE COCO; CW,

CANADIAN WONDER; RH, RED

HARICOT; P, PINTO; NS, NONSOAKED;

DW, SOAKED IN DISTILLED WATER; SC,

SOAKED IN SODIUM CARBONATE)

THE EFFECTS OF POSTHARVEST STORAGE AND SOAKING PRETREATMENTS P.K. KINYANJUI ET AL.
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soaking pretreatments on the time required to cook 5% of

the beans is shown in Table 2. All the tested variables had a

significant influence on the lag phase of the cooking curves

of all the bean types. An increase in storage time, RH and

temperature led to an extension of the lag phase of the beans

cooking curves. Soaking in distilled water and Na2CO3

reduced the lag phase of the cooking curves. Soaking in

Na2CO3 had the largest effect on the lag phase reducing it by

more than one hour (76 min). Storage for long time signifi-

cantly extended the lag phase, e.g., storage for 12 months

extended the lag phase by 74 min when compared with the

fresh beans (Fig. 2). The effect of temperature on the lag

phase was higher than the effect of RH in the range of tem-

peratures and RH used in this study.

Considering the estimates for the random effect, origin, a

classification among the bean types according to the lag

phase of the cooking curves can be made. Canadian wonder

and Pinto beans used in this study had a longer lag phase

thus were HTC while Rose coco and Red haricot beans had a

shorter lag phase thus were ETC. To demonstrate the effect

of bean type on the lag phase, the cooking curves of the

beans stored for 6 months at 45C and 75% RH are shown in

Fig. 4. It can be observed that the lag time is bean type

specific.

The influence of storage and soaking pretreatment condi-

tions on the lag phase was also investigated for each bean

type separately (Table 3). The effect of RH (75 and 83%)

and temperature (35 and 45C) on the lag phase were not sig-

nificant anymore for Canadian wonder and Rose coco

beans. This showed that there were considerable differences

between the individual bean types in the effect of RH and

temperature on the lag phase of the cooking curves. In par-

ticular, the effect of RH was found to be significant for Pinto

and Red haricot and not significant for Canadian wonder

and Rose coco. Soaking in Na2CO3 still had the largest effect

on the lag phase of the cooking curves when considering

each bean type separately and the effect was largest on the

lag phase of Pinto beans. Finally, the magnitude of the influ-

ence of storage time on the lag phase was also dependent on

the bean type.

Influence of Variables on the Total Cooking Time
of Beans. The statistical output of the model used to

obtain insight into the effect of bean type and storage and

soaking pretreatment conditions on the time required to

cook 95% (total cooking time) of the beans is shown in

Table 4. All the investigated parameters significantly

(P� 0.05) influenced the total cooking time of beans. An

increase in storage time, RH, and temperature led to a lon-

ger cooking time of the beans. This is similar to the results

FIG. 2. SIGMOIDAL REGRESSION OF

COOKING CURVES FOR ROSE COCO

BEANS STORED AT 45C AND 75% RH

FOR 0, 2, 4 AND 6 MONTHS AND

SOAKED IN DISTILLED WATER BEFORE

SUBSEQUENT COOKING AT 96C. THE

MODELED COOKING CURVES ARE

PRESENTED BY LINES. THE

EXPERIMENTAL VALUES ARE

INDICATED BY SYMBOLS. (RC, ROSE

COCO; DW, SOAKED IN DISTILLED

WATER

FIG. 3. CORRELATIONS BETWEEN THE PREDICTED AND

EXPERIMENTAL VALUES OF % COOKED BEANS

P.K. KINYANJUI ET AL. THE EFFECTS OF POSTHARVEST STORAGE AND SOAKING PRETREATMENTS
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obtained for the lag phase of the cooking curves. Soaking in

Na2CO3 had a significantly large influence on the total cook-

ing time as shown in Fig. 5 which presents the cooking

curves of Canadian wonder (stored for 6 months at 45C and

75% RH), cooked unsoaked, soaked in distilled water and

soaked in Na2CO3. Increased storage time was also shown to

increase the total cooking time, e.g., after storage for 12

months at 25C and 75% RH, the beans required 199 min

more to cook when compared with the fresh beans. Similar

to the effect on the lag phase, the effect of storage tempera-

ture was higher than the effect of RH on the total cooking

time within the temperatures and relative humidity ranges

studied in this work. Finally, from the estimates of the ran-

dom effect, bean type, it was observed that Canadian won-

der and Pinto required more cooking time while Rose coco

and Red haricot required less cooking time. Canadian won-

der and Pinto beans are, thus, HTC while the Rose coco and

Red haricot beans are easy-to-cook (ETC). This is in agree-

ment with the earlier findings in which the Rose coco and

Red haricot beans were classified as ETC and Canadian won-

der and Pinto were classified as HTC (Kinyanjui et al. 2015).

However, it should be clear from the previous observations

that the development of the HTC defect in beans is not only

dependent on bean type but also on the storage and pre-

treatment conditions before cooking.

The effect of the storage and soaking pretreatment condi-

tions on the cooking time of the beans was also investigated

for each bean type separately as shown by the statistical

TABLE 2. THE INFLUENCE OF THE FIXED AND RANDOM EFFECTS ON THE TIME REQUIRED TO COOK 5% OF THE BEANS WHEN ALL BEAN VARIETIES

WERE CONSIDERED

Effect RH (%) Temp. (C) S-pre. Estimate Standard error t value Pr> |t|

Fixed effects Intercept 44.7591 7.7073 5.81 0.0102

S-time 6.1482 0.5004 12.29 <0.0001

RH 75 216.2316 5.2515 23.09 0.0023

RH 83 0

Temp. 25 224.2289 5.2581 24.61 <0.0001

Temp. 35 222.4967 5.2515 24.28 <0.0001

Temp. 45 0

S-pre. NS 76.1069 4.3481 17.5 <0.0001

S-pre. DW 31.0966 4.3642 7.13 <0.0001

S-pre. SC 0

Random effect Type Canadian wonder 6.1342

Type Pinto 4.4634

Type Rose coco 20.8774

Type Red haricot 29.7202

S-time, storage time; S-pre, soaking pretreatment; RH, relative humidity; NS, nonsoaked; DW, soaked in distilled water; SC, soaked in sodium

carbonate.

FIG. 4. SIGMOIDAL REGRESSION OF

COOKING CURVES OF ALL THE BEAN

ORIGINS STORED AT 45C AND 75% RH

FOR 6 MONTHS AND COOKED

WITHOUT SOAKING. THE MODELED

COOKING CURVES ARE PRESENTED BY

LINES. THE EXPERIMENTAL VALUES

ARE INDICATED BY SYMBOLS. (RC,

ROSECOCO; CW, CANADIAN

WONDER; P, PINTO; RH, RED HARICOT;

NS, NONSOAKED

THE EFFECTS OF POSTHARVEST STORAGE AND SOAKING PRETREATMENTS P.K. KINYANJUI ET AL.
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output in Table 5. Some of the investigated parameters were

not significant anymore after the separation of the bean

type’s analysis. An increase in RH (in the range investigated

in this study) did not result in a significant increase in the

total cooking time of the individual bean types. This con-

trasts with the effect of storage RH on the lag phase as RH

was shown to significantly influence the lag phase of Pinto

and Red haricot. The difference in cooking time of beans

stored at 35 and 45C was not significant anymore for Cana-

dian wonder and Rose coco. These results clearly indicate

that the effect of storage and soaking pretreatment is bean

type dependent.

Influence of Variables on the Cooking Rate of

Beans. The statistical output showing the significance of

bean type, storage and soaking pretreatments on the cooking

rates of the beans is shown in Table 6. All the tested parame-

ters had a significant influence (P� 0.05) on the cooking rate

of the beans. An increase in storage time, RH and tempera-

ture resulted in a decrease in cooking rate while soaking in

distilled water, and in Na2CO3, increased the cooking rate

(Fig. 5). A high cooking rate is related to a high uniformity in

softening of the beans while a low cooking rate points at a

high heterogeneity in softening of the beans. Storage time

and soaking pretreatments had the largest influence on the

cooking rate of beans. The effect of the random variable

(bean type) was very small probably since all the beans change

to a certain extent from ETC to HTC during storage therefore

displaying a larger heterogeneity in softening. Canadian won-

der and Rose coco beans had a slightly higher cooking rate

while Pinto and Red haricot beans had a slightly lower cook-

ing rate. This shows that the rate of hardening and subse-

quent softening during cooking was more homogeneous for

the Canadian wonder and Rose coco bean types.

The influence of the storage and soaking pretreatment

conditions on cooking rate of individual bean types is

TABLE 3. THE INFLUENCE OF THE FIXED EFFECTS ON THE REQUIRED TIME TO COOK 5% OF THE BEANS FOR THE INDIVIDUAL BEAN TYPES

Rose coco Canadian wonder Pinto Red haricot

Effect RH Temp S-pre. Estimate Pr> |t| Estimate Pr> |t| Estimate Pr> |t| Estimate Pr> |t|

Intercept 32.342 0.0028 43.142 0.003 59.696 0.0009 44.221 <0.0001

S-time 5.537 <0.0001 7.891 <0.0001 6.665 <0.0001 4.462 <0.0001

RH 75 23.146 0.6971 210.523 0.3353 230.671 0.024 220.771 0.0141

RH 85 0 0 0 0

Temp 25 222.669 0.0073 243.763 0.0002 217.034 0.2004 213.344 0.107

Temp 35 210.341 0.2048 221.684 0.0512 237.613 0.0064 220.536 0.0151

Temp 45 0 0 0 0

S-pre. NS 69.134 <0.0001 75.514 <0.0001 93.626 <0.0001 65.933 <0.0001

S-pre. DW 31.322 <0.0001 35.800 0.0003 27.708 0.0145 29.556 <0.0001

S-pre. SC 0 0 0 0

S-time, storage time; S-pre, soaking pretreatment; RH, relative humidity; NS, nonsoaked; DW, soaked in distilled water; SC, soaked in sodium

carbonate.

TABLE 4. THE INFLUENCE OF FIXED AND RANDOM EFFECTS ON THE TIME REQUIRED TO COOK 95% OF THE BEANS WHEN ALL BEAN TYPES WERE

CONSIDERED

Effect RH (%) Temp. (C) S-pre. Estimate Standard error t value Pr> |t|

Fixed effects Intercept 88.39 13.044 6.78 0.0066

S-time 16.55 0.8506 19.46 <0.0001

RH 75 224.92 8.8801 22.81 0.0056

RH 83 0

Temp. 25 251.79 8.8801 25.83 <0.0001

Temp. 35 243.53 8.8801 24.9 <0.0001

Temp. 45 0

S-pre. NS 148.73 7.3661 20.19 <0.0001

S-pre. DW 50.59 7.3661 6.87 <0.0001

S-pre. SC 0

Random effect Type Canadian wonder 10.70

Type Pinto 8.84

Type Rose coco 24.82

Type Red haricot 214.72

S-time, storage time; S-pre, soaking pretreatment; RH, relative humidity; NS, nonsoaked; DW, soaked in distilled water; SC, soaked in sodium

carbonate.
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FIG. 5. SIGMOIDAL REGRESSION FOR

COOKING CURVES OF CANADIAN

WONDER BEAN TYPE STORED AT 45C

AND 75% RH FOR 6 MONTHS AND

SOAKED IN DISTILLED WATER/NA2CO3

AND COOKED WITHOUT SOAKING.

THE MODELED COOKING CURVES ARE

PRESENTED BY LINES. THE

EXPERIMENTAL VALUES ARE

INDICATED BY SYMBOLS. (CW,

CANADIAN WONDER; NS, NO

SOAKING; DW, SOAKED IN DISTILLED

WATER; SC, SOAKED IN SODIUM

CARBONATE)

TABLE 5. THE INFLUENCE OF THE FIXED EFFECTS ON THE TIME REQUIRED TO COOK 95% OF THE BEANS FOR THE INDIVIDUAL BEAN TYPES

Rose coco Canadian wonder Pinto Red haricot

Effect RH Temp S-pre. Estimate Pr> |t| Estimate Pr> |t| Estimate Pr> |t| Estimate Pr> |t|

Intercept 82.25 0.0009 84.32 0.0012 101.14 0.0001 85.85 <0.0001

S-time 17.01 <0.0001 19.61 <0.0001 16.49 <0.0001 13.09 <0.0001

RH 75 232.66 0.0785 234.79 0.0751 216.17 0.3949 216.04 0.2685

RH 85 0 0 0 0

Temp 25 248.72 0.0102 243.46 0.0278 265.33 0.0012 249.64 0.0012

Temp 35 229.08 0.1158 227.71 0.1534 264.74 0.0013 252.55 0.0007

Temp 45 0 0 0 0

S-pre. NS 146.91 <0.0001 146.19 <0.0001 161.32 <0.0001 140.50 <0.0001

S-pre. DW 40.59 0.0099 55.07 0.0012 54.96 0.0011 51.74 <0.0001

S-pre. SC 0 0 0

S-time, storage time; S-pre, soaking pretreatment; RH, relative humidity; NS, nonsoaked; DW, soaked in distilled water; SC, soaked in sodium

carbonate.

TABLE 6. THE INFLUENCE OF THE FIXED AND RANDOM EFFECTS ON THE COOKING RATE OF THE BEANS WHEN ALL BEAN TYPES WERE

CONSIDERED

Effect RH (%) Temp. (C) S-pre Estimate standard error t value Pr> |t|

Fixed effects Intercept 0.3479 0.06665 5.22 0.0137

S-time 20.04498 0.00504 28.93 <0.0001

RH 75 0.1173 0.0526 2.23 0.027

RH 83 0 . . .

Temp. 25 0.1317 0.0526 2.5 0.0132

Temp. 35 0.1254 0.0526 2.38 0.0182

Temp. 45 0 . . .

S-pre. NS 20.2735 0.04364 26.27 <0.0001

S-pre. DW 20.1737 0.04364 23.98 <0.0001

Random effect S-pre. SC 0 . . .

Type Canadian wonder 0.01592

Type Pinto 20.01797

Type Rose coco 0.03441

Type Red haricot 20.03236

S-time, storage time; S-pre, soaking pretreatment; RH, relative humidity; NS, nonsoaked; DW, soaked in distilled water; SC, soaked in sodium

carbonate.
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shown in Table 7. Only storage time and soaking in Na2CO3

had a significant effect on the cooking rates of the individual

bean types. Within the range used, storage temperature and

RH had no significant influence on the cooking rates of the

individual bean types. Soaking beans in Na2CO3 or using

beans stored for limited time periods can result in quick

cooking beans. The considerably lower response of Rose

coco beans to Na2CO3soaking confirms that the cooking

rate of the beans is bean type dependent.

CONCLUSIONS

Storage of beans at higher temperatures (35 and 45C),

higher RH (83%) and for longer time periods was shown to

significantly increase the cooking time of the beans. In gen-

eral, the influence of storage time was larger than the influ-

ence of storage temperature, while RH had the least impact

in the ranges tested in this study. Soaking in both Na2CO3

and distilled water (pretreatments) were shown to very sig-

nificantly reduce the lag phase and the total cooking time

thus can be applied to reverse the HTC defect that develops

upon storage. In addition, soaking in Na2CO3 increased the

cooking rate thereby increasing the uniformity in the soften-

ing of the bean samples. The obtained results demonstrated

the critical nature of pretreatments, storage temperature

and relative humidity in influencing the cooking quality of

beans.

ACKNOWLEDGMENTS

The authors wish to acknowledge VLIR-UOS Belgium for

funding this work, through the Food and Nutrition Security

Project (ZEIN2011PR385). Great thanks to Kenya Agricul-

tural Research Institute (KARI-Thika) for providing the

bean samples required for the research. Elizabeth Wafula

and Valentine Wacu are highly appreciated for their assis-

tance in laboratory analysis. S. Christiaens is a Postdoctoral

Researcher funded by the Research Foundation Flanders

(FWO).

REFERENCES

ABU-GHANNAM, N. and MCKENNA, B. 1997. Hydration

kinetics of red kidney beans (Phaseolus vulgaris L.). J. Food

Sci. 62(3), 520–523.

ALONSO, R., AGUIRRE, A. and MARZO, F. 2000. Effect of

extrusion and traditional processing methods on

anti-nutrients and in vitro digestibility of protein and

starch in faba and kidney beans. Food Chem.

68, 159–165.

ALONSO, R., ORUE, E. and MARZO, F. 1998. Effects of

extrusion and conventional processing methods on protein

and anti-nutritional factor contents in pea seeds. Food Chem.

63(4), 505–512.

AOAC. 2000. Official methods of analysis of AOAC International,

vols. I and II, 17th ed., AOAC International, Gaitherburg, MD.

ARRUDA, B., GUIDOLIN, A.F., COIMBRA, J.L.M. and

BATTILANA, J. 2012. Environment is crucial to the cooking

time of beans. Campinas 32(3), 573–578.

BISHNOI, S. and KHETARPAUL, N. 1994. Saponin content and

trypsin inhibitor of pea cultivars: Effect of domestic

processing and cooking methods. J. Food Sci. Technol.

31, 73–76.

FERNANDEZ, M., ARANDA, P., LOPEZ-JURADO, M.,

GARCIA-FUENTES, M.A. and URBANO, G. 1997.

Bioavailability of phytic acid phosphorus in processed

Vicia faba L. var. Major. J. Agric. Food Chem.

45, 4367–4371.

GALIOTOU-PANAYOTOU, M., KYRIAKIDIS, N.B. and

MARGARIS, I. 2007. Phytase-phytate-pectin hypothesis and

quality of legumes cooked in calcium solutions. J. Sci. Food

Agric. 88, 355–361.

TABLE 7. THE INFLUENCE OF THE FIXED EFFECTS ON THE COOKING RATE OF THE BEANS FOR THE INDIVIDUAL BEAN TYPES

Rose coco Canadian wonder Pinto Red haricot

Effect RH Temp S-pre. Estimate Pr> |t| Estimate Pr> |t| Estimate Pr> |t| Estimate Pr> |t|

Intercept 0.227 0.0068 0.382 0.0161 0.386 0.0157 0.395 0.013

S-time 20.035 <0.0001 20.041 0.0008 20.050 <0.0001 20.052 <0.0001

RH 75 0.101 0.1154 0.116 0.3392 0.1252 0.3069 0.127 0.2986

RH 85 0 . 0 . 0 . 0 .

Temp 25 0.100 0.1185 0.109 0.3686 0.156 0.2027 0.161 0.1888

Temp 35 0.090 0.1569 0.109 0.3678 0.147 0.2304 0.154 0.2073

Temp 45 0 . 0 . 0 . 0 .

S-pre. NS 20.155 0.0048 20.299 0.0046 20.316 0.003 20.324 0.0024

S-pre. DW 20.031 0.5491 20.288 0.0062 20.196 0.0581 20.179 0.0793

S-pre. SC 0 . 0 . 0 . 0 .

S-time, storage time; S-pre, soaking pretreatment; RH, relative humidity; NS, nonsoaked; DW, soaked in distilled water; SC, soaked in sodium

carbonate.

P.K. KINYANJUI ET AL. THE EFFECTS OF POSTHARVEST STORAGE AND SOAKING PRETREATMENTS

9 of 10Journal of Food Processing and Preservation 2017; 41: e13036; VC 2016 Wiley Periodicals, Inc.

 17454549, 2017, 4, D
ow

nloaded from
 https://ifst.onlinelibrary.w

iley.com
/doi/10.1111/jfpp.13036 by D

E
D

A
N

 K
IM

A
T

H
I U

N
IV

E
R

SIT
Y

, W
iley O

nline L
ibrary on [16/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



GUJSKA, E. and KHAN, K. 1991. Feed moisture effects on

functional properties, trypsin inhibitor and hemagglutinating

activities of extruded bean high starch fractions. J. Food Sci.

56, 443–447.

HINCKS, M.J. and STANLEY, D.W. 1986. Multiple mechanisms

of bean hardening. J. Food Technol. 21, 734–750.

HINCKS, M.J. and STANLEY, D.W. 1987. Lignification:

Evidence for a role in hard-to-cook beans. J. Food Biochem.

11, 41–58.

KINYANJUI, P.K., NJOROGE, D.M., MAKOKHA, A.O.,

CHRISTIAENS, S., SILA, D.N. and HENDRICKX, M.E.

2015. Hydration properties and texture fingerprints of

easy- and hard-to-cook bean varieties. Food Sci. Nutr.

3, 39–47.

LETERME, P. and MUNOZ, L.C. 2002 Factors influencing pulse

consumption in latin america. Br. J. Nutr. 88, S251–S254.

LIU, K., PHILLIPS, R.D., HUNG, Y.-C., SHEWFELT, R.L. and

MCWATTERS, K.H. 1992. hard-cook-defect in cowpeas:

Storage-induced and treatment induced development. J. Food

Sci. 57, 1155–1160.

NASAR-ABBAS S. M., PLUMMER, J. A., SIDDIQUE, K. H. M.,

WHITE, P., HARRIS, D. and DODS, K. 2008. Cooking quality

of faba beans after storage at high temperature and the role of

lignins and other phenolics in bean hardening. LWT Food Sci.

Technol. 41, 1260–1267.

NJOROGE, D.M., KINYANJUI, P.K., MAKOKHA, A.O.,

CHRIATIAENS, S., SHPIGELMAN, A., SILA D.N. and

HENDRICKX, M.E. 2014. Extraction and characterization of

pectic polysaccharides from easy- and hard-to-cook common

beans (Phaseolus vulgaris). Food Res. Int. 64, 314–322.

PALMERS, S., GRAUWET, T., KEBEDE, B.T., HENDRICKX,

M.E. and VAN LOEY, A. 2014. Reduction of furan formation

by high-pressure high-temperature treatment of individual

vegetable purees. Food Bioprocess Technol. 7, 2679–2693.

PERINA, E.F., CARVALHO, C.R.L., CHIORATO, A.F., LOPES,

R.L.T., GONCALVES, J.G.R. and CARBONELL, S.A.M. 2014.

Technological quality of common bean grains obtained in

different growing seasons. Bragantia, Campinas 73(1), 14–22.

SAWAZAKI, H.E., TEIXEIRA, J.P.F., and MORAES, R.M.D.

1985. Biochemical and physical modifications of bean seeds

during storage. Bragantia 44(1), 375–390.

SRISUMA, N., HAMMERSCHMIDT, R. UEBERSAX, M.A.,

RUENGSAKULRACH, S., BENNINK, M.R. and HOSFIELD,

G.L. 1989. Storage induced changes of phenolic acids and the

development of hard-to-cook defect in dry beans (Phaseolus

vulgaris var. Seafarer). J. Food Sci. 54(2), 311–314.

TAIWO, K.A., AKANBI, C. and AJIBOLA, O.O. 1997. The effects

of soaking and cooking time on the cooking properties of two

cowpeas varieties. J. Food Eng. 33, 337–346.

VAN DER POEL, A.F. 1990. Effect of processing on

antinutritional factors and protein nutritional value of dry

beans (Phaseolus vulgaris L.). Animal Feed Sci. Technol.

29, 179–208.

VINDIOLA, O.L., SEIB, O.A. and HOSENEY, R.C. 1986.

Accelerated development of hard-to-cook state in beans.

Cereal Foods World 31, 538–552.

WORTMAN, C., KIRKBY, R., ELEDU, C. and ALLEN, D. 1998.

Atlas of Common Bean (Phaseolus vulgaris L.) Production in

Africa (CIAT Publication No. 297), International Center for

Tropical Agriculture, Cali, Colombia.

THE EFFECTS OF POSTHARVEST STORAGE AND SOAKING PRETREATMENTS P.K. KINYANJUI ET AL.

10 of 10 Journal of Food Processing and Preservation 2017; 41: e13036; VC 2016 Wiley Periodicals, Inc.

 17454549, 2017, 4, D
ow

nloaded from
 https://ifst.onlinelibrary.w

iley.com
/doi/10.1111/jfpp.13036 by D

E
D

A
N

 K
IM

A
T

H
I U

N
IV

E
R

SIT
Y

, W
iley O

nline L
ibrary on [16/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


	l

