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six lines of Guatemalan black beans, trvo vine and four bush types,

were each cooked to 5 cooking stages: 50, 70,90, 100% cooked and an ex-

tended cooked stage. These 30 sanrples were evaluated for sensory tex-

ture characteristics by an 8-member trained Texture Profile Ànalysis

(rpe) panel, and were al-so rated for acceptability by a 3O-member un-

trained in-house panel at the Institute of Nutrition for Central Àmerica

and Panama (INCee), Guatemala. Cooking times for each bean Iine were

set during preliminary panel testing. TPA scores for hardness, particle

size, seed coat toughness and chewiness declined significantly
(p.0.0001 ) as cooking time increased, and had high negative correlations

with acceptance score (r values >-0.94, p<0.001 ) for all 1ines. Mean

peak force to extrude 30 g portions of cooked beans (cooked 4 h without

presoaking) through the grid of a 10 cm2 Ottawa Texture Measuring System

(OruS) extrusion cell vlas recorded for each line and cooking time, peak

force values ranged from 160 newtons (¡¡) for the itzapa vine beans to

260 N for the Sesenteño bush bean. Samples considered by the in-house

paneJ. to have reached the acceptably cooked point had extrusion peak

forces ranging from approximately 200 to 300 N; depending on the bean

line. The two lines with the thinnest seed coats (6.6-6,i mg/cm2) were

j udged acceptabJ.e when peak f orce values r¡ere close to 300 N, but san'ì-

ples with thicker seed coats 0.7-8.0 mg/cm2) were not judged as accep-

ABSTRACT

table untiJ. they reached lower values of 180-220 N.

six v¡eeks at 350C and 16-17% moisture required longer cooking tines than

- lV -

Beans stored for



the fresh beans or those stored at 50C and 13-14% moisture tor six weeks

to achieve simil-ar reductions in peak force values. Even after longer

ccoking, the hardened sampLes had poorer texture scores. Acceptability

scores for both fresh and stored samples !,ere negatively correlated with

water absorption at 4 and 20 h (-0.58, p=0.040 and -0.73, p=0.009, re-

spectively). No significant relationships were found between mean ac-

ceptabiiity scores and mean seed weighl, percent seedcoat, and seedcoat

thickness values.



Seis lineas de frijoles negros de Guatemala, dos enredos y cuatro tí-
pos de suelo fueron cada uno cocidos en cinco nivelesi 50, 70,90 y 100%

más un extendido estado de cocimiento. Estos 30 muestras de caracte-

risiicas de la textura sensorial fueron evaluadas por un panel de

8-miembros entrenados en el análisis de perfil de textura (epf) y fueron

también evaluadas por aceptibilidad por un grupo de 30-miembros indisci-

plinado en un panel interno en el Instituto de Nulrición oe Centro Amer-

ica y Panama (IHCRe), Guatemala. Los tiempos de cocimienr"o para cada

linea de frijoles fueron establecidos durante una investigación prelimi-

nar de e1 panel. Los valores de dureza, tamaño de la partícula, dureza

de cáscara y la masticabitidad de ÀPT declinaron significantemente

(p.0.0001) cuando el tiempo de cocimiento aumentó, y tuvó altas correla-

ciones negativas con valores de aceptabilidad (r valores 10.94, p<0.001 )

para con toda las lineas. EL promedio de la fuerza en su punto máximo

para extruir porciones de 30 g de frijoles cocidos (que fueron cocidos

por 4 h sin remojar) a través de Ia rejilla de una celda de extrución de

el sistema de medición de textura de Ottawa (OTUS) fueron registrados

para cada linea y tiempo de cocimiento. Los valores de la fuerza en su

punto måximo variaron de 160 newtons (N) concerniente a los frijoles de

enredo de Itzapa hasla 260 N concerniente a los frijoles de suelo de

Sesenteño. Las muestras consideradas por eI panel interno que obtuvier-

on eI aceptado punto de cocimiento tuvieron fuerzas de extrución en su

punto máximo 1as que variaron aproximadamente de 200 a 300 N; dependien-

do de Ia linea de frijoles. Las dos lineas con las cáscaras mas ango-

-vi-
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stas (6.6-6.7 ng/cnz) fueron juzgadas como aceptables cuando los valcres

de fuerza en su punto máximo estuvieron cerca de 300 N, pero muestras

con cáscaras más gruesas 0.7-8.0 mg/cm2) no fueron juzgadas como acep-

tables hasta que ellas aLcanzaron valores menores ðe 180-220 N. Los

frijoles gue fueron almacenados por seis semanas a 350c y 16-17% de hu-

medad requirieron mayor tiempo de cocimiento que los frijoles que aquel-

los alrnacenados a 50C y 13-14% de humedad por seis semanas para adquirir

reducciones simiLares concerniente a los vaLores de fuerza en su punto

máximo. Inclusive después de un cocimiento mayor las muestras duras tu-
vieron como resultado texturas más pobres. VaLores de aceptabilidad

para con ambas muestras esto es frescas y almacenadas, fueron correlaci-
onadas negativamente con la absorpción de agua a 4 y 20 h (-0.5g,

p=0.040 and -0.73, p=9.009, respectivamente). No hubo relaciones sig-
nificantes entre los promedios de los valores de aceptabilidad y los

promedios de los valores de peso de grano, del porcentaje de cáscara, y

del grueso de la cáscara.
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Legume grains are consumed by humans in many regions throughout the

world. They are important nutritionally because of their relatively

high, but incomplete, protein content (Bressani,1975) and the fact that

they are one of lhe least expensive sources of protein for human con-

sumption (,-ta1i1, 1975). Legumes also supply a signif icant amount of en-

ergy from carbohydrates as well as fibre, minerals and vitamins (Bressa-

ni and Elías, 1974, 1978).

In Guatemala a number of population groups consume a high starch

diet, with corn being the staple cereal and the main source of protein

being from the common black bean (Phaseolus vulqaris). The relative

proportions of these two staples in the diet does not provide the opti-

mum protein quality and thus increasing the consumption of black beans

seems warranted from a nutritional perspective (Bressani and E1ías,

1977). Many factors, however, make this difficult to accomplish.

À hardening defect occurs in stored beans and is apparent in cooked

beans that have failed lo soften. This defect makes such beans unpala-

table to consuners and reduces overall consumption of beans. Beans with

the hardening defect take much longer to cook to an acceptable texture

than unaffected beans and as a result, require the use of more fuel.

This is a serious problem for people with low incomes. The nutritional

content of the beans is also lower with longer cooking times (Burr et

al. , 1 968; Lantz, 1 938 )

-l
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This study is part of a larger project funded by the InternationaL

Development Research Centre (lonC) in Otiawa for the development of a

model to predict consumer acceptability of cookeo black bean texture

based on values from trained laboratory sensory paneJ.s, physicat and in-

strumental tests. The development of such a relationship would be of

benefit to researchers who would be able to predict human perception of

a lextural attribute of bean sample from know).edge of the physical mag-

nitude of that attribute as determined by instrumental methods.

Bean texture evaluation is necessary to identify those varieties of

beans that tend to develop the hardening defect. It is also important

to determine those physical characteristics or storage condilj.ons that

promote the development of hardening. CookabiJ.ity is reduced in beans

that have hardened. The term cookability refers !o the cooking time re-

quired to attain an acceptable cooked texture (Moscoso, '198'f ).

Instrumental evaluation has been Lhe most common method of quantitat-

ing the textural defect of hardness in cooked beans. Instruments are,

however, only useful for evaluating bean texture if they measure proper-

ties that are perceived or judged as important by the senses of a human

(Bourne , 1982). The textural characteristics of hardness, particle size

of the cotyLedon, loughness of the seedcoat and chewiness r+ere deter-

mined by paneJ.ists tasting black beans at both the University of Manito-

ba and at the instituto de Nutrición de Centro America y Panama (lnsti-

tute of Nutrition for Central Àmerica and Panama - INCÀP), Guatemala, to

be important characteristics in the evaluation of cooked bean texture.

Sensory tests have been used to correlate with instrumental methods and

have been considered to be the "ultimate method of calibraling instru-

mental methods of texture measurement" (Bourne, 1982) Sensory evalua-



tion methods have been

ture in conjunction with

1 .1 BACKGROUND

The development of the hardening defect in black beans is promoted by

conditions such as high temperature and high humidity (Stanley and

Àguilera, 1985). storage under such conditions is a common occurrence

in the Peten region of northern Guatemala. Sínce the bean crop in Gua-

temala is only harvested twice a year, storing beans for 5 months is not

an uncommon practice. Farmers usually do not have access to environmen-

tally controlled storage facilities. Consequently, the hard-to-cook

phenomenon causes a considerable proportion of black beans stored in

Guatemala to have an undesirable texture upon cooking.

Research has been undertaken to understand the mechanisms causing the

hardening of beans in hopes of preventing (or reversing) the process and

of developing superior varieties of black beans. The development of a

model based on one or two instrumental tests to predict the acceptabili-

ty of the cooked texture of a bean sample would be of benefit at this

t ime.

It has been noted that much of the research has gone into the selec-

tion of bush type varieties of black beans. while bush beans are the

predominant type of black beans produced in the developed areas of the

world, vine or semi-vine varieties may be more suitable to the native

agricuJ.tural patterns of Guatemala (.faIit, 1975). It seems more advisa-

ble, therefore, to investigate all Lhree types of black beans grown in

Guatemala with respect to the hardness of their cooked texture.

3

used by other researchers to evaluate bean tex-

instrumental and physical tests.
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Since survey results have shown that Guatemalans who had a preference

for a bean type preferred bush type over vine type beans (Watts et al.,
1987), it would be beneficial to find out the reasons for this by means

of evaluations by a trained sensory panel. Perhaps preferred character-

istics of bush type black beans can be added to (or unacceptable charac*

teristics of semi-vine and vine types can be selected out of) the semi-

vine and vine types. This would promote the production and consumption

of semi-vine and vine types of black beans in areas where they are more

available and produce higher yields than bush type black beans.

The purpose of the proposed research, therefore, is to develop a

method for predicting Guatemalan consumer acceptability of cooked black

bean texture based on data from trained laboratory sensory panels, phys-

ical and instrumental tests. À comparison of the two basic bean types -

vine and bush - will be nade.

1.2 OBJECT]VES

1. To develop a method that could be used to determine cooking times

needed to achieve an acceptable and comparable degree of doneness for

black bean samples.

2. To examine the effect of

black beans.

3. To compare the acceptability and texture of black beans cooked to an

equivalent degree of doneness.

4. To establish an OTMS (0ttawa Texture Measuríng System) peak force

value for the'10 cm2 extrusion cell that would correspond to an accepta-

b1e and equivalent cooking stage for all of the black bean lines tested.

cooking time on texture characteristics of



5. To compare the effects of hi

temperature-1ow humidity (lr)

blac k beans .

6. To compare physical test results for

samples.

gh temperature-high humidity (gt) and

storage on acceptability and texture

both fresh and stored black bean

5

Iow

of
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2.1 .1

BEÀN TEXTURE EVALUATION

Numerous methods have been used to evaluate the texture of cooked

beans. These methods involved measuring the hardness of the beans after

being cooked for a certain length of time or by measuring the cooking

time required to reach a certain degree of softening (dos Santos Garruti

and Bourne, 1 985) .

Àguilera and BaIlivian (1987) used a cooking time of 2 h to evaÌuate

the hardness of cooked black beans after roasting and storage treat-

ments. A significantJ.y greater hardness, as evaluated by a sensory pan-

ef, was noted in treated samples stored at 400C when compared to the

control samples stored at 250C when all were cooked for the same length

of time. Morris and Wood (1956) using samples of Great Northern, Large

Lima, Michelite, Pinto, Red Kidney, Red Mexican and California small

white beans stored under various moisture contents used a standard cook-

ing time for each variety to evaluate flavour and texture changes after

storage. Significant quality losses were observed through sensory tex-

t,ure evaluation in the high moisture samples stored for 6 months for all
varieties when compared to their respective control sample cooked to the

same cooking time (Morris and Wood, 1956).

Cookino Time

Chapter I I

LITERÀTURE REVIEW

-6-
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Cooking time has been used as a measure of bean texlure. The time

required for 50iá of ihe sample to cook to a certain degree of tenderness

is commonLy reported. This point is considered to be the most reliably

defined due to the steepness of the cookability curve in lhis region

which permits a relatively preci.se cooking time determination (figure

2.1) (Burr et al., 1968; Morris, 1964). Both Burr et al. (1968) and

Morris (1964) used a Mattson Bean Cooker to determine cookability curves

which they used for comparing the relative cookability of various bean

varieties. Burr et a1. (1968) emphasized that only half the beans were

cooked io a "done" stage at the 50% cooked stage and consequently, a

considerably longer time would have been needed lo cook the sample suf-

ficiently for serving. The time required for 92% ot the sample to cook

was used by Proctor (1985) in an atlempt tc cook samples to a degree ad-

equate for serving (rigure 2.2). The 92% cooked time as determined us-

ing the Mattson Bean Cooker (23 out of 25 plungers down) was chosen be-

cause it corresponded to the cooking time of the most preferred texture

of navy beans as determined by a 9-member sensory panel. Proctor (1985)

felt that since cookability is defined as the cooking time necessary for

beans to attain a "cooked" texture according to a sensory panel, it
seemed that the use of. a 92% cooked point for comparison was appropri-

aLe.

Determining if the bean is cooked, that is, has reached an acceptable

degree of tenderness has been carried out using a variety of techniques.

Black beans (variety S-19-N) were soaked, boiled and evaluated for soft-

ness at intervals in studies by Jones and Boulter (1983) and Vindiola et
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al. (1986) using a non-ora1 or tactile sensory method of squeezing each

bean between the forefinger and thunrb. If the cotyredon of a bean

yielded to onLy slight pressure the bean was considered cooked (Jones

and Boulter, 1983). Beans were considered cooked when the cotyledons

v¡ere soft and not grainy. Graininess was also detected using the teeth.

Àny beans containing grainy regions or that were hard v¡ere classifi.ed as

not being cooked (vinaiora eL al., 1986). This method seems to be ap-

propriate as sgueezing the cooked beans between the fingers was found to

be the principal method used by almost 50% of. Guatemalan consumers sur-

veyed by Watts et aL. (1987) for judging doneness of cooked black beans.

In a study by Bueno et al. (1980) cooking time for a sanple was deter-

mined to be the time for a bean to become sufficiently softened to en-

able it to be pressed between two grass slides. sensory panels have

also used acceptance scales to subjectively determine if the bean is

cooked. Àn objective sensory evaluation was carried out by Proctor

(1985) using a 9-member panel to determine the percentage of beans

cooked in a given sample of navy beans. This panel was trained to base

their decision on specific characteristics of cooked navy bean texture.

Methods involving the use of such instruments as the Pea Tenderometer,

shear Press, compression and extrusion ce11s, puncture probe and the

Mattson Bean Cooker, have been commonly used to objectively measure bean

cookability. For most of these instruments (except the Mattson Bean

Cooker), the force required to shear, compress, extrude or puncture the

cooked bean sample is determined. For the Mattson Bean Cooker, since

the force applied to the bean is constant, the cooking time required to

soften the bean sufficientry so that it can be punctured, is of inter-

est.



2.1 .2

Instrumental evaluation has been the most ccmmon method of quantify-

i.ng the textural defect of hardness in cooked beans. instruments are

onLy useful for evaluating bean texture if they measure properties thal

are perceived or judged as important by the senses of a human (Bourne,

1982). A number of instruments have been used to evaluate cooked bean

texture including the Pea Tenderometer, Shear Press, compression ceIl,

exLrusion cell, puncture probe and Mattson Bean Cooker. The wedge ap-

paratus is a relatively recently-developed test cell for assessing the

texture of raw and soaked beans. The puncture probe ian also be used on

uncooked beans.

I nstrumentai Evaluation

2.1.2.1 Pea Tenderomerer

The Pea Tenderometer was brought into use in the late '1930s. The

mechanism of this instrument is based on the multi-blade shearing prin-

ciple. A grid of blades rotate through a second grid at a constant

speed. The force is recorded as the beans are cut by the blades (voisey

and deMan , 1976) (rigure 2.3). The force increases as the sample is

settled and packed into the ceII. The force rises rapidly to a peak as

the sampLe is compressed and then decreases rapidly when the force is

great enough to shear the peas and extrude them through the blades.

This peak force is related to the shearing strength or cohesiveness of

the pea sample (Szczesniak, 1963; Voisey and Larmond, 1971),

ti
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Muneta (1964) used the Tenderometer to evaluate the firmness of

cooked samples of 7 varieties of beans and Alaska pea grown in differeni

localions. While cooking times to reach 50% cooked lrere considerably

different for the same variety grown in two locations, the Tenderometer

readings taken at the 50% cooked point were similar. Muneta (1964) not-

ed, however, Quite a large varialion in Tenderometer readings among rep-

licales and attributed these to problems with regards to the cooki.ng

techn ique .

The important disadvantage to the use of the Pea Tenderometer is that

it is difficult to standardize (voisey and Larmond, 1971) and is there-

fore not considered to be a reliable instrument (Voisey and deMan,

1976).

2.1.2,2 Shear Press

The Shear Press or shear compression cell consists of a sLationary

metal box having a grid with 10 slots for a bottom (rigure 2.4). Ten

blades are guided and forced into the box where they compress, shear and

extrude the bean sanple lhrough the grids at the bottom (voisey and de-

Man, 1976) .

The Shear Press or shear cell measurements are recorded in a similar

manner to those of the Pea Tenderometer (rigure 2.5). Àt first the

curve is non-linear as the bean sample is packed into the test cell.
The curve becomes reLatívely linear as the sample is compressed and the

force rises sharply. The force increases to a maximum point when the

beans are sheared and the sample is extruded (voisey and Larmond, 1971).
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A Kramer TP-1 Shear Press was used by Quast and da Silva (1977a,b) in

¡wo studies to measure the hardness of black beans, brown beans, soybe-

ans and ÀIaska dried peas cooked for various cooking times and at 3

cooking temperatures. One hundred grams of sample was used in the CS-1

ceI1 which had ten 1lg in (3.18 mm) blades. The results were expressed

as lb pressure per unit weight of test material (lbf/g). The maximum

shear force (lbf/g) was plotted as a function of cooking time on semi-

logarithmic paper (nigure 2,6). The time-temperature combinations that

gave the same texture, as measured by the Kramer Shear Press, rrere plot-

ted to determine the Z-vaLues of 190C, 180C, 150C and 150C for the sof-

tening of black beans, brown beans, soybeans, and Alaska dried peas, re-

spectively (Quast and da Silva, 1977a).

An Àllo-Kramer Shear Press vas used by Quenzer et aI. (1978) to ob-

tain shear values of stored samples of 3 pinto bean cultivars in order

to evaluate the effect of water imbibition on the tenderness of samples

cooked for 90 minutes. A 13-blade muJ.tipurpose shear cell was used to

shear a 75 g sample of cooked beans. Total peak area was measured.

Quenzer et al. (1978) concluded that maximum imbibition did not result

in the most tender product as measured by shear vaLues. Bean firmness

rvas neasured by Nordstrom and Sistrunk (1977, 1979) in two studies by

shearing a 100 g sampLe of drained beans using the standard cell of an

A11o Qualitometer. Nordstrom and Sistrunk (197'7 , 1979) compared the

firmness of a number of bean types, including Navy, Pinto and Red Kidney

under various soaking, blanching, processing and storage treatments.

16
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voisey and Larnrond (1971), in their study comparing methods of evalu-

ating baked bean texture, mounted a wire extrusion celL on an Instron

Universal Testing Machine. The wire extrusion cell used had a bottom

closed r+ith five paralLel stainless steel wires. The sample size used

in the cell r+as not documented.

The force used in the test was recorded on chart paper (rigure 2,7).

The non-linear part of the curve was created as the force increased

while lhe product was packed and settled into the celI's volume. The

approximately linear portion occurred v¡hen the force rose rapidly as the

sample r+as compressed, that is, deformed. The rate of force increase

with deformation decreased relatively suddenly as extrusion began. This

force is reLated to the shearing strength or cohesiveness of the sample.

A plateau was formed, in which, while the force fluctuated, lhe average

force was relatively constant. This occurred after shearing and extru-

sion had begun. compression of the sampre had stopped at this point as

the sample rvas escaping from the bottom of the ce1t. The presence of

plateau in the force deformation curve produced by the wire extrusion

cell facilitates a more precise measurement of the shear strength of a

sanple. Since the sample is only compressed to the degree required to

produce the pressure needed for shearing at the wires, the height of the

plateau does not indicate the compression or elasticity related to hard-

ness (voisey and Larmond, 1971) 
"

Extrusion

13
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Aguílera and Ballivian (1987 ) used an OTMS 10-cn2 extrusion cell
mounied on an Insiron Universal Tesiing machine to evaluate the hardness

of 48 g samples of stored black beans (Phaseolus vulgaris cv. Orfeo)

roasted under various tenperature and moisture level combinations and

cooked f.or 2 hours. They used a crosshead speed of 10 cm/s with a plun-

ger stroke to 5 mm from the bars. Hardness was expressed as maximum

force (r) relative to force at time 0 (F/F0 ) . Relative hardness l¡as

shown to increase with increases in moisture and temperature. At 8.50C

and 250c, hardening developed almost linearly for 4 to 6 mo and then

reached a constant value. The hardness curve for the 400c storage

treated beans rvas sigma-shaped (eguilera and Ballivian, 1987).

Nelson and Hsu (1985) evaluated the effect of leachate accumulation

on cooked texture of navy beans. À 100.0 g sample of beans was extruded

through a 50-cm2,8-bar Ottawa extrusion wire grid ce11 which was mount-

ed on an Inslron. The cooked texture of cor.l peas rras measured using an

Instron and a 10 cm2 Ottawa Texture Measurement System (Ott"tS) test cell
with an eighl-bar wire extrusion grid in the study by sefa-Dedeh et aI.
(1978) (figure 2.9). Forty-eight beans vlere used in the ce11.

2"1.2.4 Puncture Probe

While the previous four methods

uating a large number of beans in

evaluate beans individually. By

beans, the within sample variabili

of instrumental lesting involve eval-

a single test it may be desirable to

measuring the texture of individual

ty can be delermined"
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One such technique is the puncture test. The apparatus useC consists

of a flat-faced circular punch mounted to an instron. The diameter of

the punch can vary. Bourne (1972) reported the use of a 16 mm diameter

punch. A bean is centered below the punch and the punch is lowered and

penetrates the bean. The maximum force required to penetrate the bean

to a specific depth is determined. One disadvantage of this method is

that it is time-consuming. For example, it takes longer to carry out

200 lests on 200 beans than to run one test at one time on 200 beans,

since only about 10 beans can be punctured per minute (Bourne, 1972)"

In a study conducted by Bourne (1972) using cooked pea beans, marrow

beans and soybeans, 500 beans of each sample were punctured using the

puncture probe apparatus (llA" diameter punch). Bourne (1912) deter-

mined how many maximum force peaks were in each force range and was able

to illustrate the distribution of bean hardness within a sample (rigure

2.9). The curves obtained for soybeans, p€ô beans and marrow beans all
approximated normal distributions. The use of the puncture probe by dos

Santos Garruti and Bourne (1985) to assess the firmness of red kidney

beans further demonstrated that puncture forces follor+ a normal distri-
bution curve. Aguilera and Sleinsapir ('1985) noted in their study where

individual cooked black beans were puncture tested, that withín a cl"ass,

the lexture values of individual cooked beans followed a normal dislri-
bution with standard deviations being relatively large. They suggested

that causes of this variaton may genetic or due to harvest maturity dif-

ferences. The presence of hard beans is indicated by beans having high

peak puncture force readings and illustrates the advantage of using the

puncture probe over multi-unit testing procedures. The presence of a
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few hard beans would not be identi f ied as readi 1y by using the

Tenderometer, the Shear Press, compression or extrusion cells as these

instruments cannot determine how wideiy single beans vary from the aver-

age value (Bourne, 1972). The average value from these instruments

would rise, however. The puncture probe, like the human mouth, is able

to detect small numbers of hard beans.

The rate of softening of individual pea beans was also evaluated by

puncture testing using 120 beans from each of I cooking times (Bourne,

1972). 1t was shown that the pea beans softened with increased cooking

time. The difference in maximum puncture force between the hardest and

softest bean of the same cooking time decreased as the length of cooking

time was increased (Bourne, 1g"12) (table 2.1). Moscoso (1981) and Mos-

coso et al. (1984) used the puncture test to evaluate the degree of sof-

tening of red kidney beans. À 2.38 mm diameter, circular flat faced

punch was used and was mounted on an Instron. The results obtained by

Moscoso (1981) and Moscoso et al. (1984) confirmed those of Bourne

(1972) that firmness of cooked beans, âs measured with the puncture

probe, decreased with increased cooking time (figure 2.10).

Silva et aL. ( I 981b) , using black beans treated to various soaking

and cooking treatments, found that the bean softening rate, as measured

using a 1.36 mnr punch, did not follow first-order kinetics (rigure

2.11). Þihen compared to no soaking or a distilted water soak, a salt

combination soaking solution promoted bean softening during cooking more

effectively as measured by a 1.36 mm punch (Silva et aI., 1981a). PLhak

et a1. (unpubtished) investigated the effect of storage conditions¡ wâ-



TABLE 2.1

Puncture test on individual cooked

Cook Time
(min)

30

60

90

120

150

180

240

300

Highest*
(g)

Puncture forcet

pea beans (Bourne, 1972).

1525

s03

372

262

236

301

200

207

Lowe st
(s)

280

68

70

39

32

52

35

30

Di f ference
H-L

Puncture force values determined using Instron
diameter flat faced steel punch.

Highest puncture force is that of the hardest
while the lowest puncture force is that of the
sample.

25

t ¿+5

435

302

223

204

249

165

177

Mean
(g)

523

201

165

139

123

129

96

89

r+ith 1/8 in

bean in the sample
softest bean in the
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ter content, soaking and cooking times on puncture force using a 1.5 mm

diameter flat-enoed cylindrical probe on peeted black beans. High temp-

erature-high humidity (300C, 80% RH) stored samples required a cooking

time of approximately 3.5 h to become sufficiently softened to have

equivalent puncture forces to low temperature-low humidity (150c, 3s%

RH) stored beans cooked for t h. Mo1ina et al. (1976) evaluated the ef-

fect of heat treatments on the devej.opment of the hardening defect in

bLack beans using the puncture test. The testing was done on a ì.ocally

built texture testing machine using a frat-faced, cylindrical steel

punch with a diameter of.2.15 mm. All puncture force readings were tak-

en on black bean sampLes (variety S-19-N) cooked for 20 minutes. Beans

receiving the 'heat treatments before storage had lower puncture force

vaLues than the untreated sampLes (Uotina et al., ig76).

2.1.2.5 Mattson Bean Cooker

Numerous studies on bean texture have been done using the Mattson

Bean Cooker or modifications of it (rigure 2,12) (Jackson and varriano-

Marston' 1981). The Mattson Bean Cooker method of evaluating bean tex-

ture can be thought of as a variation of the puncture probe technique

(Bourne, 1972). The Mattson Bean cooker, deveroped by Mattson in jg46

for evaluating the cookabiJ.ity of peas, consists of 100 netal rods or

"punches", I mm in diameter and weighing 82 g, mounted in a stand (Matt-

son' 1946). Modifications have included the number of plungers used,

the weight of the individual plungers and the shape of the plunger tips.
The apparatus is lovrered into boiling water to allow the beans to cook.

The rod penetrates the bean when the bean has reached a certain degree
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of softness. The number of rods which have dropped, that is, the number

of beans that are cooked, are recorded at regular inlervals (Burr,

1968), The Mattson Bean Cooker indicates relative cookability by pro-

ducing a sigmoidal curve that shows percenl beans cooked as a function

of cooking time (Figure 2.1) (page 8). The time corresponding to 50%

cooked is commonly used as a reference time for comparison of relative

cookabi 1 i ty.

The percent beans cooked can also be plotted as a function of time on

log-probability paper. When this is done the points obtained fa11 ap-

proximately in a straight line. Using this procedure it is thought ihat

cooking time determined for 50% cooked would be more accurate than one

obtained from an sigmoidal curve resulting from the use of rectilinear

graph paper (Burr, 1976) "

In the study by Burr et al. (1968) a Mattson Bean Cooker with 100

rods weighing 90 g was used to assess cookability of pinto, large Lima

and Sanilac beans. The plunger weight had been adjusted to 90 g because

preliminary tests had indicated that a plunger of 90 g would penetrate

the bean at approximately the same cooking time as was required for the

bean to be judged as done by a human taster. Burr et al. (1968) deter-

mined that beans subjected to high temperature, high moisture content

and lengthy storage had reduced cookability, that is, they took a longer

time to cook to 50% cooked than did the control beans.

Kon (1968) used the same method as Burr (1968) to correlate pect

substance content of Sanilac beans to their cooking times and again

1C

1n
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197g to relate soaking iemperature to cooking quality of California

small white beans. Jackson and Varriano-Marston ( 1 981 ) used a modified

Mattson Bean Cooker with 25 rods weighing 82 g. The time for 50?á cooked

was recorded. Proctor (1985) used plungers weighted to 49,75 g and 48 g

and having a 5 mm end in order to produce a cookability curve that

matched the cookability determined by a sensory paneL (figure 2.2- page

ql

The use of the Mattson Bean Cooker seems onJ.y to be supported, how-

ever, if its cookability curve corresponds well to that produced by hu-

man eval-uators. WhiLe modifications to the plungers are possible to fa-

cilitate this occurring, this method may be too tedious and

time-consuming to be practical.

2.1 .2.6

Sefa-Dedeh et al. (1978) developed a method, using a wedge-type blade

mounted on an Instron, to measure the texture of raw and soaked cowpeas

(rigure 2.13). The maximum force required for the blade to cut across

the cotyledons was measured and the average maximum force f.or 20 beans

was calcuLated.

Wedge

The wedge force-time curves for raw unsoaked beans differ from those

of raw soaked beans (figure 2.14). The curve for raw unsoaked beans

rises rapl.dly to a peak and abruptly falls (nigure 2,14a). This indi-

cates that the seedcoat and the two cotyledons were split at the same

time. The peak force, therefore, represents the maximum force to cut
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Figure 2 " 13: Dirnens i ons of
test ceIl (g)

Ð'65 e*

stainless steel wedge (¡) and aluminum plate
(sefa-oedeh et a1., 1978).
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L.2,

o.8

Time --->

Figure 2.14:

o.4

Typical force-time
apparatus obtained
Dedeh et al. , 1 978 )

c) soaked for 24 h,
(sefa-oedeh et ar.,

Ti¡ae --->

(deformation) results using Lhe wedge
tor cowpeas (Viqna unquiculata) (Sefa-
. a) raw unsoaked, b) soaked for I hr,
d) soaked for 24 hr, seedcoat removed
1g7g).'
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the whóIe bean. The curve for raw soaked beans, on the other hand, has

more distinctive features (figure 2.14b,c,d). The slope of the curve

increases as the wedge meets ¡.he seedcoat and the force applied increas-

es. The slope suddenly changes as the seedcoat is cut. The force in-

creases again as the first cor.yledon is met and decreases sharply when

the first cotyledon is cut. The peak obtained is a record of the force

required to cut through the seedcoat and the first cotyledon. À second

peak is created as the second cotyledon is met and cut by the wedge.

Sefa-Dedeh et aI. (1978) also demonstrated the use of the wedge appa-

ratus on soaked soybeans, white beans, adzuki, and pinto beans (figure

2.15). Sefa-Dedeh et al. (1979) used the same apparatus to evaluate the

effect of storage lime and conditions on the hardening defect in cow-

peas.

In a study by Voisey and Larmond (1971) a Kramer Shear-compression

ce11, the Pea Tenderometer, a back extrusion cell, a plate extrusion

cell and a wire extrusion cell were compared with respect to their abil-

ity to objectively measure the textural characteristics of baked beans.

Results from all instrunents were highly correlated with each other and

wiih sensory hardness and cohesi.veness rating. They concluded that the

choice of an instrunental nrethod could be based on practical considera-

tions and the available equipment (voisey and Larmond, 1971).

The Pea Tenderometer is not used commonly for cooked bean texture

evaluation because it is a cumbersome instrument that is difficult to

standardize (Voisey and Larmond, 1971). The choice of of the Kramer
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shear or wire extrusion cells for use in evalualing muLti-bean sampies

may be based on operating efficiency and cost. The Kramer shear ce}l,

because of its multi-blade design, is more difficult to clean than a

wÍre extrusion cell. À wire extrusion cell mounted on an Ottawa Texture

Measuring System (OruS) was available at both the University of Manitoba

and INCÀP and so r+as used in this study.

Those instruments that evaluate cookability by measuring forces to

compress, shear, and extrude multibean samples have the disadvantage of

faiting to indicate hor+ widely single beans within a sample vary from

the average vaIue. The Mattson Bean Cooker, puncture probe and wedge

apparatus give informalion on individual beans but are quite tedious and

time-consuming to carry out. The Mattson Bean Cooker produces a sigmoi-

dal cookability curve which can correspond closely to that produced from

data from human evaluators. In Guatemala, however, even after some mod-

ifications, a good correspondence between the Mattson Bean Cooker's and

the sensory paneÌ's cookability curves was not obtained during prelimi-

nary testing and was, therefore, not used in this study.

In a survey of 600 Guatemalan consumers (watts et a1., 1987), over

50% of. the respondents, when selecting beans, tested the hardness of the

raw beans by biting them between their teeth or by cutting them v¡ith

their fingernails. À good quality bean r,ras considered by these consum-

ers to be one that was easy to bite or cut (watts et al., 1987). The

measurement of raw bean hardness using the wedge apparatus r*ould seem to

measure the same property that is considered important to consumers.

This method had the distinct advanlage that it does not involve a cook-

ing period. However, correlation of raw bean hardness test values r+ith

cookability test values has not been done.



2,1.3 Sensory Evaluation

2,1 .3.1 Subjective Sensory Evaluation

Sensory testing of beans has frequently involved the subjective as-

sessmeni of "doneness" in the mouth based on preference by small labora-

tory panels. Hedonic or acceptability scales have been used to evaluate

texture of cooked beans. Iyer et a1. (1980) used a panel of 15 judges

to assess texture quick-cooking and conventionally cooked Great North-

ern, kidney and pinto beans. Àl-though a number of samples having a

range of cookíng times had been prepared for instrumental testing iyer

et aI. (1980) neglected to sLate the cooking times of the samples evalu-

ated by the sensory panel. À 9-point hedonic scale was used with 9

equal to extremely like and 1 equaJ. to extremely dislike. A nine-member

sensory panel was used by Quenzer et al. (1978) to indicate preference

using a 7-point hedonic scale for different pinto bean cultivars cooked

for 90 minutes. Voisey and Larmond (1971) had 14 panelists evaluate the

acceptability of baked bean texture using a 9-point hedonic scale. All

samples had been processed under the same conditions. Panelists were

requested not to base their preference on flavour but rather on texture.

Seven of the 14 judges were trained panelists also participating in an-

other portion of their study (voisey and Larmond, 1971). In a study by

Perry et al. (1976) four to five members of their food research staff

were used on a panel to subjectively evaluate the texture of the soybe-

ans, cooked to a range of times, on a S-point scale ranging from 1= very

poor, to 5= very good in order to identify the cooking times to approxi-

mate the same stage of doneness for a number of varieties and treat-

ments. The preference data obtained from such sma11, experienced panels

should not be used to draw inferences about consumer preferences. SLone

37
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and Sidel (1984) recommend the use of a laboratory panel of at least 24

members for accepiance testing. Preference, however, varies from person

to person and is affected by such factors as socio-economic background

and region. The practice of using laboratory acceptance panels which

are unrepresentative of the consuming population to estimate consumer

preference is, therefore, quesiionable.

2.1,3.2 0bjective Sensory Evaluation

An objective method of evaluation is usually thought of as being car-

ried out by an instrument or chemical technique. Sensory methods, how-

ever, can also be used for obtaining objective measurements (Bourne,

1 982) . The basic characterislics of an objective test are: "thaL data

obtained are independent of the individual observer; that is, the result

is fair, impartial, factual, and unprejudiced by the personal character-

istics of the observer" and: "that the results are repeatable and veri-

fiable by others; that is, other laboratories can obtain the same re-

sults within the limits of experirnental error." (Bourne, 1982, p. 272),

Intensity scaling is an estimation method in which subject use inter-

val or ratio scales to measure attribute intensity. The procedure in-

volves the presentation of a series of stimuli to a subject who is in-

structed to give quantitative judgements of the magnitude or intensity

of the attribute as produced by each stimulus" Repeated judgements are

necessary, either over trials with a single subject or over subjects,

due to variability in judgement, in order to obtain good estimates of

the values. Specifying two points on the continuum fixes the unit of

measurement and may also be able to fix the origin. Under such condi-
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tions, anci assuming no error exists, the scale values given by the dif-
fereni panelisLs should agree perfectly, i.e., y=x (Torgerson, 1985).

0f the few studies done to objectively measure cooked bean texture,

the majority involve the use of simple methods of sensory evaluation to

objectively assess bean texture. Morris and Wood (1955) used a panel of

9 to 13 trained judges io evaluate cotyledon and skin texture of 7 dif-
ferent bean varieties (Great Northern, Large lima, Michelite, pinto, Red

kidney, Red Mexican and california small white). The purpose of the

study conducted by Morris and Wood (1956) was to evaluate the changes in

cooked quality of each variety kept under different moisture conditions

for different storage times. Each variety was cooked a specific but

different length of time. The reasoning behind the choice of a cooking

time was not given. The judges scored samples on a 7-point rating scale

with 1=firm cotyledons and 7=soft cotyledons. À labelled standard with

a score of 5 was given. Morris and Wood (1956) realized the inadequa-

cies of their method in that a judge couLd not be counted on to remember

over a period of time exactly what score he had given to a particular

quality. Another disadvantage was that only the samples which were

tasted together could be compared directly (Morris and 9lood, 1956)"

This may result when judges are not trained to identify specific charac-

teristics or do not have a reference to which all samples can be relat-
ed.

Overall hardness, or degree of cooking has been estimated in a number

of studies. À 9-point rating scale was used by silva et a1. (l98la) to
determine texture of cooked black beans.

dents and spouses r"rho consumed btack beans on a regular basi s used a

scale ranging from 1=extremely soft to 9=extremely tough. Àguilera and

A panel ot 20 Brazilian stu-
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Steinsaþir (1985) used a panel of 10 people who were familiar with the

texture properties of beans to describe the hardness of cooked beans.

The panelists used a 7-point scale with 1 - very soft and 7 = very hard.

The minimum acceptable texture for consumption was determined to have

the hardness score of 5. Muneta (1964) used a 7-member paneL to evalu-

ate 5 cooking times of 7 varieties of dry beans and Alaska pea which had

been stored. Panelists were required to indicate whether the sample was

undercooked, cooked or overcooked. However, it was not mentioned r+heth-

er the panelists were trained to identify characteristics in order to

make their decisions.

Few studies have been carried out using sensory procedures to objec-

tively measure cooked bean texture, aJ-though a texture profile procedure

for evaluation of cooked bean texture llas reported by dos Sanlos Garruti

and dos Santos Garruti (1983)" A more complex method, Texlure Profile

Ànalysis, developed by Szczesniak ( 1 963 ) and Szczesniak et a1. ( 1 963 ) ,

while time-consuming, is objective, and gives reproducible results.

Sensory Texture Profile Analysis begins with the identification of im-

portant sensory characteristics or attributes. intensity scales, with

standards representing the low and high ends of the scale, are estab-

lished for each attribute, and the position of a reference sample on the

scale is determined by the panelists. Repeated evaluation of standards

and samples is done until variation among panelj.sts is minimal. The

texture profile panel is considered to be an objective method because

panelists are lrained to take an analytical approach and use their

mouths as a scientific instrument. The use of intensity scaling, rather

than acceptability scaling, should minimize the influence of personal

preferences (Bourne, 1982).
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Thre results from different texture profile panels have been shown to

be reproducible to a high degree. Bourne (1982) noted that texture pro-

file panels in Ithaca, New York and in Bogota, Colombia (Bourne et a1.,

1975) produced nearly identical texture profiles for soda crackers. A

texture profile panel lrained by Szczesniak et al. (1963) was able to

reproduce their score on the same product in a second test carried out

al-most a year and a half after the first test.

Use of Texture Profile Analysis has been reported by Voisey and Lar-

mond (1971 ), dos Santos Garruti and dos Santos Garruti (1983) and dos

Santos Garruti and Bourne (1985). Preliminary tests conducted by Voisey

and Larmond (1971) determined that hardness, gumminess and adhesiveness

were important parameters in the testure of baked beans. A panel con-

sisting of 7 judges was trained, according to the method defined by

Szczesniak (1963) and Szczesniak et a1. (1963), to recognize these three

parameters. The judges prepared a descriptive scale for each parameter.

An 8-point hardness scale was used which raned from extremely soft to

extremely firm. The gumminess and adhesiveness scales each had 6 points

ranging from very mea).y to very gummy and from little or no adhesiveness

to very gooey, respectively. dos Santos Garruti and dos Santos Garruti

(1983) evaluated I different textural characteristics of cooked common

bean texture such as skin hardness, chewiness, and rate of breakdown

(figure 2"16). The texture profile panel in the study by dos Santos

Garruti and Bourne (1985) vras trained to use 25 different texture char-

acteristics for evaluating red kidney beans.- Àn instrumental texture

profile was also carried out based on 6 parameters (dos Santos Garruti

and Bourne, 1985).



Namc:

Sanple No.

t. INITIÂL SB{SATION (perceived, in the firs'. bite)

(a) Hechanical characteristics

- Hardnesr; (t-g scate)
( :;kin )

( u) ceometrical characteristics
(c) Otner characteristics llarsh Soooth f?rin Thick

( skin nature )

i t. ¡inSTI(;A10RY :lËllSATtON (p"rcuivetl d.uring oastication)

( a ) flechsnic;r I Score llo. chevs

- Chcwiness (t-g scale)

D-^J..^t

( u) ceooetrical

Score

(particles size and shaPe)

L+¿

Hooogeneous Nonàooogeneous

( cellular)

( particles shape/orientation)

(c) Otirer charactcristics Slight Hoderate Strong

( rturi.¿ i ty )

III. RESIDUAL SENSÂÎION (beforeo during, after swallow)

l{one Slight Hoderate Strong

Crainy CreanY Soft

Figure 2.16: Sensory Texture Profile Analysis score sheet for common
beans (dos Santos Garruti and dos Santos Garruti, 1983).

rate of breakdown
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Instruments are calibrated in absolute units but their readings do

not mean very much unless they are correlated with sensory evaluation of

quality (Bourne, 1982) " The objective of a number of studies has been

io find a good correlation between a sensory test and an instrumental

test related to it. By developing a model using such a correlation, a

specific inslrurnental test could be used to predict sensory cooked bean

texture. Instrumental testing has the advantage of being relatively

Iess time-consuming and expensive than sensory testing. À model based

on one or two quick instrumental tests would benefit plant breeders, for

example, or anyone involved with evaluating a large number of bean sam-

pIes.

Correlation of Sensorv and Instrumental Methods

2.1.4.1 Puncture Testing

Àguilera and Steinsapir (1985) related perceived hardness by a panel

to force rneasured by puncture testing of cooked Phaseolus vulqaris beans

+3

cv. Tortola Diana

roasted) sampLes $rere evaluated after 2.5 to 10 mo of storage' The

technique used by the panelists to assess hardness was not described,

i.e., whether the panelist made their hardness determinations on a sin-

gle- or multi-bean sample. They observed that the phenomenon of harden-

ing as perceived by the panel followed the same trend as measured by the

Instron in the puncture test. They were able to deveJ.op a linear re-

gression equation to describe this relationship (Equation 1 ):

À control and five dry-processed (irradiated and

(P<0.05, r2= 0.93)

SC = 2.95 ln (rt) - 11.44 (1)



i{here: SC =

Fi =

Àguilera and Steinsaper (1985) found that the minimum acceptable texture

had a sensory hardness score of 5 (on a 7-point scale) which correspond-

ed to a puncture force of 253 g as measured using the Instron (nigure

¿,tt).

score in sensory evaluation (1=very soft to
7=very hard )

puncture force measured using a 3 mm

diameter punch (g).

Silva et a1. (1981a) v¡ere able to correlate puncture force of cooked

black beans (s1ack Turtle Soup beans, variety T-39) to cooked bean tex-

ture as measured by a sensory panel (nigure 2.18). They developed a

model to predict sensory texture values using the instrumental data

(Equation 2):

Sensory texture = 2.54 In

where: Sensory iexture

Forc e

SiLva

ble 2

TT

a 0.136 cm punch

al. (1981a) also checked the predictability of their model (ra-et

2)

It was determined in the study by Silva et aI. (1981a) that a sensory

texture score of 5 (on a 9-point rating scale) was the minlmum rating

for acceptable cooked black bean texture. A puncture force of 150 g was

calculated to correspond to this value (rigure 2"18). This value of 150

g puncture force vras used in a subsequent study by Silva et al. (1981b)

as a reference for determining if a black bean sample was adequately

cooked.

(Force) - 7 .82

= 9-point scale with 1=extremely
soft and 9=extremely tough

= puncture force as measured using

(r2 = 0.91) {2)
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Figure

Autoclaving Time

15 min
20 min

2.17: Effect of storage time on the hardness
control beans as measured by puncture
punch {aguilera and Steinsapir, 1985).

storage Time (mo)

of heat-treated and
forceusinga3mm
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(Force)

ffi@rrcm
Puncture Force Using a 0.136

F i qure 2. 1 8: Sensory texture
of cooked black

w 4æw@
cm Punch (g)

score as a function
beans (silva et a1.,

of In puncture force
1981a).



TÀBLE 2.2

Predicted and observed values for sensory
force (Silva et a1.,

Punc t ur e
forcet ( g )

Ib

148

547

Sensory score
obse rvedi

texture based on puncture
1981a).

T Puncture force measured by
diameter punch.

f Each value is the mean of
consisting of greater than

4n

5.2

7.4

Predicted
sens0ry score

47

4.2

4.9

8.1

a 0.'136 cm

two replicates, each
10 observations.
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Proctor (1985) used a Mattson Bean Cooker (r¿gC) with 25 pLungers

weighted to 48 g to obtain a curve that showed percent beans cooked as a

function of cooking time (nigure 2.2, page 9). A trained panel of 9

members was used to assess doneness (percent cooked) by mouth and pref-

erence of a number of navy bean samples of the same variety cookeo to

different cooking times. The 92% cooked time, as determined by the MBC

corresponded to the cooking time of the most preferred texture of navy

beans (Proctor, 1985).

2.1 .4,2 Raw Bean Hardness

Sefa-Dedeh et al. i1978) oetermined that the

peas as measured with the wedge apparatus could

texture of the corresponding cowpeas after 2 h of

Y = 45.8088 - 0.7968 X1 + 5.775 X¡

where Xr = soaking time (h)
X3 = maximum force on soaked bean

as determined using the
appa ra t us

Y = maximum force of cooked beans
determined using the 10
ce11.

In order to test the predictability of the regression equations,

Sefa-Dedeh et a1. (1978) soaked fresh cowpea samples f.or 24 h, measured

their maximum hardness using the wedge apparatus, cooked the cowpeas for

2 h and measured their hardness using the 10 cmz extrusion celt. Both

equations were found to predict cooked bean texture well (lable 2.3)"

texture of soaked cow-

be used to predict the

cooking (Equation 3):

l?)

(s)
wedge

(xg) as
cm2 extrusion



TABLE 2.3

Experimental and predicteC cooked cowpea
1978).

Ä11

Expe r imen ta I

24

I Xr = soaking time (h); X z = g HzOl100 g dry bean;
Xs = maxinum force on soaked bean (g) as determined using the
wedge apparatus; Y = maximum force of cooked beans (xg) as deternined
using the 10 cm2 extrusion ceI1.

X2

107 0.9565

Silva et al. (1981) using Black Turtle Soup beans under various soak-

ing and cooking treatments were unable to predict the puncture puncture

force of cooked black beans using force of soaked raw beans (r= 0.044).

texture (Sefa-oedeh et a1.,

31 . 65

2"1.4.3 Shear Press Testing

Predicted Y

49

Equation 3

Priestly and Mollendorff (1980) used a 3S-member untrained panel to

evaluate small haricot and Michigan beans for canning. The panel re-

sults using canned beans were related to Shear Press readings and it was

determined that only samples with a Shear Press reading of 60 (units not

indicated) r+ere considered to be hard by the panel. The methods used by

Priestly and Mollendorff ( 1980) were not clearly defined in their arti-
cle which makes drawing conclusions from their data difficult. Shehata

et al. (1983) reported relationships between scores for sensory softness

and maximum Kramer shear forces to be significant at p10.01"

36.08

Equation 4

32.21



2.1.5 Phvsical Characteristics and Relationshin to Ccoked Texture

I f a relationship can be established between physical characteristics

and cooked texiure perhaps future evaluarion of black bean varieties

might ínvolve the generally simpJ.er and less time-consuniing tests of

physical characterizalion rather than the more complex and time-consum-

ing mechanical lests. Àny knowledge attained concerning the relatíon-

ship of physical characteristics of the raw bean to cooked texture would

benefit breeders and agroJ.ogists in the deveì.opment and promotion of the

production of black bean varíeties with good cooked texture quality.

INCAP has categorized common black beans into 3 size groups based on

the average bean weight of a sample. A sampJ.e of black beans is consid-

ered to be small if its average bean weight is less than 0.193 g. A

bean sample is classed as being of medium size if its mean bean weight

is between 0.'193 and 0.217 g. Large black beans are considered to be

those with an average bean weight greater than 0.217 g (nIías et al.,
1986).

Bean size was shown to be related to texture by Bourne (1967 ) who

used size grading to remove beans with poor texture. Bourne (1967) re-

ported, using dry pea, marrorr, and red kidney beans, that the size dis-

tribution of a given lot of dry beans corresponded to a normal distribu-

tion pattern rvith hardshell beans being concentrated at the smaller end

of ihe scale. Since hardshell beans do not imbibe water and swell as do

normal beans during soaking, soaking would accentuate the size di ffer-

ence between hardshell and normal beans.

50



2.i.5.1 Water Absorption

Measurement of water absorption

beans during a soaking period, has

ing hardshei.l beans. its value

hard-to-cook defect, however, are

lished).

A number of studies have shown a good relationship between iotal.

amount of water absorbed and cooked bean texture (Burr et aI., 1968;

Sefa-Dedeh et aI., 1978, 1979; Quenzer et al., 1978; Jackson and Varri-

ano-Marston, 1981). The moisture content of bLack beans was found, by

Jackson and Varriano-Marston (1981) to be related to cooking time as de-

termined by the Mattson Bean Cooker (figure 2.19). They stated that,

generally, the higher the water content after soaking, the shorter the

cooking time. They noted, however, that fresh and aged samples had dif-
ferent cooking times regardless of the moisture conlent of the beans.

Sefa-Dedeh et al. (1978) developed a model using soaking time and amount

of waÈer absorbed to predict extrusion force of cooked colrpeas (Equation

4 and Tab1es 2.3 and 2.4).

, thar- is, of water uptake by the

been shown to be of use in identify-

in measuring changes related to the

questionable ( ptilal et a1. , unpub-

51

Y = 7'1 "67 - 0.5086 xr - 0.2746

where x1 = soaking time (h)
X2 = Tiât€r absorption (g
Y = extrusion force of

Predicted cooked bean extrusion force values

ing time and soaked bean hardness (Equation 3)

X2

Hzo I 100 g dry bean )

cooked beans (Kg).

(4)

by equations using soak-

and using soaking time
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TABTE 2.4

Correlation coefficients between parameters investigated (Sefa-nedeh et
âf., 1978).

Parameter A

'1

1

1

1

2

2

2

3

3

Parameter B

2

3

t

5

3

4

5

+

'1=soaking time; 2=water absorption; 3=soaked bean texture;
4=cooked bean texture (112 scale shear-compression cell); and
5=cooked bean texture (Ot¡lS 10 cm2 celI).

Signif icant at p<0.05.¿
T

and water absorption (Equation 4) were similar to the actual experimen-

tal values (fable 2.3). Soaking time and water absorption were shown to

be highly negatively correlated to cooked bean texture as measure by an

OTMS 
.10 

cm2 extrusion cell (-0.9493 and -0.9832, respectively) (tabte

2.4).

R(A,B)t

0.929s

-0.9409

-0.8597

-0.9493

-0.9698

-0.9412

-0.9832

0.8s32

0.9593

Jones and Boulter

imbibition value of

(1983) measured

Guatemalan black

the water-holding

beans ( var S- 1 9-N )

capac i ty or the

after soaking
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f or .1E h. The original moisture conr"ent of the beans was taken into ac-

count i.n the caLculation of llet lveight over dry weight. The j.mbibition

value of lhe hardbeans r+as reported to be much lower than that of the

soft beans (Jones and Boulter, 1 983 ) .

In some bean varieties, however, a higher r+ater absorption capacity

$ras not alvrays correlated r+ith a shorter cooking time (Mo1ina, 1976).

The results of Silva et a1. (1981) were in agreement with those of Quast

and da Silva (1977b) in that. the amount of water imbibed by black beans

had Little or no effect on the degree of cooking once a minimum level of

waier absorption had been reached. The puncture force of cooked bl.ack

beans did not correl.ate well with water absorption (r= 0.155). A study

by Quenzer et al. (1978) on pinto beans showed that maximum imbibition

Cid not result in the most tender product.

The lack of agreement among the results of these studies may be due

to a lack of standardization in the methodology used to measure vrater

absorption. Consideration of the loss of solids in the gravimetric v¡a-

ter uptake method has been inconsistent as has been the method used for

the surface drying of the soaked beans. The initial moisture content of

the beans should also be considered (Plhak et aJ.., unpublished).

PIhak eÈ a1. (unpublished) found that initial moísture content af-

fected the initial rate of water uptake but did not have an effect on

equilibrium values. Burr et a1. (1968) noted that Pinto beans stored at

a high moislure content (16.0%) absorbed water faster than beans stored

at low moisture (8,2%). No difference was, however, observed in the

rate of water absorption in Sanilac beans stored at 16"0% (high) and



9.0% (1ow) moisture leveis. No explanation

results. Both bean types had been stored for

and were soaked in 1 130F (450C) water (Burr et

r+ater absorption during cooking was evaluated

J.owing the method of Morris et a1. (1950) (i.e

Seedcoal thickness was shown to be important for the water absorption

in cowpeas (Sefa-nedeh and Stanley, 1979b). Using a number of varieties

of legume they noied that seeds r+ith thínner seedcoals absorbed water at

a faster rate during the first 6 h of soaking. During longer periods of

soaking all varieties of Iegumes absorbed water at approximately the

same rate (Sefa-¡edeh and StanIey, 1979a).
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$/as given to explain these

2-1 l2 years at 70oF (21 oC)

â1., 1958)" The rate of

by Burr et a1. (1968) iot-

3 h at 45oC).

2.2 GROWTH TYPES

The growth of the bean plant can

determinate form (nebouck and HidaIgo, 1985). Àccording to studies by

CIAT (Centro Internacional de Àgricultura Tropical ) in Colombia, the

gror+th of the bean pJ.ant can be further grouped into four basic types

(rigure 2,20) i Type I is a determinate bush growth pattern while Type

II is an indeterminate bush form. Types III and IV also have inoetermi-

nate growth patterns with Type III having a postrate formation and Type

IV have a climbing or vine habit. Variations or intermediates of these

formations also occur, depending on the growing conditions (Debouck and

HidaLgo, 1985). The different types of beans have different quality

characteristics lhat may be important to consumers (watts et a1.,1987).

be cf either the determinate or in-
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Environmental conditions, such as light and temperature, influence

the growth habit of the bean. À particular bean variety can grow in

different forms uncier different conditions (oebouck and Hidalgc, 1985).

The photoperiodic effect of light can cause dramalic changes in the

plant's growth pattern. Temperalure also has an ef fect which can be

compounded by photoperiod (white, 1985). The actual effects of these

factors on bean characteristics have not been determined.

2"3 STORÀGE CONDITTONS

Controlled storage conditions are essential for the preservation of

bean qual-ity. Moisture content of the seeds or relative humidity of the

air and storage temperature are the most critical parameters (Morris and

Wood, 1956; Muneta , 1964; Kon, 1968; Burr et aI., 1968). The cooking

qualities of the beans deteriorate very rapidly with elevation of the

temperature, particularly at moisture contents of the beans above 10%.

Hardshell in beans was promoted by their storage at 250C and 65-70% RH

(Anlunes and Sgarbieri, 1979). A study by HohJ.berg and Stanley (1987),

however, could not duplicate these results. Burr et a1. (1968) demon-

strated that Pinto beans stored f.or 7 months at 320C showed a 14-fold

increase in the cooking time, i.e., lron 24 to 340 min, whereas storage

of the beans with moisture contents below 10?á and at 80C did not affect

cooking time even after 2 years (Antunes and Sgarbieri , 1 979) . An in-

crease in required cooking time was observed in beans held under condi-

tions often encountered in distribution, eg. one year at 700F and a

moisture content below 18% (Burr et a1., 1968). Morris and Wood (1956),

who used a standard cooking tinre for each variety, reported that beans
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rlith a moisture content above 1 3% deLeriorateo significantly in texture

as well as flavour after 6 months at 770F. Beans stored at less than

10% moisture content maintained their cooking quality for 2 years almost

as well as control samples stored at -100F (Burr et ar., 1968). Jones

and Boulter (1983) obtaineC hard beans by storing at 34t10c and 70-75%

RH for 6 months.

2.3.i Hardening

Two types of hardening defects occur in bean cotyledons, which can be

distinguished somewhat by imbibitional behaviour. À condition of the

cotyledon whereby this portion of the bean does not imbibe water proper-

ly has been called sclerema (beans that would not imbibe water even

though the seedcoat r+as scarified or removed) (Cloyer, 1932), The

"hard-lo-cook" defect, oñ the other hand, refers to imbibed beans that

do not become tender during a reasonable cooking period (Stanley and

Aguilera, 1985). It is suggested that this condition is caused by chem-

ical changes during the storage of seeds in high humidity and high temp-

eratures. Àgronomic conditions such as fertilizer composition and

amounts may also be important.

The second defect, called hardshell, is related to an impermeable

seedcoat and related structures. It occurs when beans fail to imbibe a

sufficient amount of r¿ater during soaking (Stanley and Àguilera, 1 985) .

HardsheLl has been shown to be an inheritable physical defect which is

only partially affected by agronomic conditions such as storage tempera-

ture and humidity (no1ston, 1978; Lebedeff, 1943). Unfavorable environ-

mental factors following planting, such as drought, are recognized as
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factors that cause a progeny to contain a higher percen;age of hardsheil

beans than would result if normal conditions prevail-ed during the germi-

nation period (C1oyer, 1932; Morris et a1., 1950). The climatic condi-

tions under which beans have grown probabì-y affect the degree of hard-

shelL present in a given lot of beans at harvest time. The effect of

soiLs on bean quality shouJ.d not be overlooked (Morris et a1., 1950).

Hardshell can be induced by a rapid drying of the beans (Rolston,

1978). The storage environment is another very important factor that

influences degree of hardshell in some varieties of beans. High storage

temperature promotes hardshell development. Lower leveIs of relative

humidity in the storage atmosphere increase hardshell (GIoyer, 1928a,

1932; Morris et a1., 1950).

2,4 SUMMÀRY

A variety of instrumenlal methods have been used to evaluate raw and

cooked bean texture. lnstrumental testing is relativeLy quick as com-

pared to sensory testing which is an importanl consideration if a method

is to be of practical use to plant breeders for the evaluation of large

numbers of bean lines. instruments, however, are only useful if they

measure properties that are perceived or judged as ímportant by human

senses. In the few studies which have correlated instrumental and sen-

sory data, the sensory methodology use has been questionable, Improper

training of panelists and the failure to anchor intensity scales used

have commonly occurred ç¡hich prevents results from being considered tru-

ly objective and valid. The preparation of samples evaluated by both

instrumental and sensory methods can also be criticized.

common practice when comparing texture of different bean 1ínes to cook

I t has been
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all lines to the same cooking time rather than cooking them to the sane

oegree of doneness before evaluations are made. Valid research relating

physical test measurements to sensory percepLions is also lacking. The

effect of hardening in stored beans to physical, instrumental and senso-

ry measurenents and their relationships should aLso be investigated fur-

ther.



3.1 MATERIÀLS

Six Guatemalan black bean lines were used in this siudy. An attempt

rlas made to select two bean lines of each of the three groups or types:

bush, semi-vine, and vine, which are grown in Gualemala. Due to the

difficulty in obtaining true semi-vine beans, however, the beans were

classified as being of either the bush or vine type. The location, con-

dition and type of growth of the 6 lines of Guatemalan black bean (pha-

seolus vulqaris) samples used in this study are given in Table 3.1.

Seventy kilograms of each of the six bean Iines used were purchased from

their growing location approximately one month after their harvest in

Decenber, 1985. The Tamazulapa lot contained beans from two growers.

What is known about the beans prior to purchase is shown in Table 3.2.

Chapter I i i

MATERIÀLS AND METHODS

- bt



TABTE 3. -1

Location, condition and type of growth
(Phaseolus vulqaris)

Variety

Chichicaste

Criollo À

Criollo B

I tzapa

Sesen t eño

Tamazulapa

Location

Jut i apa

Chimaì.tenango

Ch i ma 1 tena ngo

Chimaltenango

Jut i apa

Jut i apa

of Guatemalan black beans
samples.

Condi t i. on

native

nati.ve

nat i ve

native

native

i mpr oved
(rcr¡)
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Growth
Type

busir

vine

bush

vine

bush or
semi-vine

bush

Brilliance

opaque

br i 11 iant

opaque

brilliant

opaque

opaque



TABLE 3.

Pre-experimental handling and initial
Guatemalan blac

Var i ety

Chichicaste

Criollo À

Drying and storage methods

Cr iollo B

Stored with trash from field

Beans dried with the whole
plant in the field and stored
in a wooden box under roofed
structure llithout waLls

Beans dried with the whole
plant on the patio for approx-
imateLy 30 days and stored in
a plastic container.

Not available

Stored with trash from field

Stored with trash from field

moisture contents of
k beans.

Í ! 
- - --! L /-d.pd

Se sen t eño

Tamazulapa

6 lines of

mol

3.1.1

63

Àrrival
sture contenl

o/
/o

A flow chart describing the preparation of materials is shown in Fig-

ure 3.'1. The 70 Kg bean lots were each divided into 10 sublots of 7 Kg

which were packaged in sealed polyethytene bags. Beans were hand-

cleaned to remove broken and diseased seeds and foreign material. The

moi.sture content of each sublot was determined on a 142 g sample using

the Dole 400-8 Moisture Tester.lÀn insect problem was noted in the Chi-

chicaste, Sesenteño and Tamazulapa lines and consequently these samples

Preparation of Materials

1 3.84-1 6.84

1 5.86-1 6. 84

'1 6 . 84- 17 .61

16.02-17 .15

13.10-14.20

1 3.45- 1'7 .31

rJames Dole corporation, 1400-T Industrial way, Redwood city, cA. 94063
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r+ere given an insolation treatment to remove the insects. The

insoiation treatment involved spreadi.ng the beans out in a single J.ayer

on neh'spaper laid on the roof of the building or on the sidewalk outside

of the building in the sunlight for periods of about 4 to 6 hours. This

insolation treatment decreased the moisture content of some bean samples

to approximately 8%.

The water content of the beans in I bags of each bean line was ad-

justed to be in the range of 13-14%. The water content of the beans in

the remaining 2 bags was adjusted to be in the range of 16-17%. percent

moisture readings vrere taken after each moisture adjusting treatment us-

ing the Dole 400-B Moisture Tester. To increase moisture content, beans

were spread in a single l-ayer on damp newspaper in a þ¿arm oven (500c)

and sprayed at intervals over a 4-6 hour period with distilled water

from an atomizer. To decrease moisture, beans were placed out of doors

in the sun for a number of hours as required. The fumigant phostoxin,

commonly used for commerciall.y stored beans, was finally applied to all
bean l-ines to eliminate the insect problem which reappeared a few weeks

after the insolation treatment.

During these preparatory steps, which required approximatej.y 6 weeks

(rigure 3.1), the beans were kept in the basement laboratory where temp-

eratures were cool (10-150c). Four bags of each bean line, were pLaced

in temperature-controlled storage rooms on March 26, 1986" Two with wa-

ter contents of 13-14% were placed in a storage room maintained at a

temperature of 50C, while two with water contents of 16-17% were placed

in a storage room heated to 350c. After 6 weeks (uay 9, 1985) these

sublots were placed in 100c storage with the remaining 6 bags of each
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HT ' high teßperature - high hunidity storage
treatEent (350C, 16-17U moisture content)

0T?4S ' extrusion of coohed beans using the
10 crû2 extrusion ceII of the
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Figure 3. 1 : Research design.
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bean line which were kept in a 10oC-storage room during the entire

s tudy .

Before use in physical, instrumental or sensory testing (except dur-

ing the training of the % cooked panel), each bag of beans vras sieved

using 111ça,,12164,13164, and 14lS+ inch sieves. Beans which remained

on the 11lC+, 12164 and '13164 inch sieves were used in the study, that

is, those beans ranging in width from than 11164 inch to less than 14164

inch. This procedure aided in the removal of broken seeds , trash and

other foreign matter from the sample material.

3.2 PHYS]CÀt TESTS

Physical tests $¡ere run on all six bean Iines for all 3 treatments.

Seed weight, seed size distribution, percent seedcoat, seedcoal thick-

ness and water absorption determinations were carried out on the fresh

samples while seed weight, seed dimensions, percent seedcoat, seedcoat

thickness, and water absorption measurements r¡ere made on the stored

samples. Seed weight, seedcoat percent, 4 hour and 24 hour water ab-

sorption determinations were carried out according to the nrethods used

by INCÀP (nlías et aI., 1986). Seed weight and both water absorption

determinations þ¡ere on an "as is" moisture basis r+hile seedcoat percent-

age was determined on a dry weight basis. Four replications of these

tests were carried out. The distribution of seed sizes within the six

bean samples was also determined.



3 .2.1 Seed We i qht

Seed weight was calculated as the mean weight of 100 randomly select-

ed beans measured on an analytical balance (nlias et aI., 1986). Four

replications were made on each of the 6 bean lines for all 3 storage

treatments.

3.2.2 Seed Dimensions

The length, breadth and height of 30 randomly selected beans of each

of the 6 bean lines from both the low temperature (lt) and high tempera-

ture (Hf) storage samples lvere measured in centimeters to 2 decimal

places (rigure 3.2). Seed dimensions measurements r+ere not taken on the

fresh samples. Measurements were made with a pair of vernier calipers.

Mean measurements for each sample r¡ere cafculated. Lareo (1986) recom-

mended the use of a nonium or micrometer to obtain measurements in mi-

crometers, however, such instruments were unavailable.
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These values were used to calculate surface area (cm2) where:

Surface area =

where:
fi=
ct-

l=
c=
þ=
f,=

2nA2 + nlzlE Itn (t+s¡l(1-n)]

al¿
length (cm) (r'igure
cl2 + bla
height (cnr) (rigure
breadth (cm) (rigure
(¡z _ B2)o.s/A

3.2)

3 "2)
3.2)

l1\
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Seed size disrribution r+as determined using a set of 6 sieves,2 each

'13 in (33.02 cm) in diameter with oblong slots 3/4 in (19 mm) 1ong.

Slot widths ranged from 9/64 to 14164 inch (in increments of 1164 inch).

One raw, unsoaked 7 kg sublot of each of the 6 samples of only the fresh

beans e¡as passed through the set of sieves placed on a mechanical shak-

ing device. The weight of beans remaining on each of the six sieves and

in the bottom pan t,ere measured to the nearest gran. The percentage of

the original total weight that each size represented was determined.

Seed Size Distribution

3.2.4 Percent Seedcoat

Percent seedcoat was determined following the method used by INCAP

(nIías et a1., 1986). Twenty-five beans were taken from a representa-

tive sample of 100 g of beans obtained from one 7 kg bag of each of the

fresh, LT, and HT storage treatments for all 6 bean lines. The 25 beans

were soaked overnight (16-18 h) in 50 mL of room Eemperature distilled

water. The beans were then dried with a paper towel. The seedcoat was

removed manually from the cotyledon of each soaked bean. Both the co-

tyledons and seedcoats were dried in a vacuum oven at 600C and 25 mnr Hg

for 4 h. The dry weights of seedcoat and cotyl.edon were measured to a

precision of 0.1 mg after the seed parts had been allowed to cool in a

desiccator" The percentage of seedcoat was determined using the fo1low-

ing equation:
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2 The Clipper Grain Seed and
& Co. Saginaw, MI.

Bean Cleaners Manufactured by A.T. Ferrel



Seedcoat dry weight (g)
seedcoat = ------- x 100

Cotyì.edon dry wt (g) + Seedcoat dry wt (q)

)'\c

Seedcoat Lhickness was calculated from an equation derived by Lareo

( 1 986) using mean bean size dimensions ( length, breadth and height )

(from section 3,2.2) (rigure 3.2), mean seed weight (from section 3.2.1)

and mean percent seedcoat (from section 3.2.4) for all 6 bean lines un-

der alL 3 treatments:

Seedcoat Thickness

seed weight (mg) x % seedcoat/100
rhickness = ------;;;il-;;;;-i;;;t-

= mg/cm2

3.2.6 Water Absorption

Percent water absorption was determined after 4 h and 20 h of soaking

following the procedure used by iNCAP (nlías et aI., 1986). A 4 h soak-

ing is commonly used for this method at iNCÀP while a 20 h soaking is

used at the University of Manitoba. Samples from all 6 bean lines under

all 3 treatments: fresh and the two storage regimes, were evaluated.

Twenty-five beans were removed from a representative 100 g sample for

testing. The sample of.25 beans was weighed twice and the mean rias re-

corded (l^il ). The beans were then soaked in 75 mL of room temperature

distilled water f or 4 h, tor're1-dried, and weighed immediately (wZ). The

beans were replaced into the soaking water for an additionat 16 h (for a

total soaking time of 20 h), dried with a paper towel and reweighed
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(wg). Percent water absorption was calculated using the following equa-

tion:

% Water absorption at 4 h

% Water absorption at 20 h =

3.3

J.J.I

INSTRUMENTAL TESTS

Unsoaked raw bean hardness was determined using the wedge apparatus

mounted on the 100-1b load cell of the Ottawa Texture Measurement Sys-

tem3 (oruS)" Thirty beans, randomly selected from each bean line and

for the fresh and both storaqe treatments, were used. The peak force

required to cut each bean was recorded and averaged for each bean line

and each treatment.

The OTMS and the signal conditioner were switched on at least 1/2 h

before use to aLlow them to warm up. The Àpple II computer system vras

turned on just before use. The OTMS-Àpple II system was calibrated us-

ing 0.5 and 1.0 Kg metal weight balanced on the end of the calibration

arm of the OTMS. Weights were converted to Kg force using the calibra-

tion factor of 4 as given in the OTMS manual (Agriculture Canada, 1986).

Settings for the AppLe ii tesLing program4 were as shown in Table 3.3.

Raw Bean Hardness

W2 - t^i1

I^¡1

I.l3-w1

I,11

x 100 (8)

x 100 (s)

Canners Machi

ESRC Texture
stitute (nsni

nery Limited. P.0. Box 190, Simcoe,0ntario, Canada.

Program (1985). Engineering and Statistical Research In-
), Canada Agriculture, Ottawa.
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TABLE 3.3

Program settings for the Apple II-OTMS system with the 100-1b load cell
for measuring raw bean irardness.

Transducer Capacity (Kg)
Exper iment test t ime ( sec )

Experiment maximum force (Kg)
Crosshead speed (cm/min)
Baseline offset

Àllowable maximum force (Kg)

t A crosshead speed
setting used wilh

3.3.2

The hardness of cooked bean samples was determined using a 1O-cmz ex-

trusion cell5 and a 1000-tb load ceLl mounted cn the OTMS. This extru-

sion cell is composed of a box cell with a removable wire grid insert.

À chamfered square plate attached to a shaft make up the piston that

compresses, shears and extrudes the sample through the grid. The OTMS

and the signal conditioner were sr+itched on at least 1lZ n before use to

allow them to $rarm up. The AppJ.e II computer system lvas turned on just

before use. Calibration was performed as described in section 3.3.1.

Settings for the Àpp1e II testing program6 were as shown in Tabte 3.4.

Cooked Bean Hardness

of 6.5 cm/min l¡as chosen as this i
the OTMS at the University of Mani

45.4
30
20
o.ot

.t

42.64

s the
toba.

5

6

Canners Machi nery Limi ted. P " 0. Box '1 90 , S imcoe ,

ESRC Texture Program (1985). Engineering and Stat
stitute (nsnt ) , Canada Agriculture, Ottawa.

0ntario, Canada.

istical Research in-



Prograrn seit ings f or the Àpple I I -0Tì'1S system wi th the 1 000-1b load ceLl
for measuring cooked bean hardness.

Transducer Capacity (ng)
Experiment test time (sec)
Experiment maximum force (ttg)
Crosshead speed (cm/min)
Baseline offset

Àllowable maximum force (ttg)

TABTE 3.4

f A crosshead speed of 6.6 cm/min rvas chosen as thi.s is the
setting used with the OTMS at the University of Manitoba,

Àfter calibration the compression plunger rvas mounted on the moving

crosshead of the OTMS. The 1O-cm2 wire grid exlrusion cel1 was mounted

on the base. l,imits were set on the movement of the crosshead so that

descent of the compression pJ.unger would be arrested 1 mm from the wi.re

grids of the extrusion ceIl plate.

Cooked bean samples of at least 60 g were taken from those cooked for

sensory analysis and were drained and placed in covered plastic cups (to

200
90
30
o"ot

.2

134.s0
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reduce sample moisture losses and changes in texture).

tested 1-112 to 2 h after cooking had been completed. For each test a

thirty-gram sample of beans r+as placed in the extrusion celI for analy-

sis. The sample vlas compressed to 1 mm above the wire grid. Peak force

(N), firmness (H/mm) and energy to first bile (;) vlere recorded and a

curve of force as a function of time r,¡as printed out for each test. All

tests were performed in duplicate. The extrusion ceIl was ci.eaned out

r+ith water and a test tube brush and towel dried after each test"

Samples were



3,4 SENSORY PANETS

Three sensory panel groups were required for this study. The first
panel group, ca1Ied the % cooked paneL, carried out testing to determine

cooking times for each of the 6 bean lines which corresponded to varying

degrees of ooneness. Àn in-house acceptability panel formed by a second

group of panelists, representative of black bean consumers, evaluated

acceptability of cooked black bean samples. No extensive training was

given to this latter group. The third group of panelists was trained in

the procedures of Texture Profile Analysis and characterized the samples

for four texture characteristics.

3.4.1 Panel Selection for Trained Panels

Panelists were sel-ected from staff and students of the institute of

Nutrition of Central America and Panama (l¡¡Cep) in Guatemala City, Gua-

temala, Central Àmerica. Approximately 40 people completed question-

naires giving information on their interest in participation, the pres-

ence of physicaL problems, food and flavour ]ikes and dislikes and time

availability. The questionnaire is shown in Àppendix À.
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Thirty-one persons who were able to

were screened for their sensory acuity. Five exercises in all were car-

ried out including recognition tests for the four basic tastes, for 1 0

selected odour compounds, and for 10 selected flavourants; tests for

aroma perception and recognition, and for use of a hardness-texture

scale. Although the focus of this project e¡as the evaluation of tex-

lure, testing was done on the other senses in order lo introduce pane-

attend the selection sessions



lists to the basic concepts of sensory analysis. The newly constructed

sensory facilities ai INCÀP, Guatemala, were used for the first time in

this experiment. Samples with varying concentrations of sucrose, sodium

chloride, citric acid and caffeine r+ere presented for ident-ification in

the four basic tastes test. Panelists were asked to identify or de-

scribe the odour present in a number of samples in the odour recognition

test. À number of fruit flavours in odd-coloured liquids rvere presenteo

for identification in the flavour recogniti.on test. The physiology of

aroma perception was demonstrated through an exercise in which panelists

were asked to identify samples of red wine and unsweetened black coffee

r+ith their eyes closed and their noses pinched shut. Panelists were

asked to identify different fruit flavours by sniffing and smelling

(aroma recognition test ) .

cheese, cooked egg white, cheddar cheese, o1ive, peanuts, carrots and

hard candy) þ¿ere presented to panelists who were asked to rank them in

order of degree of hardness. À detailed description of testing proce-

dures as well as ballots can be found in Àppendix B.

lwenty-two panelists were selected, on the basis of these tests as

well as on the panelists'availabiLity to participate in the resl of the

study. These panelists were divided into t\,¡o groups, one to serve on

the % cooked panel, and the second on the texture profile pane1. Às the

7á cooked panel met in the morning and the TPA panel in the afternoon,

the division of panelists was based on availability.
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)lt1

Approximately 40 staff and st

INCAP were involved as panelisis

Requirements for participation in

eracy. Although panelists were

eaters, it was assumed, based on

food item in the Guatemalan diet

i¡ere.

PaneL selection for In-house Acceptability Panel

3.4.3 9á Cooked Panel

udents from a number of departments at

in the in-house acceptability panel.

this panel were availability and lit-
not asked directly if they were bean

the fact that black beans are a staple

(Bressani and Elías , 1977) , that they

The purpose of the % cooked panel was to identify cooking times that

corresponded to the 50,70r 90 and 100% cooked stages, and to an extend-

ed cooked stage, for each of the 6 fresh sampl-es of Guatemalan black

beans. These cooking times were used to prepare the samples for the ac-

ceptability and texture profile panels. Àpproximate cooking times were

determined through preliminary testing by the % cooked panel and were

confirmed through replicated testing by the % cooked panel, in which the

5 cooking times for each of the 5 bean lines were evaluated 3 times.

Fifteen panelists served on the % cooked panel. During each panel

session panelists r.¡ere presented with fresh beans of one bean Iine onLy,

cooked for 5 cooking times. Panelists were asked to test sanples of 10

beans from each of the 5 cooking times and indicate the number of cooked

and the number of uncooked beans in each sample. Panelists were trained

to base their judgements on characteristics of cotyledon texture, such

as smoothness and starchiness, using methods previously developed by
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panelists in the Department of Foods and Nutrition

ioba and laler modiiied by lhe Guat.emalan panel.

Guatemalan paneJ- to determine "7á cooked" is given

English version is in Figure 3.3.
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, Ufliversity of Mani-

The balloi used by the

in Àppendix C. The



instructions:

Evaluate 10 beans at random fron each sanple and record on the
ba1lot the numbers that you consider, according to lhe foJ.lowing
method, are "cooked" or "undercooked".

Method:

Nane:

Date:

Bl.ack Bean Texture

1. Place 1 bean between your molars (back teeth) and bite down
on it.

2. Press the same bean onto the roof of your mouth with your
tongue.

3. Consider the bean "cooked" if when you bite down on it, it
is soft and when you press it onto the roof of your mouth
the bean texture is smooth and noÈ starchy.

Sample
Code
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I oÍ besne
U{DSRC@KED

Coments:

Grac ias

Figure 3.3: English translation of the % cooked ballot used in
Guatemala.

# of beane
C@KED



3 .4.4 Tex ture Frof i le Fanel

The texture profile panel (tp¡) was composed of 12 panelists. Five

panelists served on both the TPA and % cooked panels. InitiaL lraining

of this panel was conducted in the same lvay as the training for the %

cooked panel. The cooked bean samples presented in the training session

of the TFÀ panel were those whj.ch were to be used for ihe rest of the

study and thus provided the range of intensity of the characteristics

that would be found in the remainder of the study. Usually only 2 tex-

tural characteristics and 3 bean samples were involved in each session

of panel training. Nine sessions, of approximately 30 to 45 minutes,

Ì{ere held to train panelists r+ith regards to the TPÀ methodology.

Training was considered adequate when panelists were in agreement vlith

regards to vocabulary, use of the line scale and food standards, evalua-

tion techniques and rating of samples.

The ballot and the acconpanying definitions used for evaluating the

textural characteristics of cooked black beans lvere developed by a

trained sensory panel in the Department of F'oods and Nutrition, Univer-

sity of Manitoba and translated into Spanish for use in Guatemala (r'ig-

ure 3.4, 3.5 and Àppendices D and E, respectively). The Guatemalan

panelists agreed that hardness of the whole bean, particle size of the

cotyledon, skin toughness and chewiness of the whole bean were were im-

portant in evaluating cooked bean texture, as had been determined by the

Mani toba panelists.
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An unslructured line scale was used to evaluate 3 of the 4 character-

istics: hardness, particle size, and skin toughness. Food reference

standards (not beans) were used to anchor the endpoints of the line



Uslng the technlques provlded in the definltlons for evaluating rexrure, evalu-ace rhe samples accordrng to the foilowrng parameters. First, evaruate the sran_dard samples to estabiish reference poinri and rhen evaruare rhe coded samplesand mark the relative intensity of rhe coded bean sampres on each scale-

INTTIAL BITE

HARDNESS

TEXTURE EVALUATION OF BEÁNS

soft
(cream cheese)

Name:

Dare:

PARTICLE SIZE

-

o^

SKIN TOUCHNESS

soft
barely distin6uishable
from cotyledons

CHEWINESS

MASTIC,qTORY PFI,ASE

hard
(Al-oond )

(or parmesan cheese)

F i gure

Sample code

3.4: English translation of Texture
in Guatemala.

chunky
(chopped peanurs)

Number of chews

tougtr,
leathery

Profile Ànalysis ballot used



HARDNESS - Bire down once wirh rhe molar teeth on the sample of beans
(2) and evaluate the force required to penelrate rhe sample-

PARTICLE SIZE - Chew rhe sample (Z beans) for 2-3 chews only between the
molar teeth, and then rub the cotyledon between tongue and
palate and assess the size of the particles which are most
apparent.

SKIN TOUGHNESS - Separace the skin from the cotyledon by biting the beans (2)

between the molar teeth and rubbing the cotyledon out be-
tween the tongue and palate. Then evaluate the force re-
quired to bite through the skin with the front reerh.

CHEW¡NESS - Place a sample of beans Ql in your mouth and chew at a

constant rate (l chew per second), counting che number of
chews until the sample is ready for swallowing.

DEFINITIOIVS FOR EVALUATING TEXTUR.A¡- PARAEgETERS
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Figure 3.5: English translation of definitions used for the four
characteristics evaluated by the Guatelamalan texture
analysis panel"
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scâles, and an additional midpoint reference standard was provided for

lhe hardness and particJ.e size scales (table 3.5). The position of the

midpoint reference standard was not fixed on the Line. Panelists indi-

cated their rating for these characterislics by placing a vertical line

on the line scale at lhe point representing the perceived score for thal

attribute. The fourth characteristic, chewiness, vlas evaluated by

counting the number of chews required before the sample was ready to be

swa 1 lowed.

Àt each panel session each panelist was presented wilh a ballot, a

list of definitions, the food standards and the 5 or 6 cooked bean sam-

pJ-es to be evaluated. Àfter the ballots were completed, the panelists

determined their ovrn scores for hardness, particle size and seedcoat

toughness by placing scaled transparent templates over the line scales.

The line scales v¡ere thus divided into equaJ. intervals from 0 to 30 from

which a score for a particular sample could be obtained. Panelists' re-

sults during the training session $¡ere written on the board for compari-

son and discussion purposes but the results of later sessions were not.



Preparation of fcod reference standards for the Texture Profile Analysis
(tp¡) of cooked bean texture ballot.

Characteristic

Hardness soft - cream cheese - Parma brand - cut into 1 cm
cubes, kept in refrigerator until just before
serving.

medium - cheddar cheese - cut into 1 cm cubes, kept
in refrigerator until just before serving.

hard - parmesan cheese - Paiz brand - unpackaged,
cut into 1 cm cubes.

- whole almondf

Particle Sj.ze smooth - butter - cut in 1 cm cubes, kept in refrig-
erator until just before serving.

medium - cream of wheat (instant) - prepared according
to package directions, cooled and kept refrig-
erated until just before serving.

chunky - chopped peanuts (unsalted, dry-roasted)-
chopped coarsely in a blender and sieved -
small pieces being discarded.

Skin Toughness soft - white beans - cooked for 180 minutes.

tough - red beans - cooked for 140 minutes.

TÀBLE 3.5

Reference sample
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i A whole almond replaced a cube of parmesan cheese as the
standard for hard on the hardness scale after a fer+ panel sessions
when it was evident that the hardness of the cheese was too
inconsistent.



3.4.5

The in-house acceptability panel was composed of forty panelists.

Six acceptability panels rvere helC, called cooking time acceptability

panels, each evaluating 1 of the 6 Iines of fresh beans cooked to 5 dif-
ferent cooking times. The 5 different cooking times used for each bean

line were those determined by the % cooked panel to provide 50, 75, 90,

100% cooked and an extended cooked sample. The purpose of this panel

was to identify sample or samples which !¡ere acceptably cooked for each

of the 6 lines. Paneiists were given basic instructions on how to fill-
out the ballot. Panelists were asked to indicate how acceptable the

textures of each of the 5 cooked beans samples were using an 8-point

category scale v¡ith 1 = extremely unacceptable and I = extremely accep-

table. The English translation of the ballot used is shown in Figure

3.6, The original ballot used in Gualemala is found in Àppendix F.

Panelists based their decisions on a sample of 10-15 beans. The mean

value was calculated from al1 panelists' scores for each sample and were

compared using the Kruskal-Wa11is one-way ÀNOvÀ procedure based on a

s i gn i f icance of 5%.

À seventh acceptability paneI, called the comparative acceptability

panel, was carried out involving all 6 lines of fresh beans. À samples

of each line, cooked to a comparable stage of doneness as determined

from lhe cooking time acceptability panel data, rvas presented to each

panelist" These samples were rated using a ballot which was similar to

Figure 3.6 but had space for the evaluation of 6 samples rather than 5.

In-house Acceptability PaneI
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B5

Comparative acceptabiJ.ity panels were aLso carried out using the

siored samples of black beans. Low temperar-ure and high'uemperature

stored sets were evaluated in two separate panels.



Product: Cooked Bl¡cl: Beans

Please tasre each of following samples ol bcans. ,-l¡reci: r¡fÍ ir;,
Try to 6!ve a reason or comment if vou diC nor l¡k,: i:rri :(t\LD.i ..1

Sample
Code

Extrerrrel¡
Accc:jiebi€
Coo!rL: :l
Tex r:::e

Very
AcceÞrablc
Coo¡.ed
Texture
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crltîoi\. rrl.icl: besr
: sarli)ie.

iescilbes ),our assessmenr of the cooked rextr{rp

-Name:

Date:

Exiremely
l-rnacceprable

I Cooked
I Texrure

Figure 3"6: English translation of in-house acceptability ba11ot.

Commenrs



3.5 PREPARÀTION AND PRESENTATION OF SAMPLES FOR SENSORY TESTTNG

Beans used in this study were not given a soaking treatment before

cooking to permit a better ccmparison between laboratory technique and

actual practice in Guatemala. 0nly 15% of. the 600 Guatemalan consumers

surveyed by Watts et a1. ( 1 987 ) soaked their beans before cooking.

Watts et a]. (1987) suggested that the custom of not soaking bl-ack beans

before cooking them may be due to the poor quality of the u¡ater and to

fermentation ouring the soaking period.

Five .190 g samples of unsoaked beans were prepared for each texture

profile paneì.. The five 190-g samples were taken from the upper middle

portion of the bag of beans. The 190 g samples were washed in lapwater,

placed in a 1.5 L Corning$¡are "Visions" poLs, and covered with 1000 mt

of distilled water. Each pot rlas coded with a 3-digit random number and

the time that the sample was to begin boiling. Each pot was heated on

an element of an electric stove at high pol¡er until the water began to

boil. A pot full of room-temperaLure distilled water and beans required

10 minuEes on high power to come to a boil. The heat was then reduced

to a low setting ("1 notch above low") such that the water and beans re-

mained simmering throughout the cooking period. The starting times for

each pot of beans were staggered so that all 5 samples reached the com-

pletion of their cooking period at the same time (10 minutes before the

scheduled panel session). The original level of water in each pot rlas

maintained at the level of the base of the handle of the pot by the oc-

casional addition of simmering distilLed water. À full pot of distilled

water was kept simmering specifically for this purpose throughout the

entire period of time that samples were being cooked. The beans were
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stírred at least every 1/2 hour to prevent them trom adhering to and

burning on the bottom of the pot.

One hundred and ten g of unsoaked beans were reguired for each in-

house acceptability panel. When the in-house acceptability panels were

run in conjunction with the texture profile panel, 300 g of unsoaked

beans were cooked to provide sufficient sample for both (1,l0 + 190 g).

Beans for the in-house acceptability and texture profile panels were

cooked as described above for the texture panel. Less than 1000 mt of

distiLled water, however, r+as required to fill the pot to the required

level. When the bean samples completed their cooking period their broth

was drained from them using a metal sieve and discarded. Drained beans

were replaced into their respective pots, covered and set on the counter

next to the appropriate 3-digit coded sample cups.

Portions of fifteen to twenty beans were placed in each coded styro-

foam cup (60 mt) for the % cooked and Texture Profile Ànalysis. For the

acceptability panels, each coded cup contained a sample of at least 30

beans. The five coded samples $¡ere presented to the panelists in a tor-
tillera (a styrofoam dish [10 cm in diameter, 6 cm high] with a tight-
fitting styrofoam lid) at each % cooked, Texture ProfiJ.e Ànalysis and

cooking-time acceptability panel. Six coded samples rlere presented to

the comparative acceptability panels. Only four to six sets of samples

vrere prepared at one tirne, in assembJ.y-1ine f ashion, in an attempt to

reduce the heat J.oss by the bean samples. A tray containing a sample-

f illed tortillera and a ballot was placed in front of each panelist 
"

PenciJ-s, napkins, water and expectoration cups, and pitchers of dis-

tilled water þrere available at the table or booth"
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The Texture Profile Analysis and % cooked panels l¡ere carried out un-

der fluorescent lighling in a sensory panel room at INCAP. For all ses-

sions for both panels, the panelists evaluated the samples while sitting

around a J.arge table. The in-house accepiability panel members eval-uat-

ed samples under red light while sitting in inoividual booths in the

sensory panel room.

Samples v¡ere evaluated by the panelists in a randomized order as in-

dicated on each balIot. The results from each panelist in the % cooked

panel were combined to determine the average % cooked value for each of

lhe 5 samples presented. The results for each bean line were plotted as

percent cooked as a function of cooking time. Such graphs were dis-

played to allow the panelists the opportunity to see their progress.

The results from the Texture Profile Ànalysis (tp¡) and the in-house ac-

ceptability panels were not displayed.

3.6 STATISTICAT ANÀIYSIS

The data from this study were analyzed using the programs of the Sta-

tistical Analysis Systenr (Ses) (sRS, 1985). For the physical measure-

ments of seed weight, seed size dimensions, and the instrumental test of

raw bean hardness, the means and standard deviations were determined

from 30 observations from each sample. The means and standard devia-

tions of percent seedcoat and 4h and 24 h water absorptions percentages

were calculated from the 4 determinations for each sample. Means and

standard deviations were calcutated using Proc Means procedures (SeS,

198s).
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¡leals for all cooking time samples were calculated from preLiminary

and actual testing by the % cooked panel by hand carcul"ator. The dis*

tributions of individual scores for panelists on the cooking time and

comparative acceptability panels was prepared using proc chart (sÀs,

1 985) . The relationships between cooking time and mean acceptability

scores were determined using Proc GLM procedures (SnS, 1985). The rela-

tionships between cooking time and OTMS extrusion peak force values were

determined using Proc Reg (SlS, 1985). The relationships between ac-

ceptability score and OTMS extrusion peak force values were calculated

using Proc Means and Proc GLM procedures (s¡s, 1985). proc Means and

Proc Reg procedures (SAS, 1985) were used to determine the relationships

between TPA characteristics and mean acceptability scores, OTMS extru-

sion peak forces and cooking times. Prediction lines for all relation-

ships investigated were drawn using proc Gplor (sRs, 1985). where pre-

diction lines were para11el, comparisons among the bean lines r+ere

carried out using the Bonferroni (¡unn) T-test procedure (sas, 1985).

Proc ANoVA (SAS, 1985) was used

in-house acceptability panel results

determine the effect of cooking time

ferroni procedures (SRs, 1985) r+ere

(SeS, 1985) was also used to analyze

Variance among the TPÀ panel scores during training was determined

using Proc Means and Proc Discrim (sns, 1 985) . sÀs ( 1 985) proc Rank

procedures were carried out on TPÀ panel results to show if panelists

vrere ranking samples in the same order. consistency of judgement for

individual TPA panelists was expressed by the coefficient of variation

calculated using Proc Means procedures (SAS, 1985).

to perform analysis of variance on

for both fresh and stored beans to

on mean acceptability score. Bon-

used to compare means. Proc ANOVÀ

TPA panel results.
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SÀS (.1985) proc Means and Proc Corr procedures were used to determine

Pearson correlation coefficients among data from instrumental, physicaJ.

and sensory testing"



The data obtained from the fresh sampies vlill be reported separately

from those of the 2 storage regimes. Results wilL be groupeo under the

headings of physical tests, sensory analysis and instrumental tests.

4 . 
.1 

PHYS] CAL TESTS

RESULTS AND DISCUSSION

Chapter IV

All physical measurements, except seed dimensions ï¡ere made on the

fresh samples. Mean dimensions of the low temperature-low humidity (rr)

stored samples were used for the data reported in Table 4.1.

4.1 .1 Seed Weiqht

The mean 1O0-bean weight for the 6 lines of fresh samples of beans

ranged from 20.33 g for the Tamazulapa sample Lo 28.74 g for an Itzapa

bean (table 4.1). lihen size categories used by INCAP (nIías et aI.,

1986) \.rere ad justed to ref er to 100-bean weights rather than single

beans, Tamazulapa was classified as a medium-size bean sampl-e with a

mean 1 00-bean weight ( 20.33 ) which fel1 between the 1 9.30 and 21 .70 9

range for a medium size bean. The other 5 bean lines were considered to

be Iarge-grained as their mean 100-bean weights were all greater than

21.70 g. Sesenteño was the smallest of the large-grained lines with a

10O-bean weight of.23,67 g. The Chichicaste beans were a litt1e larger

(24.46 g) followed by Criollo A and Criollo B, which had similar

10O-bean r+eight means Q6.14 and 26"28 g, respectively). The three sam-

-92-
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ples r+ith the largest proportion of small beans were bush type beans

from the Jutiapa region (Tamazulapa, Sesenteño and Chichicaste). Those

gro$¡n in the Chimaltenango region (Criollo À, CriolLo B and itzapa) con-

tained a higher proportion of large-sized beans. criollo À and ttzapa

were vine beans while Criollo B r+as a bush type.

The 1O0-bean weights of 10 dry bean cultivars of Phaseolus vulqaris

L. were decermined by Deshpande et al. (1984). The weight of 100 beans

ranged from 15.03 to 50.33 g. The seed weight of the bean lines used in

the present study fe11 into the general range of seed weights for beans

as reported by Deshpande et a1. (1984). white (1985) reported the

1 00-bean weights of 5 black bean varieties. The three indeterminate

bush varieties (type II) had the lowest weight (18 to z1 g). The indet-

erminate vine variety (Type iv) had a 1O0-bean weight of.21 g. The va-

riety with the highest 1OO-bean weight of the five samples, at 23 g, had

a Type III or indeterminate semi-vine habit (wtrite, 1985). Three of the

four bush type beans used in the present study (Chichicaste, Sesenteño

and Tamazulapa) had lower mean seed weights than the vine type of beans,

represented by the criollo À and Itzapa samples. criollo B, a bush bean

had, however, a slightry higher seed weight than the criollo À (vine)

sanple.
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4.1 .2 Seed Dimensions

Average measurements for length, breadth and thickness for the 6

lines of black beans are listed in Table 4.1 and were used to calculate

seedcoat thickness ( section 4. 1 .5 ) . Àctual dimensions were not taken of

fresh bean sampJ.es. The neasurements taken on low temperature-1ow hu-

midity bean samples were used for the fresh samples and used in conjunc-

tion with seed weight and percent seedcoat data from fresh sanrples to

calculate seedcoat thickness values for the fresh samples.

The Tamazulapa sample had the smallest measurements of all samples

for all three dimensions (0.938,0.655, and 0.470 cm, respectively, for

Ìength, breadth and thickness) while Itzapa had the largest measurements

for the length (1.144 cm) and breadth (0.769 cm) dimensions.

Àn unspecified variety of black beans used in a study by Quast and da

Silva (1977a) iraa mean length, breadth and thickness measurements of

0.96,0.61 and 0.41 cfr, respectively. All bean lines studied had larger

measurements for breadth and thickness dimensions than the variety used

by Quast and da Silva (1977a). Only the Tamazulapa sample had a smaller

Length measurement.

The shape of the beans is indicated by the length/breadth (r/s) ra-

tio. Lower L/B ratios correspond to rounder seeds while more slender

seeds have higher L/B ratios (Deshpande et aI., 1984). The length-to-

breadth (1,/s) ratios for the 6 bean lines are listed in Table 4.1 and

ranged from 1.43 (Tamazutapa) to 1 "69 (Chichicaste and Sesenteño).

Shape did not seem to be related to bean type or gro+iing location.

95
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Deshpande et aI. (1984) determined the L/B ratios of ten cultivars of

dry beans (Phaseolus vul-qariS L. ). Length/breadth ratios ranged from

1.37 to greater than 2.0, with I of the 10 cul-tivars have ratios between

1.51 and 1.65. The 6 samples used in ihe present study provided a rela-

tiveLy wide range of shapes, considering the smaller sanple size, al-
though the range of. r,lB ratios was within those reported by Deshpande ec

al. (1984).

4.1.3 Seed Size Distribution

The seed size distributions of unsoaked raw 7 kg black bean samples

of the 6 línes of fresh samples are shown in the form of bar graphs in

Figure 4.1. Itzapa contained the highest proportion of large beans,

follor+ed by Criollo B. Both of these samples were from the Chimalten-

ango area. Chichicaste and Criollo A had similar distributions of seed

sizes. The Sesenteño and Tamazulapa samples seemed to be generally com-

posed of srnaller beans than the other samples, with Tamazulapa having

the highest proportion of the smallest beans. Bolh Sesenteño and Tama-

zulapa are classified as bush beans. Beans grown in the Chimaltenango

region tended to have a higher proportion of large-sized beans (Itzapa

and Criollo B) than those samples grorvn in the Jutiapa region (Cnicili-

caste, sesenteño and Tamazulapa). In general, the bush beans tended to

be composed of smaller seeds than the vine samples.

Using the reference values developed by INCAP to classify the beans

by their sizes aids in the evaluation of the beans in this study (rable

4.2)" The lower critical values of 3.18 mm (8/64 in) used to define the

small- from the medium-sizes beans was adjusted to 3.57 mm (9164 in) to

accommodate the data. Since a 3.18 mm (8/6a in) sieve çtas not available
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for use in this study the beans thai passed through the smallest sieve

available (3.52 mm lglC+ inl ) represented the smallest classification.

The itzapa sample contained the highest proportion of large beans

1,70.95%) f ollowed by Criollo B (59.32%). Both Chichicaste and Criollo À

contained approximately one-haIf Iarge- (49.31% and 46.0g%, respective-

Iy) and one-half nedium-sized beans (47.55% and 52.53%, respectively).

Almost two-thirds (65.42%) of the Sesenteño sample rvas composed of medi-

um-sized beans while almost one-third (31.36%) were large-sized. The

).argest portion (almost three-quarters) of the Tamazulapa sample were

medium-sized beans (Zl .76%). Tamazulapa had the highest percentage of

small beans (5.61%) foJ.lowed by Sesenteño ß,21%) and Chichicaste

ß.14%). The Criollo A sample contained 1.37% small beans while Criollo

B and Itzapa had less than 1% (0.77% and 0.64%, respectively).



Classification of the 6 lines
using reference values for

Bean line

Chichicaste

CrioIlo A

Criollo B

i tzapa

Se sen I eño

Tamazulapa

TABLE 4.2

of fresh sampLes
size categor ies

Smallt

Perc en ta ge

of Guatemalan black beans
(nlias et al. , 1 986) .

? 1û"

t.3t

0 .77

0.54

3 "21

5.51

¿
I

ú
I

Small - beans < 9164 in (3.57 mm)

Medium - beans larger than 9/64 in (3.57 mm)
or equal Lo 12164 in (¿.26 mm)

Large: beans larger Lhan 12164 in (4.76 mm)

Med i umf

47.55

52.53

39. 91

28 .41

65.42

71.76

99

Large*

49.31

46.09

59.32

70.9s

31.36

22.63

but smaller

(ntias et aI., 1986).



4.1 "4

The percent seedcoal values for the 6 lines of fresh samples are

shown in Table 4.1. Percent seedcoat values ranged from 8.77% tor the

Chichicaste sample to 9.73% f.or the Criollo A sample. in general, the

seedcoat of the bean is approximately 9% of the total dry weight of the

seed (Debouck and Hidalgo, 1985). All bean lines' seedcoat percentages

approximated ihis reported vaIue. CriolIo B and Itzapa samples had sim-

ilar seedcoat percentages (,9.70% and 9.62%, respectively) to Criollo A.

The Tamazulapa sample had a slightly lower percent seedcoat (9.48%),

followed by the Sesenteño sample (9.19%). The three sanples from the

Chimaltenango region (criollo A, Criollo B and Itzapa) and the Tamazula-

pa sample had similar values which were higher than lhe Chichicaste and

Sesenteño samples (grown in Jutiapa).

Percent Seedcoat

4. 1 .5 Seedcoat Thickness

Seedcoat thickness or seedcoat amount (mg/cm2) for the 6 lines of

fresh samples is reported in Table 4.1. Thickness values ranged from

6.6 mg/cm2 for Chichicaste to 8.4 mg/cmz f,or Criollo B. Chichicaste and

Sesenteño had similar seedcoat thicknesses (6.6 and 6,7 ngfcnz, respec-

tiveLy). The thickness of Criollo À's seedcoat vas higher 0.1 nglcnz)

than those for Chichicaste and Sesenteño. Tamazulapa and Itzapa had

seedcoats with simiLar thickness values (8.0 and 8.1 mg/cm2, respective-

ly. Seedcoat thickness values did not seem to be related either to bean

type or growing location.

100



4,1.6 I^?ater Absorption

Percent water absorption was determined after 4 h and 20 h of soaking

on 6 lines of fresh black bean samples. The three bean lines grown in

the Chimaltenango region, Criollo A, Criollo B and itzapa had lor+er lev-

eis of water absorption at 4 h than those of the Chichicaste, Sesenteño

and Tamazulapa samples from Jutiapa (table 4.1). At 24 h Criollo A,

Criollo B and Sesenteño had the lowest water absorption leveIs. The

Criollo A, Crioll-o B and Itzapa samples had water absorption percentages

of 3.6 to 7.1% at 4 h and 93.0 to 100.1% at 24 h. Water absorption val-

ues of Chichicaste, Sesenteño and Tamazulapa sanples ranged from 85.7 to

89"'7% at 4 h and 99.6 to 103.2% at 24 h. The three Chimaltenango bean

Iines had slower water absorption rates than the beans from the Jutiapa

region.

Deshpande et al. (1984), in an investigation of the physicaJ. proper-

ties of 10 common bean cultivars, found that water uptake rates during

the first 6 h of soaking were characteristic of the cultivar. They not-

ed, however, by the end of the 24 h soaking period, that similar amounts

of r.¡ater (approximately 1 glg bean) had been absorbed by all cultivars

(Deshpande et al., 1984). In the current study, the water absorption

values obtained after 4 h soaking allowed a grouping of similar bean

lines to be made which was not apparent at 24 h f.or these 5 lines.

101

Vine beans generally have lower water absorption percentages than

bush beans (García-Soto, 1986). Àt 4 h, two of the three Iines with the

lowest water absorption were the vine type beans (Crio1lo À and Itzapa).

Àfter 24 h of. soaking, Criollo A had the lowest and Itzapa the fourth

lowest r*ater absorption values.



In a study using coh'peas, Sefa-Dedeh and Stanley (

importance of seedcoat thickness to water absorption"

of legume species it v¡as observed ihat within a species

ner seedcoats absorbed water more rapidLy during ihe

soaking. For longer periods of soaking, all species

of water absorption (Sefa-¡edeh and StanIey, 1979a).

The two bean Iines with the lowest seedcoat thickness values (Cnicni-

caste with 6.6 *g/.*2 and Sesenteño with 6.1 *glr*2) had the highesi wa-

ter absorption values at 4 h. criollo B and Itzapa, which had the high-

est seedcoat thickness values (8.4 and 8..1 mg/cm2, respectively) had the

lowest 4 h wat,er absorption percentages (6.9 and 3.6%, respectively).

The Criollo A samples had a relatively thick seedcoat with a seedcoat

thickness value of.7.1 nglcnz which corresponded to a low 4 h water ab-

sorption level of 7.1%, The Tamazurapa sampre did not follow this pat-

tern in that it had a high seedcoat thickness (8.0 nglcnz) and a high

water absorption Level at 4 h. Àfter 24 h ot soaking the pattern be-

tween seedcoat thickness and water absorption was not well-defined as

the water absorption levels of all 6 bean lines rrere similar.
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1979b) no*"ed the

Using a variety

seeds with thin-

initiaL 6 h cf

had similar rates

4"2 SENSORY ÀNÀLYSIS

4"2.1 Cookinq Tine Determination

Fresh samples of the 6 black bean Lines were cooked to various cook-

ing times and presented to the % cooked panel which identified the sam-

ples cooked to 50, 75r 90, and 100% cooked. Table 4.3 shows the cooking

times determined by the % cooked panel that corresponded to 5 degrees of

doneness: 50, 75r 90, 100% and an extended cooking stage. The extended



cooking stage r+as obtained by cooking the bean

minutes beyond the time required io cook the

The cooking times thai corresponded to these 5

fered for the 6 bean lines.

sample

beans to

degrees

103

approximately 60

the 1 00% stage.

of doneness dif-



Cooking times
samples for

TÀBLE 4.3

required to give 50, 75,
6 lines of fresh samples

Bean line

Chichicaste

Criollo A

Cr iollo B

I tzapa

Se sen t eño

TamazuJ.apa

50%

90, 1 00% and
of Guatemalan

60f

100

90

95

90

90

Cooking Stage

1Èo/t J/o

lCooked approximately 60 minutes beyond the time required for.100% cooked.

f Cooking time in minutes.

95

'140

155

120

100

110

extended cooking
black beans.

90%

104

155

170

205

180

t tu

'1 50

1 00%

240

240

240

225

240

200

Ex t ended
Cookingl

300

300

300

300

300

250
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Samples of each of the 6 lines of fresh beans cooked to 5 degrees of

doneness, based on cooking times determined by the % cooked panel, were

presented to the in-house cooking time acceptability panel for evalua-

tion. The distribution of individual scores for paneJ.ists on the cook-

ing time acceptability paneL is shown in Àppendix G for each bean line

cooked to five cooking times.

À linear relationship was shown to exist between cooking time and ac-

ceptability scores for each variely (table 4.4). The prediction lines

for the bean lines were parallel and thus a comparison among the 6 bean

lines could be made using the Bonferroni test (Ses, 1985). Sesenteño

and Tamazulapa were not significantly different from each other wilh re-

gard to their cooking time to cooking time acceptability score relation-

ship, a=0.05, but both were significantly different from the other four

bean Iines (q=0.05, s=0.'10, respectively). Chichicaste, CrioIlo A,

CrioIlo B and itzapa were not significantly different fron each other in

this relationship at the significance level of q=0.05. Sesenteño and

Tamazulapa become more acceptable with increasing cooking time at a

faster rate lhan did Chichicaste, CrioIIo A, Criollo B and Itzapa. See

Figures 4.2 and 4.3.

The in-house acceptability panel was able to distinguish between the

5 different samples of a given bean line and gave less-cooked sanples a

lower acceptability score than longer cooked samples (tab1e 4.5). The

one-r*ay analysis of variance (eNOve) table for the effecl of cooking

time on cooking time acceptability panel mean acceptability score is

given in Appendix H. Mean acceptability scores vrere determined from in-

in-house Cookinq Time Àcceptabilitv FaneI
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Relationship
score for

Bean line

betr+een cook i ng t
6 lines of fresh

1. Chichicaste

2. Criollo A

3. Criollo B

4, I tzapa

5. Sesenteño

6, Tamazulapa

TÀBLE 4.4

ime and mean cooking t
sampJ-es of Guatemalan

Equa t i on

YT=

\t -I-

t=
t=
l=

1 .91419587

1 .568601 1 9

1.97317359

1 .49532 1 85

2.95807346

2.22652152

II

+ L]

= mean cooking time acceptabiLity score.

= cooking time in minutes.

0 .0 1 784367 Cri

0.01763393 Cr

0.01523612 Cr

0.01 778858 cr

0.01392436 CT

0.01781296 Cr

ime acceptability
blac k beans .

dividual panel scores and $rere compared using the Kruskal-i.ta11is one-way

ANOVÀ procedure based on a significance of 5%. It was not possible to

statistically measure the effect of panelist on mean acceptability score

because of a lack of independence of panelists over the different cook-

ing times. The same panelist did not necessarily participate in all
tests and there were not always the same number of panelists participat-

ing in each test. Panelist effect was, therefore, included as part of

the error term"

105

p2

0.507980

0.4 1 3979

0.283034

0 "427731

0.3ss586

0 "27 4450

In order to make a comparison between the bean lines it was necessary

to select cooking times that prepared the beans to an equivalenl and ac-

ceptable degree of doneness according to the acceptability panel" This

poinl was chosen to be the lowest cooking time which had an acceptabili-
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Figure 4.2:

Cooking Time (ein)

Predicted mean acceptability score as a
time (min) (cooking tine acceptability)
Chichicaste, Sesenteño, and Tamazulapa

't..---.* Chichicasle
o - -o Sesenteño
B---o TamazulaPa

200 300

function of cooking
for f resh

sanples.



e¡?
t-
o(,
.t,
>r6
¡l

-t
-o6q
¿J
c\
@)

C)
C)
44
c(l
6'
E
o3
6)
+J
u
Eo
L¡
o.

108

Figure 4.3:

Coohing Time (min)

Predicted mean acceptability score as a
time (min) (cooking time acceptabi).ity)
A, Criollo B, and Itzapa samples.

*----.+ Crio]]o A

o --o criollo B

D---o It,zapa

function of cooking
for fresh Criollo



Cooking time acceplability
of fresh Guatemalan

Bean line

TABTE 4.5

panel mean acceptabi
black beans cooked to

Chichicaste

Criollo À

Criollo B

I tzapa

Se sen t eño

Tamazulapa

50?á

2 .0af*

2.5a

2.9a

2.5a

3 .8a

3 .8a

Cookíng Stage

lity scorest for 6 lines
5 cooking stages.

1ç,O,1

+
I

¿
T

Means based on # determinations.

For texture acceptability: 1=extremely unacceptable and
8=extremely acceptable. A score of 6 represents moderately
acceptable.

3.7b

¿, ¿"la

i. )t

3 .7b

4.4a

4.2ab

90%

109

6. 0c**

5. 3bc

5. 3bc

5. 6c

6. 0b

5. 0b

* In each rorl, means with the same letter are not
significantly different (s= 0.05).

** Underlined scores indicate the cooking stage used in further
testing considered to be acceptably cooked.

100%

6. 0c

5. 9cd

5.2c

5. 6c

6. 6b

6. 0c

Ex t ended
Cook i ng

6.8c

6 .4d

6. 3c

6 .4c

6.7b

6. 5c
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ty score that was not significantly oifferent from the most acceptable

sample but was at least greater than 5.5. The value of 5"5 on the cat-

egory scale corresponded to a position between sLightly acceptable and

moderalely acceptable. Thus for Chichicaste, Itzapa and Sesenteño, it

was the 90% cooired samples which corresponded to 155, 180, and 170 min-

utes, respectiveLy, and it was the 100%.cooked samples for Criollo A,

Criollo B and Tamazulapa vrhich which corresponded to 240, 240, and 200

minutes, respectively. The cooking times for each variety that corre-

sponded to the acceptably-cooked point were used later in the compara-

tive acceptability panel. The cooking times for the acceptably-cooked

point ranged from 155 min for Chichicaste to 240 min for Criollo A and

CrioIlo B.

4.2.3 Texture Profile Ànalysis Panel

Training of the Texture Profile Ànalysis (fp¡) panel was shown to

have an effect as variance among panelists' scores tended to decrease

over time (fable 4"6). There was a significant difference (a=0.05)

among the variances for particle size (p=0.0074) and chewiness scores

(p=0.0001 ) over time while there was not a significant difference among

variances for hardness and seedcoat toughness scores. Variances for

hardness scores ranged f.ron 22.940 to 12.324 with variances in the Lat-

ter tests lower than those in the first two. Particle size score vari-

ances ranged from 23.977 Lo 9,131 but did not consistently decrease over

time. Variances for seedcoat loughness scores ranged from 50.692 to

10.45'1. Àlthough the variance did not consistently decrease over time

ihe variance at Lhe end of the training period was less than at the be-

ginning. Variances for chewiness scores ranged from 21.472 to 1.871.



Highest variances occurred

in the last four tests.

Analysis of Texture Profile Ànalysis (tp¡) panel resul.ts showed that

all panelists were rankj.ng the cooking times for all four characteris-

tics evaluated in the study in the same order, that is, panelists were

shown to be in agreement. The consistency of judgement for individual

panelists is expressed by the coefficent of variation for each of the

four texture profile characteristics in Table 4.7. It was not possible

to statistically measure the effect of panelist on mean TPÀ characteris-

tic scores because of a lack of independence of panelists over the dif-

ferent cooking times. A particular panelist did not participate in all

tests and there were not always the same nu¡nber of panelists for all

tests. Panelist effect was, therefore, included as part of the error

term.
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in the first five tests and lower variances

The texiure profile panel results showed significant decreases in

hardness, particle size, toughness of seedcoat and chewiness as cooking

t imes increased, for all bean lines (tables 4.8, 4.9, 4. 1 0, and 4.1 1 ) .

Analysis of covariance (¡¡lcov¡) tables for the effect of cooking time on

mean TPÀ panel scores for hardness, particle size, toughness of seedcoat

and chewiness are given in Appendices I, J, K and L, respectively. A

significant but negligibJ-e rep effect was shown for some bean lines (ra-

mazulapa, CrioIlo A).

Samples cooked

that ranged from

teño) (table +.8

to

b.l

).

their acceptably-cooked points had hardness scores

(Tamazulapa) to 8.8 (Chichicaste, itzapa and Sesen-

Chichicaste, Itzapa and Sesenteño which were all



Variance among Texture ProfiJ.e AnaLysis (rp¡) panelists' scores during
r.raining period.

Test Hardness
Number

TÀBIE 4.5

,1

2

3

.r

5

6

7

I
9

VART ANCB

Variable evaluated

22.607

22.940

1 ¿. q))

12.324

16 .291

15.429

17.505

Particle
Size

19.599

23.977

5.422

9.131

12 .7 35

9.814

17.359

Se edc oa t
Toughne ss

38.872

s0.692

'10.451

25.685

26.256

37 "200

28.331

112

Chew i ness

Prob- 0.6817
ability

* p s 0.100.

1 0.607

16.261

21 .472

9.267

ts.¿/J

6.417

4.162

1 .87'1

3.'190

Bean Line
Tes ted

Tamazulapa

Sesen teñ o

i tzapa

Chichicaste

Tamazulapa

Tamazulapa

Criollo A

Criollo À

Criollo B

0.0074* 0.07'11 0.0001*



individual Texture Profi
deviationf of the coef

PaneI i st Hardnes s
Number

1

2

3

7

22

24

26

2'7

30

Ie Analysis (rpn) panelist mean and standard
ficient of variation for each of the 4 TPA

characteristics.

TABLE 4.7

30.01i21.51

23.15!21 "20

32 .86!28 .17

19.70r'13.64

27 .7 6!14 .83

26.20!15.13

32.58!26 .49

30.91 !17 .87

31 .2411 8.56

Particle Size

22.25!16.65

19.21115.84

34.94130.35

19.31110.89

23.21r13.63

¿+.uu!15.bó

28.06!25.41

28.04t15.94

23.33!13.67

Seedcoa t
Toughn es s

î Means and standard
30 determinations

45.38141 .60

32.72!23.07

36.31!31 .76

20.18!17 .70

26.53!24.75

24.11118.13

33.23!23.60

30.77r.1 9. 18

38.52!28.40

113

Chewiness

32.00120.33

28.8511 8.56

22.48!17.94

19"35111.46

24 .21t14 .7 8

22.12!12.53

1 3.8311 1 .8 1

1 3.5911 0.92

17.20!11.59

deviations are based
(5 cooking stages x 6

on 3 replications of
bean lines).



Texture Profile Analysis (tp¡)
fresh samples of Guatemalan

Bean I ine

Chichicaste

Criollo A

Criollo B

I tzapa

Sesen t eño

Tamazulapa

TABLE 4. B

mean scoresf for
black beans cooked

50%

22.9ia* 1 4. 3b

'19.6a 14.0b

18.2a 11.8b

1 8. 3a 1 5.0a

1 7.0a 1 3.7b

1 5.2a 12.8a

Cooking Stage

hardness for 6 lines of
to 5 cooking stages.

75%

i Mean of 3 replications.

f Higher scores indicate greater hardness. Maximum= 30.

* In each rov,, means with the same letter are not
significantly different (p.0.05) as determined using the
Bonferroni (ounn) r-test procedure.

** Underlined scores indicate the cooking stage considered to
be acceptably cooked"

90%

I t+

B.8c**

9. 3c

8.2c

B. Bb

I .8c

9.2b

100%

6. 3c

6. 9cd

6.9c

7.5b

6. 6cd

6. 1b

Ex t ended
Cook i ng

5.8c

5. 7d

5. 5c

5. 5b

5. 3d

5. 9b



Texture Prof i 1e
Iines of fresh

TABLE 4

Analysis (rPn) mean
samples of Guatemalan

stages

Bean line

Chichicaste

Criollo À

CrioIIo B

I tzapa

Se sen t eño

Tamazulapa

o

scorest for

. 
blac k bean s

50%

24,7 iaa* 1 5.6b

21.6a 14.0b

21.0a 13.5b

19.'1a 14.7b

17 .9a 14.4b

1 6.5a 12.4b

Cooking Stage

particle size f.or 6

cooked to 5 cooking

1ÊO/

t Mean of 3 replications.

f Higher scores i.ndicate larger particle size. Maximum= 30.

* In each ro!¡, means irith the same letter are not
significantly different (p.0.05) as determined using the
Bonferroni (Dunn) T-test procedure.

** Underlined scores indicate the cooking stage considered to be
acceptabLy cooked.

90%

115

8. 1 c**

9. Bc

8.8c

8.9c

8.9c

9. 6bc

100%

6.8c

7.0cd

7 .2c

7 .0c

6.7c

6. 0c

Ex t ended
Cooking

6. 1c

5.7d

5. 9c

5. 6c

6.1c

6. 0c



Texture Profile Analysis
]ines of fresh samples

TÀBIE 4. '1 
O

(tP¡) mean scorest
of Guatemalan black

stages.

Bean line

Chichicaste

CriolIo A

CrioIlo B

I tzapa

Sesen i eño

Tamazulapa

qno/^

for seedcoat
beans cooked

24.21a* 17.2b

24.1a 18.4b

24 .2a 16 .2b

26.1a 19.2a

23.0a 1'l .7b

18.4a 14.5a

Cooking Stage

1EO/I J/o

T Mean of 3 replications.

f Higher scores indicate greater seedcoat toughness. Maximum= 30.

* In each rov¿, means with the same letter are not
significantly different (p.0.05) as determined using the
Bonferroni (Dunn) T-test procedure.

** Underlines scores indicate the cooking stage considered to be
acceptably cooked.

toughness for
to 5 cooking

90%

trb

9.2c*x

IJ. UC

12 "Zbc

11.6b

10.0c

9.7b

1 00%

7.0c

'10.0cd

9. 4c

10.9b

8.3c

JrLL

Ex t ended
Cook i ng

6. 5c

8.1d

8.5c

9. 3b

7.1c

4.9c



Texiure Profile Analysis (tP¡)
fresh samples of Guatemalan

Bean line

Chichicaste

Criollo A

Criollo B

i tzapa

Se sen t eño

Tamazulapa

TABTE 4.1 1

mean scorest for
black beans cooked

50%

13.1ia*

10.2a

11 .2a

9.4a

B .4a

I .7a

Cooking Stage

cher+ i ness f or 6 1i nes
to 5 cooking stages.

1ÊO/

t Mean of 3 replications.

{ Higher scores indicate greater chewiness. No maximum score.

* In each rol,, means with the same letter are not
significantly different (p<0.05) as determined using the
Bonferroni (ounn) T-test procedure.

** Underlines scores indicale the cooking stage considered to be
acceptably cooked.

I .7b

7.2b

6.Bb

7.2b

6 .8b

6.7b

90%

117

5.3c**

5.4bc

5.4bc

4.9c

4Q¡

5.9bc

100%

of

A. 1n

4.3

4.9c

[, À.¡

4 .1c

4 .4cd

Ex t ended
Cook i ng

4.0c

3.8c

4.7c

3.7c

3.9c

4.0d
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cooked to their 90% cooked point had the higher hardness scores while

Criollo À, Criollo B and Tamazulapa, which had been cooked to their 100%

point had the lower scores (6.9,6.9 and 6.1, respectively). Therefore,

the texture profile panel can be said to reflect panej.ists'acceptabili-

ty choice where texture profile scores for hardness are at 8.8 or less,

if it assumed that hardness influenced the acceptability panel.

Particie size scores for samples cooked to their acceptably-cooked

points were from 6.0 for TamazuJ.apa to 8.9 for Itzapa and Sesenteño (ta-

ble 4.9). The samples with the lower particle size scores, Criollo A,

Criollo B and Tamazulapa (7.0,7.2, and 6.0, respectively) were cooked

to their 100% point. The samples cooked Lo 90%, Chichícaste, Itzapa and

Sesenteño, had the higher particle size scores ( 8. 1 , 8.9, and 8.9, re-

spectively). Mean particle size scores of 8.9 or less, therefore, cor-

responded to acceptably cooked beans.

TPÀ mean scores for seedcoat toughness ranged from 5.2 for Tamazulapa

to 1'1.6 for Itzapa for acceptably cooked beans (tabIe 4.10). Samples'

seedcoat toughness scores could not be grouped by the degree of cooking

the samples had received. Both Criollo À and Sesenteño had seedcoat

toughness scores of 10.0 while being 100% and 90% cooked, respectively"

Chichicaste, being cooked to its 90% cooked stage, had the second lowest

score of 9.2 which r*as very similar to the 9.4 score of CrioJ-lo B,

cooked to its.100% cooked stage. Seedcoat toughness values of 11.6 or

less corresponded to acceptable beans. Toughness of the seedcoat may

therefore be a measure of an inherent characteristic of the bean variety

rather than a measure of degree of doneness.
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Chewiness mean scores for acceptably cooked beans ranged from 4.3 for

Criollo A to 5.3 for Chichicaste (rable 4.11). Itzapa (90%), Sesenteño

e0%) and Criollo B (100%) all had the same mean chewiness score of 4.9.

Pearson correlation coefficients for the mean scores of the four tex-

tural characteristics were determined over the 5 black bean lines for

alL cooking times (table 4.12).

p<0.00'1. The mean scores fcr hardness and particle size were highly

correlated (0.99). Seedcoat toughness correlated wetl with both hard-

ness and particle size (0.97 and 0.96, respectively). Mean chewiness

correlated well with hardness (0.97 ), particle size (0.99) and seedcoat

toughness (0.93). Such high correlatíons between hardness and particle

size and between seedcoat toughness and chewiness and hardness or parti-

cle size, would indicate that both variables need not be evaluated in

future work.

À11 correlations vrere siqnificant at

Individual Pearson correlation coefficients for the mean scores of

the four textural characteristics are listed for each of the 6 black

bean lines in Table 4.13. The correlation between hardness and particle

size scores v¡as highest for the variety Chichicaste (0.89) and lowest

for Criollo B (0"82). The correlation belr+een hardness and toughness of

the seedcoat scores tlas highest for Sesenteño (0.81) and lowest for Ta-

mazulapa (0.61). Chichicaste had the highest correlation between hard-

ness and chewiness scores (0.68). TamazuJ.apa had the lowest correlation

between these two variables (0.49). The highest correlation between

particle size and toughness of seedcoat sas found with Chichicaste

(0.8i). The lowest correlation occurred with Itzapa (0.60). The corre-

lation betv¡een particle size and chewiness vlas highest for Criollo A



120

TABLE 4. 1 2

Pearson correlation coefficients for Texture Profile Analysis mean
scores and cooking tine acceptability panel mean acceptability scores

for 5 lines of fresh samples of GuaLemalan black beans cooked to 5

cook ing stages.

Variable

Hardness

Particle
Size

Seedc oa t
Toughn es s

Chewiness

Hardness

1 " 00

Particle
Size

Variable

À11 correlations are significant (p.0"001 ).

0"99

1 .00

Seedcoal Chewiness
Toughnes s

0.97

0. 96

1 .00

nq7

0. 99

0. 93

1 .00

Acc ept -
ability

-0.97

-0.96

-0.95

-0 .94



Pearson correlation coefficients for Texiure Profile Ànalysis (tp¡) mean
scores for each of 5 lines of fresh samples of Guatemalan black beans

cooked to 5 cooking stages.

Variables

Hardness-Part icle
Size

-Seedc oa t
Toughne s s

-Chewiness

TABLE 4. 1 3

CHI

Part icl-e-Seedcoal
Size Toughness

-Chew i nes s

0.89

0.79

0.68

CRÀ

Bean linet

Seedc oa t -Chew i ness
Toughness

0.89

0 .71

0. 67

CRB

121

I Bean line code names of CHI, CRA, CRB,
correspond to Chichicaste, CriolJ.o À,
and Tamazulapa, respectively.

0 .82

0.77

0.66

TTZ

0.87

0.69

0.86

0.6'7

0.57

sEs

0.78

0.70

0.55

0.84

0 .81

0. 64

TAM

0.82

0.66

0. s6

0.86

0.61

0 .49

0.60

0.57

0.51

0.81

0 .67

I'lZ, SES, and TAM

Criollo B, Itzapa, Sesenteño

0.50

0.62

0.52

0.75 0.55
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(0.70) and lowesi for Tamazulapa (0.52). Sesenteño had the highest cor-

relar,ion between toughness of seedcoat and chewiness (0.75). Itzapa

provided the lowest ( 0.50 ) .

Such high correlations of hardness with particle size as compared to

seedcoat toughness and chewiness indicated that TPA hardness determina-

tions were related more to cotyJ.edon texture, and thus, h,ere more simi-

lar to particle size, than to seedcoat texture measurements of seedcoat

toughness and chewiness. The variable correlaiion coefficients for par-

ticle size with seedcoat toughness and with chewiness suggested that

these are independent characteristics. Both seedcoat toughness and

chewiness reflected seedcoat texture while particle size and hardness

were related to cotyledon texture.

The mean scores for the four textural characteristics were all hi9h1y

correlated to acceptability mean scores. Hardness r+as the most hi9h1y

correlated (-0.97). Particle size had the second highest correlation

(-0.96) and was followed by seedcoat toughness (-0.95) and chewiness

(-0.94). Such high correlations between texture profile parameters and

in-house acceptability support the use of trained TPÀ panels to predict

acceptability scores. Cooked beans categorized as being acceptable' ac-

cording to the criteria previously defined, had nean hardness scores of

8.8 or less (rabte 4.8), mean particle size scores of less than 9.0 (ta-

b1e 4.9), mean Seedcoat toughness scores of 11.6 or less (table 4.10),

and mean chewiness scores of less than 5.4 (rabte 4.1 1 ). Prediction

lines for the relationship between the means of each of the 4 character-

istics' Texture Profile Analysis (tp¡) scores and cooking time accept-

ability panel mean acceptabiLity score are given in Appendix M.
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The comparative acceptability panel r+as carried oui to determine if

di fferences exisled among the bean lines when a direct comparison was

made among the bean lines cooked to their acceptably-cooked point, that

is, under the assumption of equal doneness. Àt one session the in-house

comparative acceptability panel was presented with 6 samples, each

cooked to their most acceptably cooked point (l sample of each of the 6

fresh iines ) . Comparative acceptability panel mean scores are given in

Table 4.14, The one-way anaì.ysis of variance (e¡¡ove) table for the ef-

fect of bean line on comparative acceptability panel mean acceptability

score is given Appendix N. Criollo A had a significantly higher accept-

ability score (S.gg) than Itzapa (4,47). The acceptability scores for

Criollo À, Criollo B and Tamazulapa were higher (5.89, 5.36, and 5.69,

respectiveJ.y ) , alihough not signi f icantly, than those of Chichicaste

(4.92) and Sesenteño (4.89) . The mean acceptability scores for Criollo

B and Tamazulapa þrere not significantly higher than the mean acceptabil-

ity score for ILzapa. Since the Chichicaste, ILzapa and Sesenteño lines

were onJ.y cooked to their 90% cooked point while Criollo À, Criollo B

and Tamazulapa had been cooked to their'100% point it seems quite possi-

ble that the Chichicaste, Itzapa and Sesenteño samples did not receive

adequate cooking to be equivalent to Criollo A, Criollo B and Tamazula-

pa. The differences in the amount of cooking received by the samples

would seem to account for the differences in acceptability between the

bean lines and would therefore mask any differences in inherent varietal

characteristics that might affect acceptability, The distribution of

individual panelists' scores for the in-house comparat,ive acceptability

panel are shown in Appendix 0,

In-house Conparative Acceptability Panel
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Conparison of
for 6 Iines of

ÏABLE 4 . '14

the comparative acceptability
fresh samples of Guatemalan

their acceptably-cooked

Bea n
Line

Chichicaste

Criollo À

Criollo B

i tzapa

Sesen t eño

Tamazulapa

AcceptabiJ.ity
Rank Mean Score

4

1

3

6

5

I

mean acceptability scoresl
black beans each cooked to
point.

i
¿
T

4.92{ab*

tr oo -¿.uJ o

5.36 ab

4.47 b

4.89 ab

5.69 ab

Mean of 36 individual panelist scores.

For texture acceptability: 1=extremely unacceptable and
8=extremely acceptable.

Means r+ith the same letter are not significantl-y different
at p<0.05 as determined using the Bonferroni (Dunn) t-test
procedure.

Cook i ng
't'1me
(min )
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155

240

240

180

170

200

Cook i ng
Stage

90%

100%

100%

90%

90%

100%



Samples cooked to their acceptably-cooked cooking time and presented

to the in-house panel for acceptability rating vrith 4 other samples of

the same Iine cooked to different degrees of doneness (cooking time ac-

ceptabitity panel tended to receive Cifferenl scores than when presented

in the comparative acceptability panel). The absolute mean acceptabiJ.i-

ty scores were similar for the Criollo A samples (5.9 and 5.89 for cook-

ing time and comparative acceptability, respectively) for both accept-

ability panels but were higher in the cooking time acceptability for the

remaining 5 lines. The Itzapa sample had the lowest absolute mean score

among the lines for both acceptabitity panels (5.6 in the cooking time

acceptability panel). Mean acceptability score from the cooking time

acceptability panel for the Chichicaste, Sesenteño and Tamazulapa sam-

ples was 6.0 while Criollo B obtained the highest acceptability score of

6.2.

For future comparisons of cooked bean texture quality, a better meth-

od of determining cooking times is needed. Using the same data as were

used initially, equivalent and acceptable cooking times for the bean

lines can be determined from predictive equalions describing the rela-

tionship between cooking time and acceptability score (rable 4.4, page

106). AJ.though the R2 values for these predictive equations were not

high, due to the inherent variability of the samples, to differences in

the acceptability criteria of the panelists (Stevens and À1bright,

1980), and the fact that other factors other than texture affected ac-

ceptability, the equations are useful. The cooking times required to

reach a certain level of acceptability can be derived trom these lines.
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These lines were paralJ.eJ. which indicated that the rate of increase

of mean acceptability score with increase in cooking time rras similar

for all 5 bean lines although their intercepts differed. These pre-

diction lines are illustrated in Figures 4.2 and 4.3 (pages 107 and

108). Since the lines were paralleI the bean 1j.nes could be compared.

Criollo A and i tzapa, lhe two vine beans, r.¿ere the slor,¡est cooking of

the 5 bean Iines.

I f cooking time to reach an acceptability score of 6 were derived

from the preCiction equations (rable 4.4, page 106), cooking times would

be as shown in Table 4.15. Using this method for cooking time determi-

nation, Criollo À, CrioIlo B and Tamazulapa would have approximately the

same cooking times as vrere arrived at inl.tia1ly, but Chichicaste, Itzapa

and Sesenteño, the three samples that appeared not to have been cooked

sufficiently to enable valid texture comparisons to be made, would have

longer cooking times.

The times determined from the predictive equations were similar to

those determined by the % cooked panel for the 100% cooked stage (table

4.3, page 104). These times would therefore provide a better comparison

among the bean lines than those iimes used in this study.

If samples cooked to the times calculated from the prediction equa-

tions were evaluated by the texture profile panel, mean hardness, parti-

cIe size, seedcoat toughness and chewiness scores for equally acceptably

cooked samples would vary less among the bean lines than previously de-

termined (tables 4.8, 4.9, 4.'10 and 4.11, pages 114-117) and srould f ur-



Comparison of acceptably-cooked cooking times
those determined from prediction equaticns for

of Guatemal-an black beans cooked to 5

TABTE 4.1 5

Bean I ine

Chichicaste

Criollo A

url0Ilo H

I tzapa

Se sen teno

Tamazulapa

From equationf

used in this studyf and
6 Iines of fresh samples
cook ing stages.

Cooking time (min)

230

250

270

2s0

220

210

Acceptably cooked cooking times
are underlined.

Using an acceptability score of

127

90%

155

170

205

180

170

150

100%

240

240

244

a')É.
¿LJ

240

200

used in this study

6.
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ther support the use of a smaLl trai.ned panel for predicting a larger

paneJ.s' acceptability score. The texture profile panei would be able to

reflect panelists'acceptability choice where mean scores for hardness

were less than 7.6 rather than less than 8.8. Mean particle size scores

corresponding to acceptabLy cooked sample woulC be less than 7.2 instead

of 8.9. The mean seedcoat toughness score that corresponded to an ac-

ceptably cooked sample would be reduced from 11.6 or less to 10.9 or

less. Likewise, the critical mean chewiness score would be lowered from

5.3 ro 4.9.

4.3

4.3.1

INSTRUMENTAL TESTS

Raw bean hardness peak force values for the 6 fresh black bean lines

are given in Table 4.16. Peak force values ranged from 81.953 N (Sesen-

teño) to 134.205 N (Criotlo ¿). The lowest raw bean peak force values

corresponded to the bean tines with the lowest 10O-bean weights, i.e.,

the smallest sized beans (Sesenteño and Tamazulapa). The highest peak

forces were found with the Criollo A and itzapa samples which had been

classified as having the largesi beans of the 6 bean lines studied. Raw

bean hardness values did not relate to predicted cooking time.

Raw Bean Hardness



liean raw bean peak force values as measured by
l-ines of fresh samples of Guatemalan

Bean Iine

TABLE 4. 1 6

Chichicaste

urlollo A

Criollo B

I tzapa

Sesen t eñ o

Tamazulapa

Raw bean peak forcei (H)

the wedge apparatus for 6
black beans.

T Means and standard
determinations.

1 03.38011 4.i90

134.206!19 .213

1 1 6.05 1!19 .67 4

1 33.730r1 8.591

81 .953r 8.646

8'1 .988110.649

129

deviations based on 30



3.2 Cooked Bean Hardness

A sample curve from the OTMS-Àpple Iie showing force over time re-

quired to extrude a cooked bean sample through a 10 cm2 extrusion cell

is shown in Àppendix P.

Duplicate OTMS peak force vafues were obtained for all cooked bean

samples prepared in this study. I.lith increasing cooking iimes, peak

force values tended to decrease, initially and then remain the same and/

or slightly increase as cooking conlinued (rigures 4.4 and 4.5) " Dif-

ferent bean lines softened at different rates. Àt 240 minutes, for ex-

ample, a cooking time commonly used in the literature, peak force values

ranged from '160 N (Itzapa) to ZSO N (Sesenteño).

There was a strong quadratic relationship between cooking time and

OTMS peak force for each of the 6 bean lines (table 4.17). The lines

describing the relationship for the bean lines vrere parallel and there-

fore permitted comparisons to be made among the bean lines using the

Bonferroni test (SeS, 1985). The prediction line for Chichicaste was

significantly different from (higher than) all other bean lines (Figures

4.4 and 4.5). The lines for Criollo À, Criollo B, Sesenteño and Tamazu-

Lapa were not significantty different from each other (q=0.05). Ilza-

pa's prediction Line was significantly different from (lower than) the

other five bean lines'. Itzapa cooked to the softest texture. See Fig-

ures 4"4 and 4.5.
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À comparison of the bean lines can be made using the cooking tirnes

required to reach a point considered generally to be soft. Using the

cooking times required to reach a peak force of 250 newtons it is appar-



Relationship between
OTMS extrusion ce11

Bean 1 ine

TÀBLE 4.1 7

cooking time and mean
for each of 6 lines of

blach beans.

Chichicaste

CrioLlo À

Criollo B

I tzapa

Se sent eñ o

Tamazulapa

Yf=

I_

t=
I-

f=

I-

828.40430

589.88125

707.40911

664.67304

522.98829

6s6.33870

Equa t i on

peak force as measured by lhe
fresh sampLes of Guatemalan

TY

ïcr
= Peak force in newtons.

= cooking Lime in minutes.

4.83878469 cti+

2.867922'19 CT +

3.50189023 CT +

4. 1 5055979 CT +

1.98449542 CT +

3.78556894 CT +

ent that the different bean lines have different requirements for cook-

ing time length. To soften to 250 newtons Itzapa required the shortest

time of '130 minutes while Criollo B and Sesenteño needed the longest

time of 240 minutes. The Tamazulapa sample needed 150 minutes and the

Chichicaste and Criollo A sampJ-es required 190 minutes to soften to the

same peak force.

Linear relationships existed between peak force, âS measured by the

OTMS, and the cooking time acceptability score for each variety (table

4.18). The prediction lines are not para11el, however, and therefore a

comparison of their means could not be made using the Bonferroni (ounn)

T-test procedure (SAS, 1985) (rigures 4.6 and 4.7). Sesenteño and Chi-
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0.009598293 CT2

0.005729548 CT2

0.006565257 CT2

0.008545532 CT2

0.003541 685 CT2

0.007605934 CT2

¡z

0.9639

0.9439

0.9783

0.9553

^ 
QL1)

0.9620
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Relat
cell

ionship becween mean
and mean cooking time

samples

Bean l- i ne

Chichicaste

Criollo À

Criollo B

I tzapa

Sesen t eño

Tamazulapa

TABLE 4. 1 8

peak iorce as
acc eptab i J. i ty

of Guatemalan

Equa t i on

YT=

I-

I-

Y_

f=

9.46406321

12.78225431

9.25221998

9.33087574

12 .3347 6'Ì64

8.82010824

measured by the
score for each

black beans.

II

+ÞF

= Mean acceptability score.

= Peak force in newtons.

0.01263313 PF+

0.02795781 PF

0.01395324 PF

0.01942429 PF

0 "022'72185 PF

0.01378704 PF

chicaste did not need to soften as much as lhe other bean lines to be-

come acceptable. According to lheir prediction lines they became accep-

table at about 290 N. Criollo A and Criollo B became acceptable at a

softer texture of approximately 240-250 N. Tamazulapa beans needed to

be softened to at least 210 N to become acceptabJ.e while Itzapa beans

became acceptable when force values were .180 N or less.

u'L'f{s ex t rus L on
line of fresh

134

p2

0.600626

0. 43963 1

0.263179

0 .47 6426

0.402688

0.262449

It is interesting to note that the two bean lines that did not need

to soften as much as the others to be acceptable had the two lowest

seedcoat thickness measurements (6.6 and 6.7 nglcn?, respectively). The

Tamazulapa and Itzapa samples with high seedcoat thickness values of 8"0

and 8.1 mg/cm2, respectively, had to be cooked to the lowest force meas-
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uremenis of all 6 bean lines. An explanation for this occurrence may be

reLated Lo the role the seedcoal has on OTMS peak force. Beans with

thíck seedcoats required excess cooking time Lo soften the seedcoat

enough that the whole bean was considered acceptable. This longer cook-

ing iime caused the cotyledons to be softer (perhaps overcooked) and was

expressed as a low peak force measurement. Beans with a thin seedcoat,

on the other hand did not need a longer cooking time, beyond that which

is required to soften the cotyledons, to soften the seedcoat. Thus,

bean lines with thin seedcoats became acceptable al a relatively higher

peak force value.

Seedcoat percent and seedcoat thickness had high negative correla-

tions with OTMS peak force value and rlï raLio had a high positive cor-

relation with the OTMS peak force value for the acceptably cooked stage

(rab1e 4.19). Beans r+ith higher L/B ratios were longer and had thinner

seedcoats than the more round beans. Beans with thinner seedcoats need-

ed less cooking to become acceptable and were thus harder at this point

than beans with thicker seedcoats.

Texture profile panel scores rvere highly correlated to OTMS peak

force values (rable 4.20). Hardness had the highest correÌation (0.85)

of all the texture characteristics with peak force. Particle size had

the second highest correlation (0.84), followed by chewiness and parti-

cle size. The data for these texture characteristics has already been

presented in Tables 4.8 - 4.11 (pages 114-11'l). The highest correla-

tions for hardness and particle size with OTMS peak force nay be due to

the fact thal hardness and particle size focus on the texture of the co-

tyledon, as does the OTMS, while seedcoat toughness and chewiness evalu-

ate seedcoat texture.



Pearson correlation coefficients for physical- properties and mean OTMS

extrusion cel1 peak force values (at acceptably cooked points) for 6

lines of fresh samples of Guatemalan biack beans.

Var iable

TABLE 4. 1 9

100 Bean Weight

r/B natio

Seedcoat Percen'"

Seedcoat Thickness

OTMS Peak Force

1 00 Bean
We i ght

Var iable

* p<0.05

** p<0. 1 0

LIB
Ratio

1 .00

Seedcoat Seedcoat
Percent Thickness
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0.07

1 .00

0.13

0.69

1 .00

0.26

-0.83*

0.85*

1 .00

OTMS

Pea k
Forc e

-0.31

0.84*

-0.79**

-0.74**

1 .00



Pearson correlation coefficients for Texture Profile Analysis (fpn)
paneJ. mean scores and mean OTMS extrusion cell peak force values over
all cooking stages for 6 lines of fresh samples of Guatemalan black

beans.

TABLE 4.20

OTMS Peak Force

o p.0.001.

Ha rdness Pa rt ic le
Size

4"4 STORAGE STUDY

Texture Attribute

4.4,1 Phvsical Tests

4.4.1..1 Seed Weight

0.85*

The 1O0-bean weight for the 6 bean lines under the two storage condi-

tions ranged from Tamazulapa (tow temperature - low humidity Ilr] ) of

20.08 g Lo 29.23 tor Itzapa (high temperature - high humidity [Hr]) (ra-

ble 4 .21). Seed weights of the stored samples were almost identical to

those of the fresh samples (table 4.1, page 94). Thus, the ranking of

the stored sanples with regard to 1O0-bean weight was the same as for

the fresh samples. The Itzapa samples were the largest grained followed

in decreasing order by Criollo B, Criollo A, Chichicasle, Sesenteño and

Tamazulapa. Às reported with the freshly-harvested beans, bush type

beans had lorqer 100-bean weights than the vine samples"
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0.84*

Seedc oa t
Toughness

0.81*

Chew i ne ss

0.82*
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For all bean Lines the samples from the

higher 100-bean weights than the LT sampJ-e of

is due to the fact that ihe water content of

been adjusted to 16-1'1% and had approximaieLy

LT stored samples (13-14%) at the beginning of

4.4.1.2 Seed Dimensions

Mean measurements

of beans under the

These dimensions and

similar to those of

141

HT storage treatment had

the same bean Iine. This

the HT storage samples had

2-4% nore water than the

the study.

4,4.1,3 Seed Size Distribution

for length, breadth,

trvo storage conditions

the corresponding L/B

the fresh samples.

The distribulion of seed sizes of the LT and HT stored rvas assumed to

be the same as that of the fresh beans (r'igure 4.1, page 97) and there-

fore, direct measurements on the LT and HT beans were not made.

4.4.1 "4 Percent Seedcoat

and thickness for the 6 Iines

are presented in Table 4.21.

ratio, i.e., shape vrere very

The percent seedcoat values for the t$¡o storage treatments of the 6

bean lines are given in Table 4.21. Percent seedcoat values ranged from

8.86% for Chichicaste LT to 11.00% for Tamazulapa HT. For all bean

lines except Criollo A, the percent seedcoat values for the HT samples

were higher than the percent seedcoat values for the LT samples, These

increases ranged from only 0.09% (criollo B and Sesenteño) to as much as

1,96% (Chichicaste). The Criollo A HT seedcoat percent value was 0.06%

lower than the Criollo A LT va1ue. While the differences between the LT



ANd HT

hi gher

rea50n

dicate
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percenL seedcoat values were slight for most bean 1ines, the

levels for Chichicaste HT and Tamazulapa HT were not,able. The

for this increase ín seedcoat percentage is nol known but may in-

the presence of a hardening defect.

4.4"1.5 Seedcoat Thickness

Seedcoat thickness (mg/cmz) for the 6 bean lines stored under LT and

HT conditions is given in Table 4,21. Thickness values ranged from 6.6

mg/cm2 for Chichicaste LT to 9.5 mg/cm2 for Tamazulapa HT. Chichicaste

LT and Sesenteño LT had similar values for seedcoat thickness (6.6 and

6.1 nglcn?, respectively). Criollo À LÎ's seedcoat thickness vafue was

higher at 7.7 nglcn?. Tamazulapa LT and ltzapa LT had the highest val-

ues of the LT samples for seedcoat thickness. Àmong the HT stored bean

lines, Sesenteño HT had the lowest seedcoat thickness value (6.9 ngl

cm2). Criollo À HT had a higher value of.7.6 mg/cmz. The HT samples of

Chichicaste, Criollo B and Itzapa had similar thickness values of 8.5,

8.3 and 8.3 mg/cm2, respectively. The Tamazulapa HT seedcoat thickness

value was the highesÈ at 9.5 mg/cmz. For four of the 6 bean lines the

difference between the seedcoat thickness values for their LT and HT

samples r'¡ere small. The di f f erences between the LT and HT samples of

Criollo A, Criollo B, Itzapa and Sesenteño were from 0.1 to 0.2 nglcnz

with the HT value being the higher in the cases of Itzapa and Sesenteño.

The seedcoat thickness values differed between the trso storage treat-

ments by 1.9 and 1.5 mg/cmz tor the Chichicaste and Tamazulapa samples,

respectively. In both cases the HT treated beans had thicker seedcoats

than the LT treated ones, Such thickening of the seedcoat may be an in-

dication of a hardening defect in these lines.



4.4.1.6 water Absorption

The percentages of water absorbed after 4 and 24 h of soaking are

listed in Tab1e 4.21 for both LT and HT stored bean lines. The water

abscrption percentages reported for the HT treated beans had been ad-

justed to account for the fact that their water content was 16-17%1 3-4%

higher than that of the LT beans. Criollo A, Criollo B and Itzapa, the

three bean lines from the Chimaltenango region, had lower levels of wa-

ter absorption at both the 4 and 24 h soaking times for both storage

treatments than the other three bean lines from the Jutiapa region.

Chichicaste LT, Sesenteño tT and Tamazulapa LT had water absorption lev-

els of 85.0% to 92.8?á at 4 h while Criollo A LT, Criollo B LT and ltzapa

LT had values of 6.4% to 8.2%. After 24 h of soaking the water absorp-

tion percentages of Criollo A LT, Criollo B LT and Itzapa tT had risen

Lo 91.6%, 93.1% and 96.3%, respectively, which were still lower than the

102.0%, 103.9% and 103.1% absorbed by Chichicaste LT, Sesenteño LT and

Tamazulapa LT, respectively. llhile the groupings of both LT and HT bean

lines with respect to water absorption was the same, the actual percent-

ages obtained for each storage treatment were not always the same for

the same bean line. At 4 h soaking, the water absorption percentages

for 4 of the 6 HT bean lines were higher than those of LT treatment.

Water absorption percentages were slightly lower for Criollo À HT (5.1%)

and Sesenteño HT (91.5%) than their corresponding LT samples (8.2% and

92"8%, respectively). Àfter 24 h soaking, only the Tamazulapa HT had a

lower water absorption percentage ( 101.5%) than its corresponding LT

sample ( 1 03. 1%) .
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Several authors have noted than beans stored at high humidities tend-

ed to have higher water absorption levels or faster rates of absorption

that beans stored at low humidi.ty J.eveIs or fresh beans (Burr et a1.,

1968; Sefa Dedeh et aJ.., 1978,1979; Quenzer ei al., 1978; Jackson and

varriano-Marston, 1981; Plhak et a1., unpublished). Black beans stored

under high temperature and high humidity (HH) conditions (7 mo at 300C

and B0% RH [16% water content]) had higher initial rates and final water

absorptions than beans stored under low temperature-low humidity (rr)

conditions (7 mo at 150C and 35% RH lB% water contentl) (ptiral et al.,

unpublished). The initial rate of water absorption was lowered when the

water content of the high temperature-high humidity beans was lowered

from 1 6% lo 8% before soaking. This lowered rate, however, !¡as still

not as 1ow as that of the low temperature-low humidity beans (plhak et

aI., unpublished). The water absorption levels in the HT stored beans

llere, in most cases, similar or lower for their corresponding LT beans

and it seems apparent that there was an effect of higher initial water

content on water absorption.

This study found that for both LT and HT bean samples, the bean lines

$¡ith thinner seedcoats tended to have higher water absorption values at

4 h. This same pattern was reported by Sefa-Dedeh and Stanley (1979a)

and was also noted with the freshly-harvested bean samples. As r.¡ith the

freshly-harvested bean samples, the Tamazulapa samples were the excep-

tion to this tendency. The thickening of seedcoat and increase in seed-

coat percentage in the Chichicaste HT and Tamazulapa HT samples may ac-

count for the difference between the water absorption values for

ChichicasLe LT and HT aE 24 h and for the lower water absorption level



in Tamazulapa HT

explain the higher

ples.

ò,ô,)

4.4.2.1

as compared Þ-o Tamazuì.apa LT at

water absorption percenlage at

I nstrumental Tests

Raw bean peak force values were highest for the bean Iines rlith the

J.argest seed sizes (Criol1o A and Itzapa) and lowest for the bean lines

14ith the smallest seed sizes (ci:ichicaste and Tamazulapa) (table 4.22).

peak forces for the HT samples were lower or similar to those for the LT

beans. The softer raw bean texture of the HT beans could be attributed

to their higher moisture content. The range of raw bean peak forces for

the LT beans was from 85.470 N (Tamazulapa LT) to 141.010 N (Criollo ¡

LT). HT raw bean hardness forces varied from 67.080 N (Tamazulapa HT)

Lo 132.650 N (ttzapa ttt). The effect of hardening on raw bean hardness

was not c1ear.

Raw Bean Hardness

145

24 ir but it does not

4 h for both HT sam-

4.4.2.2 Cooked Bean Hardness

peak force as measured by the OTMS was quadratically related to cook-

ing time for bean lines under both storage regimes (table 4.23). For

both LT and HT treatments, Criollo A and Criollo B did not soften as

much as the other lines. Itzapa, Sesenteño and Tamazulapa were the sof-

test cooking beans under both storage treatments (figures 4.8 and 4.11).

There appears to be greater differences in the softening of the LT bean

samples as compared to the HT as can be seen by the spread of curves.

The HT samples only softened to a range of 250 to 350 N while the LT



Mean raw bean peak force va
lines of stored

Bean I ines

lues as measured by the wedge apparatus for
samples of Guatenalan black beans.

TÀBLE 4.22

Chichicaste
LT
HT

Criollo À

LT
HT

CrioIIo B

LT
HT

I tzapa
LT
HT

Sesen t eño
tT
HT

Tamazulapa
tT
HT

Raw bean peak forceï (N)

94.760r1 4.36
85.720111.85

141.010r34.96
131.820123.56

100.690115.01
99.350t17.28

131 .440!22.58
132 .650!1 6 .92

85.480r14.74
87.510113.81

85.470r1 6 " 70
67.080111.17

146

f Mean and standard deviation based
of.29 determinations.

on fnl n rmum



Relationship between cooking time and mean peak
OTMS extrusion cell for each of the 6 lines

Guatemalan black beans.

Bean line

Chichicaste Y

Criollo À Y

Criollo B Y

I tzapa Y

Sesenteño Y

Tamazul.apa Y

TABLE 4.23

675.53

572.82

709.09

572.96

47 4.21

397.19

Equa t i on

1 00.36 sr

12.71 sT

22.65 ST

10.30 sr

)1 1¿ cr

80.75 ST

rY

+cr

force as measured
of stored samples

= Peak force in newtons.

= cooking time in minutes.

samples had minimum peak force values of 150 to 325 N. On1y Chichicaste

HT and Tamazulapa HT were significantly harder than their LT samples

(figure 4.12). There vlas no significant difference between the LT and

HT samples for any of the other bean lines although at all cooking times

the HT sample had the higher reading.

4.47 CT

2.17 CT

2.87 CT

2.46 CÎ

2.01 cr

2.49 C'I

147

hrrul
of

0.01 cr2

0.00 cr2

0.00 crz

0.00 crz

0.00 cr2

0.00 cr2

the

The greater hardness of the cooked Chichicaste HT and Tamazulapa HT

samples, when compared to their respective LT samplesr Dây be related to

their higher percent seedcoat and seedcoat thickness values. The pres-

ence of the seedcoat contributes to the peak force measurement as can be

seen after long cooking times when the cotyledons are easily extruded

from the cel1, Leaving empty seedcoats to be compressed by the column.

p2

0.75

0.69

0.79

0 "71

0.82

0.79
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Àt the longer cooking times peak force values are shor+n to increase as

the proportion of empty seedcoats to cooked cotyledons increase. The

effect of the seedcoat on peak force can be seen throughout the cooiiing

period as beans rvith higher seedcoat thicknesses (Chichicaste HT and Ta-

mazulapa HT) tended to have higher peak force readings. The Chichicaste

and Tamazulapa bean lines were shown to have hardened over the storage

period while there was no significant hardening affecting t.he other

lines.

Studies by Sefa-Dedeh et al. (1978, 1979) and Jackson and Varriano-

Marston (1981) have shown that cooking time within a Lreatment depends

strongly on the total moisture content of the beans. Reducing the water

content of high temperature-high humidity (Hg) stored beans from 16% lo

8% did not reduce bean hardness after cooking (p1hak et aI., unpub-

lished). Beans stored tor 7 mo under high temperature-high humidity

(300C and 80% RH [.16% water content]) required 3.5 h of cooking to pro-

vide a puncture force equal lo that of beans stored under low tempera-

ture-low humidity ('150C and 35% RH [8% water content]) and cooked for 1

h (Plhak et al. , unpublished) .
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4.4.3 Sensorv Ànalvsis

4.4.3.1 Cooking Time Determination

To facilitate the evaluation of the cooked texture of LT and HT

stored beans by the in-house acceptability and TPA panels it llas neces-

sary to determine cooking times for each bean line under each storage

condition to cook to an acceptable and equivalent degree of doneness

(rab]e 4.24). For five of the 6 bean lines the time chosen for the LT

sample was equal to or lower than that used for the freshly-harvested

sample of lhe same line. The times chosen for the HT samples were

greater than those for the LT samples for all bean lines except Criollo

A where i t rema i ned tire same .

The cooking times required by the stored samples to reach an accepta-

bly cooked texture were chosen to correspond to the texture of the

freshly-harvested sample of the same line and were based on 01MS peak

force readings. A large sample of beans were cooked (+OO g in 2000 mL

of water) and 60 g samples were withdrawn for evaluation every 15 min-

utes. Two OTMS peak force determinations were made at each cooking time

sampì.ed. À force-time curve was drawn for each bean line under each

storage treatment. The cooking time chosen to provide an acceptably

cooked sample was the iime that corresponded to the lowest force value

on the curve or where the curve levelled off. In many cases the OTMS

peak force value of the stored samples at this time s¡as very similar to

that of the acceptably cooked freshly-harvested samples.
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Cooking times and corresponding mean OTMS extrusion cell peak force
values for 5 lines of freshly-harvested and stored samples of Guatemalan

black beans cooked to their acceptably-cookeo stage.

Bean line

TABLE 4.24

Chichicaste

Criollo A

Criollo B

I tzapa

Sesen t eño

Tamazulapa

F re shly-ha rves t ed

Cooking time (in minutes)
(otus peak force Iin newtons] )

155
(309)f

240
(221)

240
(2s8 )

180
(182)

170
(282)

200
{217 )

155

T OTMS measurement is average
to in-house acceptability

tT

130
(290)

240
Q64)

240
Q64)

225
(229)

140
(230)

150
(268)

HT

240
Q77)

240
(268)

270
Qee)

250
(233 )

200
l2e2)

300
(2s8)

of two readings from sample given
pane1.



4.4.3.2 In-house Comparative Acceptability Panel

The distribution of acceptabiì-ity scores among the in-house compara-

tive acceptability paneJ. members for the low temperature storage (ft)

samples and for the high lemperature storage (Ht) samples are shown in

Àppendix Q.

The comparative acceptabiliLy panel lras carrieC out to determine if

differences exisied among the bean Iines when a direci comparison was

made among the bean lines which had undergone the same storage treat-

ment, and had been cooked to their acceptably-cooked point, that is, un-

der the assumption of equal doneness (table 4.25).

For the LT stored samples, mean acceptability scores ranged from 5.07

(Sesenteño LT) to 6.27 (Criollo A LT). The absolute values of accept-

ability scores for HT samples were lower and ranged from 4.94 (Sesenteño

HT) to 6.09 (Tamazulapa HT). Acceptability scores were the lowest for

Chichicaste and Sesenteño under boLh storage regimes.

155

The difference in the absolute acceptability scores for the Chichi-

caste LT and HT and Sesenteño LT and HT samples erere quite similar. The

most acceptable LT sample, Crio1l"o À LT, became the third most accepta-

ble through an acceptability score reduction of 0.70. Itzapa HT's score

was 0.30 less than its lt acceptabiJ.ity scóre yet it held its rank of

second most acceptable. The acceptability score for Criollo B HT was

0.40 Iovrer than for its lt sample, consequently its ranking llas reduced

from third to fourth most acceptable. Tamazulapa HT, on the other hand,

received an acceptability score 0.70 above its LT score which place it

as the most acceptable of all HT samples.
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The 
-texture of the itzapa, Chichicaste and Sesenteño beans did not

seem to deteriorate under high temperature and high humidity sLorage.

The Criollo À HT and Criollo B HT appeared to have experienced some de-

terioration in texture thal resulted in reducing their acceptabitity.

The cooked texture of the Tamazulapa sample appeared to have improveC

-"hrough i{T storage, bui it realIy may have not changed while the other

bean lines deteriorated more severely in relation to it'

4.4.3.3 Texture Profile Ànalysis Panel

The Texture profile Ànalysis (tp¡) panel mean scores for hardness,

particle size, toughness of seedcoat and chewiness for the 6 bean Iines

under 2 storage regimes are given in Table 4.26. Although cooking tirnes

were chosen for both lhe LT and HT samples to provide equivalent degrees

of doneness, scores for all four texture profile characteristics for the

HT samples r+ere higher for almost all bean lines. The fact Lhat the

cooking times for the HT beans to become acceptably cooked were longer

than the LT samples for most lines (the same time for both LT and HT

Criollo A) is a clear indication that hardening did occur in the HT

treated samples.

With LT and HT treatment results combined, samples cooked to an ac-

ceptable degree of doneness had hardness Scores that ranged from 6'2

(crio1lo B LT) to 10.48 (criollo B HT). Hardness scores for LT beans

ranged from 6.21 (Criollo B LT) to 8.89 (Sesenteño LT). HT bean hard-

ness scores ranged from 7.34 (Itzapa HT) to 10.48 (Criollo B HT). Par-

ticle size scores for LT and HT beans ranged from 6.50 (Itzapa fT) to

10.83 (Criolto g). Scores for particle size of LT beans were from 6.50



Comparisons of comparative
for samples of Guatemalan

humidity and high

acceptability panel mean
bLack beans stored under

temperature-hi gh humidi ty

TABLE 4.25

Bean Line

Chichicaste

Criollo À

Criollo B

I tzapa

Sesenteño

Tamazulapa

Low temperature-
low humidity

Storage Condition

Rank Mean Score

acceptability scores
1ow temperature-low
conditions.

5

1

3

¿

6

4

High temperature-
high humidity

t Each line was cooked to reach similar peak force for
both storage conditions.

i For texture acceptability: 1=extremely unacceptable
and 8=extremely acceptable.

5. 1 Tflab*

6.27b

5.60ab

6.07ab

5.07a

5.30ab

158

Rank Mean Score

In each column, means with the same letter are not
significantly different (p<0.05) as determined using
the Bonferroni (Dunn) T-test procedure.

5

3

4

2

6

1

5. 1 1ab

5 . 51ab

5.20ab

5.77ab

4. 94a

6. 09a



TÀBtE

Texture Profile Ànalysis (tp¡) mean
seedcoat toughness and chewiness
Guatemalan black beans cooked to

Bean line and
storage treatment
(Cooking tíme)

Chichicaste
(130 )
(240)

Criollo À
(240)
Q40)

Criollo B
(240)
Q71',)

I tzapa
Q25)
(2s0)

Sesen t eño
(140)
(200)

Tamazulapa
(150)
(300)

4,26

seoresf for hardness, partiele size,
for 6 lines of stored samples of
their acceptably cooked point.

t1
HT

Hardness

Texture Àttribute

LT
HT

8.37a9
9.09a

6.22a
9.03b

6 .21a
1 0.48b

6.35a
7 .34a

I .89a
9.22a

8.05a
9. 18a

Particle

tT
HT

1s9

9,47a
9. 56a

7 .08a
I .56a

7 "31a
1 0.83b

6.50a
8.07a

o trl-
J t J tA

9.47a

8.80a
9. 98a

LT
I{T

Seedcoat

LT
HT

t Mean of 3 replications.

1 1 .37a
1 1 .69a

11 .23a
12 ,49a

I t. /þa
'13.43a

1 0.78a
1 1 .70a

13.75a
12.66a

1 0.26a
12.51a

+ tr,lithin each bean Iine and lexture Profile Ànalysis characleristic,
mean ÎPÀ scores followed by the same letter are not significantly
different (p.0.05) as determined using the Bonferroni (Dunn) T-test
procedure.

Chew i ness

tT
HT

5. 97a
5. 84a

5. 30a
5.82a

5"44a
6.70a

5.51a
5.70a

6.29a
6.43a

5 "25a
5. 86a
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(itzapa rT) to 9.5'1 (sesenteño LT) while HT bean scores had a range of

8.07 (Itzapa Ht) to 10.83 (Criotlo B HT). Seedcoat toughness scores

ranged from 10.26 (Tamazulapa LT) to 13.75 (Sesenteño LT) over both LT

and HT samples. Àmong the HT samples with acceptable texture, scores

for toughness of seedcoat varied from i1.69 (Chichicaste HT) to 13.43

(Criollo B HT). Over both LT and HT samples, chewiness scores for ac-

cepiably cooked samples varied from 5.25 (Tamazulapa LT) to g.fO (Criol-

1o B HT). Among LT beans, Tamazulapa LT had the lowest score ß.25) and

Sesenteño LT had the highest (6.29). Chewiness scores ranged from 5.70

(itzapa HT) to 5.70 (Criollo Hr) for the HT beans.

In a study by dos Santos Garruti and dos Santos Garruti (1983) on

common Phaseolus vulqaris L. beans, storage at 25oC and 65-70% RH pro-

duced beans which were harder and more chewy as determined by a trained

profile analysis panel. Morris et a1. (1956), using a standard cooking

iime for each variety, found a significant deterioration in texture and

flavour in beans which had been stored for 6 months at 770F (250C) ai

moisture contents above 137á. In this study the TPÀ panel results sup-

port these findings as almost all attribute scores for the HT samples

were higher than those for the corresponding LT sample.

Morris et al. (1956) reported that slorage of beans with moisture

contents less than 10%.for 2 years maintained cooking quaJ.ity almost as

well as storing them at -100F (-230C).

ness and particle size scores for LT beans (B% water content) were the

only attribute scores that were similar to those of acceptably cooked

f reshly-harvested beans.

In the present study TPA hard-
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Texture profile attributes of hardness, particle size and chewiness

were shown tc be significanrly correlaced tc acceptability score (fabIe

4.27). The relatively high rating of the Criollo A LT, Itzapa LT and

Criollo B LT among the LT samples for acceptability may be related to

the relatively low hardness, Iow chewiness and small parlicle size as

perceived by the TPÀ panel. Criollo A LT, Criollo B LT, and itzapa LT

and Tamazulapa tT had the lowest chewiness scores. Such differences be-

tween these four bean lines, with respect to these characteristics, and

Chichicast.e and Sesenteño were not noted in the HT samples. The rela-

tively low acceptability rating for Chichicaste and Sesenteño under both

storage treatments may be due, in the comparison of the LT samples, to

their relativeJ.y high hardness and particle size scores.

For all bean 1ines, except Tamazulapa, the nean acceptability scores

was lower for the HT than the LT beans (table 4.25\. WhiLe the actual

mean acceptability scores for Chichicaste HT and Sesenteño HT were very

similar to their respective samples, differences between the acceptabil-

ity scores for the LT and HT sampJ.es of the other bean lines v¡ere as

much as 0.70. The mean acceptability score for the Criollo A, Criollo B

and Itzapa dropped 0.70,0.40, and 0.30' respectively, from the LT to

the HT storage sample. These reductions in acceptability could be re-

lated to increased hardness, particle size and chewiness as determined

by the TPÀ paneL. tr.ihile Chichicaste HT and Sesenteño HT samples experi-

enced increases in hardness, particle sj.ze and chewiness, it was not to

such a targe degree. The increased acceptability of the Tamazulapa san-

ple from the LT to the HT can not be explained as above since the same

textural changes were noted by the TPÀ panel with the opposite result

with respect to the acceptability score. This indicates that another



Pearson correlation
scores and comparati

6 lines of

TABLE

coefficients for
ve acceptability
stored samples

Variable

Hardness

Particle
Size

Seedcoat
Toughnes s

Chewiness

Ha rdne ss

L11

Texture Profile Analysis (tp¡) mean
panel acceptability mean scores for

of Guatemalan black beans.

1 .00

Pari"icle
Size

Variable

**** p<0 .000 1

*** p<0. 001
** p<0.0 1

* p<0.05.

0.94****

1 .00

Seedcoat Chewiness
Toughne s s

162

0 "67*

0.60*

1 .00

0.82***

0.82***

0.74**

1 .00

Accept-
ability

-0 .60*

-0.61*

-0.37

-0.73**
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factor, or combinations of factors, besides the four attributes measured

by the TPÀ panel, is affecting acceptability. OTMS peak force values

did not seem to correspond to acceptability score rankings.

¿q RELÀTIONSHIPS BETWEEN PHYSTCAL, lNSTRUMENTAL AND SENSORY TESTS AND

ÀCCEPTÀBI LI TY

Correlations between physical, instrumental and sensory test results

with acceptability for all bean lines and storage treatments are given

in Table 4.28.

cantly correlated to mean acceptability score (-0.55, P=0.050; -0.63,

p=0.025, respectively). Both 4 h and 24 h water absorption percentages

were significantly correlated to acceptability score (-0.58, p=0.040 and

-0.73, P=0.009, resPectivelY).

Percent seedcoat and seedcoat thickness r+ere signiti-

Several authors have noted that water absorption was well correlated

to cooked bean texture but the rate of i+ater absorption was not related

(Burr et a1., 1968; Sefa-Dedeh et a1., 1978,1979; Quenzer et a1., 1978;

Jackson and Varriano-Marston, 1981; PIhak et aI., unpublished).

Raw bean hardness (peak force) was significantly correlated to ac-

ceptability score (0.59, p=Q.036). Mean TPA scores for hardness, parti-

cl-e size and chewiness ilere correlated to mean acceptability score

(0.59, p=0.037; -0.80, F=0.003; and -0.75, p=Q.006, respectively).

Correlation coefficients of 0.

sory texture and puncture force

1210C, respectively (Silva et a1.

77 and 0.87 were reported between sen-

f or btack beans cooked at '1000C and

, 1981a). À correlation coefficient of



C
or

re
la

tio
ns

 b
et

w
ee

n
6 

lin
es

 o
f 

fr
es

h

( 
us

 ) 
¡le

an
S

ee
d 

H
ei

gh
t

( 
¡,

tp
 ) 

M
ea

 n
P

er
ce

nt
se

ed
co

a 
t

(T
hi

ck
) 

H
ea

n
S

ee
dc

oa
 
t

T
hi

ck
ne

ss

(¡
t4

 )
 v

ea
n

4 
h 

w
at

er
A

bs
or

pt
 i 

on

(M
24

 )
 M

eð
n

24
 h

 W
at

er
A

bs
or

pt
io

n

( 
¡lc

 )
 M

ea
 n

R
ôH

 B
ea

n
H

ar
dn

es
s

(M
A

 )
 M

ea
n

À
cc

ep
ha

bi
 I

 i 
ty

S
co

re

( 
t'l

H
 )

 t
"le

a 
n

H
ar

dn
es

s
(T

P
A

)1

( 
M

P
s 

) 
M

e.
¡ 

n
P

ar
tic

le
 

S
iz

e
(T

P
A

)

( 
ut

c 
) 

¡,
te

a 
n

se
ed

co
a 

t
T

ou
gh

ne
ss

 (
T

P
A

 )

(M
cH

) 
M

ea
n

C
he

P
in

es
s

(T
P

A
)

(H
pn

) 
ue

an
P

ea
k 

F
or

ce
O

T
M

S
 E

xt
ru

si
on

r.
00

00
 -

0.
11

51
P

-.
37

5

T
A

E
T

E
 4

.2
8

ph
ys

ic
al

, 
in

st
ru

m
en

te
l

an
d 

st
or

ed
 s

am
pl

es
 o

f

T
H

I 
C

K

.0
00

0 
0.

89
67

 -
0.

08
8s

 -
0.

49
68

P
=

.0
00

 
P

=
.4

04
 

P
=

.0
12

r 
.0

00
0 

-0
. 

30
58

 -
0.

62
40

P
=

. 
I 
95

 
P

=
.0

21

l .
00

00
 

0.
84

69
P

=
 ,

00
 1

I 
.0

00
0

0.
 r

73
9

P
-.

 3
15

M
4

-0
.7

46
0 

-0
.4

18
2 

0,
75

92
 

0,
47

67
P

=
.0

07
 

P
..l

l5
 

P
=

.0
05

 
P

'.0
82

M
24

M
C

an
d 

se
ns

or
y 

te
st

 r
es

ul
ts

 f
or

G
ua

te
m

al
an

 b
la

ck
 b

ea
ns

"

M
A

-0
.0

90
8 

-0
.5

48
9 

-0
.0

47
1

P
=

.4
02

 
P

=
.0

50
 

P
=

.4
49

0.
00

38
 -

0.
62

98
 

0.
 r

 7
54

P
=

.{
95

 
P

..0
25

 
P

=
.3

14

-0
.8

20
 f

 
-0

.5
18

1 
-0

.8
08

9
P

=
.0

02
 

P
=

.0
40

 
P

=
.0

02

-0
.5

37
6 

-0
 .7

21
9 

-0
.5

07
5

P
=

.0
54

 
P

=
.0

09
 

P
=

.0
67

0.
93

13
 -

0.
6r

21
 

-0
.3

04
9 

-0
.3

11
16

 -
0.

59
90

p*
.0

00
 

p,
.0

30
 

P
.. 

I 
95

 
P

-.
 t

88
 

P
=

.0
34

t 
T

P
A

 =
 T

ex
tu

re
 

P
ro

fil
e 

À
ns

ly
si

s 
pa

ne
l 

re
su

lts
.

M
P

S
È

rr
c

-0
. 
39

90
 -

0.
23

60
P

=
.1

27
 

P
..2

56

-0
.4

84
9 

-0
.3

94
7

P
.,0

78
 

P
.. 

I 
29

0.
5t

81
 

0.
04

43
P

=
.0

63
 

P
-,

45
2

0.
44

37
 -

0.
01

21
P

=
.0

89
 

P
=

.4
87

-0
.6

47
3 

-0
. 

r 
36

6
P

=
 .0

22
 

P
=

. 
36

8
r.

00
00

 
0.

s9
00

P
=

.0
35

I 
.0

00
0

r,
tc

H
M

P
F

-0
.5

79
5 

-0
.5

 I 
20

P
..0

40
 

P
=

.0
85

-0
.6

74
9 

-0
.8

86
3

P
=

.0
15

 
P

=
.0

14

0.
32

¡¡
9 

0.
36

58
P

=
.1

80
 

P
-.

 1
49

0.
39

98
 

0.
 3

60
0

P
=

. 
t2

8 
P

=
.1

53

-0
.3

9r
4 

-0
.4

05
5

Ê
=

,1
32

 
P

=
. 

I 
23

-0
.'t

4'
Ì2

 -
0.

7t
52

F
=

.0
06

 
P

=
.0

 1
 0

-0
.4

29
3 

-0
.6

20
3

F
=

. 
I 
08

 
P

=
.0

28

0.
78

63
 

0.
8r

43
P

..0
03

 
P

=
.0

02

0.
61

6r
 

0.
71

10
P

=
.0

29
 

P
=

 .
0 

I 
I

r 
.0

00
0 

0.
8 

1 
45

P
=

.0
02

I 
.0

00
0

0.
90

02
P

=
.0

00

0.
58

70
P

=
.0

37

1 
.0

00
0

-0
.7

95
8 

-0
.3

48
3

P
=

 .
00

 3
 

P
=

 ,1
62

-0
,7

0r
2 

-0
.4

05
3

P
=

.0
12

 
P

=
.t2

i

r 
.0

00
0 

0.
6 

I 
6?

P
-.

02
9

1 
.0

00
0

O
ì È



15s

0.93 was found by Àguilera and Steinsaper ( 1985) for the relaiionship

between sensory evaluation and puncture force of black beans.

When one examines the differences in physical hardness and the abili-

ty of the panelists to recognize these, it becomes apparent that, in

general, panelists'ability to differentiace between samples is affected

by the actual physical hardness of the samples, i.e., wheiher the sam-

ples are relatively hard or soft. Panelists were able to differentiate

between sampJ.es that were different by as little as 10 nevrtons when the

physical hardness was relatively high.

Some relationship appears to exist between the sensory rating of

hardness by trained panelists and the physical hardness of raw or cooked

values determined by the OTMS, however, more investigation is required.

The inherent variability of the sample used may have had an adverse ef-

fect in the development of a strong relationship between the two vari-

ables, since panelists were assessing hardness using a small sample of

beans while the OTMS was making a reading on a much larger sample.

Panelists would have been able to sense the greater variability in the

sample than would the OTMS. Perhaps a longer period of training or a

different method of lraining the panelists would have reduced the vari-

ability in their ratings and the lack of correlation between the two

methods.



4,6 SUMMARY

4.5. 1 Physical Tests

4.6.1.1 Seed Weight, Seed Dimensions and Seed Size Distribution

The bush bean samples studied (Chichicaste, Criollo B, Sesenteño and

Tamazulapa) tended to have lower seed weights and a Iarger proportion of

small beans than the vine samples (Criollo À and Itzapa) and thus were

considered to be smaller beans. Beans grown in the Chimaltenango region

(Criollo À, Criollo B and Ilzapa) tended to have a higher proportion of

large-sized beans. Shape, as indicated by LIB ratio, did not seem to be

related to bean type or growing location.

4.6.1.2 Percent Seedcoat and Seedcoat Thickness

Sarnples from the Chimaltenango region (Criollo À, CriolIo B and ltza-

pa) as well as the Tamazulapa sample had similar and higher values for

percent seedcoat than the Chichicaste and Sesenteño samples grown in Ju-

tiapa. Higher percent seedcoat values were noted in the HT treated Chi-

chicaste and Tamazulapa samples and appeared to be a function of the

hardening process. This increase in seedcoat percentage might account

for the extra time required to cook these samples to an acceptable de-

gree of doneness as compared to their respective LT samples.

166

The increase in seedcoat percentage noted in

mây, however, be representing a loss of cotyledon

an increase in amount of seedcoaL. The cotyledon

faster due to the higher metabolic rate of the HT

coat amount would be left relatively unchanged.

the HT treated beans

material rather than

would be metabolized

beans while the seed-



lb/

Seedcoat thickness values did not seem to be relateo to bean type or

growing location. Greater seedcoat thicknesses were noted in the HT

stored Chichicaste and Tamazulapa sampl.es as conpared to their corre-

sponding LT samples. This thickening vlas accompanied by increases in

percent seedcoat and may indi.cate a hardening defect.

4.6.1.3 Water ÀbsorPtion

Bean samples from the Chimaltenango region (Criollo R, CrioIlo B and

Itzapa) nad lower vlater absorption levels than the Chichicaste, Sesen-

teño and Tamazulapa samples from Jutiapa. Water absorption percentages

were lcwer for vine than bush beans. À 4 h soaking period facilitated a

grouping of bean lines with respect Lo water absorption percent that was

not as evident after 24 h soaking. Water absorption levels in HT stored

samples were lower than the LT samples once adjusted for initial water

content. The hardened beans seemed to absorb slightly Iess water.

4,6.2 Sensory Analysis

4"6.2.1 In-house Acceptability Panel

The different bean lines were shown to cook and become acceptabLe at

difterent rates. The Sesenteño and Tamazulapa samples (both bush

beans), became more acceptable at shorter cooking times than the other

bean lines. A most acceptably cooked point was chosen, based on panel

results and corresponded Lo 90% cooked for the Chichicaste, Itzapa and

Sesenteño samples and to 100% cooked for the Criollo A, Criollo B and

Tamazulapa samples. Cooking times that corresponded to these acceptably

cooked points were used to prepare samples of equivalent degree of done-

ness for further instrumental and sensory testing.
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After reviewing OTMS peak force values, TPA scores and in-house

comparative acceptability panel scores for these cooked samples it was

concluded that all samples should have been cooked to their 100% cooked

pcinl. Bean lines vlere compared for overall acceptabiiity by the in-

house panel. Those bean lines in which the acceptability cooked point

corresponded to only 90% had lower acceptabiJ.ity scores than those

cooked to their 100% cooked point. TPÀ scores ano OTMS peak force val-

ues for the 90% cooked samples were higher than those cooked to 100%.

it was evident that not all samples were cookeC to the same degree. The

samples that had been cooked to their 90% cooked stage seemed to be un-

dercooked in relation to those samples cooked to their 100% cooked

stage. It was concluded that the best method to determine acceptably

cooked cooking times would be to use the predictive equations obtained

in this study using an acceptability score of 6.

Relative acceptabj.lity scores, as shown by the storage data, seem to

be related to hardness, particle size and chewiness as determined by the

TPÀ panel. Cooked samples with relatively high TPÀ scores for lhese

characteristics tended to have relatively low acceptability scores. The

Tamazulapa sample was the exception, however, which indicates that a

factor, or combination of factors, other than the four TPA characteris-

tics evaluated, influenced acceptability.

4"6"2.2 Texture Profile Analysis Panel

Fresh bean samples with acceptable texture had TPA hardness scores of

8.8 or less. Particle size scores for acceptable beans were 8.9 or

less. Acceptably cooked samples had seedcoat toughness scores of 11"6

or less whiLe acceptable chewiness scores were 5.3 or less. All TPA at-



tríbutes were highly correlated with each

abi I i ry score for f resh beans .

Even though the cooking times for the HT beans were longer than or

the same as (Criollo e) their corresponding LT sample, the scores for

almost all attributes were higher for the HT samples than the LT sam-

ples. This indicated that hardening defects did occur in the HT treated

samples but only hardness and particle size scores for the LT samples

were low enough to be r+ithin the range for acceptably cooked texture

seen rlith the freshly-harvested samples.
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other and with mean acceot-

4.6.3

4.6.3.'1

I nstrumental Tests

The lowest raw bean peak forces corresponded to samples which were

composed of the smallest beans (Sesenteño and Tamazulapa). Larger beans

had higher raw bean peak forces. HT treated beans tended to have lower

raw bean peak forces than their corresponding LT samples Iikely due to

their higher water content.

Raw Bean Hardness



4.6.3.2 Cooked Bean Hardness

As cooking times increased, peak force values tended to decrease ini-

tialLy and then remain the same and/or slightly increase as cooking con-

tinued. Different bean lines softened at different rates. The Chichi-

caste beans did not soften as much as the other l-ines.

cooked to the softest texture of the 5 lines. There vrere no significant

differences in the softness of the remaining 1ines. The acceptably

cooked points of the 6 bean lines corresponded to samples within a soft-

ness range of 250 to 300 N. tseans stored under HT conditions did not

soften as much during cooking as did LT treated beans. OnJ.y the Chichi-

caste HT and Tamazulapa HT samples were significantly harder than their

respective LT sample. Both these HT samples were shown to have higher

seedcoat thickness and seedcoat percent values than their tT samples.

TPÀ scores rvere highl-y correlated r,lith OTMS peak force values for

cooked bean texlure. The physical characteristics of seedcoal percent

and seedcoat thickness r,lere also highly correlated rlith these OTMS val-

ues.

170

I tzapa beans



5. 1 CONCLUSIONS

'1. Different Lines of Guatemalan black beans require different cooking

times to reach lhe same acceptable degree of doneness. These cooking

times can be determined using large untrained consumer-type paneJ.s or by

small trained panels evaluating percentage of cooked beans.

CONCLUS]ONS ÀND RECO}fi'ÍENDATIONS

Chapter V

2. As cooking time increased, cooked bean texture hardness, particle

size, seedcoat toughness and chewiness decreased according to Texture

Profile Ànalysis (rpe) panel results.

3. Àcceptably cooked beans had hardness and particle size scores of less

than 7.6 and 7.2, respectively, on a 15 cm line scale with 30 intervals.

The mean seedcoat toughness score that corresponded to an acceptably

cooked samples was 10.9 or less. The critical mean chewiness score, âs-

sessed by a chew count was 4,9. Significant correlations were present

between acceptability score, as determined by a comparative acceptabili-

ty paneJ., and mean hardness (0.59, p=0.037), mean particle size (-0.79,

p=0.003), and mean chewiness (-0.75, p=0.006).

4. OTMS peak force values in the range of 200 to 300 newtons indicated

acceptable softness for the bean lines tested. There was a significant

correlation (-0.21, p=0.010) shown between acceptability score and peak

f orce .

- 171
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5. High temperature - high humidity storage resulted ín longer cooking

times to soften beans. Even when adequately softened these beans exhib-

ited texture changes.

6. Mean acceptability score rvas significantly correlated with such phys-

ical factors as percent seedcoat ( 0.55, p=0.050 ) , seedcoat thickness

(0.63, p=0.025), 4 h water absorption (-0.58, P=0.040) , 24 h water ab-

sorption (-O.Zq, p=0.009) and raw bean hardness (0.59, P=0.036).

5.2 RECOMMENDATTONS FOR FURTHER RESEARCH

1. Bean researchers must realize that different bean lines react dif-

ferently to cooking and to storage. Consequently, care must be taken in

choosing bean lines for research projects and for extrapolating results

from one bean line to another.

2. The separate contribution of seedcoat and cotyledon to the soften-

ing rates should be researched further.

3.

evaluating the effectiveness of

cooking time for hardened beans.

The methods devel"oped and

4. Results of the Texture Profile Anal.ysis panel and the in-house ac-

ceptability panels indicate that a factor or combination of factors oth-

er than hardness, particle size, seedcoat toughness or chewiness affect

acceptability. Such factors may include colour or flavour and should be

i nvest i gated 
"

used in this study would be

pre-cooking treatments used

of

to

u5e rn

r educ e



5. Studies should be carried out to oetermine how closely an r

Guatemalan paneL approximates average Guatemalan consumers in

ability rating. It would aLso be interesting to investigate

different cullural groups in GuatemaLa evaluate acceptability.
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n-house
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Appendix A

OUESTIONNAIRE USED FOR PÀNEI SELECTION - ENGLISH AND

SPÀNISH VERSIONS.
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I. GENERAL DÀTA

Name:

0ccupat ion:

TI.

Please ansrver the following questions sincerely.

1. Are you interested in participating in a training program for
the sensory analysis judges?

2. Do you smoke?

3. Do you eat chili with your meals?

4. Do you have problems detecting odours?

Yes

Àddress:

5. Do you have problems detecting fJ.avours?

Yes

Sex:

No

181

6. What flavour do you prefer?

Yes

Yes

No

Yes

No

Yes

Swee t

SaIty

Sour

Bitter

No

NO

No



7. What are you favourite foods?

a.

c.

9.

t.

8. What foods

a.

do you not like?

ô

b.

9.

I

q

ll.

Do you suffer from

Yes

10. Do you use a dental plate or

Yes

182

'11

b.

if you are selected to receive
for you?

From

d.

frequent colds or respiratory illnesses?

No

h.

j

false Leeth?

No

From

training, what

To

TO

time is convenient

(a.m. )

(p.m. )



I. DATOS GENERALES

Nombre:

IT

Ocupa ción:

Favor de responder las siguientes preguntas con Ia môyor sincerid¿

1 . Tiene interés en participar en un adies-,rami entc Ðerõ Ia
formación de jueces de anáIisis sensoriaL

Sí-No-

2. ¿Fuma usted?

Sí 

- 

No

3 - ¿Come chile con Ias comidas?

Sí-No-

4. ¿Tiene problemas para detectar olores?

Sí-No-

5" ¿Tiene problemas para detectar sabores?

sí No-

6" ¿Qué sabor preflerel

Di recc ión:

183

Sexo:

Dulce

Salado

Acido

Amargo

Sí No



¿cuáles son sus alimentos favori

a. , b

g

i

¿Qué alimentos no !e oi-ls'uen?

tos?

g

i

d

9 ¿Padece con frecuencia de catarros

h

10

l

¿Usa placa ó puente dentàI?

sí-no

184

11

t-ì

En caso de ser seleccionado para
hora'es para usted conveniente-

d

h

Si

l

No

o enfermedades respiratorias?

De --A
ADE

rec ibir adiestramiento, qqé

(en

(En

1a

la

mailana )

ta rde )



PROCEDURES AND tsALLOTS USED TN TESTS CARRIED OUT FOR

Test #i - Recognition Test for the Four Basic Tastes (,:ettinek, 1985)

SCREENING PÀNELISTS - BNGTISH AND SPANTSH VERSIONS.

Nine aqueous solutions of sucrose'

caffeine were prepared and presented in

for identification. 0ne litre of each

lists follor+ing the method of Jellinek

water was included as a tenth sample.

Appendíx B

Basic Taste

Swee t
ll

Salty
il

Sour
n

n

gi tter
il

sodium chloride, ci

a randomized order

sample was prepared

0.40
0.80

0.08
0.'15

0.02
0.03
0.04

0.02
0.03

(1985)

9/1oo mi,
g/1oo mr.

g/100 mt
s/100 mL

9/100 mL

s/100 mt
g/100 mt

g/100 mL
q/l o0 mr

Test Solution

Thirty mL samples

lists were asked to

expectorate into spil

was held relating to

1985).

tric acid and

to panelists

for 30 pane-

of distilledA sample

suc r ose
5UC r OSe

sodium chloride
sodium chloide

citric acid monohydrate
citric acid monohydraÈe
citric acid monohydrate

caffeine
caffeine

Trere poured into cups coded with letters. Pane-

swish the samples around in their mouths and then

cups. Àfter ballots llere completed, a discussion

the taste areas of the tongue and palate (Jellinek,

- 185 -



Name:

You have received aqueous soLutions containing low concentrations of
sucrose (sweet), sodium chloride (salty), citric acid (sour) ano caf-
feine (bitter).

Recognition Test for Four Basic

Your task is to recognize the basic taste of each sample solution
( sweet , salty , sour or bi tter ) .

When lhe sanple taste like water ( in concentrations below your
threshold) mark with a zero (0). If. your recognition of the taste is
questionable, write a question mark (?). Retasting is aIlowed. When
you recognize the taste please write it down.

Tastes

Ðate:

Sample codes

186

Taste qual"ity

tt

(;ettinek, 1 985)



Nombre:

Usted está recibiendo soluciones acuosas
centraciones de sucrosa (dulce), cloruro de
trico (ácido) y ce:ei:ra l amargo) .

PRUEBA PARA ET, RECONOCTMIENTO DE LOS CUATRO
S.ABORES BASTCOS

su tarea es reconocer el sabor básicos de cada muestra (dulce,salado, ácido, ó amar:go)-

Cuando el sabor cie Ia muestra es como
bajas para su umbrai_) marcer con cero (O)
sabor y no está seguro, entonces escriba
(? ) . Puede volver a probar Ia muestra si
decisión. Cuandc .Ì:e.(ìrc-:cr eJ sabc:: ìral:

Código de lrluestra

A

Fecha:

conteniendo bajas
sodio (sa1), ácido

187

agLla, (en concentraciones
. Si usted reconoce algún
un signo de interrogación
es necesario para tomar su

favor escriba el nombre.

Sabor Encontrado

con-
c l--

H

Gracías "



Tesi #2 - Odour Recognition

Each panelisl was given len

coded foil-covered tesl tubes wi

purchased at the supermarket.

Basic Odour

ora nge

vanilla

cloves

anise

olive oil

c i nnamon

c oc onut

lemon

ore9ano

almond

di fferent

th screw

odourants placed in separate

tops. All ooourants had been

188

Odouran t

orange extract

vanilla flavoured extract

ground cloves

anise essence

olive oil
ground cinnamon

coconut essence

lemon extract

ground oregano

almond essence

Panelists were instructed to screw off the lids and to take 3 sniffs.
Panelists $,ere asked to refrain from Looking at the samples inside lhe
tubes.

Before testing, panelists were given a brief talk on
the nose, its physiology and the smelling technique. The
tween normal breathing and sniffing was de¡nonstrated.

The results were classi f ied as being correct, being a
scription or incorrect (,:ettinek, 1985) .

the anatomy of
di f ference be-

correction de-



Name:

You will receive 10 samples in tubes.

Try to recognize the odour and write your answer in the right-hand
column (Odour recognition ) .

When you ae not able to recognize the odour, attempt a description
and write it in the middle column (odour description).

Even when you can recognize the odour, describe it as well. This is
important for later tests.

Odour Recognition Test

Code Odour description

Date:

189

Odour recognition

(,:ettinek, 1985 ) .



Nombre:

usted estará recibiendo 10 muestras en tubos.
nocer el olor y escribir su resultado en la columna
(olorreconocido).CuandonoSesientacompetente
eI olor, intente hacer una descripción y escribala
de eI centro (descripción del olor) '

PRUEBA PAR.A EL RECONOCIMTENTO DE OLOR

Fecha:

Aun cuando usted pueda reconocer el olor, describalo.
es importante para las próximas pruebas '

Muestra No Descripción del olor

190

Trate de reco-
de la derecha

Para reconocer
en la columna

Olor Reconocido

Comentarios:

Esto



Test #3 - Flavour Recognition Test

Twelve coloured fruit-flavoured samples were presented to rhe pane-

Iists in a randomized fashion. For some samples, artificial colour had

been added to a fruit-flavoured drink made from a powdered mix. For

other samples, artif icial flavour had been added to coloured distilled

water. Panelists were asked to identify the flavour while disregarding

the colour.

F lavour

I rape

s t rawber ry

stral.¡berry

mandarin orange

mandarin orange

pi ñeapple

p i neapple

1 emon

lemon

raspbe r ry

191

Co1 our

pur p1 e

red

ye11ow

ora nge

red

gr een

yeLJ.ow

I reen

red

red

(Malcolmson, 1985).
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Flavour Recognition

You will receive 10 coded flavoured drinks. Test *,he samples in the
order they are listed on the baIlot. Write the name of the flavour that
you perceive on the appropriale Iine.

Sampl.e Code Identi f ied flavour Comments:



Nombre:

Usted estará recibiendo 10 muestras codificadas de bebidas con
sabor. Pruebe las muestras en eI orden en que se encuentran
listadas en la ficha. Escriba eI nombre del sabor que usted
percibe en la linea apropiada.

RECONOCIMTENTO DE SABOR

Codigo de
Muestra

Fecha:

Sabor
Identificado

193

Comentarios:

Gracias "



Test #4 - Texture (Hardness) nating Scale

Panelists were given 9 food samples to rank in order of hardness.

Panelists were told ¡o bite dcwn once vlith their molar teeth on the sam-

p1e and to evaluate the force requireo to penetrate the sample. Pane-

lists were given a demonstration of this technique.

SampIe

cream cheese

capas cheese

cheddar cheese

olives

w i ener

peanut

hard candy

carrot

almond

(Parma) 1/2" cube

(Queso de capas) (i,a Predera ) 112" cube

(Parma) 112" cube

(voguy) one whole rvithout pimento

(roledo - salchicha versalles) 1/2" slice

(Roland - natural, fresh) one whole

(Brachs peppermint lozenges) one whole

(buIk - fresh) 1/2" cube

(Uutf - fresh) one whole

Specifications

194

( Bourne et aI. , 1 975 ) .



Rank these 9 samples for hardness.
first (1 ), the second softest is ranked
sample is ranked ninth ( 9) . llrite the
Iines.

t.

Texture (Hardness) natíng ScaIe

2.

4.

The softest
second (2) ,
sample names

6.

't.

Commen t s :

8.

sample is ranked
etc., the hardest
on the appropriate

q

195



Nombre:

Esta es una prueba de rangos para evaluar la dureza de las muestras.
La muestra menos dura ô sea Ia más suave estará en el Ier rango' la
segunda menos dura será la 2a., etc. La muestra más díficil será
Ia 9a. Escriba el nombre de la muestra en al rango y linea que
usted considere apropiada "

1.

ESC.A],A DE RANGOS PAR.A TÐ TUR.A (DUREZA)

Fecha:

2.

4

6"

Comentarios c

196

7-

8.

o

Gracias "



Test #5 - Physiology of Aroma Perception

The session began with a discussion of the physiology of aroma per-

ception. In order to demonstrate this phenomenon, panelists were given

a cup containing cinnamon sugar. They were asked not to look at or

smelL the sample. Panelists were then instructed to block their noses

and to take a spoonful of the sample into their mouths and chew 1t rlith

their mouths open. They were told to analyze the aroma (flavour) they

perceived. Panelists were then instructed to quickly close their

mouths, open their noses and exhale. They were asked to analyze the

perceived aroma.

I n a second exerc i se , panel i sts werre asked to ident i fy samples of

grapefruit juice and pear nectar by sniffing alone. Panelists were then

asked to identify samples of grapefruit juice and peach nectar by slurp-

ing. The slurping technique was demonstrated.

197

Grapefruit juice (unsweetened)

Pear nectar

Peach nectar

Sample

The third exercise involved presenting 2

sweetened black coffee) that could not be di

nose closed. Panelists worked in groups of

panelist being given the sample by the olher.

Brand

Juice Bowl

Kern's

Kern' s

samples (red wine and un-

fferentiated with eyes and

ttlo r.¡ith one blindfolded

The blindfolded panelist



$Ias told to close his/her nose and

swirl it with the mouth open. The

low the sample but to expectorate

opening the nose the paneJ.ist was

nek, 1985).

lhen take

panel i st

into a

asked to

198

the sample in the mouth and

was instructed not to swal-

expectoration cup. Before

identify the sample (,:e11i-



Name:

You will receive 2 samples in cups. Try to recognize the aroma by
sniffing and write your response in the column on the right (recognized
aroma). when you don't feel able to identify the aroma, try to describe
it in the centre column (aroma description). Even when you can recog-
nize the aroma, describe it.
Please do not taste the samples.

Thank you

AROMA RECOGNITION BY SNIFFING

Date:

Sample Aroma description by Recognized aroma by
number SNIFFING SNIFFING

199



Name:

You will receive 2 samples in cups. Try to recognize lhe aroma by
slurping and write your response in the column on lhe right (recognized
aroma). When you don't feel able to identify the aroma, try to describe
it in the centre colunn (aroma description). Even when you can recog-
nize the aroma, describe it.

Thank you

AROMA RECOGNITTON BY SLURPING

Date:

Sample Àroma descript.ion by Recognized aroma by
number STURPING SLURPING

200



Nombre: Fecha:

Usted estará recibiendo 2 muestras en vasos. Trate de reconocer eI
eroma por medio de husmear y escribir su resultado en Ia columna de la
derecha (aroma reconocido). Cuando no se sienta competente para recono-
cer el aroma, intente hacer una descripción del tipo del aroma y escri-
bala en la columna del centro (descripción deL aroma). Àun cuando usted
pueda reconocer e1 aroma, describalo.

POR FÀVOR NO PRUEBE LÀ MUESTRÀ EN LA BOCÀ.

Grac ias

PRUEBA PARA Et RECONOCIMIENTO DE AROMÀ

POR MEDIO DE HUSMEAR

Muestra Descripción de aroma Aroma Reconocido por
No. por medio de HUSMEAR por medio de HUSMEÀR
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Nombre:

Usted estará recibiendo 2 muestras en vasos. Trate de reconocer el
aroma por medio de husmear y escribir su resultado en la columna de Ia
derecha (aroma reconocido). Cuando no se sienta compelente para recono-
cer ef aroma, intente hacer una descripción del tipo de1 aroma y escri-
bala en la columna del centro (descripción del aroma). Aun cuando usted
pueda reconocer e1 aroma, describal-o.

Gracias

PRUEBA PARA EL RECONOCiMTENTO DE AROMA

POR MEDiO DE SORBER

Fecha:

Muestra Descripción de aroma Arona Reconocido por
No. por medio de SORBER por medio de SORBER
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% COOKED BÀttOT USED IN GUÀTEMÀLÀ - SPANISH VERSION.

Ní:mero de pcrreì. is'.a:

r-ombre:

LAS INS'IRLICCIONES:
Eval-ue l-0 frijoles al- azar de

belota Ia centidad de l-os frijo).es
ó "ciucos".

EL 14E'I'ODO:
L Ponga 1fri;ol crr.l:e 1ês

r:lérd¿ ¿: ei ce:.ti l:() (le rr._

2- P¡esio:e ei r',!sn'c, fli;or
su l-e:rqua.

3 - Cons idere : (Pcrr l¿. irt'r, ì-'-

la cáscara )

I,À TEXTURÀ DE FRIJOL

Àppendix C

NEGRO - % COCIDO

!'echa:

c¿d¿ muestra y escriba en l¿
que Ud. crea estan " coci.dos"

ir!i:l:.:. fiie:rtes de ai.::ás) r'

,.ì:1 ;:: :.4i,¡ci¿-.I- cua i:) ir(, ,

t'..r'r-.1 = cue NO eS'L¡incrs L .i-...:1

DLIRÈ ----- --ÞcruDLr

homogeneo
Colocar un mínimo de I cìe I os lri joles rest;ili u: 'ì : :

de su boca. Ci¡cuIe el ninro¡o deI código de l-¿ mr':es!r¿
de f ri3oI que us-LeC más pr:ef j c'l:e solamente para tc):tur¿

c""tid-d d" io= fri3oles I eantidad de los friioles

tll'.:Duloscs ó
-Þcon orumos duros, ---ÞClìUDO

cocrDos

OBSERVACIONES:

üô

CRUDOS
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TEXTURE PROFILE ANALYSiS BÀLLOT USED IN GUÀTEMAtÀ -
SPÀNISH VERSION.

Número de

Nombre:

EVALUACION

panelista:

Evaluar la muestra de acuerdo a los siquientes parámetros'
Primero, evalóe el estandar de Ia muestra para establecer un

punto de referencia, y Iuego evaluar las muestras codifi-cadas y
marcar Ia intensidad relativa de Ias muestras de frijol codifi-
cadas en c¿da escala.

Fase Inicial de Morder
DUREZA

Àppendix D

DE TEXTURE DE FRIJOLES

Fecha :

Queso
Crema

TÀ.IIÀNO DE PARTTCI.II,A

l.lantequ il la

PERCEPCION DD CASCARÀ

S uavê

MASTICACION

Fase l'lasticatoria

COME}TI'ARlOS:

códiqo de Muestra

Lmendra

No- de Masticadas

-204-
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DEFINITIONS USED F'OR THE FOUR CHÀRACTERISTICS EVÀtUÀTED BY

TI.IE GUÀTEMÀLÀN TEXTURE ÀNÀtYSIS PÀNEI - SPÀNISH VERSION.

DUREZA:
l'lorder en eI centro de Ia muestra de frijoles (2), una vez,
con los molares, y evaluando la fuerza requirida para
penetrar en la muestra "

Appendix E

DEFTNICTONES PARA I,A H/ALUACION DE TÐCIURA

TA}{ÀNO DE PARTICIII,A :
Masticar la muestra de frijoles (2) con los molares, de
2 a 3 masticadas, y frotar el cotiledón entre Ia lengua
y el paladar y evaluar eI tamaño de las partículas.

PERCEPCION DE CASCARA. .

I',lordiendo el frijol, separar la cáscara del cotiledón entre
Ia molar y fuera del cotiledón, frotando entre Ia lengua y
el paladar. Evaluar Ia fuerza requerida para morder a

través de Ia cáscara de un frijol con los dientes de enfrente.

MASTICACION:
Coloque una muestra de frijoles (2) en su boca, f rnãstique
de una forma constante (1 masticada por segundo), contando
eI número de masticadas hasta que Ia muestra esté lista para
ser tragada.
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iN-HOUSE ÀCCEPTABITITY BAttOT USED IN GUÀTSHAIÀ - SPÀNISH
VERSION.

Nombre:

Mues tra :

Pruebe còda una de las sìgujentes muestras de frijoles. Chequee ìa categoría ¿ la oue corresponde la meior
descrìpción de su evaluación de la r-extura cocida en base a su gusto de cómo come'los frijoles parados en
casa. Pruebe escrtbir una razón ó una observación si a usted no le qustð la textura de una muestra.

Fri Íoles ne

I cóoi oo

l_-
I mues tra
I

I

Appendix F

coci dos

Lô textura
es extrema
damen te
a ceptab I e

La texture
eS muy

aceptaole

La:extura 
l

es :ncdera- 1

d¿r::nie '

ace)table i

OBSERVACIONES:

Fecha:

La textura
es un occ0
acepteÞle

l"a texIrra
es un 00co
inacepta-

ble

tLa tex'-ura
i es mocerada
i mente ina-- i

' ceptabl e ;

!-a te x tu ra
eS muy

i nacepta-
ble

La textur¿
es extre-
madamente
ì naceptô-

I
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DISTRIBUTIONS OF ACCEPTABILITY SCORES AMONG THE PANELISTS
OF THE IN_HOUSE COOKING TIME ACCEPTABILTTY PANET FOR EÀCH

OF THE 5 LINES OF FRESH GUATBMÀLAN BLACK BEAN SÀMPLES

COOKED TO 5 DIFFERENT COOKING STAGES.

Appendix G

-207-



eæking aeeepuøbílieg t
Píæ (min) 6eore

I

3

3
6
1
ê

I

f
a
E

6
1
I

ehichieøøte

FRgøuEgcY 6AS 886&l

208

23

P&eo suÈ. Pa@aEf

20 20
I O lo
4 3¡
? 4r
o a1
o 41
1 42
o {2

67

Figure G.1: Distribution of acceptability scores among the panelists of
an in-house cooking time acceptability panel for the fresh
Chichicaste sample cooked to 5 different cooking stages.
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Figure G.2: Distribution of acceptability scores among the panelists of
an in-house cooking time acceptability panel for the fresh
Criollo À sample cooked to 5 different cooking sÈages.
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Figure G.3: Distribution of accepLability scores among the panelists of
an in-house cooking time acceptability panel for the fresh
Criollo B sample cooked to 5 different coohing stages.
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Figure G.4: Distribution of acceptability scores among the panelists of
an in-house cooking time acceptability panel for the fresh
Criollo B sample cooked to 5 different cooking stages.
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oNE-wAy ANAtysrs oF vARTANcE (nuove) ron rHE EFFECT 0F
co npr¡¡1ffi

BLACK BEANS.

Chichicaste
Source of variation

Cookt ime
Error
Tota I

Criollo A

Source of variation

Àppendix H

Cookt ime
Error
Tota I

CrioIlo B

Source of variation

df

I

208
209

df

MS

531 .55
2.47

Cook t ime
Error
Tola I

I tzapa
Source of variation

1

208
209

df

214 .7 5***

Cookt ime
Er ror
'l'ot.a l

Sesenteño
Source of variation

MS

334.34
2.27

Pr>F

0 . 0001

1

188
189

df

1 46.94***

MS

228.97
3.08

Cookt ime
Er ror
Total

Pr >F

0 . 0001

1

188
189

df

'7 4.22*.**

MS

326.7 0

2.32

Pr>F

0.0001

I

193
194

1 40 " 52***

MS

23s.01
2 "21

Pr >F

0"0001

- ¿t+ -

1 05. 54***

Pr >F

0.0001



Appendix H (continued)...

Tamazulapa
Source of variation

Cookt ime
Error
Tota l

df

1

233
234

MS

256.51
2.91

88.1 4***

215

Pr >F

0.0001



ÀNAIYSIS OF COVÀRiANCE (¡IICOVE) FOR THE EFFECT OF COOKING
TIME ON TEXTURE PROFILE ANALYSTS (TPN) HERNNSSS SCONE FOR

FRESH BLACK BEANS.

Chichicaste
Source of variation

Cookt ime
Rep
Er ror
Tota 1

Criollo A

Source of variation

Appendix I

Cook t i me

Rep
Er ror
Tota 1

Criollo B

Source of variation

dt

1

2

109
112

df

MS

3036 " 32
63.72
18.09

Cookt ime
Rep
Er ror
Tota l

I tzapa
Source of variation

I 67.86***
3.52*

1

2

121
124

df

MS

2777 .29
6. 69

18.3s

Pr >F

Cook t ime
Rep
Error
Tota I

0.0001
0.0329

151.31***
0.35

1

2

121
124

df

MS

2332.53
95.69
15.05

Pr>F

0. 0001
0.6952

'l${. $lx**
6. 36*

1

2

96
99

MS

20s5.88
10.58
18.19

Pr >F

0.0001
0.0024

113"00***
0. 58

Pr >F

- ¿t6 -

0.0001
0.5609



Appendix I (continued)...

Se sen t eño
Source of variation

Cooki ime
Rep
Er ror
Tota L

TamazuJ-apa
Source of variation

Cookt ime
Rep
Error
Tota 1

df

1

2

ttt
114

df

MS

1 980.68
9.01

13.52

1 45.47***
0.67

1

2

91

94

MS

217

1133.91
77.66
13.31

Pr>F

0.0001
0.51s5

85. 18***
5.83*

Pr>F

0. 0001
0. 004 1



ÀNALYSiS OF COVARIANCE (¡HCOVE) FOR THE EFFECT OF COOK]NG
TIME oN TExTURE PROFILE ANÀLYSIS (tPE) PARTTCLE STZE SCORE

FOR FRESH BLACK BEÀNS.

Chichicaste
Source of variation

Cookt ime
Rep
Er ror
Tota l

Àppendix J

Criollo A

Source of variation

Cook t i me

Rep
Er ror
Tota I

df

Criollo B

Source of variation

.1

2

109
209

df

MS

3s81.58
33.11
20. B5

Cook t ime
Rep
Error
Total

171
1

I tzapa
Source of variation

,1

2

121
124

df

.7 9***
(Q

MS

33t1.¿5
53.35
17.61

Pr>F

Cookt ime
Rep
Error
Total

0.0001
0.2090

I 91 .39***
3.03

1

2

121
124

df

MS

3094. 1 6

0. 99
1 5.40

Pr>F

0.0001
0.0520

200.94***
0. 06

1

2

96
99

MS

2230 "81
40. 13
21 .96

Pr>F

0 .000 1

0.9407

101.58***
1 .83

Pr >F

-218-

0.0001
0.1 663



Appendix J (continued)...

Se sen teñ o
Source of variation

Cook t ime
Rep
Er ror
Tota I

Tamazulapa
Source of variation

Cook t ime
Rep
Error
Tota 1

df

.1

2

111

114

df

MS

1 908.70
2.27

15.16

1 25.93***
0.1s

1

2

91

94

MS

219

1 304.84
69.80
15.18

Pr>F

0 .0001
0 .8609

80.65***
L ?)*

Pr>F

0.0001
0.0162



ANALYSIS OF cOVARTÀNCE (nHCOVI) FOR THE EFFECT OF COOKING

TIME ON TEXTURE PROFILE ÀNALYSIS (tP¡) SEBDCOAT TOUGHNESS

SCORE FOR FRESH BLÀCK BEANS.

Chichicaste
Source of variation

Cookt ime
Rep
Error
Tota l

Criollo À

Source of varialion

Àppendix K

Cookt ime
Dan¡\uP

Er ror
ToLal

Criollo B

Source of variation

df

1

2

109
112

df

MS

3723.21
35.02
28.39

Cookt ime
Rep
Er ror
Tota I

'131.15***
1 .23

I tzapa
Source of variation

1

2

116
119

df

MS

3609. 1 6
100.21
24.05

Pr >F

Cookt ime
Rep
Er ror
Tota I

0.0001
0.2952

1 50.08***
4.17*

1

2

1 
'15

119

df

MS

3635.75
2't .35
29.75

Pr >F

0.000 1

0.0179

122.19***
0.92

1

2

96
99

MS

2442 "03
33.25
37 .57

Pr>F

0.0001
0"4015

65.00***
0.89

Pr>F

-220-
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Appendix K (continued)...

Se sen t eño
Source of variation

Cook t ime
Rep
Er ror
Tota 1

Tamazulapa
Source of variation

Ccok t i me

Rep
Er ror
Tota 1

cf

1

2

111
114

df

MS

3548.1 1

0.77
23.59

150.40**:t
0.03

1

2

91

94

MS

22i

2352.98
1 83.02

15.85

Pr >F

0.0001
0.9698

1 48.46***
1 1 .55***

Pr>F

0.0001
0.0001



ANALYSIS OF COVARIANCE (NHCOV¡) FOR THE EFFECT OF COOKING

rr¡an o¡¡ rexruns pnorirn eH¡rvsls (rp¡) cHEwINESS scoRn FoR
FRESH BLÀCK BEANS.

Chichicaste
Source of variation

Cookt ime
Rep
Error
'1'otal

Criollo A
Source of variation

Àppendix L

Cook t ime
Rep
Error
Tota I

df

CriolIo B

Source of variation

1

2

109
112

df

MS

863.62
10.75
11.61

Cooht ime
Rep
Error
Tota 1

I tzapa
Source of variation

7 4.37***
0.93

1

2

121
124

df

MS

s56. 96
21 .27

6. 50

Pr >F

0.0001
0.3993

Cookt ime
Rep
Error
Tota l

1

2

121
124

df

85.67***
3.27*

MS

57 3 .45
16.69
5. 53

Pr>F

0.0001
0. 041 3

103.76***
2.84

1

2

96
99

MS

361 .62
19 "52

5. 34

Pr>F

0.0001
0.0624

67.77***
1"83

Pr >F

-222-

0.0001
0.1661



Àppendix L (continued)..

Se sen t eño
Source of variation

Cookt ime
Rep
Error
Tota l

Tamazulapa
Source of variation

Cook t ime
Rep
Er ror
Tota I

cf

1

2

111
114

df

MS

286.86
6.9s
2.83

101.21***
2.46

1

2

91

94

MS

223

224.7 4
18.75
)q1

Pr >F

0.0001
0.0905

75.61***
6.31*

Pr >F

0.0001
0.0027



PREDICTION TINES FOR THE RELATiONSHIP BETWEEN EACH OF THE

Appendíx M
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Figure M.1 :

where ÆFl

MACC

Prediction line for the relationship between textureprofile analysis (TPÀ) eeen herdness score and comparative
acceptability pnel mcan ðccept@bility øcore.

e mean texture prof ile analysis (fpa) hardnees scorcE &ean êcc@ptebility score (cooking time øcceptability pønel)
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Figure M.2:

where MP
MACC

Prediction line for the relationship between texture
profile analysis (TPÀ) mean particle size score and
comparative acceptability panel mean acceptability score.

s meen tcxture profile analysis (TPÀ) particle size score
B mean acceptebility score (cooking time accept,sbility panel)
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Figure M.3:

vhere ffi
MÀCC

3456'7
Mean Acceptebility Score (Cooking Time Acceptability Panel)

Prediction line for the relationship between texture
profile analysis (tpa) mean seedcoat toughness score and
comparative accepÈability panel mean acceptability score.

a mean texture profile analysis (fpa) eeedcoat toughness scorc
I meen acceptability score (cooking time acceptability panel)
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(R¿ = 0"89)

1

a

ehichicasÈe

Criollo A

Criollo B

I tzapa

SesenÈeño

Taæzulapø

234567
Mean Accept,sbility Score (Cooking Time AcceptabÍlity Panel)

Figure M.4:

wherc MC

MÀCC

Prediction line for the relationship between texture
profile analysis (tp¡) mean chewiness score and comparative
acceptability panel mean acceptability score.

s mcan texture profile analysis (TPA) chewine6s score
B ffiilean ecceptability score (cooking time eceeptability panel)



Appendix N

ONE-WAY ANALYSIS OF VARIANCE FOR THE EFFECT OF VARIETY ON

Source of variation df MS F Pr>F

ACCEPTABILITY SCORE OF FRESH BLACK BEANS.

Variety 5 10.45 4.20xx 0.0012
Error 210 2.49
Corrected total 215
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OF AN TN-HOUSE COMPARATIVE ÀCCEPTABTLÌTY PANEL FOR 5 LINES
RIBUTION OF ACCEPTAB]LITY SCORES AMONG THE PANETISTS

OF FRESH GUATEMÀLAN BLACK BEÀN SÀMPLES COOKED TO THEiR
INDIVIDUÀL ÀCCEPTÀBLY COOKED POlNT.

Appendix 0
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SÀMPtE OTMS DATÀ CURVE FROM APPLE IIE COMPUTER.

Appendix P

DATA ANALYSIS AND GRAPH FOR ó738
II APRIL i98ó

FOVING AVERAGE CONSTANT USÊD: I

ÞATE OF TEST: 8óO4TI

ELAPSED TESTTIT,IE (S) =
XHEAD SPEED (Cñ/H) =
PEAK FORCE (N) =
TIHE TO PEAK (S) =
DEF. TO PEAK (III1) =
FIRîINESS I (N/Î'1Fl) =
ENERGY TO PEAK (Jl =
COî,îPRES. ENERGY (J ) =
TENS¡LE EN€RGY (J) =
TOTAL EÞ{€RGY (J) =

53.595
6. óOO

a9 .42f¡
50. 98l
5é. O80

4. é4t
4 r90. 587
4576.660
-r13.O7¿g
4689.734
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DTSTR]BUTION OF ACCEPTÀBiLTTY SCORES ÀMONG THE PÀNELISTS
OF AN IN-HOUSE COMPARATIVE ACCEPTÀBIt]TY PÀNEL FOR 6 LINES

OF STORED GUATEMALÀN BLACK BEAN SAMPLES COOKED TO THEIR
INDiVIDUAL ÀCCEPTÀBIY COOKED POiNT.

Àppendix Q
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