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Physical, chemical and sensory attributes were 

examined on canned green beans (Oregon 1601) of sieve sizes 

3 & 1 and 5 & 6 after one and three months of storage at 

room temperature (RT). The green beans subjected to 

different pre-blanch conditions in water (Tltl: 160 F - 30 

min.; T1t2: l60oF - 90 min.; T2t1: 200oF - 30 min.; T2t2: 

200 F - 90 min.) were blanched in a steam exhaust line for 

2 min. and 50 sec. at 208-210 F to inactivate the enzymes 

still active. The control (T3: direct blanch) was 

significantly different from the others. Heat treatment 

prior to blanching and the other variables (sieve size and 

storage) had highly significant effects on all quality 

attributes of canned green beans. The pH was significantly 

lowered by pre-blanch and by canned storage. This 

decrease was considerably faster for sieve 5 & 6 than for 

sieve 3 & 1.  The lowest pH value was obtained for T1t2 and 



corresponded to the most firm and most green canned green 

beans. The effects of increasing sieve size,temperature 

and time of pre-blanch were significant (P — 0.01) on 

slough. The decrease of sloughing during storage was not 

found to be significant. The resistance to compression 

and shear was significantly increased by the lower 

temperature of pre-blanch (160 F), which activated pectin 

methylesterase (PME), and also by a longer canned storage 

time ( 3 months ) . Larger green bean sieve size and 

increasing temperatures, lowered the resistance to 

compression and shear which was negatively correlated with 

pH and slough. EDTA-soluble pectins (EDTA-SP) which were 

significantly higher with lower temperature . of pre-blanch 

and in smaller sieve size were not affected by storage at 

RT. EDTA-SP, highly positively correlated to resistance to 

compression and shear, showed a negative relationship with 

pH and slough. However, water-soluble pectin (WSP) 

increased with larger sieve size, longer storage and higher 

temperature, and declined when time of pre-blanch 

increased. Sensory attributes for texture, appearance, 

color and flavor had a high degree of correlation with 

chemical and physical parameters. The judges were more 

able to distinguish changes introduced by pre-blanch 

treatments than those related to different stages of 

storage or different sieve sizes. There was a loss of 

green color and an increase of yellow and brown color 

associated with heat treatments. While treatment T1t2  ( 



160 F-90 min.) had the highest retention of green color, 

the control (T3) displayed the highest loss. Also, 

firmness and brine clarity of the canned green beans were 

improved with pre-blanch at the lower temperature (160 F ). 
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EFFECTS OF TEMPERATURE AND HOLDING TIME 
DURING PRE-BLANCH ON pH, PECTIC SUBSTANCES 

AND QUALITY CHARACTERISTICS 
OF CANNED GREEN BEANS 

INTRODUCTION 

Green beans (Phaseolus vulgaris L.) are a widely 

grown vegetable. All over the world they serve as a human 

protein, fiber, vitamin and mineral source. In 1981, green 

bean production for fresh and processed markets in the 
5 

U.S.A. represented more than 8.1 x 10  metric tons with a 

value  of  over  200  million  dollars  (U.S.D.A.,  1981). 

Oregon ranked second nationally in the production of green 

beans for processing (U.S.D.A., 1981). 

However like all perishable commodities, green beans 

are subject to post-harvest changes in their composition. 

Parker and Stuart (1935) showed that during storage of 

snap beans a decrease in crispness was attributed mainly 

to the loss of water  and increase  of soluble  pectins. 

Also, blanching and freezing or canning are important to 

increase the  shelf-life of snap beans.   However,  this 

blanching process (a combination of high temperature with 

time),  introduces  its own changes that are not always 

desirable.   The primary objectives of blanching are  to 

inactivate  the  enzymes  responsible  for  considerable 

quality   deterioration   during   storage,   to   prevent 

sloughing, formation of off-flavors and discoloration, and 



also to reduce the bacterial flora. This process produces 

changes in texture (Mundt et al. I960; Sistrunk and Cain, 

I960; Van Buren et al. I960; Lee et al. 1979), pectic 

substances (Sistrunk et al. I960; Johnston et al. 1982; 

Sistrunk and Kozup, 1982), nutritional value (Rao et al. 

1981; Rice and Selman, 1984), and color (Mackinney and 

Weast, 19^0; Van Buren et al. 1964). In studying the 

sloughing problem, Sistrunk (1959) noted that this adverse 

effect was reduced when green beans were given a pre- 

blanch (mild heat treatment) before cooking. Many 

investigations have been conducted on different phases of 

green bean quality after heat treatment was applied. It is 

known that texture is closely related to pectic substances 

(Johnston et al. 1982), and that leaching of soluble 

compounds occurs during the blanching and cooling 

processes (Rice and Selman, 1984). 

In this present  study,  different  temperatures and 

times of pre-blanching were selected and their effects on 

physical, chemical, and sensory characteristics of canned 

beans were examined.   Several variables  (pre-blanch in 

cans covered with a lid, two temperatures and two times of 

pre-blanch,  and  blanching  in  steam exhaust  line)  were 

chosen and. two sieve sizes were used in this   project. 

Also, after the  canning  process,  the beans were stored 

at  room  temperature  (RT)  for  one  and  three  months, 

respectively  to  study  the  effects  of storage time on 

the  quality  of  canned   green beans.  Thus, the 



objectives of this project were to determine 

(1) The effect of sieve size on pH, slough, pectic 

substances, resistance to shear, and sensory 

evaluation. 

(2) The effect of temperature and  time of pre- 

blanch on the characteristics listed above. 

(3) The effect of storage time. 

(4) The relationships between the chemical, physical, 

and sensory attributes of canned green beans. 



II.  REVIEW OF LITERATURE 

A.  Changes Occurring Durvlng Processing 

It is now a standard practice to blanch vegetables as 

well as some fruits for canning or freezing sinqe Joslyn 

and Cruess, in 1929, pointed out the value of blanching 

vegetables. The blanching process, which involves a 

combination of high temperature and time is usually done 

in water and/or steam. Joslyn and Marsh (1938), Mackinney 

and Weast (1940), Holmquist et al. (1951), Lee (1958), 

Sistrunk (1959), and Davis and Striegler (1982) gave the 

following reasons for blanching prior to freezing: 

(1) Inactivate enzymes for safe storage. 

(2) Cleanse the vegetables. 

(3) Prevent formation of off-flavors and 

discoloration. 

(1)  Remove soil and other foreign substances. 

(5) Reduce bacterial flora. 

(6) Reduce turgidity of vegetables and save space in 

packaging. 

(7) Activate pectin methylesterase (PME) to prevent 

sloughing, peeling and undesirable textural 

changes. 

The time and temperature of the blanch are based on 

the activity of the enzymes present in the vegetables. 

Masure  and  Campbell  (1941)  found  that  peroxidase  and 



catalase were the enzymes involved in the quality 

deterioration during frozen storage of raw vegetables. 

But a previous study by Joslyn and Marsh (1938) noted that 

catalase, although in lower quantity in vegetables that 

maintain a higher quality during storage, didn't correlate 

well with quality during storage. 

The high heat resistance of peroxidase has led to 

its increasing use for indicating adequacy of blanching 

(Isaac and Winch, 19^7). Other studies also came to the 

conclusion that blanching increases the greenness of 

green beans (Joslyn and Marsh, 1938; Woodroof et al., 

1962). 

Since Joslyn and Cruess emphasized the value of 

blanching in 1929, there has been a continuing debate on 

proper time and temperature to be used. Joslyn and Marsh 

(1933) found that a temperature of 1800F to 1950F was 

necessary if quality was to be kept during storage, with 

195 F being more desirable for long storage periods. They 

cited several authors who recommended a period of 1 to 5 

minutes in boiling water or steam as the necessary time 

for blanching. But Bedford and Joslyn (1939) considered 

factors such as maturity, toughness, freshness and growing 

conditions as influencing the blanching time and 

temperature. Sistrunk (1959) concluded that size, variety, 

and field conditions also play a role in the determination 

of optimum time and temperature. Mundt and McCarty 

(I960),  in  their study,  found  that the differences  in 



variety were more  important  in determining  the  correct 

blanch than variations in the climatic factors of an area. 

Processors of green beans have tried to establish a 

blanching process which is minimal, in order to prevent 

some  effects  of  overblanching,  such  as  sloughing  and 

softening.   Joslyn and Marsh  (1938)  found that if snap 

beans were given a blanch sufficient to obtain a negative 

peroxidase test, the beans would be overblanched and an 

excessive  loss  of  color  would  follow.  Cruess  (1958), 

Dietrich  et al.  (1959),  Mundt and  McCarty  (I960)  and 

Hanson (1975) noted that excessive softening,  sloughing 

and color degradation were due to overblanching at 212 F 

or higher.  Masure and Campbell (191*1*) summarized well the 

reasons why there is no standard blanching process: 

"Since blanching is influenced by such variable 
factors as blanching medium and temperature, 
blancher loading, physical and physiological 
characteristics of vegetables, average size of 
pieces, and uniformity of heat distribution 
and penetration, one cannot rely on standard 
time and temperature alone." 

The tendency is towards a shorter time-higher 

temperature blanch compared to longer time-lower 

temperature to try and minimize the changes in the 

commodities. After harvesting, the food crops should be 

processed as promptly as possible to decrease oppor- 

tunities for deterioration in quality and losses of 

nutrients (Sistrunk, 1965). However, all processing 

steps, including home cooking, produce significant loss of 

nutrients.    Therefore,  it  is  important  in  commercial 



canning that every reasonable precaution be taken to hold 

such losses to a minimum. 

Blanching beans for 1.5 min. at 212 F gave the same 

quality as 4.5 min. at 185 F when canned beans were 

evaluated for color, flavor, and texture (Moyer et al., 

1952) and it has been demonstrated that there is a 

temperature range over which these quality factors benefit 

by heating. For string beans, the range is 180 F to 195 F 

(Joslyn and Marsh, 1933). 

The claim is made that the softening of tissues is 

due, primarily, to separation of cell walls and, 

secondarily, to the loss of rigidity in the individual 

cell walls (Sterling, 1955). Since the intercellular 

cement is composed in most part of pectic substances 

(Deuel and Stutz, 1958; Joslyn, 1962; Worth, 1967; 

Doesburg, 1973), any process which degrades those 

substances can obviously produce cell separation (Kertesz, 

1951; Doesburg, 1965, Van Buren, 1979). The pH also plays 

an important role in softening of processed vegetables. 

Doesburg (1965), Sterling (1968), and Buescher and Adams 

(1983) noted that firmness of plant tissues is most 

stable at pH 4 to 5 and that increases or decreases of pH 

enhance solubilization of pectic substances. 

Van Buren (1983), in a study of the role of salts on 

the texture of canned snap beans, concluded that NaCl 

promotes softening both during cooking and apart from 

cooking, with the cooking effect accompanied by increased 



pectin solubility and the non-cooking effect accompanied 

by increased Ca solubility . The same author (1984) 

also noted that during the non-cooking step of green 

beans, chlorides of Na , K , Li , NH2* and Mg caused 

softening with LiCl showing the most effect. Salt-induced 

softening was accompanied by Ca displacement and the 

firming effects of Ca salts are well known (Hoogzand and 

Doesburg, 1961; Doesburg, 1965; Van Buren, 1968). 

Mackinnney and Weast (19^0), and Van Buren et al. (1964) 

noted that the color changes occurring in green vegetables 

during blanching is primarily due to formation of 

pheophytin by removal of Magnesium (Mg ) from the 

chlorophyll molecul-e. It is also commonly observed that 

when blanched or cooked green vegetables are exposed to 

sunlight, the green color is gradually lost (Van Buren et 

al., 1964). 

Vegetables are a good source of several vitamins and 

minerals and need to be handled so as to minimize losses. 

Water, oxygen, heat and ultra-violet light can cause 

excessive losses of vitamins. Blanching and heat 

sterilization produce significant losses in the vitamin 

content of foods. Storage also reduces the level of 

vitamin in vegetables, temperature and length of storage 

are very important in this respect (Clifcorn, 1948; Abou- 

Fadel, 1982). 

The texture and appearance of several canned fruits 

and vegetables has been improved by suitable blanching and 



canning techniques; potatoes (Bartolome and Hoff, 1972), 

snap beans (Van Buren et al., I960; Steinbuch, 1976, 

1977), cauliflowers (Hoogzand and Doesburg, 1961), and 

carrots (Lee et al., 1979). Blanching at temperatures 

around 140-167 F, activates the pectinesterase (PE) which 

modifies pectin in the cell-walls by de-esterification 

during a post-blanching holding period. 

The blanching medium is also an important factor in 

the reduction of losses of soluble nutrients and a study 

by Rice and Selman (198*0 indicates that much of the loss 

appears to occur by diffusion. 

Actually, extensive work is done to minimize the 

undesirable changes that occur before, during, and after 

heat treatment. Basel (1983) proposed an improvement of 

green color of snap beans by acidified bulk storage. 

Calcium has beneficial effects on texture of fruits and 

vegetables (Doesburg, 1965; Van Buren, 1980) but sodium 

salts (Van Buren, 1980) and K fertilization (Van Buren, 

1981) soften the texture of canned snap beans. 

B •  Pectic Substances 

1.  Nature of pectic sub stances 

Pectic substances designate polymeric carbohydrates 

present in the plant kingdom. They appear without 

exception in the primary cell-walls and middle lamella of 

higher plants (McCready, 1970). Extensive work in the 

determination  of chemical  and  physical  composition  and 
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structure of pectic substances has been done by various 

authors (Hirst and Jones, 1946; Owens et al., 1952; Deuel 

and Stutz, 1958; Joslyn, 1962; Doesburg, 1965). Kertesz 

(1951), Doesburg (1965) and Worth (1967) reviewed in 

detail the chemistry of pectic substances. As early as 

1888, the presence of pectin in the middle lamella of 

plants was suggested by Mangin. The biological role of 

this material is that of intercellular cement. A review 

of data by Worth (1967) shows that the main components 

within the pectic substances are poly-D-galacturonic acid 

chains with -I)1* linkages (Figure 1). In addition, 

chains of D-galactose and L-arabinose units are found 

together with L-rhamnose and traces of other neutral 

sugars such as D-xylose, L-fucose, D-glucose, 2-0-methyl- 

L-fucose and 2-0-methy1-D-xylose. These side-chains, 

however, differ from plant to plant. The earlier 

structural chemistry of pectic substances has been 

reviewed (Hirst and Jones, 1946; Kertesz, 1951) and the 

knowledge suggests that pectic substances isolated from 

plants'   cell-walls  consist  of  a   triad: a -1,4-D- 

galacturonan, a highly branched L-arabinan, and a -1,4-D- 

galactan (Worth, 1967). 

The variations occurring in the chemical structure of 

pectic substances form the basis for the different 

physical properties of these compounds. The size, charge 

density, charge distribution, and degree of substitution 

of pectin macromolecules may be changed easily by enzymes 
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FIGURE 1:     (top) The monomer D-galacturonic acid and its methyl  ester 
which polymerizes  to form pectin. 

(bottom)  Portion of a pectin molecule. 



or other reagents. Very small modifications of the 

chemical constitution of the macromolecules, bring about 

very marked changes in their properties due to alterations 

in the shape of the macromolecules or in the interactions 

between them (Deuel and Stutz, 1958). These variations 

have been explored in relation to gelation, an important 

physical property observed in pectin, j.n vitro. 

Initially, the insoluble nature of pectin in the middle 

lamella of the cell-wall was studied for its chemical 

structure. Although Joslyn, in 1962, extensively reviewed 

studies of the insoluble protopectin, its characterization 

still remains unclear today. Pectic substances, cellulose, 

hemicellulose, structural protein and lignin have been 

identified as major components of the plant cell-walls 

(Aspinal, 1970; Lamporte, 1970) (Figure 2). However, the 

difficulty to understand the function of the pectic 

substances in the cell-wall beyond their intercellular 

adhesive role, remains. This difficulty is due to the 

complexity of the wall in terms of components and possible 

interactions existing between them (Talmadge et al., 

1973K Divalent cations seem to have a role in plant cell- 

walls. It is suggested that the polygalacturonic acid 

chains of the pectic substances are held together in a 

network by the presence of Ca or Mg which form ionic 

bonds linking two adjacent polygalacturonan chains 

(Roelofsen, 1959). 
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FIGURE 2:    Generalized structure of the plant cell wall  adapted 
from Northcote, D.H., 1958.    Arrows indicate 
direction of increasing concentration of each 
component. 
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Partial ,re-cementation' of cells is possible after 

chelation by addition of di and/or trivalent ions (e.g. 

Ca , Mg , Zn , Mn , Cu , Al ) . But the ease of 

, re-cementation' , together with the need for force to 

separate cells after chelation, and the additional value 

of non-chelators, suggest that divalent cations play a 

partial, rather than exclusive, role in intercellular 

adhesion (O'Beirne, 1980). However, other data show that 

the role of calcium (Ca ) is important in intercellular 

adhesion. Doesburg (1965) believes that the role of Ca 

may be in facilitating other processes of pectin insolu- 

bilization (enmeshing, secondary valence bonding) by 

reducing the swelling of pectin chains. Evidence of the 

role of Ca is the hardening and firming action of 

calcium salts on texture of pickled vegetables, brined 

fruits, canned fruits and vegetables, frozen apples 

(Joslyn, 1962), stored apples (Betts and Bramage, 1977), 

cauliflower and snap beans (Van Buren et al., I960; 

Doesburg, 1965). This insolubilization is related 

qualitatively, but not quantitatively, to insolubilization 

of calcium (Joslyn, 1962; Doesburg, 1965). 

Pectic substances undergo definite changes during the 

development of the plant. The softening of fruits during 

ripening and storage is often alledged to be due to the 

so-called protopectin-pectin transformation, the existence 

of which is still in question. This transformation of 

insoluble into soluble pectic substances probably involves 
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a pectin degradation by pectic enzymes of the plant 

(Roelofsen, 1959). The rapidly expanding knowledge 

concerning these enzymes has been excellently reviewed by 

Kulp in 1975. The two groups of enzymes mainly involved 

in the pectic substance transformations are: (a) the 

depolymerizing enzymes, termed polygalacturonases (PC's) 

and polymethyIgalacturonases (PMG's), and (b) the 

demethoxylating enzymes, termed pectinesterases (PE's) or 

pectin methylesterases (PME's). 

^•  Effects of processing 

The pectic substances are affected by heat treatment 

and this is a matter of concern for many scientists. The 

pectic substances play an important role in texture of 

fruits and vegetables and alledgedly also upon human 

physiology and health (Kay and Truswell, 1977). Although 

there is a large body of published data on factors 

influencing break-down of pectic substances in industrial 

processing, this is mainly related to texture. The 

molecular weight and degree of esterification of pectic 

substances depend on species, cultivar, maturity, and 

cultural conditions. These fundamental differences would 

give rise to differences in susceptibility to degradation 

which is more rapid at higher temperatures. These 

textural changes due to temperature, are closely related 

to time, inactivation of pectinesterase (PE), pH, and 

pectic substances composition.   As reported by Van Buren 
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et al. (I960) and confirmed by Hoogzand and Doesburg 

(1961), there is a relationship between the applied 

blanching conditions and the firmness of canned 

vegetables. The firming effect of low temperature-long 

time (LT-LT) treatment is considered to be related to 

activation of pectinesterases (PE's) but is not always 

totally suitable because of the decrease "of quality of 

canned products during storage. 

Some products such as potatoes and green beans 

encounter a textural problem called sloughing which is the 

result of epidermal cell separation. Pectic substances 

show substantial changes in their physical properties in 

response to relatively minor chemical and environmental 

changes (Janes, 1948; Sistrunk, 1959). Studies with 

potatoes suggest that tubers with high polyuronide content 

are more likely to break down than those with low 

polyuronide content (Warren and Woodman, 1971*). A study 

on green beans produced the same conclusion (Sistrunk and 

Cain, I960). Van Buren et al., (i960, 1962) in their 

works with green beans showed that the firming effect was 

attributable to activation of the pectin methylesterase 

(PME) in the raw material at temperatures varying from 

140 F to 167 F. Active PME can make a large number of 

free carboxyl groups available on pectin molecules which 

can be cross-linked by means of salt bridges with Ca 

or other divalent cations present in the tissues. 

Similar  results  have  been  obtained  with  other  canned 
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vegetables (Van Buren, 1968; Bartolome and Hoff, 1972; 

Steinbuch, 1976). The degradation of esterified pectic 

substances in weakly acidic, neutral or alkaline 

conditions is accomplished by a trans-elimination reaction 

which results in nonhydrolytic cleavage of betaglycosidic 

linkage (Keijbets and Pilnik, ig?1*). Then, the loss of 

organic acids (succinic, malic) during processing may play 

an important role in altering pH. During heating, the 

depolymerization of pectic substances in the cell wall 

middle lamella of snap beans by transelimination, 

increases with increasing pH and thus contributes to 

enhanced softening (Buescher and Adams, 1983). These 

results confirm previous observations that relate 

transelimination, solubilization of pectic substances, and 

softening (Doesburg, 1955). 

During storage of canned green beans, the nature and 

chemical characteristics of pectic substances change and 

these variations, even minor, result in substantial 

changes in the physical properties of these plant 

structures. A study on Kiwi fruit shows that during 

storage and ripening, the total pectin content increased 

over 100? because of increases of high methoxyl and low- 

methoxyl pectin. But during processing, there was a 

significant decrease in total pectin content, generally as 

a result of decrease in protopectin (Robertson and 

Swinburne, 1981). Sistrunk (1965) showed that in green 

beans the Calgon-soluble pectin decreases and the water- 
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soluble pectin increases during storage. Higher storage 

temperatures accelerate these changes. The same author 

also noted that the sloughing and softening of canned 

beans occur during storage despite a loss of moisture and 

an increase in cellulose. 

The middle lamella plays an important role in keeping 

the cells together and evidence has been reported by 

Kertesz (1951) that this structure is made of water- 

insoluble pectic substances similar to calcium pectate. 

Sequestering agents remove calcium from the raicTdle lamella 

and so decrease the amount of insoluble pectates (Van 

Buren et al., I960). Again, according to Kertesz (1951), 

pectinic acids change little during long periods of 

storage. Doesburg (1965) found that at pH 6, high 

methoxyl pectins are completely stable for six weeks at 

room temperature (RT). The stability of pectic substances 

during storage, especially after processing and canning, 

is a complex problem which involves other factors such as 

pH, temperature of storage, and nature of processing 

treatments . 

3.  Extraction and Characterization. 

Pectic substances are present in fruits and 

vegetables as polymers of galacturonic acid or its methyl 

ester with side chains of covalently linked neutral 

sugars, typically arabinose and galactose. Pectic 

substances have been differentiated  into  the  following 
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three distinct classes: (1) protopectin, the water- 

insoluble parent; (2) pectinic acids or high methoxyl 

pectins or pectinates; and (3) pectic acids or low 

methoxyl pectins or pectates (Deuel and Stutz, 1958; 

Doesburg, 1965; McCready, 1970). Analysis of pectic 

substances in plant tissues generally involves their 

fractionation into these three distinct classes by 

progressive extraction of the alcohol-insoluble solids 

with a series of solvents: Water, a calcium complexing 

agent such as ethylenediaminetetraacetic acid (EDTA) or 

ammonium oxalate, and cold alkali (Dietz and Rouse, 1953). 

A single extraction has also been reported using either 

EDTA, followed by alkaline de-ester ification of the pectin 

and treatment with a pectolytic enzyme (McCready and 

McComb, 1952), or treatment with acidified ethanol to 

remove the cations and alcohol soluble substances, 

followed by an acetone wash (Gee et al., 1958). 

The fractionation based on solubility properties 

presents some difficulties due to overlapping of the 

various pectic substances. Sodium pectate is soluble in 

water, alkali, ammonium oxalate and partly soluble in hot 

dilute acid. Low methoxyl pectins may be soluble in all 

extractants in some fruits and not in others, depending on 

the cation composition (McCready and McComb, 1952). The 

uronide content of the different extracts can be 

determined by a number of different methods and is usually 
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reported as anhydrogalacturonic acid (AGA), the basic 

structural unit of the pectin molecule. 

The decarboxylation method, initially introduced in 

1907, has evolved with improvements of the apparatus. 

Further improvements have recently been reported (White 

and Englar, 1972*; Castagne and Siddiqui, 1975). Various 

colorimetric methods using modifications (McCready and 

McComb, 1952; Bitter and Muir, 1962; Galambos, 1967; 

Berlepsch, 1969) of the Dische carbazole reaction (Dische, 

19^73), anthrone (Helbert and Brown, 1956), naphtho- 

resorcinol (Almandinger et al., 1951), cysteine (Dische, 

1918), thioglycollic acid (Dische, 191t7b), meta- 

hydroxydipheny1 (Blumenkrantz and Asboe-Hansen, 1973), 

harmine (Wardi et al., 1974), and benzidene (Tomasic and 

Keglevic, 1972) have been described. A variety of methods 

have also been reported using titration (Doesburg, 1957; 

Warren and Woodham, 1973), automated anion exchange 

chromatography (Spiro, 1977), ultra-violet estimation of 

the degradation products resulting from heating with 

concentrated sulfuric acid (Katz and Tacker, 1972), 

optical rotation (McCready et al., 1951) and gas-liquid 

chromatography (Ford, 1982). 

It is known that the use of the carbazole reaction 

for the quantitative determination of uronic acids has the 

disadvantage that neutral sugars interfere with its 

specificity, so that there is little differentiation 

between uronic acids and hexose sugars (Dische, 1947a) or 
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dextrins (Joslyn and Chen, 1967). This reaction using 

carbazole shows the time dependency of the color 

development, necessitating (when running large analyses) 

the application of a correction factor to correct the 

absorbance to a constant time (Dekker and Richards, 1972). 

Blumenkrantz and Asboe-Hansen (1973) have claimed 

that their recently published colorimetric method which 

uses meta-hydroxydipheny1 to form a chromogen, shows a 

higher sensitivity and specificity for uronic acids since 

the reaction is unaffected by even relatively large 

amounts of neutral sugars. This reaction is also faster 

than the one using carbazole and the color reaction 

remains stable long enough (at least 12 hours) to use 

large batches of samples. This reagent has now been 

adapted to the analysis of pectic substances and worked 

well in studies by Ahmed and Labavitch (1977), and 

Robertson (1979, 1981). When using meta-hydroxydipheny1 

in a recent study, Kintner and Van Buren (1982) reported 

the need for a purification step or the use of a 

correction factor when the final sample dilutions contain 

more  than 200  g/ml of non-uronides. 

For this study of green beans, the meta- 

hydroxydipheny 1 method of Blumenkrantz and Asboe-Hansen 

(1973) was adopted, with minor changes, for determination 

of water-soluble and EDTA-soluble pectins. 
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C.  Quality Characteristics of Canned Green Beans 

Along with color and shape, texture is an important 

quality attribute of fruits and vegetables. The food 

industry is very concerned with perishable products in 

which quality is highly transient. In the market place, 

the potential buyer makes his selections usually with his 

eyes and fingers. The manufacturers want to limit, as much 

as possible, the changes they introduce during processing 

of fruits and vegetables. 

Different methods of food evaluation have been 

developed and are very helpful to the industry. Generally 

these methods are labelled "objective" and "subjective." 

Both general methods are used to develop new products and 

maintain their quality. "Objective" evaluations use 

instrumentation and "subjective" ones, also called 

"sensory evaluation", use human sensory organs. But both 

may be "objective." The ideal is to be able to correlate 

instrumental and sensory data. Stewart and Amerine (1982) 

wrote that, according to Tsai, 

"it is the user's subjective assessment of 
the quality of food products that finally 
determines whether they are acceptable... 
despite the considerable research that has 
been and will continuously be undertaken on 
objective methods for quality assessment, their 
ultimate effectiveness must be judged by their 
correlation with the subjective assessment." 
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1.  Objective measurements 

Texture represents one of the industry's main 

concern. According to Finney (1969) "instruments and 

techniques for measuring the mechanical properties of 

fruits and vegetables are of fundamental importance in 

grading, quality control, and in predicting the mechanical 

behavior of the product under various environmental 

conditions." 

Instruments for evaluating textural qualities of 

fruits and vegetables include a variety of designs such as 

penetrometers (Mitchell et al., 1961), shearing tools 

(Kramer et al., 1951), extrusion cells (Lanza and Kramer, 

1967) and compression devices (Whittenberger, 1951). One 

of the early instruments, which is still widely used as a 

standard in the fruit industry, is the Magness-Tay lor 

(1925) pressure tester. 

The shear press (Kramer et al., 1951; Decker et al., 

1957) is probably one of the most popular instruments 

developed for measuring textural qualities of both fresh 

and processed fruits and vegetables. Called the Kramer 

Shear Press after Professor Amihud Kramer of the 

University of Maryland, it has also been called the Lee- 

Kramer Shear Press and Allo-Kramer Shear Press. Most 

recently, it is being referred to as the FTC Texture Test 

System by its present manufacturer, Food Technology 

Corporation, Reston, Virginia (USA) (Szczesniak et al., 

1970). The instrument has a series of blades which pass 
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through the test sample. It is available with two basic 

types of readout systems: a maximum force readout or a 

recording type which plots a time-force curve during the 

entire length of the test. Test cells and shear blades 

are designed to be interchangeable, providing the 

flexibility necessary to test a wide variety of 

commodities (Finney, 1969). 

When a recording type system is used, both maximum 

force reading and area under the peak (work function) can 

be determined. Some workers prefer maximum force, while 

others prefer area measurements. In general, the maximum 

force is more often used since it is easier to determine 

and also since no definite advantages of area measurements 

have been demonstrated (Szczesniak, 1972). The peak force 

may be related to tenderness or toughness as reported by 

Angel et al. (1965) in a study of quality of canned peas. 

The slope of the force-time curve may be related to the 

firmness or softness of the product (Ang et al., I960). 

The area under the peak has been correlated with fiber 

content of asparagus, which in turn affects tenderness 

(Backinger et al., 1957). 

The standard shear compression cell of the texture 

test system (Catalog No. CS-1, Food Technology Corp., 

Rockville, Maryland) has become one of the most popular 

texture testing accessories. Factors affecting the 

performance of the cell, such as the effect of friction 

(Bourne,  1972;  Voissey  and  Reid, 1971),      the  inter- 
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changeability of test cells (Voissey and Larmond,  197*0, 

the effect of sample size (Szczesniak et al., 1970), the 

effect of thickness of the blades (Voissey,  1977a),  as 

well as the interpretation of the force-deformation curves 

(Voissey, 1977b) have been fully investigated.  But as 

Szczesniak (1972) said: 

"the most important point, which must be 
kept in mind, is that texture is not 
'one thing' but a spectrum of parameters. 
All of the instrumental devices detect only 
a portion of that spectrum, some a larger portion 
than others.  It is only the human being that can 
perceive, analyze, integrate, and interpret the 
entire spectrum of textural characteristics in one 
evaluation.  Thus, in the true sense, none  of the 
instrumental devices measure texture per se, only 
physical properties which can be related (directly 
or indirectly) to textural attributes sensed 
organoleptically." 

Subjective measurements 

The subjective measurements describe tests made 

using human senses which are sight, smell, taste, touch, 

kinestheses, temperature, and pain (Stewart and Amerine, 

1982). Food scientists must make sure that new foods are 

not only nutritious, but also appealing to the consumer in 

regard to appearance, color, smell, taste, feel and 

flavor. 

The sensory evaluation of food can be used to: 

(1) select qualified judges and study human perception of 

food attributes, (2) correlate sensory with chemical and 

physical  measurements,   (3)  study  processing  effects, 
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maintain quality, evaluate raw material selection, 

establish storage stability or reduce costs, (4) evaluate 

quality, or (5) determine consumer reaction. Each of 

these purposes requires appropriate tests. In general, 

laboratory panels are used for the first three purposes, 

highly trained experts for the fourth, and large consumer 

groups for the last (Amerine et al., 1965). 

In the sensory evaluation, studies on appearance, 

color, odor, taste, texture, and flavor are generally 

conducted with the most-used tests being: (1) difference 

tests: single-stimulus, paired-stimuli, duo-trio, triangle 

and multi-samples; (2) rank order: e.g. how several 

samples differ on the basis of a single characteristic; 

(3) scoring tests: e.g. score in terms of deviation from 

a reference; (4) descriptive test: scalar scoring of 

various types, semantic differential tests and Arthur D. 

Little's "flavor profile"; (5) hedonic scaling: a nine- 

to-five-point balanced scale is used; (6) acceptance and 

preference: acceptance (willingness to use or eat a 

product); preference (greater degree of acceptance of one 

product over another when a choice is presented) (Amerine 

et al., 1965). Usually, the consumer tests are made 

easier with questions being realistic, not ambiguous, and 

using appropriate terminology. 

However, the sensory evaluation of food is subject to 

physiological factors (hunger, appetite, thirst) and to 

the pathological state and psychological attitude of the 
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panelists. One thing must be kept in mind: human 

perception is relative, not absolute. Consequently, in a 

sensory investigation where a range of stimulus 

intensities is presented to the assessor, each stimulus is 

not assessed in isolation. The score assigned to a 

stimulus intensity is partly determined by its magnitude 

relative to the other intensities in the range (McBride, 

1982). This phenomenon has also been called the stimulus 

range effect (Poulton, 1977) and the centering bias 

(Poulton, 1979). Also, one factor such as color can 

produce some effect on aroma and flavor evaluation of 

certain foods according to Christensen  (1983). 

The addition of sensory analysis to the instrumental 

analysis of food has given a new insight into two 

fundamental problems of the food industry: the measurement 

of palatability and the effects of technological changes 

on food palatability (Haddon, 1980). 

Nevertheless, it is difficult, in the case of 

texture, to relate the physical measurement obtained by 

means of an instrument to any one or more of the factors 

influencing the general sensory impression, because other 

properties which cannot be evaluated by instruments, such 

as smell and taste, can affect a person's judgment at the 

time of tasting, thus leading to results different from 

those expected (Borderias et al., 1983). 
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III MATERIALS AND METHODS 

A. Plant Materials 

The green beans used in this study were 'Oregon 1604' 

cultivar, grown at the Oregon State University vegetab.le 

Crops Farm near Corvallis. The .Oregon 1604* bean is an 

early season Blue Lake bush type bean with fleshy and 

tender pods of low seed content. 

The green beans were hand-harvested on August 8, 

1983, when pods in the sieve sizes 1 to H represented 50% 

of the crop, stored overnight in a cold room at the farm- 

(37 F), and processed within three days. The field-run 

green beans were size-graded mechanically at the farm on 

the following day, then brought to the Department of Food 

Science Processing Laboratory and held at 3** F until 

processed. 

B. Preparation and Processing 

After harvest, the green beans were graded at the 

farm with the commercial Chisholm-Ryder bean grader, and 

only sieves 3 to 6 were used for canning. At the 

Processing Laboratory, the green beans were snipped in a 

commercial Chisholm-Ryder bean snipper, and cut to 1 1/2" 

length in an Urschel commercial bean cutter. The cut 

green beans were then run over a shaker-screen to remove 

nubbins and washed on a McLauchlan  shaker-washer.  The 
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final sorting was done on an Allen vibrator inspection 

table. 

At this point, the cans (303 x 406) were filled with 

8 oz of cut green beans, either the combined smaller sieve 

sizes 3 & ^ or combined sieve sizes 5 & 6. Within the 

smaller sieve size, sieve 3 represented HQ% and sieve 4, 

60% by weight of the randomly mixed and canned green 

beans. Within sieve size 5 & 6, sieve 5 represented 70? 

and. sieve 6, 30$. The cans containing 8 oz of cut green 

beans and 8 oz of boiled distilled water brought to room 

temperature , were covered with a lid during pre-blanch 

treatments. 

The pre-blanch treatment was carried out in a water 

bath at l60oF (T1) or 200oF (T2) for 30 (tl) and 90 

minutes (t2). The enzyme-inactivation blanching step 

followed just after and was performed in a steam exhaust 

line for 2 minutes and 50 seconds at a temperature between 

•208OF and 210oF. The control samples (T3) received no 

pre-blanch treatment prior to going through the steam 

exhaust line. A 60-grain of NaCl salt tablet was added to 

each can between blanching and can-sealing operations. 

The beans in sealed cans were thermally processed in a 

still retort for 22 minutes at 241 F, after which they 

were promptly cooled to 80-100 F in cold chlorinated 

water. The canned product was then placed in storage at 

room temperature  for either one or three months. 
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After the storage time, the cans were transferred at 

34 F until analyzed for sensory attributes and for 

physico-chemical parameters including pH, slough, pectic 

substances, and resistance to compression and shear. The 

process flow sheet for green bean study is represented in 

Figure 3. 

C.  Physical and Chemical Analyses 

1. pH 

A Corning (Model 125) pH-meter calibrated by the 

method of Bolan et al.(198l) was used to evaluate the pH 

of the samples according to the procedure described in the 

Laboratory Manual for Food Canners and Processors(1978). 

The pH for the raw, pre-blanched and blanched samples was 

determined to 0.01 precision on a 1:1 (by wt. ) blended 

slurry of boiled distilled water and cut green beans. The 

slurry was filtered through a milk filter disk (non-gauze) 

to remove foam and particles. Readings were made on 

duplicate aliquots of green bean filtrates less than 10 

minutes after blending. However, the pH of the canned and 

stored green beans was obtained using the liquor after the 

cans were drained for 2 minutes on an 8-mesh sieve. 

2. Total solids (%) 

Duplicate total solids (?) determinations were made 

on   a 1:1  (by wt.) blended slurry of boiled distilled 
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water and raw snap beans according to the method described 

in the Official Methods of Analysis of the A.O.A.C. 

(1980). Samples, ranging from 9 to 13 g, were placed in 

aluminum weighing dishes previously dried to a constant 

weight. The samples, weighed to 0.0005 g accuracy on an 

analytical balance, were dried in a vacuum oven (Model 

58M01, National Appliance Co., Portland, OR) at 1580F 

under a vacuum of 28 inches for 24 hours. After drying, 

the samples were cooled to room temperature in a 

desiccator and were again weighed (Tables A1 and A2). 

(wt. dry residue) 
Total solids (%)   =  x 100 

(wt. wet sample ) 

3.  Slough 

Separation and loss of the epidermal layers or 

'sloughing' of the canned green beans was measured in 

duplicate according to the method developed by Van Buren 

et al. (I960). After draining the canned green beans for 

2 minutes on an 8-mesh sieve, 45 g for sieve 3 & t or 50 g 

for sieve 5 & 6 were weighed into a 300 ml Erlenmeyer 

flask containing 100 ml of boiled distilled water at room 

temperature. To stop foaming, 2 or 3 drops of 

capryl alcohol were added before shaking for 5 minutes at 

350 shakes/minute at an amplitude of 1.5 cm, on a Burrell 

Wt. of wet sample is to be divided by 2 because slurry 
was constituted by 50? distilled water and 50%   cut green 
beans. 
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wrist-action shaker. The liquid was then poured into a 

graduated cylinder located on a flat surface and allowed 

to stand quiescent for one hour. The volume of sediments 

was recorded in milliliters (ml) and was taken as to the 

degree of sloughing in the sample. 

4. Texture ( shear press) 

The texture of canned green beans was measured by an 

Allo-Kramer shear press, model No. S2HE (Precision Metals 

Engineering Inc., Rockville, MD), equipped with a Varian 

(Model No. G-11A) chart recorder and operated with a 

5,000 lb proving ring, a 375 psi maximum pressure on the 

hydraulic   ram and    a   20-second    down    stroke   of   the    ram. 

After being drained for 2 minutes on an 8-mesh sieve, a 

100 g sample of cut canned green beans was placed in a 

standard shear-compression cell for the different tests. 

The resistance of sample to compression was plotted on the 

chart, and the maximum force (F. max.) required to shear 

the sample was determined as the distance in inches from 

the baseline to the highest point on the curve, converted 

to pounds of force. The sensitivity on the chart recorder 

was set for full scale readings of 100 lbs (range 2) or 

250 lbs (range 5), giving corresponding force rates of 20 

or   50   lbs   per   inch   vertical   distance   from   chart   baseline. 

The     resistance     of    the     sample to     compression    and 

shear (Work) was also evaluated by multiplying the force 

rate    by    the   area   under   the    curve    on   the    recording   chart, 
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using  a  planimeter  (Keuffel  and  Esser  Co.,  model  No 

620,000).  The results were expressed in inch-lbs. 

5. Extraction and determination of pectic 
sub stances 

The different fractions of the pectic substances were 

quantified using the method described by McCready and 

McComb (1952), and Dietz and Rouse (1953) with minor 

modifications. 

A 50 g sample of canned green beans, drained for 2 

minutes on an 8-mesh sieve, was blended with 50 ml of 

brine, at full speed for 3.5 minutes. Six grams of that 

puree were diluted to 10 ml with chilled distilled water 

and combined with 30 ml of 95% ethanol in a 50 ml 

graduated, conical bottom, centrifuge tube. After 

heating, with occasional stirring, for 10 minutes at 185 F 

in a hot water bath, the tubes were centrifuged for 10 

minutes at 2,100 rpm and the alcoholic solution discarded. 

The same operation was repeated using, this time, 40 ml of 

60$ ethanol. 

5.1.  Water-soluble pectins (WSP). 

The water-soluble pectin fraction was obtained by 

adding 40 ml of distilled water to the centrifuge tube, 

stirring for 10 minutes and centrifuging for 10 minutes at 

2100 rpm. The liquid was then decanted into a 100 ml 

volumetric flask. The same procedure was repeated, then 

5 ml  of  IN  sodium  hydroxide  (NaOH) was added to the 
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volumetric  flask  and  the  volume  made  to  100  ml  with 

distilled water. 

5.2.  EDTA-soluble pectins (gP.TAzSP). 

The residue, remaining in the graduated centrifuge 

tube from the water extraction, was washed with 0.5% 

ethylenediaminetetracetic acid tetrasodium salt (Na^EDTA) 

using the same steps as for the extraction of the water- 

soluble fraction. 

5.3.  Colorimetric determination 

The method of Blumenkrantz and Asboe-Hansen (1973), 

using for reagent a 0.15? solution of meta- 

hydroxydiphenyl in 0.5? NaOH, was adopted because of its 

high specificity for uronic acids. A 0.2 ml aliquot of 

the extracted sample was transferred to a test tube (in 

ice-water) and 1.2 ml of a chilled solution (0.0125M) of 

sodium tetraborate in concentrated H„S0j. was added. The 

content of the tube was carefully mixed and heated in a 

boiling water bath for 5 minutes, then immediately cooled 

in an ice-water bath. Exactly 20 p 1 of the reagent was 

added and the tube thoroughly mixed. The absorbance was 

then read at 520 nm 20 to 30 minutes later on a 

spectrophotometer  (Perkin-Elmer, Model 550). 

The spectrophotometer was zeroed with a reagent blank 

containing 0.2 ml of distilled water, 1.2 ml of a solution 

(0.0125M)  of  sodium  tetraborate  in  sulfuric  acid  and 
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20 p 1 of 0.5% NaOH. The sample blank was similar to 

the reagent blank except for the 0.2 ml of sample. Its 

absorbance was recorded and subtracted from the absorbance 

of the sample which contains 20 yl of meta-hydroxydipheny1 

reagent instead of 0.5$ NaOH. This operation was 

performed to correct for the slight pink color produced 

when neutral sugar-containing materials are heated in 

sulfuric acid/sodium tetraborate. 

The galacturonic acid content of the samples was 

quantified using a standard curve developed with 

D-galacturonic acid monohydrate (Sigma Chemical Co., 

St. Louis, Missouri) using the meta-hydroxydipheny1 method 

(Figure 4). 

6.  Sensory evaluation 

6.1  Preparation and serving 

The canned samples, drawn from 3^ F storage, were 

hand-shaken 25 times to accentuate the tendency of the 

beans to slough, and warmed in a water bath for 30 minutes 

at 130 F. The beans were transferred from the cans to the 

upper part of a double-boiler pan and their temperature 

maintained between 130 and 150 F for 20 to 30 min. when 

serving the members of the panel. 

For evaluation of color and appearance by the 

panelists, the green beans in a white bowl were covered 

with the brine and placed under a Macbeth daylight machine 

using fluorescent lamps.  The green beans with brine  were 
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also evaluated for texture and flavor by the panelists in 

individual booths. The samples were served in paper cups 

and were illuminated with red light to mask color and 

appearance. 

At each panel session, the sample set included a 

known reference (T3), a coded reference (T3), and four 

coded treatment samples (Tltl, T1t2, T2t1, T2t2). The 

bowls (color and appearance) and paper cups (texture and 

flavor) presented to panelists were coded with 3-digit 

random numbers and placed in random order on serving 

trays. 

The ballot used to evaluate color and appearance of 

the samples is shown in Figure A1, and the ballot used for 

texture and flavor evaluation is shown in Figure A2. 

6.2 Trained panel 

A trained panel of 10 students and faculty members of 

the FST department devoted their time for this study.  The 

panel composed of males and females was oriented  through 

several training sessions on color, appearance, flavor and 

texture of canned green beans.  The initial training 

sessions involved an exposure of the panel members to 

canned green beans by tasting  and discussion in a group. 

To develop a common understanding  of terminology and 

procedures among the panelists,  different canned  green 

bean samples from different  varieties  and processing 

methods  were  used to provide extreme sensory contrasts. 



39 

The characteristics  used  in  this  study  were selected 

after consultation with the judges, and  best  described 

canned green beans through different processes and storage 

times. 

D.  Statistical Analysis 

The results of the physical and chemical analyses and 

those of the sensory evaluation were treated 

sta tis.tically using SPSS (Statistical Package for the 

Social Sciences) to obtain the analysis of variance and 

to compute means and standard deviations of the sub- 

populations. The SIPS (Statistical Interactive 

Programming System) was also used to develop scatter 

plots and linear coefficients of correlation. The means 

were compared by the Least Significant Difference (LSD) 

method (Snedecor and Cochran, 1967). Differences at five 

percent or lower probability were considered significant. 
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IV.  RESULTS AND DISCUSSION 

pH. 

Table 1 presents the pH values of sieve size 3 & 4 

bean pods at different stages of the green bean processing 

(raw, pre-blanch, blanch, 1 and 3 months storage). When 

compared to the non-treated control sample, each pre- 

blanch treatment reduced pod pH significantly (P - 0.01) 

and the lower temperature treatment (160 F) showed a 

greater impact in decreasing the pH. However, the 

additional heat treatment introduced by steam exhaust did 

not produce a further change of pH in any of the 

treatments. The pH of the control (T3) was significantly 

higher (P 5 0.01) than the pH displayed for the other 

treatments after the enzyme-inactivation blanch step 

through the steam exhaust line. For all the heat 

treatments (Tltl; T1t2; T2t1; T2t2; T3), the pH value of 

the canned green beans continued to decrease rather 

sharply during the sterilization process and again during 

the storage at room temperature but at a much slower rate. 

There was a tendency for the pH of the canned green beans 

to stabilize and reach an equilibrium as seen after 3 

months of storage at room temperature. 

In Table 2, green beans of sieve 5 & 6, displayed the 

same pattern of pH change encountered in sieve size 3 & ^ 

bean pods. However, the sieve size 5 & 6 bean pods showed 

a significantly (P— 0.05)  more pronounced decrease in pH 



TABLE 1.  pH of green beans (sieve 3 & M) before, during and after processing. 

1 month 3 months 

Treatments Raw Pre-blanch 
canned storage   canned storage 

Blanch at RTC at RTC 

Mean   S.D. 

Raw 

Tltl3 

(l60oF; 30 rain) 

T1t2 
( l60oF; 90 min) 

T2t1 
(200OF; 30 min) 

T2t2 
(200oF; 90 min) 

T3 
(no pre-blanch) 

LSD  (0.01) 
LSD  (0.05) 

6.27   .07 

Mean   S.D. Mean   S.D.   Mean    S.D. 

5.80 .05 

5.56d .06 

5.96r .06 

5.82e .05 

0.083 
0.060 

5 .77" .07 

5 .56* .05 

5 .96f .07 

5 .80e .06 

6. .2M8 .01 

0, 
0, 

.091 

.069 

5.37' 

5.27d 

5.l2g 

5.33e 

.03 

.03 

.02 

.02 

5.15    .03 

0.039 
0.029 

Mean    S.D. 

5.28 .01 

5.19d .02 

5.31f .02 

5.26e .02 

5.368 .03 

0.039 
0.029 

T = temperature;  t = time. 

Blanch at 208-210oF for 2 min. and 50 sec. in steam exhaust line. 

RT = room temperature. 

d'e,r,gMean3 in same column with different letter differ significantly: LSD (0.05), 

Means and SD obtained from three replications, each analyzed in duplicate. 

H 



TABLE 2.  pH of green beans (sieve 5 & 6) before, during and after processing. 

Treatments 
Raw Pre-blanch 

1 month 3 months 

Blanch 
canned storage   canned storage 

at RT0 at RT 

Mean   S.D.  Mean  S.D.    Mean  S.D.    Mean  S.D. 

Raw 6.35   .09 

Mean   S.D. 

TUI" 
(l60oF; 30 min) 

T1t2 
(1600F; 90 min) 

T2t1 
(200oF; 30 min) 

T2t2 
(200oF; 90 min) 

5.80   .02     5.78   .01 

5.59   .01)     5.60u  .01 

a8 8 5.99B  .01     5.95°  .02 

5.87   .03     5.85   .05 

5.33   .01 

5.26°  .02 

5.36'  .03 

5.35e,f.01 

5.25   .01 

5.18U  .05 

5.28   .03 

5.27e'r.02 

T3 
(no pre-blanch) 

LSD (0.01) 
LSD (0.05) 

0.083 
0.060 

6.30"  .06 

0.091 
0.069 

5.11B  .02      5.366  .01 

0.039 
0.029 

0.039 
0.029 

T = temperature;  t = time. 

Blanch at 208-210oF for 2 min. and !>0 sec. in steam exhaust line. 

RT = room temperature' 

die.f>8.hHean3 ln same   collJmn Hith different letter differ significantly: LSD (0.05). 

Means and SD obtained from three replications, each analyzed in duplicate. 

■p- 
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than sieve size 3 & 4 bean pods (Tables A4a and A4b). For 

sieve size 5 & 6, the pH of the bean pods dropped from 

6.35 in the raw material to 5.18 for T1t2 (l60oF-90 min.) 

after 3 months of canned storage at room temperature (RT). 

For bean pods of sieve size 3 & *•, the pH moved from 6.27 

to 5.19 for the same treatment. The pH of the canned 

green beans was significantly lower (P< 0.01) after 3 

months of storage at room temperature than after 1 month. 

The lower temperature of pre-blanch (160 F) also decreased 

the pH of the bean pods significantly (P <_0.01) more than 

the pre-blanch with 200 F for 30 minutes. Pre-blanch for 

90 min. was more efficient in decreasing the pH of the 

canned green beans than pre-blanch for 30 minutes. The 

control (T3) treatment, without initial pre-blanch, 

produced canned green beans with significantly (P <_ 0.01) 

higher pH than canned green beans with any of the four 

pre-blanch treatments. 

Linear correlations between pH of the canned green 

beans, after storage at room temperature, and other 

physical, chemical and sensory attributes are summarized 

in Table A3. The pH was negatively correlated 

(P £ 0.01) to maximum force (F. max.), total work, EDTA- 

soluble pectins (EDTA-SP), green color, brine clarity 

(B.C.), sourness, flesh firmness (F.F.) and skin firmness 

(S.F.). A high positive correlation (P <_ 0.01) also 

existed with sloughing, water-soluble pectins (WSP) and 

yellow color.   These findings are in complete agreement 
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with an earlier study by Leberman e't al. (1968). 

Summaries of the significant effects of treatments on pH 

and the respective treatment means are shown in Tables A4a 

and A4b. 

B.  Slough 

Table 3 shows that the four pre-blanch heat 

treatments (Tltl; T1t2; T2t1; T2t2) selected had a 

differential effect on the green bean texture, and that 

sloughing was more extensive at the higher temperature of 

pre-blanch (200 F). According to results shown in Figures 

A3 and A'»,the initial pre-blanch heat treatments used in 

this experimental study would be arranged in order of 

increased reduction of slough as follows: T3<T2t2 = 

T2t1<T1t1<T1t2. These initial heat treatments applied 

before steam exhaust, showed some significant reduction 

of slough on the canned green beans and the lower 

temperature of pre-blanch (160 F) produced considerably 

less slough, therefore a better skin integrity. Canned 

green beans used for control (T3= no pre-blanch) produced 

significantly more slough than any of the canned green 

beans receiving a pre-blanch treatment. The above trend 

in slough severity observed after 1 month of storage at 

room temperature (RT) remained the same after 3 months of 

storage at RT. However, the slight decrease observed in 

the amount of sediments from 1 to 3 months of storage was 

not  found  to  be  significant  (Table  AUa).  Kozup  and 



TABLE 3-  Slough residue  volume (ml) for  canned green 
beans (sieve 3 & 'O . 
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Pre-blanch 
conditions 

Tl 11 
( 160°?; 30 min) 

Tl t2 
( 1600F; 90 min) 

T2t1 
(200oF; 30 min) 

T2t2 
(200oF;90 min) 

T3 
(no pre-blanch) 

LSD (0.01) 
LSD (0.05) 

1 month storage at 
room temperature 

3 months storage at 
 room temperature 

Mean   S.D. 

.50   2.50 

3.67b  0.57 

15.25"  2.H6 

15.58"  1.23 

23.00   2.05 

2.67 
1.99 

Mean   S.D. 

7.83   0.5S 

2.58u  0.11 

It.08   1.91 

1^.33   3.1< 

23.12   2.89 

T = temperature;  t = time. 

b c d e '     Means in same column with different letter differ 
significantly: LSD (0.05). 

f 
Means and SD obtained from three replications, each done in 

duplicate. 
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Sistrunk (1982) found a significant reduction of slough 

with increasing storage time whereas Sistrunk (1965) had 

found the  slough level to increase with storage time. 

The results obtained for sieve size 5 & 6 canned 

green beans (Table H) showed the same trend as that 

encountered for the sieve 3 & *• canned green beans. The 

additional storage of the canned product between one and 

three months at room temperature (RT) did not have a 

significant effect on the slough. The fact that the 

control (T3) produced more slough in the canned green 

beans was in agreement with a study by Davis and Striegler 

(1982). A significant difference (P < 0.01) existed 

between the two sieve sizes and the bean pods of sieve 

size 5 & 6 showed a greater tendency to slough under the 

same heat treatment. This evidence supports the finding of 

Warren and Woodman (1974) that green beans with high 

polyuronide content are more likely to break down faster 

than those with low polyuronide content. These results 

are also in agreement with earlier work by Van Buren et 

al. (I960), also with Sistrunk and Cain (I960) who found 

that sloughing of canned green beans increases with 

increasing blanching temperatures above 170 F. Analysis 

of variance results (Table AMa) indicated that the longer 

time of pre-blanch (90 minutes) was beneficial in 

significantly (P < 0.01) reducing the sloughing of canned 

green beans when compared to pre-blanch for 30 minutes. 

Also, the lower temperature of pre-blanch (160 F) produced 
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TABLE '4.      Slough residue volutne (ml) for  canned green 
beans (sieve 5 4 6). 

Pre-blanch 1 month storage at       3 months storage at 
c o n d .i ti_o n s £l°°2_i£15££.£S.±.H£S. L°°S.—^.S.-2.——^.^.—£.S. 

r 
Means_ S^D^ MiiHi l^Ri. 

T1t1a 9.75c   0.75 9.00°   1.00 
(l60OF; 30 min) 

T1t2 y.iJS13   0.52 3.83b   0.58 
( l60oF; 90 min) 

T2t1 16.55*        0.1H l6.12d   1.01 
;200oF; 30 min) 

T2t2 16.33d   2.13 15.t2d   1.63 
(200oF;9Q min) 

T3 21.75e   1.95 2H.08e   1 .81 
(no pre-blanch) 

LSD  (0.01) 2.69 
LSD  (0.05) 1.99 

T = temperature;  t = time. 

b c d e ' ' ' Means in same column with different letter differ 
significantly: LSD (0.05). 

f 
Means and SD obtained from three replications, each done in 

duplicate. 
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significantly (P < 0.01) less slough in the canned green 

beans than pre-blanch at 200 F. When compared to the 

control (no pre-blanch), the canned green beans with pre- 

blanch had significantly (P 1  0.01) less slough. 

The degree of slough showed a very close relationship 

to various chemical, physical and sensory attributes of 

the treatment samples, and was negatively correlated 

(P 5 0.01) to maximum force (F. max.), total work, EDTA- 

soluble pectins (EDTA-SP), brine clarity (B.C.), flesh 

firmness (F.F.) and skin firmness (S.F.). Strong positive 

correlations (P ^ 0.01) also existed between slough and 

water-soluble pectins (WSP), yellow color and pH. More 

significant correlations can be seen in Table A3. Those 

findings are in agreement with studies by Van Buren et al. 

(I960, 1962), Sterling (1968), Kozup and Sistrunk (1982), 

and Buescher and Adams (1983). 

C. Water-soluble pectin (WSP) 

The results in Tables 5 to 8 and Figures A5 to A8 

show a clear effect of temperature and time of pre-blanch 

and/or blanch treatment on WSP. The WSP increased 

significantly (P ^ 0.01) with increasing temperatures of 

pre-blanch between 160 F and 200 F for both sieve size 

groups (Tables A^a and A4b). However, when data for the 

two pre-blanch temperatures were combined, an increase in 

the time of pre-blanch from 30 to 90 minutes decreased the 

WSP in canned green beans (Tables A^a and A4b). The WSP 
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TABLE 5.  Pectic substances of canned green beans (sieve 3 
& '4 )   stored for 1 month at room temperature. 

Pre-blanch      Water-soluble pectins 
conditions        %   AGA  (dry wt.) 

Tltl 
(16C0F; 30 min: 

'1 t2 
1600F; 90 min) 

T2t 1 
(200°?; 30 min) 

Mean^ S^D^ 

3.ZI 

3.57e 

.0? 

2.59    .10 

.07 

EDTA-soluble pectins 
i   AGA (dry wt.) 

_Mean S^D^. 

9.53 

*6 

.25 

12.286   .55 

6.35e   .16 

T2t2 
(200OF; 90 min) 

T3 
(no pre-blanch) 

LSD  (0.01) 
LSD  (0.05) 

11 . 15 

3.53^ 

0.22 
0.16 

6.08u   .20 

.05 1 .33 

0.35 
0.26 

10 

AGA = anhydrogalacturonic acid. 

T : temperature; t : time. 

c d e f £ 
'       Means in same column with different letter differ 

significantly: LSD (0.05). 

Means and SD obtained from three replications, each 
done in triplicate. 
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TABLE 6. Pectio substances of canned green beans (sieve 3 
& 4) stored for 3 months at room temperature. 

Pre-blanch 
conditions 

Water-soluble pectins 
! AGAa (dry wt . ) 

EDTA-soluble pectins 
? ACA (dry wt.) 

T1 t 1 
(1600F; 30 min) 

T1 t2 
(160°?; 90 min) 

T2t 1 
(200oF; 30 min) 

T2t2 
(200CF; 90 min) 

T3 
(no pre-blanch) 

LSD  (0.01 ) 
LSD  (0.05) 

Mean      S.D. 

:.66d'e .OH 

2.51    .16 

3-52"   .13 

3.70    .20 

3.39    .21 

0.22 
0.16 

Mean    S.D. 

,f 
12 9.77 

12.67S .21 

6.73e .13 

6.38d .26 

1.16° .23 

0.35 
0.26 

AGA = anhydroga lacturonic acid. 

T = temperature; t = time. 

c d e f K ' ' '   Means in same column with different letter differ 
significantly: LSD (0.05). 

Means and SD obtained from three replications, each 
done in triplicate. 
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TABLE 7.  Pectic substances of canned green beans (sieve 5 
& 6) stored for 1 month at room temperature. 

Pre-b lanch Water-soluble pectin 
conditions       %   AGA  (dry wt.) 

Tit 1 
(1600F; 30 min) 

T1 12 
( 1600F; 90 min) 

T2t 1 
(200oF; 30 min) 

T2t2 
(200oF; 90 min) 

T3 
(no pre-blanch) 

LSD  (0.01 ) 
LSD  (0.05) 

Mean0   S.D. 

3.12u  .19 

2.57   .09 

3.53* 

U .  10 

3.59' 

0.22 
0.16 

12 

18 

15 

EDTA-soluble pectins 
%   AGA (dry wt.) 

Mean    S.D. 

9.7H   .17 

12.3! Ill 

6.68u  .07 

6.80u  .11 

1.15   .06 

0.35 
0.26 

AGA = anhydrogalacturonic acid. 

T ; temperature; t = time. 

c d e f 
' ' ' Means in same column with different, letter differ 

significantly: LSD (0.05). 

g Means and SD obtained from three replications, each 
done in triplicate. 



TABLE 8.  Pectic substances of canned green beans (sieve 5 
4 6) stored for 3 months at room temperature. 

52 

Pre-blanch 
conditions 

Water-soluble pectins 
? AGAa (dry wt . ) 

EDTA-soluble pectins 
%   AGA (dry wt . ) 

T It 1 
(160oF; 30 min) 

T1 12 
( 1 60oF; 90 min) 

T2t 1 
(200OF; 30 min) 

T2t2 
(200oF; 90 min) 

T3 
(no p re-blanch) 

LSD (0.01 ) 
LSD (0.05) 

Mean_ S^D^ 

3.1)7d   .08 

2.8HC   .13 

3.75e   .23 

4 .1114 .09 

4.H8    .07 

0.22 
0.16 

_Mean S^Dj 

9.69e   .03 

1 1 . T-i 

6.85d 

0.35 
0 .26 

.06 

6.8HU   .28 

H.53    .13 

AGA : anhydrogalacturonic acid. 

T : temperature; t = time. 

c d e f 
' ' ' Means in same column with different letter differ 

significantly: LSD (0.05). 

aMeans and SD obtained from three replications, each 
done in triplicate. 
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represents the pectinic acids or high methoxyl pectins 

fraction of the total pectic substances. For canned green 

beans of sieve size 5 & 6, an increase in WSP was observed 

with increasing storage time (Tables A4a and A^b) and this 

result agrees with earlier work by Sistrunk (1965) but not 

with Doesburg (1965) who found WSP to be stable for 6 

weeks at room temperature. The canned green beans of 

sieve size 3 & ** > also showed a slight but not significant 

increase of WSP after 3 months storage when compared with 

1 month storage at RT. Results pooled for both sieve 

sizes showed that the higher temperature of pre-blanch 

(200oF) produced significantly (P 5 0.01) more WSP than 

pre-blanch at 160 F (Tables Ala and A4b). Also canned 

green beans with the shorter time of pre-blanch (30 

minutes) contained significantly more WSP (P 0.01) than 

the ones pre-blanched for 90 minutes (Tables A4a and A4b). 

Canned green beans of sieve size 5 & 6 produced 

significantly more WSP than those of sieve size 3 & ** • 

Also, the canned green beans used for control (T3) had 

significantly more WSP (P ^ 0.01) than the ones with pre- 

blanch treatments (Tables A4a and A4b). 

The lowest amount of WSP was found in canned green 

beans under treatment T1t2 (l60oF - 90 min.) which 

corresponds to the lowest pH and also to the lowest amount 

of slough. Sistrunk et al. (1982) obtained a similar 

close positive relationship between WSP and slough in 

their work  with  green  beans.    Strong  negative  linear 
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correlations (P So.01) existed between WSP, EDTA-SP, brine 

clarity, green color, flesh firmness, skin firmness, F. 

max. and total work (Tables 21 and A3).' Strong positive 

correlations (P S 0.01) also existed with slough and 

yellow color of canned green beans. These linear 

correlations, which are in agreement with findings by 

Sistrunk and Cain (I960), Hartley (1976), and Robertson 

and Swinburne (1981), appear in Tables 21 and A3. The 

significant effects of treatments and the treatment means 

are summarized in Tables A4a and A4b. 

D.  EDTA-soluble pectins (EDTA-SP) 

The fraction of total pectic substances in canned 

green beans which are EDTA-soluble are the pectic acids or 

low methoxyl pectins. The results in Tables 5 to 8 and 

Figures A5 to A8 show that amounts of EDTA-SP in the 

canned green beans were significantly higher (P — 0.01) 

than those of WSP for the same heat treatments and that 

these levels increased at the lower temperatures of pre- 

blanching (160 F). When results were pooled across the 

sieve sizes, the highest amount of EDTA-SP corresponded to 

the lowest pH and the firmest canned green beans (Tables 

Ala and Alb). For both sieve sizes, the control (T3) 

again was significantly different (P — 0.05) from the 

treatments with pre-blanch and showed the lowest value for 

EDTA-SP in the canned green beans (Tables Ala and Alb). 

The control produced by far the highest amounts of slough 
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and had the highest pH. The lower temperature of pre- 

blanch (160 F) produced significantly (P <_ 0.01) higher 

amounts of EDTA-SP in canned green beans than pre-blanch 

at 200oF (Tables A4a and A4b). The longer time of pre- 

blanch (90 min.) also produced significantly (P<_ 0.01) 

more EDTA-SP than 30 minutes of pre-blanch. The effect of 

heat treatment on the pectic composition of the beans 

varied by sieve size. Sieve size 5 & 6 had significantly 

(P<_ 0.05) more EDTA-SP than sieve size 3 & ^ (Tables A4a 

and A4b). Pre-blanch temperature and time combinations 

also had ahighly significant effect (P<_ 0.01) on the 

EDTA-SP levels in canned green beans with amounts of 

EDTA-SP among the treatments declining as follows: T1t2 

Tltl  T2t1 = T2t2  T3. 

EDTA-SP was shown to be negatively correlated 

(P <_0.01 ) with pH, slough, WSP, and yellow color and this 

is in agreement with conclusions by Freeman and Sistrunk 

(1973). High positive linear correlations (P <_ 0 .0 1 ) which 

were shown to exist between EDTA-SP and F. max., total 

work, brine clarity, green color, flesh firmness and skin 

firmness correspond to findings by Sistrunk and Cain 

(I960), Doesburg (1973), and Sistrunk and Kozup (1982). 

The linear correlation coefficients and the significant 

effects of treatments on EDTA-SP are summarized in Tables 

A3, A^la, and A4b, respectively. 
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E.  Texture (Shear Press) 

The results summarized in Tables 9 to 12 and Figures 

A9 to A12 present the values of maximum force (F. max.) to 

shear and total work (W) of compression and shear of 

canned green beans. For F. max. (Tables 9 and 10), the 

temperatures and times of pre-blanch had a highly 

significant effect (P SO.01) on the resistance of canned 

green beans to shear. The lower temperature (160 F) 

produced firmer green beans than pre-blanch at 200 F 

(Tables AUa and Alb). This result supports the claim by 

Lee et al. (1979) that the increase in firmness is due to 

pectin methylesterase (PME) activated at intermediate 

temperatures and inactivated at high temperatures. The 

canned green beans used for control (T3= no pre-blanch) 

were significantly different (PS 0.01) from those with any 

temperature-time pre-blanch combinations (Tltl, T1t2, 

T2t1, T2t2) and showed the least resistance to shear 

regardless of sieve size. The study showed that sieve 

size also had a highly significant effect on resistance to 

shear for the ,0R "iSOH* canned green beans with sieve 3 & 

4 having the higher shear resistance (Tables A^a and A4b). 

However, this observation differs from findings by 

Sistrunk et al. (1982) which showed that the resistance to 

shear increases when the sieve size was bigger. Increasing 

time of storage at room temperature from 1 to 3 months was 

also effective (PS 0.05) in producing firmer canned green 

beans (Tables Ala and A'lb). This increase in firmness of 
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'ABLE 9- Resistance to shear of canned green beans, 
H: Maximum Force (lbs per lOOg). 

sieve 3 

Pre-blanch 
conditions 

1 month storage at 
room temperature 

months storage at 
room temperature 

T 1 11 a 

( 1600F; 30 min) 

T .1 12 
( l60oF; 90 mini 

T2t 1 
(200oF; 30 min) 

T2t2 
(200oF; 90 min) 

T3 
(no pre-blanch) 

LSD (0.01 ) 
LSD (0.05) 

Mean S.D. 

60.55u   3.7! 

39.17    6.8U 

19.10    6.00 

16.87    2.50 

39.10u   1.50 

6.19 
1.81 

Mean 

62.60' 

96.98* 

18. Si' 

19 .06': 

39.85' 

3.17 

6.50 

2.08 

3.70 

1.61 

T = temperature; t = time. 

b c d e Means in same column with different letter differ 
significantly: LSD (0.05). 

f 
Means and SD obtained from three replications, each 

done in triplicate. 
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TABLE 10.  Resistance to shear of canned green bean, sieve 5 & 6: 
Maximum force (lbs per 100 g). 

Pre-blanch          1 month storage at        3 months storage at 

co nd i t ions   £°°™_i£iHE££5.^H£e £°2.J5_i2.!!!E££A±.li.!-£ 

Mean^ i^D^ Mean l±Rj. 

Tltl3 58.78d    11.17 60.10d    0.60 
(160oF; 30 min) 

Tlt2 77.96e    8.33 84.US6    6.21 
(160oF; 90 min) 

T2ti 46.73°    1.98 16.95°    1.50 
(200oF; 30 min) 

T2t2 U5.62C    3.79 H7.80C    3-67 
:200OF; 90 min) 

T3 38.20b    2.99 t0.70b    0.87 
(no pre-blanch) 

LSD (0.01) 6.19 
LSD (0.05) 4.84 

T = temperature; t = time. 

b c d e ' ' ' Means in same column with different letter differ 
significantly: LSD (0.05). 

'Means and SD obtained from three replications, each 
done in trip licate . 
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TA3LS 11.  Resistance to compression and shear of canned green 
beans, sieve 3 4 1: Total Work (in.-lbs per 100 g). 

Pre-blanch          1 month storage at     3 months storage at 
££ii£.A ' i° 2.— L—°i5_i£.5E££2.±.H.Il£ £££S_ie i5£££5.±.H.££ 

Meanf S^ZK "£££ 1±R± 

T1 t1a 52.18d   3.22 52. 17d    1.13 
(1600F; 30 min) 

T1 t2 " 78.I6e   7 .27 78. 15e    2.66 
(1600F; 90 min) 

T2t1 11.36°   5.37 39.93C    0.19 
(200oF; 30 min) 

T2t2 39.16°   1.58 39.17°    2.87 
(200OF; 90 min) 

T3 32.IS13   2.53 32.33b    1.30 
(no pre-blanch) 

LSD (0.01 ) 5.27 
LSD (0.05) 3.91 

T = temperature; t = time. 

' ' ' Means in same column with different letter differ 
significantly: LSD (0.05). 

f 
Means and SD obtained from three replications, each 

done in duplicate. 
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- A 3 L E 12. Resistance to compression and shear  of canned green 
beans,sieve 5 4 6:Total Work (in.-lbs per 100 g). 

Pre-b lanch 
cond it ions 

1 month storage at 

 £10£i5_i.S.H£££3iHIIS. 

3 months storage at 

 iI££2_i£HE££2.i.M.£?. 

T1 11 
C16C0F; 30 rain) 

T1 t2 
(160oF; 90 min) 

T2t 1 
(200oF; 30 min) 

T2t2 
(200OF; 90 min) 

T3 
(no pre-b lanch) 

LSD (0.01 ) 
LSD (0.05) 

Mean S.D. 

1)9. OK"   l| . 16 

67.01    7.t6 

no. HO   1.33 

37.59°   1.81 

31.97    2.3E 

5.27 
3.91 

Mean     S.D. 

19.16    0.70 

69.63    1.26 

37.96^   0.57 

33.53    1.90 

31 .12    1.70 

T = temperature; t = time. 

b c d e 
' ' ' Means in same column with different letter differ 

significantly: LSD (0.05). 

f 
Means and SD obtained from three replications, each 

done in duplicate. 
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canned green beans was paralleled by the decrease of pH 

during storage. In their study on green beans, Kozup and 

Sistrunk (1982) drew the same conclusion. The maximum 

force which is one measure of canned green bean skin 

firmness, was highly positively correlated (P < 0.01) to 

total work, EDTA-SP, brine clarity, green color, flesh 

firmness and skin firmness. Significant negative linear 

correlations (Pi 0.01) also existed with pH, slough, WSP, 

and yellow color. These conclusions are in agreement with 

previous studies on green beans by Sistrunk and Cain 

(I960), Van Buren et al. (I960, 1962), Hoogzand et al. 

(1961 ) , Lee et al. (1979) . 

Total work of compression and shear (W) provides a 

measure of the firmness of canned green beans. The results 

obtained for this index of pod firmness (Tables 11 and 12) 

and (Figures All and A12) are in close agreement with 

those of F. max except for storage time which was not 

significantly different. Linear correlation coefficients 

and significant treatments effects are summarized in 

Tables A3, Ala and A^b, respectively. 

F.  Sensory evaluation 

Sensory panel evaluation results for the canned green 

bean samples are shown in Tables 13 to 20 and Figures A13 

to A16. It is apparent that pre-blanch treatment 

(temperature-time) significantly affected the sensory 

characteristics     of     canned     green     beans. Based     on     the 
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pooled data for the two sieve sizes ( 3 & 4 and 5 & 6) and 

two canned storage times at room temperature (1 and 3 

months), treatment T1t2 (160 F-90 min.) produced the 

highest brine clarity, the greenest color and the least 

relative amounts of yellow and brown color (Tables 13 to 

16). This same treatment produced the lowest values for 

pH and the firmest canned beans. Between the two pre- 

blanch temperatures, the lower temperature (160 F) 

produced firmer canned green beans (Tables A5a and A5b). 

This result is in agreement with some previous studies by 

Van Buren et al. (1964), and Davis and Striegler (1982). 

With respect to color and appearance, canned green 

beans used for control (T3) were found to be significantly 

different (P ^ 0.01) from canned green beans with pre- 

blanch. Brine clarity and green color were significantly 

lower for the control (T3) than for the other heat 

treatments. However, more yellow and brown color were 

displayed by the control (T3) when compared to pre-blanch 

canned green beans (Tables A5a and A5b). The lower 

temperature of pre-blanch (160 F), significantly different 

(P<0.01) from 200oF, produced a higher level of brine 

clarity and green color in canned green beans and was, 

therefore, beneficial in reducing the appearance of yellow 

and brown colors (Tables A5a and A5b). The time of pre- 

blanch also had a significant effect (P5 0.01) on canned 

green bean color (yellow, green, brown) but had no effect 

on brine clarity.   When compared to 30 minutes of pre- 



TABLE 13.  Panel scores  for color and appearance evaluation of canned green beans (sieve 
3  & 'I ) stored for 1  month at room temperature. 

Pre-blanch 
cond i t ions 

APPEARANCE 
Br i.ne_Clar i. ty Yellow 

COLOR 
Green 

Mean    S.D. 

Tltl" 
( l60oF; 30 min) 

T112 
(l60OF; 90 min) 

T2t1 
(200OF; 30 rain) 

T2t2 
(200OF; 90 min) 

T3 
(no pre-blanch) 

LSD (0.01 ) 
LSD (0.05) 

7.53   .32 

8.13   .32 

6.30u  .36 

5.00   .12 

1.63   .73 

0.91 
0.68 

Mean   S.D. Mean   S.D. 

3.50u .26 

2.93° .15 

3.90e .70 

M.03e .10 

1.90f .17 

0.53 
0.39 

6.13   .66 

7.33 .20 

5.13' 

0.50 
0.37 

15 

Brown 

Mean S.D. 

1.23C'd .10 

3.96    .20 

5.63   -37    1.66u'c .90 
d , e 

5.73   .66    1.86' 

5.00 

0.62 
0.16 

.50 

.36 

T = temperature; t = time. 

Means and SD obtained from three replications, each involving 10 trained panelists. 

' ' '   Means in same column with different letter differ significantly: LSD (0.05), 

Scoring scale was 9 to 1 where 9 = extremely more, 5 = same as 'Ref',1 = extremely 
less. 

to 



TABLE 1H. Panel scores  for color and appearance evaluation of canned green beans (sieve 
3 & ^ ) stored for 3 months at room temperature. 

Pre-blanch 
conditions 

T111 
(1600F; 30 min) 

T1 t2 
(1600F; 90 min) 

T2t1 
(200OF; 30 min) 

T2t2 
(200OF; 90 min) 

T3 
(no pre-blanch) 

LSD (0.01) 
LSD (0.05) 

APPEARANCE 
Brine Clarity 

Mean" S^IK 

7.96e   .25 

8.60r .20 

6.50d .52 

6.56d .20 

5.20° .10 

0.91 
0.68 

Yellow 
COLOR 
Green 

Mean   S.D. 

_     I!E°H!! 

Mean   S.D.   Mean   S.D. 

3.56u  .10 

2.80   .00 

3.90d'e.M3 

4.20   .15 

5.00   . 17 

0.53 
0.39 

6.83   .20 

7.36'  .25 

6.06u  .20 

5.90u  .13 

5.06   .11 

0.50 
0.37 

4.76d'e.23 

I.OO1"  .60 

1.93   .3'. 

4 .10c'd .50 

5.03   .20 

0.62 
0.16 

T = temperature; t = time. 

Means and SD obtained from three replications, each involving 10 trained panelists. 

c d e f 
' ' ' Means in same column with different letter differ significantly: LSD (0.05). 

g Scoring scale was 9 to 1 where 9= extremely more, 5= same as 'Ref',1= extremely less. 

(^ 
*- 



e 
TABLE 15.  Panel scores  for color and appearance evaluation of canned green beans 

(sieve 5 4 6)  stored for 1 month at room temperature. 

Pre-blanch 
cond it ions 

APPEARANCE 
Brine Clarity Yellow 

COLOR 
Green Brown 

Mean   S.D. Mean   S.D.     Mean   S.D.   Mean   S.D. 

T1 tl 
(1600F; 30 min) 

Tl t2 
(1600F; 90 min) 

T2t 1 
(200oF; 30 min) 

T2t2 
(200OF; 90 min) 

T3 
(no pre-blanch) 

LSD (0.01) 
LSD (0.05) 

6.80u  .60 

8.00   .36 

6.143   .23 

6.26"  .32 

5.10^  .36 

0.91 
0.68 

3-83 .tl 

3.30c .15 

i).26e  . 1 1 

3.90d,e.H3 

0.53 
0.39 

6.16U  .10    1.63   .23 

7.10   .17    3.60   .10 

5.86"  .25    1.73   .11 

6.13   .20    5.06   .19 

5.03   .15      1.93   .05    5.00   .20 

0.50 
0.37 

0.62 
0.16 

T = temperature; t = time. 

Means and SD obtained from three replications, each involving 10 trained 
panelists. 

c,d ,e , f 
Means   in   same   column   with   different   letter   differ   significantly:    LSD 
(0.05) . 

Scoring   scale   was   9    to    1    where   9=   extremely   more,    5=    same   as    'Ref,    1=extremely 
less . 



TABLE 16.  Panel scores  for color and appearance evaluation of canned green beans (sieve 
5 & 6 stored for 3 months at room temperature. 

Pre-blanch 
cond i tions 

APPEARANCE 
Brine Clarity Yellow 

COLOR 
Green 

T1t1° 
( l60oF; 30 min) 

T112 
( 160°F; 90 min) 

T2t 1 
(200OF; 30 min) 

T2t2 
(200OF; 90 min) 

T3 
(no pre-blanch) 

LSD (0.01) 
LSD (0.05) 

Mean S.D. 

7.56e .15 

8.50f .20 

6.113d .20 

6.23d .05 

5.06c .23 

0.91 
0.68 

Mean   S.D. 

3.86-'e. 15 

3.76u  .11 

1.93   .11 

0.53 
0.39 

Mean   S.D. 

6.06"  .2t 

1.l6e  .30      5.83   .05 

0.50 
0.37 

 5££^E 

Mean   S.D. 

i|.70d,e.36 

2.83   .05      7.26   .20    3.60   .20 

1.80d 'e.!40 

6.13   .35    l.'IB   .10 

5.20c  .26    4.96e  .05 

0.62 
0.16 

T = temperature; t -    time. 

Means and SD obtained from three replications, each involving 10 trained panelists. 

' ' ' Means in same column with different letter differ significantly: LSD (0.05). 

Scoring scale was 9 to 1 where 9= extremely more,5-   same as 'Ref, 1= extremely less. 
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blanch, the longer time of pre-blanch (90 min.) 

significantly reduced the loss of green color and allowed 

less yellow and brown color to occur (Tables A5a and A5b). 

For the two sieve sizes, the increase in storage time from 

1 to 3 months significantly (P - 0.01) increased brine 

clarity but had no significant effect on green, yellow and 

brown colors (Tables A5a and A5b). Kozup and Sistrunk 

(1982), in their study, noticed a significant decrease of 

green color coupled with a significant increase of yellow 

color during storage. The panel, also did not 

differentiate between the two sieve sizes and thus no 

significant effect, due to sieve size, was found for a 

similar heat treatment. 

The sensory evaluation of texture and flavor appears 

in Tables 17 to 20. Temperatures and times of pre-blanch 

had significant (P^ 0.01) effects on firmness and flavor 

of canned green beans. Results from the pooled data 

(Tables A5a and A5b showed that the lower temperature of 

pre-blanch (160 F) gave firmer canned green beans and 

treatment T1t2, once again, showed the highest values. 

While the temperature of pre-blanch had a significant 

effect on sourness (P< 0.01) and sweetness (P< 0.05) of 

the canned green beans, it had no effect on their 

bitterness or on their typical bean flavor (TBF). The 

lower temperature of pre-blanch (160 F) was found to give 

a higher level of sourness and a lower level of sweetness 

to the  canned green beans.   Time  of pre-blanch had  a 
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significant (P 5 0.01) effect only on canned green beans 

firmness but had no effect on their flavor (Tables A5a 

and A5b). The canned green beans were firmer after 90 

minutes of pre-blanch than after 30 minutes. The sensory 

panel found that the sieve size effect was only 

significant (P 1 0.05) on the bitterness of canned green 

beans. The smaller sieve size (3 & 1) displayed a higher 

level of bitterness when compared to sieve size 5 & 6 

(Tables A5a and A5b). Storage time had also a significant 

effect on skin firmness (SF) and on bitterness. After 3 

months of storage at room temperature, canned green beans 

had a significantly (P^ 0.05) higher level of bitterness 

and skin firmness than after 1 month. Canned green beans 

used for control (T3) were found to be significantly (Pi 

0.05) different from other treatments with pre-blanch 

except for typical bean flavor (TBF) (Tables A5a and A5b). 

The panel's scores accurately reflected the 

variations introduced in the canning of green beans and 

highly significant linear correlations (P£ 0.01) between 

chemical, physical, and sensory attributes were 

established. Some of the strong linear correlations can 

be seen in Table 21. A complete summary of linear 

correlation coefficients and significant effects of 

treatments is provided in Tables A3, A5a and A5b, 

respec tively. 



TABLE 17.  Panel scores  for texture and flavor evaluation of canned green beans (sieve 3 & 1) stored for 
1 month at room temperature.- 

TEXTURE FLAVOR 
Pre-blanch      Flesh Skin Typical Bean 
conditions    Firmness (FF)   Firmness (SF)      Flavor       Bitterness      Sourness Swee tne.ss 

Tltl" 
( 1600F; 
30 min) 

T112 
(1600F; 
90 rain) 

T2t1 
(200OF; 
30   min) 

T2t2 
(200OF; 
90   min) 

Mean S^J^ Mean §JL5J 

6.20e      .20 6.tO6 .17 

7.10f        .36 7.tOf .25 

6.06d'e   .23 5.66d        .25 

5.lb6 .Hi 5.70d .26 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

5.50d .20 5.36° .30 5.50d .10 1.90c'd    .20 

5.10 .52 5.90 .30 6.06 .05 1.60 .15 

5.061- .32 6.03 .25 5.53 .25 l|.76 .21 

l.go0 .58 5.23° .32 5.10c .10 5.06d'e    .05 

T3 
(no pre- 
blanch ) 

5.30    .60    5.06c   .32 5.13C'd .05    5.13°   .25     5.00c   .00    5.36e   .15 

LSD (0.01 )   0.53 
LSD (0.05)   0.10 

0.43 
0 .32 

0.U9 
0.37 

0.56 
0.31 

0.12 
0.31 

0.16 
0.34 

T = temperature; t = time 

Means and SD obtained from three replications, each involving 10 trained panelists, 

c.d.e.r, 

g 

Means in same column with different letter differ significantly: LSD (0.05) 

Scoring scale was 9 to 1 where 9= extremely more, 5= same as 'Ref, 1= extremely less. 



TABLE 18.  Panel scores8 for texture and flavor evaluation of canned green beans (sieve 3 & '1 ) stored 
for 3 months at room temperature. 

TEXTURE FLAVOR 
Flesh Skin Typical 
Firmness (FF)  Firmness (SF)   Bean Flavor    Bitterness   Sourness      Sweetness 

Pre-blanch 
cond it ions 

tieoTF; 
30 min) 

Tl t2 
(1600F; 
90 min) 

T2t 1 

Mean S^IK Mei" 5^0^ "ifl!! S^JK tliiH §_L5.I Mean S^D^ Mean S^IK 

6.56e  .11     6.80e  .20      5.53d  .25     5.86d,e.05   5.|13d  .20    1.80C  .10 

7.l3f     .30 7.76f     .05 5.20c,d.30 6.33f     .30        5.93e      .37 1.70°      .10 

5.86d      .32 5.63d      .32 5.06c      .23 6.06e,r.28       5.53d      .30 •l.93c      .50 

30 rain) 

T2t2 
(200OF; 
90 min) 

6.00d  .17     5.86d  .10      5.,16d  .15     5.60c,d.52   5.50d  .10    1.93°  .37 

T3 
(no pre- 
blanch) 

1.93°  .20     5.03°  .15      5.03°  .11    *5.33C  .10   5.06c  .11    5.00c  .10 

LSD (0.01) 
LSD (0.05) 

0.53 
0.10 

0.13 
0.32 

0.19 
0.37 

0.56 
0.31 

0.12 
0.31 

0.16 
0 .31 

T = temperature; t = time. 

Means and SD obtained from three replications, each involving 10 trained panelists. 

c d e f 
' ' ' Means in same column with different letter differ significantly: LSD (0.05). 

g 
Scoring scale was 9 to 1 where 9 = extremely more, 5 = same as 'Ref, 1 = extremely less. 

O 



TABLE    19-      Panel   scores      for   texture   and    flavor   evaluation   of   canned   green   beans   (sieve   5   &   6)    stored 
for   1   raonth   at   room   temperature. 

TEXTURE FLAVOR 
Pre-blanch Flesh Skin Typical 

£°Il^iii2!12 Eimi2£S£_lf!El Eilli?I!£5S_l^El     5S5.2_EiS.X2r 5iAi.£ri2£52 Sourness      _5!l£Sill£55 

Mean S^D^ Mean S^D^ ^S.£!2 -^[K Mean S^CK Mean S^CK "££0 S^CK 

T1t1a 6.33e        .05 6.i)3e        .25 5.10°        .20        5.26°        .55     5.50d'e   .20 5.03°        .17 
( 160

O
F; 

30   min) 

T1t2 7.00f        .43 7.56r        .25 5.53d        .66        5.56°        .25      5.70e        .62 4.76°        .58 
(1600F; 
90 min) 

T2t1 5.60d   .10    5.60d   .45    5.23°   .11   5.56c   .23  5.16°   .23    5.03°   .32 
(200OF; 
30 min) 

T2t2 6.03e   .32    5.76d   .15    5.43C'd .49   5.33°   -35  5.33C,d .35    5.40d   .30 
(200OF; 
90 min) 

T3 5.00°   .40    4.90c   .10    5.10°   .10   5.36°   .11  5.10°   .11    5.06c,d .15 
(no pre- 
blanch ) 

LSD (0.01)     0.53 0.43 0.49 0.56 0.42 0.46 
LSD (0.05)     0.40 0.32 0.37 0.31 0.31 0.34 

T = temperature; t = time. 

Means and SD obtained from three replications, each involving 10 trained panelists. 

c d e f 
' ' ' Means in sane column with different letter differ significantly: LSD (0.05). 

Scoring scale was 9 to 1 where 9= extremely more, 5= same as 'Ref, 1= extremely less. 

I-1 



TABLE 20. Panel scores  for texture and flavor evaluation of canned green beans (sieve 5 & 6) stored 
for 3 months at room temperature. 

TEXTURE FLAVOR 
Pre-blanch     Flesh Skin Typical 
conditions     Firmness(FF)   Firmness(SF)  Bean Flavor    Bitterness   Sourness      Sweetness 

T1 tl 
( 1600F; 
30 min) 

Tl t2 
(1600F; 
90 min) 

T2t1 
(200OF; 
30 rain) 

T2t2 
(200OF; 
90 min) 

T3 
(no pre- 
blanch ) 

Mean S^D^ M£ill 5J.^-L ^£2.!! §.i.V±. ^iiH -LIL ^ii!! 5.iIL Qean S^D^ 

6.66e  .35     6.73e  .40     5.'43d  .Ml    5.56d  .55   5.70e  .43    i).90c,d.30 

6.86   .10    7.60   .143    5.03   .15    6.03   .05   5.96   .20    1.70   .17 

c,d c.d 
5.76   .37     5.70   .36     5.23 '.05    5.66   .65   5.33   .20    1.96 ' .15 

5.86d  .32     5.93d  .11     5.16d  .20    5.20°  .51   5.20c,d.25    5.20d  .26 

5.26°  .10     5.26°  .11     5.11C'd.15    5.10°  .17   5.00°  .34    5.06d  .15 

LSD (0.01 )     0.53 
LSD (0.05)     0.10 

0.13 
0.32 

0.19 
0.37 

0.56 
0.31 

0.42 
0.31 

0.46 
0 .34 

T = temperature; t = time. 

Means and SD obtained from three replications, each involving 10 trained panelists. 

0' 'e' Means in same column with different letter differ significantly: LSD (0.05). 

g Scoring scale was 9 to 1 where 9= extremely more, 5= same as 'Ref, 1= extremely less. 



TABLE 21. Significant correlation coefficients for chemical, physical and sensory attributes 
of canned and stored green beans. 

ATTRIBUTES Brine Clarity Yellow Green 
Flesh 
Firmness 

Skin 
Firmness 

All values are significant at 99?. 

Sourness 

Brine Clarity - -.805 .867 .751 .817 .689 

Yellow -.805 - .892 -.810 -.851 -.701 

Green .867 -.892 - .806 .862 .611 

Flesh Firmness -751 -.810 .806 - .937 .777 

Skin Firmness .817 -.851 .862 .937 - .780 

Sourness .689 -.701 .611 .777 .780 - 

PH -.691 .671 -.701 -.672 -.726 -.526 

Slough -.856 .889 -.892 -.895 -.927 -.721 

F. Max. .823 -.837 .861 .859 .921 .717 

Work .825 -.831 .862 .819 .915 .720 

EDTA-SP .879 -.851 .895 .895 .956 .730 
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V. CONCLUSIONS 

Sieve sizes 3 & ** and 5 & 6 of green beans 'Oregon 

16041, after pre-blanching with different temperatures and 

times, were canned and stored at room temperature (RT) for 

one and three months. This study examined the effects of 

the above variables on the chemical, physical and the 

sensory attributes of canned green beans. The following 

conclusions were drawn:  (Tables A4b and A5b) 

1 . pH decreased with all pre-blanch treatment and during 

canned storage at RT. This decrease was greater at 

160 F than at 200 F Canned green beans pre-blanched 

for 90 min. had a lower pH than those pre-blanched for 

30 min. 

2. The severity of slough increased wit the temperature of 

pre-blanch, increasing from 160 F to 200 F, and with 

the larger sieve size ( 5 & 6). However, increasing 

the time of pre-blanch from 30 to 90 min. decreased 

the sloughing. The increased solubilization of the 

pectic substances (PS) at pH > 5, by transelimination 

reaction, could be the reason for the increasing 

amount of slough. There was a high positive 

correlation between the severity of slough and the pH 

of the canned green beans. 
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Resistance to shear, which was increased by the lower 

pre-blanch temperature (160 F) and the longer canned 

storage time (3 months) at RT, decreased with the 

larger sieve size (5 & 6) and the higher temperature 

(200OF). The low temperature-long time (LT-LT) pre- 

blanch activated the pectin me thylesterase (PME) which 

made a large number of free carboxyl groups available 

on the pectic substances for cross-linkages by means 

of salt bridges with Ca present in the tissues. The 

higher temperatures of pre-blanch (200 F) inactivated 

the PME and produced softer green beans and more 

slough. High negative correlations between resistance 

to shear, pH and slough were displayed. 

The higher the amount of EDTA-soluble pectins (EDTA-SP) 

(EDTA-SP), the higher the resistance to shear or 

compression and the lower the slough produced. 

Changes in pectic substances were closely related to 

extent of sloughing, and a decrease in firmness of the 

canned green beans was associated with an increase in 

water-soluble pectins (WSP) and a decrease in EDTA-SP. 

WSP, which was negatively correlated to EDTA-SP, was 

found to increase with larger sieve size, longer 

storage, higher pre-blanch temperature. However the 

amount of WSP decreased when time of pre-blanch was 

increased from 30 to 90 min. 
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5. Sensory attributes (texture, appearance, color and 

flavor) were all affected by temperatures and times of 

pre-blanch. 

a) firmness was the highest for the lower 

temperature (160 F) and the longer time of 

temperature application (90 min.). A 

positive linear correlation existed between 

firmness and resistance to shear and/or 

compression, EDTA-SP, green color and brine 

clarity. Slough, pH, WSP and yellow color 

were negatively correlated to firmness. 

b) brine clarity, improved by lower pre- 

blanch temperature (160 F) and longer time 

of storage, also displayed high negative 

linear correlations with the parameters 

listed under firmness. 

c) color was affected by heat treatment. 

Pre-blanch at 200 F decreased green color 

and allowed more yellow and brown color to 

occur in the canned green beans. However, 

pre-blanch for 90 min. was beneficial for 

green color and less yellow and brown color 

occurred. The judges' responses were not 

affected by sieve size or length of canned 

storage. 

The greatest amount of green color 

corresponded to the lowest pH and also to 
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7. 

the lower temperature-longer time of pre- 

blanch although it is well-known that the 

rate of pheophytin formation increases as pH 

decreases. One explanation could be that 

the firming effect resulting from PME 

activity reduced the availability of other 

ions involved in the exchange with Mg from 

the chlorophyll molecule and limited the 

formation of pheophytin. Also, it can be 

suggested that pH is not the only factor 

influencing the conversion of chlorophyll to 

pheophytin. Additional research is 

necessary. 

d)    Typical  canned  bean  flavor  was  not 

significantly    impaired   by   pre-blanch 

treatments although significant changes may 

occur  in some  components  of canned green 

bean  flavor.    Pre-blanch  at  200 F  gave 

sweeter and less sour canned green beans 

when compared to pre-blanch at 160 F.  The 

judges also noticed that sieve size 3 & ^ 

and  storage  for  3  months  produced  more 

b itterness. 

For all  variables  studied,  the  control  (T3)  was 

significantly  different from all treatments with pre- 

blanch except for the typical bean flavor (TBF). 
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VII.   APPENDIX 



Sensory Science Laboratory 
Department of Food Science and Technology 

Oregon State University 

A.  Appearance: Product: 

Compare each coded sample directly with the reference. 
For each specific descriptor place the sample code in 
the box which best indicates your opinion of the sample 
quality relative to the reference sample. 

B. Color: 

Date:  

Rep. /Sieve: 

Evaluator:- 

For each specific hue, place the sample code that best indicates your opinion of 
the sample relative to the reference sample. 

APPEARANCE 

BRINE CLARITY YELLOW 

COLOR 

GREEN BROWN 

Extremely   more 

Largely   more 

Moderately   more 

Slightly   more 

Same  as   "Ref 

Slightly   less 

Moderately   less 

Largely   less 

Extremely   less 

FIGURE   A1.     Sensory   ballot   for   appearance   and   color   quality   parameters.   The 
9-point   difference   scale   was   quantified   for   the   statistical   analysis 
with   extremely   less   =   1   and   extremely   more   =   9. 

oo 



Sensory Science Laboratory 
Department of Food Science and Technology 

Oregon State University 

A.  TEXTURE 

Compare each coded sample directly with the reference. 
For each specific descriptor place the sample code in 
the box which best indicates your opinion of the sample 
quality relative to the reference sample. 

B.  Flavor 

Repeat   the   same   procedure   used   for   texture. 

Product: 

Date :  

Rep./Sieve: 

Evaluator:- 

TEXTURE FLAVOR 

Flesh 
Firmness 

Skin 
Firmness 

Typical bean 
flavor Bitterness Sourness Swee tness 

Extremely more 

Largely more 

Moderately more 

Slightly more 

Same as "Ref 

Slightly less 

Moderately less 

Largely less 

Extremely less 

FIGURE A2.  Sensoiy ballot for texture and.flavor quality parameters.  The 9-point difference scale was 
quantified for the statistical analysis with extremely less = 1 and extremely more = 9. 

O 
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FIGURE A3.  Volume of slough  sediments (ml) of canned 

green beans, sieve 3 & 4, processed using 

1 2 different temperatures  and times  of pre- 

blanch and stored at room temperature (RT) 

for one and three months respectively.  This 

residual volume was obtained from 100 ml of 

distilled water added to 45g of cut green 

beans.After being shaken for 5 minutes, the 

liquid was transferred to a 100ml graduated 

cylinder and the residual volume was measured 

after one hour.  The values obtained are the 

means of three replications each done in 

dup licate. 

^temperature: T1 = l60oF; T2 = 200oF; T3 = no pre-blanch, 
time: tl = 30 min; t2 = 90 min. 
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FIGURE AM.  Volume of slough sediments (ml) of canned 

green beans, sieve 5 & 6, processed using 

1 2 different temperatures  and times  of pre- 

blanch and stored at room temperature (RT) for 

one and three months respectively.  This 

residual volume was obtained from 100ml of 

distilled water added to 50g of cut green 

beans.  After being shaken for 5 minutes, the 

liquid was transferred to a 100ml graduated 

cylinder and the residual volume was measured 

after one hour.  The values obtained are the 

means of three replications each done in 

duplicate . 

temperature: T1 = l60oF; T2 = 200oF; T3 = no pre-blanch. 
time: tl = 30 min; t2 = 90 min. 
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FIGURE A5. Percentage of anhydrogalacturonic acid 

(dry weight) in canned green beans, sieve 

3 & 4, processed using different temperatures 

2 
and   times     of  pre-blanch   and   stored   for   one 

month   at   room   temperature   (RT).     The   values 

obtained   are   the   means   of   three   replications, 

each   done   in   triplicate.     The   %   anhydro- 

galacturonic   acid   was   quantified   by   the 

method   of  Blumenkrantz   and   Asboe-Hansen   (1973) 

temperature:   T1   =   1600F;   T2   =   200oF;   T3   =   no   pre-blanch. 
time:   tl   =   30   min;   t2   =   90   min. 
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FIGURE A6. Percentage of anhydrogalacturonic acid 

(dry weight) in canned green beans, sieve 

3 & I , processed using different temperatures 

2 and   times     of  pre-blanch   and   stored   for   three 

months at room temperature (RT).  The values 

obtained are the means of three replications, 

each done in triplicate.  The %   anhydro- 

galacturonic acid was quantified by the method 

of Blumenkrantz and Asboe-Hansen (1973). 

temperature: T1 = l60oF; T2 = 200oF; T3 = no pre-blanch 
time: tl = 30 min; t2 = 90 min. 
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FIGURE A7. Percentage of anhydrogalacturonic acid 

(dry weight) in canned green beans, sieve 

5 & 6, processed using different temperatures 

2 
and times  of pre-blanch and stored for one 

month at room temperature (RT).  The values 

obtained are the means of three replications, 

each done in triplicate.  The %   anhydro- 

galacturonic acid was quantified by the 

method of Blumenkrantz and Asboe-Hansen (1973) 

temperature: T1 = l60oF; T2 = 200oF; T3 = no pre-blanch. 
time: tl = 30 min; t2 = 90 min. 
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FIGURE A8.  Percentage of anhydrogalacturonic acid 

(dry weight) in canned green beans, sieve 

5 & 6, processed using different temperatures 

2 
and   times     of  pre-blanch   and   stored   for   three 

months at room temperature (RT).  The values 

obtained are the means of three replications, 

each done in triplicate.  The %   anhydro- 

galacturonic acid was quantified by the 

method   of   Blumenkrantz   and   Asboe-Hansen   (1973) 

ptemperature:   T1   =   l60oF;   T2   =   200oF;   T3   =   no   pre-blanch. 
time:   tl   =   30   min;   t2   =   90   min. 
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FIGURE A9•  Maximum force (lbs) expended to shear a lOOg 

sample of cut green beans, sieve 3 & 4, 

processed with different temperatures  and 

2 
times  of pre-blanch and stored at room 

temperature (RT) for one and three months, 

respectively.  An Allo-Kramer shear press, 

model S2HE, was used with a 5,0001b proving 

ring, 375 psi on the ram and a 20 second down 

stroke.  The values obtained are the means of 

three replications each done in duplicate. 

temperature: T1 = l60oF; T2 = 200oF; T3 = no pre-blanch, 
time: tl = 30 min; t2 = 90 min. 
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FIGURE A10. Maximum force (lbs) expended to shear a lOOg 

sample of cut green beans, sieve 5 & 6, 

processed with different temperatures  and 

2 
times  of pre-blanch and stored at room 

temperature (RT) for one and three months, 

respectively.  An Allo-Kramer shear press, 

model S2HE, was used with a 5,0001b proving 

ring, 375 psi on the ram and a 20 second down 

stroke.  The values obtained are the means of 

three replications each done in duplicate. 

temperature: T1 = l60oF; T2 = 200oF; T3 = no pre-blanch 
time: tl = 30 min; t2 = 90 min. 
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FIGURE All.  Total Work (in.-lbs) expended to compress and 

shear a lOOg sample of cut green beans, sieve 

3 & 1 , processed with different temperatures 

2 
and times  of pre-blanch and stored at room 

temperature (RT) for one and three months, 

respectively.  An Allo-Kramer shear press, 

model S2HE, was used with a 5,0001b proving 

ring, 375 psi on the ram and a 20 second down 

stroke.  The values obtained are the means of 

three replications each done in duplicate. 

ptemperature: T1 = l60OF; T2 = 200oF; T3 = no pre-blanch 
time: tl = 30 min; t2 = 90 min. 
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FIGURE A12 Total  Work (in.-lbs) expended to compress 

shear a lOOg sample of cut green beans, sieve 

5 & 6,processed   with different temperatures 

2 
and times  of pre-blanch and stored at room 

temperature (RT) for one and three months, 

respectively.  An Allo-Kramer shear press, 

model S2HE, was used with a 5,0001b proving 

ring, 375 psi on the ram and a 20 second down 

stroke.  The values obtained are the means of 

three replications each done in duplicate. 

temperature: T1 = l60oF; T2 = 200oF; T3 = no pre-blanch, 
time: tl = 30 min; t2 = 90 min. 
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FIGURE A13.  Sensory scores of color, texture and 

appearance of cut green beans, (sieve 3 & 1) 

processed with different temperatures  and 

2 
times  of pre-blanch stored at room 

temperature (RT) for one month.  The scoring 

was done with coded samples (Tltl to T3) 

compared to a control (known T3) where: 9 = 

extremely more. . . than control; 5 = same as 

control and 1 = extremely less . . .  than 

control.  The values obtained are the means of 

three replications, each involving 10 trained 

panelists. 

temperature: T1 = l60oF; T2 = 200oF; T3 = no pre-blanch, 
time: tl = 30 min; t2 = 90 min. 



3 

o </> 
c 
01 

9 • 

7 - P 

1  1  1   1 
f HI ii      in n 

5 - 

L« la 

1   u 
1     I* 

1        I   !• 
1     r I 
1       L" 1 

ii     II« 

II      ii* 
1                        Immml 
1                        l\* 

II                        ^  1 

nM                        1 1                        1* 
1                        1  * 
i    r*!* 

r 1 

1               1     1* 
1       r™"! II            r" 1 

1            II* i     ii • 
i     i I * 

1               1^ 1* It        II* H. i     i i* 
i        L™!* 1        L. 1 II        i" 1 1        r~ * |        |   4 

\\m r • 
3 " 

1               1     1* 

1              1     1* 
II        |   | 1        11* 1                II" 

r~r< 

b 
II        II 

1        1   1 
II        II 1        i~l * 

r"—,-L 
1    nl* 

1 

1        • 
1            r™ 1 * i            II* I            I    l t     n * 

1 

1              p~ 1 

1 
h*i hh Tjjt, T2t2 

• Brine clarity 
• Flesh firmness 

• Green 
FIGURE A13 

ro 



113 

FIGURE   A14.      Sensory   scores   of  color,   texture   and 

appearance of cut green beans, (sieve 3 & 1,) 

processed with different temperatures  and 

2 
times  of pre-blanch stored at room 

temperature (RT) for three months.  The 

scoring was done with coded samples (Tltl to 

T3) compared to a control (known T3) where: 9 = 

extremely more. . . than control; 5 = same as 

control and 1 = extremely less . . .  than 

control.  The values obtained are the means of 

three replications, each involving 10 trained 

panelists. 

-temperature: T1 = l60OF; T2 = 200oF; T3 = no pre-blanch, 
time: tl = 30 min; t2 = 90 min. 
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FIGURE A15.  Sensory scores of color, texture and 

appearance of cut green beans, (sieve 5 & 6) 

processed with different temperatures 

2 
and times  of pre-blanch stored at room 

temperature (RT) for one month.   The 

scoring was done with coded samples (Titl to 

T3) compared to a control (known T3) where: 9 

= extremely more. . . than control; 5 = same as 

control and 1 = extremely less . . .  than 

control.  The values obtained are the means of 

three replications, each involving 10 trained 

panelists . 

^temperature: T1 = l60OF; T2 = 200oF; T3 = no pre-blanch. 
time: tl = 30 min; t2 = 90 min. 
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FIGURE A16.  Sensory scores of color, texture and 

appearance of cut green beans, (sieve 5 & 6) 

processed with different temperatures 

2 
and times  of pre-blanch stored at room 

temperature (RT) for three months.   The 

scoring was done with coded samples (Titl to 

T3) compared to a control (known T3) where: 9 

= extremely more. . . than control; 5 = same as 

control and 1 = extremely less . . .  than 

control.  The values obtained are the means of 

three replications, each involving 10 trained 

panelists . 

ptemperature: T1 = l60OF; T2 = 200oF; T3 = no pre-blanch. 
time: tl = 30 min; t2 = 90 min. 
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TABLE A1. Total solids (%) in canned green beans stored for 
1 month at room temperature (RT). 

Pre-blanch 
conditions Sieve 3 & H Sieve 5 & 6 

Mean    S.D, Mean    S.D, 

T1t1Q 

(1600F; 30 min) 

T1t2 
(1600F; 90 min) 

T2t1 
(200OF; 30 min) 

T2t2 
(200OF; 90 min) 

T3 
(no pre-blanch) 

10.46 

10.53 

10.38 

10.90 

10.47 

.US 

.59 

.45 

.22 

.15 

10.83 

10.73 

10.77 

10.52 

10.50 

.59 

.29 

.27 

.91 

.59 

T =  temperature;  t = time. 

Means and SD obtained from three replications, 
each done in duplicate. 
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TABLE A2. Total solids (.%)   in canned green beans stored for 
3 months at room temperature 

Pre-blanch 
conditions Sieve 3 & H Sieve 5 & 6 

Mean S.D. Mean S.D. 

Tltl a 

(l6crF; 30 min) 

T1t2 
(1600F; 90 min) 

T2t1 
(200oF; 30 min) 

T2t2 
(200oF; 90 min) 

T3 
(no pre-blanch) 

10.41 .31 10 .82 .33 

10.56 .59 10.71 .28 

10.31 .29 10.74 .35 

10.01 .77 9.98 .43 

10.44 .23 1-0.4 6 .51 

T =  temperature;  t = time. 

Means and SD obtained' from three replications, 
each done in duplicate. 



TABLE A3>  Linear correiatton matrix Tor physical, chemical and sensory attributes of   canned green beans stored at 
rooa teoperaLure. 

 e!!?I_5L9!lSfi Ei_*!**j. !!255 !*§E E2I*;SP BC IELt9^ S5£5!* §29!!!* FK SF TDF 2III55_S02H 52?ET 

gHStorage - ^723 ;^i2§ zA^l ^.5.11 Zxllk Z^ll ^^11 1-19.1 j.5 89 z^kli rj.Z£§ Zilll   ^ZLIU Zi.llk LI'L^. 

SLOUQH - Z-2°l zAll ^131 Z^fll 2-?56 ^889 Z^2l J.^11 Zl-lll Z-211 Zllll Z-llb -^7 n ^^60 

Ma»l»UB   force(F.   mai.) - ^99 3 j.807 ^9311 ^.82 3 zAll Akl Z-kll All JL!?.}. L1°1 -Ilk xlll-zAll 

WORK - ;J.8I9 ^9 35 z825 2^.8 31 ^86 2 ;^687 ^8«9 ^915 ^±0 3 ^^^7 ^7 20_-^Mh9 

WSP   (wa ter-aolub It   pectlna) - ;^7 90 ;^69 3 j.609 zi.kH xk^l Z-kkl Zi.llk Z^lli ZJL^II Zxkll ±112 

I2I*I.?2_i52I*I.?°l!rtl£_£S0ii5;l z -L5I2 Z^klH -895 rj.*9I j.89 3 ^956 ^200 ^"IS j.7i9_;^!i!t7 

BC I5rin*_5iiriiti ; ZJL!21 ^.867 z^kll ^I^i ^11 j.226 ^72 ^§89-^389 

IELLOW - ;j.892 ^676 z^Ulo z±.111 zz.lkl ij.!!5§-_:^I91i__j.22Z 

ORBEN - -^5 7 9 ^806 ^86 2 ^_[^7 ^67 jL§!ilt_;ii28 

BROWN  -    -.6!)3  -.711   -.188  -.363  -.652  .397 

FF (Flesh flraness) 

SF (Skin rirnness) 

 ; ^9 37  ^191 

.177 

_^07__ 

.183 

_zVll_: 

.780 • 

-.1.111 

-.1122 

TBP (Typical bean flavor) . -.225 .ion .257 

BITTER - ^68^-^5 06 

SOUR - zi.121 

SWEET - 

R = Pearson produo t-ooaaenl correlation ooefriclent       N = number of observations = 60 

R -.255  (significant  at PS0.05) 

R - .331  (significant  at pio.01) 





TABLE Alb. Means of physical and chemical attributes of   canned and stored green beans significantly 
changed (P<0.05) by several sources of variation. 

Source^ofVarlatJ^on  

Sieve 3*1 
5*6 

 f!!ST*__ SLOUGH 
—T5TT~ 

P.   MAX.b 

—TTbST"■ 
WORK             WSPC 

Tin.-lbs)    (IAGAT 
EDTA-SPd 

—Jliair 
'    5.33 

5.30 
12.82 
11. 10 

58.17 
51.73 

18.59           3.11 
15.57           3.59 

7.83 
7.97 

Storage 1   Month 
3   Months 

5.36 
5.27 : 

55.30 
57.60 1 

3.1)1 
3.62 : 

Temperature   (T) l60oF 
200oF 

5.26 
5.32 

6.19 
15.56 

73-69 
17.65 

"  6l.9fl 
39.33 

3.02 
3.81 

10.97 
6.58 

Tine   (t) 30   nln. 
90   oln. 

5.32 
5.26 

12.17 
9.58 

5ll.2lt 
67. 11 

15.31 
56.00 

3.lift 
3.37 9.39 

Control (T3)     Control 5T¥o     23.BT"   39.5?   32.79    3.66      5T35" 
vs. other 
treatnents"   Other treataents 5.29      10.88    60.70   50.68    3.13      8.76 

storage at RT Water-soluble peotlns (dry weight) 

Haxlaun force EDTA-soluble peotlns (dry weight) 

eT1t1, T1t2, T2t1, T2t2 

to 



TABLE A5a.  Significant efTecta on sensory attributes of canned green beans stored at room temperature (RT). 

Sources of Variation BC l£i.l2^ 5re®Q §£0^!! LL 5F I§£ liit?.rD£53 S^H™?^ 5wi£iG®^^ 

Sieve * 

Storage •■ • • 

Tecnperature (T) •■        ••      ••         •■ • 

Tioe (t) •■     ••      •• ••    •• 

Temp, x time •■        ■■     •■               *• ■• ■ 

Control (T3> vs other treats.6   ■•       •■     ■•      •■    ■■    •• "• ■■ • 

Sieve x storage 

Sieve x temp. ■* 

Sieve x time 

Sieve x tenp. x time 

Sieve x (control vs. other treats.) 

Storage x   temp. 

Storage x time 

Storage x temp, x time 

Storage x (control vs. other treats.) 

Sieve x storage x temp. 

Sieve x storage x time 

Sieve x storage x temp, x time 

Sieve x storage x (control vs. other treats.) 

•   significant at P  0.05       aBrine Clarity     cSkln Firmness        eT It 1 , Tit?, T2t1, T2t2 

11  significant at P  0.01 Flesh Firmness     Typical Bean Flavor 

to 
4> 



TABLE A5b.  Means of   panel scores  for sensory attributes of canned and stored green beans significantly changed 
(PS 0.005) by several sources of variation. 

Sources of Variation BC* I«AA5!! 5E£®2 §E°Hn ££ 55° I5£ 5iii££2£52 Sourness Sueetnes 

Sieve            3*1             -       -       -       - 5.68 
5*6             ------- 5.1)5 

Storage          nonth        $^$5             -                  -       -               -     6705   - 5717          -          - 
3 Months       6.86     -                            6.23   - 5.66 

Temperature (T'J  iT0*F          7.92    1733    5TB2    5778   5777   7709   - -          577 2       1(7ST~ 
200oF          6.21    1.01    5.9t    1.73   5.88   5.73   - -          5.31       5.03 

Time (t)       Jo~^Tn'.                  -     JTST   f7Ti   5755  57TT  571?  - -         T        Z 
90 mln.         -      3.17    6.62    1.21   6.50   6.70   - -           - 

Control          Control        5700    5795    TToB    5700   57T2   5705   - 5723         5755       5. 12~ 
vs. other 
treatments6   Other treats.     7.07    3.67    6.36    1.16   6.32   6.11   - 5.65         5.53       1.92 

Brine Clarity Skin Firmness T1t2, T2t1, T2t2 

Flesh Firmness Typical Bean Flavor 

Panel of 10 Judges using a 9 to I scoring scale where 9 - extremely 
more, 5 = same as NRefN, 1 = extremely less. 




