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ABSTRACT 

The growing market demand for convenient ready-to-serve chopped 

crisp head lettuce along with its inherent discoloration and shelf life 

problems has led to this study. 

Head lettuce grown at The University of Arizona's Mesa and 

Marana Farms or obtained from local growers or wholesalers was used. 

Chopped salad was prepared by cutting heads into 19 mm square pieces. 

The product was rinsed with different chemical solutions at 2° C i 1°, 

centrifuged, packaged in different plastic bags, treated with different 

N2-O2-CO2 atmospheres and stored at appropriate temperatures for 

periodic subjective evaluations of visual quality and discoloration. 

Fresh and freeze-dried samples were extracted by 0.35 M phosphate buffer 

at pH 7 for electrophoretic isozyme and soluble protein analysis. 

Reduced O2 (10 percent) and increased CO2 (3 percent) atmo

spheres in low permeability Perflex packages substantially prolonged 

shelf life and lowered discoloration rates. 

Among the several chemical treatments employed for quality and 

discoloration impact, only chlorine at 200 ppm and acetic acid at 0.2 N 

and pH 6.5 were beneficial. Chemical treatments were considerably 

less effective than were modifications of atmosphere. 

Isozyme analysis of polyphenol oxidase (PPO) and perioxidase 

(PO) showed that increased CC^ (3 percent) and reduced (10 percent) 

in Perflex packages resulted in the absence of a constitutive band of 

ix 
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both enzymes whereas they were present in the samples packaged in poly

ethylene bags regardless of the initial atmosphere treatment. 

Two additional heavily stained isopolyphenol oxidase bands were 

shown by the midrib and leaf blade tissues whereas the same bands were 

of less intensity in the heart leaf tissue. Butts were devoid of these 

two bands. One additional isoperoxidase band was present in both mid

ribs and leaf blade tissues while it was absent in the butt and heart 

leaf tissues. Soluble proteins showed more bands in the leaf hearts 

than butts, blades and midribs. 

Chronological development of cathodic isozymes of PPO and PO in 

three cultivars indicated the appearance of the lower bands first in 

the midrib tissue followed later by leaf blade tissue. No clear dif

ferences among the cultivars were discernible at the physiological ages 

tested, however, differences among cultivar tissues were evident. 

Polyphenol oxidase and PO isozymes and perhaps soluble protein 

fractions are correlated with quality and discoloration ratings and 

consequently with prediction of consumer acceptability of chopped 

lettuce. 



CHAPTER 1 

INTRODUCTION 

Interest in chopped lettuce (Lactuca sativa L.) has increased 

greatly in recent years. Convenience in utilization, reduction in 

weight and volume of material transported, and utilization of some raw 

material that has good nutritional value but is not acceptable for the 

usual markets for head lettuce are four factors contributing to the 

increasing popularity of the chopped product. 

Damage 'to tissue and spread of bacteria would be expected as 

lettuce is chopjfed or shredded and could result in the reduction in 

keeping quality. With increased surface to volume ratio many injured 

cells would occur resulting in increased chemical and physiological 

changes. Bacteria could be more uniformly distributed throughout the 

mass, whereas they were probably in localized areas initially. 

Discoloration of chopped, ready-to-eat lettuce is the most 

important factor in reducing consumer acceptability during postharvest 

handling and marketing. Lipton, Stewart and Whitaker (1972) published 

descriptions of eight physiological market disorders of head lettuce 

with colored illustrations. In sealed containers, off-odors and off-

flavors generated by respiring tissues may limit acceptability. 

Rahman et al. (1976) reported extending chopped lettuce shelf 

life by chemical treatment and low permeability packaging material. 

Lipton (1971) demonstrated the use of controlled atmospheres (CA) in 
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increasing storage life of whole head lettuce. However, CA could not 

be considered a substitute for low temperature in retarding deteriora

tion of lettuce (Lipton 1968). 

Sharpies, Fazio and Bessey (1963) established the presence of 

polyphenol oxidase (PPO) and peroxidase (PO) in the leaves of 'Great 

Lakes' lettuce and correlated their activity with the mean, minimum 

pre-harvest temperature. Sharpies (1964) identified five phenolic 

compounds in head lettuce and found a sixth compound with polyphenolic 

properties which was not identified. 

Since discoloration is the most important factor in reducing 

acceptable quality, studies were undertaken to: 1) characterize the 

discoloration; 2) develop methods for measurement; 3) establish cause; 

and 4) evaluate control methods. The work was based on the hypothesis 

that discoloration in chopped lettuce is an enzymically controlled 

phenolic oxidation. 



CHAPTER 2 

LITERATURE REVIEW 

The background literature to this work readily separates itself 

into three major components: factors affecting shelf life, phenolic 

compounds, and isozymes and soluble proteins. 

Factors Affecting the Shelf Life 
of Chopped Lettuce 

Temperature 

Temperature is the dominant factor extending storage life of 

chopped or shredded lettuce. . Bolin et al. (1977) found that shredded 

lettuce stored at 2° C retained marketable quality 2.5 times longer than 

when held at 10° C. Krahn (1973) found 0° C was preferable and 0° to 

2.2° C was acceptable; however, storage life decreased proportionally 

as temperature increased. Friedman (1951) found vacuum cooling was 

beneficial for mixed vegetable salad. 

Smith (1965) reported that warm water dips extended fruit 

storage life slightly. However Bolin et al. (1977) found storage life 

of shredded lettuce was reduced by dipping in 49-54° C water from 1.5 

to 7.0 minutes, even if the warm dip was followed by immersion in ice 

water. 
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Chemicals 

Chemical additives have been used to prolong shelf life of 

vegetables. Sodium dehydroacetate was shown effective in preventing 

discoloration of broken bean pods (Isenberg and Sandsted 1969) and 

celery butts (Hall 1959, 1962). Hicks and Hall (1972) found that 

Vege-fresh (trade name), potassium sorbate, sodium dehydroacetate and 

sodium bisulfite were effective in retarding discoloration of shredded 

lettuce; however, Krahn (1973) found sodium bisulfite, calcium chloride 

and calcium oxalate had no beneficial effect on cut lettuce. Singh, 

Yang et al. (1972) tried several dips on head lettuce, including 

N^-benzyladenine, but all had a detrimental effect in CA storage at 

1.7° C. 

Atmosphere and Package 

Modified atmosphere (MA) storage requires a decrease in C>2 and 

an increase in CO2/N2 from normal atmosphere by some means such as 

packaging in film bags without attempting to control the gases at 

specific concentrations (Salunkhe and Wu 1974). The use of MA for 

storage and transportation of horticultural crops has been established. 

This use includes cabbage (Adair 1971), coleslaw (Hudson and Senn 1961) 

and brussels sprouts (Lyons and Rappaport 1959). 

With the increased interest in MA, large corporations have been 

experimenting with externally generated CA (Lannert 1964). Currently 

the Tectrol system of atmopshere control (Tectrol, Inc.) is used for 

shipment of a large proportion of the lettuce in refrigerated vans from 

California (Salunkhe and Wu 1974). 
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Salunkhe and Norton (1960) and Salunkhe et al. (1962) found 

polyethylene bags retarded respiration and transpiration of straw

berries and cherries which appeared to lengthen shelf life and retain 

quality. Ayres and Denisen (1958) reported plastic containers 

generally resulted in less spoilage of strawberries and raspberries 

compared with wooden boxes, especially if the wooden boxes had been 

previously used. Color and firmness of cranberries were better after 

30 days storage when the fruit was packaged in saran or polyethylene. 

This was attributed to the fact that beneficial atmospheres of 

increased CC^ and low C>2 developed within packages and helped retard 

aging. Lebermann, Nelson and Steinberg (1968) found respiration in 

broccoli stored at 7.2° C was reduced by progressive increases in CO2 

and decreases in C^. 

Head lettuce has been reported to respond favorably to CA 

(Lipton 1967; Stewart et al. 1966) provided that CC>2 levels were not 

above 1 to 2 percent (Stewart and Uota 1971) and levels did not 

reach zero (Lipton 1968). Rahman et al. (1969) determined the effects 

of low O2 (Oxytrol-CA) on lettuce for 22 days at 1 to 2° C. Singh, 

Wang et al. (1972) reported 'Great Lakes' lettuce heads could be stored 

for up to 75 days in an atmosphere of 2.5 percent CO2 and 2.5 percent 

C>2 at 1.7° C and 90-95 percent R.H. 

The form in which a given commodity is handled can affect its 

tolerance to elevated CO2 or reduced O2 (Kader and Morris, 1977; 

Priepke, Wei and Nelson 1976). This possibly explains the findings of 

Ryall and Lipton (1972), who reported that in sealed lettuce packages 
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respiration reduced available O2 and increased CO2 with a greatly 

accelerated loss in quality. The same reduction in storage life was 

not observed in shredded lettuce (Krahn 1973) despite the fact that 

higher levels of CO2 and lower levels of O2 than those recommended for 

head lettuce were used. Bolin et al. (1977) found shredded lettuce 

sealed in gas impermeable jars and stored at 2° C had a 50 percent 

greater storage life than samples sealed in polyethylene. Vacuum 

packaging reduced storage life, especially where excessive vacuum 

treatment caused cellular breakdown (Krahn 1973; Bolin et al. 1977). 

Size and Method of Cutting 

Cutting lettuce leaves causes a rupturing of the cells which 

results in an exudation of cellular fluids. This causes an accelera

tion of the physiological breakdown of the lettuce and shortens storage 

life. For this reason the cutting method is important. Bolin et al. 

(1977) reported that a sharp blade in a slicing action was superior to 

either a sharp blade chopping or a dull blade slicing or chopping. 

Smaller shred size also reduced storage life, while the tearing of 

lettuce, instead of cutting, gave longer storage life. They observed 

no noticeable cellular exudation from torn lettuce leaves. 

Rinsing and Drying 

Rinsing and drying of shredded lettuce is an important step in 

extending its storage life. Herner and Krahn (1973) indicated the 

importance of keeping cut lettuce dry and advocated no rinsing prior to 

storage. Bolin et al. (1977) found cellular fluids which coated the 



7 

product after slicing needed to be removed since these fluids contained 

a very active enzyme system. However, they emphasized that any free 

moisture or cellular fluids on the lettuce surface reduced storage 

life. 

Maturity 

At times market economics demand harvesting of lettuce during 

periods when less than optimum quality predominates in the field. 

Klaustermeyer (1975) reported head lettuce maturity at harvest played 

an important role in accounting for the variability in quality among 

loads and between heads within loads on arrival at their destination. 

He stated that firm head lettuce had a superior keeping quality and was 

less subject to postharvest physiological disorders as opposed to hard 

or extra-hard head lettuce. No data are available on the effect of 

maturity on the keeping quality of chopped lettuce. 

pH 

Many bacteria are greatly inhibited by even moderately acid pH 

levels. In food systems acetic acid is recognized as a more effective 

bacterial inhibitor than most other organic acids. Dipping in an 

alkaline solution prior to drying was used primarily for fruits that 

were dried whole, especially prunes and bleached grapes (Salunkhe, Do 

and Bolin 1974). Acid dip was used to provide a product of better 

color stability. Bessey et al. (1971) reported that high and low pH 

washes of shredded lettuce did not influence pink or yellow-brown dis

coloration but tissue collapse and excessive drainage did result from 



strongly acidic washes. Bolin et al. (1977) found that the pH of 

sulfur dioxide dip solutions was important. Lettuce dipped in the 

lower pH solutions had a longer storage life. 

Microbial Content 

Interest in microbiology of salads and salad components has 

increased in recent years. Standards for microbial content of salads 

have been discussed at the regulatory level. Fowler and Clark (1975) 

have suggested a standard not exceeding: a) 100,000 aerobic plate 

count; b) 10 coliform bacteria; or c) 20 yeasts and mold per g for 

salads. Wright, Kominos and Yee (1976) isolated Klebsiella, 

Enterobacter, Serratia, and Pseudomonas aeruginosa from vegetable 

salads, which they considered important as sources of nosocomial infec

tions. Priepke et al. (1976) found total plate counts (TPC) for intact 

vegetables stored at 4.4° C increased at slower rates than cut vege

tables. Lettuce and endive showed higher TPC than carrot, celery, 

radish, and green onions. 

Phenolic Compounds 

In all vascular plants, phenolic compounds are essential for 

building structural features such as tracheids, vessels, and fibres. 

In higher plants, the immediate precursors of phenolic compounds are 

aromatic amino acids, phenylalanine, and tyrosine, which are in turn 

synthesized via the shikimic acid pathway from carbohydrates. The 

first products of deamination are cinnamic acid and p-coumaric acid, 
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which then serve as precursors of lignin, flavonols, coumarin, and 

other types of phenolic compounds (Koukol and Conn 1961; Neish 1961). 

Relation to Injury 

Polyphenols, including flavonols, cinnamic acid derivatives and 

coumarins, accumulate in the sound tissue immediately adjacent to 

injured tissue in many types of plant material (Craft and Audia 1962). 

This accumulation of polyphenols appear to be a nonspecific response to 

injury and is induced by many types of injury. Chlorogenic acid and 

coumarins accumulated in healthy sweetpotato tissue adjacent to tissue 

injured by pathogens (Uritani and Miyano 1955), chemicals (Uritani, 

Uritani and Yamada 1960), wounding or chilling (Lieperman, Craft and 

Wilcox 1959). 

Many workers consider the accumulation of polyphenols in sound 

tissue adjacent to injured tissue to be involved in the resistance of 

the host tissue to pathogens. Tripathi and Verma (1975) found that 

cultivars of Irish potato resistant to bacterial soft rot contain 

higher peel and pulp phenol content than susceptible cultivars. Ride 

(1975) found that lignin was synthesized rapidly around wounds in wheat 

leaves following inoculation with nonpathogenic fungi Botrytis cinerea 

and Mycosphaerella pinades and that subsequent fungal growth was 

limited to the wounds. Ismail and*Brown (1975) reported that free 

phenolic constituents increased more than twofold in injured peel of 

oranges at 30° C and 96 to 98 percent R.H.; and that concomitantly, 

conjugated phenolic compounds decreased to near depletion as a heavily 

lignified layer formed on injured cells. This lignin formation 



10 

provided a mechanical barrier which retarded or inhibited prevention of 

injured tissue by Penicillium digitatum Sacc. 

Discoloration 

Various naturally occurring o-dihydroxy phenols are aerobically 

oxidized to the corresponding o-quinones in reactions catalized 

enzymically. Through a series of oxidative, non-oxidative and poly

merization reactions, o-quinone is converted to the characteristic tan 

or brown pigments (Joslyn and Ponting 1951). Furthermore, certain 

phenols, in the presence of o-quinone, can be catalyzed enzymically to 

form dark colored polymers. Many such phenols have been reported to 

occur in lettuce leaves (Hermann 1956; Sharpies 1964). 

Identification in Lettuce Tissue 

The fact that plant species contain specific phenolic con

stituents allows taxonomists and biochemists to detect relationships 

between plants and groups of plants (Bate-Smith 1961). A limited 

amount of research has been done on phenolic compounds in lettuce. 

Hermann (1957) reported that lettuce leaves contain chlorogenic, iso-

chlorogenic and caffeic acids, but he did not differentiate between 

the cis and trans-isomers. Butler (1960) reported the presence of 

large amounts of chlorogenic acid isomers in seeds and developing 

seedlings of lettuce, but stated that caffeic acid itself was not a 

major component. Sharpies (1964)—using a paper chromatographic analy

sis of 'Great Lakes' and 'Imperial' lettuce leaf extracts—showed the 

presence of cis and trans-isomers of chlorogenic acid, isochlorogenic 



acid and caffeic acid. He also found two other phenols identified as 

glycosides of quercetin and kaempferol. A sixth substance with 

phenolic properties was isolated but was not identified. 

Isozymes and Soluble Proteins 

Polyphenol Oxidase (PPO) 

Murr and Morris (1974) correlated the decrease in discoloration 

of mushroom with a decrease in o-diphenol oxidase (o-DPO) activity. 

Kahn (1977) found that the biochemical properties of PPO were similar 

from two varieties of avocado differ in their rates of browning. He 

attributed the differences in the browning rates to the amount of PPO 

activity present per g net weight and/or the concentrations of natural 

substrates. Henderson, Buescher and Morelock (1977) reported that ele

vated CO2 atmospheres (30 percent) inhibited the increase in phenolics 

content but did not affect phenolase activity in broken snap bean pods. 

Electrophoretic studies of PPO in lettuce have not previously 

been reported. However, the assay data of Krasnuk, Jung and Witham 

(1975) in cold-tolerant and cold-sensitive cultivars of alfalfa indi

cated mainly quantitative differences in the constitutive isozyme com

ponents of both cultivars. They associated these differences with 

environmental changes. 

Peroxidase (PO) 

Changes in PO isozymes or rate of their synthesis may be 

responsible for determining resistance or susceptibility to a given 

plant pathogen (Farkas and Stahmann 1966; Fehrmann and Dimond 1967; 
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Lovrekovich, Lovrekovich and Stahmann 1968; Stahmann, Clare and Wood

bury 1966; Weber, Glare and Stahmann 1967). In other cases increased 

PO activity or appearance of new isozymes may be a reflection of 

symptom response or may be associated with degenerative processes 

caused by infection (Farkas and Lovrekovich 1965; Loebenstein and 

Linsey 1966; Maxwell and Bateman 1967). It has been reported by Vance, 

Anderson and Sherwood (1976) that in leaf discs of reed canarygrass 

inoculated with Helminthosporium avenal the activity of soluble, ionic 

wall-bound and covallent wall-bound PO was about twice the level of 

activity in non-inoculated discs. They attributed this increase in 

activity to increase in activity of three cathodic isoperoxidases and 

to the appearance of a new cathodic isoperoxidase. In some instances 

only quantitative changes in PO activity were noted in infected tissue 

as compared to controls (Novacky and Hampton 1968). 

Soluble Proteins 

McCown, Beck and Hall (1968) developed an isolation medium and 

an electrophoretic procedure for the separation of protein fractions 

from Dianthus. Hall et al. (1969) confirmed that the procedure con

sistently gave the same multiple banded patterns for soluble proteins 

extracted from several diverse genera, and from different tissues of 

the same plant. Krasnuk et al. (1975) studied two cultivars of alfalfa 

(Medicago sativa L.) using polyacrylamide disc gel electrophoresis of 

the extracted soluble proteins performed on the basis of equal dry 

weight and equal quantities of proteins. Their results indicated mainly 
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quantitative changes but slight qualitative changes in component bands 

influenced by environment and extractant. 

Effect of Controlled Atmosphere 

The PPO system in mushrooms, potatoes and apples exhibits the 

phenomenon of multiple forms or isozymes (Constantinides and Bedford 

1967). These forms are highly substrate specific and characteristic 

for each individual species and variety. Peroxidase also shows 

multiple isozymes in various products (McCune 1961; Kon and Whitaker 

1965). 

Polyphenol oxidase requires O2 for its activity and its level 

of activity is dependent on O2 concentration as shown by work with 

potato (Kertesz 1954) and with mushrooms (Yamaguchi et al. 1969). 

Wilson, Nuovo and Darby (1973) found that PPO activity was 60 percent 

lower in CA-stored (2 percent O2 and 5 percent CO2 at 4° C) 'Mcintosh' 

apple compared to refrigerated tissue. Murr and Morris (1974) 

reported that the storage of mushrooms in 0 percent O2 reduced PPO 

activity but the level of O2 other than 0 percent had little or no 

effect. Their In vitro studies indicated that CO2 competitively 

inhibited PPO activity with 50 percent inhibition at 25 percent CO2, 

but complete inhibition was never attained. 

Differences Between Cultivars and Tissues 

Species, cultivars and even tissues of the same plant differ in 

their isozyme patterns and their substrate specificity, but no such 

studies have been reported with lettuce. McCown et al. (1969) found 
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stems of four species representing a range of plant types differing in 

their PO components. McCown et al. (1968) reported clear differences 

among leaves and stems of three cultivars of Dianthus in the activity 

and banding patterns of ten enzymes including PO. Hall et al. (1969) 

electrophoretically separated the soluble proteins and isozymes of acid 

phosphatase, esterase, malate dehydrogenase and peroxidase and they 

compared these fractions from leaf, petiole, stem, seed, pod, root, and 

tuber tissues of eleven diverse genera of green plants. They found 

many differences in isozyme patterns between the genera, and between 

the different parts of the same plant with some isozymes being of com

mon occurrence. 



CHAPTER 3 

MATERIALS AND METHODS 

For quick reference the different procedures have been detailed 

under separate headings. 

Lettuce Sources 

Head lettuce was obtained from the University Experiment Sta

tions at Mesa and Marana, and cooperating growers and wholesalers. 

About half of the lettuce tested was acquired by research personnel 

from commercial fields, either by personally cutting and packing as 

standard packs or by selecting recently packed commercial cartons in 

the field. Cartons were transported to Tucson and placed in storage at 

2° C i 1° until the experiment was conducted on the same or the 

following day. When local fields were not being harvested, the rest of 

the lettuce used was commercial standard pack from Arizona and Cali

fornia sources acquired from Tucson produce wholesalers. Vacuum cool

ing was a normal practice. Cultivar and cultural data generally were 

not available from wholesale sources. 

Three cultivars ('Great Lakes 659-700,' 'Mesa 659' and 'Empire 

0,' Asgrow Seed Co.) were planted at the Arizona Agricultural Experi

ment Station, Mesa Farm in September 1976 and August 1977 and at Marana 

Farm in August 1976 and 1977. 

15 
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Chopped Salad Preparation and Treatment 

Unless otherwise specified, butts, wrapper leaves, and cores 

were removed and the heads then sliced at about 19 mm (3/4 in) inter

vals in two dimensions. Any pieces larger than about 19 mm cubes were 

further cut or broken apart. Material was mixed by hand and placed in 

nylon mesh squares which were drawn up and tied. Bags were then 

repeatedly plunged for 2 min into appropriate dips or washes prepared 

in water at 2° C ± 1°. Acid wash and pH treatments were buffered by 

organic salts and pH adjusted by NaOH. After brief draining, bags were 

centrifuged 2 min in a washing machine operated on the spin-dry cycle, 

this being adequate to remove most of the moisture but not crush the 

lettuce. The chopped lettuce was gently but well mixed and distributed 

into appropriate packages. Samples needed for enzymic studies were 

taken either at this time as fresh material or after freeze-drying. In 

some tests butts, midribs, blades and heart leaves were separated and 

used fresh or freeze-dried for separation and estimation of isozymes 

and soluble proteins. 

Packages 

The lettuce was packaged in approximately 250 g amounts in 

plastic bags of various types. Perforated polyethylene bags were used 

initially, but did not prove satisfactory. In the second phase, 

packages of 2 mil low-density polyethylene were used. Packages were 

tied with a plastic coated wire to provide an airtight closure. In 

later work, packages of Perflex 62 film from Union Carbide Corporation 

also were used. This film is specified as having a permeability to C>2 
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O O 
of 1.0 to 2.0 cm / 645 cm /day, and thus is classified as a low perme

ability film. 

Modified Atmospheres 

These were prepared through proportional flow rates from com

pressed sources. An individual plastic bag with chopped lettuce was 

treated by flushing the known gas mixture for two minutes through a 

tube into the bag bottom with the sample filled bags held upside down 

allowing for gas escape at the neck of the bag and inflation. Begin

ning flow was with gently squeezed bags. Throughout the flushing 

period the bag and its chopped contents of lettuce was shaken to assume 

uniform atmosphere distribution. The neck of the bag was sealed by 

pleating and folding, then wire was used to provide an airtight seal. 

Gas analysis was by thermal conductivity gas chromatography. 

One ml gas samples were removed with syringes periodically from certain 

test bags (sealing the puncture with cellophane tape). Half ml samples 

were injected into a Varian Model 240 gas chromatograph using a silica 

gel internal column (9.0 mm x 1.5 m) and 13 x molecular sieve external 

column (3.5 mm x 10.0 m) in series. Oven temperature was 60° C. 

Detector voltage was 210 mv. Helium was used as a carrier gas. A 

certified standard gas mixture of 75.4 percent N2, 19.6 percent O2, 

5.0 percent CO2 was used to calibrate and determine unknowns. Injected 

gases were normally checked immediately to assure desired experimental 

atmosphere composition. Periodic gas samples were taken to follow 

changes in atmospheres within the containers. Recorder peak heights 

were used to calculate percentage concentrations. 
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Storage 

After packaging the samples were either held in incubators or 

in a walk-in cold room held at 2° C ± 1°. Adequate air circulation 

provided uniform temperatures throughout the duration of the studies. 

Studies designed to test the influence of temperature on storage sta

bility were made at 1° G and 5° C i 1°. 

Physiological and Quality Evaluations 

Chopped lettuce samples were examined periodically and were 

subjectively rated for acceptability as food and for discoloration. 

Samples were observed through bag walls to prevent changes in atmo

sphere. After rating, except for samples sacrificed for bacteriological 

plating, they were returned to temperature controlled storage. The 

longest duration of laboratory exposure was not more than 30 min, more 

frequently 10 min. 

An hedonic 9:1 acceptability scale (after Kader, Lipton and 

Morris 1973; and Singh, Yang et al. 1972) was used to indicate general 

quality of each sample. The following descriptions should be used when 

interpreting the visual quality ratings. 

Numerical Descriptive 
rating rating Visual observations 

9 Excellent Field fresh, bright green appearance and 
free from defects. 

7 Good Minor defects; not objectionable, green 
color slightly bleached and dull. 

5 Fair Slightly objectionable; defects evident but 
not serious; lower limit of sales appeal. 

3 Poor Excessive defects, just below the limit of 
salability. 

1 Extremely Discoloration, slime and other defects 
poor serious; not usable. 
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Discoloration ratings following the system used by Kader et al. (1973) 

for butt discoloration are as follows: 

Score Discoloration description 

1 None, fresh cut appearance 

3 Slight 

5 Moderate 

7 Severe 

9 Extreme, very dark 

At the initial stages, parameters were established by a test 

panel of five and later on the tests were conducted by the author alone. 

Freeze-Drying 

At initial times or after different durations in the controlled 

storage, samples were evaluated through the packages and immediately 

frozen at atmospheric pressure and -70° C in a Revco model ULT-1275B 

ultra-low freezer for at least 24 hr. The samples were lyophilized in 

a LABCONO model 12 freeze dryer until completely dry. The dried 

material was ground in a Wiley mill, 20 mesh and stored in 14 dram, 

clear plastic snap cap vials at 0° C until tested. 

Extraction of Soluble Proteins 

Soluble proteins were extracted by adding 0.1 g of lyophilized 

powder or 2 g fresh material to 3 ml 0.35 M phosphate buffer, pH 7, 

to which 0.1 percent L-cysteine was added. Other extractants used 

included GTB (green tissue buffer), GTB + insoluble PVP (polyvinyl-

polypyrolidone), GTB + PEG (polyethylene glycol), HEPES (N-2, 

hydroxyethyl piperazine-N'-2-ethane sulfonic acid), HEPES + insoluble 
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PVP, HEPES + PEG, Triton X -100 (Rohm and Haas) and phosphate with or 

without L-cysteine. Of these extractants, 0.35 M phophate buffer, 

pH 7 + 0.1 percent L-cysteine gave the best resolution. In case of the 

lyophilized material, the samples were extracted overnight in a 

refrigerator at 4° C. A Brinkman Polytron homogenizer was used to chop 

the fresh material. The extracts were centrifuged at 12,000 g for 10 

min then at 39,000 g for 15 min. The extracts were then filtered 

through a nylon mesh. 

Soluble Protein Quantification 

Concentrations of soluble proteins in the extracts were deter

mined according to Bradford (1976) using a pretested dye reagent con

centrate and a standard protein solution both prepared by Bio-Rad 

Laboratories. 

Electrophoresis 

Soluble proteins present in the extracts were separated by 

polyacrylamide disc gel electrophoresis according to the method of 

Davis (1964) modified by Anderson and Nath (1975). The 7.5 percent 

acrylamide running gel had a pH of 8.9 and the 3.0 percent acrylamide 

spacer gel had a pH of 6.7. A discontinuous buffer system of Tris-

Glycine (pH 9.64 at 0° C) as the upper electrode buffer and a Tris-HCl 

buffer (pH 8.84 at 0° C) as the lower electrode buffer was used. 

Samples in 20 percent sucrose (w/v) were layered above the spacer gel 

after assembly of the electrophoresis unit. The same amount of protein 

(50-60 ̂ g) was applied to all tubes. Electrophoresis was done in a 



disc electrophoresis unit designed in this laboratory. Gels were run 

at 2.0 mA per gel column. Power was supplied by a Buchler model 

3-1014A regulated power supply. 

Upon completion of electrophoresis, gels were removed by 

rimming with a 25-gauge hypodermic needle attached to a water tap. 

Isozyme study was based on substrate-specific reaction of the enzymes. 

Stains and buffers for PPO and PO were primarily those adapted to 

alfalfa by Krasnuk et al. (1975). The method of Diezel, Kopperschlager 

and Hoffmann (1972) was used for soluble protein staining. 

Enzyme Localization on Gels 

After electrophoresis the enzyme systems were localized on the 

gels by immersing the gels in a reaction mixture specific for the 

particular enzyme. 

Polyphenol Oxidase (PPO). The PPO was localized on gels by the 

procedure adapted from methods described by Burstone (1962) by Krasnuk 

et al. (1975). Gels were incubated for 1 hr. at 35° C in a reaction 

mixture consisting of 10 ml 0.10 M potassium phosphate buffer, pH 7.3-

7.4 containing 0.1 percent L-dihydroxyphenylalanine (L-DOPA), and 

photographed. 

Peroxidase (PO). The peroxidases were localized on gels, 

according to Gerloff, Stahmann and Smith (1967) as modified by Krasnuk 

et al. (1975). The gels were incubated in 10 ml of 0.20 M pyrogallol 

as the hydrogen donor for 30 min at 35° C with subsequent transfer to 

0.3 percent H2O2 for 5 min after which the gels were photographed. 



Soluble Protein Localization on Gels 

The soluble protein patterns were produced, according to 

Diezel et al. (1972), by incubating the gels in 12 percent TCA for 30 

min, washing 5-6 times with water and staining for 1 hr at 37° G with 

0.25 percent aqueous solution of Coomassie Blue G-250. The staining 

solution was replaced with 7 percent acetic acid and incubated for 

several weeks at room temperature to intensify staining. 

Statistical Procedures 

The experiment on the influence of combinations of pH, chlorine 

and sulfite was set up with a response surface design of three factors 

each at five levels according to plan 8A.3 of Cochran and Cox (1957). 

Regression analysis was used in. this experiment. The experiment on 

storage atmospheres and wash was a split plot design. All other 

experiments were set up in factorial designs and tested by analysis of 

variance. The data were computer processed with the assistance of the 

Arizona Agricultural Experiment Station Quantitative Studies section. 



CHAPTER 4 

RESULTS AND DISCUSSION 

Temperature Effects on Keeping Quality 

The storage stability of chopped lettuce is dependent upon a 

number of factors. Among these, temperature is the most effective 

single factor for improving the keeping quality of chopped lettuce 

(Krahn 1973), and it cannot be substituted by any other factor. Stor

age at 1° C is considerably better than at 5° C with regard to the 

keeping quality of shredded lettuce (Table 1). Chlorine was more bene

ficial at 5° C than at 1° C. The influence of temperature on dis

coloration intensity was also statistically higher at 5° C compared to 

1° C (Table 2). This supports data published on storage of commodities 

such as cabbage (Adair 1971), coleslaw (Hudson and Senn 1961), brussels 

sprouts (Lyons and Rappaport 1959), mixed vegetables (Friedman 1951) 

and shredded lettuce (Krahn 1973 and Bolin et al. 1977). 

Effect of Chlorine 

Chlorine is widely used by industry as a wash for chopped 

lettuce. Chlorine washes both increased the storage life before the 

lettuce reached the lower limit of acceptability (score of 3) and 

decreased the rate of discoloration (Tables 1 and 2). A concentration 

of 500 ppm seems to be too high for optimum physiological life. 

23 
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Table 1. Influence of storage temperature and chlorine concentration 
on quality of chopped lettuce 

Temp CI2 conc.w Days in Storage 

(°C) (ppm) 3 7 10 14 17x 21 

0 7.8Z aby 5.3 b 3.0 b 2.3 b 1.8 

100 8.3 a 7.3 a 6.3 a 5.3 a 4.0 3.0 

200 8.5 a 7.0 a 6.8 a 4.5 a 3.8 3.5 

500 8.0 ab 6.8 a 5.8 a 5.0 a 3.5 3.0 

0 6.5 c 2.8 d 2.3 b 2.3 b — — 

100 7.3 abc 4.8 b 3.3 b 3.0 b — — 

200 7.8 ab 4.5 be 3.5 b 3.0 b — — 

500 6.8 be 3.8 c 2.8 b 2.0 b — mm 

z—Visual quality rating: 9 - excellent, 7 - good, 5 - fair, 
3 - poor (not acceptable). 

y—Means followed by the same letter within the same day in 
storage are not significantly different at the 5 percent level 
(Student-Newman-Keul). 

x—Treatments held for 17 days or longer were represented by 
too few remaining samples to permit satisfactory statistical analysis. 
When quality ratings dropped below 3.0, samples were usually removed 
and discarded. 

w—Concentrations of chlorine as sodium hypochlorite were pre
pared from dilutions of commercial bleach (5.25% sodium hypochlorite). 
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Table 2. Influence of storage temperature and chlorine concentration 
on discoloration of chopped lettuce 

Temp CI2 conc.w Days in Storage 

(°C) (ppm) 3 7 10 14 17x 21 

0 2.0Z ab^ 4.0 be 5.5 b 6.0 ab 7.5 

100 1.5 ab 2.0 d 2.5 c 3.5 c 4.0 5.0 

200 1.0 b 2.0 d 2.0 c 3.5 c 4.5 4.0 

500 1.5 ab 2.0 d 2.5 c 3.5 c 4.0 6.0 

0 3.5 a 6.5 a 7.0 a 7.0 a — — 

100 2.5 ab 3.5 be 3.0 c 4.5 be — — 

200 1.5 ab 4.5 b 3.5 c 5.5 abc — — 

500 3.0 ab 4.5 b 5.0 b 6.5 a 

z—Discoloration intensity rating = 1 - none (fresh cut appear
ance), 3 - slight, 5 - moderate, 7 - severe, 9 - extreme (very dark). 

^--Means followed by the same letter within the same day in 
storage are not significantly different at the 5 percent level 
(Student-Newman-Keul). 

x—Treatments held for 17 days or longer were represented by 
too few remaining samples to permit satisfactory statistical analysis. 
When quality ratings dropped below 3.0, samples were usually removed 
and discarded. 

w—Concentrations of chlorine as sodium hypochlorite were pre
pared from dilutions of commercial bleach (5.257« sodium hypochlorite). 



Effect of Acids 

Acidification is used in food systems to inhibit bacterial 

populations and to provide better color stability with longer shelf 

life. Acetic acid at pH 5.5 or less (in comparison with pH 6.5) (Table 

3) reduced the quality of chopped lettuce. It was clearly detrimental 

especially when used as a wash at 0.2 N. Lettuce tissue literally 

collapsed at pH levels of 5.0 or lower, however it did not develop pink 

or brown discoloration (Table 4). At pH 5.5 and 6.5, the lettuce was 

statistically better from a physiological standpoint after 10 days of 

storage. At a concentration of 0.05 N, the acetic acid wash had no 

keeping quality advantage over water. Quality means for lettuce with a 

water wash were 6.3, 3.5 and 2.5 at 3, 7 and 10 days respectively and 

the overall average for the 3 periods of evaluation was 4.1. Phosphoric 

acid washes of 0.2 and 0.05 N concentrations had no quality or dis

coloration advantage over water at any pH levels used. The influence 

of pH values was more pronounced on the general quality whereas the 

type of acid was more effective on discoloration especially at 0.2 N. 

Malic and citric acids adjusted to pH 6.5 with NaOH were not 

beneficial as washes, citric acid even being somewhat poorer than 

water, so far as quality and discoloration were concerned (Figs. 1 and 

2). Acetic acid (pH 6.5) prolonged the shelf life of the lettuce in 

terms of general quality (Fig. 1) and considerably reduced discolora

tion (Fig. 2) in comparison with the other acids tested. 



Table 3. Influence of 0.05 N and 0.2 N acetic and phosphoric acids at several pH levels 
on quality of chopped lettuce stored at 2° G ± 1° 

Days in Acid 
Acetate Wash 

pH 
Phosphate 

PH 
Wash 

Storage Normality 4.5 5.0 5.5 6.5 4.5 5.0 5.5 6.5 

3 0.2 3.0Z 4.3 7.0 7.8 7.8 7.0 6.5 7.0 

7 1.5 2.3 5.5 7.5 3.8 3.5 3.3 3.5 

10 1.0 1.5 3.8 5.0 2.8 2.8 2.5 2.5 

X i.8 gy 2.7 f 5.4 b 6.8 a 4.8 d 4.4 de 4.1 e 4.3 e 

3 0.05 6.8 8.3 7.8 8.3 7.3 7.3 7.3 6.8 

7 3.5 3.8 4.5 4.0 3.3 4.0 4.0 4.5 

10 2.5 2.5 3.0 2.8 2.5 2.5 3.0 3.0 

X 4.3 e 4.8 d 5.1 c 5.1 c 4.3 e 4.6 dc 4.8 d 4.8 d 

z—Visual quality rating: 9 - excellent, 7 - good, 5 - fair, 3 - poor (not 
acceptable). 

y—Means followed by the same letter are not significantly different at the 5 percent 
level (Student-Newman-Keul). 



Table 4. Influence of 0.05 N and 0.2 N acetic and phosphoric acids at several pH levels on 
discoloration of chopped lettuce stored at 2° C ± 1° 

Days in Acid 
Acetate 

PH 
Wash Phosphate 

PH 
Wash 

Storage Normality 4.5 5.0 5.5 6.5 4.5 5.0 5.5 6.5 

3 0.2 2.0Z 2.0 2.0 1.0 2.0 3.0 3.0 2.5 

7 1.0 1.0 2.0 1.5 4.5 4.5 4.0 4.5 

10 1.5 1.5 2.5 2.0 6.0 6.5 6.5 6.5 

X 1.5 cy 1.5 c 2.2 c 1.5 c 4.2 a 4.7 a 4.5 a 4.5 a 

3 0.05 2.0 1.0 2.0 1.5 1.5 2.0 2.5 3.0 

7 4.5 4.0 3.5 4.0 4.5 4.0 4.0 4.0 

10 6.5 6.0 5.0 5.0 7.0 6.5 5.5 5.5 

X 4.3 a 3.7 ab 3.5 ab 3.5 ab 4.3 a 4.2 a 4.0 a 4.2 a 

Z—Discoloration intensity rating = 1 - none (fresh cut appearance), 3 -slight, 
5 - moderate, 7 - severe, 9 - extreme (very dark). 

y—Means followed by the same letter are not significantly different at the 5 percent 
level (Student-Neviman-Keul) . 
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Since different lettuce samples reacted somewhat differently 

(data not shown) in our tests, and an intermediate concentration might 

prove desirable, the tests summarized in Fig. 3 were made. Again the 

wash at low pH proved detrimental physiologically, although the effect 

was less on the cultivar 'Van Max' than on 'Vanguard.' Each point in 

Fig. 3 is an average of quality evaluation at 3, 7, 10 and 14 days in 

storage. An attempt to minimize collapse at pH 4.5 and 5.5 by adding 

0.1 or 0.5 percent CaC^ to the wash was unproductive (data not shown), 

as this addition caused lettuce to score 3 or below in fewer than 3 

days. 

The results with acetic acid at low pH levels are in agreement 

with the findings of Bessey et al. (1971) that strongly acidic washes 

resulted in tissue collapse and excessive drainage. However, Bolin et 

al. (1977) reported a longer storage life of shredded lettuce when 

using lower pH solutions of sulfur dioxide without specifying the exact 

level. With all treatments, the deleterious effect of time in'storage 

was demonstrated. 

Effect of Other Chemicals 

Bisulfite is widely used to maintain "freshness" in produce, 

and since both chlorine and pH level proved influential on storage of 

lettuce, combinations of the three factors at several levels, in a 

response surface design, were attempted. Regression analysis showed 

that neither bisulfite nor chlorine wash are important in comparison 

with the pH level. Fig. 4 shows a strong linear relationship between 

pH and quality score (r = 0.87) from pH 4.5 to 7.0. A less strong 
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relationship exists between pH and discoloration (r = 0.71) as shown in 

Fig. 5. Levels of pH at 5.75 or below were unsatisfactory after 11 

days of storage. Preliminary studies of other chemicals such as methyl 

paraben (methyl ester of parahydrobenzoic acid), propyl paraben and 

sodium benzoate at concentrations commonly employed had no definite 

advantage over water from a physiological standpoint. 

The collapse of lettuce tissue when washed with chemicals sug

gests that these chemicals were phytotoxic. 

Effect of Width of Cut 

As shown in Figs. 6 and 7, a width of cut of 3.25 mm had a 

detrimental effect over the other dimensions used. It both reduced 

quality and increased discoloration. This is in general agreement with 

the findings of Bolin et al. (1977) in that smaller shred thickness 

reduced storage life. This is a consequence of the physiological 

breakdown of the lettuce due to the exudation of cellular fluids caused 

by the rupturing of the cells. No differences were found between 6.50, 

13.00 an4 26.00 mm cut widths. 

Effect of Type of Package and Storage Atmosphere 

Beneficial atmospheres of increased CO2 and low O2 are some

times known to develop within packages and have been used to help 

retard senescence of stored commodities. The less permeable Perflex 

did not appreciably affect physiological quality when the initial 

atmosphere was air (Fig. 8). Perflex and polyethylene packages gave -

similar results when air was employed as the initial atmosphere. 
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However, when 3 percent C0£ was added to air in Perflex packages, a 

marked increase of physiological quality (Fig. 8) and a definite slow

ing of discoloration (Fig. 9) was observed. Air containing 6 percent 

CO2 was less effective. Initial atmospheres low in O2, whether or not 

3 percent CO2 had been added were better than air but less effective 

than 3 percent CO2 in air for long term storage. These results were 

consistent for both quality and discoloration. Several investigators 

have reported that head lettuce responded favorably to CA (Lipton 1967; 

Stewart et al. 1966; Rahman et al. 1969; Singh, Yang et al. 1972) and 

that the accelerated loss in quality of whole head lettuce is not 

observed in shredded lettuce (Krahn 1973; Bolin et al. 1977) because 

the tolerance to high CO2 or reduced O2 of a commodity is affected by 

the form in which it is handled (Kader and Morris 1977; Priepke et al. 

1976). 

Fig. 10 presents data on winter lettuce stored in various 

initial atmospheres and in the two types of packages. The less 

permeable Perflex package gave an increased physiological life when 

compared to the polyethylene package which is more permeable. This was 

particularly true when either 3 percent CO2 was added to the air or the 

O2 level was reduced to 10 percent. In these cases the samples were 

stored to 46 days in an acceptable quality level, whereas in all other 

cases the acceptable storage life ranged only from 13 to 18 days. Dis

coloration in Perflex packages with 3 percent CO2 or reduced O2 (10 per

cent) was also considerably slowed down (Fig. 11) and never shifted 

beyond a score of 4 (slight discoloration) throughout the storage life 
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Fig. 10. Influence of package and initial atmosphere on chopped 
lettuce quality 



42 

Perflex 
Polyethylene 

•79-21-0 (air) 
* 77-20-3 
• 90-10-0 

9 

8 

7 

6 

5 

4 

3 

2 

12 18 0 
Days In Storage 

Fig. 11. Influence of package and initial atmosphere on chopped 
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of 46 days. These samples were selected for further enzymic studies 

and the results will be presented later. Correlation between the 

lessening of mushroom discoloration with a decrease in the activity of 

o-diphenol oxidase has been established by Murr and Morris (1974). In 

broken snap bean pods elevated CC>2 atmosphere (30 percent) inhibited 

the increase in phenolics content but did not affect phenolase activity 

(Henderson et al. 1977). 

Figs. 12 and 13 again demonstrate that initial atmospheres of 

77-20-3 or 90-10-0 are very favorable to prolonged shelf life compared 

to air if the less permeable Perflex bags are used. However, these 

results by comparison with those in Figs. 10 and 11 may indicate that 

favorable atmospheres for fresher and excellent quality lettuce are 

less effective as the lettuce ages or approaches a relatively lower 

quality. 

Samples packaged in polyethylene tend to stabilize at approxi

mately 2.0 percent while those samples stored in the less permeable 

Perflex package consistently reach much higher CC>2 levels (Table 5). 

The data also indicate that lettuce in an initial atmosphere of only 10 

percent 02 respires more rapidly than in an initial atmosphere of 21 

percent O2. The CO2 level after extended holding was highest when the 

initial atmosphere was 10 percent C>2 without added CC^. The CO2 level 

in packages where no CO2 was added to the initial atmosphere eventually 

reached much the same level as when 3 percent CO2 was included in the 

initial atmosphere. A lower level of CO2 was found in the early days 

(after-4 days) of storage when no CO2 was added. 
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Fig. 12. Effect of initial atmosphere on quality of chopped 
lettuce stored for 30 days in Perflex film 
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Fig. 13. Effect of initial atmosphere on discoloration of chopped 
lettuce stored for 30 days in Perflex film 
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Table 5. Gas analysis of chopped lettuce samples stored in poly
ethylene and Perflex bags at 2° C + 1° with different initial 
atmospheres for 4, 11 and 39 days 

Atmosphere Composition at 
Package Initial 4 days 11 days 39 days 

Polyethylene 79-21-02 79.7-18.8-1.5 82.5-15.8- 1. 7 81.8-16.8- 1.4 

Polyethylene 77-20-3 82.1-15.5-2.2 83.9-13.9- 2. 2 83.6-14.4- 2.0 

Polyethylene 90-10-0 83.4-14.1-2.3 84.6-13.2- 2. 2 84.7-13.1- 2.2 

Perflex 79-21-0 78.4-18.0-3.6 78.4-14.5- 7. 4 77.6- 9.2-13.3 

Perflex 77-20-3 78.3-12.0-9.4 76.7-13.1-10. 3 76.2-10.7-13.6 

Perflex 90-10-0 79.6-12.9-6.6 78.1-10.9-11. 0 75.4- 6.5-18.6 

z—Percent N2-O2-CO2 
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Polyethylene bags, saran and plastic containers were reported 

to retard respiration and transpiration, reduce spoilage or retain a 

better color or firmness for a number of vegetables and fruits 

(Salunkhe and Norton 1960; Salunkhe et al. 1962; Ayres and Denisen 

1958). This was attributed to the development of favorable atmosphere 

of increased CC^ and low within the packages. On the other hand, 

some packages were harmful because respiration reduced available C>2 and 

increased CC^ (Ryall and Lipton 1972) to levels that cannot be 

tolerated by the commodity under question. 

Because acetic acid had shown indications of being a useful 

wash, it was tested against chlorine using Perflex packages for atmo

sphere modification. While chlorine combined with a 3 percent CO2 

atmosphere apparently did give slightly better market quality than 

acetate under the same conditions, the analysis shows this difference 

was not significant statistically at three weeks in storage (Tables 6 

and 7). Data on discoloration (Table 7) show small differences between 

the two washes with chlorine slightly better in short term (12 days) 

storage. 

Polyphenol Oxidase Isozymes as Affected by 
Package and Initial Atmosphere 

The less permeable Perflex package resulted in a substantially 

better storage life (Fig. 10) and less discoloration (Fig. 11) of 

chopped lettuce. It also resulted in an atmosphere of higher CO2 and 

lower O2 concentration in the packages compared to the more permeable 

polyethylene bags (Table 5). For these reasons, samples were taken to 
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Table 6. Influence of atmosphere, acetic acid and chlorine dips on 
quality of chopped lettuce stored in Perflex film at 
2° c + 1° 

Treatment Days in Storage 
Dip2 Atmosphere^ 5 12 21 30 

HOAc air 5.6X cw 3.2 d 1.2 c 1.0 b 

77-20-3 7.9 a 4.8 b 3.0 a 2.5 a 

90-10-0 7.5 a 4.0 c 2.2 ab 1.7 b 

ci2 air 6.5 b 3.5 cd 1.5 b 1.0 b 

77-20-3 8.0 a 6.7 a 2.5 a 1.5 b 

90-10-0 7.8 a 4.7 b 2.3 ab 1.2 b 

z—HOAc - acetic acid dip at 0.05 N, pH 6.5 and CI2 - chlorine 
dip at 150 ppm. 

y—Percent N2 - C>2 - CC^l 

x--Visual quality rating: 9 - excellent, 7 - good, 5 - fair, 
3 - poor (not acceptable). 

w—Means followed by the same letter within the same day in 
storage are not significantly different at the 5 percent level 
(Student-Newman-Keul). 
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Table 7. Influence of atmosphere, acetic acid and chlorine dips on 
discoloration of chopped lettuce stored in Perflex film at 
2° C + 1° 

Treatment Days in Storage 
Dip2 AtmosphereY 5 12 21 30 

HOAc air 3.0X aw 4.7 a 7.7 ab •
 

0
0
 

a 

77-20-3 1.2 de 3.3 c 5.3 d 5 .3 d 

90-10-0 2.0 c 4.0 b 7.3 b 6.3 c 

c l2 
air 2.3 b 5.0 a 8.0 a 8.3 a 

77-20-3 1.0 e 2.7 d 6.3 c 7 .7 b 

90-10-0 1.3 d 3.3 c 6.7 c 7 .7 b 

z—HOAc - acetic acid dip at 0.05 N, pH 6.5 and.CI2 - chlorine 
dip at 150 ppm. 

y—Percent N2 - O2 - CC^. 

x—Discoloration intensity rating: 1 - none (fresh cut appear
ance), 3 - slight, 5 - moderate, 7 - severe, 9 - extreme (very dark). 

w—Means' followed by the same letter within the same day in 
storage are not significantly different at the 5 percent level (Student-
Newman-Keul). 
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study the influence of these conditions on polyphenol oxidase (PPO), 

peroxidase (PO) isozymes and soluble protein electrophoretic patterns. 

Lettuce samples stored in polyethylene bags exhibited an extra cathodic 

isopolyphenol oxidase band (Fig. 14). This was found to be the case 

regardless of initial sample treatment, i.e., with air, increased CO2 

(3 percent) or reduced 0^ (10 percent). The extra isopolyphenol 

oxidase band was missing from samples packaged in Perflex bags. 

Samples initially treated with air in Perflex bags exhibited the extra 

band but it appeared smaller in size and less intensely stained. The 

activity of this isozyme was decreased by the in-package environment in 

the Perflex bags. 

Polyphenol oxidase was inhibited by CC>2 in 'Red Delicious1 

apples (Chaves and Tomas 1976) and GA (2 percent 0^ and 5 percent CC^) 

in 'Mcintosh1 apple (Wilson et al#1973). This inhibition was competi

tive in mushrooms (Murr and Morris 1974) and 'Red Delicious' apples 

(Chaves and Tomas 1976). However, in broken snap beans, CC^ levels as 

high as 30 percent did not affect the phenolase activity (Henderson et 

al. 1977). 

Oxygen is required for PPO activity (Kertesz 1954; Yamaguchi et 

al. 1969; Murr and Morris 1974). The results in Fig. 14 suggest that 

the disappearance of one constitutive PPO isozyme in the less permeable 

Perflex is due to the initial increase in CO2 (3 percent) or reduction 

in O2 (10 percent). 
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Fig. 14. Polyphenol oxidase isozyme banding patterns 
from chopped lettuce leaf tissue stored in 
polyethylene and Perflex bags with different 
initial atmospheres for 22 days 
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Perioxidase Isozymes as Affected by Package 
and Initial Atmosphere 

Peroxidases (PO) catalyze the oxidation of certain polyphenols 

in the presence of o-quinone (organic peroxide) to form dark colored 

polymers. As shown in Fig. 15, one extra cathodic isoperoxidase band 

was seen in samples packaged in polyethylene bags and a band of reduced 

intensity in samples packaged in Perflex, initially treated with air. 

This band was completely missing in extracts of samples packaged in 

Perflex in which CO2 was initially increased to 3 percent (Fig. 15) or 

C>2 was decreased to 10 percent. Increased activity of the enzyme could 

be due to the increase in activity and the appearance of new iso

peroxidase (Vance et al. 1976). 

It appears that the disappearance of this isoperoxidase band 

and the reduced intensity of the same band in Fig. 15 (air) is a direct 

effect of the initial increase in CC>2 or decrease in C>2 in the 

in-package atmosphere. 

Araki et al. (1972) reported a remarkable increase in the total 

PO activity in pulp tissues of 'Jonathan' and 'Starking Delicious' 

apples stored under the CA (0-0.5 percent, 3-4 percent, 5-6 percent 

CO2 and 3-4 percent C^) compared to conventional cold storage. How

ever, direct enzyme activity measurement was not conducted in the 

present studies. 

Initial reduction of to 10 percent and increase of CO2 to 3 

percent in low permeability Perflex bags reduced the rate and intensity 

of discoloration, prolonged the shelf life and resulted in the dis

appearance of one constitutive band of both PPO and PO. These isozymes 
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Fig. 15. Peroxidase isozyme banding patterns from 
chopped lettuce leaf tissue stored in 
polyethylene and Perflex bags with different 
initial atmospheres for .22 days 

53 



54 

are undoubtedly important in the formation of the brown discoloration 

on the cut surface of lettuce leaf. Furthermore, the presence of an 

intermediate intensity band in the samples initially treated with air 

in Perflex supports this idea and suggests the importance of the 

initial atmosphere rather than the later gaseous buildup. 

Soluble Protein Fractions as Affected by 
Package and Initial Atmosphere 

No clear quantitative or qualitative differences were seen in 

the soluble protein banding patterns of samples stored in polyethylene 

or Perflex when they were treated with air increased CO2 or reduced C^. 

Our findings are similar to those reported by Hall et al. (1969), who 

separated soluble proteins from a variety of plant sources by disc 

electrophoresis. They found many proteins of the complex plant tissue 

to be present in trace amounts. This gave rise to a high number of 

lightly staining proteins which could not be visually resolved as dis

tinct bands and appeared as a colored background (Fig. 16). 

Polyphenol Oxidase Isozymes in Different 
Tissues of Lettuce 

The present studies indicated that the midrib is the first 

tissue to exhibit brown discoloration as compared to green leaf blades. 

The younger inner head leaves (hearts) showed the least discoloration. 

The study of PPO in the different parts (butts, midribs, leaf blades 

and heart leaves) of the head is illustrated by Fig. 17. Butts were 

devoid of the two lower (higher Rj.) isozyme bands whereas heart leaves 

showed two bands of higher Rp but of less intensity. In the midribs 
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Fig. 16. Soluble protein fractions from chopped 
lettuce leaf tissue stored in polyethylene 
and Perflex bags with different initial 
atmospheres for 22 days 
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BUTTS MIDRIBS BLADES HEARTS 

Fig. 17. Polyphenol oxidase isozyme banding patterns 
from different lettuce tissues 
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and leaf blades the same number of isozymes of the same intensity were 

present. Sharpies et al. (1963) reported that midrib is the tissue in 

which the discoloration first shows. According to the above authors, 

PPO activity in the leaves most likely to develop rib discoloration and 

the percentage of heads which had rib discoloration were found to be 

positively correlated with mean minimum temperature, conditions which 

induce PPO and PO activity. 

Peroxidase Isozymes in Different 
Tissues of Lettuce 

The absence of a PO isozyme band was also noted in butts and 

hearts. It was present in the midribs and at a higher intensity in the 

blades (Fig. 18). The chronological development of these lower isozyme 

bands of both PPO and PO will be discussed later. Sharpies et al. 

(1963) reported the presence of PO in much smaller amounts than PPO. 

This enzyme increased when pre-harvest minimum temperature was higher. 

The midribs and blades of the same leaves exhibited additional 

isozyme bands of PPO and PO compared to the heart leaves. Sharpies et 

al. (1963) indicated increased oxidase activity in the successively 

younger leaves following the 30th acropetal leaf. Whether discolora

tion of the butts is catalyzed by a different isozyme is not clear, 

since the lower bands of PPO and PO are both missing in the butt 

tissue. It may also be possible that butts contained high concentra

tions of phenolic compounds to which the enzymes were bound. These 

are believed to be inducible enzymes and the conditions needed for 

activity may not be present, i.e., O2, substrate, etc. Butt 



BUTTS MIDRIBS BLADES HEARTS 

Fig. 18. Peroxidase isozyme banding patterns from 
different lettuce tissues 
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discoloration in lettuce is known to appear only on the cut surface, 

while in the other tissues (midribs) it may spread throughout the 

tissue. 

Soluble Protein Fractions in Different 
Tissues of Lettuce 

The electrophoretic protein separations in Fig. 19 show multi

ple band patterns for soluble proteins from butts, midribs, blades and 

heart leaves of lettuce tissue. Not all the bands are clear in Fig. 19 

but when the gel tubes were examined on a light box, 10 bands were 

counted for butts and midribs, 12 bands for blades and 16 for the heart 

leaves. The greater number of bands in the heart leaves may be due to 

more active protein synthesis in young tissue or due to the fact that 

heart leaves were not separated further into midribs and blades. 

Polyphenol Oxidase Isozymes in Tissues of 
Three Cultivars at Three 

Physiological Ages 

Cultivars 'Mesa 659', 'GL 659-700' and 'Empire 0' were planted 

August 17, 1977 at Mesa, Arizona and were harvested at three physio

logical ages. These were October 25 (before head formation), November 

9 (just at the start of head formation) and November 28 (ac normal 

maturity). Polyphenol oxidase isozyme patterns of the three cultivars 

are shown in Figs. 20, 21, and 22. At the first harvest the lower PPO 

isozyme band was mainly present in midrib tissue of the three culti- • 

vars. In the second harvest the same band was present in both midrib 

and blade tissues. The lower PPO band was only in trace for cultivar 

'GL 659-700' (Fig. 21). Tissues of the third harvest exhibited the 



·-

BUTTS MIDRIBS BLADES HEARTS 

Fig. 19. Soluble protein fractions from different 
lettuce tissues 
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Oct. 25 Nov. 9 Nov. 28 

Fig. 20. Polyphenol oxidase isozyme banding patterns 
from different tissues of 'Mesa 659 1 

harvested on three dates 
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Fig. 21. Polyphenol oxidase isozyme banding patterns 
from different tissues of 'GL 659-700' 
harvested on three dates 
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Fig. 22. Polyphenol isozyme banding patterns from 
different tissues of 'Empire 0' harvested 
on three dates 
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lower band very clearly in the midribs and blades of the three culti-

vars. Even at the third harvest the lower band was very slight in the 

butt and heart leaf tissues. 

Peroxidase Isozymes in Tissues of Three 
Cultivars at Three Physiological Ages 

Peroxidase isozyme patterns as affected by cultivar, physio

logical age and tissue are shown in Figs. 23, 24 and 25. Midribs had 

larger upper bands at the three tissue ages investigated, but the lower 

band became more prominent with age. In the leaf blades the lower band 

also started as a trace in the first harvest date and became larger and 

more intense by the third harvest date. In the three cultivars 

examined there appeared to be two upper bands, a very heavily stained 

major band and a less prominent band directly above it. However, butts 

and heart leaves showed only the major upper band in the three 

harvests. 

Soluble Protein Fractions of Three Cultivars 
at Three Physiological Ages 

Soluble proteins in the four tissues of the three cultivars are 

separated electrophoreticly in Figs. 26, 27 and 28. No clear differ

ences among the cultivars or physiological ages are discernible, how-

ever, tissue differences were observed, i.e., two lower bands in the 

midribs and a heavy lower band in the blades. Determination of protein 

in the tissues have indicated that, of the four tissues tested, the 

midribs had the least amount of proteins. The exact amount was 

dependent on the age of the tissue. 
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Fig. 23. Peroxidase isozyme banding patterns from 
different tissues of 'Mesa 659' harvested on 
three dates 



Oct. 25 Nov. 9 Nov. 28 

Fig. 24. Peroxidase isozyme banding patterns from 
different tissues of 'GL 659-700' harvested 
on three dates 
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Fig. 25. Peroxidase isozyme banding patterns from 
different tissues of 'Empire 0' harvested 
on three dates 
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Fig. 26. Soluble protein fractions from different 
tissues of 'Mesa 659' harvested on three 
dates 



Oct. 25 Nov. 9 Nov. 28 

Fig. 27. Soluble protein fractions from different 
tissues of 'GL 659-700' harvested on 
three dates 
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Fig. 28. Soluble protein fractions from different 
tissues of 'Empire 0' harvested on three 
dates 



CHAPTER 5 

SUMMARY AND CONCLUSION 

Crisp head lettuce was obtained from the Mesa and Marana Farms 

of the Arizona Agricultural Experiment Station and from cooperating 

growers and wholesalers in both 1976 and 1977. Chopped salad was pre

pared by coring and removing wrapper leaves, then slicing the heads at 

about 19 mm in two dimensions. The material was dipped into appro

priate washes, drained, spin-dried and well mixed by hand. The salad 

was packaged in approximately 250 g amounts in plastic bags of various 

types. 

Modified atmospheres were initially created inside the bags 

through proportional flow rates of air, N2 and CO2 from compressed 

sources. The packaged samples were held at 2° C i 1° and subjectively 

evaluated for quality and discoloration. 

Samples from controlled storage were quality evaluated, freeze-

dried, lyophilized and ground. Soluble proteins were extracted with 

0.35 M phosphate to which 0.1 percent L-cysteine was added and adjusted 

to pH 7. Polyphenol oxidase and PO isozymes and soluble protein frac

tions were separated electrophoretically. Correlations where possible, 

were drawn between the isozyme and protein patterns with discoloration 

of the chopped salad. Different organ tissues (butts, midribs, leaf 

blades and heart leaves) and cultivars 'Mesa 659', 'GL 659-700' and 
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'Empire 0' were also compared in terms of their polyphenol oxidase, 

peroxidase and soluble protein fractions. 

Low temperature above freezing proved to be the most effective 

single factor maintaining quality of chopped lettuce. Chlorine in a 

200 ppm wash was increasingly beneficial at somewhat higher tempera

tures . 

Among the several acids and other chemicals tested as washes, 

only acetic acid at 0.2 N and pH 6.5 and chlorine at 200 ppm signifi

cantly prolonged shelf life of lettuce and reduced discoloration. 

Occasionally varietal differences were significant. The effect of pH 

of the wash was more pronounced than bisulfite or chlorine for both 

quality and discoloration ratings. In general, chemical treatments 

were detrimental to the physical character of lettuce. A width of cut 

less than 6.5 mm resulted in more discoloration and shorter shelf life. 

The less permeable Union Carbide Perflex bags proved to be sub

stantially better than the more permeable polyethylene bags. An 

initial increase of CO2 to 3 percent or a reduction of 0£ to 10 percent 

in the Perflex packages extended the acceptable life of lettuce to over 

6 weeks whereas the same treatments in polyethylene bags were not 

effective or acceptable from the quality and discoloration standpoint. 

Composition of atmospheres during storage indicated that samples 

packaged in polyethylene tended to stabilize at approximately 2 percent 

CO2 while those in Perflex reached as high as 18 percent CO2 during pro

longed storage. 



The influence of type of package and initial atmosphere on PPO 

and PO isozymes resulted in an extra cathodic PPO isozyme in the 

extracts of samples stored in polyethylene bags under air, increased 

(3 percent) CC^ or reduced (10 percent) treatments. The extra 

isopolyphenol oxidase band was missing from samples stored in Perflex 

bags, but a smaller and less intensely stained band was present when 

samples were initially treated with air. 

One constitutive cathodic isoperoxidase band was also missing 

from extracts of samples packaged in Perflex either initially treated 

with the increased CO2 or reduced 02« This isoperoxidase band was 

present in samples packaged in polyethylene, regardless of the initial 

sample treatment, and less intensely in samples packaged in Perflex, 

initially treated with air. The reduced rate and intensity of dis

coloration and prolonged shelf life together with the disappearance of 

a constitutive isozyme band of both PPO and PO suggested the importance 

of these isozymes in the formation of the brown discoloration on the 

cut surface of lettuce leaf. The presence of an intermediate intensity 

band of both enzymes in samples initially treated with air in Perflex 

suggested the importance of the early gaseous buildup to inhibit these 

isozymes. 

Soluble protein patterns did not reveal any quantitative or 

qualitative differences between packages or initial gaseous treatments. 

This was possibly due to the high number of lightly stained proteins 

visually not resolved as distinct bands and the overlapping of many 

bands. 
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The comparison of the different parts of lettuce tissue 

separated into butts, midribs, leaf blades and heart leaves showed the 

absence of two lower (higher R^,) PPO isozyme bands in the butts and 

their presence in a less intensely stained band in the heart leaves. 

Midribs and leaf blades exhibited the two lower bands with high and 

equal intensity. One PO isozyme band was also absent in the butts and 

the heart leaves whereas it was present in the midribs and with a 

higher intensity in the leaf blades. Whether discoloration in the leaf 

blades is comparable to that in midribs but masked by the higher 

chlorophyll content of the blades is not known. It is also unclear 

whether discoloration of butts is catalyzed by different isozymes or 

conditions needed for activity of these isozymes are not present. 

Electrophoretic separation of soluble proteins indicated more 

bands in heart leaves and the fewest bands in butts and midribs. Dif

ferences among cultivar tissues studied were evident. 

Comparison between cultivars 'Mesa 659', 'GL 659-700' and 

'Empire 0' showed no clear differences in the PPO, PO or soluble pro

tein patterns. These patterns showed the appearance of the lower PPO 

and PO bands first in the midrib even before head formation. In the 

leaf blades they appeared at a later physiological age. The butts and 

heart leaves showed only the major upper bands of PPO and PO at the 

three physiological ages tested. 

Results of this study show that PPO and PO regulate discolora

tion. Isozymes of PPO and PO were reduced or eliminated under condi

tions that inhibited discoloration and tissues prone to discolor 



developed certain isozyme bands whereas non-discoloring tissues did 

not. This discoloration may be reduced by the type of package, the 

in-package atmosphere and the appropriate age and type of the tissue. 
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