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A survey to find out consumer purchase behavior and 

postpurchase handling of broccoli was developed and 

evaluated.  The subjects consisted of 299 shoppers, in three 

Corvallis Or. grocery stores.  In-store handling of broccoli 

was also evaluated by monitoring temperature and humidity 

and color was evaluated by measuring BCU/L*a*b* values in 

the broccoli retail bin. 

The hypothesis that the consumer is not influenced by 

color was tested in this study.  Survey results indicate 

that 95% of the shoppers consider color to be important in 

their purchase decision, further, 92% indicated 

discoloration was a reason they may not purchase broccoli. 

A second hypothesis, methods the consumer uses to 

prepare broccoli for consumption do not affect important 

purchasing characteristics the consumer considers when 

purchasing broccoli.  The results of this study do not give 



enough evidence to reject the null hypothesis, however, they 

do indicate that of those shoppers who responded that size 

was an important purchasing characteristic were 

significantly (p<.05) more likely to microwave their 

broccoli.  Those shoppers who responded color and/or texture 

was an important purchasing characteristic were 

significantly (p<.05) more likely to microwave or stir-fry 

their broccoli.  Those shoppers who responded lack of 

pesticides was an important purchasing characteristic were 

significantly (p<.05) more likely to stir-fry their 

broccoli.  Lastly, those shoppers who responded cleanliness 

was an important purchasing characteristic were 

significantly (p<.05) more likely to steam or stir-fry their 

broccoli. 

A third hypothesis that in store handling (temperature 

and humidity) has no effect on the color of broccoli was 

tested.  The average temperature of the broccoli retail bin 

at the co-op, family owned store, and chain stores were 

8.820C (47.80F),   5.20C (41.30F), and 6.30C (43.30F), 

respectively.  The co-op also had the smallest hue angle 

(136°) as compared to the family owned store and chain 

store who had hue angles of 139 0 and 154°, respectively. 

These results suggest that higher temperatures are 

correlated, however not significantly (p>.05), with smaller 

hue angles and more yellow broccoli. 

Waste and trimmings of broccoli were also collected for 

color evaluation.  Hue angle for waste from each store were 



98.75°, 111.75°, and 129.81° for the co-op, family-owned, 

and chain store, respectively.  These results are indicative 

of broccoli that is more yellow than the broccoli retail 

bin. These findings are consistent with the literature and 

store manager's criteria for removing discolored broccoli 

from the broccoli retail bin. 

The final hypothesis tested in this study was store 

handling (temperature and humidity of broccoli retail bin) 

does not influence characteristics that customer finds 

important when choosing broccoli.  The results of this study 

suggest that the stores retail broccoli bin with the highest 

temperature, the co-op with 8.80C, also had the smallest 

average hue angle (136°) or more yellow broccoli. 

Furthermore, the co-op also had the smallest proportion of 

people (88%), which indicated thatxcolor was an important 

purchasing characteristic.  The store with the highest 

average hue angle (154°) also had the highest proportion of 

people (97%) that considered color to be an important 

characteristic.  This suggests that shoppers choose stores 

based on the perceived quality of produce.  These 

observations alone are not conclusive evidence to reject the 

null hypothesis, however, they do provide interesting 

insights into future areas of research. 
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BROCCOLI CHARACTERISTICS THAT INFLUENCE CONSUMER 
PURCHASING 

INTRODUCTION 

On a per capita basis, fresh fruits and vegetable 

intake in the United States has increased 17% between 1970 

and 1990 (Dittus et al., 1995).  Consumption of fruits and 

vegetables is suggested to be beneficial in cancer 

prevention and is an important component of a healthy diet, 

providing many essential vitamins and minerals.  Per capita, 

consumption of fresh broccoli has increased from 3 pounds to 

3.3 pounds from 1986 to 1996, and the production of broccoli 

has increased from 8,442 cwt. (hundred-weight) to 10,888 

cwt. (hundred-weight) from 1985 to 1995, respectively (USDA, 

1996a). 

Because of the importance of vegetables in our diet, 

research studies are needed to identify the factors that 

influence the different vegetable choices purchased and used 

by consumers (Resurreccion, 1986).  Consumer food purchase 

and use behaviors are influenced by an individual's, 

perception about food.  Other factors important to the 

consumer are appearance, color, flavor, texture, and aroma 

(Salunkhe et al., 1991a) 

Surveys, which include questions on demographics or 

behavior determinants, give data that can be used to 

determine purchasing habits (Murphy, 1987).  Such dialog 

with consumers help researchers to better understand their 



thinking about products, services and shifts in consumer 

wants and preferences.  The 1987 National Food Consumption 

Survey (Hama and Riddick, 1988) relates economic changes in 

incomes, relative food prices, and demographic effects to 

food consumption patterns.  The Food Marketing Institute 

(FMI) surveys consumer attitudes and purchasing behavior 

(Farr, 1987) .  Such surveys have noted trends towards a 

greater consumption of vegetables and fresh foods such as 

broccoli, cauliflower, avocados, and low fat milk to name a 

few, whereas whole milk, canned peaches and coffee have 

decreased over the past decade (Sperber and Swientek, 1988). 

There are at least two measures of quality.  The USDA 

grades and standards (USDA, 1996a) determine one measure, 

and consumer purchasing behavior determines the other 

measure.  In a U.S. survey of consumer attitudes towards 

fresh fruits and vegetables, 96% of the respondents cited 

ripeness and freshness as important selected criterion, 

while an equal percentage cited taste.  Appearance and 

condition were indicated to be important by 94% of those 

surveyed (IFT, 1990). 

Appearance characteristics include size, shape, gloss, 

color, and absence of defects. Yellowing in raw broccoli, 

for example, is considered to be an undesirable trait 

(Baardseth et al., 1988).  Crop production, as well as 

postharvest handling, affects the appearance of produce. 

When given a choice, most consumers prefer a predictable 



uniformity in their produce and an absence of defects (IFT, 

1990) . 

Purpose of Study 

The purpose of this study was to determine the 

characteristics that the consumer finds important when 

buying broccoli, how they handle the broccoli from store to 

home, where they store the broccoli at home, and lastly, how 

they prepare the broccoli for consumption.  A second purpose 

was to evaluate the store handling of broccoli on the retail 

display by interviewing produce managers from each store, 

and collecting temperature, humidity, and color readings 

from broccoli retail display. 

Hypotheses 

H0:  Consumer is not influenced by color. 

H0:  How customers prepare broccoli for consumption does 
not influence important purchasing characteristics. 

H0:  Store handling (temperature and humidity) has no 
effect on color of broccoli. 

H0:  In store handling does not influence characteristics 
that customer finds important when choosing broccoli. 



LITERATURE REVIEW 

The Importance of Marketing Research 

Finding out what the consumer likes and dislikes 

expressed through their purchases is a major activity of 

marketing (Salunkhe et al., 1991a).  If consumers do not buy 

the products, it is futile for growers to produce the raw 

material from which it is made, or for the wholesalers, 

retailers and processors to process and package it. 

Producers, handlers, wholesalers, retailers, and processors 

have come to appreciate the importance of knowing what 

consumers want, which products they desire, how and in what 

sizes products should be packaged. 

Business owners should also know the demographics and 

the psychographics of their customers (Rossi, 1994). 

Demographics is a profile of the customers, including age 

and income level, and psychographics is a closer look at 

their tastes, their buying habits and attitudes. 

Both demographic and psychographic data is being 

collected by businesses (Sperber and Swientek, 1988).  It 

usually happens when a customer purchases an item and the 

checker scans it through the computer.  Which item is being 

purchased and in what quantity it is being purchased is 

being recorded.  For practical purposes, this is used in 

ordering and inventory control, but from a marketing stand 

point, the stores and/or companies use this information to 

find out what customers are buying and what they are not. 



However, this does not disclose customer preferences, 

individual likes and dislikes, or what could be done to 

improve a product.  Instead a store and/or company may do 

sensory evaluation, or sensory analysis, to determine a 

psychographic profile. 

Retail and manufacturers trying to gain a competitive 

advantage are becoming more interested in understanding 

their customers (Litherland, 1995).  Research on food 

purchasers aims to establish if the item will be purchased 

for the buyer or someone else and how fast the food product 

will be consumed. 

Sensory analysis can be used to help retail and 

manufacturers understand their customers.  Sensory analysis 

is the study of human responses to products or services 

(Chambers and Wolf, 1996) .  It is usually used to answer one 

of three specific questions about products:  "What is the 

product in terms of its perceived characteristics," "Is the 

product different from another product," and "How acceptable 

is the product (or is it preferred to some other product) ." 

The use of strategic planning and identification of 

customers as a driving force stimulates innovation and 

flexibility, and keeps companies alert (Massnick, 1996). 

Market research and customers' satisfaction keeps a check on 

each other. Strategic planning is devoted to raising market 

share, which is a measure of customer satisfaction. 

Gerland's Food Fair, a 20-store Houston chain, has software 



that analyzes frequent shopper club members' performance 

(Zimmerman, 1996). 

Gerland's (Zimmerman, 1996) uses reports on shopper 

club members• performance to group customers into different 

categories.  These daily reports are based on point-of-sale 

transaction data to track sales, card usage, customer 

defection and other activities related to its frequent 

shopper program.  The sales report ranks shoppers into 

categories based on spending levels, while another report 

ranks shoppers according to three criteria: how recently 

they visited the store, how often they visited, and how much 

they spend during an average visit.  These reports on 

duration, frequency, and spending, are the foundation of 

customer category management. 

Food Insights, a marketing research company based in 

Memphis, Tennessee, has been doing market research for 

companies since 1990 (Robertshaw, 1996).  Among the things 

Food Insights has done was to help Jimmy Dean figure out how 

to put together its Tastefuls! line of boxed meals - what 

age group to try to attract, and which brands would attract 

these customers. 

To find answers for clients, Food Insights used focus 

groups to develop qualitative information and does 

telephone, mail, fax and/or E-mail surveys to develop 

quantitative information (Robertshaw, 1996).  The key to 

market research is to understand what is in the consumers' 

mind. 



Affective Testing for Consumer Analysis 

An affective test for sensory analysis was used as the 

type of product analysis for data collection in this thesis 

research.  An example of an affective test could be an in- 

store consumer survey to find out personal preference, 

liking or attitudes about products. 

Affective tests can either be qualitative or quantitative 

(Meilgaard et al., 1991).  For this research, a quantitative 

affective test, as opposed to a qualitative test, was used 

to determine preference or liking for broad aspects of 

product sensory properties such as color, texture, 

cleanliness, size, etc., of raw broccoli.  Studying broad 

aspects of product traits can provide insight regarding the 

factors affecting overall preference or liking. The 

quantitative affective test met the criteria to determine 

the response of a large group of consumers to a set of 

questions regarding preferences, liking, sensory attributes, 

etc, which was the scope of this research.  Typical 

quantitative tests include the hedonic scale method that 

measured degree of liking, or preference testing that 

measured how many people prefer one product to another 

(Chambers and Wolf, 1996). 

Use of an affective test can assess the market 

potential for products.  Questions about current purchase 

habits and consumer food habits are just some of the 

critical questions (Meilgaard et al., 1991).   An important 



part of an affective test is the sampling and demographics. 

Whenever a sensory test is performed, a group of subjects is 

selected as a sample of some larger population about which 

the sensory analyst hoped to draw some conclusion.  For an 

affective test, the sensory analyst must first determine the 

population for whom the product is intended and from there a 

sample can be selected (Meilgaard et al., 1991). 

An affective test requires the respondent selection for 

studies of liking to be representative of some consumer 

population (Chambers and Wolf, 1996).  Definition of the 

population of interest is required and sampling procedures 

utilized.  The number of respondents is also important. 

Generally, 100 people is considered adequate for most of the 

problems handled in small consumer tests, but the exact 

number depends on the experiment. 

The choice of where to conduct the test has effects on 

both test and results (Meilgaard et al., 1991).  A central 

location test is usually conducted in an area where many 

potential purchasers gather in an informal setting. 

Potential respondents are prescreened then given the 

questionnaire to fill out.  Since distractions are very high 

in this setting, the directions and questions should be very 

clear and precise (Meilgaard et al., 1991). 

For the research described in this thesis, central 

location testing was executed.  Broccoli buyers were 

screened since only those people purchasing broccoli were 

given the questionnaire.  There are several advantages of 



conducting a central location test (Meilgaard et al., 1991; 

Goldman, 1994).  First, respondents evaluate the product and 

fill out the questionnaire under controlled situations with 

any misunderstandings cleared up and a truer response 

obtained.  Second, the user and/or buyer evaluate the 

product themselves, which assured the validity of the 

results.  Third, the conditions are favorable for a high 

percentage return of responses from a large sample 

population.  Fourth, a considerable amount of information 

can be obtained from one individual on a number of products. 

Some disadvantages of central location testing are the 

product being evaluated is done under conditions which are 

quite artificial compared to regular use in terms of 

preparation, amount consumed, and length of time of use 

(Meilgaard et al., 1991).  Another disadvantage is that the 

number of questions that can be asked may be quite limited. 

This in turn limits the information obtainable from the data 

with regard to the preferences of different age groups, 

socioeconomic groups, etc.  Another disadvantage may be 

inconsistencies in what the consumer says they will do and 

what they actually do because their decisions and behavior 

change over time. 
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Review of Selected Consumer Tests 

There are a number of surveys that specifically 

investigated consumer's attitudes and behavior in purchasing 

of vegetables and fruits (Table 1).  These surveys included 

collection of data on: broccoli buying habits, produce size 

and portion, shrink wrap packaging, pesticides and produce 

quality factors (blemishes, color, appearance, texture), and 

consumer demographics (income and education) and its affect 

on vegetable intakes. Essentially they indicated that each 

of these factors influenced vegetable purchasing habits of 

consumers. 

Table 1.  Selected consumer studies and their purposes. 

Reference Purpose 

Dittus et al., 1995 

Goldman and Clancy, 1991 

To determine factors 
affecting intakes of fruit 
and vegetables. 

To determine the 
relationship between organic 
produce buyers and attitudes 
related to pesticide use. 



Table 1.  continued 

Jolly and Norris, 1991 

McClure, 1995 

Norris et al., 1991 

Relf et al., 1990 

VanDeReit, 1985 

Von Alvensleben and Meier, 
1990 

To determine manager's 
perceptions of organic 
produce and their 
perceptions of customer 
assessments. 

To provide data that can be 
very useful to produce 
departments. 

To determine whether 
knowledge of pesticide use 
influenced purchase 
decisions. 

To determine the market 
potential for fresh, locally 
grown, specialized broccoli 
crop. 

To determine the reasons for 
discard of foods. 

To determine whether or not 
origin labels influenced 
purchase decisions.  

Consumption of fruits and vegetables is suggested to be 

beneficial in cancer prevention.  However, Dittus et al. 

(1995) found that a large percentage of the population does 

not consume the recommended intake of fruits and vegetables. 

A survey by Dittus et al. (1995) reports those 

individuals with low-income and low-education categories and 

males had significantly higher scores measuring barriers to 

fruit and vegetable intake.  Higher income and education 

groups and females had lower scores measuring barriers to 

fruit and vegetable intake.  Although this study did not 
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define exactly what "barriers" they were referring to, it 

can be speculated that people with lower income have less to 

spend on fruits and vegetables.  A reason for the males to 

have higher barriers may be that females predominantly do 

the shopping and males do not.  Lastly, less educated people 

just may not have the knowledge of the benefits of fruits 

and vegetables so their barriers would be higher.  Overall, 

respondents had high nutrition concern despite income or 

education level (n=1066). 

Demographics play a major role in whether or not 

organic produce will sell (Crothers, 1996) . Baby boom 

generation, those born in 1946-1964 (Dinkins, 1993) sit upon 

the largest pile of disposable income the world has ever 

seen, and they have used it to remake the unexcitable 

American culture of their parents.  The new trend toward 

organic supermarkets manifests this almost perfectly. 

Organic produce typically has a higher price because of 

the cost of natural farming methods such as composting and 

crop rotation, the more limited supply and the expense of 

certifying the produce through a state agency or private 

certification company (Crothers, 1996).  Customers say they 

want organic produce, but when they see the prices, they 

decline to purchase. 

Goldman and Clancy (1991) determined that two-fifths of 

the co-op shoppers surveyed usually or almost always 

purchased organically grown produce, and one-third were 

somewhat or very likely to pay 100% more than conventional 
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produce for residue-free produce (n=350).  They also found 

that those who almost always brought organic produce were 

less concerned than other shoppers about price when they 

shop for produce, had higher levels of concern about food 

safety, and were less concerned about insects and surface 

blemishes on produce.  There was no relationship between 

income and frequency of organic purchases. Jolly and Norris 

(1991) found that 11 of the 12 merchandisers, whose stores 

carried organic produce, rated organic produce as worse in 

appearance and 9 out of 12 rated them worse in shelf life. 

Eleven of the 12 merchandisers perceived their consumer 

would rate organic produce versus conventional produce as 

being worse in appearance.  Marketing difficulties 

encountered by»ll of the 12 stores carrying organically 

grown produce was due to poor quality. 

The results of Norris et al. (1991) indicate that the 

shoppers (n=953) tended to choose the more attractive 

vegetables initially, but chose less attractive produce when 

they learned it was grown with fewer pesticides. 

Additionally, shoppers indicated that they would be willing 

to pay slightly higher prices for produce, which was free of 

pesticides residues. 

Von Alvensleben and Meier (1990) found similar results 

that consumers, without further information, infer good 

taste from a good appearance (n= unknown).  However, in a 

second test, the samples were marked with information about 

origin and production method and the evaluations were 
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reversed.  The information "organically grown" evidently 

leads to the conclusion that the damages on tomatoes are not 

necessarily a disadvantage for quality, but instead a side 

effect of the superior production method.  Von Alvensleben 

and Meier also reports that in a consumer survey in Germany, 

more than 76% of the consumers judged vegetables on their 

appearance and more than 60% pay attention to the freshness 

of the product, a property most likely deduced from its 

appearance (n= unknown).  This just goes to show how 

important external quality is to consumers since it is 

evident that they purchase with their eyes.  Relf et al. 

(1990) found in his survey that 53% of the consumers of 

broccoli (n=1240) prefer to use only the head, while 45% 

prepare and consume the stem if it is part of the package, 

but 90% would buy a single head of broccoli if it were 

available.  This study also found that 55% would prefer a 

shrink wrap, while 35% would like to see this produce in the 

store then decide.  Only 6% indicated a decreased acceptance 

for shrink-wrap. 

VanDeReit (1985) found that on average Oregon 

households discard 6% of foods eaten.  Of this discard, 

there was 490 grams of fruits and vegetables per week, not 

including peelings, skins, cores, and other parts not common 

to the U.S. diet (n=243).  This is an average of $.76/week 

to the consumer based on 1985 prices.  The largest reason 

for discard was poor quality.  Poor quality included 

wilting, other-than-peak-ripeness, varietal color 
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differences, and bruising.  These respondents1 definitions 

of quality frequently did not coincide with industrial 

standards of quality. 

A survey by McClure (1995) has compiled data that can 

be very useful to the produce department.  It provides the 

opportunity to make suggestions for capitalizing on the 

positive trends and minimizing the effects of negative ones 

(Table 2) and reports suggestions to the produce manager on 

influencing customers (Table 3). 

Table 2. Suggestions for capitalizing on the positive 
trends in produce departments 

Children are a major influence on produce consumption 
particularly fruit. 

Safety worries are undiminished with over half of the 
consuming public indicating strong concerns. 

Waxing fruit continues to be a negative with over 25% 
of consumer preferring not to eat waxed produce. 

Only about 20% of the consuming public is aware of the 
5-A-Day program although the vast majority consider 
the availability of nutrition information at the point 
of sale to be important. 

Only 25% of customers tried a new fruit in the past 12 
months and less than 20% tried an unfamiliar 
vegetable. 

Over half the public believes convenience items and 
salad mixes are good values but brands still play a 
very minor part of the buying decision. 

Modified from McClure (1995) 
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Table 3. Suggestions to the produce manager on influencing 
customers 

Play up the freshness and healthfulness of produce at 
all times, in all ads, and other communications tools. 

Feature signs and leaflets that show positive ways to 
prepare and use fresh fruits and vegetables. 

Use educational materials available from commodity 
groups regarding how to choose, ripen, store, and 
otherwise care for individual items. 

Finally, pay maximum attention to the produce that is 
displayed.  Rotation, culling (removing items not up to 
standard), and temperature control are important for a 
problem-free department. 

Modified from McClure (1995) 
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Respiration of Plants 

Vegetables live, grow, and deteriorate due to their 

metabolic activity.  Respiration is the process by which 

stored organic materials (carbohydrates, proteins, and fats) 

are broken down into simple end products with a release of 

energy (Kader, 1992) .  Oxygen is used in this process and 

carbon dioxide is produced.  This loss of stored food 

reserves, carbohydrates, proteins, and fats, in the 

commodity during respiration means 

1)  The hastening of senescence as the reserve that 

provide energy to maintain the commodity's living 

status are exhausted, 

2) Reduced food and energy value fo£__tte6' consvsner, 

3) Loss of flavor quality, especially sweetness, and 

4) Loss of salable dry weight, especially important 

for commodities destined for dehydration. 

The rate of deterioration of harvested commodities is 

generally proportional to the respiration rate (Kader, 1992) 

(Table 4).  Broccoli's respiration rate is influenced by 

temperature (Kader, 1992).  A low temperature can reduce 

respiration by lowering the intake of O2 and increasing the 

amount of CO2 . By controlling the atmosphere with 

temperature, the life of broccoli can be extended. 
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Table 4.  Classification of respiration rates of various 
commodities 

Commodity        Respiration       Respiration 
Class Range at 50C 
 (mg C02/kg-hr) 
Dates, dried     Very low <5 
fruits and nuts 

Apple Low 5-10 

Apricot Moderate 10-20 

Avocado High 20-40 

Broccoli Very High 40-60 

Asparagus Extremely High >60 

Modified from USDA (1986) 

Because of broccoli's relatively high rate of 

respiration, even at low temperatures it can be kept for 

only short periods, about 10-14 days (USDA, 1986) .  The main 

deterioration problems with broccoli during storage is 

dehydration, yellowing, and abscission of bracts and leaves. 

The physical deterioration occurs as evaporative loss 

that affects the texture of the produce and results in 

shriveling or withering.  Such changes may have direct 

influence on acceptability in terms of color, texture, 

flavor, and nutrition.  The goal in storing crops is to 

reduce the most important cause of deterioration of the 

particular crop (Dennis, 1981) . 

Respiring plants are very sensitive to ethylene, which 

is given off, as plants are senescing and degrading. 

Ethylene, the simplest of the organic compounds affecting 
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the physiological processes of plants, is a natural product 

of plant metabolism and is produced by all tissues of higher 

plants (Kader, 1992).  Ethylene can be used to promote 

faster and more uniform ripening of climacteric fruits and 

vegetable fruits picked at the mature-green stage.  On the 

other hand, exposure to ethylene can be detrimental to the 

quality of most nonclimacteric vegetables as most vegetables 

are harvested and consumed as mature plants. 

The ability of certain gases, such as ethylene, to 

stimulate fruit ripening has been known for many years 

(Salisbury and Ross, 1992).  Little ethylene is produced 

until just before the respiratory climacteric signaling the 

onset of ripening while nonclimacteric fruits and vegetables 

synthesize little ethylene and are not induced to ripen by 

it.  Numerous mechanical and stress effects such as gentle 

rubbing of a stem or leaf, increased pressure, pathogenic 

microorganisms, viruses, insects, waterlogging, and drought 

increase ethylene production. 

Ethylene is derived from carbons 3 and 4 of the amino 

acid methionine (Salisbury and Ross, 1992).  An amino acid 

like compound, 1-amino-cyclopropane-l-carboxylic acid (ACC) 

is involved as a close precursor of ethylene (Figure 1).  It 

should be noted that a cyclic, salvage process conserves the 

sulfur atom of methionine.  Without this salvage, the amount 

of reduced sulfur might limit the amount of methionine and 

the rate of ethylene synthesis. 
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Other notable features of the ethylene forming process 

are that ATP is essential for conversion of methionine to S- 

adenosylmethionine (SAM) and that O2 is needed in the final 

conversion of ACC to ethylene (Salisbury and Ross, 1992) . 

The requirement for ATP and O2 almost certainly explains 

why ethylene production nearly stops under severely hypoxic 

conditions. 

An oxidative enzyme called the ethylene forming enzyme 

(EFE) catalyzes the final reaction in the pathway, 

conversion of ACC to ethylene (Salisbury and Ross, 1992). 

This enzyme has not been well defined most likely because it 

is tightly bound in or on a membrane.  It is now accepted 

that the rate-limiting step in ethylene formation is usually 

catalyzed by ACC synthase. 

This cycle cannot be underestimated with broccoli as 

ethylene plays an important role in regulating the yellowing 

of broccoli florets (King and Morris, 1994a; Tian et al., 

1994; Watada, 1986).  Tian et al. (1994) studied the 

increasing ethylene production from florets of "Shogun1 

harvested broccoli held at 20  C in darkness as the sepal 

tissues yellowed.  The pattern of respiration rate and 

ethylene production from branchlets or entire heads was 

similar, although the magnitude of ethylene and carbon 

dioxide production appeared to be diluted by the other 

fleshy stem tissues.  The reproductive structures, stamens 

and pistil, may have a role in determining the rate of sepal 
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degreening, since removing them from florets reduced the 

yellowing rate (Tian et al., 1994). 

Ethylene has also been shown to play an important role 

in regulating the yellowing of broccoli florets by King and 

Morris (1994a).  King and Morris (1994b) compared patterns 

of respiration, ethylene production, and color change 

occurring in three broccoli cultivars (Green Beauty, 

Dominator, and Shogun) for florets, branchlets, and heads 

during postharvest senescence at 20 C in darkness, with 

particular emphasis on changes occurring early after 

harvest.  They found that it is possible that a change in 

sensitivity of florets to ethylene rather than changes in 

endogenous ethylene production regulate yellowing. 

Postharvest Effects on Broccoli 

Temperature 

Temperature is the environmental factor that most 

influences the deterioration rate of harvested commodities 

since the tissue is expending significant portions of its 

shelf life at higher temperatures (Kader, 1992; Shewfelt, 

1986).  For each increase of 10° C above optimum 

temperature, the rate of deterioration increases by two-to- 

threefold.  In general, the lower the storage temperature 

the longer the shelf life of vegetables.  Temperature also 
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influences the production and effect of ethylene, reduced 

oxygen, and elevated carbon dioxide, which will be discussed 

later in the chapter under controlled atmosphere. 

Broccoli is highly perishable and should be stored at 

0oC (320F) with a relative humidity of 95 to 100% (USDA, 

1986).   Storage of broccoli at higher temperatures 

increases the deterioration of both appearance and vitamin C 

(Dennis, 1981).  However, temperatures too low can cause 

freezing injury which cause browning in the young florets of 

broccoli and off odors upon thawing (Kader et al., 1974). 

The storage temperature determines the amount of water vapor 

required to saturate the atmosphere.  Higher temperatures 

increase the evaporation loss of the commodity, as well as 

the rate and type of physiological and biochemical changes 

and microbial growth.  Thus, the correct storage temperature 

is probably the most important factor in reducing 

deterioration during storage. 

Since temperature has such a marked influence on 

deterioration, the rapid removal of field heat after harvest 

is often necessary in order to maintain good market 

condition, fresh green color, and vitamin C content during 

the ensuing shelf life (Dennis, 1981; USDA, 1986).  Broccoli 

benefits from rapid cooling to the optimum storage 

temperature as soon as being harvested. 

The best way to precool broccoli is to hydrocool it or 

pack ice around it (Bomben et al., 1975; Carroad et al., 

1980) .  These studies compared hydrocooling and forced air 
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cooling and found, in general, that hydrocooling showed 

faster cooling rates and less moisture loss than forced air 

cooling (Hackert et al., 1987). 

Delaying precooling of broccoli has been shown to 

decrease quality during subsequent handling and storage 

(Brennan and Shewfelt, 1989) .  Brennan and Shewfelt studied 

3 precooling delay times of 30, 60 and 120 minutes.  In only 

30 minutes of cooling delay, turgor was the limiting 

characteristic in the shelf stability of broccoli.  In 

broccoli whose delay in cooling was 1 and 2 hours, floret 

opening was the limiting characteristic, and in broccoli 

whose cooling was delayed 3 hours, head compactness became 

the limiting characteristic within 4 days postharvest 

followed by floret opening prior to retail storage.  Turgor 

and aroma became unacceptable during the simulated retail 

display period in the samples that experienced the 3-hour 

cooling delay. 

Forney and Rij (1991) also found that the quality of 

broccoli florets was significantly reduced when kept warm 

overnight before packaging in film.  This reduction in 

quality was reflected by lower ratings for color, turgidity, 

and general appearance in broccoli packed warm rather than 

cold.  Film type, including vented bags, had no effect on 

these characteristics.  Keeping the florets 17 to 18 hours 

at 2 0oC had caused noticeable acceleration of senescence 

when florets were evaluated after 7 days of storage at 50C. 
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Although most grocery stores don't have the capability 

to store broccoli and other horticultural crops under 

controlled atmospheric conditions, they can increase the 

storage life of broccoli by maintaining low storage 

temperatures.  Manns Farm suggests creating and maintaining 

"The Cold Chain" from field to store to preserve optimum 

freshness and the highest nutritional value (Manns Packing 

Co. , 1996) (Table 5). 

Table 5.  The cold chain 

The product is first hand packed and 
surround with slush ice for freshness. 

i 
1-40C 

Temporarily stored before shipping. 
1 

1-40C 
I 

Loaded onto refrigerated trucks w/o 
ever changing temperature.  Retailers 
should follow the cold chain guidelines 

i 
When warehousing. 1-40C 

1 I 
Displayed  cold for  shoppers. 1-4   C 

i I 
For  optimum taste,   vegetables  should 
be refrigerated within 30 minutes  after 

purchase 1-4  C 

Modified  from Manns  Packing  Co.    (1997). 
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Effects of Gases 

Relative humidity (Rh) is a second important 

environmental factor in shelf life of vegetables (Shewfelt, 

1986) .  A low Rh environment reduces the spread of most 

decay organisms, but at the cost of increased transpiration. 

Transpiration, or water loss, is a main cause of 

deterioration because it results not only in direct 

quantitative losses such as salable weight, but also losses 

in appearance such as wilting and shriveling, textural 

qualities such as softening and limpness, and nutritional 

quality (Kader, 1992).  Transpiration can be controlled by 

applying treatments to the commodity such as a wax coating 

or plastic films, or by manipulating the environment such as 

maintenance of high relative humidity. 

Temperature and humidity are inextricably linked in the 

control of moisture (Shewfelt, 1986; Grierson and Wardowski, 

1978) .  The key concept in Rh is the vapor pressure deficit 

(VPD) which is "the difference between the equilibrium 

relative humidity of the produce and the actual relative 

humidity".  Relative humidity can influence water loss, 

decay development, incidence of some physiological 

disorders, and uniformity of commodity ripening (Kader, 

1992) .  Condensation of moisture on the commodity, also 

known as sweating, over long periods of time is probably 

more important than is the relative humidity of ambient air 

in enhancing decay.  Sprinkling produce with water during 
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retail marketing can control relative humidity and thus 

moisture loss.  About 90% of the major retail supermarket 

chains mist their vegetables (Barth et al.,1992).  Barth et 

al., studied misting on the market quality attributes such 

as color, texture, and enzyme activities in broccoli over 

time (0, 24, 48, 72 hr.) during display cabinet storage (18 

± 40C).  Results of the study showed that moisture content 

in misted versus nonmisted broccoli samples over 72 hr. 

storage showed mean initial moisture was 86.8%.  After 72- 

hr. storage, the mean moisture contents were misted 85% and 

nonmisted 80.2%.  Mean percent moisture content wa.s 

significantly greater (p< 0.05) in misted broccoli samples 

at 24, 48 and 72 hr. storage intervals. 

Humidity will affect the color of broccoli.  The 

pigment of broccoli that gives it its green color is 

chlorophyll (Weichmann, 1987).  During storage, this pigment 

undergoes considerable change.  Temperature, humidity, 

oxygen, and ethylene stimulate the reactions that metabolize 

chlorophyll.  As broccoli deteriorates, the head yellows due 

to the degradation of chlorophyll (King and Morris, 1994a). 

One of the ways of measuring the color of broccoli is by the 

use of instruments that give L* a* b* values, this does not, 

however, measure the amount of chlorophyll lost. 

Total chlorophyll content showed misting enhanced total 

chlorophyll retention over 72 hr (p= 0.0001) (Barth et al. , 

1992).  Percent total chlorophyll loss in misted samples was 

minimal (8.6%) after 7 2 hr storage, whereas in nonmisted 
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samples the loss after 72 hrs. was 74.4%.  Total chlorophyll 

retained was significantly greater (p < 0.05) in misted vs. 

nonmisted broccoli samples at 24, 48, and 72 hr. storage 

intervals.  Within the nonmisted groups, chlorophyll 

retention was significantly lower (p < 0.05) at each 

interval after 0 time. 

A number of selected authors have reported using 

various color measuring instruments and assigning L* a* b* 

values to the color of broccoli (Table 6).  In Hunterlab 

instrument measurements, color values are (L) lightness to 

darkness, (± a) red to green, and (± b) blue to yellow 

(Barth et al 1992).  Hue angle (tarT'^/a) represents 

greenness.  In Barth et al. (1992) misted samples of 

broccoli were significantly greener than the nonmisted 

samples over a 72 hr. sampling period (p=0.0021), as 

measured by hue angle values.  Green color retention was 

significantly greater in the misted than in nonmisted 

broccoli samples at each storage interval (p< 0.05).  There 

was not a significant difference in 'L' values between 

misted and nonmisted samples (p=0.7134).  The 'L' values 

remained near their initial values for both groups. 

Generally, results from total chlorophyll determination and 

Hunterlab hue angle values showed that green color was 

better retained in the misted broccoli samples.  Texture 

measures with an Instron Universal Testing Machine showed 

shear values between groups of misted and nonmisted samples 

were not significantly different (p=0.3 652). 
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Table 6. Selected uses of L*a*b* values to determine effect 
of gases, misting, temperature, N6-benzyladenine on broccoli 
color. 

Author/Year Title of Study   Purpose of Study 

Effects of color and gases 

Barth, M.M. 
1993a 

et al, 

Berrang, M.E. et 
al. 
1990 

King, G.A. and 
Morris, S.C. 
1994a 

Modified 
atmosphere 
packaging affects 
ascorbic acid, 
enzyme activity 
and market quality 
of broccoli 

Microbial, color 
and textural 
qualities of fresh 
asparagus, 
broccoli, and 
cauliflower stored 
under controlled 
atmosphere 

Physiological 
changes of 
broccoli during 
early postharvest 
senescence and 
through the 
preharvest- 
postharvest 
continuum 

To determine the 
effects of 
elevated CO2 
concentrations, 
developed during 
modified 
atmosphere 
packaging. 

To assess the 
effects of 
controlled 
atmosphere storage 
on fresh 
asparagus, 
broccoli, and 
cauliflower. 

To describe and 
compare patterns 
of respiration, 
ethylene 
production, and 
color change 
occurring in 
broccoli. 

King, G.A. and 
Morris, S.C. 
1994b 

Early 
compositional 
changes during 
postharvest 
senescence of 
broccoli 

To determine 
compositional 
changes during the 
senescence  of 
broccoli  occurring 
during the  first 
24  hours. 
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Table 6.  continued 

Author/Year Title of Study Purpose of Study 

Effects of color and gases 

Makhlouf, et al. 
1989a 

Long-term storage 
of broccoli under 
controlled 
atmosphere 

To assess the 
controlled 
atmosphere 
conditions for 
storage of 
broccoli beyond 3 
weeks. 

Wang, C. Y. 
1979 

Effect of short- 
term high CO2 
treatment on the 
market quality of 
stored broccoli 

To determine 
effects of short- 
term high CO2 
treatment on 
broccoli. 

Effects of color and misting of broccoli 

Barth, M.M. et al. 
1992 

Misting affects 
market quality and 
enzyme activity of 
broccoli during 
retail storage 

To determine the 
effects of misting 
on market quality 
and enzyme 
activities. 

Effect of color and temperature of broccoli 

Brennan, P.S. and 
Shewfelt, R.L. 
1989 

Effect of cooling 
delay at harvest 
on broccoli 
quality during 
postharvest 
storage  

To determine the 
effects of cooling 
delays, in the 
field, on market 
quality of 
broccoli. 
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Table 6.  continued 

Author/Year Title of Study Purpose of Study 

Effect of n -benzyladenine on color of broccoli 

Batal, K.M. et al. 
1982 

Shewfelt, R.L. et 
al. 1983 

Effects of N6- 
benzyladenine and 
storage 
temperature on 
shelf-life and 
quality of raw and 
cooked broccoli 
(Brassica oleracea 
L. var. italica) 

Broccoli storage: 
Effect of N6- 
benzyladenine, 
packaging and 
icing on color of 
fresh broccoli. 

To evaluate the 
use of N - 
benzyladenine to 
enhance 
storability of 
broccoli. 

To investigate the 
effect of N6- 
benzyladenine 
treatment and the 
use of icing and 
packaging on shelf 
life of broccoli. 

Controlled Atmosphere 

Controlled atmosphere (CA) is a third way of 

manipulating environmental conditions to extend shelf life 

(Shewfelt, 1986) .  In this technique, the gaseous (O2 and 

CO2 f ) concentration, of the atmosphere surrounding the 

commodity is changed and monitored to reflect prescribed 

tolerance levels.  The reasoning behind control over the 

atmosphere surrounding the product is to lower respiration 

and/or delay ripening.  This is accomplished by reducing the 

concentration of 02, which is required in respiration, or by 

adding an inhibitory gas such as CO2 or CO.  Striking the 
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balance between O2 and CO2 is critical, and an optimal 

ratio must be developed for each specific commodity. 

Studies on controlled atmosphere of broccoli have been done 

by Lipton and Harris (1974), Makhlouf et al. (1989a), 

Berrang et al. (1990) , and Bastrash et al. (1993).  Optimum 

controlled atmosphere for broccoli was found to be 10% CO2 

and/or 1% O2 (USDA, 1986; Lipton and Harris 1974; Makhlouf 

et al., 1989a).  This atmosphere can increase the shelf life 

of good quality broccoli held above 5° C.  An atmosphere of 

10% CO2 retards yellowing and toughening, however, one with 

15% CO2 can still retard yellowing but it can also induce 

persistent off odors. 

A 1% ©2 atmosphere retards yellowing, but one with 0.1 

to 0.25% ©2 can cause severe injury and result in off-odors 

and off flavors in cooked broccoli (USDA, 1986; Lipton and 

Harris, 1974; Makhlouf et al., 1989a).  Film wraps have also 

been shown to be beneficial in extending the storage life of 

broccoli (Barth et al., 1993b). 

The effect of controlled atmospheres on the regulations 

of ethylene biosynthesis during the senescence of broccoli 

flower buds was studied by Makhlouf et al. (1989b). 

Generally, respiration, ethylene production, and ethylene- 

forming enzyme (EFE) activity followed a climacteric like 

pattern in all atmospheres. 

The 1-aminocycloropane-l-carboxylic acid (ACC) content 

changed little during the "climacteric", but increased 

dramatically during the "post-climacteric" period, when 
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ethylene production and EFE activity decreased (Makhlouf et 

al., 1989b).  Under high CO2, respiration was reduced, but 

ethylene production and EFE activity were temporarily 

stimulated early during treatment.  Under low O2, 

respiration, ethylene production, EFE activity, and ACC 

content were reduced, and the ^climacteric' and chlorophyll 

losses were delayed to a greater extent than under high CO2 • 

In conclusion, in all the treatments in the Makhlouf et 

al. (1989b) study, ACC level was not the limiting factor in 

ethylene biosynthesis in broccoli.  The reduction in 

ethylene production during senescence resulted from the 

degradation of the system that converts ACC to ethylene. 

Modified Atmosphere 

Modified atmosphere (MA) is similar to CA, however, MA 

implies that an initial adjustment of gaseous concentrations 

is maintained with little or no subsequent control 

(Shewfelt, 1986).  The basic purpose of modified-atmosphere 

(MA) packaging is to generate potentially useful levels of 

gases (O2, C02/ H2O) for extending the storage life of fresh 

and minimally processed fruit and vegetables (Talasila et 

al., 1994) . 

A given atmosphere for a product is created in MA 

packages by matching film permeability with product 

respiration (Talasila et al., 1994).  However, steady-state 

partial pressures are due to a number of factors including 
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variation in product O2 uptake or film permeability to O2 • 

Successful MA packages must be designed so that these 

variations do not cause undesirable changes to product 

quality.  Such changes could include external and internal 

discoloration, off-flavor development, and growth of 

microorganisms that cause food poisoning. 

Barth et al. (1993a) has studied MA packaging for 

broccoli.  Broccoli spears were packaged using a 

semipermeable polymeric film and stored 96 hours at 2 0  C. 

Carbon dioxide and oxygen concentrations within the packages 

equilibrated to about 9% and 3%, respectively with room 

relative humidity maintained at about 60% (± 4%).  The 

results show that relative to non-packaged spears, ascorbic 

acid, chlorophyll and moisture retention were greater; and 

peroxidase activity, the enzyme important in the oxidation 

of ascorbic acid in plant tissue, was lower in packaged 

broccoli.  There were no significant differences found in 

total aerobic microbial population growth or Instron shear 

values between packaged and control spears. 

Ballantyne et al. (1988) also studied the MA within 

sealed packages of prepared broccoli florets with a range of 

polymer films of different gas permeabilities (O2 

. . 2 permeability ranged from 3000 to 32,500 ml/m /day/atm).  MA 

was produced both naturally by respiration and by 

application of gas flushing techniques.  The effects of 

these MA conditions on sensory quality were observed by 

monitoring color change and development of off odors. 



35 

A 2-3% O2, 2-3% CO2 equilibrium MA was established 

using LF experimental film (LF had a permeability of 22,000 

O2, 60,000-80,000 CO2) to package broccoli florets when 

stored at 5  C (Ballantyne et al., 1988).  This was the only 

consistently aerobic MA attained out of the three packaging, 

but it did not markedly improve retention of the quality of 

broccoli florets when compared with broccoli stored in air. 

When broccoli florets were packaged with films which 

resulted in very low O2 atmospheres (1% or less) foul off- 

odors shortened broccoli storage life. 

Maturation of Broccoli 

If the importance of any one practice should be 

emphasized, it is that of cutting the heads at an early 

stage of maturity when the broccoli is compact and 

unsegmented (Bouquet, 1929).  While the size of the heads is 

determined by other factors as well, the time of harvesting 

can also be made to have a definite bearing on the size of 

the head for packing. 

The clusters or heads of the flower buds of the 

sprouting broccoli range in size from just a few buds to a 

diameter of two or three inches and occasionally as large as 

six or eight inches (Bouquet, 1929).  The stems generally 

are green and the leaves and flower bud clusters are dark 

blue/green in color (Figure 2). 
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Figure 2 . 
Floret and stem section of broccoli 

King and Morris   (1994b} 
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Broccoli is ready for harvest and preparation for 

market when the buds are well developed and before the white 

or yellow petals of the flowers appear (Bouquet, 1929).  It 

is highly important that it be harvested at this stage of 

development due to the fact that if allowed to become over 

mature, the stems become tough, hollow, pithy and unsuitable 

for human consumption. 

Sometimes a second harvest of side heads, shoots that 

develop after the central head is cut, are harvested 

(Seelig, 1971).  These measure 1-3 inches across.  After 

harvest, the broccoli is tied in bunches, with the side 

heads either bunched separately or combined with the central 

heads that mature at the same time. 

Broccoli is still harvested by hand with selection of 

mature heads made by each harvester (Seelig, 1971). If 

broccoli is to be sent to a processor, it is cut nearer 

freezer specifications, 6-7 inches long with few or no 

leaves on the head.  Fresh market broccoli is cut longer, 

has less trimming done, and is tied into 1% pound bunches 

which is usually done in the packing shed. 

USDA Standards for Grades of Broccoli 

Mandatory grades, which are developed by the USDA, are 

developed for U.S. Fancy, U.S. no. 1 and U.S. no. 2 Bunched 

Italian Sprouting Broccoli (USDA, 1996a).  Specifications 

for size are given for the diameter of the heads and shoots 
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in inches or percentages, and the length in terms of inches 

and half inches. 

Tolerances are specified to allow for variations 

incident to proper grading and handling in each of the 

foregoing grades.  Tolerances are specified for defects and 

size in percentages.  The application for these tolerances 

is also specified.  There are definitions designated for the 

terms stalk, head, shoot, bunch, damage, compact, fairly 

compact, closely trimmed, well trimmed, fairly well trimmed, 

leafy, serious damage, diameter, and length (USDA, 1996a). 

Since all individual units of horticultural commodities 

are not of equal value, these standards are put into effect 

to make grading of broccoli more universal (Richardson, 

1997) .  Many factors are involved in quality differences, 

ranging from varieties, maturities, ripeness stage, size, 

shape, color, flavor, presence or absence of defects, as 

well as condition.  As marketing has continually changed 

from a highly localized to a more dispersed and more distant 

enterprises, the need for a uniform set of definitions of 

quality arose (Table 7) . 

Broccoli Production and Consumption 

Per capita consumption of fresh broccoli has increased 

from 3 pounds to 3.3 pounds from 1986 to 1996 (USDA, 1996b). 

The USDA (1996b) has summarized the change in acres of 

broccoli harvested, production of fresh market broccoli, and 
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per capita consumption of broccoli for the last 10-11 years 

(Table 8). 

Table 7.  Functions of grading standards 

Provide a common language between buyer and seller 

Allow pooling of products of like quality 

Help to settle disputes 

Basis for pricing and price differentials related to 
quality 

Form a basis for advertising quality and price 

Play a role in financing by establishing estimates of 
value 

Create incentives for better postharvest handling by 
creating a price differential  

Modified from Richardson (1997) 
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Table 8.  Consumption, production, and harvested 
acres of fresh broccoli from 1985-1996 

Year Per Capita 
Consumption 
Of Fresh 
Broccoli 
(pounds) 

Production 
Of 

Fresh Market 
Broccoli 

(1,000 cwt.) 

Harvested 
Acres of 
Fresh 

Broccoli 

1985 2.6 7,154 109,500 

1986 3.0 8,442 119,100 

1987 3.1 8,599 121,700 

1988 3.8 10,023 114,400 

1989 3.8 10,744 116,800 

1990 3.4 9,893 110,800 

1991 3.1 9,368 101,100 

1992 3.4 10,602 111,400 

1993 2.9 9,425 107,200 

1994 3.4 11,331 110,600 

1995 3.2 10,888 103,900 

1996 3.3 NA NA 

Modified from USDA (1996b) 
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MATERIAL AND METHODS 

Consumer Survey 

With approval from store managers from three local 

grocery stores in Corvallis Oregon, consumer surveys were 

personally handed out to every person that was buying 

broccoli.  The stores consisted of a co-operative store, a 

family-owned store, and a chain grocery store.  Four hour 

intervals on a per day basis were randomly chosen between 

9:00 a.m. and 5:00 p.m. Monday through Sunday.  Each store 

was surveyed for seven consecutive days, with all three 

stores making a total of 21 days.   The customer was given 

the option to fill the survey out in the store or take it 

home and fill it out and send it back in a preaddressed, 

stamped envelope.  More than 90% of the customers surveyed 

filled out the survey in the store, which minimized the non- 

responses error.  Each customer was approached as he or she 

was putting broccoli in the basket or cart so as to not 

interrupt their decision process or bias opinions as they 

were choosing broccoli.  The survey for customers was 

presented on two-sided legal size white or green paper 

attached to a legal size clipboard (Appendix A). 
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Produce Manager Survey 

Produce managers were contacted by telephone at five 

stores in Corvallis, Or. and at this time interviews were 

requested.  Interviews were granted by four of the five 

stores and dates and times set up a week in advance.  Each 

of three produce managers, and one assistant produce 

manager, were asked the same set of questions at the 

interview.  Each interview lasted approximately 3 0 minutes 

and was recorded on a hand held tape recorder, with consent, 

in order to retain every detail the managers discussed.  An 

example of the manager survey is shown in Appendix B. 

Survey responses are in Appendix C, D, and E. 

Produce managers were interviewed as to quality 

criteria for temperature and humidity on the broccoli retail 

bin. At this time, other project objectives were discussed 

such as permission to: hand out surveys in the produce 

section, take color, temperature, and humidity readings on 

broccoli in produce area, and evaluate color of trim/waste 

on a daily basis.  Two produce managers and the assistant 

produce manager had to first ask permission of store 

managers and/or central office and would reply with their 

decisions when they knew.  One produce manager gave 

permission at the time of the interview. 

At the conclusion of the interviews, produce managers 

were thanked for their time and given a reminder sheet 
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(Appendix F) that included phone numbers for myself, major 

professor, and the OSU research office where the human 

subjects form was filed and approved and a listing of the 

project objectives that were discussed at the interview. 

They were also given an example of the consumer survey shown 

in Appendix A.  Three to four days after interviews were 

conducted, each manager was sent a thank you letter 

(Appendix G) for their time.  Included in the letter was the 

project reminder that each manager had received previously 

at the interview.  Shortly thereafter, one manager called 

with approval to go ahead with the project.  One week after 

thank you letters were sent, phone calls were made to the 

remaining manager and assistant manager.  They replied that 

they had not heard from store managers and/or central 

offices.  Within a week, one produce manager called back 

with approval to go ahead with the project, while the 

remaining store called back saying there was not enough room 

in their produce department to place a survey, therefore, 

permission was not granted.  Overall, three produce managers 

out of the five originally contacted granted permission to 

move forward with the project. 

Physical Tests 

The investigator collected data on color, temperature, 

and humidity to determine congruency with produce manager 
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expectations.  Additionally, color measurements and waste 

data was collected to evaluate quality of broccoli being 

sold or rejected as not salable. 

Color 

Color readings were taken of broccoli in the produce 

display area using a Minolta Baking Meter BC-10 (Minolta 

Co. , Ltd. New Jersey) to evaluate color based on BCU (baking 

color units) and L*, a*, b* values where L= reflectance of 

light, a = redness and b = yellowness (Minolta, 1994).  The 

BCU Baking Meter was calibrated for accuracy at the 

beginning of color readings using a standard white tile 

(calibrated values are as follows; BCU= 5.26, L*= 98.3, a*= 

.1, b*= 1.3). 

Color of broccoli can be divided into hue (red, yellow, 

green, blue), lightness (bright colors, dark colors) and 

saturation (vivid colors, dull colors) (Minolta, 1994).  Hue 

forms the color wheel, lightness colors change vertically, 

and saturation changes outward from the center.  These three 

elements, hue, lightness, and saturation, can be put 

together to create a three-dimensional solid.  Hue forms the 

outer rim of the solid, with lightness as the center axis 

and saturation as the horizontal spokes. 

By creating scales for hue, lightness, and saturation, 

color can be measured numerically. A common method devised 

in 1976 is the L* a* b* color space.  Color spaces are a 
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method for expressing the color of an object or a light 

source using some kind of notation, such as numbers. 

Nine color readings in nine different areas were taken 

of broccoli heads in retail bin twice per day for 7 days. 

During the 7 days, the stores went through at least 2 

different shipments of broccoli.  Each shipment lasted 

approximately 3.5 days.  Color readings were also taken of 

any trim or waste the store accumulated for each of the 7 

days. 

Temperature 

Temperature readings were taken in the broccoli retail 

bin using a Fischer brand thermo/hygrometer reader.  Nine 

different readings in nine different areas of the broccoli 

produce area were taken once per day for 7 days. 

Temperature was not recorded for the trim/waste due to 

access constraints. 

Humidity 

Humidity readings were taken in the broccoli retail bin 

using a Fischer brand thermo/hygrometer reader.  Nine 

different readings in nine different areas of the broccoli 

produce area were taken once per day for 7 days.  Humidity 

was not recorded for the trim/waste, again due to access 

constraints. 
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Trim/Waste Collection 

Produce managers agreed to set aside any broccoli that 

was removed from the retail bin to be evaluated for color. 

According to produce managers, waste and/or trim was removed 

from shelf because of color or textural changes, which 

ultimately resulted in lower sales.  Five color readings 

were taken of each broccoli head that was removed from the 

retail bin.  Weight was also recorded for disposal of 

waste/trim. 

Sample Design and Statistical Design 

The Oregon State University Statistics Department gave 

assistance with sample design (Appendix H) survey design, 

and statistical analysis.  The population of interest 

consists of all the people living in the Corvallis area 

during February and March 1997 who bought broccoli at one of 

three grocery stores.  The grocery stores are regarded as a 

strata, assuming that for broccoli buying purposes a person 

will go in a week to only one of the grocery stores, and 

that each person in the population was assumed to be 

identified with one and only one of the grocery stores.  The 

next assumption was to consider that the flow of the 

broccoli buyers within each strata is at random, because 

there is no control over the way the consumers were arriving 

to buy broccoli, therefore, a simple random sampling, or 
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systematic sampling, is carried out.  These assumptions 

regarding the stratification in the population and the 

sampling of the elements are important for the calculation 

of the estimates of the proportions and standard errors for 

the confidence intervals. 

The consumer survey was evaluated using SAS statistical 

package with frequencies and crosstabs analyzed for 

significance using a chi-square test for differences in 

proportions at the 95% confidence interval.  Instrumental 

color, temperature and humidity analysis was evaluated using 

F-statistics to explain in the dependent variable, also at 

the 95% confidence interval.  Models were selected based on 

F and T statistics as well as plots of residuals.  T- 

statistics were used to determine if individual factors 

explained a significant portion of the total variation. 
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RESULTS 

Description of Respondents 

A total of 299 broccoli-buying customers were surveyed 

at 3 Corvallis stores during the months of February and 

March, 1997 (Appendix A).  One hundred surveys each were 

obtained from a co-operative store and a locally owned 

family grocery store, and 99 surveys from a large chain 

supermarket.  Ninety percent of the shoppers surveyed 

completed the survey within the store. 

The majority of the respondents from all three stores 

were female (Table 9).  Over half of the respondents from 

the co-op and chain store were between the ages of 31-49, 

while slightly more than a third from the family owned store 

were split between the ages of 31-49 and 50-64 (Table 9). 

Over 40% of the respondents from the co-op had a college 

degree or some sort of graduate school, while only 22.7% and 

32% had a college degree or some sort of graduate school, 

respectively.  More than a third from the chain store was 

either a college graduate or had some sort of graduate 

school (Table 9). 
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Table 9.  Percentage of respondents by store 
indicating they were in the following demographic 
categories. 

Demographic Percentag [e of Respondents 
Category by Store 

Co-opa Family storeb Chainc 

Gender 

Female 65.4 75.2 78.5 
Male 34.6 24.7 21.4 

Age 

< 18 0 0 0 
18-30 4.4 11.2 3.1 
31-49 58.6 35.1 52.0 
50-64 15.4 33.0 24.5 
65-79 2.9 22.7 11.2 
Over 80 0 6.2 1.0 

Education 

No formal 0 0 0 
education 
Grade school 0 3.1 0 
Some high school 0 3.1 0 
High school 2.8 12.4 7.1 
graduate/ GED 
Trade school 0 1.0 2.0 
Some college/ 12.5 23.7 25.1 
community 
college 
College graduate 40.4 22.7 31.6 
Graduate school 41.4 32.0 31.6 
Other 2.9 2.1 2.0 

lN= 299 

'N= 299 

'N= 299 
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Purchase Behavior of Respondents 

When asked how often respondent purchases broccoli, 

20.9% purchased broccoli 2 times per week, 45% purchased 

broccoli once per week, and 20.5% purchased broccoli once 

every two weeks. Ninety-four percent of the people surveyed 

were the primary grocery shoppers. 

Important Characteristics of Broccoli 

Consumers were asked whether quality characteristics 

were important or not when purchasing broccoli.  The 

majority (94.9%) of the consumers responded that color was 

important, 85.5% said texture was important, 80.6% said 

cleanliness was important, 60.6% said lack of pesticides was 

an important characteristic, and 57.4% said size was an 

important characteristic (Table 10). 

Shoppers were also asked to indicate whether or not 

these characteristics were a reason they may not purchase 

broccoli.  The majority of consumers (95.3%) indicated they 

would not buy broccoli if it was wilted, followed closely by 

92.4% of the respondents who indicated they would not buy 

discolored broccoli (Table 10).  More than 64% (64.1%) said 

price was a reason, while 54.7% and 52.0% indicated large 

stems and pesticide use, respectively, were reasons they may 

not purchase broccoli.  Small stems was not an important 



Table 10.  Characteristics of broccoli that consumer finds 
important as well as reasons consumer wouldn't buy broccoli 

Important       Percent 
Characteristics 
of Broccoli3 

Reason 
Consumer 
Wouldn't Buy 
Broccoli 

Percent 

Color 

Texture 

Cleanliness 

Lack of 
Pesticides 

Size 

94.9% 
(N=284) 

85.5% 
(N=256) 

80. 6% 
(N=241) 

60.6% 
(N=181) 

57.4% 
(N=172) 

Discoloration 92.4% 
(N=276) 

Wilting 

Price 

95.3% 
(N=285) 

64.1% 
(N=192) 

Pesticide Use  52.0% 
(N=155) 

Large Stems   54.7% 
(N=164) 

Small Stems 4.5% 
(N=13) 

aSurvey question 3a-e (Appendix A) 

Survey question 4a-f (Appendix A) 
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issue for most people as only 4.5% indicated that they would 

not buy broccoli with small stems.  The location of the 

grocery store appeared to be important to respondents as 79% 

took between 5 and 15 minutes to get home and 21% took 3 0 

minutes or more to get home. 

Important Purchasing Characteristics By Store 

Shoppers at the family-owned store (70.1%) indicated 

that size was an important purchasing characteristic, more 

so than the other two stores (Table 11) .  Lack of pesticides 

appeared to be more important to the shoppers at the co-op 

(93.3%) than the family-owned (48.5%) and chain store 

(55.1%) (Table 11).  Color was an important characteristic 

among all three stores, although less important at the co-op 

(Table 11).  Texture and cleanliness appeared to be 

important to both family-owned and chain store, while it was 

slightly less important to the shoppers at the co-op (Table 

11). 

Age Level and Important Purchasing Characteristics 

There were significant differences between age levels 

of those reporting that size of broccoli head, lack of 

pesticides, and cleanliness was an important characteristic 

when purchasing broccoli (p< .001) (Table 12).  There were 

not significant differences between age levels and attitudes 



Table 11.  Percentage of respondents by store indicating the following 
purchasing characteristics were important 

Store Size Lack of 
Pesticides 

Color Texture Cleanliness 

Co-op 38.5% 93.3% 88.5% 76.0% 64.4% 
(N=40) (N=97) (N=92) (N=79) (N=67) 

Family- 70.1% 48.5% 95.9% 85.0% 79.4% 
owned (N=68) (N=68) (N=93) (N=82) (N=77) 

Chain 49.3% 55.1% 97.0% 89.8% 87.8% 
store (N=4 8) (N=54) (N=95) (N=88) (N=86) 

KJt 



Table 12.  Percent of shoppers by age who indicated the following characteristics 
were important when purchasing broccoli. 

Aged    Size3    Lack of     Colorb   Textureb  Clean3 

pesticide a 

18-30 59.9% 64.5% 88.4% 84.9% 69.8% 
(N=22) (N=24) (N=33) (N=31) (N=26) 

31-49 47.2% 63.5% 96.7% 84.6% 82.4% 
(N=67) (N=93) (N=141) (N=124) (N=120) 

50-64 72.5% 64.8% 97.3% 86.8% 80.0% 
(N=52) (N=47) (N=70) (N=62) (N=58) 

65-79 59.4% 44.4% 90.8% 89.9% 84.1% 
(N=21) (N=16) (N=33) (N=32) (N=30) 

80+     100.0%    26.3%        86.8% 73.7%     86.9% 
 (N=7) (N=2) (N=6) (N=5) (N=6) 

aSignificant between age levels and important characteristic (p <.001) 

bNot significant between age levels and important characteristic  (p >.05) 

cSurvey question 3a-e (Appendix A) 

dSurvey question 16 (Appendix A) 
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about color and texture as an important characteristic when 

purchasing broccoli (p >.05). 

Education Level and Important Purchasing Characteristics 

There were significant differences (p < .001) between 

education level regarding size, lack of pesticides, color, 

texture, and cleanliness characteristics shoppers find 

important when purchasing broccoli (Table 13) . Size of 

broccoli head was of less importance for those with some 

college, college graduates, and graduate level education 

while it was more important to those without any college 

education. 

Packaging and Home Storage of Broccoli 

When asked how their broccoli is packaged when they 

leave the store and whether or not they repackage it once it 

is home, 92.1% responded that they package their broccoli in 

plastic store bags when they leave the store, and 82.8% do 

not repackage their broccoli once it is home.  The 17.2% who 

indicated they did repackage did so in vegetable packaging 

with holes, no packaging at all, or Tupperware containers. 

Almost all of the respondents (99.2%) indicated that they 

store their broccoli in the refrigerator at home (Table 14) . 

When asked how long broccoli is stored at home before it is 
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Table 13.  Percent of shoppers by education level who 
indicated the following characteristics were important 
when purchasing broccoli. 

Percent of respondents indicating the 
following characteristics were important when 
buying broccoli' 

Purchasing characteristic 

Education 
levelb 

Sizec Lack of 
pesticide0 

Less than 
high 
school 
diploma 

83.33% 33.33% 

High 
school 
diploma 

74.40% 72.00% 

Some 
college 

52.26% 63.56% 

4-year 
degree of 
more 

57.19% 60.13% 

Trade 
school 

61.90% 61.90% 

Color   Texture  Clean- 
liness' 

66.67%   66.66%    66.66? 

97.60%   95.20%    71.20% 

96.05%   79.10%    84.18% 

95.57%   87.50%    80.11% 

100.00%  100.00%   100.00' 

Other 31.43% 25.71' 77.14%   62.86%    91.43% 

aSurvey question 3a-3e-Please indicate whether or not each 
of the following is a characteristic that you find important 
when purchasing raw broccoli. (Appendix A) 

bSurvey question 16-What is the highest level of education 
you have completed 

Significant at p < .001 
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their broccoli more than 3.5 days before consuming it (Table 

15) . 

Table 14.  Method of packaging, repackaging and storage of 
broccoli 

Storage of Broccoli Percent of Respondents 

Packaging in Plastic Store    92.1% 
Bag (N=275) 

Do Not Repackage 82.8% 
(N=248) 

Storage  in Refrigerator 99.2% 
(N=297) 

Table 15.  Percent of respondents indicating 
they keep their broccoli for following times 

Store time of Percent 
broccoli (days) 

1-1.5 days 15.4 
(N=46) 

2-3 days 58.4 
(N=175) 

3.5 days or more 26.2 
(N=78) 
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Methods of Preparing Broccoli 

When asked how they prepare their broccoli for eating, 

86.3% steam the broccoli, 68.9% eat it raw, and 75.8% stir- 

fry their broccoli, while 20.2% boil and 27.6% microwave the 

broccoli (Table 16) .  There was a slight difference in 

preparation method of the 72% of the shoppers who said they 

use the stems.  Of these people that said they use the stem, 

84.72% steam , 21.51% boil, 70.15% eat it raw, 26.34% 

microwave, and 77.5% stir-fry broccoli (Table 16) 

Table 16.  Method of preparing broccoli for consumption 
by all respondents including those that use the stem 

Method of 
Preparing 
Broccoli 

Percent Who 
Use Indicated 
Method 

Percent"1 of 
Those 
Indicating 
They Use The 
Stem 

Steam 86.3% 
(N=258) 

84.7% 

Raw 68.9% 
(N=206) 

70.1% 

Stir fry 75.8% 
(N=226) 

77.5% 

Boil 20.2% 
(N=60) 

21.5% 

Microwave 27.6% 
(N=83) 

26.3% 

lN cannot be calculated due to weighted frequencies 
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Important Characteristics and Methods of Preparing Broccoli 
for Consumption 

There were significant differences between the 

percentage of people that find the indicated characteristics 

important and the methods they use for preparation and those 

that do not find the characteristics important and the 

methods they use for preparation (Table 17). 

For example, when size was an important characteristic 

customers were more likely to microwave the broccoli.  Those 

who considered color to be an important purchasing 

characteristic were more likely to steam, boil, microwave, 

or stirfry the broccoli.  Those who considered lack of 

pesticides to be an important purchasing characteristic were 

more likely to steam or stirfry the broccoli.  Those 

customers indicating texture was an important purchasing 

characteristic was more likely to boil, microwave, or 

stirfry the broccoli, or eat it raw.  Lastly, those 

customers who indicated cleanliness was an important 

purchasing characteristic were more likely to steam, 

microwave or stirfry the broccoli, or eat it raw. 



Table 17.  Percentage3 of shoppers indicating the characteristics that were/weren't 
important by each method(s) they use to prepare broccoli for consumption. 

Important Method of Preparation 
Characteristic 

Steamc Boil Raw Microwave Stirfry 
Is Size 
Important? 
No 89.6% 20.2% 68.7% 24.8% 77.0% 

Yes 83.8% 20.2% 69.2% 29.7% 75.0% 

Is Color Steam Boil Raw Microwaveb Stirfry 
Important? c 

No 83.8% 16.3% 76.3% 13.8% 47.5% 

Yes 86.4% 20.5% 68.6% 28.4% 77.4% 

Is Lack of Steamc Boil Rawb Microwavec Stirfry 
Pesticides c 

Important? 
No 82.2% 22.5% 71.9% 32.9% 71.0% 

Yes 88.9% 18.8% 67.0% 24.2% 79.1% 



Table 17 continued 

Important Method of Preparation 
Characteristic 

Is Texture Steam Boil Raw Microwave Stirfryc 

Important? a 

No 87 . 0% 17.4% 64.3% 22.1% 65.2% 

Yes 86.1% 20.7% 69.7% 28.6% 77.7% 

Is Cleanliness Steamc Boil Raw Microwave Stirfryc 

Important? 
No 79.5% 19.9% 66.1% 25.4% 66.1% 

Yes 87.9% 20.3% 69.6% 28.1% 78.1% 

'An N value could not be calculated due to weighted frequencies 

Significant at p < .05 

Significant at p < .01 
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Education Level and Method of Preparation 

Weighted cross tabs show all of the questions regarding 

the preparation of broccoli and education levels were 

significant with (p<.001).  Better educated people (college 

graduate and above) are more likely to steam and/or stir fry 

broccoli, while those with a less than a high school diploma 

are more likely to eat broccoli raw and/or boil it (Table 

18). 

Manager Survey 

The produce managers interviewed for this research have 

been in their current positions for the following times: 

local co-op manager has been at the current position for 2.5 

years, family owned store produce manager for over 20 years, 

and the national chain produce manager for 1.5 years.  None 

of the produce managers knew of specific varieties, but they 

did say that depending on the climate, the broccoli came 

from various growing areas such as California, Arizona, and 

locally from Philomath, Lebanon, and the Southern Willamette 

Valley.  When all three stores receive broccoli, it is in a 

wax corrugated box, usually topped with ice, taken from a 

refrigerated truck and put directly into refrigerator 



Table 18. Education levels of those shoppers who reported they use the 
indicated method(s) to prepare broccoli 

Method of 
Preparing 
Broccoli 

Less than 
high 
school 
diploma3 

High school 
diploma* 

Some 
college* 

College 
graduate* 

Graduate 
school* 

Steam 66.7% 
(N=4) 

81.6% 
(N=18) 

79.4% 
(N=48) 

90.5% 
(N=86) 

90.2% 
(N=95) 

Boil 66.7% 
(N=4) 

10.4% 
(N=2) 

23.7% 
(N=14) 

22.1% 
(N=21) 

16.0% 
(N=17) 

Raw 83.3% 
(N=5) 

72.8% 
(N=16) 

62.7% 
(N=38) 

72.1% 
(N=68) 

68.2% 
(N=72) 

Microwave 33.3% 
(N=2) 

22.4% 
(N=5) 

34.2% 
(N=21) 

28.7% 
(N=27) 

22.2% 
(N=23) 

Stir fry 50.0% 
(N=3) 

52.8% 
(N=12) 

70.6% 
(N=43) 

82.6% 
(N=78) 

81.4% 
(N=85) 

'Significant at p<.01 
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storage or onto the display shelf.  Instrumental temperature 

and humidity readings indicate that all three stores were 

warmer than the optimum storage temperature suggested by the 

USDA (1986) (Table 19).  Humidity readings at the three 

stores are close to the suggested storage humidity of 95- 

100% . Appropriate storage temperature for broccoli is 0oC 

and 95 to 100% humidity. 

The co-op manager indicated the turnover rate is about 

100 lbs. of broccoli per day and orders 2 00 lbs. three times 

per week (Table 20).  Family grocery store manager receives 

15-30 cases of 14 bunches/case of broccoli 3 times per week, 

and chain store receives 6 cases of 18-22 bunches/case 3.5 

times per week. 

According to managers, the co-op manager, family-owned 

manager, and chain store manager say they discard about 4-6 

lbs. , 2-3 lbs. and 4-5 lbs. of waste/trim, respectively, on 

a daily basis. According to managers, discards of 

waste/trim were in the form of unattractive and/or yellowing 

and aging broccoli as well as leaves and stem ends that were 

dried and unattractive (Table 20). 

Instrumental Values for Color 

There were significant differences (p <.05) between 

stores and the instrumental L* and b* values for color in 

the broccoli retail bin (Table 21).  The chain store had the 

largest Hue angle (indicating greener broccoli); the family 



Table 19. Mean temperature (0C) and humidity (%Rh) levels recorded by 
investigator and intended temperature and humidity levels by store, 
as well as type and frequency of misting. 

Store Mean 
temp(0C)/%Rh 
Recorded by 
investigator 

Intended 
temp(0C)/%Rh 
according to 
produce 
manager  

Type and 
frequency of 
misting 

Co-op 8.82/94.10 4/NA' Automatic 

Sprays for 8 
seconds every 
11 minutes 

Family owned 
grocery store 

5.20/96.80 2-4/100 Manual spray 

Sprays every 
20 minutes 

Chain store 6.35/98.00 2-3/NAi Manual spray 

Sprays every 
20-30 minutes 

aManagers admitted to not knowing, or monitoring, a specific 
humidity level. 

ON 



Table 20.  Frequency and amount of broccoli purchased, amount of waste/trim 
(actual and intended) and procedure for discarding waste/trim at each store. 

Store Amount and 
frequency 
purchased 

Waste per day 
according to 

produce 
managers 
(lbs.) 

Actual waste 
collected in 
one week at 
each store 

(lbs.) 

Procedure for 
disposing of 
waste/trim? 

Co-op 2001bs 

3 times per 
week 

4-6 lbs./day 

(roughly 28- 
42 lbs./week) 

2.75 
lbs./week 

Gleaners 

Trim goes 
into compost 

Family-owned 
store 

Receives 15 
cases of 14 
bunches/case 

3 times per 
week. 

2-3 lbs./day 

(roughly 14- 
21 lbs./week) 

5.08 
lbs./week 

Reduced bin 

Trim goes 
into 

livestock 
feed 

Chain store 6 cases of 
18-22 

bunches/case 

3.5 times per 
week. 

4-5 lbs./day 

(roughly 28- 
35 lbs./week) 

28.4 
lbs./week 

No set 
procedure 
unless 
customer 

specifically 
asks for it 

ON 



Table 21. Mean values for L*a*b*/ BCU value and Hue angle in the broccoli 
retail bin (standard deviations in parenthesis) 

Store La,b ac ba'd BCUe Huef 

Family-owned store 44.00 -1.91 1.61 2.66 139.88 
(6.48) (2.67) (2.79) (3.31) 

Chain store 44.00 -2.04 0.97 2.55 154.57 
(4.33) (5.61) (2.04) (1.91) 

Coop 47.10 -2.06 1.97 2.68 136.28 
(4.42) (2.12) (2.09) (.30) 

aSignifleant at p <.05 

bL= Lightness (0=black; 100=white) 

ca= Red (+60) to Green (-60) (Minolta, 1994) 

db= Yellow (+60) to Blue (-60) (Minolta, 1994) 

eBCU Values = Baking Contrast 

f Hue= arctan (a/b) (Minolta, 1994) 

0\ 
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owned store had the second largest Hue angle and the co-op 

had the smallest Hue angle (indicating yellowed broccoli). 

Waste Analysis 

Analysis of variance of the waste data shows there was 

no significant difference (p > .05) among the three stores 

and color (L, a, b, BCU) of waste data (Table 22).  Hue 

angles for waste data for all stores were smaller than hue 

angles for the broccoli in the retail bin.  This suggests 

that the waste broccoli is more yellow than the broccoli in 

the retail bin. 

A test for significance was not done for the amount of 

waste collected because it was unsure whether or not produce 

managers and other workers collected all of the stores 

waste/trimmings on a daily basis to be analyzed.  The amount 

of waste/trimmings ranged from 2.75 lbs. per week to 28.4 

lbs. per week. 

Effects of Temperature and Humidity on Color 

The negative coefficient on temperature suggests that 

as the temperature rises, hue angle decreases indicating 



Table 22. Mean BCU and L* a* b* values for waste/trim from Co-op, 
Family-owned and Chain store 

Store BCUa'e La' b aa'c ba' d Hue anglef 

Co-op 2.56 45.32 -.70 4.55 98.75 

Family- 2 . 83 44 .98 -2. 18 5. 18 111.88 
owned 

Chain 2/52 43.92 -1.85 2 .22 129.81 
store 

aMean values for BCU and L* a* b* are not significant between stores(p >.05) 

bL= Lightness (0=black; 100=white) (Minolta, 1994) 

ca=Red (+60) to Green (-60) (Minolta, 1994) 

db=Yellow (+60) to Blue (-60) (Minolta, 1994) 

eBCU Values=Baking units 

fHue=arctan (a/b) (Minolta, 1994) 
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more yellow broccoli.  The negative coefficient on humidity 

suggests that as humidity rises, hue angle decreases 

indicating more yellow broccoli.  The model used to 

determine the effects of temperature and humidity on color 

is as follows: 

Hue angle = 1.689 - 0.114 X Temperature -0.012 X Humidity 
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DISCUSSION 

Demographic data in this study supported the contention 

that such data could be used to determine purchasing 

patterns.  This study, as with other studies (Schutz and 

Wahl, 1981; Warthesen et al., 1984; Paradis et al., 1996) 

related differences in purchasing attitudes and storage and 

preparation practices on the basis of age and education 

level. 

Important Purchasing Characteristics By Store 

The co-op had the largest percentage of shoppers 

indicating that lack of pesticides was an important 

purchasing characteristic (Table 11).  This is not 

surprising since the co-op was the only store offering 

organic broccoli that is free of pesticides.  The other two 

stores shoppers, the family-owned and the chain store, did 

indicate it was somewhat important, but only about half the 

percentage of the co-op.  Color did appear to be important 

at all three stores (Table 11) , but not quite as important 

at the co-op.  This could be because those shoppers at the 

co-op were less forgiving of appearance factors, such as 

color, as long as the broccoli was pesticide free.  Size was 

most important for those shoppers shopping at the family- 

owned store (Table 11).  This store also had the largest 
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amount of shoppers 65 years and older.  Finding size to be 

an important purchasing characteristic by this age group 

could be attributed to diminishing household size and this 

group of people are consciously looking for smaller heads of 

broccoli.  The characteristics texture and cleanliness were 

fairly close in importance between all stores, although a 

little less in importance at the co-op for texture and 

cleanliness (Table 11). 

Age Level and Important Purchasing Characteristics 

The fact that there were no significant differences 

(p>.05) between consumer age levels and broccoli color as an 

important characteristic when purchasing broccoli (Table 12) 

suggest that all age groups equally find color an important 

purchasing characteristic when purchasing broccoli. These 

findings are consistent with the findings of Schutz and Wahl 

(1981) who found no significant differences between consumer 

age level and importance of color. 

Shapiro (1987) reports nine out of ten shoppers choose 

a supermarket on the basis of the produce department, 

ranking it a more important factor than the market's 

location or even its prices.  Since consumers shop for 

produce with their eyes, this is likely attributed to 

appearance. By store, only 85% of the shoppers at the co-op 

were concerned with color, as compared to over 95% of the 

shoppers at the other two stores.  The lower percentage from 
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the co-op could be explained by shoppers purchasing organic 

broccoli were less concerned with color and more forgiving 

of defects as long as the broccoli was organic. 

There were no significant differences (p>.05) between 

perceived importance of texture and consumer age levels 

(Table 12).  This could be because of confusion with the 

terminology across all age groups.  These findings are not 

consistent with the findings of Schutz and Wahl (1981) who 

found significant differences between consumer age and 

importance of texture of vegetables. 

There were significant differences (p<.001) between 

consumer age levels and importance of size of broccoli, with 

the age group of 50-64 and 80 and older finding it a more 

important purchasing characteristic (Table 12).  Although 

this study did not reveal whether shoppers looked for small 

versus large size broccoli, family sizes in the 50-64 and 80 

and older age groups are usually much smaller than younger 

age categories thus they are looking for smaller heads of 

broccoli. 

There were significant differences (p< .05) between 

consumer age level and importance of lack of pesticides 

(Table 12).  Younger age groups found lack of pesticides to 

be an important purchasing characteristic.  This could be 

attributed to younger people being more educated about 

organic produce and the reported health and environmental 

benefits.  Those older and possibly less educated, may be 
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unaware of these findings or may not want to pay the higher 

price. 

Education Level and Important Purchasing Characteristics 

There were significant differences (p< .05) between 

education level and importance of lack of pesticides (Table 

13).  Those with less than a high school diploma were less 

likely to find lack of pesticides to be an important 

purchasing characteristic.  Those with high school diplomas, 

or more education, found lack of pesticides to be an 

important purchasing characteristic.  This could likely be 

attributed to organic produce having a higher price, usually 

between 50% and 200% more than conventional (Sylvander, 

1993), and those with less than a high diploma cannot afford 

it. 

Better educated respondents may realize the potential 

health benefits associated with organic produce, while those 

with less education may not understand these benefits. 

Dittus et al. (1995) found that individuals with lower 

education had higher scores measuring barriers to vegetable 

intake compared to the higher education groups.  The profile 

of organic produce buyers has been shown to have a higher 

level of disposable income (Davies et al., 1995).  Beharrell 

and MacFie (1991) report that consumers are turning to 

organically grown produce due to environmental and health 

concerns surrounding pesticide use.  Whether attributed to 
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age or education level, the shift towards "natural" products 

has occurred with 51% of senior supermarket managers feeling 

they were important to consumers from 1992 to 1996 

(Anonymous, 1997).  This is an increase of 39% since 1992 as 

indicated by the Food Marketing Institute. 

There were significant differences (p<.001) between 

education level and importance of color (Table 13).  Those 

better educated were more likely to indicate that color is 

an important characteristic when purchasing broccoli.  This 

may be attributed to better educated people are more 

informed of the quality characteristics associated with 

fresh broccoli and may be able to be more selective of their 

produce or less educated people may not have the income to 

pay for higher quality produce.  Dittus et al., (1995) 

reported that individuals with less education were more 

likely to perceive healthy food as having a higher price 

associated with it.  These findings are not consistent with 

the findings of Schutz and Wahl (1981) who did not find a 

significant difference between education level and color of 

vegetables. 

There were significant differences (p<.001) between 

education level and importance of texture (Table 13).  This 

could be attributed to higher socio-ecomomic groups 

identifying texture attributes in food in general more 

frequently as found in Szczesniak (1971).  These findings 

are also consistent with the findings of Schutz and Wahl 

(1981) who found significant differences between education 
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level and importance of texture of vegetables.  They 

attributed this to experiential factors associated with 

education level. 

In the current study, there was an interesting pattern 

appearing in the data indicating that size of broccoli 

became more important with decreasing education level (Table 

13).  Significant differences (p<.001) between education 

level and attitudes about size as an important 

characteristic could be attributed to shoppers with less 

education have less income and therefore more consciously 

look for broccoli that is smaller in size than those with 

higher education and higher income.  Most degrees beyond 

high school result in significantly higher income and 

earnings than the next lower education level (Canner and 

Luckett, 1991). 

Packaging and Home Storage of Broccoli 

When transporting their broccoli from store to home, 

the majority of the respondents indicated they package 

broccoli in a plastic store bag when leaving the store 

(Table 14).  A small percentage of respondents indicated 

they do not package their broccoli in any packaging when 

leaving the store.  If broccoli is to be stored in packaging 

it should be modified to meet the respiration needs of the 

commodity.  Appropriate modified atmosphere storage methods 
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were found to delay senescence in vegetables (Barth et al., 

1993a; Barth et al., 1993b; Ballantyne et al., 1988).  Barth 

et al. (1993b) found modified atmosphere packaging 

maintaining a 9% CO2 and 3% O2 under ambient storage 

conditions of 20oC to be sufficient in maintaining ascorbic 

acid, chlorophyll, and moisture. 

Ninety nine percent of the respondents indicated they 

stored their broccoli in refrigerators (Table 14) and the 

majority kept their broccoli for 2-3 days (Table 15). 

Although shoppers were not asked the temperature of the 

refrigerator, a safe refrigerator temperature is 10C (3 40F) 

as reported in VanDeReit(1985) .  VandDeReit (1985) found 

that consumers kept their refrigerators in the range of less 

than 4.50C to greater than 100C with 21% of the consumers 

keeping their refrigerators greater than 10oC.  It was also 

found in VanDeRiet (1985) that as consumers' refrigerators 

increase from 20C to 20oC, the amount of food discards also 

increase.  Temperature is one of the environmental factors 

that most influence the deterioration rate of harvested 

commodities (Kader, 1992) .  For each 10oC above optimum 

storage temperature, the rate of deterioration increases by 

two to threefold. 

Methods of Preparing Broccoli for Consumption 

Ways of preparing broccoli for consumption differed 

only slightly between all respondents and those respondents 
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indicating they used the broccoli stem when consuming 

broccoli (Table 16) .  Most respondents who said they used 

the stem indicated using it right along with the floweret 

portion when preparing broccoli.  Most indicated peeling the 

stem first to remove the outer woody portion.  Relf et al. 

(1990) , found that 45% of the respondents prepared and 

consumed the stem if it is part of the package. 

Important Characteristics and Methods of Preparing Broccoli 
for Consumption 

Although respondents were not asked their reason for 

cooking choice in this study, Johnson and Driskell (1987) 

have shown that different cooking methods influence sensory 

quality requirements for consumption.  Steaming broccoli was 

found to be superior to microwaving or boiling broccoli 

whereas Johnson and Driskell (1987) found boiling broccoli 

to be superior to boiling-in-bag and steaming for color and 

flavor and boiling-in-bag to be superior for texture.  These 

findings are not consistent with the findings in this 

current study where those that considered color and texture 

to be an important characteristic for purchasing broccoli 

were significantly more likely to stirfry their broccoli 

(Table 17). 
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Manager Survey 

Appropriate storage atmosphere of broccoli is 0oC and 

95-100% humidity.  Managers indicated they attempted to keep 

the broccoli in the retail bin at 2-40C with one manager 

indicating he maintains a 100% humidity level (Table 19). 

Instrumental temperature and humidity readings suggested the 

temperature in the retail bin is much warmer than intended 

by managers.  Because of the warmer temperatures, 

deterioration of broccoli increases and leads to increased 

trimming and/or waste that are thrown away.  Since produce 

departments strive for peak freshness, they have the highest 

shrink percentages (Zimmerman, 1997).  Controlling for the 

appropriate temperature can help to increase quality and 

decrease shrink.  Furthermore, paying attention to trimming 

and rotation of produce makes a huge difference in the 

overall performance and bottom line of the produce 

department (Bennett, 1995). 

Waste Analysis 

Managers indicated that they trim and/or throw away 

broccoli that is wilted, discolored and unattractive 

anticipating that customers will be turned off by broccoli 

in this condition.  It is apparent that consumers are 

largely influenced by appearance factors such as color 

(Wang, 1979; Shewfelt et al., 1983; Paradis et al, 1996). 
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In the current study, the color results of the waste (Table 

22) show a lower average hue angle as compared to the color 

of the broccoli from the retail shelf (Table 21) .  This 

indicates that yellowing is an attribute used to identify 

broccoli to be discarded, which is consistent with manager's 

criteria for discarding and/or trimming broccoli.  Color has 

also been shown by Francis and Clydesdale (1975) to be a 

major quality attribute of vegetables considered to have the 

most impact upon consumer selection of produce. 

It is environmentally important to have a procedure for 

disposing of produce shrink to help cut back on landfill 

waste (Freeborne, 1993).  As with container and/or packaging 

waste recycling programs, there is also a way for produce 

departments to recycle their shrinkage.  The co-op gives the 

unattractive but still edible broccoli to Gleaners, a local 

food bank, and discards the trim into compost (Table 20) . 

The family-owned store sells the unattractive, but still 

edible, broccoli in a reduced bin, and the trim is saved for 

local farmers who pick it up for livestock feed.  The chain 

store has no set procedure for discarding waste/trim and 

puts it directly into garbage unless a customer specifically 

asks for it. 

Effects of Temperature and Humidity on Color 

Lowering the temperature can extend the shelf life of 

broccoli.  The temperatures in the broccoli retail bin at 
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all three stores were warmer than the recommended storage 

temperature of 0oC (Table 19).  The warmer temperatures 

were correlated with more yellow broccoli than were colder 

temperatures.  Previous literature suggests the color of 

broccoli, or more precisely, the lack of yellowing, 

continues to be an important quality characteristic as found 

by Shewfelt et al. (1983) and Wang (1979). 
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CONCLUSIONS 

It is evident that the per capita consumption of fresh 

broccoli is increasing (USDA, 1996b), and therefore, it is 

important to find out what matters to the consumer in the 

purchase of broccoli at the retail level.  The hypothesis 

that the consumer is not influenced by color was tested in 

this study.  Survey results indicate that 95% of the 

shoppers consider color to be important in their purchase 

decision.  However, by store, over 95% of the respondents 

from the family owned store and chain store indicated color 

was an important purchasing characteristic while only 88% 

from the co-op indicated that color was an important 

purchasing characteristic.  The lower percentage from the 

co-op could be explained by shoppers purchasing organic 

broccoli were less concerned with color and more forgiving 

of defects as long as the broccoli was organic.  These 

results suggest strong evidence to reject the null 

hypothesis. 

A second hypothesis that methods the consumers use to 

prepare broccoli for consumption do not affect important 

purchasing characteristics was tested.  Since the shopper 

was allowed to choose from a list of ways that they prepare 

broccoli, it is impossible to conclude they chose that 

particular head of broccoli for a particular method of 

preparation.  The results of this study do not give enough 



83 

evidence to reject the null hypothesis.  The results do 

indicate that of those shoppers who indicated size was an 

important purchasing characteristic were significantly 

(p<.05) more likely to microwave their broccoli.  Those 

shoppers who indicated color was an important purchasing 

characteristic were significantly (p<.05) more likely to 

microwave or stir fry their broccoli.  Those shoppers who 

indicated lack of pesticides was an important purchasing 

characteristic were significantly (p<.05) more likely to 

stir fry their broccoli.  Those shoppers who indicated 

texture was an important purchasing characteristic were 

significantly (p<.05) more likely to microwave or stir fry 

their broccoli.  Lastly, those shoppers who indicated 

cleanliness was an important purchasing characteristic were 

significantly (p<.05) more likely to steam or stir fry their 

broccoli. 

A third hypothesis that in store handling (temperature 

and humidity) has no effect on color of broccoli was tested. 

The average temperature of the broccoli retail bin at the 

co-op, family owned store, and chain store were 8.820C/ 

5.20C, and 6.30C, respectively.  The co-op also had the 

smaller hue angle (136°) as compared to the family owned 

store and chain store who had hue angles of 139 0 and 154°, 

respectively.  It can be concluded from these results that 

higher temperature are correlated, however not significantly 

(p>.05), with smaller hue angles and more yellow broccoli. 
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The average humidity at the co-op, family owned store, 

and chain store were 94%, 96%, and 98%, respectively.  The 

results of this study suggest that the higher the humidity 

the more yellow the broccoli, however these results are not 

significant (p<.05). 

The last hypothesis tested in this study was store 

handling (temperature and humidity) does not influence 

characteristics that customer finds important when choosing 

broccoli.  With the assumption that shoppers choose to 

purchase broccoli at the store with the highest quality 

produce, the proportion of people who consider color an 

important characteristic will change from store to store 

based on in store handling.  The results of this study 

suggest that the stores retail broccoli bin with the highest 

temperature, the co-op with 8.80C, also had the smallest 

hue angle or more yellow broccoli.  Furthermore, the co-op 

also had the smallest proportion of people, 88%, who 

indicated that color was an important purchasing 

characteristic.  The store with the highest average hue 

angle also had the highest proportion of people who 

considered color to be an important characteristic, 97%. 

This suggests that shoppers at the co-op do not consider 

color to be as important when deciding to purchase broccoli 

as chain store consumers do.  These observations alone are 

not conclusive evidence to reject the null hypothesis, they 

do provide interesting insights into future areas of 

research (Table 23). 



Table 23.  Hypothesis, variables, and signs/proportions used in 
statistical analysis. 

Hypothesis Variable Sign/Proportion 

1. Consumer is not 
influenced by color 

1.  Survey question 3c 
(Please indicate whether 
or not each of the 
following is a 
characteristic that you 
find important when 
purchasing raw broccoli) 

1. 95% of the 
respondents 
considered color to 
be a characteristic 
when purchasing raw 
broccoli (N=284). 

3. In-store handling 
(temperature and 
humidity) has no 
effect on color of 
broccoli (Hue angle) 

2.  Survey question 4a 
(Please indicate whether 
or not each of the 
following is a reason 
you may NOT purchase raw 
broccoli) 

1. Temperature (0C) 

Humidity (%) 

2. 92% of the 
respondents indicated 
that discoloration 
was a reason they may 
not purchase raw 
broccoli (N=275). 

1. Negative 
coefficient 

2. Negative 
coefficient 

00 



Table 23. continued 

Hypothesis Variable Sign/Proportion 

4.  In-store 
handling (temperature 
and humidity) does 
not influence 
characteristic(s) 
that customer finds 
important when 
choosing broccoli. 

1. Co-op (8.80C 
and 94.10% Rh) 

2. Family owned store 
(5.20C and 96.8% Rh) 

1. 88.5% of 
shoppers at the 
co-op indicated 
color was 
important (11-92) 

2. 95.9% of 
shoppers at the 
family store 
indicated color 
was important 
(N=93) 

3. Chain store (6.35 C 
and 98% Rh) 

3. 96.9% of 
shoppers at the 
chain store 
indicated color 
was important 
(N=95) 

00 
ON 
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Lastly, the data appears to be reliable given its 

adequate sample size (299 observations) and the fact that 

over 94% of those surveyed indicated that they were the 

primary shoppers in their household.  Furthermore, tests of 

internal reliability indicate people answered consistently 

across related questions.  Reliability is the degree to 

which measures are free from random error and, therefore, 

provide consistent data.  The less error there is, the more 

reliable the observation, so that a measurement that is free 

of error is a correct measure (McDaniel and Gates, 1996). 
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LIMITATIONS OF THIS RESEARCH 

There was not a complete sample of broccoli buyers in 

Corvallis because not all of the stores were surveyed in the 

Corvallis area.  Further, surveys in general are not always 

representative of the population.  With 75% of the 

respondents surveyed being female, the survey was not 

representative of the male population.  Questions asking the 

shoppers to recollect or project behaviors such as their 

purchase frequency, length between purchase and consumption, 

where they stored their groceries for the ride home, and how 

long it takes them to get home may not be accurate. 

Important characteristics that consumer were asked 

about should have been explained better.  For instance, 

"texture" should have been explained as the "finger feel of 

the texture of the stem" and "size" explained as "the size 

of the broccoli head".  Shoppers tended to have questions 

about these two characteristics the most. 

Asking shoppers how long it takes them to get home 

after purchasing broccoli should have been explained better. 

What the investigator wanted was how long on that day it 

would have taken for the shopper to get home with the 

broccoli, not how long in general does it take for them to 

get home. 

Employees, as needed, refilled broccoli in the retail 

display case.  Depending on how busy the store was, the 
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broccoli retail bin was refilled every half-hour when the 

store was busy, or not at all during the four hours the 

investigator was there when the store was not busy.  The 

frequency of the turn over rate of broccoli in the retail 

bin had an effect on color data.  Although data showed that 

warmer temperatures were associated with yellow broccoli, 

the turn over rate discounts this since the broccoli may 

have been yellow before it was put in the display bin. 

Further, it might have been more accurate to be able to take 

color readings of broccoli actually purchased since it was 

assumed the average color readings of the retail bin 

represented the color of the broccoli purchased. 
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FUTURE RESEARCH 

A purpose of this study was to determine the consumer 

behavior in relation to broccoli purchasing, packaging, 

handling from store to home, home storage, and preparation 

for consumption.  A second purpose was to evaluate the store 

handling of broccoli in the retail display bin. 

In the future, it would be useful to study family 

consumption and disposal and turn over rate at home.  This 

would provide a better understanding of what is important to 

shoppers, color, texture, etc., once their broccoli is home 

compared to what they say is important at the store.  A more 

in depth look at home storage, packaging and refrigerator 

temperature would have given a clearer understanding of what 

the shoppers actually do with the broccoli at home.  A 

better understanding of where the shopper lives in relation 

to the store they shop at would give the investigator a 

better idea of whether or not the shopper chooses a store 

based on location or produce department. 

Regarding the instrumental color values, it would have 

been beneficial to take color readings of the broccoli 

actually purchased by shopper to tie this together with the 

average color of a particular broccoli retail bin.  This 

would help the investigator determine whether or not the in 

store handling (temperature and humidity) influences 

customer-buying decisions. 



91 

Lastly, questions that should have been included on 

survey include income, family size and age of other 

individuals such as children.  This would give a better 

understanding of the different demographic influences on 

purchase behavior. 
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Consumer Survey 

1. Do you,  or members of your household,  generally eat 
broccoli?   (Circle one number) 

1 YES 
2 NO 

2. How often do you generally purchase raw broccoli? (Circle 
one number) 

1 ONCE PER WEEK 
2 TWICE PER WEEK 
3 EVERY TWO WEEKS 
4 ONCE PER MONTH 
5 OTHER (SPECIFY ) 

3. Please indicate whether or not each of the following is a 
characteristic that you find important when purchasing raw 
broccoli. (Please circle YES or NO for each) 

A Characteristic? 
a   Size  YES NO 
b   Lack of pesticides YES NO 
c   Color  YES NO 
d   Texture  YES NO 
e   Cleanliness  YES NO 
f Other (Specify ) 

4. Please indicate whether or not each of the following is a 
reason you may NOT purchase raw broccoli. (Please circle 
YES or NO for each) A Reason? 

a   Discoloration  YES NO 
b   Large Stems  YES NO 
c   Small Stems  YES NO 
d   Price  YES NO 
e   Pesticide Use  YES NO 
f   Wilting  YES NO 
g Other (Specify ) 

5. How many minutes does it normally take you to get home 
after you have purchased raw broccoli? 
(Circle one number) 

1 5 MINUTES 
2 15 MINUTES 
3 30 MINUTES 
4 MORE THAN THIRTY MINUTES 

6. Where do you usually store your groceries for the ride 
home? (Circle one number) 

1 FRONT SEAT 
2 FRONT FLOOR BOARD 
3 TRUNK 
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4 BACK SEAT 
5 OTHER (SPECIFY ) 

7. How is your raw broccoli packaged when it leaves the store? 
(Circle one number) 

1 PLASTIC STORE BAG 
2 PAPER SACK 
3 PLASTIC AND PAPER PACKAGING COMBINATION 
4 OTHER (SPECIFY ) 

8. Do you usually repackage the raw broccoli once it is home? 
(Circle one number) 

1 NO   (Skip to question 9) 
2 YES 

8a.   How do you usually repackage raw 
broccoli? (Circle one number) 

1 PLASTIC BAGS WITH HOLES (for example, 
Dow Vegetable packaging) 
2 PAPER BAG 
3 PLASTIC CONTAINER 
4 OTHER 
(SPECIFY ) 

9.   Where do you usually store raw broccoli at home? (Circle 
one number) 

1 REFRIGERATOR 
2 KITCHEN COUNTER 
3 PANTRY 
4 OTHER (SPECIFY ) 

10. How long do you store raw broccoli before eating it? 
(Circle one number) 

1 ONE DAY 
2 TWO DAYS 
3 THREE DAYS 
4 FOUR DAYS 
5 MORE THAN FOUR DAYS 

11. Please indicate whether or not each of the following is a 
method you use to prepare broccoli for eating. (Please 
circle YES or NO for each) 

A Method? 
a   Steam     YES  NO 
b   Boil     YES  NO 
c   Raw YES  NO 
d   Microwave     YES  NO 
e   Stir Fry     YES  NO 
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Other (Specify_ 

12.  Do you use the broccoli stems? (Circle one number) 
1. NO (Skip to question 13) 
2. YES 

12a. Briefly describe how you use the stems. 

13. Are you the primary grocery shopper in your family? (Circle 
one number) 

1 YES 
2 NO 

14. What is the highest level of education you have completed? 
(Circle one number) 

1 NO FORMAL EDUCATION 
2 GRADE SCHOOL 
3 SOME HIGH SCHOOL 
4 HIGH SCHOOL GRADUATE/GED 
5 TRADE SCHOOL 
6 SOME COLLEGE/COMMUNITY COLLEGE 
7 COLLEGE GRADUATE 
8 GRADUATE SCHOOL 
9 OTHER (SPECIFY ) 

15. What is your gender? 
1 MALE 
2 FEMALE 

16. In what age group are you? (Circle on number) 
1 LESS THAN 18 YEARS 
2 18-30 YEARS 
3 31-49 YEARS 
4 50-64 YEARS 
5 65-79 YEARS 
6 80 OR OLDER 

Additional comments? Please add them below. 

THANKYOU FOR TAKING TIME TO FILL OUT THIS SURVEY ON BROCCOLI 
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Sample Design 

Assuming a confidence level of 95%   (a =.05) ,   a margin 

error  of  0.05   (estimates will be within  0.05  of true 

population proportions),   the following formula  can be 

applied to obtain sample size  for estimating  simultaneously 

the proportions of a multiple choice question types 

(Thompson  1987). 
2 If,     1 

d2 

where n= sample size 
d= margin of error 
m=  number of categories 

CC i-hi 
z=  upper   x 100  percentile of the standard 

2m 
normal distribution 

Since the questionnaire included response categories 

ranging from 2 to 9, a larger sample size needed to be 

considered in order to cover all the other possibilities, 

because the sample size proposed is the minimum sample size 

needed to detect a difference of 0.05 with a confidence 

level of 95% for a given number m  of categories. 

To allocate the sample size to the three stores, the 

following formula was applied: 

•* = * 
3 

where 
7z = stratum sample size 
n= total sample size 

In order to carry out the sampling, the day was divided 

into three groups: morning, afternoon, and evening because 
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of the differences in the shoppers at these three different 

times.  Based on the estimates of number of broccoli 

shoppers provided by the produce managers, each store will 

need to be sampled at least 3 hours per day to get the 

desired sample size in 3 weeks. 
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Manager Interview 

1. How long have you worked at your present position as a 
produce manager? 

2. Broccoli varieties that you know of? 

3. When you receive broccoli, how is it packaged, (e.g. 
special packaging, ice, etc.)? 

4. What is done with the broccoli after it is received 
(e.g. prestorage)? 

immediately: 

1-2 hours: 

6 hours: 

12 hours: 

5. Atmosphere of broccoli on produce shelf: 

temperature: 

spraying (automatic or manual): 

how often is spraying done: 

relative humidity: 

turn over rate (approximately): 

6. What do you observe as reasons consumers are not 
purchasing broccoli by what is being left on the produce 
shelves? 

7. Do you pull broccoli off the shelf that is not selling? 

8. What do you do with broccoli that is pulled off the 
shelf because it is not selling? 

9. Do you trim your broccoli? 

10. For what reasons would you trim the broccoli? 

11. How much trim loss on average? 

12. Do you normally save the trim from broccoli? 

13. What do you with the trim? 
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Co-op Manager Responses (answers are in bold) 

1. How long have you worked at your present position as a 
produce manager of vegetables? 

Two and a half years at current position of produce 
manager.  Had previous experience buying merchandise in 
a store. 

2. Broccoli varieties that you know of? 

No, but they do keep track of growers who may change 
with seasons.  Growers may have different varieties 
that work best for them depending on the season. 
Broccoli usually comes from the pacific coast.  In the 
summertime it comes from the Southern Willamette 
Valley, Benton and Linn County, Umpgua River Valley. 
In the winter it comes from south coast of California. 

They buy locally when they can to support the local 
community of agriculture, and because a local product 
is a day fresher.   Lebanon, Adair, and Philomath can 
usually supply enough for the store unless there is an 
extreme variation in temperature but this is pretty 
rare. 

3. When you receive broccoli, how is it packaged? (e.g. 
special packaging, ice, etc.)? 

Wax paper box or a returnable plastic carton and cooled 
with ice or if it gets here quickly enough from local 
growers in the summertime it is just refrigerated. 

In wintertime, it is iced, and shipped in a 
refrigerator truck because it is coming up from the 
south coast of California where it is warmer.  Takes 5- 
6 days to get here. 

Has a plastic band around the stalks holding 2-3 
together and sometimes has a bar code on the plastic 
band.  Sometime plastic bags come with the broccoli but 
they just throw them out. 

4. What is done with the broccoli after it is received 
(e.g. prestorage)? 

immediately: 
Put directly in the cooler but try to get it out on the 
produce shelf right away.  No store wants to run out, 
so it is a constant balancing act between having enough 
on hand to carry you through during the time you are 
selling before you receive a new shipment.  At the same 
time, you try to minimize the amount you have left 
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over.  Since you are always rotating your stock when 
you receive it, there is no guarantee that the shipment 
will go out immediately.  The goal is to have it go out 
as quickly as you can. 

The older broccoli goes toward the top of the stack 
instead of the front.  Two hundred pounds must last for 
2 days until the third morning when another shipment 
comes in.  Hope to have 40-501bs on hand when the next 
shipment comes in of 200lbs. Plus there may be another 
20lbs. on the stand. 

Rotate the stock first in first out.  Customer pulls 
broccoli from the top 1/3 to %.  Thinks customer is 
afraid to pull from the bottom because the stack will 
come tumbling down on them.  In reality that won't 
happen because of how their display is. 

Non-organic and organic broccoli is delivered 3 times 
per week. 

1-2 hours: 
NA 

6 hours: 
MA 

12 hours: 
NA 

5.  Atmosphere of broccoli on produce shelves: 

temperature: 

Refrigerated display case is maintained at 4° C 

spraying (automatic or manual): 

Automatic 

how often is spraying done: 
Water sprays for eight seconds and comes on every 11 
minutes 

humidity: 

Does not monitor the humidity, feels that is set pretty 
much by the temperature and the sprayer 

turn over rate (approximately) : 

Doesn't think of it as a turnover rate but does know 
the quantity the needs to be ordered.  Turns over about 
100 pounds of broccoli per day. 
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When there is sale, more will be ordered in 
anticipation that more will sell.  Will increase or 
decrease the amount of broccoli being bought by how 
well it is selling.  Since the sale overlaps several 
deliveries, he has to anticipate the rate of a purchase 
and change the order during that period of time.  Gives 
an analogy of riding a wave.  Describes it as an 
anticipatory kind of game.  Does not run out but bases 
the next order on what has been sold previously. 

6. What do you observe as reasons consumers are not 
purchasing broccoli by what is being left on the produce 
shelves? 

Price comparable to other vegetables that may induce 
them to buy some other kind that are cheaper. 

The product has to have a firm structure to the actual 
flower head.  The customer associates good green leaves 
with a freshly picked head of broccoli.  People prefer 
a smaller stalk to a larger stalk.  However, too small 
of a stem, one that is % inch to % inch in diameter, 
will turn people off because it will become limp much 
sooner and the customer can't store it that long.  It 
might be crisp in the store but they are still turned 
off by it.  A single head is preferred rather than 
multiple heads. 

Any head that is turning toward the flowering stage is 
taken off the produce stand and given to the Gleaners, 
it is unmarketable but not inedible. 

Leaves are O.K. to leave on if they're fresh looking 
and not dried up and brown or limp. 

7. Do you pull broccoli off the shelf that is not selling? 

All day long they are pulling broccoli off the shelf 
that does not look appealing to anymore.  They use the 
motto "would I buy it?"  if not, then it's taken off 
the shelf. 

8. What do you do with broccoli that is pulled off the 
shelf because it is not selling? 

It usually goes to the Gleaners who come by first thing 
in the morning at around 730-945 am. 

9. Do you trim your broccoli? 

That is a time effective thing.  If the broccoli has 
been dropped enough and part of the head is smashed and 
there is enough time and labor, then you go ahead and 
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trim that head and restock it.  Typically that head is 
taken off the shelf. 

Typically there are 14 heads in 20-pound box. 

Some rebunching is done if one of the heads in a bunch 
is bad and the rest are goo. 

10. How much trim loss on average? 

Trim and unmarketable broccoli: 4-5%/ day out of 100 
lbs.   4-6 pounds maximum.  Broccoli is a pretty hardy 
vegetable and is simple to sell 

11. Do you normally save the trim from broccoli? 

It goes for compost. 
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Family-Store Manager Responses (answers are in bold) 

1. How long have you worked at your present position as a 
produce manager of vegetables? 

Over 20 years 

2. Broccoli varieties that you know of? 

Doesn't know of any particular variety name.  As far as 
he knows, it is pretty standard and never really 
changes as far as appearance.  Depending on the time of 
year and growing season, it comes from California and 
Arizona, and these are the two major areas. 

In summer and fall they do get some in Oregon, but it 
is not as plentiful as California.  When they receive 
broccoli from Oregon they will also receive from 
California to supplement Oregon's supply. 

Wintertime they get from Arizona and springtime from 
California.  Summer and fall from the coast.  Broccoli 
doesn't grow well in hot areas; it is more of a cooler 
weather vegetable. 

Weather has a lot to do with the way the broccoli 
looks.  Year round there is not that much change in the 
quality.   Real wet weather may make it muddier but 
that doesn't affect the taste.  Has not seen any real 
drastic changes in the broccoli.  If California has a 
bad season, as far as weather, there may be a change in 
price, since price goes with supply.  Supply goes down, 
price goes up. 

Broccoli is pretty hardy so he can't really predict if 
the weather is going to have an effect on the broccoli, 
as far as wetter or freezing climates. 

3. When you receive broccoli, how is it packaged? (e.g. 
special packaging, ice, etc.)? 

It comes in wax covered corrugated box with 14 bunches 
of broccoli packed with ice.  The ice gives you an 
indication of how fresh the broccoli is.  If the ice is 
all melted, then it has been sitting in somebody's 
warehouse for awhile.  A good inch or two of ice tells 
him it is fresh. 

Receive 15-30 cases of broccoli with 14 bunches/box. 
That varies with whether or not it is on sale for a 
cheaper price.  On sale they need twice that much.  The 
delivery on Sat. runs him until Tuesday.  There is 
generally more on hand in the Saturday order to carry 
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until Tuesday.  Orders are received on Tues./ Thurs., 
and Sat. 

Anticipates and orders more broccoli when it is on sale 
because he knows it is going to go quickly. 

4. What is done with the broccoli after it is received 
(e.g. prestorage)? 

immediately: 

If there is inventory leftover, like a couple of cases, 
hopefully by the next day he will get a shipment in, 
then he will sell out the older.  They rotate in the 
new with the old and pull off the excess.  They lay 
down the new and rework the older, rebud it (slice the 
ends of the stems off), to freshen up the older and put 
it back on the shelf. 

Customers, in all the years he has known, go straight 
for the bottom of any display.  They think the 
freshest is on the bottom (underneath), but if you have 
a good turnover like they do at their store then the 
bottom is not any older/newer than the top.  They move 
it out pretty fast and it doesn't stay around very 
long.  Some customers are pickier than others in 
choosing broccoli.  Usually he can't tell why a 
customer chose one head over another and left the 
other. 

1-2 hours: 
NA 

6 hours: 
MA 

12 hours: 
MA 

5. Atmosphere of broccoli on produce shelves: 

temperature: 

2-4 0C on produce stand and 2 0C in cooler 

spraying (automatic or manual) : 

Spraying is done manually 

how often is spraying done: 

Spraying is done every 2 0 minutes, or when broccoli 
starts looking dry.  The refrigeration draws moisture 
out of broccoli and they look dry and unappealing.  But 
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as quickly as they sell it, it doesn't have that much 
time to dry out. 

Twenty cases of broccoli are put out on the display 
case every other day.  When the broccoli comes in fresh 
like it is supposed to, it lasts longer and looks 
better.  There are times they have received broccoli 
that didn't come with ice and can tell that it has been 
stored somewhere longer.  In some cases, the broccoli 
is sent back if it looks unappealing or old. 

humidity: 

Constant wetness, 100%, in the cooler when the broccoli 
is on ice there is always moisture. 

turn over rate (approximately): 

Receive shipments every other day. 

6. What do you observe as reasons consumers are not 
purchasing broccoli by what is being left on the produce 
shelves? 

Consumers like tight flowers, not limp, loose heads 
that look like they are going to bud out, which means 
it was grown too long, getting old. 

Customers look for a good uniform jade green; they 
don't like the purple shade. 

Customers shy away from big stalks, they tend to like 
medium to small stalks.  Even the people who use the 
stalk like the medium to small stalks because they are 
more tender.  Some people peel the stem like a carrot 
and eat it.  Broccoslaw is also made with broccoli 
skins, which is being sold at the store now. 

Customers like lower prices and good quality. 

Some people don't like the stem, and customers pull it 
off.  He buys the broccoli with the stems and has paid 
for them so looses money if customer pulls off stem and 
gets the crown for the low price of the stemmed 
broccoli.  Some stores sell just the crowns for a 
higher price.  They do find a lot of people breaking 
off the stems and leaving it in the produce rack and 
going up to the check stand and buying just the crowns 
for the cheaper price.  His checkers are trained, or 
are supposed to know, that all of their broccoli has 
stems on it so there is a special code for crowns that 
the checkers use.  If the customer doesn't want the 
stem he prefers they come to him to cut it off and they 
pay the higher price.  But that generally doesn't 
happen and the customers break it off themselves, but 



118 

they still have to pay the higher price.  Broccoli with 
the stem is cheaper than the crowns. 

He has tried selling both crowns and broccoli with 
stems, and the broccoli with stems actually sells 
better because customers go by the price, 69/pound vs. 
99/pound.  Some don't know what to do with the stems 
but want the lower price and others want the stems and 
the lower price, still others want to break off the 
stem and get the lower price. 

7. Do you pull broccoli off the shelf that is not selling? 

If it's not rotten and just looks tired or wilted and 
not as fresh as the others then it goes in a bargain 
bin in bags for a reduced price.  It has no problem 
selling in there.  If it stays in there a day and 
nobody buys it and it tends to get worse looking they 
throw it out.  As far as broccoli, about 9 0% of it 
sell.  He feels it is better to make a little bit off 
of it than just throw it away.   There is nothing wrong 
with it if someone is going to use it that day.  No 
rotten stuff goes in there. 

7. What do you do with broccoli that is pulled off the shelf 
because it is not selling? 

Goes in reduced bin 

9. Do you trim your broccoli? 

A little shaving off the end of the stem to dress them 
up and make them look a little fresher.  If the leaves 
are fresh looking they leave them on.  He used to pluck 
all of them off but he had a lady who prefers them on 
because she uses them so he leaves the good-looking 
leaves on.  If they're dried out or look like bugs have 
eaten them they trim them off 

10. For what reasons would you trim the broccoli? 

To make the broccoli more appealing 

11. How much trim loss on average? 

As far as broccoli, they would not even fill up a box 
per day of trimmings. What normally is in the broccoli 
trim box are leaves and %  inch of stem trimmings.  Once 
in a while they will get a head of broccoli that has a 
different color to it and doesn't have a very good 
appeal to it so they will pull it off the shelf. 

If a broccoli head was perfectly fine and just had a 
little bulb that was a little discolored they would 



119 

just trim it off, not throw the whole thing out. If it 
were part of the main head, like right in the middle of 
the head, they would not cut it off. 

Normally all of the broccoli that is not saved on the 
produce shelf goes to livestock, unless someone misses 
some and throws it in the dumpster out back.  Farmers 
aren't particular about what they pick up for their 
livestock because it is free.  It is an unspoken 
agreement first come first served kind of thing.  It is 
good for the store because it cuts down on waste and 
they don't have to fill up a dumpster and pay to have 
it taken away. 

12. Do you normally save the trim from broccoli? 

No 

13. What do you with the trim? 

It is thrown in the trim box and when it gets full they 
put it out behind the store and farmers come by and 
pick up what they want for chickens, pigs, cows etc. 
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Chain Store Manager Responses (answers are in bold) 

1. How long have you worked at your present position as a 
produce manager of vegetables? 

One and a half years at this store.  Five years 
previously at a store in Cresswell. 

2. Broccoli varieties that you know of? 

Is not aware of any particular broccoli variety.  It 
depends on the climate and the growing area that they 
receive it from.  They receive crowns and bunches 
mainly from California. 

3. When you receive broccoli, how is it packaged? (e.g. 
special packaging, ice, etc.)? 

Wax box topped with ice and it arrives in a 
refrigerated truck maintained at 32 0C.  Regularly 
receives six cases per load (22 pounds of crowns and 18 
pounds of bunches per case) and receive 3.5 loads per 
week (every other day). 

4. What is done with the broccoli after it is received 
(e.g. prestorage)? 

iimnediately: 

Goes directly from truck into cooler until it can be 
put on display and the cooler is maintained at 380C. 
Usually try to get it from truck to display 
immediately, but try to get it out as soon as possible 
to maintain the freshest possible.  A shipment of 
broccoli gets used up every 2 days. 

Three and a half deliveries are turned over at least 3 
times per week and they are rotated first in first out. 
Customer always pulls from the back regardless of where 
the freshest broccoli is actually put.  Customers 
always assume the freshest broccoli is in the back of 
the display.  Trying to second guess the customer, they 
sometimes put the new broccoli in the front and the old 
in the back for this reason. 

Broccoli in the front of the display is exposed to the 
air more and gets discolored more than the back 
broccoli.  It is also cooler in the back so they try to 
get equal time with broccoli in being in front and in 
back.  The lighting also deteriorates broccoli as does 
air flow. 

1-2 hours: 
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NA 

6 hours: 
NA 

12 hours: 
NA 

5. Atmosphere of broccoli on produce shelves: 

temperature: 

Tries to maintain 2-3° C on the produce shelf and the 
same is maintained in the cooler.  From the farm to the 
store, it is maintained at 2-3 0 C and they try to 
keep the broccoli at these temperatures in the store. 
Use of refrigerated trucks and ice help to maintain 
this temperature from farm to store. 

spraying (automatic or manual) : 

Manual spray 

how often is spraying done: 

About every 2 0-30 min.  The broccoli is manually 
sprayed, at the most, every 60 min. 

humidity: 

Do not use humidity readers so it is not monitored. 

turn over rate (approximately): 

Turn over rate is approximately every 2 days.  Sale 
prices do not affect this turn over rate since he 
orders what he plans to sell.  Unless he over orders, 
but he has ample time to cancel an order if he needs 
to.  It is rare that he over orders and has more than 
he can sell and the turnover rate goes more than 2 
days.  If he is running low it is fairly easy to call 
and get another shipment by the next day. 

6. What do you observe as reasons consumers are not 
purchasing broccoli by what is being left on the produce 
shelves? 

A lot of people won't purchase the crowns because the 
price is too high, and some won't purchase the crown 
because they don't have the stalk.  Some people break 
off the stalk because they don't want it. 

In a transition season when switching growing areas, 
there is a lot of yellowing on the broccoli.  It is not 
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bad, but the yellowing turns off the customer.  Or they 
will get broccoli that is a little more mature and is 
purple.  Usually in January that happens.  People tend 
to stay away from the purple broccoli/ even though 
there is nothing wrong with it.  Seasonal changes tend 
to make people stay away from the broccoli.  They get a 
bad shipment once in awhile that may be caused by a 
heat problem or from somebody breaking the cold chain 
and some deterioration/breakdown (black colors) is 
present in the broccoli. 

Brown leaves are also a turn off to customers.  He 
tries to cut them off because customer associates brown 
leaves with old broccoli.  Actually, brown leaves don't 
have anything to do with age as the leaves may turn 
brown while the broccoli is still growing.  When they 
put broccoli out on the shelf, they try to pull all of 
the leaves off and make it look as nice as possible. 
The nice green leaves actually might enhance the 
broccoli and customer knows this.  Since the leaves are 
the first things that turn brown, it must be fresh 
broccoli. 

The majority likes the crowns, because most don't like 
the stems.  About 20% like the stems and use them cut 
up in stews and they get upset because he doesn't carry 
both but his experience is that if he carries bunches, 
those that don't like the stems break them off and he 
is stuck paying for the bunch, while the customer gets 
the crown(which usually carries a higher price) for the 
price of the bunch.  It is cheaper for him to buy 
crowns because they don't have to pay a worker (in the 
field) to bunch them up, with crowns they just cut off 
the top. 

If he does carry a special of bunched broccoli for 
.99/pound for example, the customer will cut off the 
stem and get a crown for .99/pound.  But the checkers 
are trained to catch this and they have a special price 
they are supposed to charge for crowns, which is more 
than the bunched price. 

7. Do you pull broccoli off the shelf that is not selling? 

Yes 

8. What do you do with broccoli that is pulled off the shelf 
because it is not selling? 

Throw it away unless a customer specially requests it 
for livestock they will come back and pick it up at 
another time. 

9. Do you trim your broccoli? 
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Yes 

10. For what reasons would you trim the broccoli? 

In the morning they will come around and trim leaves 
and make sure the broccoli is looking nice.  Constantly 
throughout the day as they restock they will trim what 
needs it as it goes out. 

11. How much trim loss on average? 

Trim loss/day "4-5 lbs.  Goes in the garbage unless 
somebody wants it. 

12. Do you normally save the trim from broccoli? 

Goes in the garbage unless somebody wants it for his or 
her livestock. 
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Project Reminder for Produce Managers 

Shannon Morris 
Oregon State University Graduate Student 
752-8073 

Mary Nunn Dr. Zoe Ann Holmes 
Research Office (human subjects form) Major Professor 
Oregon State University Oregon State Univ. 
737-4881 737-0967 

Anticipated start date is January 6, 1997, or soon 
thereafter.  With approval of produce manager(s), I would 
like to begin placing postcard and collecting the trim/waste 
from broccoli.  I would to start, on or after January 6, 
1997, the first day the store receives the broccoli through 
the to the next time they receive another shipment of 
broccoli.  I would like to do this on two separate 
occasions.  Once in January and once in February. 

Results of data will be shared with all stores, if they 
prefer, and with the extension agency at OSU who does work 
with food safety, diet and health. 

Anticipated start date January 6, 1997 

Anticipated data collection 
manager survey 
in store postcard customer survey 
in store broccoli trim/waste collection 

Tests on broccoli in produce area 
temperature 
humidity 
color using a Minolta Colorimeter 
none of these tests will destroy or harm produce 
all data about store(s) is confidential 



127 

APPENDIX H 
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Follow-up Thank You Letter and Project Reminder 

Thank you again for meeting with me (on date of meeting) and 
talking about your produce area.  I appreciated your time 
that you gave me.  I wanted to follow up our meeting with a 
letter and touch bases with you.  I will be in touch by 
phone after Christmas so that we can coordinate our 
schedules and I can begin my project. 
Thank you 
Shannon Morris 

Shannon Morris 
Oregon State University Graduate Student 
752-8073 

Mary Nunn Dr. Zoe Ann Holmes 
Research Office (human subjects form)   Major Professor 
Oregon State University Oregon State Univ. 
737-4881 737-0967 

Anticipated start date is January 6, 1997, or soon 
thereafter.  With approval of produce manager(s), I would 
like to begin placing postcard and collecting the trim/waste 
from broccoli.  I would to start, on or after January 6, 
1997, the first day the store receives the broccoli through 
the to the next time they receive another shipment of 
broccoli.  I would like to do this on two separate 
occasions.  Once in January and once in February. 

Results of data will be shared with all stores, if they 
prefer, and with the extension agency at OSU who does work 
with food safety, diet and health. 

Anticipated start date January 6, 1997 

Anticipated data collection 
• manager survey 
• in store postcard customer survey 
• in store broccoli trim/waste collection 

Tests on broccoli in produce area 
• temperature 
• humidity 
• color using a BCU Baking Meter 
• none of these tests will destroy or harm produce 

all data about store(s) is confidential 


