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ABSTRACT

Effects of various factors on nitrogenous compounds in har- , .
vested crisphead lettuce were investigated to determine if any of 
these compounds were, in high enough levels to be potential health haz
ards to humans.

High applications of nitrogen fertilizer resulted" in increased , 
accumulation of nitrate in midribs, but not in whole heads« Protein 
tended to increase with high fertilizer additions.

Different methods used to dry lettuce tissue for analysis re

sulted in different observed levels of nitrate and protein in tissues.
Levels of nitrate in lettuce were lower in heads stored for ' 

two weeks at 1.70C than in those stored at 12.8°C. However, protein 
levels were higher when lettuce was stored at the lower temperature.

Nitrates were highest in midribs, and progressively lower in 
wrapper leaves* outer head leaves, and inner head leaves. Proteins 
were lowest in midribs, and higher in inner head leaves than outer head 
leaves.

There was a correlation between nitrate levels in midribs and 

levels in whole lettuce heads.
It was concluded that the nitrogenous compounds in lettuce did 

not appear to be in levels high enough to be considered health hazards ; 
to humans.



CHAPTER 1

'INTRODUCTION.

A concern regarding the nitrogenous compounds present in: 

harvested vegetables exists, primarily because of implications, that 
these nitrogen materials when in large, enough quantities, may be detri

mental to human health. Nitrates in certain vegetables: such as spin
ach, beets, and carrots have been reported to have caused problems in 

humans, especially in infants (Deeb and Sloan 1975; Hicks, Stall and 

Hall 1975; Siciliano et al. 1975). The problem is that nitrates in 
plants can be reduced to nitrites, which can cause methemdglobinemia 

(a disease that prevents hemoglobin from transporting oxygen) in humans 
and livestock, or can combine with amines to form nitrosamines, pos
sible carcinogenic agents (Deeb and Sloan 1975). Since lettuce con- .. 
tains nitrate, there is a concern about what happens in the lettuce 
head after harvest. Are toxic materials formed and accumulated? What 
factors affect chemical changes in the head? Answers to these ques- . 
tions would help clarify the situation in regards to lettuce.

The per capita consumption of crisphead lettuce (Lactuca 

sativa L.) is approximately 22 pounds in the United States. More 
pounds of lettuce are consumed than any other vegetableexcept pota

toes and tomatoes. In Arizona, the annual farm value of lettuce

1



during 1975-1976 was about 66 million. dollars (Mayes and Britton 19:77) 

The quality and composition of lettuce affects all Americans.
The purpose of this study was to determine the fate of nitro

gen in crisphead lettuce after harvest, and to understand the factors 
that affect these nitrogen compounds. This information will be used 
to determine if any toxic levels of these compounds exist in lettuce.



CHAPTER 2

REVIEW OF LITERATURE

Composition of Plants 

Nitrogen,, present in various compounds, comprises about 2% of 
the dry weight pf the plant (Beevers and Hageman 1969); Some of the 
compounds containing nitrogen are nitrates, ammonia, alkaloids, amino 
acids, amides, peptides, and proteins (Lee, Stoewsand and Dawning 
1972). The proportions of these compounds are relatively constant un
less altered by heavy or unbalanced fertilizer applications, nutrient 
deficiencies, insect or herbicide damage, or climate (Lee et al. 1972). ■ 
Lettuce heads contain 25% protein, 51% carbohydrate, and the remainder 

includes fats, acids, and vitamins as well as nitrates on a dry weight 
basis (Crosby 1963). Thus, a relatively large portion of the nitrogen 
.is probably contained in proteins.

Nitrate levels vary within different parts of the same plant.

In general, vegetative parts of a plant are higher in nitrates than re
productive parts (Cantliffe 1972b; Splittstoesser and Vandemark 1974). 
Even within the vegetative parts of the plant, nitrate levels are 
usually highest in stems, lower in petioles, somewhat lower yet in 

leaf blades, and lowest in roots (Maynard and Barker 1972).

3



4
Health Problems ;

Problems Directly Related to Nitrates
Nitrate itself can only be toxic if present in large quanti

ties over a long period of time. Even then it is normally absorbed 
into the blood, reabsorbed by kidneys as waste, and excreted from the 
bladder with no ill effects (gplittstoesser, Vandemark and Kahn 1974). 
However,.it is possible that continual exposure of the bladder to ni
trates may lead to the development of tumors (Mirvish 1977; Wolff and 
Wasserman 1972). Other problems that may result from long exposure 
to nitrates are enlargement of the thyroid gland and reductions of 
stored vitaminA, However, these problems are not serious because . 
they can be detected and treated.

Problems Related to Nitrites

. Greater problems can arise when nitrate is converted to ni
trite. Nitrite is extremely toxic to animals and humans, even in rela
tively low concentrations, causing illnesses that may result in death 

(Deeb and Sloan 1975). Nitrite is linked directly to, methemoglobinemia 
and indirectly to cancer through its combination with secondary or 

tertiary amines to form nitrosamines which are possible carcinogenic.

. Methembglobihemia» Hemoglobin occurs in two forms: oxyhemo-̂

globin (HbO) and methemoglobin (MetHb), which normally is about. 1% of 

the total hemoglobin (Phillips, 1971). Oxyhemoglobin contains a fer

rous ion in. its structure, and carries oxygen to cells. The ferrous



ion is necessary in order for EbO to carry oxygen. Methemoglobin has 
a ferric ion in its structure, and is unable to carry oxygen. If ni
trite is absorbed into the blood, it will oxidize the ferrous ion to 
the ferric ion, thus increasing the percentage of MetHb in the blood.
If greater than 70% of the hemoglobin is in the MetHb form, death will 

result from lack of oxygen (Deeb and Sloan 1975; Phillips 1971; Wolff 

and Wasserman 1972) . However, symptoms of methemoglobinemia- may.be ob
served when 5-10% of the hemoglobin is MetHb (Shuval and Gruener 1977).

Methemoglobinemia: is mainly a problem with livestock and with 
human infants under four months of age. Livestock, especially cows, 
are susceptible to methemoglobinemia due to the anatomy and physiology , 
of their digestive system. If forage contains high concentrations of 
nitrate, the cow's digestive system has the ability to reduce nitrate 

to nitrite, with the nitrite causing illness. The cow has a rumen 
where forage stays a long time to digest cellulose. The rumen has a
pH of about 7 or 8; which is good for the conversion of nitrate to ni
trite; and contains many microflora that are active convertors of ni
trate to nitrite (Whitehead and Moxon 1952). With the favorable condi- 

' tions for conversion of nitrate to nitrite, and the length of time

the forage, is in the rumen, there is an opportunity for nitrite to
accumulate. Nitrite is then absorbed info the bloodstream, causing 

methemoglobinemia.
Infants under four months of age are also quite susceptible 

to methemoglobinemia due to some unique characteristics of their di

gestive and circulatory systems. At birth an infant's blood has a



high percentage of fetal hemoglobin,., perhaps- 60-80% (Phillips 1968; : 
Shuval and Gruener 1977). Fetal hemoglobin is much more readily oxi
dized to MetHb than nonfetal hemoglobin (Boi-Doku and Pik 1966). If 

. nitrite is present in the blood, it will oxidize the infant's hemo
globin much faster than an adult's hemoglobin. By the age of four 
months, an infant only has about 30% fetal hemoglobin (Phillips 1968) 
and thus is. less susceptible to methemoglobinemia. It has also been . 

suggested infant s blood lacks the enzyme that reduced MetHb (Shuval 
and Gruener 1977; Stoewsand 1972).

Infant digestive systems are also somewhat unique. Their 

lower;:intestines contain E. coli and many coliforms:that are capable 
. of reducing nitrate to nitrite (Phillips 1971). These bacteria grow 
best at a pH of approximately 5 to 7 (Shuval and Gruener 1977; Wright 
and DavisOn 1964). However, nitrate present in food is normally ab
sorbed in the upper intestine before it comes in contact with these 
reducing bacteria. The only time nitrate might come in contact with 

these bacteria is when an infant is suffering from diarfhea or some 

intestinal disorder, and the bacteria in the lower intestine ascend to 
the upper intestine. This ascent never occurs in adults because the 
pH of their stomach is low enough to prevent survival of the bacteria 

An infant' s . stomach lacks hydrochloric acid ■, and normally has a . pH .-

between 2 and 5; however, if suffering from diarrhea the pH may be ; 
between 4.6 and 6.5 (Shuval and Gruener 1977). Thus bacteria may 

survive, and reduce any nitrate in an infant's stomach to nitrite.



When the nitrite enters the bloodstream, infants suffer from methemo
globinemia.

Cancer. Nitrites have also been indirectly linked with cancer. 

Nitrites combine’ with secondary or tertiary amines to form nitrosamines, 
some of which have recently been shown to be carcinogenic. Not all 
nitrosamines are carcinogenic, but some appear to cause tumors on spe
cific organs. The combination of nitrites with amines to form nitro- 
samines has been shown to be pH dependent (Mirvish 1975). Alam, 
Saporoschetz and Epstein (1971) have shown the combination to occur in 
vitro with human gastric juices. The formation of nitrosamines is 
possibly aided by bacteria, however this has not been proven (Brecht 
and Tabacchi 1976; Mirvish 1977). Nitrites and amines will not com
bine to form nitrosamines if ascorbic acid is present, possibly be-r- 
cause the acid reduces the nitrite before it can combine with the 

amines (Mirvish 1977). Both nitrite and amines are present in many 
foods. • Nitrite may also be present in vegetables that have been 
stored improperly; and saliva contains a great deal of nitrite (Mir- - 

vish 1975). Secondary amines are present in a wider variety of pro
ducts, e.g., fish, cereal, tea, tobacco, vegetables, wine, cheese, 
mushrooms, fruits, drugs, and Spices (Lijinsky and Epstein 1970; Magee 
1971). Cooking foods that are high in protein may also result in the 
formation of secondary amines (Lijinsky and Epstein 1970). Thus, ni

trites are also a potential hazard since they can combine with amines 

to form carcinogenic nitrosamines.



Daily Intake and Critical Levels
Since nitrates are linked to several health problems, it is 

unfortunate that,they tend to accumulate in dark green leafy vegeta
bles , including lettuce (Brecht and Tabacchi 1976).. Approximately 81% 
of our daily nitrate intake comes from vegetables, with the remainder ' 
from meats (15%) and other foods, including water (4%) (Huber et al. 
1977). Table 1 lists some critical levels for nitrate and nitrite con
tent . The Public Health Service allows 45 ppm nitrate (10 ppm nitrate- 
nitrogen) in water, and 500 ppm nitrate (115 ppm nitrate-nitrogen) in 
meats. (Deeb and Sloan 1975). However, the only standards that have 
been set for nitrate levels in vegetables are those for spinach by the 

Department of Health, Education, and Welfare, which allows 3000 ppm 
nitrate (680 ppm nitrate-nitrogen) on a dry weight basis (Splittstoes- 
ser et al. 1974). It is estimated that 80-300 mg nitrate/kg body 
weight can be lethal (Deeb and Sloan 1975). However, 17-60 mg nitrate/ 
kg body weight may give rise to toxic symptoms (Deeb and Sloan 1975).

Table 1. Critical levels of nitrate and nitrite3

Lethal Dose 
(mg/kg body wt)

Dose to Cause 
Visible Symptoms 
(mg/kg body wt)

Maximum Levels 
Allowed 
ppm

Nitrates
Nitrites

80-300 . 
73-110

17-60 45 (water) 
500 (meats) 
200 (meats)

aFrom Deeb and Sloan 1975.



Nitrite intake and standards are different than those of ni- 

trate. Only' 1.8% of our approximately 11 mg daily nitrite intake is 
from vegetables (White 1976). This low percentage is in part due to 

the low levels of nitrite found in fresh vegetables— from 0.2 to 6 ppm 
for various fresh vegetables tested (Siciliand et al. 1975). Surpris
ingly* 76.8% of our daily nitrite intake comes from our own saliva 
(White 1976), with cured meats contributing a great deal.to the rest 

of our nitrite intake (Siciliano et al. 1975)  ̂ The USDA allows 200 
ppm nitrite in meats (Deeb and Sloan 1975). N o  standards have been set 
for nitrite levels in vegetables or water. Lethal doses of nitrite 
have been estimated to be between 73-110 mg nitrite/kg body weight 
(Deeb and.Sloan 1975).

• Factors Affecting Accumulation of
Nitrogenous Compounds—  . ■

Environmental
Several.environmental factors such as temperature, soil mois

ture, and time of day have been shown to affect the accumulation of 
nitrates in plants. Nitrate reductase activity is low in the dark, 

but greatly enhanced by light (Beevers and. Hageman 1969; Roth-Bejerano 
and Lips 1973). This explains high levels of nitrate found in plants 
early in the morning, as compared to lower levels in late afternoon 

(Minotti and Stankey 1973). With beets, higher temperatures and water' 

stress inhibit nitrate reductase activity, and therefore result in 
higher nitrate levels (Minotti and Stankey 1973). Gardner and Pew



(1974) observed higher nitrate levels in lettuce when higher tempera
tures were present. ■. Thus, . many environmental factors affect nitrate 
accumulation in plants.

Fertilizer and Other Cultural Practices
Many investigators agree that broadcast fertilizer results in 

a higher accumulation of nitrate in plants than sidedressed fertilizer, 
(Barker, Peck and MacDonald 1971; Maynard and Barker 1972). Gardner 
and Pew (1974) report that the time of fertilizer application was im
portant in determining accumulation of nitrate in lettuce midribs 
They suggested that longer exposure of plants to nitrogen fertilizer 
should result in greater accumulation of nitrate.

The type of fertilizer applied will also affect'the amount of 

nitrate accumulated in plants. Maynard and Barker (1972) claim there 
is a.greater accumulation of nitrate when the fertilizer is potassium 

nitrate than when it is ammonium nitrate, and Peck et al. (1971) ob
served greater accumulation of nitrate with potassium nitrate than 
urea. Barker et al. (1971) showed that the nitrogen carrier only had 
an effect on nitrate levels when the fertilizer was sidedressed.

However, authors do not always agree on the effects various 
rates of fertilization have on accumulation of nitrate in plant tissues. 
Table 2 lists results of several studies. From Table 2, it can be 

seen that most studies have reported an increase of nitrate in plants 

when going, from low to high levels of nitrogen fertilizer. Altering 
fertilizer nitrogen at intermediate rates resulted in changes in



Table 2. Survey of literature relafing to fertilizer and nitrates•

Author Crop N Source N Rate Effect on Nitrate Leyela

Barker et al. (1971) spinach—  
blade and 

. petiole

Expt. 1 N1I4N03; urea Broadcast: 
0,56,112,225 
450 kg N/ha

increase in N03 at higher rates

Expt. 2 NllyrNO^; urea Sidedress; 
0,56,112,225 
kg N/ha

only difference in N03 bet. 0 
rate and rest

Brown and Smith (1967) leaf lettuce—  
blade

V s 0,56,112,224 
448 kg N/ha

a) at 0 rate, low NOa .
b) at 50,100,200 rate— all N0„ same
c) at 400 rate, high N03

semi-head 
lettuce—  
blade .

n h 4n o 3 0,56,112,224 
448 kg N/ha

only difference in N03 bet. 0 
rate and.rest

CantIfffe (1973) beets— blade 
and root .

NaN03 0,50,100 mg/kg* increase N03 at higher rates

spinach--leaf NaN03 0,100,200 mg/kg increase NOy at higher rates

Gardner and Pew (1974) lettuce—  . 
petiole ' n h 4n o 3 0,112,224 kg N/ha increase NQ3 at higher rates

Peck et al. (1971) beets— root 
and blade 
and petiole

Expt. 1 NH4N03; urea Broadcast: 
6,56,112,225 
450.kg N/ha

increase N0„ at higher rates

Expt. 2 KN03; urea Sidedress: 
0,56,112,225 
450 kg N/ha

increase NQ3 at higher rates

Splittstoesser et al. 
(1974)

lettuce—  
edible portion N114N°3 . 22,44,112 

448 kg N/ha
2 higher rates have higher NO 
than 2 lower rates

Prefers to in vitro studies.

M



nitrate levels in tissue in studies by some, but not all authors.
Brown and Smith (1967) showed that semi-head lettuce does not accumu
late nitrate even at the highest fertilizer rate. Maynard and Barker . - 
(1972) state that higher nitrogen application appears to have little 
effect on nitrate accumulation. In these studies it was suggested that 

the crop, soil type, and climatic conditions could have had a great 
effect on nitrate accumulation at moderate fertilizer rates.

Levels of protein in a plant will increase by applications, of 
large amounts of fertilizer (Hanway et al. 1963). Splittstoesser et 
al. (1974) also observed an increase in total protein per plant as the 

level of nitrogen fertilizer increased from 45 to 112 to 448 kg. N/ha.
No increase in protein was observed when between 22 and 45 kg N/ha were . 

applied. ; In both cases increases in protein were possibly due to in

creased plant size.
Nitrite accumulation was not a problem when high rates of 

fertilizer were added to beets (Peck et al. 1974), or spinach (Cant- . 
liffe, 1972a). Hanway et al. (1963) stated that nitrite rarely accumu
lated in plants. Kessler (1964) stated that nitrite is a very toxic 
and unstable intermediate between nitrate and ammonia. As such, it 

is not likely to accumulate in a healthy living plant. Thus, fertil

izer appears to have no effect on nitrite accumulation.

Storage and Handling
Adverse storage conditions such as high temperatures or expo

sure to microorganisms can result in accumulation of nitrite in



. 13
vegetables, by conversion of nitrate to nitrite. Hicks et al. (1975) 

showed that bacteria have an effect on nitrite accumulation in carrot 
juice- When no bacteria are present, nitrite does not accumulate at

' O5°C, but if greater than 10 bacterial cells per ml juice are present, 

nitrite will accumulate even at 5°C. At 20°C nitrite will accumulate 

when lower levels of bacteria are present. Other authors have studied 
the effects'of storage, temperatures on nitrite accumulation. Brecht 
and Tabacchi (1976) reported'an increase in nitrate in spinach leaves 
at 20°C, but no increase at 0°C. They also observed that if nitrate 
levels decrease, nitrite levels will initially increase, but with 
time nitrite will decompose. Phillips (1968) observed a decrease in 
nitrate in spinach.leaves when stored at room temperature or under 

refrigeration, but the decrease was somewhat delayed under refrigera
tion. . Phillips (1968) also observed an increase in nitrite as the ■ 
nitrate decreased, but under refrigeration the nitrite did not decom

pose as it did at room temperature. In lettuce leaves, Siciliano et 

al. (1975) found a decrease in nitrate from 1130 to 940 ppm, when 
stored under refrigeration, but nitrite levels never exceeded 0.9 

ppm. . It appears from these studies that if nitrate is decreased, 
nitrite will increase, but the nitrite will eventually decompose. 

HOwevef, it is difficult to predict conditions under which nitrate 
will decrease: '
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Physiological Reasons for Accumulation 

of Some Nitrogenous Compounds

Nitrates

According to Maynard and Barker (1971), leaf lettuce needs at 

least 2000 ppm nitrate-nitrogen (dry weight basis) for proper plant 
development. Many factors affect nitrate accumulation because they 
affect nitrate reductase activity (Peck et al. 1974). Nitrate reduc

tase reduces nitrate to nitrite, so low activity results in an accumu

lation of nitrate, whereas high activity does not. Nitrate reductase 

is believed to be unstable, induced by nitrate, and located in the , 
cytoplasm, perhaps in association with the chloroplastic membrane 
(Beevers"and Hageman 1969). Nitrate reductase activity appears to re
quire respiration in non-green tissue, but photosynthesis in green 
tissue (Beevers and Hageman 1969).

The maturity of the tissue also affects the nitrate accumula

tion. Younger leaves of beets are more active in nitrate reductase 

activity and therefore have lower levels of nitrate than older leaves
i ' ' , • ' ' ' .(Peck et al. 1974; Wright and Davison 1964).

Nitrites

In comparison, nitrite is rarely accumulated in living plants 

Since nitrite does not normally accumulate in living plants, it is 
difficult to measure nitrite levels in plants, and therefore nitrate 

levels are often measured to give an indication of the "potential" to 
accumulate nitrite (Lee et al. 1972; Maynard and Barker 1972; Phillips



; 1968)-., ‘. Nitrite can accumulate after harvest if . conditions are suit- 

able for conversion of nitrate and tiitfiff^Some^faetors: affeotingV^
■■ accumulation of nitrite are the level of nitrates, activity of plant 
enzymes1!stOfagf:: conditions, and microbial content (Phillips 1971) .
These factors vary with conditions of storage and conditions of the

■ digestive system of various animals. In storage, there are somean-
' aerobic and facultative anaerobic bacteria (i.e., Clostridia and coli- 
forms) that may convert nitrate to nitrite (Deeb and Sloan 1975). If - 

these organisms are :pffsent;1 In: high- hQaffdtifs ;,v there1 is; a- ppsaibil^; : - 
 ̂ity of nitrite accumulation. : Reduction:of nitrate to nitrite occurs , . 

best under neutral or slightly acid conditions; e. g; ,/ colifOrmS per-, c" . 
form best a.t pH 5 to 7 (Shuval and Gruener 1977; Wright and Davison

■ 1964) ,. but reduction of nitrite occurs best at a low pH. . So: if-the:. 

pH is near. 7, there will tend to be an accumhlftion of nitrite.



CHAPTER 3

MATERIALS AND METHODS

Heads of crisphead lettuce (Lactuca sativa L-, cv. 'Vanguard' 
or 'Great Lakes 659') used in these experiments were obtained from 

commercial fields at two locations: Marana and Willcox, Arizona. A
random split block design was used in the field at both locations.

Treatment in Field 
Both fields were furrow irrigated and managed by commercial 

growers. Fertilizer was originally broadcast by the growers, and ad

ditional fertilizer was sidedressed into individual plots.
a) At Marana, the three levels of fertilizer applied were:

94, 146, and 330 kg N/ha, designated Mq, M̂ , M^, respectively. Of 
this fertilizer, 94 kg N/ha had been added to all plots by the grower. 
On March 25, twenty-eight days before harvest, an additional 52 kg 

N/ha were sidedressed into M^ plots; and an additional 144 kg N/ha 

were sidedressed into M2  plots. Another 92 kg N/ha were sidedressed 
into M2  plots on April 5, seventeen days before harvest. Nitrogen 
fertilizer used was calcium nitrate. Lettuce ('Vanguard') was planted 

on January 5 and harvested on April 22, for a growing season of 107 

days.

16
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b) At Willcox, the two levels of fertilizer were: 154 kg

N/ha(W^ plots) and 362 kg N/haCW^ plots). Of this fertilizer> 154 
kg N/ha had been added to plots as urea by the grower. On May 18, 
twenty-five days before harvest, an additional 101 kg N/ha as calcium 
nitrate were sidedressed into the # 2  plots. Another 107 kg N/ha as 
ammonium nitrate were added to the plots on June 1, eleven days be
fore harvest. The lettuce (’Great Lakes 659') was planted on March 5 
and harvested June 12, after 99 days.

Harvest and Sampling
At both locations, midribs were cut from wrapper leaves of 

twenty heads selected at random from each plot. Midribs were collected 
on March 25, April 5, and April 22 at Marana; and on May 18, June 1, 
and June 12 At Willcox. These dates correspond to the two additions 
of extra fertilizer, and the final harvest of the lettuce, respective

ly-
On final harvest dates, whole lettuce heads were collected 

from each plot on the basis of size, firmness, and appearance in a 

manner similar to that used by harvesting crews. This type of selec
tion was utilized to obtain lettuce similar to that found on the market. 
Fifteen heads were cut from each plot and placed in a polyethylene bag, 

after trimming the wrapper leaves off so that only the two cap leaves 
remained on the head. These heads will be referred to as trimmed 

heads.



Additional heads were collected from plots without being 
trimmed (wrapper leaves still intact). These heads will be referred 
to as untrimmed heads. In the laboratory these heads were separated ■ 
into three parts: wrapper leaves, outer head leaves, and inner head
leaves. Wrapper leaves were considered to be the dark green leayes 
on the outside of the head, and which are not shaped to form the head. 
The Outer head leaves were considered to be those leaves that form the 

head and have some chlorophyll, seen as a green color (although not 
nearly as green as the wrapper leaves). :.Inner head leaves were those 
leaves that form the head, but have very little, if any, chlorophyll, 
as seen as a yellow color. Marana wrapper leaves had the midribs re

moved, but Willcox wrapper leayes. had -the midfdl)S% etilli m

Storage Treatments -■
Some trimmed heads were stored for two weeks to simulate the 

' maximum time needed for lettuce to reach eastern markets and consumers. 
Five trimmed heads were used to estimate levels of nitrogenous com- 

pounds at the time of harvest.
. Ten remaining, trimmed heads from each plot were separated 

into two groups of five heads each, and each group of five was placed ' 
in a polyethylene bag. The bags were sealed at:the top, but small,
.slits (5-8 cm in length) were cut in the sides of the bag to allow air 

. circulation One group ̂ as stored at 
other group was stored at 12.8°C for two weeks. These temperatures 
were selected to simulate optimum storage temperatures (1.7°C), and :



high storage temperatures (12.8°C)» which might allow more microbial 
growth and adverse conditions.

Preparation of Tissue 

All midrib samples and untrimmed head samples (used for com— • 

paring nitrogenous compounds in various parts of the head) were oven- 
dried at 60°C, until completely dried, ^

Trimmed heads were dried by three different methods. The five 
trimmed heads from each plot, which were not stored, were coarsely 
chopped, and tissue from all five heads mixed. . One third of this mixed . 
tissue was placed in a brown paper bag and oven-dried at 60°C. Another 
third was wrapped in cheesecloth, frozen in a freezer at -70°C, and 
then freeze-dried in a Lab Con Co., Freezedryer-12 at -50"F. The - : 
last third of the tissue was' placed in brown paper bags and air-dried 
at room temperature (approx. 22°C). Trimmed heads in storage were 
dried by the same three methods when brought out of storage.

Once dried, all tissue samples were ground through a #20 mesh 
Screen on a Wiley Mill. The ground tissue was stored at room tempera

ture in clean glass jars until analyses were run.

Analysis for Nitrate-nitrogen 

Nitrate-nitrogen was measured with an Orion nitrate ion elec
trode (model 92-07), according to the method of Paul and Carlson (1968) 

as modified by Baker and Smith (1969). In this method, 0.025 M alumi
num sulfate with 10 mg NOg-N/liter was used for extraction. ^



. Phenylmercuric acetate, and dioxane were added as a preservative..
Groimd tissue was stirred in extracting solution for fifteen minutes,. ' 
and then filtered through Whatman #1 filter paper. The electrode was 

• attached to a pH meter (Coming model 10) , along with a calomel refer- . .
-- ence electrode (Orion research, ref 90-01-0.0), and then calibrated with

SdlutiphS; of . know nitfatê nitfogen; cohcen ireadihg EME on the
- expanded millivolt scale. EMF vs. nitrate-nitrogen concentrations . 
were plotted on semilog paper (2 cycles by 10 divisions per inch). 
Nitrate-nitrogen concentrations in unknown samples were then deter- 

v' mined graphically from EMF readings. Parts per million nitrate- 
; nitrogen were then calculated.

Analysis forProtein 

Soluble protein levels were measured in all tissues , except .

' ; air-dfied,:'. b)*: „th&/iaethpd; ofi.hovP̂  ef al.- (1W Tissue samples of 
: 0.05 g were ground with 1 MKC1 using a mortar and pestle. Trichloro- 1
acetic acid (20% w/v) was added to precipitate proteins, and then-
samples were centrifuged at 12,000 xg (Sorvall Superspeed RC2-B centri

fuge) fob:‘ ten -. After centrifuging, the supernatant was . v
discarded, the pellet washed with-trichldroacetic:ecidi(1%: w/v):,: and 
recentrifuged under the same conditions. The pellets were then resus

pended in 5 ml of 0.1 N NaOH solution. Absoibance readings were taken 
at 750 nm with a Bausch & Lomb 340 spectrophotometer. Standard solu

tions were prepared from bovine serum albumin. Absorbances at 750 nm 
; vs. protein concentrations were plotted on standard graph paper, and .
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absorbances of unknown tissues were found on the graph to determine 
protein concentrations.

Analysis for Nitrite-nitrogen 
An attempt was made to determine nitrite-nitrogen levels using 

the method of Lowe and Hamilton (1967). However, our attempts were un
successful, so this aspect of the study was abandoned.

Statistical Analysis 
The data were analyzed using analysis of variance. Significant 

F values and LSD’s were calculated at the 5% level, unless otherwise 

indicated.

Conversion Figures 

Table 3 shows the relationship of the various forms of nitro

gen to each other.

Table 3. Conversion factors for nitrates and nitrites3

Atomic or Multiplication factors for
Nitrogenous Chemical molecular converting from nitrogenous
Substance formula weight substance in column 1 to:

N N02 N03

Nitrate-N no3-n 14 1 3.3 4.4
Nitrite-N no2-n 14 1 3.3 4.4
Nitrite N°2 46 0.30 1 1.3
Nitrate N03 62 0.23 0.74 1

aDeeb and Sloan (1975)



CHAPTER 4

RESULTS AND DISCUSSION

Preharvest Studies 

Nitrate in midribs from wrapper leaves is often measured to 

give an indication of fertilizer needs in crisphead lettuce plants. 
Figure 1 demonstrates effects of various fertilizer rates (see Table 
4 for dates of application and amounts of nitrogen fertilizer added) 
on accumulation of nitrate-nitrogen in midribs from Marana lettuce 

tissue. Nitrate levels in midribs were not significantly different 
between various fertilizer rates on April 5 or April 22. A statistical 
evaluation of differences between nitrate levels in midribs collected 
on various dates (i.e., March 25 vs. April 5 vs. April 22) was not 

calculated. However, trends of extra fertilizer additions to plots 

and M2  on March 25, and to plots M2  on April 5 can be observed in 
Figure 1.

When midribs were collected on April 5, increases in nitrate 

levels were observed in M̂  and M2  plots, apparently a result of the 
fertilizer additions of March 25 (more nitrogen fertilizer was added to 

M2  plots than M^ plots). On March 25, none of "the plants had been fer
tilized since preplant broadcast fertilization, so the plants responded 

to added fertilizer. In Mq plots, no additional fertilizer was added

22
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Figure 1. Effect of nitrogen fertilizer on midrib nitrate-nitrogen in 
crisphead lettuce from Marana, Spring 1977.

Arrow (4) indicates additions of fertilizer to and M̂  on March 25; 
to M̂  on April 5.
Mg (330 kg N/ha); M]_ (146 kg N/ha); Mq (94 kg N/ha).
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on March 25, resulting in no additional uptake of nitrate from the soil, 
and no increase in nitrate levels in midribs on April 5.

By April 22, tissue samples showed an increase in nitrates in 
all three fertilizer plots. Since additional fertilizer was not added 

to Mq and M̂  plots on April 5, the increase in midrib nitrates in these 
plots can not be due to the presence of more nitrate in the soil. Pos
sibly extension of the root system allowed the roots to absorb nitrate 
from new areas of the soil, helping to explain the increase in midrib 
nitrate levels between April 5 and April 22. On April 22, levels of 
nitrate in midribs were still highest in plots and lowest in Mq 
plots, corresponding to amounts of nitrogen fertilizer added.

Figure 2 illustrates effects of two fertilizer rates (see Table 
4 for dates of application and amounts of nitrogen fertilizer added) on 

accumulation of nitrate-nitrogen in lettuce midribs at Willcox. Ni
trates in midribs from plots were significantly higher than in 
samples from plots on June 1, but not on June 12.

Additional nitrogen fertilizer was sidedressed into plots 
on May 18, and again on June 1. Between May 18 and June 12 nitrate 
levels increased in plots. Again, this is possibly due to increased 
root growth, and absorption of nitrates from new areas of soil. In 
plots an increase in nitrate was observed between May 18 and June 1, 
but a decrease is observed between June 1 and June 12. Fertilizer 

added on June 1 was ammonium nitrate, whereas calcium nitrate was added 
on May 18. Maynard and Barker (1972) reported a greater accumulation 
of nitrate in spinach, radish, and leaf lettuce tissue when potassium
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Figure 2. Effect of nitrogen fertilizer on midrib nitrate-nitrogen in 
crisphead lettuce from Willcox, Spring 1977.

Arrow (4-) indicates additions of fertilizer to on May 18 and June 1.

W2 (362 kg N/ha); (154 kg N/ha).



26
nitrate was added as fertilizer than when ammonium nitrate was added, 

and Barker et al. (1971) showed the type of nitrogen fertilizer to have 
an effect on nitrate accumulation in spinach tissue when fertilizer 

was sidedressed. Huber et al. (1977) stated that plants supplied 
with nitrate-nitrogen accumulated higher levels of nitrate in tissue 
than plants supplied with ammonium-nitrogen. So, perhaps the decrease 
in nitrates between June 1 and June 12 at Willcox was because the am
monium nitrate fertilizer did not result in as great an accumulation 
of nitrate in midribs as calcium nitrate fertilizer. In addition, the 
nitrate present in the midribs on June 1 could have been translocated 
to the leaf blades, and incorporated into other compounds by June 12. 
Whatever the reasons, this drop in nitrate in # 2  plots between June 1 
and June 12 is not too alarming because Gardner and Pew (1974) also ob

served drops in nitrate in midribs from lettuce wrapper leaves (high 

fertilizer rates) during the last two weeks of the growing season under 

some conditions.
Thus, under some conditions midribs accumulate higher levels 

of nitrate when higher rates of fertilizer are added. And, from trends 

shown in Figure 2, the possibility that different types of fertilizer 
can affect nitrate levels in midribs is suggested.

Drying Techniques (Tissue Preparation)

Effects of three methods of tissue preparation (oven drying, 

freeze drying, air drying) on values observed for nitrate-nitrogen 
levels in tissue from whole heads of lettuce are depicted in Figure 3.
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Figure 3. Effect of tissue preparation on nitrate-nitrogen in
crisphead lettuce from Marana and Willcox, Spring 1977.

Different letters within each location are significantly different.
X  indicates oven-dried;”  indicates freeze-dried;<S indicates air- 
dried.
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With Mairana lettuce, nitrate levels in oven-dried tissue were signif- - 
icantly lower than nitrate levels in freeze-dried, or air-dried tissue. 
With Willcox lettuce, nitrate levels for all methods of- tissue prepara
tion were significantly different from each other.; Highest nitrates 
were observed when tissue was. air-dried;.and lowest when tissue was 

oven-dried. The different levels of nitrate observed when tissue was 
prepared differently may relate to physical, chemical, or biochemical 

changes that occurred.
Physical characteristics of the tissde, such as surface or 

internal wetting potential, could result in different amounts of ni
trate, being solubilized when the tissue was stirred in the extracting 
solution. So, even though all tissue might contain the same amount of 

nitrate, different values could be observed if all the nitrate was not 
dissolved from the tissue>

Chemical reactions, such as the non-enzymatic reduction of ni
trate (resulting in lower nitrates) or the oxidation of other compounds 

to form nitrate (resulting in higher nitrates), could be responsible 
for differences in nitrate levels when tissues were prepared.different

ly. From a chemical standpoint, these reactions.would not be enzyme 

catalyzed. At higher temperatures the reactions would occur faster, 

thus becurfihg fastest in bven-drled tissue and slowest in freeze-dried 

tissue.
, Biochemical reactions such as the reduction of nitrate by an

enzymatic catalyst or the degradation of proteins, could also be re

sponsible for differences seen in nitrates when tissue was prepared ;



differently,. Enzymatic reactions would be expected to be most impor
tant in air-dried tissue because the tissue remains wet and biologi
cally active longer. Enzymes in oven-dried tissue would be denatured 
and nonfunctional due to very high temperatures, while in freeze-dried 
tissue, enzymatic activity would be reduced very quickly due to extreme
ly" low temperatures.

From the scope of this study it is impossible to determine 
which combination of these three factors was responsible for differ
ences observed in nitrate levels. Rather, it is only possible to con
clude that there were differenceswhich should be taken into consid

eration in future studies with nitrates.
Figure 4 demonstrates effects of tissue preparation on protein. 

At both locations protein in freeze-dried tissue was significantly 
higher than in oven-dried tissue. Oven-dried tissue was brown whereas 
freeze-dried tissue was light green. The brown color indicated the 
presence of phenolic compounds that can precipitate with proteins mak

ing them insoluble when the tissue was oven-dried (Loomis and Battaile 
1966). Since the protein analysis method measured only soluble pro
teins, precipitated proteins would not have been measured, and lower 
protein levels would be observed in oven-dried tissue than in freeze- 

dried tissue. z
From the preceding discussion, it is apparent that changes in 

protein with various treatments could be due to different factors than 

were changes in nitrates. Thus, Figures 3 and 4 are not contradictory
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Figure 4. Effect of tissue preparation on protein in crisphead lettuce 
from Marana and Willcox, Spring 1977.

Different letters within each location are significantly different.
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■.. when showing., lower levels of both nitrate and protein- when tissue was - 
oven-dried as compared to freeze-dried.

Postharvest Studies

Effects of Nitrogen Fertilizer ' ' - ■
Shown in Table 4 are the effects of nitrogen fertilizer treat

ments on nitrate-nitrogen and protein in whole lettuce heads from 
Marana and Willcox. Nitrate levels in whole heads were not significant

ly different between fertilizer rates at either location. Nitrate :

levels in midribs indicate that there were no nitrogen deficiencies,
because even plots with the lowest fertilizer rates had nitrogen fer
tilizer broadcast at the beginning of the growing season. However, 
this absence, of differences between nitrate levels in heads, from dif
ferent fertilizer rates also suggests there was no accumulation of high
levels of nitrate in whole heads even when very high rates of nitrogen

fertilizer were applied. Other investigators (Barker et al. 1971;
Brown and Smith 1967; Splittstoesser and Vandemark 1974) have also 

reported that differences in nitrate in tissue (leaf blades of- spinach, 
leaf lettuce, and semi-head lettuce) are only observed between very low 
and very high rates of nitrogen fertilizer, with no differences appear
ing within moderate rates, of nitrogen fertilizer. Apparently there 

are mechanisms within leaf blades that regulate the accumulation of 
nitrates. One such mechanism is the reduction of nitrate by nitrate 

reductase (abundant in leaves), which becomes active as nitrate



Table 4. Effects of nitrogen fertilizer treatments on nitrate-nitrogen and protein in 
crisphead lettuce at Marana and Willcox, Spring 1977.

Treatment
code

Kg N/ha applied 
at various times

Levels in whole 
head

Previous N 
applied by grower 3/25 4/5

Total N 
applied

N03"N Protein 
(ppm) (mg/g)

M0 94 0 0 94 2840 35.4

M1 94 52 0 146 3021 33.7
m2 94 144 92 330 2734 31.9

NS* NS

NO -NPrevious N Total N 3 Protein
applied by grower 5/18 6/1 applied (ppm) (mg/g)

Willcox W1 154 0 0 154 3318 18.5

W2 154 101 108 362 3322 19.6
NS significant

at 5% level

*NS— not significant at 5% level.

u>N>



increases, thus preventing accumulation of nitrate in leaf blades 
(Hewitt, Hucklesby and Notton 1976). .

With Marana lettuce, protein, levels were not significantly dif
ferent between nitrogen fertilizer rates. However with Willcox lettuce, 

protein levels in heads from higher fertilizer plots (19.6 mg protein/g 
dry tissue) were significantly higher than protein levels in heads from 
lower fertilizer plots (18.5 mg protein/g dry tissue). In accordance 

with Hanway et al. (1963) and Splittstoesser et al. (1974), higher fer- , 
tilizer rates would be expected to result in higher protein levels. . 
With Marana lettuce, conditions were somewhat adverse near the end of 
the growing season because the grower had failed to irrigate. This re
sulted in small heads with flaccid tissue, and could have altered the 

type and quantity of proteins present. In water stressed tissue, water 
molecules that act as spacers in proteins may be removed, causing the 
proteins to coalesce and denature (Bidwell 1974). Different types of . 
proteins may also be synthesized under water stress conditions (Bid̂  
well 1974). So these possible changes in proteins may explain why the 

plants which were under water stress at Marana did not have higher 

levels of proteins in heads from plots with higher fertilizer levels.

Effects of Storage Treatments

Shown in Figure 5 are effects of storage on nitrate-hitrogen 
in Whole heads. Figure 5 is divided into four parts: results from

oven-dried tissue, freeze-dried tissue, air-dried tissue, and all the 
different dried tissues composited together. With Marana lettuce.



4,000 34

3,000

2,000

aCL
CL

e 4,000 <u 600 u u
•H251<y
4-1

2 3,0004J

2,000

Oven-Dried

Marana Willcox

Air-Dried

Marana

Freeze-Dried

Marana Willcox

Composite

S
Willcox Marana

Locations
Willcox

Figure 5. Effect of storage on nitrate-nitrogen in crisphead lettuce 
from Marana and Willcox, Spring 1977 (oven-dried, freeze- 
dried, air-dried, composite).

Different letters correspond to statistically significant differences 
within three column groupings.^ indicates no storage;—  indicates 
storage 2 weeks at 1.7°C;^s indicates storage 2 weeks at 12.8°C.



nitrates in whole heads stored at 12.8°C were significantly higher than 
in heads stored at 1.7 C, or in heads:that-were not stored at all.

With Willcox lettuce, nitrate in heads stored at 12.8°C was significant
ly higher than in heads stored at 1.7°C, but similar to heads that were 
not stored. So, at both locations nitrate levels in heads after two 

weeks of storage at 12.8°C were higher than nitrate levels in heads 
stored at 1.7°C. Low temperatures inhibit the degradation or inactiva- ;; 
tion of nitrdte reductase (Hewitt et al. 1976). So when lettuce is 
stored at 1.7°C, perhaps nitrate reductase remains active and levels 
of nitrate in the tissue ate reduced and incorporated into proteins or 
some other nitrogenous compounds.

Shown in Figure 6 are effects of storage on protein in whole, 

lettuce heads. Figure 6 has three parts: results from oven-dried tis

sue, freeze-dried tissue, and both dried tissues composited together.
Only data from Marana and data from freeze-dried Willcox tissue are 
presented because some Willcox samples were burned, thus not valid for 
comparison of protein levels. With Marana freeze-dried lettuce, pro

tein in heads stored at 1.7°C for two weeks were significantly higher 
than in heads stored at 12.8°C, or in heads that were not stored. With 

oven-dried tissue from Marana, storage had no significant effect, so 
the composite data is similar to freeze-dried:data. Differences in 

protein may result from proteins being synthesized or degraded. Since 

protein levels in tissue stored at 12.8°C are similar to levels in tis
sue that was not stored, and protein in samples stored at 1.7°C are
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higher, it appears that proteins are being synthesized during .storage 
at 1.7°C.

Considering data from Figures 5 and 6, nitrates were lower in 
samples stored at 1.7°C than'samples stored at 12.8°C, and proteins 
were higher in tissue stored at 1.7°C than tissue stored at 12.8°C.
One possible reason is that nitrate is being reduced at 1.7°C, but not 

at: 12. 8°C. According to Hewitt et al. (1976) nitrate reductase activ
ity is synonymous with jde novo protein synthesis: So, if nitrate was . 
reduced at 1.7*0; and not at 12.8°C it is possible that higher protein 
content would he observed at 1.7°C, based on de novo synthesis,
Another possible explanation is that proteins are being degraded at 
12.8°C but not at 1.7°C. Perhaps nitrogen, formerly in proteins, is 
present as nitrate after storage. However, based on.data in Figure 6, 

this explanation is not as feasible because protein appears to be the 

same in tissue stored at 12.8 C as in tissue not stored, indicating no 

decrease in proteins.
Perhaps high protein in tissue stored at 1.7°C, and low protein 

. in tissue stored at 12.8°C could help explain why heads store better at 
1.7°C, because studies done with senescing tissue and^detached leaves 
have shown decreases in protein and cell vigor as tissue ages (Beevers 

1976). > -

- Various Parts of the Head
Nitrate-nitrogen levels present in various parts of the lettuce 

head (midribs, wrapper leaves, outer head leaves, inner head leaves) -



are illustrated in Figure 7. Nitrate levels were significantly differ
ent. in each part of the head, with levels being highest in midribs 
(from wrapper leaves), lower in wrapper leaves, then outer head leaves, : 
and finally lowest in inner head leaves.

Highest nitrate would be expected in midribs because one of the 
functions of midribs is to transport water and nutrients through xylent 
vessels to leaf blades. Nitrate is transported from roots to leaves, 
so high levels of nitrate in transit are expected in midrib tissue.
In addition, it is possible that tissues adjacent to the midribs (e.g., 
vascular parenchyma and other highly protoplasmic cells) are active . 
accumulators of nitrate (Wright and Davison 1964)-.

Differences in nitrate content in wrapper, outer head, and in

ner head leaves may be related to the physiological distance between 

leaves and roots of plants. Wrapper leaves are closer to the roots 

and supply of nitrate. Whereas, inner head leaves are farthest from 
the source of nitrate, and there is less nitrate available and a dilu
tion effect may occur (Wright and Davison 1964). This may in part ex
plain why nitrates are high in wrapper leaves and low in inner head 
leaves, with nitrates in outer head leaves falling between.

Another possible explanation for high nitrates in wrapper leaves 
and low nitrates in inner head leaves is that nitrate in inner head 

tissue is quickly reduced. According to Peck et al. (1974) there is 
more nitrate reductase activity in younger leaves. Maynard and Barker 
(1972) agree stating that younger plant parts contain less nitrate than 
older plant parts. Since inner head leaves are younger tissue, thefe
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Figure 7. Nitrate-nitrogen in various parts of lettuce heads in oven- 
dried tissue from Marana and Willcox, Spring 1977.

Different letters within each locationare significantly different.
&  indicates midribs;H indicates wrapper leaves without midribs;
25Z indicates wrapper leaves with midribs ;0 indicates outer head 
leaves;^ indicates inner head leaves.
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would be more nitrate reductase activity occurlag in them resultiiig in 
lower nitrate levels than in wrapper leaves, which are older tissue.

Figure 8 represents■protein in. various, parts of the head, with 
levels significantly different in each part of the head. . At both loca
tions , lowest protein was present in midribs, and protein in outer 
head leaves were lower than levels in inner head; leaves. However, . 
there was a large difference between protein levels in wrapper leaves 

from the two locations, which can be easily explained because wrapper 
leaves from Marana had the midribs removed, while those from Willcox . 
still contained the midribs. Since midribs had very low protein con
tent , midrib tissue, in the wrapper leave tissue accounts for less pro- : 
tein observed in wrapper leaves from Willcox. If the midribs had not 

been' left in wrapper leaves from Willcox, higher protein would have 
been observed.

Many of the proteins in leaf blades are enzymes which:are in
volved with photosynthesis and respiration. Thus low levels of pro

tein would be expected in midribs, which function mainly as transport

ers for nutrients, and perform low rates of photosynthesis and - 
respiration. In addition, most nitrate reductase activity, and conse
quently formation of proteins occurs in leaf blades rather than midribs. 

So, probably mainly structural proteins like lipoproteins (Bidwell 1974) 
are present in midribs, and these are present at relatively low levels.

Wrapper leaves (without midribs) are probably higher in protein 
than the rest of the head because they are phptosynthetic and thus con

tain the enyzme, ribulose-1,5-biphosphate carboxylase, which is a
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Figure 8. Protein in various parts of lettuce heads in oven-dried 
tissue from Marana and Willcox, Spring 1977.

Different letters within each location are significantly different.
&  indicates midribs ; H  indicates wrapper leaves without midribs; 
■  indicates wrapper leaves with midribs;Q  indicates outer head 
leaves; indicates inner head leaves.
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protein that contributes half the soluble protein to photosynthetic 
leaves (Hatch 1976). The synthesis of ribulose-1,5-biphosphate car

boxylase requires light, so it is possibly present in lower quantities 
in head leaves, which have less:chlorophyll and are less photosynthetic ■ 
(Bidwell 1974)» This helpa explain lower protein in head tissue as 
compared to wrapper leaf tissue.

Higher protein in inner head leaves as compared to outer head 
leaves can not be explained by the presence of ribulose-1,5-biphqsphate 
carboxylase, because neither tissue is very photosynthetic. Differ
ences between outer and inner head leaves could be due to differences 
in relative amounts of protein rather than absolute amounts. Perhaps 

.total protein does increase as tissue gets older, but carbohydrates or 
other compounds increase at a faster rate. The net result would be 
the appearance of less protein in older tissue, when compared on a per 
gram dry weight basis. Thus, the carbohydrate:protein ratio would be 

higher in older tissue (outer head leaves) than in younger tissue (in
ner, head leaves). This change in proportion of protein could be respon- . 

sible for the lower levels of protein observed in the outer head, and 

higher levels of protein observed in the inner head. This factor, 
however, is eliminated once the tissue begins photosynthesis, and ac
cumulates an abundance of enzymes (proteins), as is the case in wrapper 

leaves.
Another possible explanation for higher protein in inner than 

outer head tissue is that there is more nitrate reductase activity in 

inner head tissue. As stated earlier, younger tissue has more nitrate



reductase activity (Peck et al.f 1974) and inner head leaves are yotinger :j

than;outer head/leaves. And* as Hewitt et al. (1976) stated that ni- -
trate reductase activity parallels with de novo protein synthesis, per

haps more de novo synthesis of proteins is; occurring in the inner head. ' 
Thus, higher protein levels would he observed in inner than outer head 

.. tissue.

. Statistical Interactions between Factors•
The interaction between storage treatment and tissue prepara

tion was significant with nitrate-nitrogen in samples from Willcox, as 

represented in Figure 9. When tissue is oven-dried after storage, dif
ferent conditions, which affect nitrate, exist than would be expected 

due to oven drying or storage alone. So, effects observed due to oven 
drying were dependent in some way on storage tratments. This is ap
parent because when data from oven-dried tissue were plotted, the line

was not parallel to lines plotted from data for air-dried and freeze- 

dried tissue.
The interaction between storage treatment and tissue prepara

tion was also significant with protein in tissue from Marana as depicted 
in Figure 10. It appears that when tissue was freeze-dried or oven- 
dried after storage, different conditions that affect protein were 
present than would be expected due to freeze drying, oven drying or 

storage alone. So, effects observed due to drying were dependent upon 

storage cottditions. This is evident because the line plotted from data
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Figure 9. Evaluation of interactions between storage and tissue
preparation with nitrate-nitrogen in crisphead lettuce from 
Willcox, Spring 1977.

A indicates air-dried; F indicates freeze-dried;, 0 indicates oven-dried.
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10. Evaluation of interactions between storage and tissue

preparation with protein in crisphead lettuce from Marana. 
Spring, 1977.

F indicates freeze-dried; 0 indicates oven-dried.
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for freeze-dried tissue was not parallel to the line plotted for 
oven-dried tissue.

Relationship between Nitrdte-nitrogen 
in Midribs and the Entire Head at Harvest

Data were also analyzed to determine if there was a relation
ship between midrib nitrate "and overall nitrate levels in the entire 
head. ■ Data were fed into a computer, and location and nitrogen fertil
izer levels were adjusted by unbiased statisticians. A significant 
correlation was found between nitrate content in midribs and. nitrate 

in entire heads. Thus, nitrate levels in midribs should be able to 
give ah indication of nitrate levels in whole heads.



CHAPTER 5

GENERAL DISCUSSION AND COHCEHS##-;, ̂  y

When considering the possibility that high levels of nitroge

nous compounds in crisphead lettuce may be a potential health problem 
to humans, a question arises. Do high enough levels of these compounds 
accumulate to cause a problem? From results presented, it appears 
that one of these compounds, nitrate, does not accumulate to harmful 
levels in lettuce heads. Even with high applications of nitrogen fer-- 

tilizer, nitrate did not significantly accumulate in whole lettuce 

heads. .Comparisons between nitrate levels in various parts of the let
tuce head indicated that nitrate accumulation was highest in wrapper 
leaves and their midribs, and lowest in the head leaves. Since wrapper 
leaves are trimmed and discarded when lettuce is prepared for use, 
these plant parts are never consumed. Using lethal levels of nitrate 
suggested by Deeb and Sloan (1975), 10 to 39 heads of lettuce would 
need to be consumed to be dangerous to a 70 kg adult based on highest 

levels of nitrate observed in this study. These calculations are pure
ly speculative, and should hot be considered absolute, as conditions 

may vary, and the possibility of toxicity happening is remote. Since 
such large quantities of lettuce must be consumed, it seems highly im

probable that a human would eat enough to cause serious problems.
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Considering that nitrate may be at high levels in plants, 
another question arises. Is it possible that nitrates may convert to . 
other compounds, which are more dangerous? Figure 11 outlines some 
routes that nitrogenous'compounds in a lettuce head might follow after 
harvest, based on findings by this author and others.

In Figure 11, we will consider first the effects of storage 
on nitrate in a lettuce head. If lettuce heads were stored properly 
(near 1°C; no reducing organisms), no - problems would be expected. Our 
studies indicate that some of the nitrogen originally present in ni

trates was incorporated into proteins in lettuce during storage at.low 
temperatures. When stored improperly (high temperatures; reducing 
organisms), levels of protein in lettuce did not increase and nitrates 

did not decrease. Without a decrease of nitrate, we assume that no 
reduction is taking place, and therefore there is no accumulation of 
nitrite. Thus, even if lettuce heads were stored under adverse condi
tions, it appears that nitrite does not accumulate, and nitrate is not 
present in large enough quantities to. cause any health problems.

In Figure 11, we consider secondly what may happen to nitrate 

in lettuce after ingestion into a human body. Once nitrate reaches the 
human stomach, it could either be directly absorbed into the blood as 

nitrate (with no reduction, and be excreted with urine causing no prob

lems) , or it could be reduced to nitrite (causing possible problems);

An adult * s stomach normally has a pH between 1 and 3, which prevents 
the survival of coliforms. Since nitrate is normally reduced to ni
trite around a pH between 4 to 8 when coliforms are present, it is not
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Figure 11. Possible changes of nitrogenous compounds in crisphead lettuce after harvest.
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likely that nitrite would be formed in an adult's stomach. An infant’s 
stomach would have conditions more optimum for the formation of nitrite, 

but they rarely eat lettuce; so there is no serious problem to them. 
Without the formation of nitrite in the stomach, the other problems, 
methemoglobinemia (caused by nitrites in Metflb) and carcinogenic tumors 
(caused by nitrosamines), as shown in Figure 11, can not arise.

In conclusion, it appears that nitrogenous compounds in crisp- 
head lettuce do not cause health problems in humans because nitrate is 
not accumulated in large enough quantities to be hazardous. Any abnor
mal conditions during storage and ingestion do not appear to accentuate 

any problems.



CHAPTER 6

SUMMARY .

There is concern that crisphead lettuce might be a health 
hazard to humans’ due to: the presence of nitrogenous compounds. Various 
factors .that might have an effect on these compounds were considered: 
nitrogen fertilizer rates, storage conditions, and parts of the lettuce 
head. ,Lettuce heads were:collected from commercial fields, and levels 
of nitrate and protein were measured to indicate the effects of these 

factors. Methods of preparing the lettuce tissue for analysis were 
also studied. The following results were observed:

1. High rates of nitrogen fertilizer tended to increase nitrate 
levels in midribs collected before harvest, but not signif

icantly in all cases.
2. High rates of nitrogen fertilizer did not increase nitrate in 

whole heads, but did increase protein in whole heads from 

Willcox.
3. Nitrate levels were lower in heads stored for two weeks at .

1.7°C than in those stored at 12.89C.
4. Protein levels were higher in heads stored for two weeks at

1.7°C than in heads stored at 12,8°C.
5. .Nitrate levels were highest in midribs, and progressively lower

in wrapper leaves, ohter head,leaves, and inner head leaves.
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6. Protein levels were lowest in midribs, and progressively 
higher in wrapper leaves, outer head leaves, and inner head .
'leaves o

7. Nitrate levels observed were highest in air-dried tissue and 

lowest in oven-dried tissuê  .with levels in freeze-dried tissue 
falling in between.

8. Proteins were lower in dven-drled tissue than in freeze-dried 
tissue.

9. A relationship existed between, midfih nitrate and nitrate in . 

the whole head. .
It was concluded that nitrates did not accumulate in large 

enough quantities to.be a problem^ and conditions during storage and/or 
ingestion of lettuce were not conducive for the conversion of nitrate 
to toxic nitrogenous compounds. Thus nitrogenous compounds in lettuce 

do not appear to be- a cause for health problems to humans.
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