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- ABSTRACT

Two processing tomatb dultivars; 'VF198' and 'VF145-
217 and two fresh-market cultivars; "Roza! and 'Pakmor' were
' evaluéted fo’rnyieldg‘fruit‘éolor9 pHs-totai éeidity; soluble
solids, soluble éolids to»aéid,ratio and aseorbic aéid coh—
tent of both fresh énd heat processed juice0 The objeét of
the sfudy was topinvestigate the suitability‘of these culti-
vars for différent purposes under Arizona conditions.

ﬁifferences noted in the above characteristics
studiéd were mainly attributed to cu;tivarsvand the rest o
thermél processing. |

After thermal processing tatal_aci&ity"increased9VpH@
soluble solids; soluble solids to acid ratio‘and ascorbic
acid dropped. These changes were within acceptable ranges
compared to similar ‘investigations. | _ '

. The two processing cultivars, *VF198*' and 'VF145-21°

would be acceptable'for~prbcessing in Arigona. ‘Roza' would
be accéptable for both fresh-market.and processing;'but ' Pak-

mor® would not be acceptable for either outlet.
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CHAPTER 1
INTRODUCTION

Tomatoes. (Lycopersicon esculeéntum Mill) are among

the most important vegetebles produced, ranking‘second'%o
potatoes in dollar value and are the leading processed vege-
table in the United States (Gould 1974)

Yield per acre of-tomatoes is wvariable depending_up;
on many faotors which inelude: cultivar, environmental con-
- ditions, soil types; and cultivation and handling practices,

Tomato fruit oolorVand composition, partieulafly
soluble solids; acids and vitamin C are the most important
quaiity.factors for evaluation of tomatoes and tomato prod-
ucts.

The major-portion of the soluble solids in tomatoes
is redu01ng sugarsg whlch are mainly glucose and fructose
(Goose and Binstead, 1964) - Acid in tomatoes is almost en-
tirely citric acid. Acids and sugars are important compo—.
nentS'of'flavor‘in tomafo fiuits and tomato produotso In
addltlon, acids and pH play an important role in the keeplng
gquality of processed tomato products by 1nh1b1t1ng germlna—-
- tion of spores of thermophlllc organisms (Lower and Thompson9
1966)., There are differences in acid content and pH values

of the different tomato cultivars. These differences ere



of'importaﬁce in”canning technology as they determihe the
optimum temperature and time for steriiizationo

Variation in acids end solﬁble solids content in
tomatoes and tomatorpreducfs>is reiated to many factors in-
cluding cultivar, environmental. and soil conditions, culti-
vation practices astferfilizetiony pesition on the plant9
and season?of development andvharvest date of the fruit,
processing and storage effeeﬁso Green (1966) indicated that
sugars decompose on heating in presence of acids, as in the
sterilization of canned vegetables, and thls is responSLble
for increase in total acid and drop in pH in the final pro—
cessed productq '

Tomatoes, tomato juice and other tomato products
make a significant contribution to human nutrition because
of their vitamin C content, which is in the reduced ascorbic
~acid form, Vitemiﬁ C contenf of tomatoes and their products
is Variable depending upon different factors which include |
heredity, soil and plant nutrition, cultivation and handling
practiees,.maturity;‘proceSSing and storage effeets (Gould,
1974). |

_ Dﬁring heat pfocessing of tomatoes part of the as-

corbic acid is destroyed, being oxidized to dehydroascorbic
acid. Retention of high levels of ascorbic acid during pro-
cessing is important, and the amount retained is veriable de-

pending upon the processing method used., Temperature and



lengfh of storage are also impcrtant factors in vitamin C
refention°

- The pﬁrpose of fhis study is to examine yield, and
evaluate some of the quality characteristics of fresh and
;thermally processed samples of 4 tomato: cultlvars grown
under desert condltlcns in Arizona at the Un1vers1ty Agrl—' 

cultural Experlment Statlon in Mesao'



CHAPTER 2
LITERATURE REVIEW

‘A‘Tomatoeé’are consumed in enormous daantities as
- fresh and canned product; A large guantity ié also used in .
‘ the manufacture of ketchups, chile éauce,rand soups. The
average Americén‘conSHmes 6ver 23 pounds of probessed to-
‘matoes per year compared with a total of 54}pounds of all
proceséed vegetables (Gould,.l974)o Tomatoes are>produced
over a larger part of the United States. At present Cali-
fornia is the 1eéding state in tomato production; Chio is
the leader in the Midwest, and New Jersey in the East,
During the past guarter of a century the averagekyield per
acre rahged from 7 to 19ntons‘iﬁ'the United States (Gould,
1974)., Variation in yield per acre is related to many fac-
tors including: cultivar, environmental and soil cenditions, .
cultivation and handling practicés, and harvesting dates and
methods., | |
Tomato is a warm-season plént reaébnably~resistant
to heat and drought, and grows ﬁnder’a wide range of climat-
ic and soil conditions, Tomato plant is not seﬁsitive to
day length and sets frﬁit in day lengths varying from 7-19 -
hours. It requires 3 to 4 monthé from time of seeding to
‘produce the first ripe fruit. Tomato plant thrives best

4



when the weather is clear and rather dry, and the tempera-
tures are moderate, 18.3 to 29.49C (65 to 850F). Plants
are usaally frozen at temperatures‘below COC (32°F) and the
fruits do not increase in~size at temperatures above 350C
(95°F). Hot drylng winds cause flowers to drop (Anon9 11969).

Tomatoes are grown on many klnds of soil from sands
- to heavy clays. Generally a loamy soil well supplied with
vlimeg organic matter end fertilizer is nearly ideal (Witt-
meyer, Janson, and Goleman, 1958),

The quality of tomatoes and tomate products depends
a great deal on fruit celor and composition and on other
minor factors such as frult size which assists in sorting
andngrﬂa;&ing°

Color is one of the most important quality factors
associated with evaluation of food products. The consumer
notices color first, this'observation gives ideas about the
other guality factors. In the case of tomatoes and tomato
products the degree of color quality represents almost the.
whole.ﬁeasure of totel qﬁalityo Thereforeg“assurance of
high c¢color ratings is 1mportant

Color in tomato fruits is a result of presence of

carotenes and carotenol. The carotenoid pigments, deriving
their names from carotene, are polyene cqﬁpounds of a yellow
te red color. The major pigments in the tomato fruit are:
alpha -carotene, beta—carotene,'gamma-carotene, delta-carotene,

lycopene and 22 xanthophylls (carotenol). The most abundant



carotenqid of tomafo fruit is»lycopene cdmprising about 83%
ofAthosé pigments pﬁeéent (Gould, 1974). |

McCollum (1955)7investigating distribution of caro-
tenés and carofenoids in tomato_fruifs, reported’that the
outer perigafp was highest in téﬁal carotenoids and the
locular contents higheét iﬁ caraféene° 'Thesé.twd regions of
“the ‘tomato fruit resulted, res§QCtively, in the bést_and
pobrest color; |

The green color‘inAthe uhripe tomatoAfruits is due
to 6hloﬁophyll pigment. Various ways are used for objective
color measurements of the tomate‘ffuits, but Agtron Spéctre—
photometers de#eloPed by Magnusoﬂ Engineers and Hunter Col-
orimeters devéioped by Hunter Assbciates Laboréto;y, are the
preferable. instruments.. |

| Tomato fruit color‘is affected by variouélfactors

which include cultivar, cliﬁatig conditions such-és day
temperature,‘cultivatiqn practices, maturity and harvest
dates. ILuh, Ukai and Chung (1973) while investigating ef-
fects'of day temperaﬁure on external tomato fruit color using
Agtroﬁ’E-readings for éolor meaSurement, reported that the
well colored tomatoes had-readings’of 48 of'lower, fair1y
well colored tométoes had readings ranging from 49 to 67 and
thosé having readings abqvé 68 were claésified as:"below
color", They‘also repdrted that tomatoes of lowér_reading39

. 1.8 more attractive tomato color, were cbtained at day



temperature of 30°C (86°F) or lower., Poor color was 05—
served in the fruits grown at 35°C (95°F) day temperature.

| | While investigating the effect of ripeness and har-
vest dates on tomato fruit'color Yamaguchi et al. (1960)
freported that the pink maturity of tomafoes was below c¢olor
grade as the_Agtrbn E réadings rangedAfrom 71.9 to.95;99
and the canning ripe maturity was betﬁer'colored with read-
ings rahging}from 29.4 to 50,2, There were marked varia-
tions related to maturity degree and harvest dates CYamaguchi
et al., 1960),

The fruit size is variable between the different
tomato cultivars and within some of the same cultivars,
Fruit size uniformity is preferrable és it assists in sort-
| ing for grading. If there isviess size uniformity various
equipmenf muszbe used for sorting as one of the uﬁit oper-
ations in tomato processing., According to federal grade
standards for fresh tomatoes fruit sizes are designated as:
extra Small, small, medium, large, extra large and maximum
large (Peterson, 1976).

Tomato fruit wéight is also variable depending ﬁpon
many factors améng which are: cultivar, climatic conditions,
cultivation practices and harvest dates, LoWer and Thompson
(1966) reported that there was a significant variation in
frﬁit weight due to cultivar and sampling dates. They re-

ported that a consistent decrease in fruit weight occﬁrred-



in all varieties under investigatioh over 5 sampling dates
V_and that the decrease for all cultivars from the first‘to
the fifth sampling date averaged 48 grams, |

Tomato,iruit compoéition'influeﬁoéS‘to é great‘deal
the quallty of tomatoes and tomato products. The major con- -
stltuent of tomatoes and tomato products is water with varl-
‘atlon of‘the amount depending upon the product. In the fresh
“fruit water is 9395% and in the tomato'juice is about 75%
(Gould, 1974).

Tomatoes usually contain from 7 to 8:5% total solids,
4 to 6% is soluble solids, and about 1% istskins and seeds
(Baker and Wright, 1935).

The carbohydrate portion of tomato fruit is mainly
sugars. There are small amounts of polysaecharldes which
include pictins, arabinogalactans;xylans9 arabinoxylané'and

cellulose (Miladi, Gould, and Clements, 1969).
| The free sugars of oommercial varieties of tomatoes
are predominantly reducing sugars. These reducing sugars,
‘which make up from 50 to 65% of tométo solids, are maiﬁly
glucose and fructose. (Goose and Binstead, 1964)o‘ Total sugar
éonteht‘in:fresh tomatoes is found to vaiy‘from‘Zao to 3,0%
(Baker and Wright, 193%5). | |

Pactors that affect the soluble solids and sugars in-
clude cultivar, fertilizer application, soil moisture content,
,éunlight, harvést date, day and night températures and heat

processing effects en tomato products.
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Lee énd Sayré (l946)lrepbrted that total solidé con~
tentiof tomatoes differs cbnsiderably between cultivars and.
can be modified by conditions under which plants are grown,

- The effective use of'fertilizers; éspecially‘potash; will
‘-incréase:the-total solids contént of ripe tométoeS@ AThéy
aléo,rgported fhatfhigh soil moisfure reduces the totai s01-
,ids'of £0mato fruits. McCQllum_(l946) in investigation of
Athe effect of sunlight exposure reported that_the unshaded

- fruits were higher in total solids‘and sugars thén shaded
fruits, He‘indicated_that a tomato fruit funétioﬁs‘as'a
photbsynthetic organ even though it has novstomates or len-
ticels. Bisgoni and Armbruster (1976) investigéting'quality ;
coﬁparisons of 3 tomato cultivars with 3 hafvest'datesg ré-
ported.thaf soluble solids content was significéntly influ~
~enced by cultivar and‘harvest time. They also reported that
harvest time significantly influenced;thé éolub;e solids-
-acidity ratio, and the effect of cultivar was alsoc signifi-
~cant when the ratios were examined over fhe harvest times,
These findings agreed with the investigations made by Lower
and Thompson (1966);f Orzolek and‘Angell (1975) reported |
that there was variation in soluble solids content of tomato
fruits as a result of day and night temperaturés; and radia~
tion diffierenééso -This was confirmed by the investigations
made by Luh, Ukai and Chung (1973) who-reported that the

percentage of soluble solids increased with periods of high
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temperature and that there was a slight high Brix (soluble
solids)-acid ratio observed in fruits grown at 10& day
'temperatureso |

M’J.ladl9 Gould, and Clements (1969) investigating
heat proce331ng effect on tomato juice constltuents reported
that there was loss in the total sugar content and that the
loss went up to 19.4%. Thelr work confirmed the investiga-
tion done by Crean (1966) who reporfed that during the ster-
»ilizatibn process of vegetables sugafs decompose in the acid
medium present, giving acetic, lactic, fumanic, ahd glycollic
acids which eventuaily increase the total acid content and
causes'pH drop. ‘

Acid in tomatoes comprise about 0.3 to 0,5% and is
considered to be almost entirely citric acid, The total
acid is always determined as percentage citric acid (Gould9
"1974), Miladi, Gould, and Clements (1969) reperted that by
chromatographic analysis they had separeted 8 organievacids
from fresh and heat processed tomato juice° Citric acid was
found to be the major acid in both fresh and processed juice,
“Malie acid was found to be the secondfmajoreprganic ecid in
- fresh juice, whereas pyrolidone-carboxylic acid was found te
be the second majer organic acid in the processed juice.,
They reported that processing of tomato juice results in an
increase in total acid. They reperted»acetic acid increased

by 32.1%, apparently due to oxidafion of aldehydes and



11 -

alcohols during processing, and deamination of amino acidsy
such‘as alanine to pyruvié acid which is heatklabile and
decarboxylates to acetic acid. They also reported that an
increase in citric and malic acids after processing was
noted., These inVestigatioﬁs confirmed the work of Scott

" and Walls (1947)'Wh6 repdrted that total acidity of the
fresh fruits of 11 tomato cultivars ranged from 0,273 %o
0.416%, whéféas tofal acidity of the heat processed Juice
was higher than that of'fresh fruits, ranging from 00376.to
0.537% in.the‘pfocessed juice., They indicated also that the
pH values were in the same order as the total acidity read-
ings, ranging from 4.2 to 4.5 in the fresh fruit and from
3,9 to 4.2 in the processed juice., The investigation of
Crean (1966) agrees with these findings., He reported that
heat sterilization of processed vegetables breaks down the
carbohydrates, mainly sugars in tomatoes in the presence of
the tomato organic acids, This eventually results in an in-~
- crease in the total acid énd a pH drop.

Among the other faé-tor-s which affect the acidity of
tomatoes are-cultivarQ_harVest date, soil.moisture, and ferf‘ 
tilizer application.

Lower and Thompson (1966) in their investigation of
the effect Qf‘cultivar and sampling date on total acidity
and pH found that cﬁltivars contributed the major component

of variation for both total acidity and pH and that there
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wés highly significant variance attributable to the sampling
dateso a _- V 

Leé'and Sayre (1946) investigated the effect of soil
moisture and fertiligzer application bn total acid content of
16 tomato cultivars, _They réported that all_cultivaré pro-
duced fruitsvcontaining higher fotal écid when grown-under
restricted soil moisture supply than when grown with abun-
dant soil moisture. They reported total acid content of
tomato fruits, in many cases, was found to be high at the
beginning of the seaéon, declined as the season progressed,
.and-rose at the end of the ripening period. They suggested
that this general tréhd can be altered by changing soil
moisture conditions. They also reported that the use of
potash fertilizer tends to result in higher fotal acid in
- tomato fruits, especially whén large amounts of potash were
applied to the soil. They indicated that nitrogen fertili-
zer seems to have little effect oﬁ the fruit acid content.

The acid and sugar contents of tomatdes and the
ratio between them is ome 0f the most important factors in
intercultivar flavor differences.

Stevens (1972) while investigéting the relationship
between components contributing to quality variation among
tomato lines reported'that there were highly significant
correlations among major componenfs contributing to solids;

He found that as the total solids increased, the proportion
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of reduciﬁg sugars; the predominant organic COmpeunds; in-
creased. |

7‘Scott and Walls (l947) investigating the sugar-acid
‘ratios in 11 tomato cultivars reported that the sugar con-
‘ tent was 1nversely correlated w1th total acidity so that the
calculated sugar-a01d ratios showed wider varlatlon among
cultivars than elther sugar content or acidity. They‘lndle
A cated that the'sugar-aeid ratios in.the tdmatq juice ranged
from 4.6 to 8,6, They found that the_sugarfacid ratios‘of
the juice were in close agreement with organoleptic ratings
of blandness and acidity. dJuices with high sugar—acidvratios '
were bland, lacked sharpness in taste and had a tendency to
be "flat", | |

Hydrogen ion concentration (pH) of food products is

one of the Quality—control checks that will assist in pre-~
vention of spoilageo In canning of foeds; the pH value is
- one of the important factors affecting the sterilization
times and temperatures. The lower the pH, i.€y the higher
the amount of acidity'in the food, the.lowe;-the degree of
heaflfequired for»sterilization° Some canned foode are
class1f1ed accovdlng to their pH values into. non—a01d semi-
or med1um~-ac_1d9 and acid-foods. Tomatoes are class1f1ed as
- acid food with pH ranging from 3.7 to-4559 and it is usually‘
considered that a pH of 4.5 is the dividing line between

acid and non-acid foods, In a product with PH of 4.5 or
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less, such as tomatdes, the growth of bacterial spores from

organisms as Clostridium botulinum, which is responsible

- for botulism poisoning, will be inhibited after proper ster-
ilization, In the Food and Drug Administration (FDA) Regua-.
lation on Thermal Prééessing of Food; the pH value is 4.6
or lower (Gould, 1974), | | : | |

. Gould (1974 ) réportéd that because of buffers in
food products, the total acid content does not have as much
as pH measurements. He reported in testing some tomato éul-.
tivars it'was found thatAalthoﬁgh‘two differénf cultivars
had the same pH of 4.25, one had a total acid of 0.50% andi"
the other 0.35%, He also reported the pH variation within
' the same product, such as tomatoes, is due to many factors
ass cultivar, maturity, seasonal variations, geographical
areas, handling and holding préctices.beforevprocessing and
the processingvvariabrles° , '.

Rice ahd Pederson (1954) invéstigated the ihhibitory
influence of acidic donstituents of tomato juice, i.e.y; DPH,
total acidity, and buffer capacity on. growth oijacillus
coagulansg, the micro-Organiém:fesponSible'for the flat-sour
spoilage in tomato juice., They indicated that the pH ex-
erted‘the greatest activity and they noted that when the pH
was not a variable, there was a slight inhibitory aétivity
exhibited by a’juice with the higher values for total acid-

ity.
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Soluble protein and amind acids comprise about Oaé
to 1.2%., There are 19 soluble amino acids in fresh tomato
juice (Baker and Wright9 1935). They also reported that thel"
quantify of minerals present in tomato fruit varieS‘between
0.3 and O 6%9 and the mlnerals malnly found are calcium;
phosphoru39 iron, and pota331umo “Also salt (sodium chloride)
varies between 0.05 and 0.1%, 7 | |

Fresh toma‘coes9 tomato gulce and other processed
tomato products are nutritionally important for humans, as
tomatoes and their products are good dietary sources of as-;
chorbic acid (vitamin C), Vitaminkc is necessary’for normal |
ﬁetabolism, wound-healingé and collagen .synthesis° Whole
red-ripe tbmatoes contain nearly all the vitamin C activity
in the reduced ascorbic acid form. Ascorbic acid concen-
tration in the tomato juice ranges from 15 to 25 mg/l00 g,
and in fresh ripe tomatoes is about 25 mg/100 g. Thus a
"small tomato can supply about 40% of the adult United States
'Recommended Daily Allowance (RDA) of 60 mg and about two-
thirds of the RDA of 40 mg for children. Thus it is possible
to meet ascorbic acid requirements in the diet from tomatoes
and tomato products (Gould; 1974). |

| Tomatoes are also'a good source of vitamin A, present
in. the fdrm of carotene., Fresh ripe tomatoes and tomato
juice contain 1,000 Intermational Units (I.U.) of vitamin'A/ ,

100 g. In addition, tomatoes provide small amounts of the
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-B-complex vitaminss thiamine,-niacing'and riboflavin (Gould;
1974). |

Factors affecting vitamin C concentration in fresh
tomatoes‘include’cultivar, soilrand‘plant nutrition; light
intensity and exposure to sunlight, harvest dafbe9 and matus
ity | . | |

Maclinn and Fellers (1938) found a variation from 15
to 22 mg/lOO g4of different cultivars of tomatoes grown side
by side on the same soil, but Currence (1939) reported that
there is no significanf dﬁﬁbragce betweenAcultivars in field
kexperimentsg however he emphasized the relationsghip betwéen'
a certain cultivar and'thé environmental conditions in de-
termining ascorbic acidvcon’c'en-‘bo

Price, Bedford, and Lee (1976) investigated the
effect of cultivar, growing season, harvest date and stage
of maturity at harvest, on ascorbic acid content of 24 tomato
cultivars for 3 years from 1973 to 1975. They reported that
cultivars varied significantly in ascorbic acid content
ranging from 23,5 to 10,7 mg/l00 g. This agrees with the
previous work doné by Maclinn and Fellers.(l938)o. Price,
Bedford, and Lee (1976) also reported ﬁhat the mean agcorbic
acid content for the 3 years reported also varied'signifi--
cantly from a high of 18,0 mg/100 g in 1973 to 14,0 mg/l00 g
in 1975. They reported even within a partiecular growing

season the ascorbic acid content of a particular cultivar
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varied befween harvest dates;, and harvests late in the sea-
son had higher ascorbic acid concentration., Théy feported
that the environmental conditionsvpriorrto harvests are det-
rimental-bn ascorbic acid contenf, and that the stage of |
maturity at the time of harvest also influences ascorbic
_aeid conﬁént,,with those harvested ét'the,breaker stage and
ripened under ideal conditions having the highest concen-
tration, o '

Hester and Kobman (1940) indicated that fhere is a
relationship between the ascorbic écid content df tomatoes
and the soil type in different locations.

| McCollum (1946) investigated the sunlight-effect on
ascorbic acid conteﬁt-of tomato fruits., He reported that
due to greéter exposure to sunlight, fruits from defoliated
plants may be higher in ascorbic acid content than those
from plants with normal foliage. This investigation is in
agreement With the work done by Hamner, Bernstein and May-
nara (1945). |

The nutritive value of processed tomato products de-
~ pends both on the initial nutfient concentration in the
fresh tomatoes and on the effects of processing and storage
of the finished product.

The retention of high levels- of ascorbic acid during
processing is important. »During tomato Juice piocessing,

part of the ascorbic acid is destroyed, mainly by oxidation,.
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Ascorbic acid is oxidized to dehydroascorbic acid; which is
further OXidized to degrédation producfs with no #itaﬁin ¢
activity. The oxidation may be enzymatic or non-enzymatic,
and is catalysed by copper ions. The rate of oxidation is
E dependent upon the dissolved oxygen, enzyme.oontent; dis-
golved cc?perg and'température of,the juiceofvThe ionger the
tomato juice isfheld at bptimum condi#iohs fef oxidation the
.1ower'wiil be the retention of ascorbic acid after process-~
iﬁg (Gould, 1974)ov

o Clifecorn and Peterson (1947) repdrted an average of
63 o TO% retention of vitamin C during 3 separate plant
surveys and that in some plants retention was as highvas

94%0 They reported that in plants where retenfion.waé high,
the canning time was short (2 to 3 minutes) and the condi-
tions increasing the oxidation fate were minimized° They
also reported that the temperature to which tomato juice is
heated in the presence of air is the_mqst important factor

in ascorbic acid destruction and that the rate of destruction
increases with increased temperature in the presence of'aird
It is importanﬁ‘that the juice be brought .to the desiredA
temperature as quickly as possibie and held for only a short
" period at high temperature (Gould, 1974). Guerrant et al.
(1945) reported that retention of ascorbic acid was greater
(92%) after 15 seconds preheat~before-extraction at 57.20C
(1350F), Retention decreased to 54% after 35 minutes preheat
at 87.8°C (190°F), | | |
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Engzymatic destruction of ascorbic acid in tomato
juice is mihimal, es the oxidative enzYmes occur in the
pulpy portion of the tomato and are destroyed or removed
during extraction (Lamb, 1946).

Any unit operation whlch 1ncludes air into the juice
w1ll accelerate ascorbic acid oXJ.datJ.ono Extractlon and
homogenlzatlon equlpment should be designed to eliminate
‘dissolved air, Imﬁroper_filling of the cans‘aliowing an
éxcessive headspace end'low vacuums will allow‘air to dis~
solye in the juice increasing loes of ascorbic acid (Gould,
1974) . | | |
| Temperature and length of storage is also 1mportant
in vitamin C retention of tomato juice. Retentions decrease -
directly with increasing temperatures from’lOOC (50°F) up to
3202QC (9O°F)9“and above this temperature loss of ascorbic
acid increases as log fﬁnction ef temperature increase
(Brenner,.Wodicka.and Dunlop, 1948). GﬁerrantetaL,(1945)
reported that 75 to 85% of the initial ascorbic acid of proe--
essed tomato juice was retalned after one year at the high
temperature range of 26,7 to 29 4°C (80 to 85CF), expected
in warehouses in the United States° After 2 years storage
at room temperature 21,1°C (70°F) and at higher temperatures
of 26,7 to 29.49°C (80 to 85°F) retention of ascorbic acid
was 60 to T0% or below (Bremner, Wodicka. and Dunlop, 1948).

Scott and Walls (1947) reported that storage of processed
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tomato juiéerfor 1 week contained from 19.0 to 23.1 mg/100 g
and with anraverage of 20.5 mg/100 g. After 8 weeks storage
at approximately T7O0CF the average ascorblc acid content de- .
:creased %o 1902 mg/lOO g |

Daniel and Rutherford (1936) 1nvest1gat1ng the ef-

fect of home canning and storage on the ascorbic acid com=——--

. tent reported_that both canning and storage have a signifi-
‘cant desfruetiveAeffect upon'ascorbic acid énd that boﬁh
factors ééuséd approximately fhe same % loss in whole toma-
toes and juice canned in tin cans, They reporﬁed that éan—
ning and storage destroyed a greater percentége of ascorbic-
acid in the juice canned in glass containers (45% loss) than
in juiée canned in tin cans (20% loss). They rélated the
greater loss in glass containers to the destructive effect
of light on éscorbic acid content. They also indicated that
ascorbic acid is stable in acid solutions devoild of oxygen,
but in presence of the latter is oxidized rapidly at ele-
vated temperatures and slowly at room temperatures.
Sin¢e>tomato produéts are usuélly held in warehouses
. that are not refrlgerated the v1tam1n concentration will be-
less than in the fresh product or 1mmed1ately after process-
'ing, To maintain vitamin levels at or above that of fresh
tomatoes, fortification of tomato products has been proposed
(Bauérfeind and Pinkert, 1970). Their review suggests that

a minimum of 30 mg of ascorbic acid per 4 fluid oz (26 mg
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per lOO‘ﬁl) couid eaSilj be maintained in tomato juice.

The shelf-life of tomato juice fortified with ascorbic acid

. is‘dependent not. only upon temperature and length of storage,
as in unfortified juicey but also upon the original ascorbic

acid concentration before fortification.



CHAPTER 3
MATERIALS AND METHODS

Seeds of four commercial tomato oultlvars obtalned
from Peto Seed Co° were sown in 4 flats on February 18
1977. After 10 days the seedllngs were transplanted into
é—inohes—squared plastic po%s filled with é mixture of 1/3
peat-moss, 1/3 vermiculite and 1/3 soil. The pianté were
grown in a greenhouse at The University Campbell Avenue
Farm in Tucson.

Two - 0of the four cultivars were ﬁroce831ng cultivars
and the other two were fresh-market cultivars. The two
processing cultivars were 'VFL98' and 'VF145-21'.  The two
fresh—maiket cultivars were 'Roza' and 'Pakmor®. Cultivar
1VF198' was developed by The University of California Agri-
cultural Experimenf S?ationo -Cultivar 'Roza’ wasrreleased
by the USDA in cooperation with the Washington and Idaho
Aériculturél_Experiment Stations particularly fothhe inter-
‘mountain Western States subject to curly top virus.

Emsseedlingswére transplanted to the field at-The
University éf Arizona Agricultural Experiment Station at
Mesa, on April 13; 1977. The’desigh used was a randomized
cbmplete block with 10 replications. Plots Were 10 plants
long with 2 feet spacing bet&een the plants in the rows and

22
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90 inches spaéing between the rows. The area of land used
~was 1/8 of an acre, _Six hand-harvests were made throughout
the 1977 season on the dates: June 24, July 1, July .12,
July 21, August 1, and August 10 referred to in-the text as
harvests 1, 2, 3; 4, 5 and 6 réspedtifelyo

. The other cultural practices such as plowing, irri-
gation,:fertiliéer application; ingecticide Spraying.and
cultivation were employed according to the standard‘methods_
practiced at Mesa Farm. Se#en irrigations were made during
the season on the dates: April 8, AprilVZlg_May.27; Junev3§
June 16, July 2, and August 6, 1977. Fertilizers were ap-
plied at three different times on April 4, April 18 and
May 10, 1977. Maléthion insecticide was sprayed for horﬁ—
worms once at the middle of the season.
| Complete data for the different characteristics under

investigation was taken on S:re'plicates°

At each harvest marketable fruit numbers and weights
and cull fruit weights were_deterinined° Weights were deter-
mined ig‘kg and thén'éxPressed as metric tons per hectare .
(t/ha). The percentage marketable or processable values of
the yield Qere computed., The mean}fruit Weight was also

computed in g.
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Fruit Size

Diameter and length (maximum and minimum diameters)
of the fruit in millimeters (mm) were. determined for each
plot uSing a ruler and caliper, Ten fruits taken at random

were used. The length to diameter ratio was calculated,

jmwfﬁﬁgfWCelef"Measufement

A Bausch and Lomb Spectronic 20 (Rochester, New York)
equipped.with the reflecfance attachment was used and the
percentage refiectance‘determined-at.anelength‘64O nm for
red colbr in tomatoesa' - |

After each harvest 10 representative fruits were
taken from each plofo_ The percentage'reflectance was meas-
ured on 3 different sides of each fruit, The:mean value of
the readings were computed.

Preparation of the Tomato Juice for
Chemical Analysis and Heat Processing

Ten to fifteen representative>fipe tomato fruits
from each replicate in each cultivar were washed, cut inte
slices and blended in'aeblenaerv(Wariﬁg)o‘ The juice was ex-
tracted using screens of 0.03 inchesiin diameter, Fresh
‘juice was extracted in the same way after the 6 harvesis,
Soluble eolidS'and pH of the fresh juice were determined
immediaﬁely after the juice extraction. A portion of the

juice was kept frozen in plastic bags for later analysis for
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titrable acidity and vitamiﬁ C content. These plastic bags
weré packed in small boxes which were kept'é;oséd for pro- |
tection from air and light to minimize éhanges in the juice.
Anofhér poffion of the Jjuice was used for thermal'p:ocessingo
The juice used for proéeésing was from the third; foﬁrth;
and‘fifthwhaTVests inyo.' | |

In-Can Thermal Processing
' of Tomato Juice '

The zaw juice was £illed into mumber—two tin cans
(211X400). Two cans were filled in each replicate for each
cultivar. The cans, filled with the juice and with less .
fhan 10% headspace, were heéted in é water bath to 87.99C
(190°F) and then closéd at-this temperature using a canning
- machine developed by Dixié Canner Equipment Co. The closed
cans were transferred immédiately to the autoclave‘to be
processed under steam pressure at 120°C (2489°F) for 2 min- .
utes, and then cooled and stored in a cold’rooﬁ wi’t:v'lfl'”cempe‘r.-;i
ature of 7.2 to 10°C (45 to 500F) for later analysis. This
method of processing uséd is baséd.upOn the method reported

by Gould (1974).

Analytical Methods

Al1l samples of the fresh tomato juice from the 6 har-
vests and the processed juice from the 3 indicated harvests
were analyzed for pH, titrable acidity, soluble solids, and

ascorbic acid content.
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A1l methods of analysis used were based upon the
"Official Methods of Analysis of the Association of Official
Analytical Chemists 55@00A002ﬁ5(1975)° 

Determination of pH'

o ‘_Lince PH was determined using a Coleman~Metrio-IV pH 
meter with a combination electrode at 25°C (77°F). ‘Dupli—
cate readings were made for éachxsampl,eo Percentage}change

after processing was computed.

Pitrable Acidity

The. glass-electrode titration method with 0.1N NaOH
to pH 8.1 was employed; Dupliqate titrations were made
using 10 ml aliquots of juice. The average volume of 0.1N
NaOH used and the total acidity, expressed as percentage
citric acid, were calculated. Perceﬁtage change after pro-

cessing was computed.

| Soluble Solids |
A refraetomefer (Industrial and Mill Supply Co.) was
_ﬁsed ana the sgoluble soiids-déte:mined as OBrix at 20°C
(68°F). Dupliéate readings'were made fér each replicate,
Pércentage chahge after procéssing was computed., The soluble:
solids-acidity ratios were computed from soluble solids and

acidity data.
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Ascorbic Acid
The method employed was the 2;6—dichloroindophenolr
method used forrdeterminétion of reduced ascorbic acid.
Ascorbic acid redﬁcés oxidation—reduction indicater dye;
296—dichloroindophenol'fo celorless solution, At'end péinty'
 excess uﬁreducedidyé iS'rbse piﬁk in acid sOlutioﬁ'peféist*.
ing for about 5 seconds or longer. Vitamin C is extracted
and’titiation performedfin presence of metaphosphbric acid;
acetic acid solution as extracting éolutio-h° This is to
maintain prdper acidity for‘reaétion of ascorbic écido.
-Hundredrml aliquots of juice weré édded to equal volumes of
of extrécting solution., Ten ml aliguots of the extract were
:used for titration. Dﬁplicate titrations were made fbr each
replicafe and mg ascorble acid per 100 ml Jjuice were calcu-
lated. Percentage retention of ascorbic acid after process—'

ing was computed.

Statistical Analysis of Data

Statistical analysis of data was run by computér

using SPSS program (Statistical Package for Social Sciences)

'f_ at The University.of Arizona. Means were separated by the

Student, Newman. and Keul's (SNK) multiplé range fest at
the 5% level. '



CHAPTER 4
RESULTS AND DISCUSSION

. Yields and quality characteristics of the 4 tomato
cultivars studied make 3 suitable for canned juice and 2
for fresh-market when grown under irrigated deserf condi-

tions in Arizona.

Tield
Percent marketable and fruit yield of cultivars
1VFL98', 'VF145-21' and fRoza' were satisfactory (Table 1)
in comparison with the nétional average yield of 43 metric
tons per hectare (19 tons per acre) for commercial tomato
cultivars (Gould, 1974)., ‘'Pakmor® yield was too low to be
acceptable.which was attributed to radial fruit cracking
(Fig, 1) which also dropped its marketable yield 14 percent
below the.othér cultivars. Yield reduction in 'VF145;-21v
waé due to a solar injury of fruit (sunburn and sunscald)
as:most of the plants lacked aaequate foliage cover for
fruit pro%ection (Fig. l)ov
| Higher yields were expected from the four cultivars,
The high temperature during the growing season was one of
the main factors resulting in yield reduction, At the tem-

perature of 35°C (95°F) and above, there is poor or no

28
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Table 1. Number, weight, yield and percent proceSSable
- or marketable fruit of 4 tomato cultivars,

Weight Processable or

| Number meé.n/p]_.otZ Yield Mérketable
iCultivar_v'mean/plotZ_r _(Kg) (/ha) (%)
"VF198' 79.6 a¥ 7.5 a 3405 85.7 a
1YF145-21"1 80.5a 6.7 a :; 31,8 86.3 a
'Roza’ 67.2 a 7607 a 32,1 84,2 a

1 Pakmor? 32,3 b 5.4 2 @ 25,8 71.5 b

ZMeans based on total fruit harvested including culls.

YMeans in the same column followed by the same letter
are not significantly different at the 5% level
(Student, Newman and Keul),



Fig.

Fruit cracking and sunscald defects.
a. 1Pakmorl fruits showing radial cracking.

b. 1VF145-211 fruits inadequately covered
by foliage and showing sunscald.

30
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+tomato fruit setfing (Gould .1974) At the Mesa 'Experiment

- Farm the average maximum temperature went up to 39, 700 |
(103.4°F) and 40.4°C (104. 8°F) durlng June and July, 1977,
respectively (Appendix A). This resulted in yield reduction
as a reéult of‘poor.setting'ofbsome fraiteo

Yleld patterns throughout the season (Flgo 2) showed -
that the four cultlvars gave the hlghest yields at the thlrd |
- and fourth harvestso If mechanlcal once-over harvest was to
be employed, the third week of July would have been most

SuitableAexcept for 'Roza' which peaked a week earlier.

Fruit Si#ejfweight and Shape
Fruit sizes and weights of the four cultivars (Table
2) shOwed_important differenees which would affect their |
uses., Federal standardsefor grades for fresh iomatoes
_ (Peterson, 1976) shown in Appendix B, classify fruit for‘mar—
ket in sizes from extra small. to extra large. All harvested
fruit were sized according to the standards.

‘ " Pakmor? ffuits‘Were of medium to large size, flat-
tened in shape, and with some shOuldeé~roughness;and‘cracké
ing (Fig. 3)o 'Reza'.fruitsTwere of mediuﬁ te‘small size§
almost flattened globe or round in shape (Fig. 3), firm, with
little cracking, and with a'good slicing charaetériStica
Both cultivars were of acceptable fruit eize and weight for

fresh-market.



24

22

20

18

16

14

10
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Pable 2, Size, shape ratio, weight and color of fruit
of 4 tomato cultivars¢

33

Size

Width Shape Ratio Weight  Color¥
Culi;yar (om) ~ L/WZ (=) (% Reflectance)
'TF198' 54,0 ¢ 1.24 9.0 b¥ 49,4 a
'VF145-21' 57.0 ¢ 0,96  85.0 b 55.7 a
"Roza' - 63,0 D 0,83 93,0 b 49,5 a
"Pakmor' 68,0 a - 0,88 160.,0 a 53.6 a

ZLength/width fruit diameter ratio,
JPercent reflectance measured at 640 nm,
XMeans in the same column followed by the same letter

are not significantly different at the 5/ level
(Student, Newman and Keul),



Fig. 3.

TIQZA

Typical shape and sections of 2 fresh-market
cultivars.

a. Pakmorl

b. "Roza*
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Processing cﬁltiyar 'VF198' fruits wére of medium
size, nearly oblong in shape with a tough skin and-thick_:
walls (Figo 4) which mékeS»it'more'desirable for procéssed.
tomato products, 'VF145~21‘ fruits were smallest of the
four’cultivarsg globe shaped, (Fig. 4) firm, and.developed'.
' relétiﬁely'few cracks'which_made'it suitable‘fbi proceSSing .

of whole tomato packs.

Eruit Color

All four cultivars showed acceptable color for both
fresh-markét and juice processing‘(Table 2) . However;
YVF145-21' reflectance gave higher readings than the others
because of’sunburn and sunscald defécts (Fig, 1) reéﬁlting'
from excessive exposure. Average high temperatures for
- June, July and August 197% at the Mesa Experiment Farm -
(Appendix A) were 39.7, 40.4 and 40¢lQC (10%.4, 104.8 aﬁd
104,1°F) respectivel& which is considérably in excess of the
lycopene conversion blockage limit. Foliar cover provided

sufficient shade that serious discoloration 4id not occur.

Total Acidity and pH

Total acidity is expressed as’percentage-citric acid
of the fresh and processed juice for the 4 cultivars (Table
3). These acidity values were acceptable for éommercial
cultivars as they were lying in the desirable acidity range

of 0.3 to 0.5% for commercial tomato cultivars (Gould, 1974).



Fig,

Typical shape and sections of 2 processing
cultivars,

a. "VF198*"
b. "VF145-21°
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Table 3. Percent total acidity and pH of fresh and processed
“tomato juice of 4 tomato cultivars for the entire
season and processing period,

Sample Total Acidity | | pH
'Cultivar ' Periqdz _ ’Fresh Processed | Change Freshj Processed Change
1VF198¢ Entire 0,539 a¥ - - 4,19 & - R
Part 0,523 b . 0,553 a  (+) 5.74° 4.204 4,16 e  (-) 0.95
'VF145-21' Entire 0,424 ¢ - - 4,26 ¢ - -
l Part 0,407 £ = 0.438 def (+) 7T.62 4.26 ¢  4.22 a (-) 0,94
"Roza’ Entire 0,442 c - - 4,40 a - | -
Part  0.417 ef  0.462 cd  (+) 10.79 4.42 a 4,34 Db (-) 1.81
"Pakmor'  Entire 0,468 b - - 4,31 b L : -

Part 0,448 de 0,487 ¢ (+) 8,71 4,32 b 4,27 ¢ - (=) 1,16

“Entire period represents means.oflall.G harvests, Part represehts means of the
3rd, 4th and 5th harvests which span the primary processing period.

YMeans in the same column followed by the same letter are not 51gn1flcantly
different at the 5% level (Student, Newman and Keul).

- *Percentage increase (+) or decrease (-) show ﬁhe effect of processing,

Le
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He also reported that even higher values up te O 55% were
acceptable for certaln process1ng cultlvarso

The 4 cultlvars showed significant dlfferences from
each other~in pH values (Teble 3) ' The test pH values all
:1ay within the des1rable pH range of 3.9 to 4,5 for commer-
01al tomato’ cultlvars (Geuld, 1974). Gould (1974) also Te-
- ported that the recommended pH value by the FDA is 4 6 or
" lower in the regulatlons for thermal proce331ng of foods,
It is evident from the results in this 1nveetlgatlon that
‘the pH values of the 4 cultivars were lower than the recom-
mended:valﬁe»of 4.6,  The processing cultivars:. ‘VF198‘Aand
1VF145-21"1 with their low pH valﬁes of 4,19 and 4.26 aéespe‘c-
tively, closely approach the pH requlrements of 4 2 or less
for commer01al proces31ng (Gould, 1974) The pH values of
4,5 or lessg,as expected in tomaftoes and tomato products,

 inhibit growth of bacterial spores of Clostridium botulinum

responsible for botulism poisoning., In addition, the lower

the pH, the more inhibition occurs for Bacillus coagulans,
%he.microofganism responsible‘foflrlaf seui spoilage,iﬁ
tomato juice (Rice and Pederson, 1954)° |

From,the results it is evident that the 4 cultivars
exhibited_aconsiderableAvariatiOn in total acidity and‘pH
values, Thisris in agreement with the investigations made
by Lower and Thompson (1966) who found that cultivars con-
tributed the maaor component of variation for both total

aczdlty and pH
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Acidity of the processed juice Was uprfo about 11%
higher than that of the fresh juice (Table 3). TValues for
bH of the processed juice were about 2% lower than that of
fresh juice (Table 3) |

It is ev1dent from these results that heat process—
ing contrlbuted to 1ncrease of total acidity and pH drop of |
‘the processed tomato juice, This is in agreement with the'
investigations made by Miladi, Gould and Clements (1969).
They reported that tomato juice prooessing‘results in an in-
crease in total acid., They related this acid increase %o
the bfeakdown and. conversion of some soluble solids as sugars
to acids, and also the deamination of some amino acids to
acetic a01d ‘during processing, and eventually 1ncreas1ng
total acid contentp In agreement w1th these flndlngs Crean
(1966) found that thermal procesSing of vegetables breaks
down carbohydrates, mainly sugars, resulting in an increase
in total acidity and a pH dropoﬂchott and Walls (1947) also
_:epofted that total acidity of fresh fruits of 11 cultivafs
ranged from 0.273 to 0.416%, whereas acidity of the heat
.processed gulce was higher ranging from 0,376 to 0.537%.
They also 1ndlcated that the pH values ranged from 4.2 to
to 4,5 in fresh juice and from %.9 to 4.2 in the processed

juice.,
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Soluble Solids and
Soluble Solids-Acid Ratios

The soluble solids and the acid contents of tomatoes
and the ratio'betWeen thém is éne of the most important fac-
torsvin flavof‘differences,between the different cultivars,
Sbluble solids and soluble solids-acid ratios in both fresh
and:proeessedljuicé are shown in'Table 4, In processed
juice the s*olu‘blve solids content was about 4% lower than
that of the fresh juice (Table 4). The soluble solids values
reportéd were acceptable compared with the desirable soluble
solids-contentvof 4 to 6% in the commercial tomato cultivars
(Gould, 1974). The variation was noticeable among the 4
cﬁltivaré and this is invagreement with the findings of Lee
and Sayré (1946) who reported that the solids content of
tomatoes diffeﬁed considerably between cultivars. The de-

- crease in soluble solids after processing was related to the
bréakdbwn of sugars, which contributed 50 to 65% of tomato
sdlids (Goose‘énd“Binstead, 1964), and other carbohydrates.
during'the_heat procéssing of tomato juice and resulted‘in'
the total acid increasé and a pH drop‘(cfean, 1966)¢-'This
is in agreement with invéstigationé made by Miladi, Gould
and Clements (1969). They found that after processing there
was a loss in total sugar content which went up to 19.4% in
some cé.seso |

- The higher the~soluble solids—acid,ratio, the more

~bland or~flat and less sharp is tomato juice (Scott and Walls,



Table 4, Percent soluble solids, soluble solids to acid ratio of
fresh and processed juice of 4 tomato cultivars for the
entire season and the processing period,

‘Sample  Soluble Solids " Soluble Solids/Acid Ratio
Cﬁltivar Péribdz ,'Fresh' .Processed Change Fresh  Processed‘ Change
IVF198'  Bntire 5,86 a¥ - - 10,9 c - -
| Part 5,79 ab 5,59 ab  (-) 3.5% 11,12 cd 10,13 d (-) 8,90
'VF145-21' Entire  4.77 o - -~ 1135be - - - :
. Part 4.93c - 479c (=) 2.8 12.19b 11,00 cd (=) 9.76
"Roza Entire 5,92 a - - 13.55a - 3
Part . 5,86 & 5,77 ab (=) 1.5 1417 a 12,57 b (=) 1L.29
' Pakmor Entire 5,49 b - -~ '11085 b j - - -
Part  5.61 ab  5.48 b (=) 2.5 12,58 b  11.30 o (=) 10.17

“Entire period represents means of all 6 harvests, DPart represents means of the
3rd, 4th and 5th harvests which span the primary processing period. ‘

JMeans in the same column followed by the same letter are not significantly
different at the 5% level (Student, Newman and Keul),

 *percentage deecrease (-) shows the effect of processing,

7
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1947). After processing the solublé solids-acid ratios de-
éreased in the 4 cultivars (Table 4) as a result of the in-
crease in the total acid confent of the Jjuice.

In this investigation cultivars 'VFL98' and 'VF145-21%
had acceptable ratios in both fresh and prbcessed juices
which make'them suitable for'juice Iﬁanufac-’cu'reo 'Rozal! and
'Palmof*, however, had higher ratios in both fresh and pro-
cessed juices which make them less aéceptable for juice ﬁanu—

facture.

Ascorbic Acid

The 4 cultivars showed variation in ascorbic acid
(vitamin C) contents in the fresh juice and the amounts re-
tained after the heat processing of the juice (Table 5).

Ascorbic acid contents of 'Roza‘ aﬁd 'VF145-21"' were
acceptable for tomato Jjuice manufacture as a minimum of 20
mg/100g is &esirable‘in processing of the juice as reported
by Gould (1974)., He also reported that ascorbic acid con-
-tent in tomato juice of commercial cultivars generally
ranges from 15 o 25 mg/l00 g and in this investigation
'Roza' and ’VF145%21? cultivars had values of aséorbic acid
which lie in this range. .Ascorbic acid level in 'Pakmor'!
and'?VFl98’ was not sufficiently high for juice manufacture,
The early work made by Maclinn and Fellers'(l938) is also in
agreement with the results of this investigation. They |

found a variation from 15 to 22 mg/lOO:g of different tomato



Table 5.

Content and percent retention of ascorbic acid

43

in fresh and processed 3ulce of 4 tomato cul-
tlvarso
Ascorbic Acid
Sample Fresh Pro¢essed ‘Retention
Cultivar  Period _(mg/lOO,mlj‘ (ma/100 ml) (%)
'VF198°* Entire 11.33 c?% - -
Part 100937c 8,01 d 73.3
'TF145-21  Entire  19.54 a - ,
Part 19.08 a 14,35 b 75,2
'Roza?l Entire 19?49 a - | -
Part 19.85 a 14,19 b 71.5
*Pakmor* Entire 13,67 b - -
| ~ Part b 9.50 cd 65,7

14045

- ZMeans in the same column followed by the same letter
are not significantly different at the 5% level

(Student, Newman and Keul).
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cultivars grown under the same conditions. HoWeVerg Currence
 (1939) reportedlfhat thére was no significant difference be-
tween cultivars in field experiments, |

In this investigation the 4 cultivars varied in as-
corbic acid content during'the growing season depending upon
the harveét.dates (Pig. 5)5"There-Was a slight increase in
ascorbic acid content iﬁ‘the 4 cultivars at the end of the
season, mainly at the fifth harvest date. Thié is in agree-
ment with theﬁinvestigétions made'by Price, Bedford and 1ee
(1976)o They reported that within a.pérticular growing éea—
son thé ascorbic acid content of particular cultivars varied
.Between harvest'datesg énd harvests late in the season had
higher ascorbic acid concentration. -They also indicated
that the environmental conditions priof to harvests are det-
rimental on ascorbic acid content. Investigating the effect
- of sunlight and high temperature may resulf ih highei ésgor—
bic acid content. In our investigation the ineréase in as~
corbic acid content atfthe late season is explained in the
light of theseLearly findingso The average maximum-tempera—
“tures went_tii) to 40,49C (104.8°F) and 40.1°9C (104.19F) dur-
. ing the harvest months of Juiy and Aﬁgust9 1977, respective-
1y (Appendix A)g This can be the reason for ascorbic acid
content increase., McCollum (1946) also reported that fruits
from defoliated tomato piants exposed to sunlight may be of

higher ascorbic acid content than fruits from plants with
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ascorbic acid content of 4 tomato cultivars affected
d processing.
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normal foliage, This is related to the significant high as-
corbic acid value‘of"VF145-21?‘where most of the fruits
were exposed to sunlight due to laek of adequate cover by
the plant viﬁeso

The retention of high levels of ascorbic acid in
processed tomato Julce is 1mportant° Retention depends both -
on. the initial concentratlon in the fresh juice and on the
effects of processing and storage of the finished product,
The decrease of ascorbic acid content after proceSsing is
due to the destruction and oxidation of part of the escorbic
acid to dehydroascorbic which is‘further'oxidized to degre--
dation products with no vitamin C activity (Gould; 1974).

In this investigation ascorbic acid retention ranged
from 65 to 75% among the 4 cultivars (Table 5), while Clif-
corn and Peterson (1947) reported an average of 63 to T0%.
They reported %hat the retention was high where shorter can—
ning time (2 to 3 minutes) were used and conditions increas-
ing ox1datlon rate minimized,

Brenner9 Wodicka and Dunlop (1948) investigating the
effect of Suorage temperature on v1tam1n C retention of pro-
cessed,yulce reported that retentions decrease directly with
increasing temperatures from 10 to 32,2°C (50 to 90°F)., In
our invéetigation the processed juice was kept in the cold
room with temperature of 7.2 to 10°C (45 to 50°F) to mini-

mize changes in the juice, Usually, tomato juice and other
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products are held in warehouses with expected temperatures

of 26,7 to 29, 20¢ (80 to 85°F) (Guerrant et al., 1945) and
the v1tam1n c content w1ll be less than in fresh product or
immediately after process1ngo To maintain vitamin levels at
or above that of fresh ’comatoes9 fortlflcatlon of tomato
Ju;ce and other tomato products could be employed (Bauerfelnd
and Pinkert, 1970)° They suggested that a minimum of 26 mg/
100 ml could easily be maintained in tomato juice by forti-

fication,



CHAPTER 5
CONCLUSIONS

" In this study the results for the different charac-
teristics inﬁestigated in desert grown tomatoes show that:

'1) The 4 cultivars under study contributed the ma-
jor component of variation for most of the characteristics,

2) ‘The overall average yleld and the average yield
for each cultivary; with the éxception of cultivar ?Pakmor’,'
were satisfactory compared with the average yield for the
commercial cultivars grown throughout the United States,

3) Color and constituents of the tomato fruit such
as the acid, pH, soluble'solids and ascorbic acid had ther
greatest influence as quality factors of the fresh and proc-
essed-juice;

Cultivar 'VF198' and 'Roza' fruits showed better red
color than the other 2 cultivars, Cultivar 1VF145-21¢
fruits showed - the ?oorest red which was related to inade-
guate plant.foliage'cover exposing the fruits to sunshine
and high temperatures,

Frbm a prbcessing standpoint for desirable charac-
teristics, cultivars 'VF198' and ‘VF145-21' showed satis-
factofy-values of total acidity; pH, soluble seolids and vita-
min €, with the exception of 'VFL98! low vitamin C content,

48
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*Rozaf.a fresh—market.cultivar showed a significant
high coﬁtent‘of vitamin’C and soluble solids and minimally
acceptable values of-aeid content and pH. These character-
istics make this culti&ar acceptable for juice menufacture;

" 4) The effect of thermal processing on soluble
'solldsy total acidity, pH and ascorbic a01d content of the
tomato juice was evident in the 4 cultlvarsov |

In ’chepro'c.eaasse_d.ju:i..'ce,9 soluble solids decreased and
eventually resulted in an increase in total acid and a PH
drop; Ascorbic acid content decreased after processing due
to oxidation to dehydroascorblc acid, but the amount retalned
was satisfactory in all cultivars with the eAceptlon of
- "Pakmor'’., These changes were.within acceptable limits com-
pared with investigainns made on the effeet of heat pro--

- cessing on tomato juice.



APPENDIX A

TEMPERATURE RECORDS AT THE UNIVERSITY |
- OF ARIZONA MESA EXPERIMENT FARM
- FROM APRIL TO AUDGUST 1977 -
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Average-_ . Average Avegage Hig%est. r : Lowest

Month Maximum OF Minimum OF i F____Date  OF  Date
April 1977 84,8 53,0 689 9 27 3% . 3
May 1977 86.7 56,4 1.6 - 102 51 48 18

| iune 1977 10%.4 70.9 87.2 115 %0 63 12
July 1977 104.8 78.8 91,8 110 1 72 24
August 1977 104,1 78,2 91,2 110 | 21 72 29

From Climatological Data Vol, 81 Numbers 4, 5, 6, 7 and 8, National Gceanic and
Atmospheric Administration, Environmental Data Service, National Climatie
Centre, Asheville; N.C,. ‘ .



APPENDIX B

UNITED STATES STANDARDS FOR
GRADES OF FRESH TOMATOES .



UNITED STATES STAN DARDS
" FOR GRADES OF
FRESH TOMATOES

EFFECTIVE DECEMBER 1, 1973
AS AMENDED NOVEMBER 29, 1973, FEBRUARY 1, 1975,

AND APRIL 15, 1976

U.S. DEPARTMENT OF AGRICULTURE, AGRICULTURAL MARKETING SERVICE, WASHINGTON, D.C.

§ 51.1859 Size.
{a) The size of tomatoes packed in any type
container, when specified according to the size
designations set forth in Table 1, shall be within the
‘ranges of diameters spemfned for the respective
_designations.
(1) In determining compliance with the size

—SIZE—
designations the measurement for minimum dia-

meter shall be the largest diameter of the tomato
measured at right angles to a line from the stem
end to the blossom end. The measurement for max-

- imum diameter shall be the smallest dimension of

the tomato determined by passing the tomato
through a round opening in any position.

TABLE 1 |
fnches ‘ Millimeters

" Size Designations Minimum Maximum Minimum Maximum

' diameter’ diameter’ diameter’ diameter®
EXTRA SMALL . ] 28/32 2-4/32 148 54
SMALL. .o e ee e 2-4/32 . 2-9/32 54 58
MEDIUM.....omreercmenne SO 2-9/32 2-17/32 58 64
LARGE. ......omieeeeeeeeciaereeee e S 2-17/32 2-28/32 ‘ 64 73
EXTRA LARGE.......oeecviiiimenieeeeeeeeeeriee 2-28/32 3-15/32 ‘ 73 88
MAXIMUM LARGE........cooiiiiiieeeiaeniae. 3-_-.]5/32 .................................. 8_8 ........................... :

* Will not pass through a round opening of the designated dlameter when tomalo is placed with the greatest transverse

diameter across the opening.

* Will pass through a round opening of the designated diameter i in any position.

£S
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