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FOREWORD

Previous studies by the US Army Natick Laboratories in the laboratory and
overseas indicated that the use of Controlled Atmwspheres could improve
quality, reduce spoilage and increzase the storeage lif: of lettuce shipped to
military organizetions overseas. In view of these results it was decided to
conduct laboratory studies on the effects of low=oxygen atmospheres during
transportation of tomatoes to military organizations overseas.

This work was perforued under Product.icn Engineering 2270.3; Mr. Harold
Gorfien was the Official Investigator.

The authors wish to acknowledge the assistance of the Transfresh Corpor-
&tion, Salinas, Californis in providing the test Controlled Atmosphere chests.
Assistance of the following personnel of the US Army Natick Laboratories is
acknowledged? W, Henning and T. DiNicola for gas analyses and product testing;
L. Klarmen for writing programs for computer calculations on dates; and M.
Driver for Color Difference Meter Measurements.
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ABSTRACT

Laboratory tests were conducted to determine the effect of low-oxygen
controlled atncsphere (which is carbon dioxide free) on tomatoes., Storage
periods approximating the extended overseas distribution tims of 3 to 8 weeks
as required for military shipments were used, The tests showed that the wse
of low oxygen controlled atmosphere would lead to significant reduotions in
spoilage, inhibition of black spot type rot similar to Alter....s rot, ime
provements in tometo quality, and as much as 2 weeks additional storage life,
uhen compared with tomatoes initially stored in air at the sams optimur S50F, =
55°F. temperatures, These factors became apparent from 1 to L weeks after
transfer of tomatoes from low oxygen controlled atmospheres to LO°F, air. The
break=sven point to defray the additicnal cost of a commsrcially avaiiable
controlled atmcsphere method of shipping is estimated to be in the range of
1,8% to 3.3% improvement. in “omato yield, Deta :developed in this investigation
indicate that improved tomato yields on overseas shipments of tomatoes may be
anticipated to ve more than enough to defrsy the additional cest of such a
system for shipping fresh produce in refrigerated containers at low levels of
oxygen and carbon dioxide,

It is concluded that ecufficiert information has been developed to warrant
a field test on tomatoes shipped in controlled atmosphere containers to military
organizations overseas,




CONTROLIED ATMOSPHERE SYSTEM LABORATORY STUDIES ON TOMATOES

;ggsgduction

Availability of good quality fresh fruits and vegetables to meet the
requirements of military personnel is of concern to the Armed Forces, Ex-
terded shipping and storage periods are required for military shipments
overseas compared to those for normal distribution to civilian markets in
the crntinental United States, As a result perishable products will ex-
hibit varying degrees of spoilage before arriving overseas. Fresh tomatoes
are amonug the important food items supplied overseas,

For the 6-month period Srom July 1969 to December 1969, Defense Personnel
Support Center purchased 11,681,726 pounds of tomatoes in the United States,
The purchase price and the cost of warehousing, handling and shipping both
CONUS and overseas adds up to a considerable sum, Besides these purchases,
additicnal tomato procurements were made from overseas growers in order to

help meet the military supply requirements at locations outside the United
States,

It used to be difficult to obtain optimum 50°F, - 559F, temperatures for
tomatoes in Navy Reefer ships. As a result tomatoes were generally not
shipped from CONUS to overseas military organizations; and when they were
shipped, they generally arrived in poor condition, With the advent in the
past 2 years of Container vans as a system for iransporting cargo, it be-
came possible to ship tomatoes at optimum temperatures. This has led to
increased shipments of tomatoes to military units overseas.

Transfresh Corporation had ciaimed that there were advantages in using
their TCTROIL# controlled atmosphere system (low-oxygen, low-carbon dioxide
environment) for storing tomatoes. Sirce previous studies at NIABS had
shown that there were advantages in asing this system on lettuce, it was
decided to explore the feasibility of low-oxygen atmosphere (which is carbon
dioxide free) as a means of shipping tomatoes overseas,

# TECTROL is a registered trademark of Whirlpool Corporaticn




Previous related studies

Within the past two decades, research activity involving storage of
various crops, including tomatoes, has inecreased.

Research on fresh produce was initiated by the US Naval Supply Re-
search and Development Facility in 1954 (1), Tests were conducted on New
Jersey, California, and Florida grown pink tomatoes rather than mature
green tomatoes since optimum storage temperatures were not generally
available aboard Navy ships. The use of LSAT cellophane (moderate mois-
ture vapor retention) lined crates for packaging was found to result in
firmer tomatoes during a 30-day storage period.

The Quartermaster Food & Container Institute conducted studies in
1956 (2) with tomatoes in different stages of maturity. The results showed
that mature green tomatoes stored best when ripened gradually at 55, and,
then stored at 32°F. Where transit storage temperatures around LOOF, were
involved, best results were obtained with pink to hard-ripe tomatoes.

Under contract to the Navy the US Department of Agriculture studied
tomatoes (3). As a result of these studies conducted aboard a Navy reefer
ship, it was recommended that mature green tomatoes be stored at 58CF.

™

wntil firm ripe and then be transferred to 33°F. - 35 7, storage.

Literature provided by the American Society of Refrigeration Engineers
(L) shows that mature-green tomatoes cannot be successfully stored in air
at temperatures that greatly delay ripening; tomatoes held in air for 2
weeks or longer at 559F, may develop an abnormal amount of decay.

In studying the effect of controlled atmosphere on rot pathogens re-
sponsible for tomato decay, Lockhart (5) found that most fungal and bac-
terial rots are retarded by an atmosphere of 3% CO, and 3% 0,. However,
Alternaria tenius was reported as having been onlyzslightly retarded.

A firm tomato would have less decay because it has less tendency to
bruise than a soft tomato, Investigations on Controlled Atmosphere storage
by Parsons et al (6) showed that tomatoes stored in 1% oxygen abmospheres
for 10 days were firmer - when measured by a USDA mechanical thumb - than
those stored in air., No significant effect on flavor was found. Color
changes were also inhibited until removal to air. After that, color ripen-
ing proceeded,

Color as a factor in tomato ripening was studied by the USDA in a
series of 12- to 20— day storage experiments involving hypobaric (less than
normal atmospheric pressure) storage (7). In one test series (at 650F., +
39F,) with pressures ranging from 190 mm to 755 mm of Hg and 21% oxygen
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levels, red color development was inhibited mosi, where the pressure was lowest.
In a second test series where pressures ranged from 755 mm to 180 mm of Hg

and oxygen ranged from 5% to 21%, red color development was mest inhibited

at the 5% oxygen level and 755 mm of Hg. Upon removal to air at 70°F,, the
red color was found to increase further within a 3-day period. Holding pink
or mature-green fruits for over 6 days at 32°F, was found to seriously

damage their ability to turn red after removal to 70°F, conditions (8).

In a series of tests with various fruits held at 70°F, for 15 days in
modified atmospheres (9), tomato color development was less and tomato
respiration rzte was lower when storage was at 2% O, than when held in
air. Exposure of fresh produce to carbon monoxide %or perieds wp to 10
mimtes has been found to lower polyphenoloxddase activity (10). Warehouse
storage with controlled atmosphere generators to maintain the environment
at 1.5% to 3% oxygen and less than 5% carbon dioxide has recenily been re-
ported to extend the fresh life of tomatoes for up to 2 months (11). Failure
of tomatoes to ripen after exposure to high levels of carbon dioxide has
been reported by Smith (12).

Laboratory and field studies conducted at NLABS during 19468 and 1969
(13, 14) have shown that the TECTROL controlled atmosphere system could
improve the quality and storage life of lettuce during overseas shipping,
distribution and consumption time of 5 to 7 weeks.




Methods and materials.

The test plan was designed tc determine the feasibility of a low-oxygen
syster for shipping and distributing tomatoes to military organizations
overseas. This involved holding tomatoes at 50°F. - 55°F. for 3 to 4 weeks
and then transterring them to a 40 F. chill box for an sdditional 1 to
weeks.

Four different crops of tomatoes from either Califoruia cr Florida, as
indicated in Table I, were obtained on the local market.

TABLE 1. KEY TO CODING OF FOUR TOMATO CROPS AND THEIR STORAGE PERIODS.

Picking Time NLABS Initial NLABS Additional
Tomato Croy Prior to NLABS Holding Perigd Holding Period
Code source Procurement at 50°F.=55 F. at 4OPF.
(days) (weeks}
A Californisa 10 L 2=l
B California 10 3 2l
C California 10 5 1-3
D Florida L 3 1-3

The tomatoes were US No. 1 Grade ranging in color from number 2
"Breakers" to number 3 "Tuming" as described in Federal Specification
HHH-T~5T6f, Tomatoes, Fresh. On arrival at NLABS the boxes of tomatoes were
randomly distributed among 1) a low-oxygzn Chest, 2) a Control air Chest,
and 3) a control large chill box. The low-oxygen and Control air chests are
15.6 cubic feet horizontal refrigerated boxes, 36 T/3 inches higzh, 4B 1/2
inches long and 27 7/8 inclies deep. These chests are thermostatically
controlled and each has a fan for air circulation. The low-oxygen chest has
in addition a transpsrent plastic 1id for sealing the chest gas tight. This
plastic 1lid has inlet and outlet ports for gas exchange. The low-oxygen
chest and the Control air chest were set to operate at SOOF. to 55°F. The
control large cinill box operated at 40°F.

Nitrogen was used to produce a low-oxygen level in the low-oxygen chest
(primarily nitrogen with low levels of oxygen). Gas analyses were conducted
on the low-oxygen chest at 48- to 66-hour intervals throughout the storage
period, as required. A Fisher Gas Partitioner Model 25 M was used to
determine the percentages of the ases present throughout the 3- to 4-week
controlle¢ etmosphere storage period. Air was added to the “rir-oxygen chest
as required at 48- to 66-hour intervals to maintain the oxygen level within
a reasonable runge. Oxygen ranged from 2% to L% for most of the storage period,
reaching a minimun of 1.8% and a maximum of 5.4%. Nitrogen made up the differ-
ence, since carbon dloxide produced by respiration was scrubbed cut with
hydrated lime tor tomato crops coded A, C, and D (Table 1).
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In the case of tomato crop B, carbon dioxide produced by res irationo
increased gradually from 0% to 10% in the course of the 3-week 50 F. - 55 F.
initial storage period, since there was no scrubbing.

At the end of the 3~ to U-week storage period the tomatoes were removed
from becth the low-oxygen control air chests, and held in a large chill room
at 52°F. for 24 hours. Then the tomatoes were placed in the control large
chill box at 40°F. At periods ranging from 1 to 4 weeks later, quality
evaluations were made on the tomatoes. Evaluation of the tomatoes consisted
of the following:

(a) Yield of good tomstoes. - Separating good-tomatoes from spoiled
tomatoes. Determining the weights in each case.

(b) Spoilage. - Describing the nature and extent of the spoilage (black
spot type rot, similar to Alternaria rot, fungus rot including mold, Ffila-
ments, bacterial soft rot).

(¢) Color. - Describing tomato color, using the following methods:

(1) Color photos and visual examination of maturity using Tomato
Color Classification and designations of the US Department of Agriculture,
US Standards for Grades of Fresh Tomatoes as amended October 15, 1961
(1-CGreen, 2-Breakers, 3-Turning, 4-Pink, 5-Light Red, 6-Red as described in
Appendix A). '

(2) A Hunter Color-Difference Meter Model D25 Colorimeter (stand-
ardized with a Hunter Lsb White Standard No. 025-1277, =93, a_ = 0.5, b, = 0.k
and CTC value=--12). Measurements were made on tomato exterio% bottom, %omato
exterior top with stem cored out and tomato interior centers (tomatoes sliced
in half).

(d) Firmness. - Testing tomato firmmness by feel using the terms "firm"
or "soft". -

(e) Flavor. - A flavor panel determining preference by rating paired
samples hedonically from 1 to 9 ( 1 - dislike extremely; 2 - dislike very much;
3 =~ dislike moderately; 4 - dislike slightly; 5 - neither like nor dislike;

6 - like slightly; 7 - like moderately; 8 - like very mich, 9 - like extremely).

Both good tomato yield data, and flavor pesnel ratings, were statiscally
evaluated by the t test for significant difference between low-oxygen and
air storage of tomatoes.




Resuits

Yield of good tomatoes. 1In three out of the four tomato crops examined,
a significant reduction in tomato spoilage was observed with a resulting im-
provement in yield (Table 2) when low-oxygen (Controlled Atmosphere) was
used for storage. The data alsc indicate that low-oxygen storage had increased
the storage life an additional 2 weeks in two of the tomato crops. This has
been sumarized by the comparisons in footnotes a and b in Table 2 with a
t.Oj level of significance.

Spoilage - degree and type. Controlled Atmosphere appsars to have an
inhibitory effect not conly on the degree of spoilage as evidenced in Table =
but alsc on the type of spoilage as evidenced in Table 3. These data indi-
cate that black spol type rot similar to Alternaria rot was inhibited by
low-oxygen atmospheres in all four crops. This inhibition in degree and tym
of spoilage was found from 1 to 4 weeks after removal of the tomatoes from
lovwe-nxygen atmospheres to air.

Maturity by Color. None of tge tomatoes held at hOoF. for 3 to It weeks
ripened. VWhen transferred from LO F. storage to SQQF. - 55°F. or TOQFa stor-
age all the tomatoes spoiled, without ripening, within 1 week.

Tomato ripening in terms of Visual Tomato Color classifications for
NLABS holding periods described in Table 1 is shown in Figure 1. Color photo=-
graphs of these tomatoes are in NLABS files. Crop B low-oxygen stored tomatoes
differed from the other 3 crops in final color (Pigure 1) and controlled
atmosphere storage conditions. Carbon dioxide produced by crop B tomato
respiretion had not been scrubbed out and gradually increased from 0% to 107
durin: the 3-week low-oxygen period. This agrees with previous findings in the
literature (12) that excessive carbon dioxide may have a damaging effect on
color development.

A comparison ‘of Visusl Tomato Color Classification scores* with Tomato
Color Index (TCI) calculated from Hunter Colorimeter L, ay, and by measurements
is shown in Table 4. These TCI values and Visuml Tomato Color Classification
scores show that after the ndditional 4QOF. storage, the Control tomatoes
initielly stored at 50 F. - 55°F., in air were more uniform and redder_in
surface color than those initially stored in low oxygen at 50°F. = B5s

Color inside tomato. It should be noted that the average Tomato Color
Index (TCI) for the cut half of 9.0 percent represented tomatces iniltially
stored in 4O'F. air which were greenish-pink inside; 17.4 percent TCI value
represented low-oxygen tomatoes (initially stored at 50°F. - 55°F.) which
were pinkish-red inside; and 23.2 percent TCI value represented Control
tomatoes (initially stored at 50°F. - 55°F.) which were light red inside.

Firmness. Tomatoes stored initially in low oxygen at 50°F. ~ 55°F. had
a Tirmer feel (categorized as "firm") after trapsfer to alr storage at LQ°F.
than tomatoes (categorized as "firm" to "soft").stored initially in air at
50°F. - 55°F, and then transferred to air storage at LQPF.

#See Appendix A



TABLE 2. EFFECT OF LOW-CXYGEN AND AIR (CONTROL) STORAGE OK TOMATO YIELD

Crop ___Storage Times Average Yield Good Tomatoesk#
Code IN L* (plus) ADDITIOHAL® When INITIAL Storage Was: Signifi-
Table 1 at 50° -55°F at 4O°F in (Air) Low-Uxygen Control cance®¥#
(weeks ) (weeks) z%; (%)
L (L) plus 2 68.3 ,
A b (¢) " 2 Wh.9 (a) S
4 (L) " I 4.2 (a)
4 (c) " 4 5.2 S
3 (L) " 2 82.3
B 3 {c) 4 2 739.8 RS
! 3 (L) " 4 49.0
! 3 (¢) " L 31.4 5
3 (L; " 1 85.4 ‘
3 (c 2 1 53.8 (b) S
c 3 (L) n 2 83.7
3 (c) " 2 41.1 S
3 (L; " 3 70.5 (b)
3 (c " 3 213.8 S
3 (Lg " 1 65.8
3 (C " 1 4.6 NS
D 3 (L; 0 2 56.4
i 3 (C u 2 '55.2 NS
. 3 (L; " 3 55.8
| 3 (c a 3 49.8 _Ns
A, B, C, D, Pooled Averages 66.1 45.0 5

* (Lg = INITIAL storage period in Low-Oxygen coutrolled atmosphere.

(C) » INITIAL storage period in eir (Control).
ADDITIONAL storage was at 40 ©. in air.

#% Based on 90 pounds of tomatoes.

#%% Statistical analysis, t 05 level for significance. S = Significant, NS = Not
Significant.

(a; Comparison of 44.2% with Wh4.9% yield not significant at t

0 level.
(b) Comparison of 70.5% with 53.8% yleld significant at t 05 ieae

1'
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TABLE 3. TYPE OF SPOILAGE OBSHRVED AFTER LOW-OXYGEN AND AIR (CONTROL) STORACE

Srop Storage Times Type of Spoilage*¥
Code INITIAL* o(plus) ATDITIONAT* _ When INITIAI Storage Was::
Table 1 at 50°-55°F at 4O°F (in air) Low-Oxygen Control
: ~ (weeks) (weeks)
|
|k (L) 7plus 2 B
A j k() ¥ 2 AFB
‘ h (L) i I FB
I (&) i I AFB
|
{ 3 (L) ’ 2 B
B | e e) X 2 AFB
3 (L) ! L FB
5 (€) 1 L AFB
: 3 LLE) i 1 3
3 (C) : 1 AFB
C | 34 " 2 o
5 (C) " 2 AFB
3 (L) " 3 AFB
3 $a) " 3 AFB
L (w) h 1 7
3 (¢) i 1 AFB
D 3 (1) it 2 AFB .
3 10 : 2 AFB
3 (Li - 3 AFB
3 (¢ .- 3 AFB
¥ (1) = INITIAL storage period in Low-Oxygen controlled atiosphere
(O = INITIAL storage period in aiy (Control)

ADDITIONAL storage was at 4O F in air.

#% Type of spoilage (15)
A - Black Spot Type Rot similar to Alternaria Rot
F « Funpus Rot Type (Exclusive of Black Spot Type) including 1rold filaments
B - Bacterial Soft Rot Type '
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TABLE 4. SKIN COLOR OF TOMATOES HELD IN LOW-OXYGEN CONTROLLED ATMOSPHERE AND IN AIR

Tomato Color Index (TCI)#*

Type 3-Week Tomato Color Tomato Exterior fTcmato Cut  Tomato Exterior
INITTAL Storage Classification® Bottom in Half Top (Stem end)
(%) (%) (t)
Control | 6 Red 37.8 23.2 34.5
(50°=-55"F) Air (34.3-33.8) (21.5-24.1) (32.1-36.5)
'8 5 Light Redwe 31.6 17.4 9.1
(50" -55 r) (29.2-34.8)  (15.1-19.9) (4.3-15.5)
Chill Box 3 Turning 13.5 9.0 5.4
(LOOF) air (10.4-16.7) (3.2-15.7) ((-2.8)=T7.3)

|

# By visual examination using the USDA scale. See Appendix A.

#* Toneto Color Index (TCI) values calculated from L, a Hunter Colori-
rzter measurements by the method ol McColloch (8). &‘he higﬁer the index,
*h2 riper the color. The figure above is the avercge. The figures in
rarentheses represent the range.

% Sec Appendix A, Special Rote on use of "5 Light Red".
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Flavor. Flavor panels conducted on good tomatoes out of crops code A
and code D 6 weeks after receipt at NILABS indicaced the following:

(a) Significant preference at the t o5 level was found for crop A good
tomatoec stored initially under low oxygen, with an hedonic ra’iing of 6.8
as compared with good tomatoes initially stored in air with an hedonic rating
of 4.0. It should be noted that the yield of good tomatoes was significantly
higher for the low-oxygen stored tomatoes than air stored tomatoes (Table 2).

(b) For crop D good tomatoes, no significant prefererce was shown by
the flavor panel when low-oxygen (initially) stored tomatoes with an hedonic
rating of 5.1 were compered with eir (initially) stored tomatoes with an
hedonic rating of 4.9. For this crop D, Table 2 indicates no significant
difference in yield of low-oxygen stored and air (Control) stored tomatoes.

1)




Discussion

An investigation has been conducted of tomatoes stored for the period
(3 to 8 weeks) required by the Department of Defense for overseas shipment,
distribution and consumption of fresh produce. The quality characteristics
xamined in this investigation involve yield, type of spoilage, maturity
by color, texture and flavor.

Evidence has been developed which demonstrates that the use of low
oxygen controlled atmosphere for initially storing tomatoes (at 5007, -
5507, ) results in reductions in spoilage, inhibition of black spot type
rot similar to Alternaria rot, improvements in quality and increased
storage life up to 2 weeks. These factors become significant when
comparisons are made with tomatoes which had been stored initially at
optirum 500F, « 5507, temperatures in air,

The cost analysis estimate (Table 5) indicates that an improvement
in tomato yield of 1.6% to 3.3% is required to defray the additional cost
of TECTRCL controlled atmospheres in refrigerated containers or rail cars
used for shipping tomatoes. For overseas shipments, the improvement in
tomato yiclds as indicated by laboratory data (Table 2) is anticipated to
be much higher than that required to defray the-additional cost of a commer-
cially available system such as TECTROL, for shipping fresh produce in re-
frigerated containers at low levels of oxygen and carbon dioxide.

It is concluded that there is sufficient laboratory information to
warrant s field test on tomatoes shipped to overseas military organizations
in controlled atmosphere refrigerated container vans. This test will demon-
strate whether the available large commercial controlled atmosphere con-
tainers will give the beneficial quality, economic and increased storage-
life results that were obtained under relatively (low-oxygen, carbon di-
oxide free} laboratory conditions. A potential exists for mobile chill
storage as a partial replacement for warehouse storage overseas. It is
sugrested, therefore, that consideration be given to the possibilities for
improvement in logistics by nsing overseas shore-based controllied-atmosphere
cenergltors for maintaining controlled atmosphere conditions in combination
I controlled atmosphere container shipments and that data on the subject
we developed during the field test,

12
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APPENDIX A, VISUAIL TOMATO COLOR CLASSIFICATION SCORE *

Color Classification.

(a) The following terms msy be used when specif{ierd in connection with
the grade statement in describing the color of any lot of tomatoes of a red
fleshed varlety:

(1) Green. -"Green" means that the surface of the tomato is com-
Pletely green in color. The shade of green color may vary {rom light to dark.

(2) Breakers.- "Breakers" means that there is a definite breek in
color from green to a tannish-vellow, pink or red on not mere than 10 percent
of the surface.

(3) Turning. - "Turning" means that more than 10 percent but not
more than 30 percent of the surface, in the aggregate, shows a definite change
in color from green to tannish-yellow, pink, red, or a combination thereof.

(4) Pink. - "Pink" means that more than 30 percent but not more
than 60 percent of the surface, in the aggregate, shows pink or red cclor.

(5) Light Red. Light red" means that more than 60 percent of the
surface, the aggregate shows pinkish-red or red; provided, that not more
than 90 percent of the surface 1s red color.

(6) Red. - "Red" means that more than 90 per cent of the surface
in the aggregate, shows red color.

() ZIncident to proper color classification, not more then & total of
10 vpercent, by count, of the tomatoes in any lot may fall to meet the color
specified, including theveln not more than 5 psrcent for tomatoes which are
green in color, when any term other thar "Green" is specified: 2Provided, that
any lot of tomatoes which does nuv meet the requirements of any of the above
color designations may be designated as "Mixed Color".

SPECTAL NOTE ON USE OF "5 LIGHT RED" IN THIS REPORT

On Teble 4 and Figure 1, the "5 Light Red" score for Low-Oxygen tomatoes
represents tomatoes with 90 to 100G percent of their surface pinkish-red or
red; and not more than 90 percent of thelr surface is red. Thls 1s a more
advanced stage of color maturity than defined in the USDA Standards for Grades
of Fresh Tom.toes above.

*Coloer deslignations of the U.S. Depertment of Agriculture, U.S. Standards for
Grades of Fresh Tomatoes.
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