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FOREWORD

Laboratory investigations were conducted at the U.S. Army Natick lLabora-
tories on the effect of a low oxygen controlled atwosphere system on the shelf
life of le.tuce. Results showed an advantage in favor of the controlled at-
mosphere system. Therefore, it was decided to conduct a fileld test using
commercially availsble, controlled atmosphere shipping vans (Oxytrol*) to
determine their effectiveness in reducing spoilage of lettuce shipped to
military installations overseas.

In addition, a Cooltainer®* van was also included in this field test
in order to determine the effectiveness of a new refrigeration system on
the shelf life of lettuce.

This work was performed under Production Engineering Project 2270.3.
Dr. Rahman was the principal investigator.

The authors wish to acknowledge the assistance of personnel within DOD,
the U.S. Army and U.S. Navy who assisted during the course of this field test,
especially LTC D. A. Christophenson at Yokosuka Naval Base and Major W.K. Kerr
at Yokohama, U.S., Army Veterinary Station for their cooperation and personal
involvement in the detailed cocrdination of vhe test. Personnel in various
departments of DPSC and DSA are to be commended for thelr valuable sssistance
in implementing this test especially Col. Richard Smith and Major Alan Krome.
Special thanks are extended to the Oxytrol and Frigitemp Corporations for
their full cooperation throughout the field test. Acknowledgement is accor-
ded to Messrs. J. K. Stewart, R. T. Hinsch ard J. Anthony, U.S.D.A. repre=-
sentatives, for their valuable assistence and active participation, especially
in the loading and installation of thermocouples i the vans. Thanks are
also accorded to personnel of the President Lines and Bud Antle Corp. for
their corporstion.

* Oxyt ) ig a registerasd trademerlk of Occidental Petrolewm Corporstion
** Cooltainer is a reglistered trademark of Frigitemp Corporation
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A shipping test from Oskland, Califomiia to Japan was conducted to deter-
mine the effect of a low oxygen controlled atmosphere system (Oxytro.) as
well as a new refrigeration system (Cooizainer) oa the shelf iife of lettuce
shipped to military organizatisns overseas. The Oxytrol system 15 a complete,
self-contained atmosphere controi system desigaed tu b2 used as an adjunct
to normal refrigeration equipment in conventional traasport vehicles.

Rerults Indicated that lettuce shipped under the low oxygen controlled
atmosphere system (oxygen ievel ranged from 2.2 to 4 pzrcent) gave significantly
higher edible yielids than lettuce shipped in conventinaal or Cooltainer vans
regardless of the packaging (wrapping versus no wrayping) and packing (wire-
bound wooden boxes versus cardboard wax dmpregnated boxes).

All wrapped lettuce exhibited significan*ly algher eiible ylelds than
unwrapped lettuce regardless of packing and shipplng rans. However, no sig-
nificant difference was shown between lettuce packed ia wlrebound wooden
boxes and that packed in cardboa=d wax .impcegiated Doxes regardless o. the
shipping vans. The ambient temperature in %ie vans as ladicated by the Ryan
recorders as well as the heart (compact portion) temperature of the lettuce
as indicated by thermocouples fluctuated widely. Although the controls in
all vans except Cooltalner were set at 3U® F.. temperatures as high as 45°F.
were recorded. Chill damage to the let e ocmirred in the Cooltainer van
in which temperatures as low as 29° F. to 30 P, wai»= recorded for several
thermocouples upon arrival “o Japan. % ig weiviuded that shipping lettuce
in controlled atmosphere vans wnder tne conditinus mwresented in this fleld
test was adventageous. However, further saloping tests to various overseas
destinaticns are recommended iu order to obsain sufficleat factual data on
the effect of various atmosphere systems aid r20-igemcion systems on the
quality of lettuce and other fresh produce.




Iotroducticn

The procurement and supply of fresh produce tc the Militery Services
overseas represents a sizable investwent parsicularly when one considers
not only the aquisition cost tut alse the cust of imspection, transporta-
tion, cold storage and distribution to the customer. The supply of high
quality produce to the overseas customer is eszential bo>th for morale pur-
poses and for good mutriticn. However, reports continue to be received of
spollage of produce, verticularly lettuce, at .verseas supply points.

Spoilage of lettuce is a problem which bae existed for many years. Al-
though significant improvemeris have beer mude in packaging, refrigeraticn,
and controlled atmosphere shipping, spoilage lisses are still encountered in
lettuce shipped overseas.

In i969 the U.S. Army Natick Laboratories conducted laboratory tests on
the shelf life of lettuce as affected by contrrlled atmosphere systems using
Tectrol (3) and Oxytrol (1) systemn.

Ralman, et al. (1) reported on previous collaborated research conducted
by NLABS, USDA and academic institutions on the effects of refrigeration
temperatures, packaging, packing, chemical sdditives, aud controlled atmos-
phere on the shelf life of lettuce. It was alsc indi-ated that lettuce stored
under controlled atmosphere system at oxygen levels reuging from 3 to 5.8
percent and temperatures from 34 to 36° F. for 2 to 7 weeks gave significantly
higher edible yield and showed higher meaa scores for overall quslity than
lettuce stored under normal atmysphere at simiiar teaperatures. As a result
an overseuas field test using commercially avaliabile controlled atmosphere
vans was nonducted.

Experimental Procedures

A Factorial Design experiment wos develojed to determine vhether a con-
trolled atmosphere system (Oxytrol*) as well as a aew refrigercticn system
(Cooltainer#*) would increase the shelf life of lettuce as compared with the
conventional van system durirng military overseas shiyment.,

The Oxytrol system 1s a complete, self-contalsed atmosphere control syctem
designed to be used as an adjunct t0 normal refrigerat.on equipment in con=
ventional transport vehicles. Liquil vitrogen supplied from a portable con=-
tainer is used to reduce the oxygen level. The van is insvlated and equipped
with a refrigeration unit to contrel temperebtures. Automati~ operation of the

* Oxytrol is a registered trademark of Ccefdentsl Petrileum Corpors’ion.
¢ Cooltainer 1s a reglstered trademark of Frigitemp Corporation.
b




B Trivided ty syecfal :optois In the system. Carbor dicoxide released
during resrivatiin is matnta‘~ed 8t s 1,v level b wmears <f hydrated lime
‘scrabber).  The Crulitalnes van was equimed w’<h dual coupressors, dval cone
lensers and ~ther system ~tmponerts for in-trarsit tack up and reserve capacity.
The wan use: pressurizel air circulation - high wrlume., positive, center—3f
load distridbuticn featuring uzier-the-floor air fliw.

JeeYarg jettuce of Sne Vargart aeed qare~r «aa used fn the field test.
Ali was No. | grade lettuce in acsordance wi*:h Federal Specificat-ion HHE ~i=
2264 Let=i -. Fresh and picked from the same fleld ca 22 May 1970 at Salinas,
Caiifornla. The lettuce was yecked in the field an® immediately vacuum
covled vty tne iesire” heart lernaratire as aeasurel Wy a USDA iasrector.

The rases »f lettuce were loaded into mechauicaily refrigerated vans in
accordance vith Table 1. The 1loading pattern which eilows maximm air clrcu-
lation thriughtut the van, was perfosmed under th: supervisisn of USDA re-
rreseatarives in accordarnce with Transportatior Tulletia N, 9 (Headquarters,
Defenge Poracnnel Supotr~t Centerd, The tine screinie for the fleld test is
showr, 1o Tabrle 2.

USDA miprvsentatires fuserted 2L thewmo: »iples at rardom in individual
heads <f " atwuace throghout each controlied stmesynzre var as well as the
Cooltaire:r van. However, only Ten thermocoaplas were used in each of the con-
ventional vars. These cthermocouplses were usel tn cbeck the heart temperature
nf the lettuce during the ficld teat,

The Tive <ang were held ©2r two weeks gt 4 Tezaidert Lirve piler inu San
F‘:'anrr‘isoo. Crli¢sxmla, slnce 1‘: was d23isma 2at th: tlra ‘etwmen ricklng and
rrival W"’=rsea.s te nit less tran 4 weeks. Nolay thds verind, dally tempes-

ature raad!.ng. vere recorded. The wuns weame TUoaded gxfant the Presideunt
Mch,n ay snpip o June 15, 1970, e sh’f;p gl ot Uelrhama Japan w25
™ine 1977 wht.; th2 1ettice 5 vesks 2v plokizng.  fhe 252 vans were off-

1oa.de-i ani arsival temperatares ;_.,.vrded as w11 a¢ a Fymite tast for percent
Cooand O7 . e ovans . e odotr el atmeeposms 331 a exvambirwal, wers dee
1iver=4 ,‘cf Yokosuka Naral “Sase and 3= meaf rematozd oo Yo}'ﬂhama Tempeyatare
soocrds were matotainel 1o eatn vac "s'r Ko msaaoders . UXN7Ren levels were
zeasur>1 i the contriliel auptavhors wan ugtng an O !!ie*.-er. In adddtion Qo
and OG ) wer? peasured periviicaidy usf,u: tae el qralyzer. Toae O level
o.uri.c; *ha flelda tes* 13 prasen~2d Jx Plaex L. he f‘« _ Fyrlte readings were
tel~w 1 Tarcect thrreghout the "‘e;‘e_ tagt. =‘5_=..a. taper . Hosma recyrded durdng
“he :‘1e"_vi tes* are shqown x Tac.e 3.

Tes~ gamypies reprmasgesn” log avy’*wrmt&..r ] ‘r-=t'-~e=:;*;‘ ~f the total load were
witadrev: aci neld 1-,,_ eniz stosags at LY E, aiaisl-upl samples were taken by
mitttary perssonel oo be avaluatst i aceosiaca: 1.%!1"2. veterinary Coxp Inspec-
Lt Frorzdures,

RO S F olayrucs was mede Lmgedletsly uprm arri-al (5 weeks after
oleki g and cot4iomel ne il whna lethtace wvas 7 w&‘rs vid after pickirg, using
thae £21. wing prrcaeda-e
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1. Overall appearance - using a 9-point scale (9 = field fresh, 1 =
inedible, Figure 2)

2. Defects, such as decay, pink rib, russet spotiing, mold etc. using
a 9-point scale {9 = defects absent; 1 = severe defects, Figure 2).

3. Edible yieid; determined by removing the butts as well as the defec-
tive parts of the lettuce head and weighing the remainder as the
editle portion. This was divided by the original weight to obtain
percent edible yleld.

Where applicable the data obtained was statistically evaluated by analysis of
variance.

Results and Discussion

Edible yield

Average percent edible ylelds of lettuce during the S5th, 6th, and Tth
veek after picking are shown in Tables 4 and 5 and Figures 3 and 4. Lettuce
shipped uander controlled atmosphere conditions in which oxygen level ranged
from 2.2 to 4 percent gave significaantly higher eiible yield than lettuce
shipped in conventional or Cooltainer vuns regardless of packaging {wrapping
vs. no mpping; and packing (wirebound wocder hoxes vs. cardboard wax im-
»regnated boxes). A higher percentage of edirle yield of trimmed wrapped
lettuce (5.6 to 17.0%) and of untrimmed naked lettuce (7.5 to 19.3%) was
obtalned from controlled atmosphere vans in comparisen with conventional
vans. A higher percentage of edible yield ranging from 5.1 to 21.0 for
trimmed wrapped lettuce and 5.5 to 32.0 for untrimmed naked lettuce was ob-
tained from controlled atmosphere vans in compariscon with the Cooltainer
ven (Table 6).

All trimmed wrapped lettuce exhibited significantly higher edible yield
than unwrapped lettuce regardless of packing and shipping vans. However, nc
significant difference was shown between lettuce packed in wooden wirebtound
boxes and that packed in cardboexrd wax impregnsted boxes regard’ess of the
shipping vans. Although edible yield lettuce frim the conventional as well
as the Cooltainer vans was significantly lower than that of the controiled
atmosphere, the difference in edidle yield betweer the unwrapped lettuce of
the Cooltainer van and that of the conventicnal vane was also significant.

Edible yield of unwrapped lettuce packed in wax impregnated boxes 5
weeks after picking obtained from the Cocltainer vans was sigonific uvtiy

high»r then thot obtained from the conventional van. However,; at the and of
6 and T weeks after picking, significantly higher edible yield of similar
lettuce was obtained from the conventicnal vans than the Cooltainer van. Such

differences were not significant between the wrapped lettuce.




Tamperature Control

From the temperature records {Table 3}, it 1s evident that fluctuations
of sevr:ral degrees in temperature took place i: all the vuns. For four con-
secutive daye the temperature was above 400 F. in 3 of the vans (565195,
565178 and 565198), wherees in the fcoltalner van as well as van No. 565207
the temperatures ranged from 32 to LOP F. The lettuce temperature in the
sonventional ven 565178 with lettuce packed in wirebound wooden boxes was
higher than the other conventional van No. 565207 where the lettuce was
packed in cardboari wax impregnated boxes. However, these differences did
not irnfluence the quality of the lettuce since no significant difference was
obial 1 between lettuce packed in wooden boxes and that packed in wax im-
pregns.ved toxes,

The ambient temperature as well as the heart temperature of the lettuce
in the Cooltainer van was relatively lower than the other vans and chill
damage was evident upon arrival to Japan. Five thermocouple readings ranging
from 29 to 31°F. were recorded upon arrival t¢ Japan. No such low reading
was recorded during the stationary period. Tais suggests that the temperature
may have dropped to a freezing level aboard ship during the 11 days sea voyage.
The chil] damage occurred at higher frequency and intensity in the unwrapped
lettuce than the trimmed and wrapped lettuce. This could explain the low
edible yield obtained with the unwrapped Cooltainer lettuce.

There are obvious engineering problems osso:iated with the maintenance
of terperature in shipping vans withia the deaired range of 320 -~ 340, There-
fore, the use of a controlled atmosphere system as a safeguard to cowbat tem-
perature fluctuations 1s justified for extended shipping periods.

Gas analyses (Figure 1) show that the O, ¢ontent in the controlled atmos-
phere was fluctuated slightly during <he fieid test ranging from 2.2 to 4 per-
cent. The CO, content was maintained below 1 parcenv since it was scrubbed
by the hydrated lime.

Overall Appearance and Defects

Pink rib ranging from moderate to severe wms evident in lettuce shipped
ir the conventional and Cocltainer vans vhereas it was absent or slight in
lettuce shipped in the controlled atmosphere vans. Similar observations were
made relative to the occurrence of slime rud decay. Russet spotting was very
slight in all the lettuce.

Higher average scores for appearance and absence of defects were obtained
in lettuce shipy<d in contrclled atmosphere vans tban that shipped in conven-
tional or Cooltalner vans {Tables 7 and 8).




PR

The Veterinary Corps Inspectors reported 3, 10 and 14 percent losses in
lettuce packed in wax impregnated boxes and shipped in controlled atmosphers
conventional and Cooltainer vans respectively 5 weeks after picking, compared
to 3.5 and 6.2 percent loss for lettuce packed in wirebound wooden boxes and
shipped in controlled atmosphere and conventi~nel vens, respectively. These
results were not based on complete examinatjions (internal and external) of
each lettuce heed.

A cost analysis estimate of controlled atmosphere is presented in Table
9. It indicates that a reduction in approximately 9 percent lettuce loss is
required to defray the additional cost of controlled atmesphere. Reduction
in losses of edible yleld lettvce obtained ir this field test are often
higher thun the reduct’.a required to defray the additional cost of the con-
trolled atmosphere system (table 6).

It is concluded that shirping letthuce in controlled atmosphere vans under
the conditions present in thie field test was advuntageous. However, further
field tests or regular shipments that can provide siaquate adata on the quality
of lettuce are recormended to various destinations in Southeast Asia and
Europe in order to obtain sufficient factual data on the effect of the various
controlled atmosphere systems, as well as refrigeration systems on the quality
of fresh produce.

The use of wrapped lettuce is recommended ix ylace of unwrapped due to
the higher edit_e yleld ¢f wrapped lettuce shipped ir all the vans. Since
ro difference was exhibited between lettuce packed in wirebound wooden boxes
and that packed in fiberboard wax impregnated boxes, it is recommended that
lettuce be shipped in the latter containers due to their lower cost (2) and
better configuration which leads to better stacking and handling.
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Table 2. Time Schedule of the Lettuce Field Test

Date Days after Operation
picking

22 May TO 0 Harvest and loading into
the vans

15 June 23 Ioading the vans aboard
ship in San Francisco

25 June 33 Unloading the vans at
Yokohama, Japen

26 June - 10 July 50 Product evaluation
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Table 6. Additional Tdible Yield Resulted from the Use of Con-
trolled Atmosphere System Over Conventional or Coo)tainer

Systems
Ovir Cooltainer Over Conventional
System Systen
Tire in Week
Cardboard wax- Wirebound Cardboard wax- Wirebound
impregnuted box wooden box impregnated box wooden box
Wrapped; Unwrapped | Wrapped Unwrapped Wrappedl Unwrapped Wrappeq Unwrapped
5 9.2 5.5 5.1 23.6 13.7 12.4 5.8 11.9
6 10.7 13.9 10.4 21.k 4.3 7.5 7.5 9.8
T 21.0 31.0 15.8 32.0 17.0 12.9 W7 19.3
4
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