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Laboratory tests were conducted on dehydrated soups as a result of a request by 

the Air Force for the development of soups for use aboard aircraft operating above 
15,240 meters (50,000 feet). These tests involved storage studies on seven different 
commercially available soups after repacking in flexible packages under vacuum. All 
seven soup products were rehydratable in 65.6°C water and remained relatively stable 
when stored at 21.1°C for one. year. All soups packed under vacuum were acceptable in 
all quality characteristics when stored for three months at 37.8°C. None of the 
soups had acceptable flavor when stored for sJoc months and twelve months at 37.f'P. 
Thiobarbituric acid (TEA) test data and package gas analysis information on the 
stored soups were obtained. Oxidation data show that the change in flavor from what 
may be considered acceptable to unacceptable (rating below 5.0) of all vacuum packed 
soup products during storage for twelve months at 37.8°C correlates well with the 
reduction in oxygen level in the soup package. The relationship was best represented 
by a first degree polynomial (linear). 

Microbiological-requirements have previously been established for space foods in 
terms of total aerobic plate counts, coliforms, fecal coliforms, fecal streptococci, 
coagulase-positive staphylococci and salmonella on a dry basis. All soup products 
rehydrated with 65.6oc water at the manufacturer's recommended level of water to 
solids meet these microbiological requirements. 

It i~ concluded that there is sufficient information to warrant a limited 
production run and field test of six of the seven soups. The dehydrated soups re­
commended for this test are spring vegetable, green pea, cream of chicken, onion, 
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FOREWORD 

The Air Force requested the-.development of a variety of dehydrated soup 
products for use aboll.rd aircraft which operate above 15,24crmeters (50,000 
feet). Preliminary studies at the US Army Natick Laboratories indicated that 
a number of cOIIIIlleraially available dehydrated soup products might satisfy the 
US Air Force requ~rements. In view of this, it was decided to conduct a series 
of laboratory stora~ studies on seven different types of eo~ercially available 
soup products ~hich had been repacked in flexible packages under vtieuum. 

This work was performed under Project No. 1G762713Ao4; Mr. Harold Gorfien 
was the Official Investigator. 

The authors wish to acknowledge the assistance of the Food Laboratory's 
Chemistry Division at US Army Natick Laboratories: S. Bishov for recommending 
soup package gas analyses and M. Robertson for performing the gas analyses; 
and L. Cox and ! . Block for conduct ins the TBA tests. S. J. Werkowski and 
L. Klarman of the US Army Natick Laboratories are acknowledged for assistance 
in statistical analysis of the data. - ' 
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ABSTRACT 

Laboratory tests were conducted on dehydrated soups as a result or a 
request by the Air Force for the developnent of soups for use aboard air­
craft operating abo e 15,240 meters (50,000 feet). These testa involved 
storage studies on seven different commercially available soups after re­
packing in flexible packagfts under vacuum. All seven soup products were 
rehydratable in 65. 60C water and remained relatively stable when stored 
at 21.1°C for one year. All soups packed under vacuum were acceptable 
in all quality characteristics when stored for three months at 37.8°c. 
None of the soups had acceptable flavor when stored fvr six months and 
twelve months at 37 .8°C. Thiobarbituric acid (~) test data ancl pac;t­
age gas analysis information on the stored soups vere obtained. Oxidation 
c1ata show that the change in flavor from what may b., considered acceptable 
to unacceptable (rating below 5.0) of all vacuum packed soup products 
during storage for twel~e months at 37.8°C correlates well with the reduc­
tion in oxygen level in the soup package. The relationship was best 
represented by a first degree polynomial (linear). 

Microbiological requirements have previously been established for 
space foods 1n terms of total aerobic plate counts, colifo~s, fecal 
coliforms, fecal streptococc 1.. coagulase -posi t1 ve staphylococci and 
salmonella on a dr,y basi&. All soup products rehydrated with 65. 6°C 
water at the manuf~cturer's recommended level of water to solids meet 
thea~ microbiological requirements. 

It is concluded that there is sufficient informatica to warrant a 
limited production run and field test or six of the seven soups. ~~e de­
hydrated soups recoumended for this test are spring vegetable, green pea, 
cream or chicken, onion, chio:!;.:'!n noodle and cream or mushroom. 
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INTROWCTION 

The Air Force requested the development of a variety of soup products which 
satisfy specific parameters. The soup products are to be dehydrated and flexibly 
packaged with a total pressure differential of one atmosphere. These dehydrated 
soups are to rerJ&in stable 1n quality and be capable of rehydration with 65.6°c 
water after storage for one year at 21.1°C. These items are required for u.se 
aboard aircraft with limited space and lack of refrigeration, which operate above 
15,240 meters (50,000 feet). 

The Armed Forces currently authorize approx~tely 55 soups of various types 
or in various packages (1). Most of these items cannot be used to satisfy the Air 
Force requirements, nut six do have possibilities. Three ~re low moisture pro­
ducts (not more than 2.~ moisture) which require special Jlll ·nufacturing and 
handling conditions. These are: Soup and Gravy Base, 'instant, beef flavored; 
Soup and Gravy Base, instant, chicken flavored; and Soup ·and Uravy Base, instant, 
ham flavored, which are included in a Federal Specific~tion (2) covering Bouillon. 
The remaining products are: soup, instant, beef; soup, instant, chicken; and soup, 
instaLt, onion, for which purchase is effected 1y specifying "high commercial 
grade" rather than by a specification. 

In dew of ease of avdlability, it was deemed that commercially available 
products would be relatively inexpensive compared to freeze-dried or lower mois­
ture specif".cation soups; and with vacuum packaging, the present i:"ldustrlal 
capability in the United States could manufacture the products for the Air Force. 

The questions of ability to rehydrate at 65.6°c and stability for one year at 
21.1 oc remained to be answered. 
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PREVIOUS RELATED STUDIES 

A review of the_literature provided information on ingredients, manufacturing 
processes, quality control and packaging of soups (3). Further information on an­
alytical methods used in the soup industry has been compiled in a laboratory 
manual ( ~) . · · 

In a study conducted in 1961 it was demonstrated that dehydrated green pea 
soup could be held for as long as 2 years at 21.1°c or 37.S0 c and remain accept­
able (5). 

Studi~s on l'!ehydrated cream of onion and cream of potato soups with and with­
out vitamin fortification have been conducted (6). These soups were stored in 
nexible containers· at 21.1°C and 37.S0 c. Vitam:l.n content and mean Pa-latability 
ratings decreased during storage, bUt both soups were·found to be acceptable after 
6 months at 37.S°C alld 2 years at 21.1°C. · · 

A series of freeze-dried soups have been developed for space feeding. Manu­
facturing requirement documents describing the fOOd PI"?cessing and packaging 
technology have been included in a report publislieii: in l970 (7). Freeze dried 
corn chowder, pea soup and potato soup with moisture-contents not greater than 
4.0% are d!;!BCribed in the report. . . 

A 1~ beal\ soup was developed by. precooking, milling and dehydrating that 
resulted in a lima bean Powder which rehydrated rapidly. This soup when stored 
in fJLexible ~ckages was stable :for more than six mo!lths at 37 .S°C (S). 

In a storage study on soup and gravy base ( 9) average ratings were foon.d 
to vary from good to fair. Soup and gravy base q1;1ality changed little at OOC, 
but at S.3°C or 21.1°C quality changes increased. Alth~gh the broth prepared 
from this base was scored fair after six months at 37.S c, examinations were 
discontinued at 12 months because of product darkening and caking. There was 
a general trend for product pH to decrease a,nd tit:nitable acidity to increase 
during stOJ'Qge at 37 .SOC within six months. Moisture content was found to 
increase with time in storage. This increase in moisture was ascribed to de­
teriorative reactions or to increased ease of release of volati1es other than 
moisture. 

A study was' made of the effect of initial quality of rendered chicken fat 
em the sta'bili ty: of chicken -flavored soup and gravy mix · (10) • Stability, was 
determined by oxidation rate studies and by a trained acceptancte parnel. Perox­
ide values of the soup and gravy bas,. samples were foond to decrease durilhg 
storage at 37.S°C :for 1 year. The quality of tne soups did not change signi­
ficantly as demonstrated by the. acceptance panel. Stability of the soup and 
gravy mix was found to be due to the presence of hydrolyzed vegetable protein. 
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Fre•h flavor quality vas retained in a series ot freeze-dried roods ct plant and animal ori&in :!.n "zero" ox;ygen headspace (11). OXJgen Wl\S ~liminated by the use or an ataosphere ot 5~ hydrogen 1D nitrogen with a palladium cata­lyst. Beet stew and chicken stew 1D a "zero" OXJge:tl en':·lroDJDent had al'OII&a and :flavor characteristics atter s·torage at 37 .SOC tor 6 months ~ocparable to the original products. Control freeze-dried products 1D a ~ o~gen atmosphere took up OXJgen 1D storage. Oqgftn uptake during storage vas more rapid in aniJDal. products than 1D plant products. ConiJUiler t~:;t panels demonstrated a preference :for :foods packed 1D "zero" ox;yge11 over those packed in 2$ oXJgen. 'l'bis preference persilted t4rougbout a 1 year storage period at 31 .S30C • 
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ME'mODS AND MATERIAlS 

The test plan was designed to determine whether '!ommercially available de­
hydrated soups which were packed under vacgJlDl would be rehydratabl.e iltl 65. 6°C 
water end remain stable for l year at 2L l C. · 

Seven different types of commercially available air packed soups iulr flexible 
packages were obtained. A portion of these soups was repacked under 28 i.Jmch · vac­
uum (6,754 Pa)* using a Flex-Vac machine. These soups are (a) Spring Vegetable, 
(b) Tomato, (c) Green Pea, (d) Cream of Chicken, (e) Onion, (f) Chicken ~oodle, 
and (g) Cream of Mushroom. The packaging material. was composed of 0.076 mm 
(0.003 inch) blend of high density polyethylene and polyisobutylene, 0.0089 mm 
(0.00035 inch) 1145-0 aluminum foil alla.y, 0.0127 mm (0.0005 inch) polyethylene 
terephthalate (12). 

Samples of each t~ soup, air packed and vacuum packed, were stored at 
4.40C, 21.1°C and 37.8 C for a period of 12 months. Samples were drawn at the 
start, a.ltld after 3, 6 and 12 months of storage for testing of quality, incipient 
rancidity and oxidation. Microbiolo.gical tests were als~:» c!l!nducted to determine 
general sanitary quality of the soup products. 

Soup quality. -A technological panel was used to detem.ine soup quality. 
Time soup was rehydrated with 65.€Pc water and then rated for color, odor, flavor, 
te:dure and appearance. A rating of 1 to 9 was used for each specific quality 
characteristic based on the following: !-Extremely poor, 2-Ver1 poor, 3-Poor, 
4~:aeJLow fair above poor, 5-Fair, 6-Below SOQd above fair, 7-00ol!ll, 8-Vecy ggod, 
9-Excellent. 

lD!!.eipient rancidity. - A mUlldified 2-thiol:larbit11ric acid (TII!A) test waa used 
to determine incipient rancidity (13). In this test a red color complex is formed 
when malonaldehyde in a rancid food is treated with an acidic ~ so111tion; the 
cmplex has B!:ll absorption maxfu!rum at aboot 532 =· 

Oxidation. - A reduction in the level of oxy@en :l.n the atmosphere present in 
the package of soup (oxy@eltl \!Jlptake) during store~ was used as B!:ll irndex of oxida­
tion of the product. The gas chlL'OIIIa.tography metlmc.d to dets=ine composition ©f 
gases above autoxidized fat ( 14) was used to establish package W:ey@en levels. 

MiclN!biological quality. -Microbial. tests were conducted ©Ill! the smup plffl­
ducts as an indication of sanitary quality. The following mieK©biological tests 
were conducted as described in reference (15): 

* Vacuum gauge reading was cornverted to Pascals (Pa) by the follOwiltlg fllirmula: 
_ (30 inch - Vacuum Guage reading) X 3.37685 X 103 ~ JljM2 ~ Pa. 
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(a) 
(b) 
( c:) 
(d) 
{fit) 
(f') 

TOtal aerobic: plate count 
TOtal c:olitom count 
Fecal coliform count 
Fecal streptoeoc:c:i count 
Coa~ase-positive stapLyloc:occ:i 
Salmonella. 

Th&8e six bacteriological teats were conducted on (A) Sou:p powder with an initial 
1:10 dilution u.de with 21.1°C sterile buttered water, (B) Soup powder with an 
initial 1:10 dilution JU.de witb 65.E?c sterile buttered water, and (C) Soup powder 
(atored at 4.40C, 21.1°C, and 37.8°c tor six months) vhic:h had been re~drated 
with 65.6°c sterile water per manwfac:turer's instructions and then diluted 1:10 
with 21.10C sterile buffered water. The ratio of soup powder to water for the 
rehydration ot each s'JUp was as follows: 

(a) Spring vegetable soup, 0.0115 kg+ 16o Ill 65.61')~ ,.-~+.el" 
(b) Tomato soup, 0.024 kg+ 185 Ill 65.60C w.ter 
(c:) Green pea soup, 0.035 kg+ 185 Ill 65.60C water 
(d) Cream ot -::hic:ken soup, 0.021 kg+ 160 m1 65.6°c water 
(e) Onion soup, 0.0105 kg+ 185 Ill 65.oOC water 
(f) Chicken noodle soup, 0.0125 kg+ 185 111 65.~C water 
(g) Cream nt mushroOm soup, 0.017 kg+ H;Q Ill 65.6°c water. 
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RESULTS 

Soup quality. -All seven soup products were rehydratable in 65.~C water. 
Technological panels conducted on the seven soups during the year storage period 
demoDstrated that all seven soups were liked ( teehil!.ological panel rating above 
5.0) and therefore may be considered acceptable after storage for one year at 
21.1°C. These soups were therefore relatively stable. Detailed information 
with respect to each quality characteristic shows the following: 

(a) Color (Table 1) - At storage temperatures of 4.4°C and 21.100 all 
eoops had an acceptable color rating for the entire 12 month period. When stored 
i.n air or vacuum at 37 .8°C only the green pea, onion and cream of llllllshroom soops 
remained acceptable for the 12 month period. 

(b) Odor - No objectionable off odor was deteet<!!d in any of the soops. 

(c) Flavor (Table 2) - At 4.4°C and 2Ll°C tlbte flavor of all seven soops 

::;i:::r:~c~~~;: ~~ ::P:n:;: :a:~::~a~~~i~~~vo~i!:e!h:t:~~:P!!o~7~~o~":~ 
three mo11ths • None. of the soups had an acceptable flavor after six months storl!l.ge 
at 37.8°C. 

(d) Texture (Table 3) -All soups had an acceptable texture rating for the 
entire 12 months period at 4.4oc and 21.1°c. At 37 .8°C the green pea, onion and 
cream of IIIUsbroom. soups remained acceptable whether stored in air or under vacuum 
for the 12 month period. The chicken noodle soup had to be stored under vacu~ 
to remain acceptable at 37.8°c for 12 months. 

(e) Appearance - Except for color as described previously, appearance was 
not seriously affected. 

JJ:ncipient rancidity (Table 4) - TlBA tests on the seven soup products rover 
the 12 month period showed the following: 

(a) All products sto5ed in air at all test temperatures, .except for chicken 
noo!Ue soup stored at 37.8 C, had more DU;Llonaldeilyde present after 12 mo!llths than 
at the st!IJ!'t. 

(b) All products stored wrnder vacuum at all test temperatures, wi tlb. tV('! ex­
ceptirollls, had more malonaldehyde present after 12 months than initially. ~e 

e:~~:c<!l~t:l.ons to this were chicken noodle soup and cream of chicken soup at 4.4©(:, 
21.1 c, and 37.8°c. 

(c) In general, soop products stored for 12 months 11XIld<er vacm1m1 had less 
malolllaldelbtyde than when stored in air for a comparable peri«:~d. The eJOOepti©ns to 
this were cream of mushrom soop stored at 4.4°C and 21.10C and tomato soup stored 
at :=n.soc 0 
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Oxidation (Table 5) - (a) When .;tored in air at 1}.4°C and 2Ll°C fol' 12 
months there did not appear to be any large reduc. loion in oxygen level in the 
soup packages. Spring vegetable soup did exhibit a reduction in oxygen level 
at 21.1°C fran an average of 18.l!~ to 15 .~. At 37 .8°C larg& reductions in 
c:xygen level we~ exhibited in all soups with the excf'lption of onion soup and 
cream of IIUshl"'OOa soup which bad smaller reductions. 

(b) When storee under vacuum for 12 months, the data demonstrate that 
increasing the temp!lrature of storage results 1n an increase in oxy~n z-emoval. 
All soup products A.t 37 .8°C exhibited an increase in oxygen removal with storage 
time. 

Microbiological Quali~ (Tables 6 & 7) - Microbiological tests conducted on 
the sou, powder and rehydrated soups indicRted the following: 

(a} Total aerobic plate c011nt. - Total ple.te count ranged from 840/0.001 kg 
to 4720/0.001 kg for all soup povdera with the excP-ption of onion which ranged 
from 776o/0.001 kg to 1.6 x 105/0.001 kg. Rehydrated soup had total plate counts 
ranging from 20/ml to 1100/ml. 

(b) 'l'otal coliform c'JUnt. - Total colifcrm count ranged from <1/0.001 kg to 
to 4/0.001 kg for all soup poWders with the exception of spring vegetable, green 
pea ~d chicken noodle which had 19/0.001 kg, 50/0.001 kg end 109/0.001 kg respect­
ively. Rehydrated soup bad <1 coliform per ml. 

(c) Fecal coliform count. - Fecal colii'orms in all tests were either 
<.1/0.001 kg of soup powder or (1/ml soup. 

(d) Fecal streptococci count. - Fecal stre:ptococc 1 count for the soup powders 
ranged from<l/0.001 kg to 899/0.001 kg. Rehydrated soup bad <1 streptococ'!i per 
ml vi th the exception of vacuum packed mushroom soup stored at 21.1 °C ·mich bad 
16/ml.. 

(e) ~oagulase~positive stap?ylococc~. - Coagplase-positive stapbylococc~ in 
all tests were either negative in 0.005 kg or negative in 5 ml.. 

(f) Jalmonella. - All tested samples were negative for salmonella. 
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DISCUSSION . 

All seven soup products were found to be rehydra.table in 65 .6°c water end 
to remain· relatively stable for a one year store.~ period at 21.10C. All s~ps 
packed 1mder vacuum were also fOWl.d to be liked and therefore may be considered 
acceptable in terms of all quality characteristics when stored for three mo~ths 
at 37.8°c. When stored for six months and twelve mo~ths at 37.8oc.none of the 
soups retained acceptable flavor. The TBA test data on incipient rancidity de­
monstrate some of the oxidative changes that occurred in the soup products,. The 
reaso~ms .for products as chicken noodle soup and cream of chicken s~p testing omt 
lower to malonaldehyde after store.~ under vacu~ for twelve months are not known. 
This could be du.e to the antioxidant properties of hydrolyzed vegetable protein 
reporlted previously (10). O:x;y~n uptake data on vacuum packed soups st~:~red at 
37 .8i:IC dQ!Onstrate that all soup products undel:'I!'Eillllt oxidation. Jl:t also show 
that the change in flavor from what mey- be co~msidered acceptable to unacceptable 
(rating below 5 .o) of all vacuum packed soup products during storage for twelve 
months correlates with the reduction in oxygen level ill the soup package. A com­
parison of the relationship between soup flavor and oxygen uptake during store.~ 
by orthogonal polynomial analysis (16) resulted in the derivation of a relation~ 
ship which best represented the data in vacuum packed soops stored at 37.8°C, 
Tables .a, and 5. The results are shown in Table 8. Fran Table 8 it was deter­
mined that the first degree polynomial (linear)Figure l, would provide .the best 
fit with a correlation coefficient r=.78. 

Although some of the dehydrated soup products co~mtained colifm:ms and fecal. 
streptococci, the total plate counts were low and the fecal coliforms, staphy­
lococci and salmonella were <1 or negative OR a d.ey T!!asis. On the other hand all 
soup products which had been rehydrated with 65.6°C water at the IIIB.I!llufacturer'e 
recODm!ended level of· water "00 solids on a reconstituted basis met the micro­
bi~logical requirements established for dehydrated space foods (15) on a dry 
basis. In view of the low counts in all microbiological categories found in the 
Hhydrated soups, it is questionable as to whether the requiremsll!ts for de!O!ydrated 
spam! foods listed under reference (15) end reference (17) should be applied on 
a dry basis to products which are not intended for space travel and which are to 
be rehydrated with 65.~C water. 

~e requirements for precooked frozeR meals for 1lllse by the Armed ForceB for 
in-flight feeding are as follow: standard plate cmtnt ~ 100,000 JP®I' Cl.OOl kg, 
coliforms 5100 per 0.001 kg, and E. coli negative per 0.001 kg (18). It is sig­
nificant that where tested all of the dehydrated soup products satisfy these 
req~irements (18) with the emept.ion of dehydrated onion soup; and that mll of 
the s~p products rehydrated with 65.6°C water satisfy these same requi~ents. 
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CORCUJSIOHS 

It is concluded that there is sutticient intol'll8tion ava.ilable trom the 
l iterature and laboratory t ,_, warrant a limited production run and tield test 
on six out ot the seven soupa inve11tipted. Tomato soup should be excluded 
from ~his tea~ because ot ~ts lac~ ot flav~r atability vben stored at 37.8°C 
i.!l air tor three montha. Stlould accidental air leakage develo:r in a package 
and the product be shipred or held tor ~ brief period at tem~eraturea higher 
than 21.1°C vacuum pe.c~ed tomato soup might deteriorate tlavorviae prior to 
use. The soups rec01111e"ded tor this test are a~priug vegetable, green pea, 
creUl ot chic~en, onion, chicl\.en noodle and crewa ot IIIUBhroOil. When packed 
uncie:r. vacuum these six soups were tound to be rehydx·atablt: in 65. 6°c 'l":lter 
&l1d to reu.in .;table tor one year at 21.1°C. Fu.rthe:naore, t'he ability ot 
these products to rema.in stable at 37. 80C tor three months both in air or 
under vacuum provides a reasonable anticipation ot protection against deteri­
oration ahould accidental air leakage develop; or it these products were to 
be shipped and held tor relatively briet periods a+; temperatures in exceas 
ot 21.10C. 
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Table 1. Color Rating Changes on Soups StorgdjL2_ 

Vacuum packed soups 
Air packed soups;■ : 

#1 s 12 (Technological Panel Judges) 

- 12 



Table 2. Flavor Rating Changes on Soups Stored 12 Months 

Type Soup 

Flavor (Rating) * 
Storage 
Tempera- At 

Start 

After 
3 Months 

After 
6 Months 

After 
12 Months 

ture vac air vac air vac air 
Spring Vegetable 5.9 5.8 5.8 6.5 6 A 5.8 5=8 
Tomato 6.4 6.1 6.2 5-5 ■ 5.8 6.1 5.6 

4.4°C 
Green Pea 6.6 6.2 6.3 6.6 6.3 6.7 6.5 

Cream of Chicken 6.9 7.0 7.3 7.1 6.9 8.4 6.1 
Onion 6.3 5.9 6.2 6.3 5.8 5°9 5*3 
Chicken Noodle 6.8 ■. 6.5 6.9 6.3 6.7 6,8 6.6 
Cream of Mushroom 6.9 6.8 6.7 6.3 6,5 6.3 6.6 

Spring Vegetable 5-9 5-8 6.2 6.7 6.3 5.9 5-5 
Tomato 6.4 6.3 6.4 6.1 5*3 5-9 5.1 

21.1°C 
Green Pea 6.6 6.1 6.2 6.0 5-5 6.7 6.0 
Cream of Chicken 6s 7.1 6,9 7,0 6.4 6.7 5.6 
Onion 6.3 6.0 6.5 5.6 5°3 5-3 6.0 
Chicken Hoodie 6.8 6.6 6.3 6.1 6.0 6.4 5.9 
Cream of Mushroom 
— —.     

6.9 6.6 6.7 6.0 6.8 6,0 6.6 

Spring Vegetable 
Tomato 

5-9 
6.4 

5.9 
5.0. 

5.1 
4.7 

4.3 
3-2 

4.3 
2.6 

3*8 
2.0 

3»! 
1.6 

Green Pea 6.6 5.9 5.6 4.7 4.8 4.3 4.3 
3T.8°C Cream of Chicken 6.9 5.5 5.8 4.5 4.5 3*4 3.4 

Onion 6.3 5.8 5.8 4.8 4.5 4.5 4.5 
Chioken Noodle 6.8 5.6 5 A 4.8  3-9 4.0 2.5 

■"— ■■■;" 

Cream of Mushroom 6°t_J 5.1 5.3 4.3  5.6 4.0 4.3 

vac - Vacuum packed soups 
air - Air packed soups 

*fl 12 (Technological Panel Judges) 
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Tempern* 

k.k°C 

21.1°C 

37.8°C 

Spring ?egetable 
Tomato 

Green Pea 

Cream of Chieken 

Chicken Noodle 

Cream of Mushroom 

Spring Vegetable 

Green Pea 

Cream of Chicken 

Chicken 

Cream of 

Spring Vegetable 

Green Pea 
Cream ©f Chicken 

Chicken Hoodie 

- Air packed somps ■■ ■. ■■ 

12 (Seelmological Panel Ädges). 
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Table 4„ TBA Tests on Soups Stored 12 Months 

Type Soup 

TBA Test (mg malonaldehyde/ kg soup) 
Storage 
Tempera- At 

Start 

After 
3 Months 

After 
6 Months 

After 
12 Months 

tures vac air vac air vac air 

Spring Vegetable 

Tomato 

.36 

•3U 

.in 

• 39 
•55 
• 37 

.52 

„49 

•57 
; M 

; „44 

.50 

.98 

• 55 

Green Pea .61 .61 „62 •59 • 73 „68 ^99 

4,4°C Cream of Chicken «51 • 39 „46 • 37 „51 „42 • 57 

Onion • 35 • 30 • 47 • 39 •37 .41 „52 

Chicken Noodle 1.11 -.80 1.25 . .81 1„30 I.03 1-33 

Cream of Mushroom .12 • 13 „17 .20 „21 „18 „18 

Spring Vegetable .36 *„84 •34 .4o „52 .40 .47 
Tomato .3* .65 .41 .41 • 37 „41 „47 

Green Pea .61 .30 .13 .65 .72 »76 • 79 
21.1°C Cream of Chicken • 51 „4o • 57 .*5 • 51 „51 .65 

Onion .35. M .4i .25 • 37 „48 • 52 

Chicken Noodle 1.11 2.52 .68 •95 1.15 1.08 1.36 

Cream of Mushroom .12 1.54 .17 .20 .14 „25 .20 

Spring Vegetable 

Tomato 

.36 

„34 
.27 

.51 

»78 ; 
.41 

•35 
,48 

„41 

„48 „50 
„58 

„49 

Green Pea .61 .66 Mi .63 „72 „64 „86 

3T«8°C Cream of Chicken „51 *„6o .49 ,i*2 „56 „47 • 53 

Onion • 35 .41 M • 30 „36 1 -43 „48 

Chicken Hoodie l.ll 1.66 1.04 •73 I.03 „87  1-00 

Cream of Mushroom .12 , ;;26 .26 -■ .29 • 34 „30   -38 1 

vac - Vacuum packed soups 
air - Air packed soups 

*Sample did not have good vacuum 
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Table 5« 0;xygen Level on Soups Stored 12 Months 

Oxygen Level {$) 
Storage After After Afte r 

- Tempera- 
Type Soup 

At 
Start 

3 Months 6 Months 12 Months 
tures vac air vac air vac air 

Spring Vegetable 18.4 19.0 17.8 18.0 17.8 18.0 19 »4 

Tomato 20.5 20.6 20.9 #* 19.9 ## 19.8 

Green Pea 20.6 20.8 19.8 21.1 19=7 20.8 19.7 

4.4°c Cream of Chicken 
■ 

20.6 ** 20.3 «# 20.6 ■»* 20.2 

Onion 20.2 ■*& 20 .0 «■* 19« 5 21.0 20.0 

Chicken Noodle 19.4 19A 20.2 18.8 19.0 17*9 18.8 

Cream of Mushroom 20.9 

16.1 

20.8 **    20.7 ■&# 20.8 

Spring Vegetable 18.J+ 17.0  12.6 17.6 10,8 15 »2 

Tomato 20.5 **  j 19.8  21.0 19-3 '*# 19.1 

Green Pea 20.6 IT 08  19.3 16 ol 21.1 15A 19.6 

2i.i°c Cream of Chicken 20.6 **   20.4 21.0 19.5 20.0 19 »7 

. Onion &VcL 20 A  20.4 19.7 21 „I 20.7 20,1 

Chicken Noodle 19.4 15.5  18.4 12.7 18.1 10.1 17*7 

Cream of Mushroom 
— ■ ,  

20.9 **    20.T ** 20.6 •&# 20.6 

Spring Vegetable 18.4 5.8 14,2 3.5 6.0 3»2 9«3 
Tomato 20.5 13.2 l6.0 I  3.0 8.3 2.9 4.5 

Green Pea 20.6 13.5 16.2   8.2 13.6 4.9 8.5 
3T»8°G Cream of Chicken 20.6 12.3     I9.8 2.8 15.3 8,4 11.5 

Onion 20.2 11.2  19.5 TM 18 .4 4.8 18.8 

Chicken Hoodie 19«4  1 . 4„5  15.2 2.8 9-3 3,6 3»9 
Cream.of Mushroom  20*9 19.T  20.5, 13 ol 18 .4 11.6 17.8 

vac "  Vacuum packed soups 
-air =■ Air packed soups 

**Ias«f fie lent feeadspas® gas for acem rate meas«r@m©iat ©f headspai je eamp© sitioa 
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·.L'able 6. Microbiolos.y of Dry Soup 

-- ~tal Fecal Fecal CoagulaAe 
iPlate Coli- Coli· Strepto- Positive 

Type ~ount/ forms/ forms I cocci/ Stapbylot:occi/ , 
Pack Type Soup 0.001 kg 0.001 kg 0.001 r.~ 0.001 kg 0.005 kg 

SpriD41 Vegetable 3550 19 - 8 ltegative 
Tomato 1950 4 (1 2 :ft'egative 
Green P~a 1500 (1 ( 1 19 Negative 

Air Cre8Jil of Chicken 2100 50 - 90 Negative 

* Onion 1.6x 
105 

1 (l 67 Negative 

Chicken lloodle 46oo 109 - 15 llegative 

Creaa of Mushroom 2250 2 (1 83 Negative 

Spring Vegetable 254o (1 (1 118 Negat.ive 
Toll& to 1CX20 (1 (1 (1 :ft'egative 

Green Pea 1000 ( ,_ .(1 (1 Negative 

Air Creaa or ~.icken 840 (1 (1 30 Negative 

** Onion 776o (1 (1 899 Negative 

Chicken lfoodle 4720 (1 (1 4 Negative 
Creaa of Muallroo=. 1 ~o6o (1 (1 11 Negative 

* Rehydrated (1:10) vith phoapbat.e buffered water (pH•T-2) at 21.1°C 
** Rehydrated (1:10) vith phosphate buffered water (pH•T-2) at 65.60C 

• 

Salmonella/0.010 kg 

Negative 
Negative 
l'fegati~ 

Negative 
lfegative 

llegative 
Kegative 

.. 
Iegatin 
lfegative 
lfegatiTe 

Negative 
lfegative 

lfegative 
lfegative 
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Type 
Paelt 

-

Air 

v. 
u 

ac-
Wll 

Type SouP* 

1 Spring Vegetable 

l'l'alato 
Green Pea 

-
Cream of Chicken 
~ion 

Chicken Boodle 

CJ"'3aa or M'.lahl"'OOIl 

Spring Vegetable 
Tomato 
Green Pea 
Cream o~ Chicken 
Onion 

Chicken Boodle 

Cr aaa or Mushl"'OOIl 

Table 7. Microbiology of Rehydrated Soup 

*** *** **• *** *** Total Plate Coli- Fecal Fecal Coagul.aae Salmon-
Count/ml forms/ Coli- Strepto- Positive ella/10 m1 

4.4°c 21.1°C 37.8°c m1 forms/m.l cocci/ml Stapbylo-

- coccil5_ m1 

2~ 120 200 (1 <1 0. Kegative Kegative 

4o 6':; 100 I (1 (1 (1 Kegative ltegative 

14o 14o 220 (1 <.1 

I 
(1 Kegative Kegative 

80 120 120 (1 (1 (1 Negative Kegative 

56o 66o 300 (1 (1 (1 Negative l!egative 
140 34o 11~0 (1 (1 (1 Kegative lfegati~ 

140 120 16o (1 <1 (1 Kegative K.egati-n 

100 80 80 (1 (1 (1 Nega.tive lfegatbe 

180 4o 6o (1 <1 <.1 Ne~tive Negative 
200 80 20 <1 <.1 (1 Negative I Kegativ" 
220 100 Bo (1 (1 (1 Negative Negative 

46o J.lOO 440 (1 (1 (1 Kegatbe Negative 

140 I 80 100 <.1 (1 (1 Kegative lfegatiw 

220 i 120 20 (1 (1 (1** Kegative Kegative 

* ~-'"'~-+Ail ..ri+'h hC:.. f.A It" uwo+a ... • ... ~ +.'han i"ot-..fo'ha ... ~iln+.a~ -(1 •10\ ..ri+_'h ,;,.h"""•nlo.a+.a Nti"i"a~ ...-+ .... 

(pB-7.2) at 21.10C. _ _ 
**Leas than 1/al. to ... samples stored at 4.4°C and 37.8°c. Saaplea stored at 21.1°C had 1.6/ml.. 
,...icrobiolo~cal results on samples stored at 4.40C, 2i.l0C and 37.80C. 

4.l.~Oc, 21.1°C, 37.SOC Temperatures of sample storage. 
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Table 8. Changes 1n Soup Flavor va. Chal'.gea 1n Ox;ygen Content Dur~g Storage 

Analyais of Variance tor All Curves 
Variable I DF SSQ MSQ F Significance 

Total ! 27 39·926785 
Degree 1 1 24.412323 24.412323 40.9115 s 
Error 26 15·514463 ·59671011 

Degree 2 1 .26o58466 .26o58486 .4721 IS 
Errur 25 15.253878 .61015512 

Degree 3 1 ·79472326 ·79472326 1.3191 IS 
Error 24 14.459155 .6o24648o 

Degree 4 1 .14331954 .14331954 .2303 IS 
Error 23 14.315836 .62242765 

Degree 5 1 1.1722843 1.1722843 1.962~ IS 
Error 22 13.143552 ·59743417 

S m Signifi~ant at the .01 level 

IS• Bot Significant 
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Figur e 1 . RELATIONSHIP BETWEEN SOUP FLAVOF: AND OXYGEN CONTENT CHANGES DURING STORAGE 
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