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PREFACE

Because of nume>rous complaints that individual servings of
subsistence were received in unsatisfactorv condition at the user
level, a study was conducted to determine what packaging materials
and what storage conditions would result in a satisfactory product.

The study was conducted by Ms. Marilee L. Witt, who has since
left US Army Natick Development Center for a position in industry.

This study was undertaken under the Production Engineerirg
Program of the Applied Technology Group, Food Packaging Division,
Food Engineering Laboratory, under Project No. 728012.19.
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1 STORAGE STUDY OF INDIVIDUAL SERVINGS OF

SUBSISVENCE AT VARi.u> TEMPERATURES

1. Introduction

This storage study was initiated because a number of Unsatisfactory
Material Reports were issued on several commodities packaged as individual
i servings. To determine suitable packaging materials and favorable storage
: conditions, various servings were obtained from several suppliers. The
] commodities obtained - catsup, salad dressing, pickle relish, mustard,
jelly, sirup, and peanut butter - are considered representative of the
items covered by Federal Specification PPP-1-350, Individual Servings
of Subsistence, Packaging and Packing Of, and the individual packages
are representative of the types of packaging used by the industry.

One item, peanut butter, could not be tested nor couid any data
be collected because of the extremely high percentage of leakers in
the case received from the manufacturer. The leakage was such as to
cause severe 0il staining of the shipping container and a film of oil
over all cups in the case.

Chal @i i i

2. Test Procedures

T R

Two principal ovjective approaches were used with measurements at
30- or 90-day intervals over a period of 360 days at storage tempera-
tures of 4.4°C, 21.1°C, and 32.2°C (40°F, 70°F, and 90°F).

One approach was the determiration of weight changes over the
360-day period.

same period for all items except jelly, which was tco dark to provide
accurate color readings. Color readings were nade with the Model D-1
Color Eye in terms of tristimulus values for catsup, salad dressing,
mustard, and pickle relish, and the values were converted to the

CIE (Commission Internationale de 1' Eclairage) system for a more

1 precise numeiical description of response of the normal human eye to

] coler. The CIE data for catsup was converted to tomato color ratings

to facilitate comparison to the acceptabie color rating of 72 for

catsup. The intensity of the color of sirup was determined by measuring
the percent of transmission of light at a wavelength ot 560 millimicrors.

E The other approarh was the measurement of color changzs over the

Determination of the acceptability of the product on criteria such
as taste, texture, and package integrity was subjective and based on
the judgment of the principal observer.
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In addition, a survey was made of the quantity of fill to determine
conformance of the specification to industry practice. Also, net weights
of the samples received were determined and compared with the stated net
weights.

Y

Mbac

3. Discussion

a. Net Weight Requirements

The general trend of industry fill of individual servings is
shown in Table 1, and it appears that only a minimal number of changes
need to be made tu PPP-1-350A to bring it into line with industry
practice. The fill weight figures listed in the table are those used
most often by the suppliers who were contacted.

TETEETY

Of twenty groups of samples subjected to testing, thirteen
had a net weight less than that stated bv the supplier. Table 2
shows the stated net weight, actual net weight for each {item, and
the minimum allowable weight for individual packages. Only supplier
D is consistent in giving full measure, and his controls for sirup
are so loose that the fill averages almost 40 peircent more than the
stated net weight.

b. Weight Changes and Color Changes

L

In most cases, weight changes and color changes were dependent
on storage temperatures with the changes being less with decreasing
temperatures. In a few cases, the packaging was such that there was
little to distinguish between the three temperatures at which observa-
tions were made.

e b

(1) Catsup - Supplier A, ionomer-foil-paper pouch

Supplier B, polyethylene-foil-polyester pouch

T AT T T T T

Supplier D, poiystyrene boat, polyethylene-foil-
poiyester 1id

Supplier H, polyethylene-cellophane pouch

A study of weight changes, as shown in Table 3,indicates that
storage at 4.4°C(40°F) results in less weiaht 1oss than the higher
temperatures, although storage at 21,1°C (70°F) seems to give very
good results. With two exceptions, weight loss increases quite
rapidly at 32.2°C (90°F).




ook IS i e L . i ’ B TR TR o T T b s s G i L e e Ll i et it L i T LR 8 e ot e Shaa s 1 Ll i bl

Two of the packaging mater.als appear to be superio: to the
other two. The first shown in the table, an ionomer-foil paper pouch,
allowed only a small weight loss at all three temperatures. ‘he second
packaging material, a polyethylene-foil-polyester pouch, appeirs to be
about equal to the first except that it developed pinholes whi:h destroyed
its effectiveness after 270 days. It is assumed that the iononer in the
first material is a superior barrier against the acetic acid in catsup
and delays its action against the foil layer.

The effect of temperature on color changes in catsup roughly
parallels the effect on weight changes (see Table 4). The gcneral effect
of time is a darkening of the product. (Note: Because of the nature
of the calcutation in converting from CIE ratings to tomato color racings,
a high value indicates a darkening of the product.) The one notable
exception is the product in the pclyethylene-cellophane pouch which
undergoes a bleaching effect at 4.4°C (40°F).

o b i LR L bl By

There is some variation in the initial color of the catsup as
: received from different suppliers. Three of the suppliers have products
b which are essentially the same color, but supplicr B's product is some-
what 1ighter. However, his product is near the standard color of 72
for catsup.

(2) Sirup - Supplier B, polystyrene cap, polyester 1id

§ ok B i

Supplier D, formed foil cup, foil-paper 1id
Supplier H, foil cup
Supplier H, polyethylene-cellophane pouch

As with catsup, sirup weight loss is dependent on temperature
1 (see Table 5). One packaging material from Supplier D shows a negligible
1 weight loss at all temperatures over the entire observation period. This
can be expected of a foil cup with a foil paper 1id, but it is not known
why the foil cup from Supplier H did not offer the same protection.
The actual failure points were determined to be those times when the
sirup could not be poured.

Color readings were made by transmitting iight of a wavelength
of 560 my thiough the sirup. There was considerable variation of the
initial values between the products from the four suppliers, and the
difference can be attributed to differences in the amount of the
caramel color added. The percentages of light transmission shown in
Table 6 tend to be somewhat confusing since some samples appear to be
bleachcd during storage, particularly the product from Supplier D,
while other samples seem to darken with increased concentration of
product, such as t * from Supplier H.
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(3) Salad Dressing - Supplier A, polyethylene pouch
Supplier B, saran*-cellophane pouch

Supplier C, polypropylene-cellophane-foil
pouch

Supplier D, polystyrene boat

Salad dressing represents the least stable in weight and color
of the products included in PPP-1-350, and this is reflected in Tables 7
through 8d. Two suppliers (A and C) furnisied product which was stable
and acceptable at 4.4°C (40°F) and which showed relatively good stability
at 21.1°C (70°F) and 32.2°C (90°F). Another supplier (E) had product
which was completely unacceptable after two months at 32.2°C (90°F).

The CIE color ratings indicate a considerable difference
between samples at the inception of the study. The color changes that
took place can be correlated with stability, the larger changes being
associated with less stable product.

(4) Mustard - Supplier C, polyethylere-cellophane pouch
Supplier G, pelyethvlene-cellophane pouch
Supplier H, polyethylene-cellophane pouch

The samples received from three Jifferent suppliers were
packaged in the same material, a polyethylene-cellophane pouch. This
particular packaging material does not offer much protection to the
product as far as transmission of gases is concerned. However, the
weight losses do not appear to be consistent, varying with the source
of supply at various temperatures (see Table 9).

The initial co'or ratings of the mustard indicate that there
are measurable differences between the products from different suppliers,
either due to formulation, grind, or variety of seed used. The rate of
color changes at different temperatures seem to bear this out. However,
the results are consistent with results obtained on other products, i.e.,
increasing time and temperature result in a deterjoration of color (see
Tables 10a through 10c).

(5) Pickle Relish - Supplier B, polyethylene-cellophane pouch

Only one supplier furnished samples of pickle relish with the
packaging being polyethylene-cellophane pouches. The results (see
Tables 11 and 12? parallel those obtained with mustard packaged in the
same material. The changes in weight and color are less at the lower
temperatures.

*Saran, a product of Dow Chemical Co.
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(6) Jelly - Supplier B, polyester boat, polyethylene-foil 1id
Supplier C, polystyrene-PVDC Loat, polyester-foil 1id

Supplier D, polvstyrene-PVDC boat, polyethylena-foil
1id

Supplier F, polystyrene boat, polyester-foil 1lid

Two samples of jelly from twu different suppliers in polystyrene-
PVDC becats have better storaae stability as indicated by weight changes
than do samples in plain polystyrene or polyester boats (see Table 13).
It is evident that the PVDC coating increases resistance to water vapor
transmission with a resuiting increase in the storage life of jelly.

4. Conclusions

While some of the packaging materials offered more protection fir
a given product, it appears that a low storage temperature will give
the best storage life. Except for one sample of catsup, two of salad
drassing, and one pickle relish sample, all twenty samples were satis-
factory after 360 days storage at 4.4°C (40°F). At a storage tempera-
ture of 21.1°C (70°F), eight of twenty samples proved to be unsatis-
factory at less than 360 days. At 32.2°C (90°F), eighteen of twenty
samples tested were unsatisfactory at less than 360 days. It would
be possible to specify packaging materials for most of the commodities
based on the results obtained in this study, but the net result would
be the elimination of a number of suppliers with a subsequent narrow-
ing of the procurement base. It is our considered opinion that it
would be most 2ffective to establish a performance requirement for

the various packages with a specific requirement of a low storage
temperature.
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TABLE 1 - Common Industry Net Weights Versus Specification Net Weights

Item

Tomon Industry declarea  Sp
net weight grams (ounces)

ec{fication net
ight - grams {ounces)

catsup

Cramberry Sauce
Honey

Jelly

Mustard - boat, cup
Mustard - pouch
Pickle Relish

Salad Dressing
Peanut Butter

Sirup

14.17 (1/2)
14.17 (1/2)
14.17 (1/2)
14.17 (1/2)

7.09 (1/4)
9.45 (1/3)
14.17 (1/2)
14.17 (1/2)

42.52 (1-1/2)

14.17 (1/2)
14.17 (1/2)
14.17 (1/2)
14.17 (1/2)
9.45 (1/3)

7.09 (1/4)
14.17 (1/2)
14.17 (1/2)
14.17 (1/2)
42.52 (1-1/2)
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f TABLE 2 - As Received Net Weight Versus Declared Net Weight

‘ Ks Recelved Net Declared Net Min{um ATlowable
E Product Supplier Weight, grams Hei?gzs grams Weight, grams 1/
E Catsup A 14.36 14.17 (1/2) 13.5
| Salad Gressing A 11.68 14.17 (1/2) 13.5
Catsup B 12.28 18.17 (1/2) 13.5
; Jelly B 12.39 14.17 (1/2) 13.5
1 Pickle Relish B 7.02 7.0 (1/8) 6.5
5 Salad Dressing B 13.9n 14.17 (1/2) 1°..5
é* Sirup B 42.62 42.52 (1-1/2) 40.5
? Jelly C 14.45 14.17 (1/2) 13.5
Mastard c 6.25 7.09 (1/8) 5.5
¢ Salad Dressing  C 8.44 8.50 (0.3) 8.0
i: Jeily D 18.78 1417 (1/2) 13.5
Catsup D 15.65 14.17 (1/2) 13.5
Sirup D 59.29 42.52 (1-1/2) 40.5
Salad Dressing E 13.39 14.17 (1/2) 13.5
Jelly F 14.00 14.17 (1/2) 13.5
Mustard G 7.16 7.09 (1/4) 6.5
Catsup H 12.89 14.17 (1/2) 13.5
Mustard K 6.62 7.09 (1/8) 6.5
Sirup, cup H 27.62 28.35 (1) 27.0
Sirup, pouch H 41.66 42.52 (1-1/2) 40.5

1/ No individual package may be less than the minimum allowdble weight.
Lot average shall be not less than the specified net weight.
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