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FOREVORD

This is the sixth annual report of a study which was initiated in
1662 to determine the stavility of representative types of Civil Defense
shelter foods and their containers when stored for extended periods. The
first five reports, of which the fifth was Technical Report 68-26-GP,
Dece.ier 1967, were issued by U.S. aryy llatick Laboratories, nNatick,
llassachusetts 01760,

The work reported through 1967 was performed under Contract Dal9-129-
(i~2050 (project reference OCD-05-62-156), 21 June 1962 - 20 June 1567,
awarded by the U.5. amgy liatick Laboratories to the University of Georgia,
Georzia fxperi.ent Station, to provide facilities anl collect data for the
stuay. The purpose was to simlate conditions likely to exist in warehouses
and selected shelters in which, beginning in 1962, large quantities of food
were stored under the Civil pefense Shelter Prograiz. This included types
of food not previously procured, representing new for.iulations, processes
and containers on which little or no long-ternm storage infori:ation was
availabie.

Continuation of the study under the current subcontract, awarded by
Stanford Research Institute, the lead lavoratory of the Cifice of Civil
Defense, will extend stora-- into 190G when the stock of rations stored for
the project will be practically exhausted or will have fallen btelow the
acceptable range of quality. Froject Officer for this subcontract is
Ur. Jaues F. Halsey, Civil Defense Technical Office, Stanford Research
Institute.

Saii R. Cecil
Food ocientist
Georgia Expericent station

APPROVED:
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ABSTRACT

Hesults are reported on the stability of ten lots of fallout shelter
cereal rations stored for 5 years and 3 lots of carbohydrate supplement
stored for 4 years at 100°F/30% r.h., 100°/57%, 70°/80%, 70°/57%, LO°/57%,
and O°/auvient r.h. Rations include 4 lots of survival crackers, 4 lots
of survival biscuits, 2 lots of bulgur wheat wafers, and 3 lots of mixed
leaon and cherry flavored hard candies. Data include 60-month and 43-
Jonth values, respectively, for (1) bursting strength, moisture content,
and general conditions of V3¢ fiberboard cases; (2) residual oxygen,
leaking, corrosion, and coating defects of 24-gallon and 5-gallon metal
cans; (3) breakage aud general condition of package seals, seams, materials,
and preduct units; (4) fracture strength, peroxides, and free fatty acids
of wheat products; (5) pH and sugar contents of carbohydrate supplements;
and (6) woisture content, color, sensory guality, and hedonic ratings for
ail products. Results of previous exaaxinations of stored rations are
discussed,
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STORAGE STABILITY OF CIVIL DEFENSE SHELTER HATIONS
(ANNUAL REPORT)

Introduction

A storage study was conducted over a five-year period to deteruine the
stability of representative types of Civil Defense shelter rations. 4t the
beginning of this period, 10 cereal items were deposited in storage cver an
interval of four months, and 3 carbohydrate supplements were stored about a
" year later. Determinations were also made of the stability of packaging
inaterials in which the rations were stored.

Items stored for 5 years were:

Crackers Contract Biscuit Contract Bulgur Wafers Contract
code nunber code nurker code nuwaber
ChL 2692-62 b2 2686-62 Chy 2254-62
cD3 2689-62 CD4 2094-62 ("white" wheat)

CD5 2687-62 CDé6 2683-62 CcD10
cD8 2691-62 cD7 2687-62 (#red" wheat)
Caroohydrate supplements, stored 4 years, were:

Code Contract Wumber
chil 24,018-63
th12 24016-63
cD13 24,023-63

Storage conditions for the period, iiovember 1666 to iarch 1968, weie:

Code Tenperature Relative rp ddity
°F percent

100/80 100.1, +1.6, -0.6 9.7, +1.7, ~4.9
100/57 99.9, +2.3, -1.5 57.2, +1.3, 2.7
70/80 69.9, 0.2, -0.8 79.4, 1.4, =5.5
70/57 70.1, +1.L, -0.7 57.5, 3.8, -1.0
40/ 57 40.2, +5.3, -0.8 58.5, +3.6, 2.2

0/aubient -0.4, +2.5, -1.0 ambient (high)

The large deviations resulted fro. defective hunidity contrel equip ent
in the 100/8G and 70/80 rooms and temperature control squip:ent in roo.as
70757 and 4O/57, including the off periods required to replace the defective
wiits.

Saiiples withdrawn for examination at the end of the respective five-year
or four-year periods consisted of one came and two cans from each of the six
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s.orage conditions for each item. Basic procedures and sample replicates
for the various observations and determinations included in the examinations
are given with the results and data repcrted below. Statistical treatient
of data euployed standard procedures for analysis of variance, multirle
range testing for sign’ ficance, and calculation of siuple correlation coef-
ficients.

s:etheds and Results

I. Fiberboard (V3c) Cases

Entire cases were used in all examinations excepting those for biscuit
CDl, and craci.ers CD3 and CDl. These three iteiis were packed in 2%-gallon
cans, six cans per case, and only 1/3 case was availavle for each withdrawal
fro.a storaze. oSauples at 60 .ionths for CD1 were frou: intact cases, while
those for C.3 and CD4 were the second 1/3 of cases opened at 48 .nonths.

Ten /~-inch squares were cut from available locations on side and end
panels of each case and placed in sealed containers before removal from the
storage rooil. Containers were then reisoved to a 73°F condition, allowed to
equalize at this temperature, and bursting strength determined as rapidly as
possioble after opening the container, using a manually operated rullen-type
tester.

1. 3Bursting strength (Table 1)

althouzh cereal iteii cases decreased sharply in bursting strength at
1CO°F anc .:oderately at 70°F during the first 4 years of storage, with moderate

increases at 40° and C°, there was relatively little change from A8-months values

during the fifth year. Carbohydrate supplement cases decreased moGerately
at 70°F and increased soiuewhat at 40° during the fourth year. isean changes
frou initial bursting strength values were as follows:

Condition Cereal item cases stored 5 years Supplement cases stored 4 years

°F/% r.h. b-can; CDl, 3. L 2-can cases 2-can cases

100780 186 151, -80

100/57 -158 -125 -83
70/€0 - 69 - 33 -1
20757 - 32 12 L

40y 57 59 48 57
0/a.ib 72 L1 -9

Of the 26 cases frow: 100°F, all except CD8 (5 years) aand CD11 (4 years)
were oelow 400 psig; 6 were below 300, averaging 275. Eigh' of the cases
fron 70° were below 400, averaging 384. As seen in Taole 1, values averaged
lower at 80% r.h. than at 57% (17 of 20 sets) in the 100° and 70° rooms, but
there was no significant correlation cf noisture witih bursting strength within
ToouS.
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2. .oisture Content {(Table 2)

Sa.iples for ..oisture deteri:inations were obtained at the same tize and
in the sace .:anner as these for burstiang strength. uoisture was calculated
fro.: weisht losses of 5 grauas of chopped fibervoard after heating 5 hours
at 100°C under a 29-inch vacuuw: e

Hoisture centeats as given in Table 2 averaged 0.53% lower for cereal
ite.. cases, and 0.47, lower for supple:ent cases at 100° and 70°, than those
for the preceding year. oJupple.ent cases at L0° and O°F averaged 0.28% higher.
These changes, relatively uni.portant when coupared witn ..oisture differences
associated with storage concditions, apparently resulted fro: .iqor variations
in adjustients of roo. equip.ent and rooi: loading.

L1 general, ..oisture contents increased in pcroportion to relative huidity,
out ecuilibriu. levels were lower at higher terperatures, aprarentily s &
result of increased vapor pressure oli‘ferentla.:.s. There was 0 rarious
da.ase vo the cases fro.: the nigher ::oisture contents, alti:ou,h siight d=creases
in bursting strength aanc increases in tendency to ::0ld and to ovulge in the
stacls .ere o‘cservec’i.

5. Geaeral Conditions of Cases

~11 tiie cases srowed ore or less evidence of staining aand slignt "wear
frc.. haniling in storaze roo.s which were also in use for other co.siedities.
The resuliing "ulightly used- appearance, however, iad litile influence on
their fuaction as containers for tine ration cans. Certain of the .inor i.-
cerfections coserved during the .iost recent exaiinaticns are given velow;
raiings for extent, ihere ziven, are on a 9-point scale.

Lcose Seals. Althougnh the adhesive holding the case flaps has becon
noticadle "set” end in so..e instances slightly ‘crac{ecx' in cases stored at
the hizher teiperatures, there has been nc evidence of loosening of flap seais
with storage. Ina.dﬂquate spreading of the auhesive, leaving loose edges of
flaps, was observed in 64 of the S0 cases exaxined frox CD5 and CD7 (.iean
defect rating C.4), 28 of 34 cases of CD1O and CDil (wean rating C. 5), and
in 22 cases (..ean rating 0.5) of ail other ite.s except CD2, CD6 and CD12.
also, staples have beco..e quite rusty in soue of the cases at 10G°/80% and
70°/50%, out neither slizhtly frayed flap edges nor rusty staples has iapaired
ine useiulness of the cases for storage.

Delendnation. w&th the exception of the frayed loose flap edges noted
a.‘oove. onl;/ 12 or 530 cases exa.ined during the 5 years had delaiiinated are:
& of flaps and 6 of panels. Mean defect rating for delauinated flaps was
1.4, and these were observed froi. the first through fifth years, 2 flaps eacw:
at 100°, 40° and O°F, apparently resulting fro.: handling of cases during
urapsfer or restacking in the storage roois. Panel delaiinations, 1 at 2
years, 2 at 3 years, 3 at 5 years, were all at 80% r.h., 5 at 70° and 1 at
100°F; ::ean defect rating was 2.5. These included 1 case each of CDé and
CD3, vub 2 cases each or about 1l of ali the cases of CD1 and CD4. cSoth
of the delaainations in CD4 and 1 of the 2 in CDl, however, were in cases
wvirich nad been cut in the rreceding year, so these panel separations probally
resulted fro.: abscrpiion of .oisture through the cut edgzes of the poard.
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Mold. The only .i0ld observed on the outside of the cases examined during
the current storage year was 2 small areas (rating of 0.25) on supplement cases
CD13 frou 80% r.h. ccaditions. At previous exauninations similar moldy areas
were seen on 25% of the cases stored at 70°/80% (mean rating 0.7) and 5% of
those from 100°/80% (rating 0.7). Lightly molded spots were found inside the
CD5 case and the CD13 case from 100°/8C% (ratings 2.0 and 0.8). Freviously
ovserved inside mold averaged 0.6 rating in 20% of the cases from 80% and
0.4 rating in 5% of the cases from 574 r.h. rooms. Thus there was no indi-
cation of increased incidence of molding beyond the second to fourth year,
when uost of it was obserbed. Practically all noldy areas were on outer or
inner surfaces which had been in contact with other case or can surfaces.

Sweating of Cases. Average rating for moisture or other staining of
the outside surfaces of cases was 0.80, exactly the same as the nean high
ratin; froi: previous years. By storage conditions, average ratings were 1.26
for 70°/30%, 0.94 for 100°/80%, 0.85 for 70°/57%, C.75 for 100°/57%, and 0.50
for the 40° and O°F roociais. None of the staining was severe enough to inter-
fere witn furtner utility of the cases.

Inside sweating of cases was judged alost entirely froi stained areas
resuliing frou corrosion of cans where they were in contact with case surfaces,
so sweating of cases and cans were evaluated together. OSweating varied
coiisideraoly with density of the packs. Items CDl, 3, 4 (8 1b. cans, averaged
5 per case) and CL., 5, 7, 8 (13-15 1b. cans, 2 per case) had average ratings
ranging 0.46-0.80, mean 0,70; CD6 with 2x18 lo. cans averaged 0.96, CD9 and
10 with 2x32 1o. cans averaged 1.49, while CD1l, 12, 13 with 2x35lb. cans,
out only 4 years in storage, averaged 1.20. Ratings were scmewhat higher in
soue of tine cases stored on the bottom of L-case stacks, but high ratings were
not confined to either bottom or 2nd-from-btottom positions. By storage con-
ditions, ratings averaged 1.56 from 79°/80%, 1.29 from 100°/80%, 0.80 from
the 57» rocuis at 70° and 100°, and 0.65 fro.: the 40° and O°F rooms. General
iiean ratins for inside sweating and staining froa cans was 0.88 for the current
exacinations, as compared to a mean high rating of 0.78 frcm previous years.
while not serious frou the standpoint of utility of the cases, this does
indicate souie increase in corrusion of the cans.

Collapse. Ratings for collapse have been relatively variable throughout
the stora,e period, as soue cases were wrinkled or dented in shipment (these
were generally used during the first year or two) and none of the stacks have
veen .iore than 5 cases high. As bulging or wrinkling of cases, ratings for
cereal ite.is averaged 0.70 through L years, 0.,3 at 5 years. Supplement
cases averaged 1.00 through three years, 1.12 at 4 years. Storage conditions
wade little difference during the last year, 80% conditions averaging 0.65,
57% conditions 0.57, the O°F room 0.5C. Can and case weights had some in-
fluence, cracker ancd biscuit cases at 39 lbs. having average rating of 0.38,
wafer cases at 71 los. averaging 0.63, and supplement cases at 78 1lbs.
averaging 1.12 as noted above. Actually this storage study provides no
test of collapse, as ration stocks in various shelters hLave been observed
in stacks twice as high as the experimental roocizs will 2llow.
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4. Condition of Case rarkings

There nas been essentially no change in the printing on the ration casmses.
At the cwrrent exauaination, fading was rated 0.27 at 100°F and 70°/80%, C.19
at 70°/57% and the two lower temperatures. Previous high ratings for fading
averaged 0.31. Blurring of print averaged 0.42 at 100°, 0.47 at 70°, and
0.36 at 47° and O°F; previous high ratings averaged 0.52. Thus there was
no indication of any tendency for case .iarkings to becoae illegible.

II. :ietal Cans

Cans of items CDl, 2 and 4 were 2j-gallon sizc, containing approximately
7 lvs. of crachers or biscuits. .11 other cans were 5-gallon sigze, containing
125 - 185 1lbs. of crackers or biscuits (CD2 and 5-8), 32-33 lbs. of bulgur
wvafers (CD9, 10), or 34-36 los. of carbohydrate suppiement. All saaples
consisted of two cans each.

1. Residual Oxygen in Cans. (Table 3)

Oxygen reaaining in the can space was deteruined ss the lowest reading
ovtained while passing gases fro.: the can through a direct-reading oxygen
analyzer adjusted to a fresh air reading of 20.9% by veluce. Leteruinations
were .ade only for cereal itews, CD1-10,

Oxygen in non-~leaking cans decreased during the fifis year in all storage
conditions (though not in every can of each iteu) except J°F., Previous low
ion-lealers and periods vhen they were observed, and non-I:alilers and leal.ers
at 5 y=ars, averaged as follows:

Condition Previous Low Values _Values_at 5 Yeirs _
°F/% r.h. _uonths _  mean aon-leakers leakers
range aean G % o
100/80 18-48 36 5.3 4.0 5oy
100/57 18-48 36 5.3 3.2 1z.0
70,80 18-48 42 g.5 8.3 12.9
107 57 -8 42 1.6 3.9 4.7
40y 57 36-48 45 13.9 13.0 16.2
0fa. 218 12 15.9 17.6 2.2

4s seen in Table 3, residual o:yygen was below 5% in sowe cans of crac..ers
and biscuits at 100° and 70°F, and below 10% in .iany. .afer CD9 averaged
only 2.1% at all te.peratures avove 0° and CDLO averaged 2.6% at 107° and
10°, 6.9 at 40°. The fact that oxygen in 14 of the cans which were classed
as non-leakers averaged 2.26 higher than si.ilar cans on previous exa:diiations
suzzesis that there has possibly veen so.e slicht leaking in cans whose seals
suvsequently “closed up" -- this is not an exirenely unusual pheno..enon in
douvle-seai. cans subjected to sharp chaages in te.iperature. Otherwise,
depletion of canspace oxygen continuved tc be progressive with ti..e, te.perature,
and the amounts of rations in the cans.
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2. Lealinz Cans (Table L)

Lealis were detected as streams of bubbles when cans at 73°F were
Laersed 2 cinutes in water at 103-105°F; questionable leakers were those
cans euitting only a few bubbles, but whose oxygen, moisture ar rancidity
values indicated that leaking had probably occurred.

During the fifth year, biscuit CD2, cracker CD8 and wafer CD10 remained
free of definite leaks, but 25% of the cans in each of these items were
listed as qusstinnable leakers. Cracker CDl, biscuit CD7 and wafer CD9 also
had no definite leaks, although some had been previously recorded, and each
also increased somewhat in questionable leakers. Cracker CD5 had no leakers
at 5 years, but had so.ie previously. Biscuit CD6 remained about the same
in leaiters but increased in questionable lealiers, while cracker CD3 increased
in ootnh types of leakers, and biscuit CD4 again leaked in every can as at
L years.

a.song supplement cans stored 4 years, lealkers and questionable leakers
increased in CD1l and CD12, but CD13 has had no leakers since tne examination
at 18 .;onths. Thus the general pattern imas one of gradual increase in leaking
(excepntin; CD13), the latest exauination including 16.4% leakers and 21.6%
questionasie leakers, representing increases in questionable leakers at
every ccnaition and in definite leakers at every condition except O°F, As
seen in Tacle 4, leakers observed during the entire study now amount to
11.36/, questionable leakers to an additional 6.44%, or almost one can in
each five cans axamined.

3. Corrosion of Cans (Tables 5 and 6)

ixternal. There was little general increase in external corrosion of cereal

ites: cans during the fifth year, althcugh ratings averaging about 0.5 above
previous highs were received by 23-gallon cans of CD4 and 5-gallon cans of
CD2, 5, & and 10 at the 80% r.h. conditions. Carbohydrate suppleuent cans
stored L years also averaged higher than previously, by 0.8 at 100°/80%
and 0.3 at 70°/60%, but with the excepticn of a 1.6 increase in CD13 at
70°/57%, other ratings were lower. :verage trends for the values given in
Tables 5 ana 6, as changes from previous high ratings, were as follows:

1C0° 70° L0° 0° Period

804 572 80% 578 _574 aub. lLean

Cereal, 2._"381101’1 "-37 -QL}O ‘.20 -;07 "030 -.23 —003
cereal, 5-;alloa ~31 -.03 -.06 +.15 -.20 -.19 +.19

supple.ent, 5-zallon +.80 -.05 +.30 +.23 -.73 -.60 +.34

Thus, while rusting has vecome fairly extensive on soue of the seams
and panels of the cans at the higher huaidities, .mch of it occurred during
the earlier periods of storaje. Through the latest exaizination, no can has
been ouvserved in which leaking could be attributed to corrosioa.
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Differences fiom previous high values for internal corrosion
were merely fluctuation, none greater than 0.6,

Average trends for the

values of Tables 5 and 6, as changes frow previous high ratings, were:

lining material.

the can.

4. Defects of Can Coatings

cereal iteu cans.
than on forwer observations.

product was in direct contact with the can walls.
the case with the hard candy supplements, which had no wrapping or can-
Small discolored areas were frequently cbserved on the
surface of the candy, and in some instances on cereal items having torn
vrappers whi... allowed product units to rest against the metal surface of

(Table 7)

100° 70° Lo° 0°  Period
30% 578 80% 57% . 57% amb. Hean
cereal, 2j~gallon =50 =57 =30 =a27 <40 =43 =17
ceresl, 5-gallon -e20 +,12 <26 -.21 -,23 -.26 +.05
suppleasent, 5-galion +.20 +,23 +,07 =-.1C .00 .00 +.22
. Practically all of the internal corrosicn was at spots where the

This was particularly

¥

;3 Two types of defests in coatings averagea so.ewhat higher thar at pre-
g vious exasinations on 5-gallon cans stored at the 100° and 7C°F conditions.
: They were rewoval of coating by corrosion or avrasion on the carbohydrate

S suppleisent cans, and moderate yellowish discoloration of cecatings or the

3 Neither defect was very serious, merely mors proncunced

1 Differences between the values of Table 7 and
previous high ratings averaged as follows:

D

160° 70° L0° _0° Period
80%2 5724 B80% 574 _57%2 amb. hean
cereal, 2z-gallon ~.27 =08 =13 -.13 -.07 -.35 +.01
cereal, 5-zallon +.66 +.69 +.47 +.42 +.03  -.02 +obid;
supplesent, 5-gallon +1.13 +.67 +.60 -+.43 -.18 +.03 +.63

As seen, the condition of coatings on the 2}-gallon cans, and on the

5-galion cans frou the lower temperatnrcs, did not vary greatiy during the

last storage period.

1. OCoadition of Packages

the nubers of packages per can.

III.

The Rations

A. Cereal Iteus

(Tabe 8)

14

ile percentages of broken seals and torn packages were calculated fron \
These were 15 for CD1, 3 and 4, 24 for CD2, -
5, 7T and &, 28 for CL6, and 126 for wafers CD9 and 10.

Cnly seal breaks or

torn places large enough for one unit of product to escape the package were

s S
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counted. Thus, many packages with small corner perforations, suffici-
ently large to allow the product to touch the inside surface of the
can (as mentioned above in connection with internal corrosion) but not
to allow units to slip out of the package, were not included in the
data for package breakage shown ir Table 8.

Broken Seals. As seen in Table 8, seal breaks in the cellophanec
wrap OD6, the waxed paper wraps CD2 and CD7, and the compactly packed
wafers CD9 and CD10 (in glassine) averaged lower (mean 11.1% lower)
than those in the loosely packed crackers and biscuit CD4, in glassine.
General averages in D4, 6, 9 and 10 were higher than at any previous
period (mean increas: 1.95%), while CDl, 3, 5 and 8 averaged 4.25%
lower than previous highs and CD2 and 7 were practically the same.
Thus there was little indication of increase in bruken seals, although
the fifth year general. average was $.85% above that at 3 years, which
was the previous periodic high value. There appeared to be some
tendency for the 57% conditions to average higher than 80% conditions
at 100° and 70°F, and for increas=d seal breakage at O°F, but as seen
from the data, differences among individual cans were much too great

to allow any definite conclusicn concerning a temperature or condition
effect,

Torn Packages. The values for torn packages given in Table 8 were
about as usual for CD2 (no tearing) and CD1O; wafer CD9 was slightly
above the previous average of 0.33%. Tearing of glassine wrappers of
CDL and 3 was slightly lower than normal (2.2%), and CDi was definitely
lower (previous average 6.4%). CDé (cellophanei was about 14% above.
average, though 7% below the 2-year valus. CD5 (glassine) and CD7
(waxed paper) were 3.1% above previous highs and the glassine of CD8
had 25% more tearing than previously observed. In gexeral, torn
wrappers appear to be increasing, overall aversges for the 9 items
excluding CD2 being 1.76% for the first 18 months, 5.05% for 2-4
years, and §.32% for 5 years. As with broken seals, can differences
were too great for definite statements of actual condition effects,

though the roon means shown in Tabie 8 differed statistically.

Total Packages Broken, Total broken packagss were essentially
tie sums of seal breaks and torn wrappers, although averaging about
0.6% Lcss tscauss a few packages with broken seals also had holes.
Only CI77, GD8 and the wafers were above previous high percentages,
tut the general average excluding CD2 was 15.7% above the 12-manth
valre, 11.9% avove the 18 months and 48 months mean, and 5.3% above
the iean highs at 24 and 36 months. Thus broken packages appear to
2 ineressing gradually with storage, and the condition values shown
in Table & aiso sugzest that siight ieaking in the 80% rooms and
increased brittleness at O°F may have influenced the spread of 9.7%
to 25.5% auong these neans.
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2. Condition of Produsts (Table 9)

Defects of products were calculated as percentages of score~lines broken
in the mlti-unit layers and percentages of broken units. Can totals de-
teruined for these calculations were as follows:

CD  Score Lines Units CD  Score lines Units
1 227 LS4 5 1286 1286
2 1172 1172 6 1713 1713
3 906 906 7 1363 1363
4 223 W6 8 581, 1168

Wafers CD9 and CD10 both had 756 units per can, packed as individual
units (#ix units per package, no score linesg.

Score Lines Broken. Breakage of score lines in items CD1-CD8 exhibited
the usual can and condition fluctuations, but no trend associated with
storage beyond the second year. Crackers averaged 1.3% below previous
high values, 0.8% above the 12-48 months mean. Biscuits averaged 1.9%
below previous highs and exactly the same as the 12-48 months mean.

Product averages, 16.5% for crackers and 5.9% for btiscuits, were 1.3%
above the 12-18 wonths mean, 0.2¢ below the mean for 24-48 months, There
were no consistent differences associated with storage conditions for
crackers or biscuits.

Cruabled edges of wafers, as given in Table 9, were approximately
tigverage" in CD9 except at 100°/57%, which was 11% lower than usual.
The wafers of CD10 at 40°/57% were "average", but the other 5 conditions
were 21% below previous means, CD10 having averaged 50% crumbled edges
through the first 4 years. As with crackers and biscuits, there were no
significant trends for differences associated with storage conditions.

Moderate Ynit Breakage. Ereakage of individual units varied somewhzt
uore auong items, but less between cans, than did score-line breakage;
CD3 was 3.3% below the previous mean, CD5 was 6.3% above. As product
zroups, crackers averaged 2.9% below previous high values, 0.4% above
previous mean value; bixmcuits were 2.8% below previous highs and 0.6% below
previous uean; wafers were 0.34% below forazer highs, 0.15% below the 1-4
vears uean. There were no indications of consistent differences associated
with storage conditions, and the 10-item mean, 8.43%, was aluost identical
with the 1-4 years general mean, 8.47%.

Crushed Units. &#s seen in Tavle 9, differences between duplicate cans
were ;enerally larger than either item or storage condition differences in
nercentage of crushed units. Wafer CD9 has had no crushing; the mean of
0.305 for the crackers biscuits and wafer CD1O was 0.26% lower than the 1-4
years .iean. Thus crushing of cereal iten units, observed only in dented
cans, has been and reuains practically nagligible.
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Total Product Breakage. Total breakage, calculated from total units
per can as given above, was the sum of score line and unit breakage, with
two exceptions: (1) score line breakage in 2-unit layers was counted at
half value for total, as there were twice as many units as score lines, and
(2) combined breakage per layer was limited to two breaks for 2-unit layers
and four breaks for 4-unit layers, even though three and five~-eight breaks
uway have been counted for separate calculations of score-line and unit break-
ages. As shown in Table 9, crumbled edges instead of score-line breaks are
included for wafers CD$ and 10, but the general condition means and total
izean value (19.39%) included only crackers and biscuits.

Total breakage of crackers averaged 3.5% below previous high pircentages
and 0.3% below previous general sean; biscuits averaged 3.9% below former highs
and 0.7% below former mean. For wafers, most of the breakage being crumbled
edges, the average of CD9 was 11.5% below the previous high and 1.6% below
pean of 1-4 years, but CD1O was unusually low, 42% below previous high and
187 velow previous general mean.

Thus for cereal items as a whole, product breakage was apparently associ-
ated predominantly with item and can variances, was apparently not increasing
with storage, and was apparently unrelated to storage conditions.

3. Aappearance and Color (Table 10)

Sensory scores were assigned by five experienced judges who have a per-
foraance record of reacting insimilar manner to sauple differences (mean
can variance t 0.29), although tending to use somewhat different rating
levels (uean Judge variance T 1.07) on the 10-1 scale indicated in Table 10.
Saiiples were presented six per session (one from each storage room) , two
sessions per item, so duplicate cans were scored on different sessions; all
saiples were identified, and comparisons aiong storage conditions were
invited in the coiments.

There was some general reduction of appearance-color scores after the
fifth year cf storage, the decrease apparently resulting from a slight in-
crease in glazed appearance at lower temperatures and a slight darkening at
100° and 70°F. These reasons are those noted in comments; numerically, the
iean decrease from the fourth year was 0.38, and no condition decrease varied
from this mean by more than 0.08. As the mean of Table 10 is 0.56 below tne
mean of 12-36 months, there appears to have been a gradual decrease in
appearance-color scores during the last two years, and the 5-year mean is 0.7L
below initial. 4ssociaticn of scores with storage conditions is still fairly
indefinite, the 100° and 70°/80% conditions averaging 6.49, the 70°/57% and
lower teuperatures averaging 6.72. Cracker CD5 and wafer CD1O, both dark
or "toasted" in appearance,were the low-scoring items at 5 years, but cracker
CD3 and all biscuits except CD4 also averaged lower (0.22) than at any previous
examination.
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4. Hunter Color Values (Table 11)

Color values were deteruined on duplicate samples from each can, chopped
and sieved to 1l4-mesh, using a Hunter type color and color difference meter
set with NBS reference liaize (I= 73.8, a = 1.4, b = 31.4).

Hunter L. The L value, a iieasure of "lightness" of color, tends to
increase with fading of color or glazing of sample surface, or decrease with
darkining or dulling of the surface. Uhile the L values of Table 11 show that
all items continusd to be souewhat iiore glazed and slightly lighter at the
higher temperatures, comparison with previous values indicated some tendency

to darken during the fourth year and definite through moderate darkening
during the fifth year.

From high values at 24-36 .months, iean decreases in L were 1.0 at 100°F
and the two lower teaperatures for crackers CD3 and CD5, 1.7 at 100° and 70°
and 1.3 at lower teuperatures for the biscuits, 2.9 at 100° and 1.4 at the
lower teuperatures for crackers CDl and CD8, and 3.8 at 100°, 2.5 at 70° and
40°, 0.5 at 0° for the wafers. All products retained higher values than
initial, but the greater decreases at the higher temperatures were readily

detected and scored down as "dulling" or slight darkening by the sensory score
panel.

Hunter a. The “a" values indicate relative amounts of red color when
positive, green when negative; the "pale” ite.us CD3 and CD4 werz wore green thar
red, out values were so small that the predoaminant hue was yellow. The red
coiponent of other itews (Table 11) resulted in appearance ranging frou
light tan for CDR to deep brown for CD5 and CD1O.

The characteristic change in "a" values through the third, and in so.e
itens the fourth year was a decrease as the color tended to fade, particularly
at nigher teuperatures. A&t the fifth year the tendency to begin to darken was
reflected in a general increase irom low values recorded at the periods of
mepdinum fading. This increase was very slight to negligible in cracker CD1,
biscuit CD6 and wafer CD1O, all darli~color products, increases averaged 0.2
at 100°F, -0.2 at 70°, 0.0 at 40°,and -0.1 at 0°, or actually no significant
change in these iteus. Orackers CD3, light-colored, and CD5, dark, changed
little, averaging 0.7 increase at 100°, and 70°, 0.5 at 40°, no change at 0°.
The other five items, all moderately light in color except wafer CDY, increased
by averages of 1.1 to 1.2 at all teuperatures.

4s seen in Table 11, "a' values still averaged lighter than initial in
avout 65% of the samples frowa 100°, 55% of those froa 70°, 50% of those fro.:
40°, and 40% of those from 0°, but the mean increase of C.8 froir previous low
values included wore than 80% of all sasples. Thus the slight tendency to
darken, observavle vy eye in many instances as “dulling" seeims definitely
established at the fifth year of storage.
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Hunter b. The "b" value, denoting yellow when positive, blue wher neg-
ative, noraally increases with fading of the "red" or "a'" color component,
out decreases with browning or *"dullirg" of color in baked products. The
characteristic change through four years was increase; although highest period
averages ranged 12-48 .icaths, average 30 uonths, changes from these highs
were relatively slight through the fourth year. This slight shift toward
darl.ening (decrezse in “b") was .iore proncunced after the fifth year, all
ite.s decreasing from previous low values of "b" except cracker CND5 and
piscuit CD6, both dari-baled items. These two were below the highs recorded
at periods of aaxiuwua fading, hut still above previous lows.

Svaluated as decreases from previous lows for "o", darkening in cracker
CDi and wafer CDLO, both dark-baked, averaged 0.1 at 100°, C.6 at 7C°, 0.2
at lower teuperatures. Cd9, the lighter of the wafers, and cracker CD8 and
oiscuit CD7, light-baked iteas, averaged 0.7 at 100° and 40°, 1.2 at 70°, 1.0
at 0%, Cracker CD3 and biscuits CD2 and CDj (the latter being the lightest-
color itewm) averaged 1.8 at 70°, 1.3 at other temperatures. Thus tendency
to darken still is relatively negligible in dark-baked iteas, but light-baked
iter darkening as decreases in "b* averaged 1.0 at 100° and 40°, 1.2 at O°,
and 1.5 at 70°.

Hunter a/b. In conjunction wath decreases in L cr “lightness" value,
increases in a/b ratio provide a good index of darkening in the shelter rations,
as c¢arkening involves increase in "a" but decrease in "t". Average increase
at iive years above previous low a/b ratios averaged only .0l4 for the four
dark-baked iteins, crackzr CDL and CD5, biscuit CD6é and wafer CD10O. These
apparently had little tendency to darken, still averaging .03} below initial
and .053 below the highest values froa storage.

The moderately light to light items, wafer CD9, crackers CD3 and CD8,
oiscuits CD2 and CD7, averaged .069 increase from lowest a/b ratios, being
avout the saue as initial and previous high storage averages. The increases
averaged .076 frow 100°F, .066 frcm other temperatures. Thus, although
decreases in "b" values averaged souewhat greater at 7C°, higher average "a"
increasess at 100° apparently resulted in the slightly greater increase in
a, > at this teuperature. The lightest itea, biscuit CDi, increased ,086at
LO°F and .121 at otner temperatures, averaging .062 above initial and .O41
acove previous high ratios froa storage.

11 suaary, although all iteas except wafer CD1Q still average lighter
at the higher teaperatures as seen in Table 11, the tendency to darken during
the fifth or fourth and fifth years tecaimme pronounced in the very light itens
and definite in the .ioderately light. Fading was usually considered acceptabtle
cut aarkening and "dulling" resulted in reduction of appearance--color scores.

5. Fracture Strength (Table 12)

Twenty units selected in 3 systewatic manner from each can were used to
deter.ine fracture strength. FEach uait was suprorted by four corner blocis
of avout 1,16 sq. in. area and the dull point of a weighted plunger was
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rested on the center of the unit. The »lunger carried fixed weights varying
fro.. 400 to 1600 grams, depending on the fracture resistance of the unit,
and additional weight was added to the point of fracture by applying in-
creasing pressure on the plunger with a 1000-graw spring-loaded pressure
tester.

Again, as at previous examinations, there was no consistent pattern
for fraciure strength as related to storage. Cracker CD3, the iost unifor.u
iteui, was aliiost exactly average. Cracker CD3 and wafer CD1O were about
200 zraws higher than on previous examinationg. All other items have
exhibited periodic fluctuations of 100-300 grams; at five years, biscuit
CDS6 was low, iteus CDi, 2, 4, 5, 7, 9 were high, but none of the seven were
higner or lower than at soue earlier period.

In general, fructure corresponded oaly with degree of baking. Light
ite.:s CD3 and OD4 ware tender, moderately browm iteus CD7 and CDS were
fairly tender. Brown ite.s CDl and CD5 were oritile, with nmid-range fracture,
while brown CD6 was souewhat tougher. Biscuit CD2 was tougher than would te
expecied, as it is a woderately-valied iten. wafer CD9, .iediua~brown, was
quite coupact, but wafer CD1O was “toasted" and soiiewhat crumbly.

6. .oisture Content (Table 12)

Loisture content was deteruinec on duplicate l4-iiesh sauiples from each
cain as loss of weight after heating 5-gran aliguants 24 hours at 70°C under
a 29-inch vacuuii.

As wzual, there was no consistent relationship of woisutre to anything
excepv lealers, enough of which were located in high humidity roocus to give
the average increase of 0.54% in lealiers over non-leakers from the same
saple (see footnote, Table 12). Tteus CDL, 2, 3, 6, and 9 averaged sorie-
what higher moisture than usual, but nct higher than at some previous period;
CD1O was nigher than at any other period, but not higher than initial.

CD7 and CD8 were about average. CDj, all leakers, and CD5, no leakers,

were lower in moisture than averages of previous examinations, but not lower
tnan at sowe previous exaaination. Thus moisture was apparently unrelated
to storage time or conditionms.

7. Rancidity Values (Tabie 13)

Peroxides. Peroxide values were deterwined by extracting fat from the
ration sauples with chlorofori, mixing aliquants of the extract with 1.5
voluaes of glacial acetic acid, reacting with potassium iodide, and titrating
liverated iodine with potassiws thiosulfate. As peroxides are unstavle
early~stage intersediate products in the coaplex patterns of fat oxidation,
these patterns can be evaluated only in relation to changes in levels of
peroxide values and other characteristics of the sauples involved.

General patterns in the skelter ration iteus were siivilar in some aspecis,
different in others. All samples increased in peroxide values during the

28

s R S | P s s e ———rL v e T e § b e T o At i, W

AMNLARED




AN

3 IR RE T B AT R A

.
N T N e,

B AN o e

first year in storage, apparently as a result of initial absorption of can-
. Space oxygen, probable deposits of surface filis of fat resulting from
vaking and the variable effects of handling and adjustaents to storage
tesperatures. Peroxides reached highest levels at 1CO°F in crackers and
. biscuits, crackers averaging higher, but at 70°F in wafers.

The wafers had relatively uore absorpiive structures, greater voluaes
of products per unit can volume, and iore rapid abscrption of oxygen, all
apparently contributing to more rapid establishment of secondary oxidation
reactions which utilized peroxides and which also resulted in off aroma and
flavor. Thus peroxides never accumlated to as high levels in wafers at
100° as in the less reactive conditions at 70°, and peroxide values of

wafers in general remained lower than in the less absorptive crackers and
biscuits,

Following the first-year upswings, peroxides decreased sharnly in all
products during the second to third years, when off flavors also began to
appear in crackers and biscuits. This period apparently was one of relative
staoility, during which initially-accelerated reaetions had slowed down and
secondarv oxidation mechanisas were utiligzing peroxides as fast as they
were forued. By the fourtn year, a second, nioderate upswinz in peroxidation
was taking place at 100°F and to sone extent at 70°, and further shelf life
of crackers and biscuits was questionavle, although wafers were apparently
changing far nore slowly.

The peroxide values of Table 13 show the continuation of the second period
of active oxidation, levels being generally as high at 70°F as at 100°, with
soue increase at 40°. It will be noted that, again, wafers resained practi-
cally unchanged. Differences between five-year values and previous highs in
peroxides were as follows:

crackers biscuits wafers

1, 3,8 _5 2, 4,7 6 9, 10

1CO°F -18.0 2.1 8.7 =2.2 ~2.0
T0°F 5.7 12.0 11.0 16.1 -6.6
LO°F L5 .8 2.6 9 1.2
OOF 07 l 2 08 ol{. "loo

Values increased in CDl, 2, 8 and 6 at 100°F also, ovut levels reached
were lower than those at 12 wonths. \iafers did not increase in general
although all except CD9 at 100° were higher than at L8 :iornths. ‘hile
variations in ilethodology could have accounued for sowe of the increases, che
O°F .iean was only 0.86 avove the L8-ionth ean, whereas the uean increases
at higher teuperatures were 2.44 at 40°, 8.33 at 7C°, and 7.34 at 100° s
indicating decreased stability of the fau in the rations.

Free Fatiy acids. These were deter.dined by sombining equal volunes
cf neutral ethancl with the chlorofor.a extracts of fats and ‘bl’tr-”ulr‘" with
ethanolic alkali. 4&s products of fat hydrolysis, free fatty acids are
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senerally proportional to teusperature and ..oisture content, and the higner
vaiues for walers as given in Table 13 could ve associated with vhe higher
.0isture conteat of this product. Cracl.ers CD3 and 6 and biscuits CD4 and 7
weie ..ot hizh-ioisture products, however, so the fats were apparently less
stadvle ia these six items than in cracicers CDL and 5 and biscuits CD2 and 6.

Free fatty acids did not exhibit the periodic variations observed witn
Jeroxides, althouzh iean values did tend io increase during the fourth and
fifth years of storage. As coupared to previous high values, however, CD2,
L, O, and 1C averaged .24 higher at 100°F, about the saie below 100°,
while other iteis averaged 0.104 iower at 100° and 0.04% lower at other
conditions. Thus free fatty acids were essentially associated with te.p-
eratures and with itew differences, tne iiean value for 40° and O°F storage
for five years veing avout the sauze as initial.

3. Jensory Scores for Texture, 4ro.a and Flavor (Tables 10 and 14)

411 sensory scores were ovtained as described above for appearance-
coior.

Texture. The reasons uost frequently ziven for reductions in texture
scores were general lack of fresh crispness, with slight increases in
harcness or toughness of crackers and biscuits and in crumbling and "gritvti-
ness* of wvafers at 100°F. Cracl.ers CDl and 3 averaged somewhat lower than
at four years, viscuits CD6 and wafer CD1O lower than at any previous
exaiination, other items were only slightly below average for the five-year
seriod. In zeneral, changes in texture were not considered a :mjor problei.

arcma. 1.ean aroua scores for storaze at 100°F, Table 14, leave no
douot that tine score panel judges considered the 1C0° iteus ready for
discard. ali iteus except CDI (liean 4.2) and CD1O (.iean 4.9) had been
scored below 4.0 at 48 :ionthe. Tecreases from lowest scores at 3 or 4
years, and wean values for products at 5 years, were as follows:

crackers _ _biscuits ___wafers
decrease mean decrease ilean decrease ilean

10Ce 1.3 2.0 .9 1.9 i.C 3.2
76° .8 5.0 .0 5.6 .9 3.9
L0° .6 6.0 -.1. 6.4 .6 5.L

Ce .C 6.7 .0 6.8 3 6.2

Flavor. BEvery item except wafer CDIC (mean %.0)had beer scored below
4.0 at 48 months. OCn the scoring scale used by the sensory guelity panel,
scores below 4.0 denote "fair', i.e., acceptable in emergency tut not gocd
(1 on tkis scale denotes unacceptable under any condition of norinal eating).
Decreases frou lowest scores at 3 or L ysars and :nean values abt five years
were:
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crackers ___ biscuits wafers

B T A e ————

decrease .ean decrease iiean decrease .lean

100°F N 2.5 7 2.1 1.0 3.k
T0°F 3 5.2 o2 5.2 o2 Lejy
LO°F 2 6.3 1 6.3 .1 5.8

OOF "’03 607 03 6;7 ‘05 6.5

These scores confir the suggestions :.ade previously that four years
should provavly be considered the 1i it for storsgze of the cereal ration
itelss at 100°F. &s sszn in Table 15, however, the hcdonic ratings fer
wafers were still above the 4.00 level considered .dinimal for test samples.

9. Hedonic Ratings for arouc, Flavor and Palatability (Table 15)

The hedonic rating panel consisted of 25 judges selected at rando. as
availavle froii a pool of apbout 100 people. Samples were rated in sets of
six perjudge per session, each set containing one can from each of the si:x:
storaze conditions for a single ite..; thus, duplicate cans were scored on
different sessions. The six saiples for each session were rando.ly assizned
to the six positions of a systeiatically arranzed 6 x 25 block plan, the
arraingeudent being such that each saple appeared in each of the six preseata-
tion positions (1st to 6th) about the saue number of ties , and each of the
25 blocks (plates) had the six samles in a different sequence. Arrangec
ithus; the six saiples were presentea together, with scoring order nwivered,
so that direct couparisons could be :iade by any judge whe so desired, and
co:uients on these comparisons were invited. The nuuerical scale was the
custoiaiy 9-point hedenic range froin "lilke extreuely" to dislike extreiely’.

Arcia. During the fifth year, the aroma of wafers changed relatively
1little frou: previous low values, Crackers and viscuits decreased at 1CO°F,
ovut .iean chenzes at lower teuperatures were slight. Changes froa previous
lows, and mean values for the three »roducts were as follows:

craciers __viscuits wafers
chainge iean  changze mean chanze .ean

1CO°F -.586  3.3L 0L 3.19 03 4.36
‘fO°F -2  5.17 A6 5.55 -.05 4.70
LO°F =oJ 5.55 LS 6,08 05 5.27

Oo°F 27 5.97 L0 6,25 2L, 5.83
Initial ——— 5.85 ———— 6.2 == 5.5

Flavor. fith epproxi.ately the sa.e pattern as for aroc.a, changes
iro.. previous lows, aind ilean values av 5 years, were as follows:
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-.crackers = _ piscuits = ___wafers _

¢hange uean change nean change mean

lOO°F "'052 301}5 "175 3.30 -.17 li-.Ll-7

70°F -.08 5.16 AL 556 a6 5.07

4O°F -.03 5.55 21 5.99 -.05 5.43

O°F 29 5.87 25 b.22 33 5.97

L itial ~-——- 5,90 - b.72 - 5.60
Palatability. Reductions in palatability ratings at 100°F were greater

than for aroma and flavor, with other changes and means of siiilar patterns
as follows:

craclers oiscuits wafers

change mean change iean change iiean
] 100°F  -1.14 3.33 =1.35 3.5 -.28 4.39
3 70°F  -.10  5.29 A8 5,69 -.08  5.00
5 LO°F .03 5.59 4O 619 -7 5.35
2 O°F 25 5.89 L4 6.35 Al 5,76
" Initial = ===- 8.1  —===  6.66 - 5,50

Thus, asswiing a score of 4.00 represents the lower limit of acceptability
as a rule in these studies, crackers and biscuits as shomn in Table 15 and
suuiarized above were below the specified level of quality for continued
storage at 100°F. :lafers, however, were apparently still considered accept-
able, though greatly reduced in quality at this teuperature.

7

10. Correlations of Palatability Ratings with Other i:ieasureuents (Table 16)

The correlations of Tavle 16 were a.ong saples, including temperature
! effects, for iteus and product groups. It is seen that :iany of the correlations
ﬁ with color, residual oxygen, peroxide values, and all with free fatty acids,
are significant. This was expected, since the teuperature and itew: character-
istics influencing these various parai:eters also influence arowa, flavor, and
i palatavility. It is noted that agreeient of palatability ratings with
; sensory scores for texture, arosa and {flavor (by a different taste panel) re-
1 ;ained very high, indicating that sauple differences were dsfinite enough to
De readilly detected.

8. The Carbohydrate Supple.ients

1 The hard candies of the carbohydrate suppleiient consisted of two flavors
i and colors, lewon and cherry in equal parts. The two types were exauined
separately for all determinations except taste panel scores, for which only
co..ients were separate. Data and discussions are based on cans and iteus,
however, except in instances where there were distinct differences as in
color values, and type variations are noted only when they were ovoserved.

o
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The candies were packed in vull. in the cans, average 34.7 1lbs. per can,
with no lining or stulf{ing .aterial. One banded paciet of 20 kraft oags was
included in each cad, lying on the top of the candy. The bags were aade as
poaches vy lolding a lOi—-inch x 3§—inch strip of kraft at 5 inches (leaving
a #~inch lip at the top) and sealing up the two sides with L.inlh seaus,
thus .roviding 3-inch ¢y 5-inch internal disensions.

1. Condition of Candy Bags (Table 17)

reansure:ents of length of top lip and internal size of bags were dis-
continued afler the initial ard first two storage exaiinations. 3Bags per
cail, wiGth of side seaus, and sean tests were deteriiined on all exa.inations.

sazs per can. Counts of usable oazs per can (soue bags had holes,
so..e wers sealed only on one side) at L years,and cumulative counts for ali
cans exanined througn 4 years, were as foliows:

_at 4 years ~ all cans exawined through i years

——— e = e e — e - ———

bazs_ver can range mean
chli 20 2i-16, 1 w/none 19.6L
cD12 19.42 21-11, 1 wnoae 19.23
cD13 20.08 2-15 . 20.00
All 19.83 21-11, 2 syrone 13.62

JiGth 0. side seais. Norual width of side seans is O (4/16 inch).
iHaths of sea:s on bags exaained at 4 years, and on all bazs examined
tarough 4 years, were as follows:

Ch1l Chi2 _CDiZ A1l

—at i years __

no. of sea.is LS0 LGl 132 1446
raage of widths 04-07 00-06 04-07 00-08
meen width 04.77 QO4.742 05.77 05.108
throuch L years

no. of sea.s 302% 30LL 3080 2148
range of widths 01-07 0-12 02-13 00-13
.ean width O4.33 04.51° 05.12 04.66°

ac _issing seaas (00) not iacluasd.
238 wissing seass (C0) rot included.

Over the L years, seaus less than OL were: 3. 5% @ 03, b.5% @ 02,
0.6 @ U1 for CDILl; 2.6% & (3, 0.0% @ 02, 1.7 @ 01, 1.2% @ 00 for CD12;
0.3 @ 03, 7.7% « G2 for CDL3, or a .ean of 5.6% under O for all bags
exa. ined,
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Sea:;i Test. The sea: test was a ::easure of linear separation of seans
on a l-inch cross section of baz when subjected to a steady l-lb. pull for
5 qanutes at 73°F/50% r.h. Data showing percentages of seams whicia partiails
separated, iiean linear separation of these sea.s in inches, and percentajes
of sea.is vhich separated coupletely, for tests perforued through 2 years
and at 3-L years, are listed in Table 17.

There was a decrease in partial separation during the last 2 years in
all iteas, although mean separation per seat increased for the partisily-
separated seams of CD1l and CD13. Co:.pplete separation increased in 211 ite.s,
but reuained very low in CD11 aad CD12, in which .jost of both partial and
couplete separations were in bag seaas from the higher tewperatures. Thus
C{13 was the only itew in which defective seairs increased significantly
during the 3rd and 4th yeirs, froi 5.75 complete and 5.98% partial sepa-
ration through the first 2 years to 12.42% conplete and 4.28% partial seva-
ration during the last 2 years. ..o0st of the separation ia CD13 was at the
70° and 40°F conditicns, bui the oniy general statement which can be .ade
concerning storage conditions effects is that total percent defective seais
appears to be decreasing at O°F.

torssbiath a i oiin

Total defectives for 35-LS aonths were 1..7Tk» for CDL2, 6.28% for CDl1,
and 16.70% for CIL3. Considering that CD13 seauss averaged .CLL inch wider,
with only 1.0% under the standard .250 inch as coupared to $.6% and 4.S5
under for CD1i and CD12, it would appear that the seaaing of the GDl3 ktags
was definitely not up to par.

2. Condition of Cendy (Table 13)

Characteristics of the candies which were considered not likely to oe
aifected by storage were not deteridned after the first year. These were:

cDil _CDi2 _CD13 _nean

Product weight lbs. 3L.2 35.8 34L.0  34.7
Piece count per 1lb, 120 8¢9 88 99
Count 5 per can, lemo.. L48.3 48.3 £9.2 148.6

cherry 1.7 S1.7 50.8 51l.4
Unsanded, count % .08 21 01 .10
Off-coler, count % .02 .01 .06 .03
Off-shape, count & 5.2 1.1 2.6 3.1

Charactaristics which could be influenced oy storage and handiing were
deter.ined at evéry exa.dnagtion. Data on these for the [-year inspections
ara shown in Taole 18.
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Chipped pieces. These were defined as pieces froi which bits of surface
or corners were chipped off, but which reuained at east 75% intact. With
the exception that CD12 was high at 6 months (slightly damaged cases and cans
were reioved from storage early in the test), perventages of chipped pieces
were higher at 4 years than at any previcus examination. As periodic coin-
parisons with previous highs averaged a 1,59% increase at 2 years, with addi-
tional increases of 1.35 at 3 years and 1.39% at 4 yeavs, there appears to be
a mean increase of gbcut 1.4% chipped pieces per year since the end of the 1
first year. This ranges from 0.9% for CD11 %o 2.2% for CD12, and has been g
fairly consistent, so it seem3 reasonable to assume the inereases reflect
the affects of handling the supplement cases in storage and sampling.

There was apparently no temperature effect on chipping, nor were there
any consistent differences between lewon and cherry types in CD11 and CDl2.
The cherry candy of CD13 chipped more than the lemon, however, in all excep’
2 of the 12 cans at 4 years, mean 11.6% vs 7.5%; from all cases of CD13
exained, chipping of cherry has been grester in 68% of the cans, averaging
7.4% as compared to 5.8% for the lemon type.

Broken pieces. These were d=fined as anything riding an 8-mesh 3creen
which was less tinan 75% of a whole piece. They were calculated, however, as
count % whole pieces in excess of amounts required to restore chipped pieces {
to normal weight. Thus the total count # values for chips actually present )
in the cans were the sums of vzlues shown as chipped pieces and broken pieces
in Tavle 18.

Averages fox excess broken bits through three years were 1.01% for CD11,
-0.17% for CD12 {chips apparently lost before the candy was packed in the
cans), and 0.96% fcr Cf13. These are very close to the A-year means of
Tavle 16 except in CD1ll; the only negative values observed for this iteu
were those shown. There have been no consistent temperature or time effects,
and no ceasistent differences between lemon and cherry types except in CD12,
in which all lesion has averaged ~.029%, all cherry -0.05% for excess bits.
These alsc become meaningless, however, in comparison with the 15% mean
anounts of bits which have been calculated as required to restore chipped
pieces of CD12 to norual weight.

fieces stuck together. As seen in Table 18, cluiping of pieces was
somewhat higher than previous average in CDl1l, slightly lower in CD12 and
CD13. There was an aseociation with can wmoisture within item CD11 (4 cans
averaging 1.03% woisture had 0.20% cluaps, 8 cans with 1.67% moisture had 2.07%
clu.ps) but not between itsms, as CD12 had 1.49% woisture with almost no
cluaping, CDL3 had 1.654 with only 0.45% clumps. Cherry candy had aliost
twice as iuch clumping as lemon in CD11l, without association with moisture
content. and lemon almost twiece as :uch as cheryy in CD13, but none of this
followed any previously set pattern. For the three items, 77% of the cluuped
pisces were in clumps of 2 pieces (including all of GDL2 and 96§ of CD13),
119 in clwaps of 3, 4% in clumps of L, 25 in clumps of 5, with 1 clump (17)
of 11 pieces and L clutp (5F) of 42 pieces; the 5, 11 and A2 cluaps were in

> §




Loy p i T o i L S D

BT M e A AR B A AR v e e he ) v "

. N .
. . i v

. . *SURSU VO]T J0F 9IUSIDIITY FUBDTITUSTRq
*SWOOI UT SURQT I0J 90UGISIITP AURITITURICH

. et e s mw s - e —

: QT L2'9  %5°9 2h's 93'¢ vesp
el2® SN 2T’ oF 4T %G € JTprulTs
e ™ Lo wer T sued € * J1h°pas
oT* €29 L9'9 €Y*9 95°¢ qure /o
90° ¢2*'9 69 TIT'9 10'9 LS o
ah* BRI g°G G€°9 2T°9 LS /0L
Lo* €2'9  0§'9 O0L°9 9%5°¢ 08/04
80° $c*'9  9%*'9 W9 98¢ L5/C0T
60° T€'9  £5°9 GY¥'9 G&°S 08/001
ot' €9'9 GL'9 6§9°9 S§6°9 T2r9TUT

s§enie] Ha

ettt d

460 €°T  §9°T 67°T 91°T  qf€ W6'9  €L°9 22l 88'9 uesy]
2T’ LT SN Lot €S BEN L LT 8T et g8 TyTpudts
—— 6T T for TE ——— £ ¢g* o1~ e sUR0‘* JTP*p3s
Go* o7*t %9°T 29°T ‘Yo't 4% 3 AV A AV A AY A AV ) que/o
- 30° L9°T  €L°T 6%°T 08°'T L AV €L Lt ¢l LS /oM
T 69°T TL'T TS'T $8°'T €1 8T L oL s¢€L 2l LS/0L
ST’ 9€°T 26°T €5°'T 20°'T £T° 20°L L G2l L9 08/0L
s¢* T9'T  89°T 87°T 6€°'T vl €9 ¢6°¢ L9 §9°9 LS/00T
9T* LS°T W9'T o1 99°1 L6* 219 L'S  9°9 60°'9 08/00T
220 o't 0S'T We'1 SE€'T L 28 o2's W2'g 9¢'s8 TeT3IuUr
:QUBOIST T JUSqUO] eangsSToN — :91E0S T1=0T ' 84008 J0to)-esucaesddy
sueo su®Ro U %/do
*JIP'PIC  UeeW £L0D eoidd Tido “JTPTPIS UesM  CTIA0 <ciad TIan ToT3Tou0)

: CHINOW 8% aWHOIS INTTFIdANS ALYHAXHOHYYD HOJ
. SENTYA HA ANV THAINOOD FHALSION ‘SHHOOS BOTOO-HONVHYHJIY

6T FIAVL

.

-




CD1l. ith the exception that CD11 has had wore clumps than CD13, and CD12
very few clwips at ali, there is apparently no definite pattern to clumping
of pieces othe:r than increases in a few unsealed cans.

Material passing 8-iesh screen. Vith the exception that CD11l averaged
lower than usual (initial 2.45%, 6~36 wonths 3.24%, 48 ionths 2.40%), sanding
sugar and oits of candy passing 8-tiesh was apparently not associated with
any storage variaole,

3. 4npearance and Color (Table 19)

Sensory scores for appearance and color of the carbohydrate supplements
stored 48 months were obtained fron the five judges of the sensory quality
panel in the saie manner as descrived above for the cereal items. The two
types of candy. lemon and cherry, were scored tugether, with separate corments
vhen differences were present. In general, appearance was scored down for
dullness and apaqueness, color for slight darkening and graying of lemon and
slight fading of the cherry type. Scores in Table 19 are the means of
appearance and color scores. CDll scored slightly lower on appearance, CDl2
on color, CD13 averaged the same for both abtributes.

Scores were lower than on previous examinations for all samples except
the 40° and G°F candy of CDl2. iran reductions were 0.94 at 100°/80%, 0.43
at 100°/57% and the 70° conditions, 0.19 at the two lower temperatures. Ais
seen from the large standard differences for duplicate cans, both color and
appearance were quite variable in the candies from 100°/6C%. The only two
leaikers detected, voth from CD12, checked umore closely than either CD11 or
CDl3, so the large can variance suggested the possibility of undetected
lealsing at this condition. In fact, the cans of both 100°/80% and 100°/57%
in CD1l had marked differencesin .ioisture content, although CD13 from 100°
conditions was .ore variable in appearance-color scores with little variation
in .oisture.

Conu:ents in general indicated that color had becoire quite variable, and
sc:iewhat unatiractive in many samples, at 100°F, uwith soue variability at 70°
and slight loss of "brightness® at the lower teuperatures.

4. Hunter Colcr Vailues (Tables 20 and 21)

Color values were detenuiined ca duplicate sauples of 4~S mesh pits of
candy, cracked by hand to prevent *dusting® of surfaces. The Hunter Colo:
Difference neter was set with i85 iaize (L = 738, a=1l.4, b= 31.4) for
le.ot: candy, HBS Kitchen Red (L = 28.7, a = 49.5, b = 18.1) for cherry candy.

tdunter L Valmes. The extrese variapiiity of the colors of soue of the
caacies is illustrated by the L values for leimon type as given in Table 20.
These averaged acout 6.0 units higher than at 3 years, probably due to soue
gifrerence in webhod of preparation of sawle for making the readings —-—-
general couwients did not indicate this :wmch fading of the candies. The
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tendency to becowe duller at higher teuperatures was indicated by differences
in amounts of increase, however. The values for 100°F sauples changed 1.8
units less, and those for 70° samples 0.5 less, than those for samples frcm
40° and O°F.

The cherry type changed less in L values, mean changes from 3 years
being a 2.1 unit increase for CD1l and a 1.2 unit decrease for CD12 and
CD13. The slight fading effect at higher temperatures was illustrated by
average changes, which were 0.7 increase at 100°F, no change at 70°, 1.0
decrease at the lower teperatures. Some of the panel judges noted a
slight "darkened"” appearance in the 40° and 0° samples in comparing thea
with sauples frow higher temperatures, although this is not too clearly
indicated by the L values of Table 21.

Hunter "“a values. Changes in “a"® values were fairly uniform in the
leon candies, averaging 0.3 unit decrease for CD11 and 0.7 unit increase
for CD12 and CD13. For tmaperatures, changes froiz 3 years averaged 1.6 units
increase at 100°, 0.4 unit increase at 70°, 0.8 unit decrease at 40° and 0°.
As related to the values given in Table 20, these represent a slight shift
from green toward gray for CDLl and CD13 and toward slight browning of the
light pink of CD12 in samples fro: 100° and 70°F.

Values for “a" in the cherry type were somevhat more variable, as szen
in Table 21, and there was an average increase over 3-year values of about
5 units in CDl1l, 4 in CD12, and 3 in CD13. The difference illustrating the
slight fading at higher temperatures vs. slight darkening at lower, as
izentioned by the taste panel, was the mean increase of 3.7 units at 100°
and 70° vs, 4.3 units at 40° and 0°.

Hunter "b¥ v, _.3. The “b" values for lemon candies averaged 4.6 units
higher, those for cherry candies 3.1 units lower than at 3 years. For the
le.on type the increase averaged L.l at 1C0° and 70°, 5.3 at 40° and O°F,
indicating the duller or grayer shades at higher temperatures. The sliznt
fading at 100°, or darkening at loirer temperatures for the cherry type,
as noted by some of the panel judges, was rather poorly indicated by the
average decrease of 1.8 inits at 100° vs. 2.1 units at 70° and below.

Hunter a/b values. The ratios of afb ziven in Tables 20 and 21 indi-
cate the predoiinant characteristics of the color of the various candies,
i.e., the slight greenish-yellow of CD1l and CD13 as co.pared to the pimi-
vyellow of CD12 lenon, and the paler red of CD12 cherry. They do not indi-
cate the tesperature dirfferences, however, which could be seen by visual
ooservation. These differences were suggested by the changes in a/b fro.
ithe 3-year values, these being .05 increase at 100°F, .016 at 70°, and
.023 decrease at 40° and 0° for the le.on type (i.e., grayer or darker &t
kisher tewperatures), and 2.13 increase at 100° compared to 2.43 at 70°
:1d velow for the cherry type (i.e., less red at 100° or less yellow at
.iwer temperatures).
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In general, the Hunter color values remained, as at former examinations,
a relatively poor measurement of changes which were readily observed by the
taste panels. One of the chief reasons for this was that most of the changes
were observed as surface and general appearance differences, whereas the
Hunter instrument yielded values only for the center colors of the candy.
The shifts caused by the effects of temperalure were generally toward the
gray or "neutral® region in lemon candies, and toward opaqueness and ‘purpling"
of the red in cherry candies, and each of these are areas of poor response for
tri-stinulus color measurements.

5. Moisture Content (Table 19)

Through 4 years, moistiure has been determined as loss of weight on
heating 20-mesh samples 24 hours at 65°-70°C with pressure about 30mm Hg,
on lemon and cherry candies from 77 cans of each supplement item., CDl1
averaged 1.62%, OD12 averaged 1.48%, with no mean difference between leson
andcherry; CD13 leumon averaged 1.75%, cherry 1.60%, with lemon higher in 4%
of the 77 cans. In CD13, 48 cans ranged 1.6-1.9%, 22 cans 1.2-1.6%, 7 cans
1.9-2.1%. CDL2 ranged 42 cans 1l.5-1.7%, 23 cans 1.3-1.5%, 12 cans 1.1-1.3%.
CDil, however, had 19 cans ranging 0.7-1.2%, 15 cans 1.2-1.6%, 25 cans 1.5-2.0%,
and 18 cans 2.0-2.4%. This perhaps is a contributing factor in the wider ?
ranges observed in almost all other characteristics of CDll. 3

As in the values given in Table 19, there has been no indication of any
time or temperature effects on moisture levels. In most instances, as at 4
years, leaking cans have differed very little from non-leakers. Apparently
moisture has varied only with formulation and cooking.

ISR IR

6. pH Values (Table 19)

PH values were determined with the customary glass-electrode pH
electrometer, using 1 + 1 solutions of candy prepared with demineralized
water. The values continued the downward trend which has been exhibited by
all items since the end of the first year in storage. Compared to previous
low values, the /~-year means were down 0.30 in CD11, 0.15 in CD12, 0.10 in
CD13; mean decreases from initial values are shown in Table 19.

SR i

araan s

There was no consistent association with storage conditions, 70°/80%
and 40°/57% averaging 0.2/, decrease, other conditons 0,12 decrease. Leiton
and cherry types did not differ significantly at 4 years. ILeaking cans did
not differ except in CD12 at 70°/57%, where the leaker was souewhat lower.
In duplicate cans having moisture differences, the higher moisture and higher
pH were usually found in the same can. As seen in the tabulated data CD13
had the smallest range of values, and CD1l the lowest values. In fact, CDll
was definitely low for the suppleiient type of candy, which probably contributed
to the generally more variable quality of this item.
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7. Sugar Contents (Table 22)

Sugars were deteruined by the official Lane-Eynon general volumetric
procedurn, with acid inversion at 73°F (Association of Official Agricultural
Che.iists, washington, D. C.). Reducing sugar titrations were corrected for
sucrose effect as directed by Fitelson (J. assoc. Off. Agr. Chem., 1932,
pe 624). All results were calculated on a dry weight basis.,

Reducing Sugars as Dextrose. while reducing sugars did nct average
significantly lower at 4 years than on previous exauinations, there were
soue umusually definite indications of changes associated with teaperatures
and pH values. For exauple, there were three samples with pH values lower
than average: 70°/80% and 0°/aab in CD11 (pH 5.56) and 40°/57% in CDlz
(pH 6.11, but 0.36 lower than other 5 saiples). Reference to reducing suzar
values in Table 22 shows that inversion is definitely indicated in the two
low pH sauples of CD11l, and possibly in the 40°/57% sanple of CD12. Althouzh
pH values were not particularly low, there was also some suggestion of
inversion in the higher-tewperaturs saiples of CD13,

There were also soiie suggestions of decreased reducing sugars,
possibly through anhydride foraation and subsequent degradation reactions
in so.e of the sauples at higher te.peratures. fxa.iples were the 100°F
sa.ples of CD1L (1.1% below averaze), the 100°/57% and 70°/80% sauples of
CD12 (0.7% oelow average), and the 70°/57% sauple of CD13 (0.9% below averaze);
all of these also had low sucrose values.

sucrose. There was little wean cnanze in sucrose values with the exce>-
tion of an 0.6% decrease fro. initial for CD13. (This ite. nas averaged as
hizh as initial on only one examination, however, so a reference value of
62.4% would probably be a better one than the initial 63.0% given in Table
22.) Differences aiiong individual sa.iples, as related to the changes in
reducing sugars noted avove, were ovserved as follows:

For the three sanples in which inversion was suzzested by high reducing
sugars with low pi, sucrose averaged 4.ls low in the 70°/80j saple and 2.1l
low in the 0°/a b saple of CDLl. It was not low, however, in the 40°/57s
sa.ple of CD12. 1In CD13, with so.e inversion sujgested at 100°F and possicly
at 70°/805%, sucrose was 1.7s low at 100°/30%, but only slizhtly low or
nor.al at 100°/57% and 70°/304. .

For the sa.ples in wiici possivle degzradation of susars was sy;zostec,
sucrose was l.6% below averaze in CD11 at 100°/00%, wut avout average at
100°,/57%; 1.7 below average in CD12 at 70°/30j out onlv 0.5 low at 100°/57.;
ané so.ewhere around 1% low in CD132 at 70°°57.. On the other hand, vaiues
were 2% avove averaze in CD1l at 70°,~" 575 and 40°/57., with so.e increass in
CDL2 at 40°/57% and CD13 at 0°/a.>, so definite state.ents concerning re-
dauction of sugars tihrough degradation ::2; de questionavle.

toral Susars. althou,n vhe Lolal suzar values for CD11 appear to average
iow as given in Taovle 22, the previous storage .iean for CDLL was 80.5» in-
stead of the §2.2p initial value showmn, so tihere was actually no significaat
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decrease in mean values for total sugars. They averaged low, however, in
CD11 at the 100°F and 70°/80% conditions (2.6%, 1.6%, and 1.6%, respectively),
. in CD12 at 100%/57% and 70°/80% (1.1% and 2.3%), and in CD13 at 100°/80%
and 70°/57% (1.5% and 1.3%); as mentioned above, these decreases could
represent degradation reactions. They could also be can fluttuations, as
. values 1.1% and 3.2% above average were found in CD1l at 70°/57% and 40°/57%,
and CD12 at 40°/57% was 2% high.

Dextrose/Sucrese. Changes in ratios of dextrose to sucrose, as seen in
Taoble 22, confirm the indication of inversion in CD11 at 70°/80% and 0°/amb,
with possibility of inversion in CDi2 at 40°/57% and in the 100°F and
70°/80% samples of CDL3. Decreases were observed at 100°F and 70°/57% in
CD11, with slight decrease in the 100° and 70° samples of CDl2.

8. Sensory Scores for Texture, Aroma and Flavor (Table 23)

Scores were assigned by the 5-uember sensory quality panel in the
sanner described above for cereal iteas (Section s. 3.).

Texture. .3 seen in Table 23, there was relatively little difference
in texture scores for the various sasples. Comrents indicated the 100°F
candies were scored slightly lower becazuse of increased hardness or
*toughness'. The izean decreases from previous low scores were 0.13 for 1C0°,
0.34 for 70° and 40°, and 0.07 for 0°., 4s experience indicates that few
.sembers of this or the hedonic panel try to chew the candy, at least not
until dissolving —art of it in the mouth, the texture scores may be
considered of litt.e practical importance.

Aroma. The candies were scored low from 100°F for off or "terpene*
odors, and reductions at 70° and 40° were attrivvied to “flatness" or lack N
of typical aroma. Scores seen in Table 23 averaged 1.6 lower than previously i
at 100°, 0.3 lower at 70, acout the saue as previous lows at 40°. Candy
froa 9° was scored abcut the sane as the average of all previous ratings,
which was atout 0.5 higher than the lowesl ratings received during the first
thiree years of storage.

Flavor. Candies froia 100°F averaged 1.1 lower than previous lows
because of off or "cheuical, strong" flavors, with average reduction of 0.5
at 70° for slight off flavors or lack of typical flavor. Scores averaged
0.4 higher than previous lows at 40° and 0.5 higher at 0°, thmgh 0.1-0.2
velow previous averages at these teuperatures.

9. Hedonic Ratings for Arowa, Flavor and Falatability (Table 24)

The hedonic evaluations of the supplements were made in the manner
described avove (Section a. 9.) for cereal itens, several pieces of each cf
the two types of candy being presented as each coded sample.

arona. The arowa ratings givea in Table 24 averaged 0.28 lower than
previous low values at 100°F, 0.02 lower at 70°, but 0.18 higher at 40"
and 0.44 nigher at 0°. The 40° ratings averaged only 0.08 beiow initial,
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the 0° ratings 0.06 above initial. ss with the smaller sensory guality panel,
reasons given for reduction of ratings were predominantly off or 'foreiga"
odors al 100° and lack of typical aroua at 70°,

Flavor. The flavor ratings at 4 years averaged 0.18 lower than previous
low values at 100°F, but ratings at 70° averaged exactly the same as previous
lows (CD11 decreased 0.28, CL13 decreased 0.03, CDL2 increased 0.36).

Flavor ratings for L0° candies averaged 0.36 atove forier low values and 0.L6
pelow initial, uhile 0° ratings were 0.43 above previous lows and 0.44

below initial. As usual, reduction of ratings was caused by off flavors

at 100° and lack of typical flavor at 70°.

Falataoility. Ratings for palatability decreased more than aroma and
flavor ratings after 4 years at 100° and 70°F, reductions from previous lois
values averaging 0.41 at 100° and 0.13 at 70°. Ratings at 40° averaged
0.1¢ avove previous lews but 0.57 belowr initial, those at 0° were 0.41 above
previous lows and 0.47 below initiel.

ilean Hedonic Ratings. This section is included in Table 24 becausz it
illusirates some of the characteristics of the carbohydrate supplements
after 4 years in storage. It is seen that, while CD12 was rated lower than
the other candies on initial exauinatlon for having less character, it
chanzed less in storage at every condiiion. This item has been relatively
stable in all characteristics. Second in general stability is CDl3, which
averaged higher than the other iteirs at 100° and 70°F but changed iiore than
did CD12. CDl1l was least stable at hizher te.peratures, but changed less
than CD13 at 40° and 0° conditions.

The differences in ratings between duplicate cans within the various
saijples is of soue interest. as seen in Table 24, this difference was
consideraoly larger in CD12, and in the lower temperaturc conditious. ihiie
there was a norual auount of variation in CD12, the only characteristics in
yuhich it varied .:ore than the other iteis were chipped pieces, Hunter L
values, and sucrose content. As described in Section A. 9., the panel
reiers rated duplicate cans on different sessions, eack session being
one set of the six storage conditions. Co:zients indicated the unusuelly
large can variaticn resulted fron less distinct differences a.ong conditions
in CD12, causing the panel nenvers, who e:xmected differences axong saiples
fro. past experience, to use relatively graater ranges of scores for
s.:aller differences in this iteri, as these smaller differences tended to
be ilore closely associated with variations amonz individual pieces of candy
ithan a.ong storage conditions in .iany instances, the result was an appar-
ently large can variation when the tiwo sels of ratingsior CD12 were co.parec.

The saune type of "corparison phenoci:enon® apparently caused the large
can variations at 40° and O°F. The differences in ratings resulied ..ore
fro.. verying differences between L0° and 0° samwles and those from 70° and
100°, which were compared witnin sets of saiples, than fro. differences
vetwean the duplicate cans theuselves. These, veing presentedin different
sets, cculd not be directly co.ipared.
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cereal item cases at 5 years, Reductions at 70° averaged 20 psig , but
there was an average increase of 47 psig at 40° and 0°F, Values were
velow 400 psig in 84% of the cases at 100° (23% were below 300) and 31%
of those at 70°.

2. loisture content of the fiberboard averaged 11.0% at 80% r.h.,
8.0% at 57% r.h., and 14.2 at O°F with ambient r.h. Bursting strength
was not significantly correlated with moisture content.

3-4. General condition of cases remained satisfactory. Despite
reduced bursting strength at higher temperatures, there was no can collapse
and relatively little distortion of cases, essentially no molding or
Jelaumination, only moderate staining, and practically no change in legi~
bility of case markings.

II, ietal Cans

1. Residual oxygen in non-leaking cans of cereal rations averaged
3.7% at 100°F, 8.7% at 70°, 13.0% at 40°, and 17.7% at 0°, with considerable
ranzes at all conditions except O°.

2. All cans leaked in one itea (23-gallon) and leakers ranged 8-25%
in five others. (Questionable leakers, ranging 4-33%, averaged 15% in ten
iteuss, leaving only one item free of ieakers of any type.

Ze Corrosion increased during the fourth and fifth years of storage
on cans at the 80% r.h. conditions, with 10-20% of external surfaces
corroded along seaus and on panels. Internal corrosion remained practically
unchanged, relatively slight. WNo lecks heve been caused by corrosion.

4. Coatings of some of the 5-gallon cans were slightly yellowed at
higher temperatures, but there was no softening or excessive flaking of
any coating. 1

I1I. The Rations
A+ Cereal Itens.

1. Broken packages averaged about 5% higher than on previous
exaidnations, the increase veing 1% nore broken seals and 4% wore torn
wrappers. One biscuit in waxed paper had no brolen packages, wafers
averaged 3.2%, other iteus ranged 8.3 - 43.8%.

2. Broken score lines ranged 1.2 - 24.5%, uean 11.2%¢; :oderate
unit breakage 0.1 - 25.3, uean 8.4%; severe breakage was negligible. Total
brealiaze, 3.6 - 42.9% with i:ean 15.4%, was appareutly not associated with
storaze tine or teiperatures.

3. Appearance-coler sensory scores decreased about 0.4 during
the fifth year, due to slizhtly increased glazing of surfaces at lower
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teuperatures and the apparent beginning of browning or darkening at 100°
and 70°F, liost of the clLanges were in light-baked items, and all ratings
still averaged "gocs .

L. Slight to moderate decreases in Hunter Color "L" and "b®
values, with corresponding increases in "a" and a/b, were correlated with
observed changes in appearance. Items at 100° and 70°F were generally
lighter than initial, but darker than at periods of waximum fading.

5. Fracture strength ranged 1100 - 2300 grams by items, and was
aprarently related only to degree of bal:ing or other item characteristics.

6. lioisture content ranged 1.5 - 3.5%, mean 2.5%, in crackers and
tiscuits; wean 3.9% in wafers. lioisture varied somewhat with degree of

browning in baking, but was not significantly correlated with fracture
strength.

7. Peroxide values ranged 1.8 - 3.7 m-eq., mean 2.9 at 0°F;

2.7 - 9.9, nean 5.4 at 40°; 2,7 - 25.7, mean 11.8 at 70°; and 1.5 ~ 34.8,
iaean 10.G abt 10C°., General patterns indicated stability was exhausted
at 100° and significantly decreased at 70°. Free fatty acids, ranging
froa 0,11 - 0.56, umean 0.27% at O°F to 0.25 - 1.24, mean 0.70% at 100°,
exhibited little indication of increase with storage. Free fatty acids
have apparently established relatively steady-state t .ces with oxida-
tion in the various items at the various temperatures

8-9. JSensory quality ratings for texture stili averaged "good",
with moderate reduction for increased toughness or brittleness at higher
teiperatures. Scores for aroma and flavor and hedonic ratings for aroiza,
flavor and palatability were highly correlated. Palataobility ratings
ranged 2.55 - L.45, mean 3.47 at 100°F (wafers and one cracker averaged
4.33); 463 - 6.30, isan 5.39 at 70°; nean ratings were 5.73 at 40° and
6.05 at 0°, The pericd of accevtable storage at 100°F is apparently
passed, except possibly for wafers, which changed relatively little during
the fifth year.

10. Correlations of palatability ratings with umeasureaents associated
with oxygen, rancidity, and color were relatively high.

B. Carbohydrate Suppleacats

1. Candy bags changed very little with storage except increases
froil 2.5 to 4.3% in partial separation and 4.5 to 12.4% in complete sepa-
ration of seais in tests foi one iten.

2. Chipping of pieces of the hard candies appeared to be increasing
by about l.4% per year; the L-year average was 10.3% chipped. Additional
breakage, 0.25; cluiping, 0.6%; and locse sanding suzar, 1.3%, were
apparently not influenced by storage.
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3. Appearance-color scores averaged about 1.2 lower at 100°F and
O«4 lower at 70° than at the lowr teapevatures. Scores were reduced for
opaqueness, with slight darkening or graying of lemon candy and slight
fading of cherry candy.

L. Hunter Color values failed to show color differences which could
be visually observed, as most changes were in areas in which the Color
Heter is relatively insensitive.

5. iloisture contents averaged about 1.5% in two items, with consid-
erable can variation in one; the third itea averaged 1.65% with lemon candy
about 0.15% higher than cherry. Storage has apparently not influenced
moisture content axcept in a few lealiing cans.

6. pH values averaged about 5.9 in one item, 6.5 in the other two,
One item varied considerabtly among cans, another varied among storage
conditions. The mean of 5.9, about 0.7 below initial, is considered low
for the supplement type of hard candy.

7. Dextrose contents averaged 16.1, 17.7 and 18.7%, with correspond-
ing sucrose averages of 64.9, 62.2 and 62.1%. There was definite indi-
cation of inversion in two samples with pH below 5.6, and porsible inversion
in four other samples with pl nearer normal., W ive samples, all at higher
teuperatures, were below average in both dextrose and sucrose, suggesting
that degradatio: reactions may have accompanied observed changes in color
and srystal structure of these candies.

8-9. Texture scores varied little, and were relatively unimportant,
as few persons atteupt to chew the hard candy before partially dissolving
it in the mouth. Quality and hedonic ratings for aroma ranged 0.2 - 1.0,
uean 0.55 lower thai: those for flavor of candies from 100°F, and averaged
0.25 lower at 70°; uean hedonic ratings were 6.03 at 100°, 6.53 at 70°,
7.02 at lower temperatures. Thus, although the candy was definitely off-
coler at 100°, it was still rated moderately zood to eat.

10. Correlations of palatability ratings with other measureuaents were
generally inconsistent. The supplewent apparently lacks a related sequence
of changes such as the temperature-fading-oxidation-rancidity pattern of
the cereal itenms.
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