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differences between 400 anngO semples were seldom great, and thefe were
no reference samples except the lighter ories from the higher temperatures.

The relationship of color to product breakage, both ranked from low
to high (pale to brown for color) is shown in Figure 1. Correlation of
rank order of items was .53, that for range position of items was .43,
indicabing some tendency for lighter colored items to have less breakage
and darker items more. The notable exceptions were CD3 and 4, having about
20% breakage ,which were appsrently baked too light and fragile, and CD6,
which seemed to be baked too dark and tough to break. o

5. Fracture Strength. (Table 12)

Twenty units selected in a systematic manner from each can were used to
determine fracture strength. Fach unit was supported by four corner blocks
of about 1/16 sq. in. area and the dull point of a weighted plunger was
rested on the center of the unit. The plunger carried fixed weights varying
from 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 allOCO-gram spring-loaded pressure’
tester. '

Initial fracture ranged from 1060 g. for CD3 to 2160 g. for CD9; with
a mean of 1415 g. for -the ten items. As seen in Table 12, range at 48
months was 1036 g. to 2378 g., iltem means 1072 g. to 2306 g., general mean
1543 g. In view of the wide range, the 147 g. standard difference between
duplicate cans, and the 145 g. standard deviation of replicate units, no
consistently significant differences heve been found assoclated with either
storage time or temperature. There were certain rather erratic trends,
however, among various groupings of items.

In general, items CD1, 2, 3 and 7 showed higher than initial averages
during the first year, lower during the second, with a gradusl increase
during the third and fourth years. By temperatures, as differences from
initial averages, this trend was as foilows :

gtorage - 6 months 18-24 months L8 months total storage
oF change change - change change
100 + 61 - 60 + 31 + 5
70 +149 0] + 70 +42

40 and O +150 + 6 + 55 +58

mean +120 -18 +' 52 ' +35

There was both greater and less variabiliiy in trends among various
of the other six items, but the general direction of change was increase
from the beginning of storsge, with fluctuations at later pericds for some
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items. CD5 increased with every examination, CD)4 and 8 increased in two
stages with a downward shift at 12 and 24 months, respectively. The wafers,
CD9 and 10, increased through the third year, then shifted downward at 48
months, while CDé increased through 18 months, drifted downward through 36
months, and back to the 18 months level at. 48 months. Mean values for the
six items at 6, 24, 48 months and for the total perlod as dlfferences from

initial, were:

storage 6 months . 24 months 48 months total storage
OF ‘ change change _change . -.change
100 - 70 + 65 + 119 + 38
70 - 83 o+t 25 0+ 135 o + 30
40 and O = 22 .+ 82 ‘+ 13k . +:58
mean - 58 + 57 129 + h2

Apparent trends as lllustrated for both groups of ltems could very well
have resulted from combinations of random variance, but suggestions of possible

Lime and temperature effects were as shown,

The lack of a smgnlflcant relatlonshlp betweern fracture strength and
product breakage may be seen in Flgure 1.  With both ranged low to high, rank
order correlation for items was -.04, that for fractuyre and breskage range
positicns ~.28. The latter, which is equivalent to the direct correlation
between fracture and breakage values, indicates. a very slight tendency for items
with lower fracture strength to have more breskage, as in the crumbly wafer CD10,
or less breakage with higher fracture value, as in tough biscuit CDé6. CD2 and 9
ranged in the same direction as €D6, all others in the same direction as CD1O,
but the comparisons were too variable for signhificance.

Fracture strength and color corresponded somewhat more closely, rank
order and range position correlations from Figurelibeing .50 and .52. Items
CD3 and 4 were light-baked and tender, CL7 and 8 medium brown and moderately
tender, while CD6 was brown and tough as mentioned previously. Not checking
as well, biscuit CD2 was moderately baked but fairly hard, wafer CD9 was a
rich medium brown but was quite compact, wafer CD10 qulte ”toasted” but crunbly,
while crackers CD1 and 5 were brown and brittls.

6. Moisture Content (Table 12)’

Moisture content was determined on duplicate lh-mesh samples from each
can from loss of weight after heating 5-gram aliquants. 24 hours at 70°C under
a 29-inch vacuum., Initial moistures ranged 1.42% for cracker CD5 to 4.03%
for wafer (D10, mean 2.53%. As seen in Table 12, moistures at 48 months had
someiwhat less range but about the same mean. Periodic mean values have ranged
from 2.27% at 18 months to 2.86% at 12 and 2 months, storage condition means .
have differed by less than half this range, and there hag been no consistent -
association of moisture values with any storage effect.
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- TABIE 13

RANCIDITY VALUES OF FATS FROM WHEAT ITEMS STORED 48 MONTHS

Condition _ . Crackers . Biscults - . __Wafers Mean Std.dif.
°F/4 r.h. CDL ° CD3 D5 CD$ CD2- (D4 CD6 CD7  CD9  CDIO cans
Peroxide Values, milliequivalents per kilogram:
100/80 3.7 2.2 3.3 /55 2,7 50 51 3.0 6,0 L4 3.79 2.28
100/57 3.3 2.1 4.0 3.1 2.2 A5 4.9 4.9 2.2 1.3 3.30 1.51
70/80 2.5 3.3 3.7 3.5 2.7 3.1 3.8 47 5.2 2.6 3.53 2.8
70/57 1.5 2.7 2.8. 6.1 1.9 3.1 3.9 4.8 3.8 3.1 3.36 2.00
50/57 8 2.3 3.3% 4.2 L9 2.7 3.2% 3.1 3.4 47 2.96 1.95
0/ amb .9 2.7 1.3 2.3 1.1 2.2 2.4 3.7 2.3 1.9 2.02 .73
std.dif.,cans 1.82 1.29- 1.83 2.30 1.61 2.02 2.07 1.28 2.16 1.84 1.85 -
sign.dif.,5% 2.46 NS NS - 3.20° NS NS NS 1.76 3.13 2.98 .84 2.62P .
Mean 2,09 2.56 3.07 4.10 2.09 3 L5% 3.87  L4.03  3.91 2.43 3.16 1.08°
Free Fatty Ac:.ds, percent as ole:Lc ac:l.d
100/80 ,16 — 26 _ _.97 ' ;ao 91 54 72 1.04 w72 .629  .078
100/57 A6 L858 k5 .99 - W46 .98 0 49 .78 1.00- .79 687 176
70,/80C .09 .25 .14 0 .50 .11 .60 . L1 AR 53 W44 .325 0 .059
70/57 .08 .23 .15 A6 10 - L5918 A0 LBL W45 L3170 .058
40/57 L0533 .1 .39 .10 0 .60 L1300 .38 Ad W41 L297 034
0/ anb el 25 LIh o U450 L1000 L6000 W15 .38 A5 0500 L2960 028
std.dif.,cans .0R7 . .030 050 .053 .035 .043 .199 :.028 = .154 .050 .088 -~
sign.dif.,5% .07  .C52 087 .092 .060  .O75 .344 ~.048 = .267 (086 .OLO 1Aob
Mean L096 . .368 213 . .628 .213 71l .273  .513 668 .534 422

.Ce7°

2411 cans were leakers. :
bSignificant difference for items in rooms.
CSignificant difference for item means. .
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Figure 2. Range Positions for Stability Factors of Cereal Items at 48 Months
(positions designated by CD item numbers)
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practical association. Free fatty acids present a different pattern; CD2,

6, 7, 8, 10 ranged within 8-18%, the others from 38-98% spread, so although
the group correlations were very low, half of the items checked falrly well.
CD8 was on the low rating-high acid end and CD2, 6, T and 10 in the mid-
range for ratings and somewhat more widely spread in FFA content. Finally,
gensory and hedonic evalustions of quality, with the highest correlations of
the group, had one item checking exactly, CD8 at the low ends of the ranges,
and CD2 was within 6% toward the high range. CD5 spresd about 14% in low

to mid-range; the other seven 1tems ranged 22- MT%, ¥lelding a fair-sized
correlation but not close enough for significance.

The above glves some ides of the relatlionship of the various measure-
ments among items, independent of storage effects except as they influenced
general item means. '

10. Correlations of PalatabilityrRa$ings.and O@her Measurements (Table 16)

The correlations of Table 16 were among samples, including temperature
effects for items and product groups. It is seen that practically all of the
correlations with oxygen (except CD9), a few with peroxides, every one with
free fatby acids, and every one with sensory aroma and flavor sre consider=
ably higher “than those illustrated for items only in Figure 2. Thus, such
storage effects as incresse in L and decrease in "a" and a/b color values,
depletion of oxygen, and development of increased perdxide and free fatty
acid levels, all associated with higher temperatures, resulted in most of
the significant correlations of Table 16, as flavor and srome sre adversely
influenced by most of these reactions or by factors which cause them to take place-

One of the interesting sets of correlations is the group for sensory. arcms
and flavor {by five experienced judges) vs palatability (by 25 judges with less
experience), Simple averages and standard deV1at10ns of these correlations over
the four years of storage are as follows:

6’months: 4+l £ LB 2k months: +.59 £ .25
12 months: +.43 1 27 36 months: +.81 + .13
18 months: +,50 £ .20 48 months: +,88 £ .10

It is apparent that the two panels were reacting generally to the same
gsample characterilstics at the third and fourth years. The sensory quality panel
noted and scored gmall differences which the larger hedonlc panel tended to
ignore at the first three examinations (the hedonic panel fredquently rating all
samples low because some members had not yet decided to tolerate the rations,
good or bad). By the second year, sample diffevences assoclated with storage
were beginning to brlng the results of the two modes of evaluatlion closer
together (there being no longer any question that some samples were becoming more
intolerable than others, even among the "dlsllke members). :

Judging from the correlations at 36 and 48 months, and considering which
panel may have been more nearly correct in evaluating the rations during the firsgy
two years, it beglnss. to appear that an experienced panel of flve or perhaps ten
members could probebly produce a relisble evsluation with a great deal less
expenditure of effort than thst required to conduct and process the resulis of
the larger pahels.
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«LGQRRExﬂmzoNS;QF PALATABILITY RATINGS

WITH OTHER MEASUREMENTS FOR WHEAT ITEMB STORED AS MONTHS

TABLE 16

cSignificant at the 1% level of

probability.

(51mple correlatlon coefflclent )
Palatability with: ,l R Crackers : . Biscuits : Wa.fers
' . ~ CDbi CD3 (D5 Cbg ALl QD2 Ch, CD6  CD7 A1l CD9 D10 All
- Hunter L =.639P —.245 -.683P -.735¢ —.073 -.822C -.850C -.842C —.510: —.087 -.719% -.621b -.267
a +.389 7 +.117 +.317 +.638b -.148 +.873C +.855C +.855C +.,1) +.052 +.509 +.350 +.222
b —,063 -.690D —,645P —.551 —.200 <.257 +.507 +.318 +.516 -.0L2 -+.247 —.16L +.04L7
~a/b +.412 +.105° +.427 +.498 -.172 +.878° +.468 +.855¢ +.402 +.056 +.423 +.458 +.199
Fracture Strength +.030 +.466 -.021 +.6220 -,072. +.268 -.247 +.231 +.326_ -.066 +.451 -.363. -.533C
Moisture Content +.170 +.216 +.462 —.497 +.072 -.088 -.173 +.548 +.296 +.159 +-32h"+.230 +.009
Residual Cxygen ™ +.5950 +.695P +.6430 +.894° +.587C +.792° +.495 +.780C +.883C +.725C -.024 +.928° +.323
Peroxide Value ~.589° +.525 -.355 -.233° -.336C -.220 -.411 -.723C +.012 -.156 -.476 +.079 -.221
Free Fatty hoids —.899° -.891C -.919C -.951C —.639C -.860C ~.702¢ —.896° ~.966C -.433% -.933¢ —.627P -,791°
Sensory Scores: - | ' ' | T .
Appearance~Color+.399 +.023 +.109 +.074 +.210 -.336 -.237 +.833¢ -+.851% +.277 +.569 +.5L7 =+.323
Texture - 4, 850° £.844° +.592b +.906€ +.742¢ +.835° +.822° +.875% +.943¢ +.705% +.317 +.518 +.389
Aroma +.917¢ +.924C +.960C +.945C +.833C +.907¢ +.840% 4.927C +.969C +,897C +.899¢ +.825C +,795¢
Flavor - L 49420 +.910% +.919C +.976C +.876° +.919° ++.752° +.921° +.975C +.889¢ +.977¢ +.517 +.758¢
aAll cans were leakers. ‘
bsignificant at the 5% level of probability.

































































































humidities and temperatures. Internal surface darkening was: relatively
slight, and no can leaks have been caused by any type of corrqsion.

" k. There was no softening or flaking of external coatings of cans,
lthough moderate amounts of loosening around corroded areas were observed:
on: cans from: hlgher humldltles

Iliu The Rations.
A. Cereal Items

1. Seal breaks were few (. 6?’ ) in waxed -paper and cellophane:
packages, and ranged .0 - 11.8, with a mean 4.2% in wexed glassine.. Torm
packaging material averaged. sllghtly higher than seal breaks: in waxed’
paper and- cellophane, and: sllghtly tess than seal breaks 1n the: gla851ne

packages.

2. Broken score lines ranged 3.3 - 48.5, with a mean 16.2% in:
crackers and 0.5 ~ 23.0, mean 6.5% in biscuits. Wafers. averaged: 26.3% and
47.3% crumbled edges. Moderate unit breakage ranged 6. h - 29.3, mean 13.7%
for erackers, 0.3 - 22.7, mean 6.7%. for blscults, 0.0 = 0.2, mean 0.09% for

afers.| Severe breakage or crushlng of units was negllglble in alT rations.
except twe cracker items whlch ranged 0. 2 - 10.1, mean 2. 6% as & result of ‘

can damage.

o 3. ~Appearance and. color by sensory evaluation were not seriously
affected by storage, although there werc slight amounts of surface glazing
in all items and of fading of color in 100°F storage There: was: little:
ev1dence of darkenlng oy brownlng in: any ratlon 1tem o

4. Hunter Color values, typically increased in L and decreased:
in "a at hlgher temperatures, were hlghly correlated w1th observed changes:
'1n appearance and color..

5. Fracture strength by items ranged 1109 ~ 1529 grams: for cracker:
units; 1072 ~ 2286 grams for biseuits; and 1462 - 2306 grams. for waféers:,
Values were relatively well related to baking, whether tender, brittle or
tough, but not to product breakage except in the toughest biscuit.

: 6. Moisture content varied o some extent with baking in crackers:
and blscults,'whlch ranged 1.6 - 3.0, mean 2, 3% Wafers were, hlgher in
m01sture, ranging 3.1 - 3. 7, mean 3 h%

7. Peroxide. values, ranging 6.0 - 1.3, mean 3.5 m.eq. at. 100°F
to 3.7 - 0.9, mean 1.8% at O°F, indicated second stages of slow oxidation..
The primery cycle, with peak values around 12 months was: apparently completed.
with the low values observed around the end of the second year. Free fatty




acids, ranging from 0. 16 - 1.04% at 100°F to 0.04 - O, 60% at O°F, varied
with 1tems, storage temperatures, and sllghtly with storage tlme

'8, -Seénsory scores for texture (lO—p01nt scale) ranged 7. ot 6
at 0°F to 5.9 £ .6 at 100°F, various itens ‘being - described as taughery"
harder or more brittle at higher temperatures. Aroma and flavor quality -
scores averaged 3.2 range 3.4 at 100°F, 5.4 range 2.6 at 70°, and 6.6 range
1.8 at K0° and 0°. - Reductlons were attrlbuted to staleness at 70°F and
rancldlty at 100°F oo , S = .

9, Mean hedonlo ratlngs were 5 00 for aroma and flavor, 5. 21
for palatability. - The three ratings averaged 4.23 range 1.94 at 100°F,
5.29 range 1.18 at 70°,.5. 62 range O g2 at 40°, and 5.78 range 1. 14 at 0°,

10. Correlatlons of palatablllty rating with measurements associ-
ated with oxygen or oxidation and with color were relatively high. Hedonic
ratings by 25 judges and sensory quallty scores by 5 Judges were . hlghly cor- .
related at 36 and 48 months. S

B. Carbohydrate Supplements

: l. Candy bags exhlblted llttle evidence: of storage effect except -
increase from.2.5 ~-5.7% in partial eeparatlon and L.5 .- 17. 8% in: complete
separation of seams of one 1tem.on seam,tests :

, 2. Phy81cal state of the supplement remalned practlcally unchanged,
averaging 8.9 T 4.3% chipping, 0.8 T 0.8% additional breakage, 0.5 T 0.5%
clumping, and 1.8 * 1.4% loose sanding sugar in the cans.

3. Appearance and color were good except at 100°F, where moderate
darkening of lemon pieces, slight fading of cherry, and variable "sugaring"
of both types reduced quality scores to 6.3 — 7.1 from the 7.2 - 8.2 range
at lower temperatures.

4. Hunter Golor values for supplements revealed moderate but
muiti-directional bemperature effects on mean difference and rank order
analyses, but generally falled to describe the candies as well as did the
taste panel judges.

5. Moisture contents, with mederate can variatlons, averaged
1.48, 1.65 and 1.68% for the three supplement items. Lemon type (1.76%)
and cherry type (1.60%) were different in one item only.

6. pH values averaged 6.55, 6.76, and 6.83 for the three items

at all periods, being .34, .12, and .17 lower at 36 months. There was
little evidence of temperature effect on pH. '
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