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FOREWORD

The moisture-relative humidity relationships of dehydrated foods are of impor-
tance to the food scientist in (a) studies of storage stability, (b) calculation
of moisture transfer among foods of a multi-component ration, and (c) use of the
moisture sorption isotherm as a "standard curve" for moisture measurement.

The present Final Report of Phase I of the contract "Study of the Applica-
tion of Relative Humidity and Moisture Vapor Pressutre Measurements for the Deter-
mination of the Moisture Content of Dehydrated Foods' deals with comparative studies
of manometric and electrical hygrometric techniques, for utilizing the moisture
sorption isotherm as a non-destructive method of determining moisture. It repre-
sents work conducted by Evans Research and Development Corporation, between 15
February 1963 and 15 February 1964.

The Contractor's Official Investigators were Mr. A. Block, Mr. F. E. Ellison,
and Dr. E. J. Hewitt.
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peppers, potaLoes, rice, chicken, shrimp, mixed fruj.', peaches: and apples were
used. The lrwvrr •n..mis for rncisture conLenL de',ermi]nation, the temperature re-
quirements, and the precision (0.1 percent moisture content) for both methods
were generally comparable. The elapsed time required for the manometric tech-
uq'ue is generall,• bcut 0.8 hours as opposed Lo the 2 hours generally required
by the equilibrium hygrometric technique. The actual time spent by personnel
per sample for the hygrometric technique was about 0.1 hours as opposed to about
0.3 hours for the manometr.ic technique.

The hygrometric method was somewhat more convenient and had better lct-Lo-
lot reproducibility with the dehydrated chicken samples tested where this fac-
tor was studied.

Work on an exchange study of tbe moisture sorption-desorption process in
chicken is reported. The ccsults ,;how -n rncreasing accessibility of adsorption
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INT , ODUC'IION

VJrj CCU 1c;.~ 196 !;L-arcfl and. Týve'c--re ('ornoraltion w ~~r

izcd by The U. S. Ar-y r'34M Rcsarch and Engineering O:ritor Lo conduct a -. !ra-
tve study o. . .he relativu nwiiiy and ... ol.t.rc raporr prsc.ur.... =h•d the
determination of the moisture content of dehydrated food., to be made u .g sam-
ples of starchy fooas, protein foods, high Gugar-conten'. foods and foo w.'h
both high sugar-content and high molecular %,eight constituents.

These techniques, calibrated by the Association of Official Agric- ural
Chemists' vacuum oven method, were to be compared In terms of accuracy p pro-
ducibility, specificity, sensitivIcy, workable moisture-content range,
temperature and calibration requirements.

Both procedures have potential advantages over the stendard vacult R-fl
method for determining the moisture content of dehydlrated food in not . ,ulring
sample preparation and weighing, and in conside-.ably shortening the eliL:d
time. of the analysis. Both are based on the relationship between the , .zture
content of dehydrated foods and th., relazive humiditidy in equilibrium ' th i'L.
One method measures this relative humidity with an electrical hygromet, Whilc
the other employp a manometric apparatus.

This final report covers work carried out from February 15, 1963
February 15, 1964 under Evans Research Project No. 9383-621.



EXPERIMENTAL DISCUSSION

I. PREPARATION OF FOODS

All foods examined in this project, which are listed
in Table I (APPENDIX), were ground to 20 mesh unless - as in the
case of the milk and potatoes - thoy were already in granular
form. The cabbage, peppers, rice, chicken, and shrimp were
ground in a Wiley Intermediate Mill. The cabbage was dried be-
fore grinding in the vacuum oven for 5-1/2 hours at 450 C using
a method similar to that used by B. Makower et ae.* to prevent
guimming and clogging in the mill. The dried fruits were ground
by placing just less than one ounce of sample in a Waring
Blender for 10 seconds. The product was then passed through a
20 mesh screen. Seventy-five-gram samples were then placed on.
evaporating dishes and their moisture content either decreased
by placing them in a desiccator containing magnesium perchlorate
or increased by placing them in a desiccator containing water
or saturated potassium chloride (85 percent R.H.) as indicated
in Table I (APPENDIX). The samples were then transferred to
16-ounce, screw-cap jars which were mixed on a roller mill for
one hour.

II. METHODS OF ANALYSIS

A. Vacuum Oven Method

The procedure used was the official A.O.A.C. method
(Association of Official Agricultural Chemaists, 9th. Edition
1960). The milk and rice were run for 5 hours at 1000 C, while
the cabbage, peppers, potatoes, chicken, and shrimp were run
for 20 hours at 700C. The dried fruits were mixed with asbes-
tos and dried for six hours Et 70 0 C according to A.O.A.C.
Method 20.008. Moisture content determinations are expressed
as weight percent on a dry basis.

B. Electrical Hygrometer Method

&n Electrical Hygrometer Indicator, made by Hygro-
dynamics, Inc., Silver Springs, Maryland catalog No. 15-3000
was used in conjunction with factory-calibrated, narrow-range,
Dunmore-type, humidity-sensing elements (type TH). These ele-
ments are warranted accurate to ± 1.5 percent R.H. for one
year of normal usage. Two elements in each of the seven nar-
row R.H. ranges from 1.6 to 59 percent were used.

Industrial and Engineering Chemistry 8, 725 (1946)



The food under examination was placed In a wide
mouth 16-ounce bottle (Fisher Scientific Co., catalog No.
3-316) to a depth of about 0.5 inches. This bottle was ap-
proximately 3 inchei wide by Lj inches high.

Holes were drilled through the plastic caps that
were supplied wtth these bottles and the element mounts were
screwed into them. The elements were plugged Into the mounts
and suspended above the food in a closed system by screwing
the caps on the bottles. The element mounting terminals were
connected to a six position rotary switch which was in turit
connected to the indicator.

Once the element with the proper relative humidity
range had be.;n selected, readings were taken on the indicator
at short intervals until the readings fluctuated around a con-
stant value. At this time the water vapor in the jar was in
equilibrium with the water sorbed on the food. The relative
humidity in the bottle was obtained from the indicator read-
ings by referring to the calibration chart that was provided
with each element. Figure 1 (APPENDIX) shows this apparatus
in use.

C. Manometric Method

The design of the apparatus, which is shown in Figure
2 (APPENDIX), closely followed the description of the equipment
used by J. F. Vincent and K. E. Bristol.

At the left of the picture is a Dubrovin Vacuum Gauge
which was made by the Welch Scientific Co. The pressuro is
read directly on a scale calibrated from 0 to 20 mm of Hg in
graduationsof 0.2 mm of Hg.

The cold trap at the right of the picture is immed-
iately followed by a vacuum pump which is not shown.

The glassware in the center of the picture was fab-
rica by Fisher Scientific Co. Its overall length is 9.5
inches. In use, a 100 ml round bottom flask containing the
dried food under examination is attached to the apparatus. To
the right of this flask is a permanently attached freeze-out
trap which has a volume of 100 ml.

The following procedure was followed when a deter-

mination was made.

*Industrial and Engineering Chemistry, Analytical Edition 21,

465 (1945)



A one hundred ml round bottom flask, which contained
the dried food, was attached to the apparatus and the system
was evacuated by means of the vacuum pump for three minutes.
Although specially designed experiments showed that the period
of evacuation was not critical, this value was kept constant
for the sake of consistency. At the end of this time the pres-
sure in the system, as measured by the Dubrovin Gauge, was less
than one mm of Hg.

The stopcock between the two freeze out traps was
closed and the apparatus was left undisturbed until the pres-
sure had increased to a constant value. This value was re-
corded. At this time the water vapor above the food was in
equilibrium with the water sorbed on the food.

The stopcock between the round bottom flask contain-
ing the food and the rest of the apparatus was not closed and
the 100 ml cold trap was immersed in a dry ice/ethanol bath.
The pressure in the system decreased as the water vapor was
frozen out in the cold trap. When the pressure became constant,
its value was recorded. The difference between the two vapor
pressures that were recorded was the vapor pressure of water in
the system. Any air that was desorbed from the food would not
be condensed in the cold trap and, therefore, its partial pressure
was not erroneously added to the partial pressure of the water vapor.

The relative humidity in equilibrium with the food
was calculated from the experimentally determined partial pres-
sure of water vapor above the food and the vapor pressure of
water at the temperature of the determination. The last value
was obtained from the Handbook of Chemistry and Physics, (43rd
ed.; Cleveland, Ohio: Chemical Rubber Publishing Uo., 1961-2).

III. COMPARISON OF METHODS

A. Curves of Hoisture Content vs Relative Humidity

Figures 3 to 11 (APPENDIX) show the effect of vary-
ing the moisture content as determined by vacuum oven analysis
of individual foods on the relative humidity in equilibrium
with these foods. In the lower curves the relative humidity
values have been determined using the electrical hygrometer
while for the curves just above them the values were determined
with the manometric apparatus. At any given humidity the mois-
ture content of the food was greater when determined with the
manometric samples than with the hygrometric samples, The most
probable explanation for this is the fact that in tne manometric



procedure, which is run in the absence of other gases, equili-
brium is established between the water vapor and the food
samples without the competition of other gases. This enables
the readsorption of greater amoants of water than in the hygro-
metric apparatus, where this competition does exist.

Since the manometric procedure employed an initial
evacuation, moisture was initially partially desorbed off the
food samples. Moisture contents of the samples after use in
the manometric apparatus were determined in order to obtain
the actual equilibrium relationship between the moisture con-
tent and relativi humidity. However, for the analytical use
the relationship betveen the moisture contents of the samples
before use in the manometric apparatus, and the relative hu-
midity was obtained. These are the top curves In the graphs.

B. Lower Limits of Moisture Content Determination

The lowest R.H. that can be measured with the elec-
trical hygrometer is 1.6 percent R.H. as opposed to 0.00 per-
cent for the manometric method. However, because for a given
moisture content the R.H. is lower by the manometric technique,
the lower limits for moisture content determination by both
methods are comparable.

C. Sensitivity

The hygrometer is sensitive to changes in R.H. of
0.15 percent R.H. In some of the steeper portions of the curves
of R.H. vs. moisture content this would correspond to 0.03 per-
cent moisture content. On the other hand the manometer is sensi-
tive to 0.01 percent changes in R.H.

D. Deviation of Results from Vacuum Oven Analyses

Values for the moisture contents of the various samples
were obtained using the relative humidity values and the appro-
priate calibration curves which are plotted in Figures 3-13.
Deviations of these values from the vacuum oven analysis values
for the individual samples are indicated in the last column of
Tables 2-12 (APPENDIX). A summary of the standard deviation of
these values from the vacuum oven values as well as the standard
deviation of the vacuum oven analyses is given in Table 13
(APPENDIX). These results indicate that the standard deviation
from the vacuum oven values of the two methods of analysis were
generally comparable with the exception of the peach results
and close to the standard deviation of the vacuum oven analyses.



The results of the moisture determinations run si-
multaneously on lots 2P and 5P of precooked A W&-Aadried

chicken are summarized in Tables XI and XII, respectively. In
Figure 12 the relative humidity of the chicken, as measured by
the hygrometric method, is plotted as a function of the actual
moisture content, as measured by the vacuum oven method. This
graph indicates that, for the hygrometric method, the data for
the two lots falls on one curve. On the other hand, when rel-
ative humidity of the two lots, as measured by the manometric
method, is plotted as a function of food moisture content
(Figures 13 and 1i), separate curves are obtained for the two
lots. (The actual moisture content used for Figure 14 is
based on vacuum oven analyses carried out after the run and
that for FIgure 13 is based on analyses before the run). A
possible explanation of this lot-to-lot difference in the mano-
metric method is that the number of desorption sites exposed
by air desorption varied from lot-to-lot.

The accuracy of the two methods when applied to the
chicken was determined by reading the various moisture contents
of each of the two lots off the calibration curve prepared from
the data for the other. These values are shown in Tables XI and
XII. The deviation of these values from the vacuum oven analyses
are also shown. The standard deviation of the moisture content for
the hygrometric method is 0.12 percent moisture content and that
for the manometric method is 0.57 percent moisture content.

E. Temperature Requirements

The manometric and hygrometric procedures for the
shrimp, chicken and dried fruit were run using a temperature
controlled bath of 25 0 C t 0.20C.

The results for the cabbage, milk, peppers, potatoes
and rice were obtained without special temperature control in
a room having an average temperature of 260C with an average
deviation of t 1.30C. The average calculated error in the
moisture content values for the various foods caused by this
deviation is indicated in column 2 of Table XIV (APPENDIX).
These values were obtained from moisture sorption isotherms at
72 and 100OF supplied by the U. S. Army Quartermaster Research
and Engineering Command. Calculations of the errors of the two
techniques without the error caused by (a) temperature, and (b)
temperature and vacuum oven analysis deviations were made as
indicated by the equations in Table XIV (APPENDIX). After cor-
rection for the effect of temperature the average calculated
deviation of the hygrometric results was 0.09 percent moisture
content while the value for the manometric technique was 0.06
percent moisture content. Table XII indicates that there was
no significant difference in the standard deviations of the
foods run at 260± 1.30C and those run at 250 ± 0.20C. However,
it is felt that it is better practise to employ temperature
control.



F. Distinction Between Water and Othor Volatile Compounds

The nygroscopic film of the Dunmore Sensor used in
the electrical hygrometer is sensitive only to water vapor
pressure. While the manometric technique measures the pres-
sure of all dry ice bath (-80 0 C) condensable vapors it is ex-
tremely unlikely that this would be anything but water vapor
pressure under the room temperature conditions of the analysis.

G. Calibration Requirements

The Dunmore Sensors used were factory calibrated and
warranted to be accurate to ± 1.5 percent. The manometric ap-
paratus used was checked with saturated magnesium chloride and
potassium acetate salt solution and found to be iccurate to
within 0.6 percent R.H.

Dunmore type sensors do exhibit a slight change of
calibration with time. Page 61h of the Hygrodynamics, Inc.
catalog states that one group of sensors changed by 1.8 percent
R.H. in six years. G. 0. Handegord et al.* states that "Stor-
age over dessicant with occasional use over a period of two
years resulted in a shift in calibration that exceeded 1 per-
cent R.H. for approximately half the sensors." On the other
hand the manometric apparatus would not exhibit any such change
in accuracy.

H. Time Requirements

The elapsed time for an analysis by the hygrometric
technique varied from 0.5 to 20 hours with most samples taking
about 2 hours. The actual time spent by personnel per sample
was about 0.1 hour. There was no apparent relationship be-
tween the sample's moisture content and its rate of attainment
of equilibrium.

The time required for the manometric technique
varied from 0.3 to 1.3 hours with most samples taking about
0.8 hours. The actual time spent per sample was about 0.3
hours. Samples with the lower relative humidity took the
shorter time while those with the higher R.H. values took the
longest. Representative curves for the rate of attainment of
equilibrium for this method are shown in Figures 15 and 16.

*Paper C4.l.3, 1963 International Symposium on Humidity and
Moisture, May 20-3, 1963, Washington D. C.

-7-



IV. STUDY OF H.YDROGEN' iEX"' ANGE rIVcT. MOISTURE SORPTION

A.-Preparation r. Sampies

Glass jars, 6.0 cm high by 5.0 cm in diameter,
having an 89 ml capacity were used for this experiment. The
jars were equipped with plastic screw caps having a hard par-
affin liner. Two-gram samples of lot 5P dehydrated chicken
(1.687 percent moisture content) were weighed into the jars,
after which the samples were covered by 2-c8mtimeter squares
of aluminum. Different amounts of water (see column No. 1,
Table XV) labelled with the tritium radioisotope of hydrogen
(at a specific activity of 87 microcuries* per gram) were then
added to the Jars by desposltion onto the foil squares. Those
amounts smaller than 100 mg were added using "Microcap" dis-
posable pipettes,** after which the pipettes were added to the
jars. Standard pipettes were used for addition of those
amounts of tritiated water larger than 100 mg. The caps were
then screwed on the jars and the caps sealed with one layer of
tape. After one day of equilibration, no water was left on
the foil. The jars were then rotated for 1/2 hour at 25 R.P.M.
and allowed to equilibrate for a total number of days indicated
in Table XV, during and at the end of which they were again
rotated.

B. Measurement of the Water Vapor Radioactivity

Following the equilibration of the food with the
tritium-labelled water, the isotopic dilution of the water
vapor by the food was determined by measuring the radio-activity
of the water vapor in equilibrium with the food. For this
measurement the jar containing the food was swiftly removed
from its cap and screwed on to a cap which had an inlet and
outlet tube leading to the radioactivity measuring Instrument.
The jar with the connection is shown in Figure 17. The 1/8
inch O.D. threaded, stainless steel tubing was secured through
the cap using a lock nut &nd gasket. After reinforcement of
the cap by cementing on a . m.'-thick piece of lucite, two holes
were bored 3 cm apart on tU' diameter. The inlet tube pine-
trated 4 cm into the jar %hile the exit tube penetrated 2 cm.
Both tubes extended 3 cm above the cap. The exit tube con-
tained a small plug of glass wool. The air above the food was
pumped Into the 275 ml flow Cary Tolbert ionization chamberw*

•Ona microcurie = 2.22 x 106 disintegrations per minute.

'"Supplied by Drummond Scientific Company, Broomall, Pa.
***Supplied by the Applied Physics Corporation, Monrovia, Calif.



connected to the Cary 32 Vibrating Reed Electrometer" to
measure its radioactivity. The pumping was done using a
"Kinetic Clamp" model OV12.,"' This ts a peristaltic type
pump, the flow rate of which was 50 ml per minute in this
experiment. The exit tube was connected by 20 cm of vinyl
tubing (2.8 mm I.D., 6 mm O.D.) and 13 cm of glass tubing to
a glass socket which was greased and clamped to one of the
two 18 mm diameter ball joints of the ionization chamber.
The inlet tube was similarly connected by 40 cm of the vinyl
tubing, part of which was wound through the "Kinetic Clamp'
to the other joint.

Pumping was then started and the jar placed in a
thermostatically controlled bath at 250 ± 0.2 0 C. The atmos-
phere in the jar was allowed to equilibrate with the air in
the ion chamber for two hours, during which tire the jar was
periodically shaken by hand to expose fresh food surface.
Before each run the air in the ion chamber and connections was
dried by circulating it for one hour through a drying tower
cntaining "Drierite". The radioactivity was determined by
measuriog the rate of charge build-up expressed in millivolts
per mirndte. The greater the radioactivity in the ion chamber,
the greater the ionization, and the greater the millivolts per
minute. The results are shown in column No. 6 of Table XV.

C. Calculation of the Amount of Exchange

The amount of radioactivity added to the individual
food jars was obtained by multiplying the amount of radioactive
water added, by the radioactivity per given amount of radio-
active water. The latter, expressed as mv/min/R.H., was deter-
mined by measuring the radioactivity in the ion chamber when
the air in the ion chamber is in equilibrium with the air over
saturated salt solutions at 250C * 0.2 0 C, the salt solutions
being contained in the jars instead of the food. The solutions
were made with the undiluted, tritiated water (87 microcuries
per gram). The lithium chloride solution, which has an R.H. of
11.05 percent**gave 21.5 mv/min; the potassium acetate solu-
tion, which has an R.H. of 22.45 percent, gave 502 mv/min; and
the sodium bromide solution, which has an R.H. of 57.7 percent,
gave 1244 mv/min. Figure 18 is a plot of R.H. versus radio-
activity. The slope of this line is 21.5 mv/min/R.H.

*Supplied by the Applied Physics Corporation, Monrovia, Calif.
"*Ilade by Sigmamotor Incorporated, Middleport, N1. Y.

***R.H. Stokes and R.A. Rohlnson, Industrial and Engineering

Chemistry Lt, 2013 (1949)

-9-



The amount of radioactivity present after equili-
bration of the food with the tritiated water is obtained by
Mau j1t nin. thA amount of water present in the vapor plus the

exchangeable hydrogens (expressed as an equivalent amount of
water) by the final radioactivity per given amount of water.
The amounts of various groups in chicken protein which contain
potentially exchangeable hydrogens equivalent to 18 m6s of
water are 34 mgs of OH, 16 mgs of NH2 , 30 mgs of NH, 90 mgs of
COOH, and 60 mgs of SH.

The initial total activity is equal to the final
total activity. Using this equality we can solve for the num-
ber of hydrogens exchanged, expressed as equivalent milligrams
of water in the following fashion.

3 Initi3! Total 120 + rxcb-nge R Final specific
2radioactivity -rqidi oactivity

L P' JL(mv/min/1PdI.) iL(Equiv. mgs of H20) j(mv/min/R.!.)j

FH30 Added1 Initial specific1F radioactivity/

Exchan ge of ( inal 1m/i/RP -~Total H1120)120
Final specific
adioactivity

The results of this calculation for the various
samples are shown in Table XV and the polar group accessibility,
expressed as equivalent amount of moisture content, is plotted
as a function of moisture content in Figure 20. This plot
shows an increased accessibility of groups which are considered*
to be water sorption sites with increasing moisture content. A
.•imilar increase in accessibility was found by Bettelheim** in
his work on mucopolysaccharides. He attributed this increase
to a zipper mechanism,"... Water molecules ... penetrate into
the whole matrix by occupying the free sites causing partial
swelling, next breaking existing hydrogen bonds between polymer
chains and establishing new ones with the sorbate".

*L. Pauling, Journal of the American Chemical Society 67, 555

(1945)
**F. Bettelheim and S.H. Ehrlich, Journal of Physical Chemistry

6j, 1948-1960 (1963)

- 10



The plot in Figure 20 shows an increase in acces-

sibility of adsorption sites at 2.3 percent moisture content,
with a still more rapid increase beginning at 3.0 percent
moisture content.

The results obtained in the present work on adsorp-
tive site accessibility are interesting in connection with the
use of moisture sorption isotherms and the B.E.T.* equation in
food stability problems. It may be that the point at which
site accessibility increases rapidly is a critical point in
food stability.

**S Brunauer, P.H. Emmett, and E. Teller, Journal of the

American Chemical Society 60, 309 (193)
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APPENDIX

Tables I-XV

Figures 1-20
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TABLE I

DESCRIx7IoN OF FOODS

Orig~inal axposure ParioO (days)
Lot l Moisture toNumbercrptonSupplier Content

CaliforniaVegetable107

Cabbage lUnblanched dices (3/8") ConVentrates 6 0.79
Inc., Modesto.
California

California
VegetableRed Bell Peppers dices (1/4") Concentrates 7.0 0.79 0.79

Inc.e Modesto,
CaLifornia

Non-Pet Milk Carnation Instant 3.7 14 0.27

Potatoes Prench's Instant Mashed 7.6 15 2.5

Ries !Uncle Ben's New lCuick Pro-Cooked 11.4  4&

!Cooked-diced (3/8") United Pruit
Chicken Lot 1 ;freeze-dried meat 057L3 & Food Corp.$ 2.84 -

(in natural proportions) 5?520 Boston, Mass.

Cooked-diced (3/8") OInited Fruit

Chicken Lot 2 freeze-dried meat 057L3 Food Corp., ?

ShrimpP~f- 1c4 whlF1?tO&ood Corp., 2.68(in natural proportions) boston, mass.
Coiked, whole, 123P-40 United Fruit...

3hrimp freese-4rled L4 1 Food sorp., 3.6 - 0.V
I ortonl, Mesa.

Aoples iPerforated slices Vacu-Dry Co.
"P rOakland, Calif. 3.l i Q hJ

Peacllhcs114s lP4O Vacu-Dry Co
PAO2AP Ocklend, Calif. 3.3 ZlI

136Xo IVacu-Dry Co.
Mixed Frit Fruit ealasy 35364 Oakland, Calif. 3.'i 21 13

-13-



TABLE II

VARIATION OF EQUILIBRIUM RELATIVE HUMIDITY

WITH OAWIPLE MOISTUHE CONTEJT FOR

UNBLANCHEL) CABBAGE

* * "Aver. AveAver Dorived Deviation
Technioue M.C. Dev. M.C. Dev. Technique R.H. lH. M.C. from Vacuum

Oven M.C.

2.393 0.053 4.2 2.49 0.10
2.515 0.022 2.454 0.061 4.0 4.1 2.45 0.07
3.557 0.043 12.1 3.53 0.03

Vacuum 3.650 0.013 3.604 0.046 12.9 12.5 3.69 0.04
Oven 6.085 0.064 21! 3 5.95 0.14
(on Untreated- Hyrometrip
Sample) 6.318 0.035 6.?0? 0.116 26.1 25.2 6.43 0.11

8.921 0.0112 36.5 _ _ 8.93 0.01
8.928 0.070 8.925 0.003 36.5 36.5 8.93 0.00(

,'to. Dev. 0.050 Std. Pfv. 0.08

Vaeouur 2,593 0.005 2.593 0.356 0.356 2.59
Over 3472 7 3.52 3.47 0.00( on Sample

after 3.466 0.067 3.469' 0.003 3.5? 3.52 3.47 0.00
Determination 5716- 0.097 17.8 5.78 0.09
of MC. by 5.643 0.059 5.756 0.112 Manometric IT.I 17.5 5.65 0.01Manometric • 6.O 0....0

WItho) 6.tol 0.0_ 20.8 6.28 0.14
6.190 0.147 6.299 0.109 21.4 21.1 6.39 0.20
8.Z73 0.028 26.0 8.06 0.21
8. 06:. 0.006 8.169 0.104 28.4 28.2 8.25 o.18

-_- 2.454 _0.356 0.356 2.45 0.00
Vacuum _6___ 3.52 3.60 0.00
Ovan .. .. 3.604 0:O46 3.52 3.52 3.60 0.00mon Untreated " Manometric 17.8 6.28 0.06
Sample) 6.20?7-.,16 -7.I 17.5 6.12 --O.O

28.0 8.85 0.07
8.925 0.-0'04 28.44 23. , 9.00 ____0.07

red. rv. 0.o6

'Moisture content (average of two samples)
'I*Deviation between the moisture contents of the two saSmples tested.
'Ieviation between r,.C, knd Aver. M.C.
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TABLE ill

VARIATION OF EQUITI91RIUM RFIATIVE IflHIIDITY

WITH SAMPLE MOISTURE CONTENT FOR

CARNATION INSTANT NON-FAT MILK

Aver. Aver. Aver, Der'ivedl Deviation
Technique M.C. Dev. M.C. Dev. Technique R. I. R.H. M.C. From Vacuum

- -.- Oven M .C.

2.514 0.018 1.7 .2.418 0.03
2.517 0.092 2.516 0.002 2.1 i19 2.54 o.0*

Vacuum 3.356 0.002 - 8.8 - 3.45 0.09
Oven 3.467 0.014 3.412 0.056 8.1 ,b.5 3.38 0.09
(on Untreated Hy-gromeirio 16- 3.96 0
Sample) 3.875 0.002 - - -. 0 -

3.826 0.003 3.851 0.025 13.4 14.7 3.79 0.04
5.769 0.032 .. 30.5 5.74 0.03
5.711 0.020 5.74o 0.029 30.5 30,5' 5.74 ...010L
7.197 0.021 36.0 7.09 0.11
7.276 0.250 7.237 0.040 37.0 36.5 7.39 i.11

Std. Dev. 0.090 Std. Dev. 0.07

3.244 0.125 2.79 3.21 0.03
Vacuum 3.241 0.089 3.243.0.002 3,59 3.19 3.28 0.04
Oven 3.789 0.048 6.99 3470 0.09
(on Sample
After 3.741 0.032 3.765 0.024 Man trio 7.55 7.27 3.79 0.05 __--

Determinatin 5.401 0.099 19.5 5.21 0.19
of M.C. by - -I -
Manometric 5.334 0.0291 5.368 0.034 21-5 20.5 5.46 0.13
Method) 6.610 o.018o 30.4 - .65 0.06

6.697 0.066 6.654 0.04 30.4 30-. 6.65 0.0 Q

-2.79 3.4o oxe
-3.412 0.056 3.59 3.19 3.48 o.07

vacuWm ----- -. 3.83 0.02
oven 3.851 0.025 Manometrio 7.55 7.27 3.90 0.05( on Untr.eated...

Sample) 19.5 5.58 - 0.16
- 5.740 0.029 21.35 20.5 5.88 0.14

30.4 7.24 0.00

7.237 0.040 30.4 30.4 7.24 o.oo- - Jo-•J
Std. Dev. 0.09
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IAbILF, IV

VAfIATION CIV ,+:1 ILs Lj!LtM RELATIVE HUMIL1IY

WIT!' SANIPLE _OTSTNiF,: CONfENT'FOR

P'Mi) BELIL PEPPERS

A t -TAver. Oerived rTvv8•I on
Techniqu,, ,.C. Dev. MX•" . De %.. Technique R.H. RAI, MX.. rrorr. vauu,.

__. ._.. . -- . . ._.oven M .C .

116.U(o 4.96 0.10

-1 9 "l67.5.,O 5-C4j 0.08 ___T ..... -... .25.5 5.82 0100
Vacuum ,,.O,, 5.8 0-014 .,1381 O.ol) 25. 25.7 5. L. 0.03

on Un.treated 6o-• l0.006 6.673 0.011 ,y:,r .metr!o a "j28e 30- .o 6.65 0O1
Sample) L - I ......- 1 3- -

7.022 C --0 59 29.0 6.80 0.22
-.o - Ao-__ _I__' .. . . ...__

8.9059 0.13F6. 4 0.19 29.0 129.-0 6.e0o .
8.171 0.0371 134-0 8.17 0.

8-49 -36 .1- 0ý b- 34.1 134-1 8.19 0.,14
Ftd. Dev. 0.O'7 Std. Dev.

.8630-06 5-29i .1668461 8.36 5.04 01

WRCUUM 5.562 O,5 11- 5.43 01
(on Sample -ampe 6.623 0-084 123.9 6.73 0.11
after 3- -6

Determination 6.607 0.137 6.615 0.908 Manomatric 22.6 23.3 6.53 - .0
of 99C. b1 I-- -- .. . ..;Piaometric 7.5___ o0o013i 26.L- 7.60 0 .0. 1
Method) 7618 0.01-9, 7.604 3.01 P8.4 28.4 7.60 0.02

9.963 -24- 7.7 10.30 0.34
10011 0.0,; 10.04 0.832 37.0 9.70 0.41

. 796 4 .96 0.05
_5.__o I o._.09 0.049 8.76 8.36 5.08 0.0'7

S14.4 5.79 0.10
-euu 5.M6I0.0701 15-0 -,T5 5 -90- b

Oveun ___ - 694. :9 dmtrc 23.9 _ __ 7.08 11.121(on Untpeated M,,aometrlc-
6.964e 0_ 059le62. 23.3 6.88 ,', 7: 1

I Sample)
28__4 8.11 0.0__•i --)e._----__ o- . -0 ,6 1 0 0 0 1284 26,T -7 5 O O00

37.7 11.18 01.6
"--5 .36.2 37.0 1 0 10.50

!ritrd. D. TP•td. Dev.-..-.
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TABLE 4

VARIATION O EUILIPII4 RELATIVL' HfUMIUITY

WIT11 SAMPir • •NOISTUIRE CONTEr FOR

FRENC4S II3STANT POTATOH',"

I ve. vr.s T Avx. rived Deviation

Teatseq' MIC. Dev. Do". a.ohntqus '.l 3.H. M.C. From Vacuum-.. ,.-------,, -- oven M.C,

3.91; 0.o0'1, . 3.19 0.07
3.943 0.034 3.'131 0.012 ý..4 5.2 4.06 0.12

5.213 O.0E06.) - 13.6 5.37 0.16

V,, 5.212 0.035 5.213 0.001 1.3- 13.5 5.34 0.13
Over 7.496 0.005 - - {Iygrometri 6 - 7.44 O00(aon 'Jntreat~d . ..

Sample) 7.676 0.008 7.586 0.090 26,7 A.,6 7.48 0.20

5.658 0.084 3.5 8.89 o.23
8.853 0.01 8.756344098 36.0T "578 8.97 0.12

9.413 0.026 3•_0 9.27 o.-,•4
9.442 0,103 9.428 o.015 38.5 3a,3 9.37 0.07r---I

Sctd. Plev. o.05 S1 td. Oev 0.15

3.923 0.015 - - 3.83 0.09
3.847 0.033 1.885 c.038 1.1o0 087 3.95 0.10
4.9"5 0.109 7.201 4.96 0.02
4.863 0.053 4.915 0.056 7.55T 7.38 5.03 0.17

Oven 6.670 0.108 17.3 6.83 0.04
(on 83-mple 7.070 0.010 *.970 0.100 -mnomtrlc 191 1C.5 7.03 0.04

amir~tIcn !7.698 60.012 -. 21.3 7.43 0.27
of N.C, 0 7.7431 0.527 7.565 0.13.3 22.3 21.8 7.69 0.26Manometi 7 - -o ----
Hethod, 6.798 0.041 1 24.9 8.62 0.18

-.759 0,C24 8.779 0.019 25.7 25.3 8.83 0.07
12.13 0.06 44.7 1 12.05 0.08f . 8-2 o.o8 11.98 o.16 4.3.8 44.3 11.88 0.06.

" o.4 3.86 0.07
-- 3.931 B.012 1.10 0.87 3.96 0.03

5 -- 7.20 5.18 0-03
- -55.213 7. 738 5.24 0.03

17.8 7.40 0.19

Oven7.586 0.090 Manometrie 19.1 18.5 7.80 0.21
(on Vntrested 21.3 8.53 0.23
sample) - 8.756 0.098 22.3 21.8 8.83 0.07

-4.9 9.38 0.05
- 9.428 0.015 25.7 25-3 9.58 0.15

44.7 13.48 0.08

13.40 0.01 43.8 44.3 13.30 0.10
Std. 1ev. ' .13
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TA ýIVT
IU? TflfLIM RET.ATTVP TIMIT ITY

WITI! SAIIILE 11OISTUIIL CONTENT FOR

UNCLE: B'N'S INSTANT RICE

Aver. Aver. Aver. Derived Deviation
Technique M.C. Dev. M.C. Deve Technique R.H. R.ol. M.Co From VacuumI ~Oven M.C,-

3.976 0.102 4.60 3.90 0.08

3.601 0.003 3.789 0.187 4.4o 4.50 3.70 0.10

5.996 0.04 .. o8.40 594 0.06
Vaum5.892 0.022 5.944 0.052 8.40o 8.40o 5.94 0.051

Oven 9.938 0.019 26.0 9.82 0.12
(onUtea 9.916 0'061 9.927 0.011 28.0 27.0 10.01 0.09

S1.31 0.03 43.0 11.39 0.08

11.47 0.02 11.39 0.08 43.0 43.0 11.39 0.00

12.99 0.02 1 9.5 12.62 0.37

12.98 0.04 112.99 0.01 2.0 50.8 13.40 0.42

Std. Dev. O.d•6 Std. 'Dv. 0.20

3.560 0.174 0.6 3.76 0.20

3.951 0.009 3.756 0.196 0.76 0.76 3.76 0.19
5.587 0.010 4.33 5.59 C.00

vacuum 5.559 o.01o 5.573 0.014 4.06 4.20 5.49 0.07
Oven
(on Samole 8.764 0.093 15.1 8.69 0.07
After
Deterymitiacn 8.606 0.089 8.685 0.079 Manometric 15.1 15.1 8.69 0.08
of. ic, by 210.27 0.03 25.4 - 10.27 0.00Manometric
Method) 10.24 0.15 10.26 0.02 25.8 25.6 10.31 0.07

•1.32 0.01 - ____3.2 11.21 0.11 ___

1.16 0.19 11.24 0.08 32.6 32.4 11.28 0.12

3.90 0.02 .0 13.83 0.07
3.72 0.07 13.81 0.09 3.8 143.9 13.75 0.03

0.76 3.79 0.00

3.789 0.187 0.76 0.76 3.79 0.00
4.33 6.00 0.06

5.944 0.052 4.061 4.20 5.89 0.05

Vacuum - 15.1 9.93 0.00
Oven 9.927 0.011 Manometric 5.1 15.1 9.93 0.00
(on Untreated ---

Sample) - -5•4 11.32 0.,;7
11.39 0.08 [5.8 25.6 11.43 0.04

2.2 12.93 0.06
12.99 0.01 32.6 32.4 13.03 0.04

4.0 15.97 0.05

15.92 O.C8 ý3.8 43.9 15.86 0.06
Std. Dev. 0.05
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TARLE VII

VARIATION OF EQUILIBRIUM RELATIVE HUI{DITY

WITH SAMPLE MOISTURE CONTEWT FOR

SHRIMP

Aver. Aver. Aver. Derived Deviation
Technique M.C. Dev. M.C. Dev. Technique R.H. R.H. M.C. From Vec.

Oven MC.

3.525 0.025 7.2 3.68 0.15

3.827 0.006 3.676 0.151 7.0 7.1 - -

4.751 0.063 12.2 4.70 0.05

4.845 O0.04 4.798 0.047 13.3 12.8 4.90 0.05

Veoum1. - -
Oven
(on Untreated - - 5.991 0.008 Hygrometric 18.3 18.4 - -
Sample) -).-

8.242 0.003 33.4 8.38 0.14
8.221 0.040 8.232 0.010 32.5 33.0 8.23 0.01

9.460 0.102 41.0 9.50 0.04

9.692 0.129 9.576 0.116 41.8 41-. - -

Std. Dev. 0.071 Std. Dew. 0-10

2.757 0.030 _1.05

Vacuum 2.801 0.002 2.779 0.022 1.68 1.37
Oven
(on Sample 5.443 0.114 ___ 8.00
After- - ____-____ --

Determination 5.560 0.032 5.502 0.059 Manometric 8.o0 8.00
of M.0. by 7.455 0.017 17.3
Manom tric
Method) 7.435 '.030 7.445 0.010 16.4 16.8

8.320 0.069 26.1

8.423 0.069 8.372 0.051 23.6 24.8

1.05

3.676 0.151 1.68 1.37 3.90 0.22
8.00 6.0o o.eo

Vacuum -.-..

Oven 5.991 0.008 8.00 8.0 6.00 0.00
(on Untreated Manometri 1

Sample) 17-26 8.15 0.08

8.232 0.010 16.1i 16.8 8.33 0.10
26.09 -

9.576 0.116 23.59 24.8 9.43 0.15

Std. Dev. - 0.13
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TAbLE VIII

VARIATION OF WUILIbHRIUM RELATIVE HUMTDIY

WITH SAMPLE MOISTURE CONTENT FOH

MIXED FRUIT

Technique M.C. Dev. Aver. Aver. Derived Devrotion
Ar.C. DAv. Technique R.H. R.!I. M.C. From Vec.

j Oven N.C.

0.717 0.127 3.10 0.72 0.00

0.663 0.053 0.690 0.027 2.80 2.95 0.68 0.02

3.537 0.015 22.7 3.35 0.19

3.748 0.329 3.393* 0.)45 23.2 23.0 3.43 0.18
Vacuum Oven - a

!(on Untreated 4.987 0.139 Hygrometric 29.6 5.02 0.03
Sample) -

5.P49 0.092 5.118 0.131 29.6 29.6 5.02 0.23
£l

7.754 0.010 33.0 7.55 o.2o

7.71 0.130 7.748 0.007 39.7 38.9 7.95 o.31

Std. Dev. 0.157 Std. Dev. 0.1-

1.209 0.068 o.-4

0.981 0.0416 1.095 0.114 0.84 0.63

Vacuum Oven 3.284 0.219 21.7
(on Sample
Arter 3.510 0.084 3.397 0.113 21.7 21.7
Determinati tn Manometric
or M.C. by 4.814 0.018 30.7
Manometric ..-.- -

Method) 4.996 0.248 4.905 0.091 30.3 30.5

o 8.625 0.068 37.0

9. 36 0.206 8.931 0.306 37.0 37.0
01 .42 0.68 0.01

0.690 0.027 0.8/4 0.63 0.70 0.01

21.7 3.39 0.0OO

Vacuum Oven 3.393 0.145 21.7 21.7 3.39 0.00
(on Untreated 0 00.6...
Sample) Manometric 30.7 5.15 0. 03

5.li8 0.131 30.3 .3o.5 5.1o0 0.02

_37.0 7.75 0.00

7.748 0.007 37.0 37.0 7.75 0.00
3td. dev. 0.015

N)oisture Content Analysis
Vacuum oven drying of this sample for 16 hours instead of the A.O.A.C. recommended 6 hours gave
a moisture content value of 5.2 t 0.3%.
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I
TABLE IX

VARIATIO.zo OF EUILIBRIUM RXLATIVE HUMIDITY

WITH SAMPLE MOISTURE CONTh24T FOR

DRILI APPLES

Lon

c q F*v D. or. Aver. Aver. Derived Deviation
Tehnique M.C. D N.C. Dev. Techniquoe1 R.ff. N.C. From Vac.

Oven N.C.

1.728 0.2410 5.00 1.79 0.06

1.871 0.048 1.800 0.072 .5.20 510 1.81 0.06

*Vacuum Oven 3.682 0.008 18.7 3.70 0.02
(on Untreated Hygrometric
Sample) 3.7145 0.007 3.7114 0.032 19.0 18.9 3.75 0.00

41.818 23- . .75 0.07

14.687 t- 14.753 0.066 23.P 23.2 4.75 o.06

Std. De,. 0.141 Std. De,. 0.057

1.61; 0.037 . ,1,-
Vacuum Oven 1.651 0.088 1.631 0.019 4.21 14.21(on Sample
After 3o622 0.042 122.6
Determination M . ... )anometric
of N.C. by 3.575. 0.063 3.5" 0.028 12.41 2.5
Manometric,....
Mothod) 14.1418 0.046 18.5

0 4.328 0.063 14.373 0.045 18.5 18.5 "'

14.21 1.80 ooo
1.800 0.072 4.21 4.21 1.80 0.00

Vacuum Oven 12. 3673 0.02
(on Untreated - lanometric
Sample) 3.714 0.032 I.-. 12.5 3.66 0.03

18.5 4.75 0.00
014.753 0.066 18.5 18.5 14.75 0.00

Std. Deo .0.016

-21-
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.APIATION OF EUOILIBRIIJM RELATIV• HUMIDITY

WITH SAMPLE MOISTURE CONTENT FOR

.1EACHFES

Avr - ve- Avar. Derived DeviationTechnique N.C. Dev. Aver. Av. Technique R.H. R.N. N.C. From Vac..C. Oev. Th. Oven N.C.

0.85 0.06 8.10 0.50 0.35

0.17 - 0.51 0.3 8.65 8.38 0.53 0.36

3.491 0.089 34.9 4.40 0.91

3.183 0.160 3.34 0.15 34.? 34.1 .4.50 1.32
Vacuum Oven - -

(on Untreated 4.717 0.056 Hygrometric 30.8 3.52 1.20Sapemt ) -.-.- -
5. 5o00 0.4 4.86 0.14 31.8 31.3 3.75 1.25

8.96 0.26 41.3 9.30 0.34

8.99 0.55 8.98 0.02 40.7 41.0 8.70 0.29

3td. Dev. 0.28 Std. Oev. 0.93

0.45 - 2.53

1.11 - 1.78 0.33 2.5$ 2.53

Vacuum Oven 4.02 0.21 1 23.2
(on Sample - ........
After 3.50 0.64 3.76 0.26 23.6 23.4,
DetermnUatlon " Manometric -
of B.C. by 5.09 0.09 2.,5
Manometric - I"-
Method) 5.04 0.19 5.07 0.03 29.7 t29.7

0 7,14 0.33 137,9
6.68 0.06 7.01 0,33 37,0 37.5

2.53 0.51 0.00

0.51 0.34 2.53 2.53 0.51 0.00

23.2 3.32 0.01

3.34 0.35 23.6 Z3.4 3.41 1 o7
Vacuum Oven ---------
(on Untreated , Manometric C.9.5 f.4.84,Sample) - - ___.oo

4.86 0.14 29.9 29.7 5.00 0 114

- - 37.9 9.10 0 12

8.98 0.02 37.0 37.5 8.60 0,38
.- ,I _.-

3td. Lev. j.16F2

I~ml ro l * • * •mm .m wm m m• mml m im, I Im m



TARTS! tl

VARIATION OP EQUILIBRIUM RELATIVE HUMIDITY

WITH SAMPLE MOISTURE CONTENT FOR DE31YDRATED CHICKEN

Lowt 2 P

)ev. from Vec.

M.C. Derived Oven M.C. of
Technique M.C. Dy. Aver. Aver. T..Aique R.H. Aver from Caltb. 4.C. Der. frow"8.C. Dey. oR. Curve for *1. Curve for

Lot 2 Lot5 Lot 2 Lot 5
2.032 0.111 2.15 1.95 - 0.08 -

2.048 - 2.040 0.008 2.65 2.40 2.25 - 0.20 -

Vaeuum 5.708 0.036 - 22.2 5.80 5.80 0.09 0.09
Oven Rygr trie - -

(on Untreated 5.830 0.056 5.769 0.061 21,4 21,8 5.73 5.73 0.10 0.10
Semple) 7.916 0.031 41,0 7.93 7.93 0.01 0.01

7,93. O.020 7.925 0.008 41.0 41.0 7.93 7.93 0.00 0.00

Std, Dev. 0.067 Std. Day. 0.11 0.08

1.700 O.064 0.631

v1.888 0.020 1.794 0.094 0.841 0.74

Oven 4.866 0.013 10.52
(on fuample --

After 4,919 0.012 4.893 0.027 Manoetric 10.94 10.7
Determinati - - - e
of N.C. by 6.737 0.024 20.20
Manometric - -

Method) 6.828 0.005 6,783 0.046 20.62 20.4
12.69 0.03 . 63.55 .6

12.74 0.05 12.72 0.03 61.66 62.6

0.631 105 2.90 0.09 0.86

2.040 0.008 0o.841: 0.74 2.15 3.05 0.11 1.01

10.52 5.73 6.05 0.04 0.28

Vacuum 5.769 0.061 Manometri 10.94 10.7 5.80 6.13 0.03 0.36
Oven -.-(on untreated 20.20 7.85 8.25 0.08 0.32

Sample) 7.925 0.008 20.62 20.4 7.95 8.35 0.02 0.43
6355 - - - -

16.58 0.02 61.66 62.6 16.43 - 0.15 -

Std. Dey, 0.09 0.67
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TAbLE XII

VARIATION OF EQUILIBRIUM RELATIVE HUMIDITY

WITH SAMPLL. MS15TURL C3O.rII-A FOR DEIIU AT Fl'- C4TECW1M

_ _ -. ...- - -. fromnvac.
Aver. Aver. Aver. M.C. Derived Oven M.G. or

Teohnique M.C. Dev. M.C. Dev. Teohnique R.H. R.H. from Calib. iM.C. Der. from
Curve for lCa.. Curve for

rot 2 Lot 5. Lot 2 Lot 5

2.715 0.0314 4.1 2.86 2.86 0.14 0.14

2.969 0.002 2.842 0.1277 3.9 4.0 2.73 2.73 0.24 0.24
Vacuum 6.728 0.041 - 6.73 6.73 -

Oven - Hygrometric 0.7 .73 0.00 00
(on Untreated 6.729 0.012 6.729 0.001 30.7 30.7 6.73 '6.73 0.00 0.00Samqple) -) -9.558 0.045 51 2.6 9.,50 - 0.06

9.591 0.053 9.574 0.016 53.5 53.1 -- - -

Std. Dev, 0.040 Std. Day. 0.16 0.14
- - .. ,: :. .= 3 . - =. , .. . .

2.545 0.030 0.421
2.669 0.019 2.607 0.062 0.210 0.32

Vacuum 5.325 0.137 14.30
Oven -- --
(on Santle 4.319 0.054 4.822 0.503 12.63 13.5
After
Determination 7.603 0.009 Manometric 25.67
of 14.C. by ...--..-. -

Manometric 7.947 0.003 25.67

12-14j 0.06 57.66
,ho) 7.741 o.017 7.764 0.122 28.20 26.51

12.04 0.04 12.09 0.05 57.24 57.5

0.421 1.90 2.85 0.94 0,01

2.842 0.127 0.210 0.32 . - I-

- 14.30 6.53 6.90 0.20 0.17

Vacuum 6.729 0.001, 12.63 13.5 6.15 6.55 0.58 0.18
venia Manometric 25.67 9.05 9.45 0.52 0.12

Oven ......-.- - -

(on Untreated 25.67 9.05 9.45 0.52 0.12
S-mple) 9.57- 0.016- 28.20 26.5 9.57 9.95 0.00 0.38

57.66 15.65 - 0.15 -

15.80 0.o0 57.24 57.5 15.60 5.70 0.20 0.1C

td. Dev. 0.?.)
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TABLE X IV
REPRODUCIBILITY AND ACCURA'

OF MOISTURE CONTENT ANALYSES

&.ror in Percent Moisture Content*
Food -

V T SH SM h m I: M

Cabbage 0.043 0.000 0.063 0.043 0.047 0.000 0.063 0.043

Milk 0.045 0.025 0.063 0.056 0.037 0o.0- 0.058 0.050- --- -, ..

Peppers 0.06" 0.057 0.085 0.116 0-028 0-081O4 0.068 0.104

Potatoes 0.042 0.067 0r130 0.100 0.100 0.061 0111 0.074

Rice 0.035 0059 0.150 0.036 0.130 0.000 0.138 0.035
n, - - ---

Average 0.045 0.040 0.098 0.070 0.068 0.J33 0.088 0.061
-- - - !

*Molsture content error

V - in vacuum oven analysis

T - caused by variation of temperature

SH- in hygrometric analysis

S- in manometric analysis

h in hygrometria analysis by factors other than
tempbrature or vacuum oven analysis

m - in manometric analysis by factors other than
temperature or vacuum oven analysis

f - in hygrometric analysis by factors other than
temper ature

H - in manometric analysis by factors other than
temperature

- 26 -



U

TABLE xIv (Continue4)

REPRODUCIBILITY AND ACCURAC

OF MOISTURE CONTENT ANALYSES

(la) 3H2 = V2 + T2 + h 2

(ib) h o VSH2 (V2 , +T 2)

(2a) 8H2 a H2 + T2

(2b) H a

Similarly

(3) m 2 . (sM2 V2 +T 2

-27 -



TABLE xv

POLAR OROUP ACCESSIBILITY (MEASURED BY HYDROGEN EXCHANGE)

AS A FUNCTION OF MOISTURE CONTENT

Column No.
Equil. 1 2 3 4 5 6 7 8 9 10 11

Initial
TiNm 20 Total Gross Net Specific Total Access. coess.Time 12

Added Ho0 M.C. R.H. Radio- Radio- Radio- Radio- 9/7 Polir Polar
Sactivity activity activity activity Groups Groups

(days) (ag) (mc) ( W) (%) (Mi/Min) (mv/Min) / i-yM (mg) (gH) (N.C. %)_. _ .LR.tH. J jo) (R.H,) m) (.

16 1 34.2 1.74 - 5.20 1.27 - 21.5 - - -

14 5 38.2 1.94 - 9.34 5.48 10- 8 - - -

14 10 43.2 2.20 2.60 17.0 13.1 5.04 215 42.7 -0.5 -0.03
- * 15 48.2 2.45 3.10 - 20.0 6.45 323 50.0 1.8 0.09

11 25 58.2 2.96 4.50 40.1 36.2 8.04 538 66.9 8.7 0.44
8 50 83.2 4.23 11.0 69.1 65,2 5.93 1075 181 98 L.97

100 133 6.77 31.3 175 5.59 2150 38' 252 12.8
140 173 8.8o 47.5 - 273 5.75 3010 523 350 11.8

4 200 233 11.9 - 4161 457 " I ... .

*Interpolated from Figure 19

1. The weight of tritiated water which gives 21.5 mv/nin/R.H. In the 275 ml Ion chamber (Figure IS
This weight of tritiated water was added to 2.00 grams of dehydrated chicken (moisture con-
tent 1.687 percent by weight on a dry basis).

2. The total weight of water present. This figure Is the sum of the weight added (column No. 1)
end the 33.2 age of water present initially.

3. The moisture content (percent by weight on a dry basis) of the foGd after adding the triti-
sted water. This figure is obtained by dividing the total water present (column No. 2) by
1.97 (the dry weight of the food).

4. The relative humidity of the oir above the food. This value In obtained from Figure 12 using
the moisture content entered In column No. 3.

5. The radioactivity memsured in the 275 ml ion chamber connected to the exchange vessel.

6. The net activity. This val.ue Is obtained by subtraction of background from the total radia-
tion listed in column No. 5.

7. The arecific radioactivity of the water in equilibrium with the food aample (activity per
given amount of water). This figure Is obtained by dividing column ?k-,6 by column No. 4.

8. The initial total activity. This activity is obtaired by multiplying column No. I by 21.5
mv/min/R. H.

9. The figure obtained by dividing column No. 8 by cslumn No. '.

10. Accessible. exchangeable troups, expressed as equivalent mgs of water in 1.97 g of dry chicken.
This figure Is obtained by subtracting column No. 2 from column No. 9.

11. Accessible, exchangeable groups in 1.97 g of chicken. This figure Is obtained from the
figure in column No. 9 and is expressed as M.C. in percent by weight on a dry basis.
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FIGURE 1
ELECTRICAL HYGROMETER

MOISTURE CONTENT APPARATUS

6IG

FIGURI' 2
MANOMETRIC MOISTURE Cý)TrlNT APPARATUS
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